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CHAPTER 1
GENERAL INTRODUCTION AND OVERVIEW






1.1.

General Abstract

As most patients with hepatitis C virus (HCV) infection have no
symptoms, diagnosis of HCV infection was done by screening for anti-HCV
antibody, followed by confirmation of diagnosis by HCV RT-PCR of RNA
isolated from plasma.

The plasma viral load in HCV infection was often very low in a large
number of patients, leading to problems related to validation of qualitative RT-
PCR, its sensitivity and the differentiation from quantitative RT-PCR. These
issues were solved by developing decision criteria for performance and for

validation of qualitative and quantitative RT-PCR.

Internal control (IC), made up of the reference gene PCR amplification
system with fixed concentration of template and fluorescent probe, and present
in the assay matrix of all HCV RT-PCR assay systems, was evaluated for
detection of the preanalytical and analytical influences on the amplification

systems.

The low viral load also led to increased preanalytical influences and
decreased HCV RT-PCR performance. As these influences affected the quality
of data generated by RT-PCR, criteria were developed to study the different
aspects of preanalytical influences such as four parameter data analysis of RT-
PCR amplification plots (using SigmaStat software), exponential amplification
immediately above threshold (using LinRegPCR software) and preanalytical
influence on calibrators. The most important preanalytical influence were due
to tissue damaging condition and various drugs used in the patient. Tissue
damaging conditions could increase nonspecific RNA isolated along with HCV
RNA.

The antibody levels were also found to increase with viral load. The
distribution pattern of anti-HCV antibody was found to be bimodal in both RT-
PCR positive and RT-PCR negative samples. Antibody reactive RT-PCR
negative samples may be considered as occult infection or due to antiviral

treatment.

Sequence data analysis were performed in the PCR products by

comparing with established reference sequences and reference sequences of



various HCV genotypes in the NCBI database. The 5’UTR region was found to
be the most conserved region with a percent identity of sequence at around 96 —
100%. This region was used for diagnostic purpose. The Core E1 region was
less conserved with a percent identity of 87 — 95%. A moderate number of RT-
PCR done with Core E1 primers gave negative results with no PCR products.
Even though the percent identity was high at 95% for NS5B, it was difficult to
find a conserved stretch of sequence which led to difficulties in designing
primers for consistent PCR performance.

The most common genotypes identified were genotype 1 and 3, and
specific sequence data analysis was done for the 5’UTR region to differentiate
the genotypes. The presence three conserved regions in 5’UTR region signifies
the functional importance of the region, and required the secondary RNA

structure and its entropy plot to be constructed.

As Core E1 and NS5B regions were translated regions the possible
antigenic epitopes were analysed by the B-cell epitope prediction and Kolaskar
and Tongaonkar antigenicity prediction methods.

Phylogenetic trees were constructed with the database of all the seven
genotypes from the NCBI site, and analysed along with genotypes 1, 3 and 4
identified in our study. The three genotypes identified by us clustered with the
respective reference sequence in the leaf and branches of the phylogenetic tree.

1.2. General Introduction

Large number of patients with hepatitis C virus (HCV) infection have no
symptoms (Orland et al, 2001). Diagnosis of HCV infection was done by
screening for anti-HCV antibody for selecting the patients with reactive levels
of antibody (Ritcher et al, 2002), followed by confirmation of diagnosis by HCV
RT-PCR of RNA isolated from plasma of the antibody reactive patients (Bukh
et al, 1992; Barbara et al, 2009). The plasma viral load in HCV infection was
often very low in a large number of patients (Glynn et al, 2005; Fytili et al,
2007), much below the validated calibration plots for quantitative PCR (RT-
gPCR) assays. There were difficulties in interpretation of the antibody screening
and RT-PCR assays arising out of the low anti-HCV antibody levels (Zer et al,
2009), low plasma viral load (Glynn et al, 2005; Fytili et al, 2007), spontaneous



resolution of infection (Bulteel et al, 2016; Hofer et al, 2003; Micallef et al,
2006), decreasing viral load and occult infection (Marco et al, 2009; Welker and
Zeuzem, 2009; Carreno et al, 2008).

The concentration of the free hydrolysis probe of RT-PCR that give rise
to the real-time fluorescence amplification plot, increase exponentially or
doubling from the first cycle onwards. But fluorescence intensity reached the
detectable level of the RT-PCR machine only after several cycles, near the
quantification threshold (Cq) and was related to initial copy number of the
template DNA (Kralik and Ricchi, 2017; Adams, 2006). As the initial copy
number increased, with increase in the plasma viral load of HCV or
concentration of the calibrator, the Cq decreased (Adams, 2006). The
fluorescence intensity increase immediately above the threshold level would be
exponential with an efficiency nearer to two for all validated calibrator

concentrations (Ramakers et al, 2003; Ruijter et al, 2009).

This study examined the wvarious preanalytical influences and
performance of HCV RT-PCR to improve the sensitivity and specificity for
diagnosis of HCV infection. Data analysis was also done on the sequences of
the major PCR products of 5’UTR, Core E-1 and NS5B regions of the HCV

genome.

1.2.1. Organisation of the thesis into nine chapters:

The nine chapters comprises of initial general chapters, followed by the
result chapters. The initial general chapters, one to four were General
Introduction, Objectives, Review of literature and Materials and methodology,

respectively. There were five results chapters from chapter 5 to 9.

1.3. Objectives

. Establishment of the methods for evaluation by data analysis, test validation,
quality control and clinical state of the patient for Molecular Diagnostic
reporting of Hepatitis C virus infection.

. Use of these procedures for confirmatory diagnosis of hepatitis C virus

infection, its plasma viral count determination and genotyping.

1.4. Materials and Methods

Institutional Ethics and Research Committee approvals were obtained.
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Samples collected were a) EDTA-blood samples for plasma RNA
isolation, followed by HCV RT-PCR; b) Blood samples in vacuum tubes with
clot activator for serum anti-HCV antibody assays. Plasma and serum samples

were prepared by centrifugation.

Sample collection from patients with preanalytical influences on
samples due to tissues damaging conditions and due to the influence of drugs,
were excluded from the RT-PCR assays, for two weeks or till the condition of
the patient improved. All these preanalytical influences were overlooked in
emergency cases. But in such patients the HCV RT-PCR data were examined

for preanalytical influences.

RNA isolation was done with column chromatography method using
reagents (QlAamp viral RNA mini kit), used immediately or stored at -80°C in
aliquots. Real time HCV RT-PCR was done using reagents (Artus HCV RG
RT-PCR kit). The primers for diagnostic RT-PCR were targeted to 5’UTR
conserved sequence (Bukh, J, 1992, Hoffman, Q. Liu, 2011).

Statistical calculations were done with SPSS, SigmaStat 4.0, Excel and
Graphpad. The major molecular biology related software used were
LinRegPCR software, phylogenyfronline for phylogenetic tree construction,
Finch TV for Sequence analysis, iedb.org for epitope and antigenicity peptide

prediction.

RESULTS CHAPTERS5TO9

1.5. Chapter 5. Analysis of calibration plot, efficiency and
individual amplification to differentiate between qualitative and
quantitative HCV RT-PCR

1.5.1. ABSTRACT

Real-time RT-PCR may be quantitative or qualitative (David and Theo,
2006). Validated quantitative RT-PCR assay required an acceptable
performance of calibrators and calibration plot for reporting the viral load in the
patients’ plasma. Validation for quantitative RT-PCR was done by the
manufacturers of the assays (Qiagen, Germany). According to the clinical



diagnostic requirements, these assay performances were verified by the user for
acceptable performance (Wallace and McCulloch, 2021). Hepatitis C virus
(HCV) load in plasma were often below the validated RT-gPCR calibration plot
concentrations. The research problem of this study was to define the lower
limit of the selected quantitative RT-PCR assay with acceptable performance,
and to differentiate the quantitative RT-PCR assays from the qualitative RT-
PCR assays at lower plasma viral load. In this report, data analysis of RT-PCR
amplification plots and calibration plots were done to define the performance
characteristics of the higher Cq range of qualitative RT-PCR and to differentiate
it from quantitative RT-PCR (RT-qPCR).

Patients reactive for anti-HCV antibody screening assays or exposed to
HCV infection were selected for RT-PCR assay done with RNA isolated from
plasma. Validated and diluted calibrator concentrations were used to construct
calibration plots, and for data analysis along with patients’ RT-PCR, using

software packages.

Normalised fluorescence intensity (100%) and slope at inflection point
(1.65 - 1.50) of the sigmoid fluorescence amplification plots were of acceptable
performance for validated quantitative calibrators, but were decreased for
diluted calibrators and for patients’ sample with Cq greater than that of the 10
IU/ul validated calibrator (Cq >33.2) (Table 5.3). Calibration plot of validated
calibrators had slope, efficiency and sensitivity of -3.471, 94% and 36.404,
respectively, but the diluted calibrators showed decreased performance of -
2,305, 171% and 35.52, respectively. Log-transformed exponential
amplification plots analysed by LinRegPCR software, showed acceptable
performance at the validated -calibrator concentrations and decreased
performance with diluted calibrators and patients’ sample with Cq >33.2. The
four-parameter validated qualitative RT-PCR Cq range was from 33.2 to 39.9.
The 10 IU/ul calibrator was the reference point to differentiate between
qualitative and quantitative RT-PCR. Decision-criteria were developed for
establishing the range of validated qualitative RT-PCR performance, and to

differentiate it from quantitative RT-PCR.



1.6. Chapter 6. Analysis of Internal Controls in the matrix of
HCV RT-PCR assays showed analytical and pre-analytical

influences independent of template concentrations
1.6.1. ABSTRACT

The negative RT-PCR results should truly represent the absence of PCR
diagnostic targets. But false-negative results could occur from failure of one of
the test steps of nucleic acid extraction, reverse transcription reaction and RT-
PCR set up, or inhibitory substances in the samples. Efforts to control false-
negative results were based on the addition of exogenous nucleic acids
amplification system (the IC) to the RT-PCR reaction, so that the presence of
any inhibitory substances (eg. heparin) in the samples or errors in test steps

would also affect the amplification of the exogenous material (Lv et al, 2020).

Therefore, the research problem in the present report was that the IC might be
used to detect influences on the RT-PCR assay systems independent of HCV

template concentrations.

Internal control (IC), made up of the reference gene PCR amplification
system with fixed concentration of template and fluorescent probe, and present
in the assay matrix of all HCV RT-PCR assay systems, was evaluated for
detection of the preanalytical and analytical influences on the amplification
systems. IC was added to patients’ plasma RNA, calibrators, quality control
(QC) RNA and non-template control (NTC). All IC additions were from the
same lot for a set of calculations. The IC fluorescence emission of ROX dye at
610+5 nm, was independent of the HCV template amplification with FAM dye
having emission at 5105 nm. The average IC threshold cycle (Cq) was lowest
for NTC (30.346), followed by the calibrators (31.425), and it was even higher
for quality control samples (33.767) and the HCV infected patients’ plasma
RNA sample (33.017). The average %CV was the same for NTC, calibrators
and QC sample. But was increased for patients’ sample. The lowest average Cq
in NTC might due to absence of HCV RT-PCR products, which were present in
calibrators. The QC and patients’ samples contained the PCR products, and in
addition it contained the RNA from plasma which included the non-specific
RNA. These PCR products might be the causes for the influence on IC Cq. The


https://www.sciencedirect.com/science/article/pii/S0048969721049524#bb0455

patients’ samples were from different patients’, unlike that of QC sample and
calibrators which were a single sample, contributing to higher average patients’
%CV (Fig. 6.4A and B). The mean Cq difference between NTC and calibrators
might be attributed to analytical influence, while that between the calibrator and
patients’ sample might be attributed to pre-analytical influences. Slope,
normalised fluorescence intensity and efficiency decreases with decrease in
viral load both in calibrators and with patient samples. when concentration is
expressed as Cq, the relationship of Cq, fluorescence intensity and efficiency

become inversely related.

1.7. Chapter 7. Hepatitis C Virus RT-PCR amplification data
showed preanalytical influences of sample that can affect the

RT-PCR diagnostic outcome
1.7.1. ABSTRACT

RT-PCR inhibition is detected by use of internal controls that use of
house-keeping genes unrelated to the template in each assay (Maaroufi et al,
2006; Courtney et al, 1999). Contaminations are detected by use of non-template
controls with each set of assays in a run (Espy et al, 2006). RT-PCR inhibition is
caused typically in clinical samples by the influence of heme, hemin, hemolysed
plasma sample (Byrnes, J. J et al, 1975; Levere et al, 1991; Panaccio and Lew,
1991), heparin (Satsangi et al, 1994). Common cause of RT-PCR inhibition is
the inhibition of DNA polymerase and reverse transcriptase. Those negative
influences were clinically excluded in this study by careful selection of samples
that are unlikely to show RT-PCR inhibition, and by repetition of assays
showing RT-PCR inhibition after decreasing the effect of these agents and
conditions. Use of hypochlorite, UV light and biosafety cabinet to control

contamination

Large number of third generation anti HCV antibody reactive results
were found to be RT-PCR negative. The discrepancy between these results were
analysed in this study. The variation in the internal control (IC) Cq and
fluorescence intensity showed sample influences on the RT-PCR results. In this
study, clinical cases selected and the assays were designed in such a way that

the preanalytical influences may be observed directly in a particular case or



cases. Tissue damaging conditions were found to be a major cause of
preanalytical variation. The first case was an HCV RT-PCR positive patient,
who underwent extensive surgical procedures immediately after the positive
RT-PCR. Within a few days after surgery, the RT-PCR results became negative
(Fig. 7.1). The PCR product of the sample was analysed and was confirmed to
produce the 272 bp PCR product of 5’UTR region before surgery. The
preanalytical influences were also found to be influencing the calibration plot.
When there were preanalytical influences on RT-PCR from patient sample, and
when these assays were repeated after two weeks, these influences were found
to be decreased resulting in decrease in Cqg. There was one sample which was
negative, became positive. These case studies demonstrated again that the
preanalytical influences on HCV RT-PCR affected the diagnostic outcome of

the patients.

1.8. Chapter 8. RT-PCR positive and negative samples that have
reactive levels of anti-Hepatitis C virus antibody levels showed
similar bimodal distribution and questions the validity of false

positive reporting

1.8.1. ABSTRACT

Increasing the sensitivity of screening assays resulted in large increase in
the detection of reactive levels of anti-HCV antibody in serum samples. The
large increase in reactive screening assays reports and absence of symptoms in
HCV infected individuals often lead to questions among clinicians about the
usefulness of screening assay with high seroconversion detection rates, dumbed
most reports as ‘false reactive’ (personal experience) and even attempted to raise
the cut off levels of reactive anti-HCV antibody levels (Kamili et al, 2012) to
match it with the cut off levels of absorbance or colour-based, second-generation
EIA. This subjective and hypothetical method of branding reactive reports of
screening assays with high seroconversion detection rates as ‘false reactive’ was

examined in our laboratory and results are reported in this study.

We hypothesised that the large number of ‘false reactive screening assay’
reports were due to insensitivity of RT-PCR assays. As the plasma viral loads

were low, the issue of lowering the limit of detection for assaying the viral loads



by RT-PCR was taken up. The sensitivity of RT-PCR was increased by
controlling the preanalytical procedures of the assay that involves plasma
sample collection, RNA isolation and cDNA preparation from plasma.

The reactive anti-HCV antibody concentrations may be RT-PCR positive
or RT-PCR negative. Samples were collected after excluding patients with
tissue damaging conditions and influence of drugs, as far as possible. RT-PCR
assay was done after preanalytical control of samples to decrease non-specific
influences, probably of nucleic acids and drugs, immediate isolation of RNA
from EDTA-plasma. Distribution of the concentrations of anti-HCV reactive
antibody were plotted as a histogram. There were two distribution clusters for
anti-HCV antibody, the lower antibody cluster was between 1.0 and 15.0 and
the higher antibody cluster was between 15.0 and 42 (Fig. 8.1). Each of the two
reactive antibody clusters had HCV RT-PCR positive and negative groups (Fig.
8.2). The two antibody clusters in the antibody distribution of histogram were
found to have both RT-PCR negative and positive samples, indicating that both
clusters might have occult and positive HCV infection. These results questioned
the large number of ‘false reactivity’ issue with the third generation anti-HCV

antibody assays.
1.9. Chapter 9. Sequence and phylogenetic data analysis of HCV
genotypes of S’UTR, Core E1 and NS5B

1.9.1. ABSTRACT

Data analysis was also done on the sequences of the major PCR products
of 5’UTR, Core E-1 and NS5B regions of the HCV genome. Phylogenetic tree
was constructed using reference sequence from the seven genotypes and were
aligned and compared with the HCV sequences submitted. Phylogeny was done
for core E1 and NS5B regions too with the seven different reference sequences
from NCBI database.

The 5°’UTR region is a highly conserved, 341 bp region with secondary
RNA structure that has functional importance. Graphic representation of 24
sequences of this region showed >200 alignment score with reference sequence,
and percent identity from 96 to 100% for genotype 1. Similar data was obtained

for genotype 3, with percent identity from 95.57 to 99.57. The major genotypes



identified were 1 and 3, and the positions showing nucleotide differences were
also studied (Table 9.5). There were highly conserved regions of 5’UTR with
low entropy, and these sites were used for designing primers that were used for
diagnostic purposes. The secondary structure of (5’UTR) showed several sites
of stacking interactions between successive base pairs, and predicted

energetically most stable structure.

Similar sequence data analysis was also done with Core E1 region.

Six different sequences of genotype 1 of Core E1 region were submitted to
NCBI database and were found to have alignment score >200 and percent
identity between 94.59 and 95.46. Due to lack of specific highly conserved sites,
primer designing for both CE1 and NS5B were found to be more difficult and
less productive. There was one sequence with genotype 3a with alignment score
>200 and percent identity of 91.53. There were five sequences of core E1
matched with genotype 3b with alignment score >200 and percent identity
87.75 to 89.29. One sequence showed >200 alignment score with genotype 4
with percent identity of 91.67.

Epitope prediction was done for Core E1 using software (a) Bepipred
Linear Epitope Prediction and (b) Kolaskar and Tongaonkar Antigenicity
Predicted peptides. B-cell epitopes were used by the former and
physicochemical properties were used for the latter. The secondary structure of

core E1 were also analysed.

Similar analysis was done with NS5B but the PCR product and the data

obtained were much less than the other two regions due to larger variations
distributed in the NS5B region. There were only two PCR products amplified
using various primers designed for NS5B. The secondary structure of core E1
and the possible three-dimensional tertiary distribution of the secondary

structures were also analysed.

Phylogenetic tree was constructed using reference sequence from the

seven genotypes of 5’UTR (Fig. 9.19). These reference sequences were aligned
and compared with the HCV sequences submitted to NCBI from this study.
Phylogenetic trees were also constructed for core E1 and NS5B regions with the
different reference sequences from NCBI database.
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CHAPTER 2
OBJECTIVES






Establishment of the methods for evaluation by data analysis, test validation, quality
control and clinical state of the patient for Molecular Diagnostic reporting of Hepatitis
C virus infection.

Use of these procedures for confirmatory diagnosis of hepatitis C virus infection, its

plasma viral count determination and genotyping.

Description and the Methods to achieve the objectives
The above two objectives have been analysed in the five results chapters.

Methods of Data analysis of RT-PCR fluorescence amplification plot (SigmaStat,
LinRegPCR)

Methods for Test validation of the RT-PCR assays by data analysis of quantitative and
qualitative calibration plots, along with data analysis of qualitative and quantitative
RT-PCR fluorescence amplification plots to report an assay as quantitative and
qualitative.

Methods for Quality Control in Molecular Diagnostic Assays:

Data analysis for influences on RT-PCR: Methods were developed to identify
analytical and preanalytical influences.

Data analysis of anti-HCV antibody levels and distributions

Sequence data analysis for information on conserved, low entropy, construction of

secondary structure of proteins, and for genotype analysis.
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CHAPTER 3

REVIEW OF LITERATURE






3.1. Hepatitis C Virus

Hepatitis C Virus, a human pathogen, first identified by Choo Q et al, 1989, is
an enveloped, positive sense, single stranded hepatotropic RNA virus belongs to genus
Hepacivirus and family Flaviviridae with a high degree of genetic heterogeneity.
Hepatitis is the inflammatory disease of liver caused by Hepatitis C Virus (HCV). The
HCV RNA contains a single large open reading frame (ORF) flanked by an
untranslated region (UTR) at each end (5’UTR and 3’UTR), a genomic organization
conserved among members of the Flaviviridae family. HCV infection affects more
than 170 million people worldwide with acute infection being asymptomatic, may lead
to chronic HCV infection. Globally, an estimated 58 million people live with chronic
hepatitis C virus infection, with about 1.5 million new infections occurring per year
(WHO, 2021). According to WHO estimates, in 2019 approximately 290,000 people
died due to cirrhosis and hepatocellular carcinoma developed after HCV infection.
Chronic HCV infection and cirrhosis is associated with development of hepatocellular
carcinoma (Saito et al, 1990). The infection was primarily acquired through
percutaneous and intravenous blood exposure, multiple use of needles and Injection
Drug Use (IDU). Control of these procedures, such as use of disposable syringes and
diagnostic testing, have had a protective effect.

3.1.1. Biochemistry of Hepatitis C Virus Infection
3.1.1.1. History

The specific diagnostic tests became available for Hepatitis A Virus (HAV) and
Hepatitis B Virus (HBV) in 1970’s and at that time post transfusion hepatitis was
named as non-A non-B Hepatitis (NANBH) due to lack of serological markers (Alter
MJ et al, 1982). The causative agent for NANBH was finally found in 1989 and which
led to the characterisation of Hepatitis C Virus (Choo Q L et al, 1989). The
development of sensitive screening assays revealed that most of the NANBH cases
were due to HCV infection (Kuo G et al, 1989; Di Bisceglie AM et al, 1991). HCV is
one of the major global causes of death and morbidity (Cooke GS, 2013). Most of the
patients with acute hepatitis C infection progress to chronic HCV infection due to lack
of effective diagnosis and treatment. Chronic hepatitis C resulted in liver fibrosis,
cirrhosis, hepatic failure or hepatocellular carcinoma (Cooke GS, 2013; Ly KN et al,
2016). In 1989 HCV was identified, but until 1992, the blood for transfusion was not
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screened for HCV. Therefore, earlier to 1992, the primary reason of infection was
contaminated blood products (AASLD-IDSA, 2018; Smith BD et al, 2012).

WHO estimated that in 2015, 71 million were with chronic HCV infection
worldwide and that 3,99,000 died from cirrhosis or Hepatocellular carcinoma caused
by HCV infection. The World Health Assembly in May 2016, endorsed the Global
Health Sector Strategy (GHSS) on viral hepatitis, which proposes to eliminate viral
hepatitis as a public health threat by 2030 (90% reduction in incidence and 65%
reduction in mortality). Elimination of viral hepatitis as a public health threat requires
90% of those infected to be diagnosed and 80% of those diagnosed to be treated
(WHO, 2018).

Viral hepatitis caused 1.34 million deaths in 2015, introduction of direct-acting
antivirals (DAAS) led to a sustained virological response (SVR) in greater than 90%
of treated individuals (Feeney and Chung, 2014; Pawlotsky, 2014). DAAs are now
recommended by the World Health Organization (WHO) and many other HCV
treatment guidelines (WHO, 2016). DAAs not only improved SVR rates but simplified
HCV management algorithms and now smaller health facilities manages HCV-
infected individuals (Soriano, 2013). Despite the availability of effective treatment,
most HCV-infected individuals remain undiagnosed and untreated (Papatheodoridis et
al, 2014). Left untreated, approximately 15-30% of individuals with chronic HCV
infection progress to cirrhosis, leading to end-stage liver disease and hepatocellular
carcinoma (WHO, 2016; Lavanchy, 2009).

3.1.2. Transmission and Life Cycle of Virus

HCV is transmitted by intravenous, percutaneous or permucosal exposure to
infectious blood or blood-derived body fluids (Thomas DL, 2013; Mohd Hanafiah K
etal, 2013). 3-4 million people are infected with HCV every year (Lavanchy D, 2011).

The primary source of HCV transmission is through HCV infected blood and
blood products, and the major mode of transmission is Injection drug use (IDU). First,
the routes of transmission of HCV includes Persons who inject drugs (PWID) (Nelson
PK etal, 2011), and has the highest risk of infection. Globally, the prevalence of HCV
iIs 67% among PWID. Second, recipients of infected blood products or people who
undergo invasive procedures in health-care settings with inadequate infection control
practices (Shepard CW et al, 2005; Frank C et al, 2000; Singh S et al 2000, Marx MA
et al, 2003; Lin CC et al, 2003; Saxena R et al, 1999; Candotti D et al, 2001; El-Zanaty
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F et al, 2009). The risk of HCV infection depends upon the frequency of invasive
medical procedures and level of infection-control practices. Third, HCV infected
mother to child transmission (Thomas DL et al, 1998; Mast EE et al, 2005). This type
of transmission risk is estimated to be 4-8% among mothers without HIV infection.
The transmission risk is estimated to be high up-to 17-25% among mothers with HIV
co-infection. Fourth, people with sexual partners who are HCV-infected (Terrault NA
etal, 2013; Valadez JJ et al, 2013; Tseng YT et al, 2012; Price H et al, 2013). The risk
in sexual transmission is high with co-infection of HIV. Fifth, Persons with HIV
infection, in particular MSM (men having sex with men), are at increased risk of HCV
infection through unprotected sex (Tohme et al, 2010; Karuru et al, 2005; Quaranta et
al, 1994; Sherman et al, 2002; Rauch et al, 2005; D’Oliveira et al, 2005; Vandelli et
al, 2004; Eyster et al, 1991; Taylor et al, 2012). Sixth, people who have used intranasal
drugs (Scheinmann et al, 2007), non-injecting drug use (e.g., through sharing of
inhalation equipment for cocaine) is associated with a higher risk of HCV infection.
Seventh, People who have had tattoos or piercings (Jafari S et al, 2010). Tattoo
recipients have higher prevalence of HCV compared with persons without. In
industrialized countries, transmission occurs mainly between people who inject drugs;
other mechanisms of HCV transmission include perinatal transmission, invasive
medical and dental procedures, and rarely via sexual route. Mucous membrane
exposures to blood also can result in transmission, although this route is less efficient.
HCV can be detected in saliva, semen, breast milk, and other body fluids, although
these body fluids are not believed to be efficient vehicles of transmission (Thomas et
al, 2000; CDC, 2001).

The HCV life cycle is only partly understood and difficulties in establishing
an in vitro model of replication and also the complex network of cell surface molecules
that mediate viral entry have delayed our understanding of various molecular
mechanisms involved (Maggi et al, 2017; Paul et al, 2014).
3.1.2.1. Role of Structural and Non-structural proteins in the Life Cycle of HCV

The structural proteins include the core, envelope glycoproteins E1 and E2,
and the non-structural proteins include p7, viroporin and non-structural protein 2
(NS2); NS3 and NS4A, NS4B, NS5A, and NS5B. NS2 participate in virus assembly
and release, NS3 and NS4A, the protease complex that is actively targeted by the
protease inhibitor class of Direct Acting Antivirals (DAAs); NS4B, a membrane-
associated protein that mediates virus host interactions; NS5A, a zinc binding and

proline-rich hydrophilic phosphoprotein involved in HCV RNA replication and
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targeted by NS5A inhibitor DAAs; and NS5B, the RNA-dependent RNA polymerase
targeted by nucleoside and non-nucleoside polymerase inhibitor DAAs.
3.1.2.2. HCV Receptors

Life cycle of HCV is initiated by the attachment of virus to specific receptors
present on the hepatocytes, like the high-density lipoprotein receptor, scavenger
receptor class B type 1, tetraspanin CD81, tight junction protein claudin-1, and
occluding for initiating the attachment step of HCV infection (Zhu YZ et al, 2014) and
triggers receptor mediated endocytosis. Many receptors are proposed to act as
receptors for mediating HCV binding and internalisation. The most extensively studied
putative HCV receptor molecules is CD81 (Pileri et al, 1998). A candidate receptor for
HCV is proposed to be scavenger receptor B type | (SR-BI) (Scarselli et al, 2002).
Another proposed tissue-specific capture receptors for HCV in different cell types that
may have a critical role in viral pathogenesis include dendritic cell-specific
intercellular adhesion molecule-3-grabbing nonintegrin and the liver/lymph node-
specific intercellular adhesion molecule-3 grabbing integrin (Gardner et al, 2003;
Lozach et al, 2004; Lozach et al, 2003; Pohlmann et al, 2003). The asialoglycoprotein
receptor is reported to mediate binding and internalization of structural HCV proteins,
in a baculovirus expression system. It is possible that heparan sulfate proteoglycans
(glycosaminoglycan expressed as cell surface molecule) serves as the initial docking
site for HCV attachment and the virus is subsequently transferred to another high-
affinity receptor triggering entry (Barth et al, 2003).
3.1.2.3. Cellular attachment of HCV virions and entry

HCV, an enveloped virus, envelope surrounds the nucleocapsid, it has multiple
copies of a small basic protein (core or C), and the RNA genome. The HCV virion
circulates in the bloodstream either as a free particle or surrounded by host low-density
lipoproteins (Andre P et al, 2002), attaches onto the target cell membrane by sequential
binding of various receptor molecules, and enters into the cell by a clathrin-mediated
endocytosis process.
3.1.2.4. HCV cell entry mechanism and fusion

Soon after binding with receptor complex, virion receptor is internalised and
nucleocapsid which contains single-stranded (ss), positive-sense RNA genome is
released into the cytoplasm of a newly infected cell. Viral surface glycoproteins
control the entry process that triggers the changes required for mediating fusion. The

viral entry into cells is dependent on pH and through endocytosis (Agnello et al, 1999;

15



Bartosch et al, 2003b; Hsu et al, 2003). The low pH of the endocytic compartment
presumably helps in the fusion of viral and cellular membranes.

The RNA genome is then directly translated at the rough endoplasmic
reticulum (ER) in a single polyprotein precursor of about 3000 amino acid residues
that is eventually cleaved by cellular and viral proteases into ten mature products
(Andre P et al, 2002; Lohmann V, 2013). This genome serves multiple roles within the
virus life cycle: first, as a messenger RNA (mRNA) for translation of the viral proteins;
second as a template for RNA replication; and third, as a nascent genome packaged
within new virus particles. The precursor polyprotein produced is then cleaved by
cellular and viral proteases into structural and non-structural proteins. The viral
genome replication is done by the viral replication complex that is associated with
cellular membranes. The site of viral replication is cytoplasm where it synthesis of
full-length negative-strand RNA intermediates. Progeny virions are assembled through
the formation of cytoplasmic vesicles by budding through intracellular membranes. By
exocytosis, mature virions are released to the extracellular compartment.
3.1.2.5. Replication

Genomic RNA is uncoated in the cytoplasm and it is used for translation of
polyproteins and replication occurs in the cytoplasm. HCV RNA Replication of HCV
RNA occur in the cytoplasm of virus-infected cells based on the studies on cytoplasmic
localization of viral RNA (Gowans, 2000) and polymerase (Hwang et al, 1997; Selby
et al, 1993). RNA is synthesized by a membrane-associated replication complex that
includes the HCV RNA-dependent RNA polymerase (RdRP) NS5B, other viral non-
structural proteins (NS3, NS4A, NS4B, and NS5A), and few cellular proteins
(Bartenschlager et al, 1995; Lin etal, 1997; Tu et al, 1999). Replication happens inside
the “replication complex” which contains the viral non-structural proteins and cellular
proteins. Major non- structural protein involved in replication is NS5B along with
NTPase/helicase domain of the NS3 protein. The NS3 protein has several functions
important for viral replication, which includes RNA stimulated NTPase activity,
binding and unwinding of RNA regions of extensive secondary structure. NS5A
protein has a regulatory role in virus replication.

The positive-strand RNA genome act as a template for the synthesis of a
negative-strand intermediate of replication during the initial step. In the next step,
negative-strand RNA stands as a template to produce large number of strands with
positive polarity. It will be subsequently used in polyprotein translation, synthesis of

new intermediates of replication and packaging to form new virus particles
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(Bartenschlager et al, 2004). The positive-strand RNA progeny is transcribed in a five
to ten-fold in excess compared to negative-strand RNA. The Direct Acting Antivirals
(DAAS) used for treatment of Hepatitis C infection are designed to inhibit NS5B RNA
dependent RNA polymerase.

3.1.2.6. Release

New virions produced are assembled in an ER-derived compartment and
released by exocytosis following a Golgi-dependent secretory pathway. During this
process, the virus undergoes maturation and becomes surrounded by endogenous
lipoproteins that are believed to help immune escape (Maggi F et al, 2017; Paul D et
al, 2014). Binding to host lipoproteins and envelopes without clearly discernible
surface features confer to HCV virion low buoyant density and a broad size range (40-
80 nm diameter) (Paul D et al, 2014).

3.1.3. HCV Genome structure and organization

HCV is asingle stranded, positive sense RNA of approx. 9.6Kb in length (Choo
etal, 1991). Viral RNA has a single large ORF flanked on both sides with UTR which
IS a genomic organisation conserved among different Flaviviridae family members.
HCV RNA is highly variable which resulted in 7 different genotypes and many
subtypes of that due to high degree of genetic variability due to mutations occurring
during viral replication. But the rate of mutation varies in different regions.

The ORF is flanked in 5" and 3' by untranslated regions (UTR) are the most
conserved regions (Choo et al, 1991; Miller and Purcell, 1990; Muerhoff et al, 1995)
that has an important role in polyprotein translation and RNA replication (Thurner et
al, 2004). The HCV Viral genome undergo direct translation and produce a
polyprotein. This polyprotein is cleaved by viral and cellular proteases, co and post-
translationally into ten gene products. The N-terminal region of the polyprotein
encodes the structural proteins that are incorporated into the virus particle: the capsid-
forming ‘core’ protein and the glycoproteins, E1 and E2. The two thirds of C-terminal
region of the polyprotein encode the non-structural proteins that includes p7, NS2,
NS3, NS4A, NS5A and NS5B. By definition, the NS proteins are expressed in virus-
infected cells but are not incorporated into virus particles; they serve to coordinate the
intracellular aspects of HCV replication, including RNA synthesis, modulation of host
defense mechanisms and virus assembly (Lindenbach, BD et al, 2013). The
heterodimeric complex of NS3 and NS4A proteins, referred to as NS3-4A, contains a
serine protease domain and an RNA helicase domain. The serine protease activity is

responsible for cleaving the viral polyprotein and cellular antiviral signaling proteins,
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thereby abrogating the induction of type | interferon in infected cells. The RNA
helicase domain is responsible for unwinding double-stranded forms of the viral
genome or clearing proteins from the genome during RNA replication (Morikawa K
etal, 2011)
3.1.3.1. 5’UTR

The mutation rate varies significantly in the different regions of the HCV
genome, of which the 5'UTR and the extreme end of the 3'UTR have the lowest
sequence diversity among various genotypes and subtypes (Choo et al, 1991; Miller
and Purcell, 1990; Muerhoff et al, 1995). The relatively conserved nature of these
regions signifies their functional importance in the viral life cycle. The 5’'UTR of the
HCV genome is 341-nt long in most viral isolates. There is more than 90% sequence
identity among different HCV genotypes, with some segments nearly identical among
different strains (Bukh et al, 1992). The secondary and tertiary structures of this region
are also largely conserved (Brown et al, 1992; Honda et al, 1999a; Honda et al, 1996a).
The 5'UTR contains four highly domains which are structured, from I to 1V, contains
numerous stem-loops and a pseudoknot (Brown et al, 1992; Wang et al, 1995).
Domains I, Il and IV and first 12 to 30 nucleotides of the core coding region comprise
the IRES (Honda et al, 1996).

Viral protein synthesis is initiated in a cap-independent manner by a highly
conserved domain that acts as an internal ribosome entry site (IRES), largely located
at the 5" UTR (Tsukiyama-Kohara et al, 1992; Wang et al, 1993). The HCV 5’
untranslated region (5'UTR), responsible for the initiation of viral translation with the
help of an internal ribosome entry site (IRES), which is known to contain specific
nucleotide substitutions when cultured in infected lymphoid cells (Laskus T,
2000). Sequence variability in this region has important implications for structural
organization and the function of the IRES element and could correlate with HCV RNA

concentration (Barria et al, 2009).

5’ UTR of HCV RNA is the most highly conserved region among all genotypes
(Bukh et al, 1995; Simmonds, 2004; Bukh et al, 1992; Davidson et al, 1995) of the
genome and thus has been used in most laboratories to develop sensitive detection
assays, which includes qualitative and quantitative HCV RNA detection (Hijikata M,
1991) due to its high level of conservation and sensitivity. However, due to this high
level of conservation, the 5’UTR is limited in its ability to discriminate genotype 6

from genotype 1 and subtypes within genotypes 1, 2, 3, 4, and 6. Genotype 6 variants
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other than 6a and 6b show 5’UTR sequences identical or similar to those of type 1 and,
as a consequence, cannot be differentiated (Chinchai T et al, 2003; Stuyver, L et al,
1996). A large number of subtypes that often share the same SUTR sequence have
been described (Cantaloube, J. F et al, 2006; Corbet, S et al, 2003). The inability to
distinguish subtype 2c from subtype 2a in the 5UTR is a good example of this
phenomenon. Furthermore, some of the genotype- specific motifs that were initially
identified in the 5> UTR are no longer found to be conserved. For example, the G
residue at position 243 of the 5 UTR, originally considered to be representative of
subtype 1b, is found to occur in a relative proportion of subtype la viruses
(Cantaloube, J. F et al, 2006; Chen, Z and KE Weck 2002; Corbet, S et al, 2003;
Germer JJ et al,1999; Tamalet C et al, 2003).

3.1.3.2. IRES

Translation of the HCV genome, which lacks a 5* cap, depends on an internal
ribosome entry site (IRES) within the 5> UTR. The HCV IRES binds 40S ribosomal
subunits directly and avidly, bypassing the need for pre-initiation factors, and inducing
an mMRNA-bound conformation in the 40S subunit (Spahn et al, 2001). The IRES-40S
complex then recruits eukaryotic initiation factor (elF) 3 and the ternary complex of
Met-tRNA-elF2-GTP to form a non-canonical 48S intermediate, before a kinetically
slow transition to the translationally active 80S complex (Ji H et al, 2004, Otto et al,
2004). The minimal sequence required for IRES activity is believed to include
nucleotide sequences spanning nucleotides 42 through 356 (Honda M et al, 1996a;
Honda M et al, 1996; Honda, M et al, 1999a; Reynolds, 1995; Reynolds 1996;
Rijnbrand 1995).
3.1.3.3. 3’ Un Translated Region (3’ UTR)

The 3'UTR which is approximately 225 nucleotides, is organized into three
regions from 5' to 3' direction, first, a variable region of approximately 30-40
nucleotides, second, a long poly(U)-poly (U/ UC) tract, and third, a highly conserved
3'-terminal stretch of 98 nucleotides that includes three stem-loop structures
(Kolykhalov et al, 1996; Tanaka et al, 1995; Tanaka et al, 1996). The 3'UTR interacts
with the RdRp and with two out of four stable stem-loop structures located at the 3'
end of the NS5B-coding region (Cheng et al, 1999; Lee et al, 2004). The 3' region and
the 52 upstream nucleotides of the poly(U/C) tract were found to be important for RNA

replication, whereas the remaining part of the 3'UTR appears to promote viral
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replication (Friebe and Bartenschlager, 2002; 1to and Lai, 1997; Yi and Lemon, 2003a;
Yiand Lemon, 2003b).
3.1.4. Structure of Hepatitis C Virus

HCYV particles are enveloped which have structural proteins in its capsid which
covers the genetic material RNA. They derive their envelope from the endoplasmic
reticulum of the host, which includes E1 and E2, viral glycoproteins that helps in
binding and entry to the host. HCV is associated in serum with lipoproteins and termed
as Lipo Viral Particles (LVPs) (Andre et al, 2002). HCV particles range in size from
40-80 nm in diameter due to its asymmetric shape and size.
3.1.4.1. HCV Proteins

The polyprotein undergoes co- and post-translational processing by cellular
and viral proteases into ten viral proteins. The open reading frame (ORF) of HCV
contains 9024 to 9111 nucleotides depending on the type of genotype. They comprise
three structural proteins that build up the virion: Core, E1 and E2, and also seven
nonstructural (NS) proteins functions in replication and assembly and F protein which
results from a frameshift in the core coding region.
3.1.4.2. Structural Proteins
3.1.4.2.1. Core Protein

The Core protein of HCV is a highly basic RNA binding protein and it may
form the viral capsid. It is a 23kDa ie, 191 amino acid protein. The core protein
contains three distinct predicted domains: an N-terminal hydrophilic domain of 120 aa
(domain D1), a C-terminal hydrophobic domain of about 50 aa (domain D2), and the
last 20 or so aa that serve as a signal peptide for the downstream envelope protein E1
(Grakoui et al, 1993c; Harada et al, 1991; Santolini et al, 1994). Domain D1 contains
numerous positive charges. It is principally involved in RNA binding and nuclear
localization, as suggested by the presence of three predicted nuclear localization
signals (NLS) (Chang et al, 1994; Suzuki et al, 1995; Suzuki et al, 2005). Domain D2
is responsible for core protein association with endoplasmic reticulum (ER)
membranes, outer mitochondria membranes and lipid droplets (Schwer et al, 2004;
Suzuki et al, 2005).
3.1.4.2.2. Envelope 1 and Envelope 2

The envelope glycoproteins E1 and E2, are important molecules of the HCV
virion envelope and which is necessary for viral entry and fusion (Bartosch et al,
2003a; Nielsen et al, 2004). They have molecular weights of 33-35 and 70-72 kDa,

respectively, and they assemble as noncovalent heterodimers (Deleersnyder et al,
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1997). Envelope proteins are type | transmembrane glycoproteins, with N-terminal
ectodomains, and a short C-terminal transmembrane domain. The envelope
transmembrane domains are composed of hydrophobic amino acids in two stretches
separated by a short polar region that contain fully conserved charged residues. They
have many functions, which includes membrane anchoring, ER localization and
heterodimer assembly (Cocquerel et al, 1998; Cocquerel et al, 2000). E2 plays an
important role in the early stages of infection. Viral attachment may be initiated via
E2 interaction components of the receptor complex (Flint and McKeating, 2000).
3.1.4.2.3. Frameshift Protein

The F (frameshift) protein or otherwise known as ARFP (alternate reading
frame protein) is generated as a result of ribosomal frameshift (-2/+1) in the N-terminal
core coding region of the polyprotein of HCV. Antibodies against peptides from the F
protein were identified in chronically infected patients proved that the protein is
produced during infection (Walewski et al, 2001). But, the exact translational
mechanisms in the frequency and yield of the F protein during the different phases of
HCV infection are not known. So, the activity of F protein in the HCV lifecycle
remains inconclusive but it is proposed to be involved in viral persistence (Baril and
Brakier-Gingras, 2005).
3.1.4.3. Non-Structural Proteins
3.1.4.3.1. P7

P7, which is a small integral membrane protein of only 63 amino acids
(Carrere-Kremer et al, 2002). The two trans membrane domains organized in a-
helices, connected by a cytoplasmic loop.
3.1.4.3.2. NS2

NS2 is a non-glycosylated transmembrane protein of 21-23 kDa. It has two
internal signal sequences at amino acid positions 839-883 and 928-960, which is
responsible for ER membrane association (Santolini et al, 1995; Yamaga and Ou,
2002). NS2, with the amino-terminal domain of the NS3 (NS2-3 protease), constitutes
a zinc-dependent metalloprotease that cleaves NS2 and NS3 (Grakoui et al, 1993b;
Grakoui et al, 1993c; Hijikata et al, 1993). NS2 is a short-lived protein does not have
its protease activity after self-cleavage from NS3 and gets degraded by the proteasome
in a phosphorylation-dependent manner by protein kinase casein kinase 2 (Franck et
al, 2005).
3.1.4.3.3. NS3
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NS3, which is a multi-functional protein has a serine protease domain in its N
terminal and a helicase/NTPase domain in C-terminal. NS4A acts as a cofactor of NS3
protease activity. NS3-4A also has additional properties by its interaction with host
cell pathways and proteins that are important in the lifecycle and pathogenesis of HCV
infection. NS3-NS4A protease is one of the most known viral targets for anti-HCV
therapeutics (Pawlotsky and McHutchison, 2004; Pawlotsky, 2006).
3.1.4.3.4. NS3-NS4A PROTEASE

The NS3-NS4A protease is also important in the HCV lifecycle. It cleaves
HCV polyprotein at the NS3/NS4A, NS4A/NS4B, NS4B/NS5A and NS5A/ NS5B
junctions. The central region of NS4A acts as a cofactor of NS3 serine protease
activity, helping in its stabilization, localization at the ER membrane as well as
cleavage dependent activation, particularly at the NS4B/NS5A junction
(Bartenschlager et al, 1995; Lin et al, 1995; Tanji et al, 1995).
3.1.4.3.5. NS3 HELICASE-NTPASE

The NS3 helicase-NTPase domain consist of the 442 C-terminal amino acids
of the NS3 protein is a member of the helicase superfamily-2. The NS3 helicase-
NTPase has functions, including RNA-stimulated NTPase activity, RNA binding, and
unwinding of RNA regions that has extensive secondary structure by coupling
unwinding and NTP hydrolysis (Gwack et al, 1997; Tai et al, 1996). NS3 helicase has
been suggested to translocate along the nucleic acid substrate by changing protein
conformation during RNA replication, utilizing the energy of NTP hydrolysis.
3.1.4.3.6. NS4B

It is an integral membrane protein comprising of 261 amino acids with an ER
or ER-derived membrane localization (Hugle et al, 2001; Lundin et al, 2003). At least
four transmembrane domains and an N-terminal amphipathic helix that are responsible
for membrane association in NS4B (Elazar et al, 2004; Hugle et al, 2001; Lundin et al,
2003). Out of many functions of NS4B, it acts as membrane anchor for the replication
complex (Egger et al, 2002; Elazar et al, 2004). Other properties include inhibition of
cellular syntheses (Florese et al, 2002; Kato et al, 2002), modulation of HCV NS5B
RdRp activity (Piccininni et al, 2002), induction of interleukin 8 (Kadoya et al, 2005)
and transformation of NIH3T3 cell lines (Park et al, 2000).
3.1.4.3.7. NS5A

NS5A, a phosphorylated zinc-metalloprotein of 56-58 kDa that probably plays
an important role in virus replication and regulation of cellular pathways. The N-

terminal region of NS5A contains an amphipathic a-helix important for membrane
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localization in perinuclear membranes and for replication complex assembly (Brass et
al, 2002; Elazar et al, 2003; Penin et al, 2004a). There are studies where HCV replicon
RNA replication was inhibited by mutations in the NS5A sequence (Elazar et al, 2003)
and abolished by alterations of the zinc-binding site (Tellinghuisen et al, 2004). Also,
NS5A phosphorylation plays a key role in the viral lifecycle by regulating a switch
from replication to assembly. NS5A can interact directly with NS5B, but the
mechanism of how NS5A modulates the NS5B RdRp activity is not well known
(Shimakami et al, 2004). In addition, NS5A also known to interact with a geranyl
geranylated cellular protein (Wang et al, 2005a). This becomes important while
considering the assembly of the viral replication complex that require geranyl
geranylation of one or more host cell proteins (Ye et al, 2003). Multiple functions are
assigned to NS5A based on its interactions with cellular proteins (Tellinghuisen and
Rice, 2002). NS5A plays a role in interferon resistance by binding to and inhibiting
PKR, which is an antiviral effector of interferon-a (Gale et al, 1998). NS5A also has
transcriptional activation functions (Pellerin et al, 2004) and involved in the regulation
of cell growth and cellular signalling pathways (Tan and Katze, 2001; Tellinghuisen
and Rice, 2002). All these have to be confirmed by in vivo studies.
3.1.4.3.8. NS5B RNA-DEPENDENT RNA POLYMERASE

NS5B forms an a-helical trans membrane domain at C-terminal region that is
responsible for post-translational targeting to the cytosolic side of the ER, protein
domain which is functional is exposed (Moradpour et al, 2004; Schmidt-Mende et al,
2001). The crystal structure of NS5B reveals that the RdRp has a classical "fingers,
palm and thumb" structure formed by its 530 N-terminal amino acids (Ago et al, 1999;
Bressanelli et al, 1999; Lesburg et al, 1999). Interactions between the fingers and
thumb subdomains resulted in completely encircled catalytic site which ensures
synthesis of positive- and negative-strand HCV RNA (Lesburg et al, 1999). The RdRp
is also another important target for the development of drugs against HCV (Di Marco
et al, 2005; Pawlotsky and McHutchison, 2004; Pawlotsky, 2006). Interactions
between NS5B and cellular components have also been reported. The NS5B C-
terminus can interact with the N-terminus of h\VAP-33, and the interaction may play a
crucial role in the formation of the HCV replication complex (Gao et al, 2004;
Schmidt-Mende et al, 2001). NS5B also reported to bind cyclophilin B, a cellular
peptidyl-prolyl cis-trans isomerase that apparently regulates HCV replication through
modulation of the RNA binding capacity of NS5B (Watashi et al, 2005).

3.1.5. HCV virion structure: The lipoviral particle
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HCV particles are enveloped viruses containing core proteins forming a capsid
around the viral genome. The envelope is derived from the host cell’s endoplasmic
reticulum (ER) upon biogenesis, and incorporates two separate viral glycoproteins, E1
and E2, which mediate binding and entry into the host cell. The most outstanding
characteristic of HCV particles however, is that they are inextricably bound to serum
lipoproteins as lipo viral particles (LVPs) (Andre et al, 2002).

3.1.6. Antibody to Hepatitis C Virus

HCV, which is a major public health concern does not have vaccine available
so far and the immunity against HCV is not well understood. The critical gaps in
understanding the correlating factors of protective HCV immunity remains a blockade
in the design of anti-HCV vaccines and novel immunotherapeutic (Trucchi C et al,
2016). vaccination is considered the most effective means of eradicating viral
infections (Walker CM et al, 2015), a prophylactic HCV vaccine is an urgent, unmet
medical need (Hagan LM et al, 2013). Almost 20 — 40% spontaneous recovery in case
of HCV infection (Thomas DL et al, 2009) suggests that induction of an efficient HCV-
specific natural immunity can control the infection. Protection against persistent HCV
infection is associated with a vigorous T-cell response (Cashman SB et al, 2014).
However, the widely accepted key role is played by of neutralizing antibodies (nAbs)
(Dustin LB et al, 2014; Walker CM, 2017). This point was proved by demonstrating
that natural clearance correlates with the early development of nAbs (Osburn et al,
2014), and with nAbs that exhibit distinct epitope specificity (Ndongo N et al, 2010).
The characterization of monoclonal HCV-neutralizing antibodies, combined with
crystal structures of the HCV envelope protein E2, which is the target of most HCV-
nAbs, has provided valuable information regarding the E2 antigenic landscape (Kong
L et al, 2013; Khan AG et al, 2014). Recent studies have demonstrated that the early
appearance of broadly neutralizing antibodies (bnAbs) is associated with spontaneous
clearance (Osburn WO et al, 2014). Interestingly, bnAbs also protect against HCV
infection in animal models (Morin TJ et al, 2012).

3.1.7. Viral Load

Treatment-naive persons with hepatitis C virus (HCV) infection usually have
viral loads around 10°-10°8 IU/mL (Zeuzem S et al, 1996; Fytili P et al, 2007; Barreiro
P et al, 2015). Viral loads <400 000—-800 000 1U/mL have been referred to as low viral
loads (Zeuzem S et al, 2006; Hartwell D et al, 2011; Pearlman BL et al, 2014; Bulteel
N et al, 2016) and have been associated with higher proportions of spontaneous viral

clearance (Bulteel N et al, 2016; Scott JD et al, 2006), slower liver disease progression
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(ljaz B et al, 2011; Hisada M et al, 2005; Adinolfi LE et al, 2001), improved response
to interferon-based treatment (Pearlman BL and Ehleben C, 2014; Zeuzem S et al,
2006), and more successful treatment of liver cancer (Shindoh J et al, 2013).

Viral loads <600 IU/mL (Fytili P et al, 2007) and <5000 IU/mL (Hoefs JC et
al, 2012) have been referred to as “very low viral loads” (VLVLs). There is no much
information regarding the prevalence of VLVL in HCV in treatment-naive persons.
First time HCV antibody reactive samples have viral loads <3000 IU/ml in 3% of the
samples tested. The sensitivity is low for HCV antigen testing to detect VLVL, the
commercially available HCV antigen test had a detection limit of 3000 IU/mL
(Freiman JM et al, 2016; Chevaliez S et al, 2011; Ottiger C et al, 2013).

3.1.8. Molecular Biology of Hepatitis C Virus and its Genotypes

Similar to that of other RNA viruses, HCV circulates in infected individuals as
a population of closely related but diverse viral sequences which is referred to as
quasispecies. Heterogeneity of the HCV genome is a consequence of mutations during
viral replication, which is mainly due to the error-prone viral RNA polymerase and the
lack of an associated repair mechanism. Different HCV isolates display significant
nucleotide sequence variability depending on the genomic region. The E1 and E2
regions are highly variable, whereas the 5 UTR is the most conserved (Bukh J et al,
1995; Simmonds P, 2004; Bukh J et al, 1992, Hijikata, M, 1991; Weiner A J et al;
1991; Cha T Aetal, 1991; Han J H et al, 1991).

Hepatitis C Virus infection can lead to acute and chronic Hepatitis which can
progress to liver cirrhosis and HCC. There is substantial diversity in nucleotide
sequence, with 68 - 79% overall sequence similarity among strains (Davis GL, 1999).
The accumulation of mutations in the viral genome over time has led to the emergence
of multiple HCV genotypes. Seven major genotypes (GTs) have been recognized to
date, the complete genomes of which differ from each other by at least 30% at the
nucleotide level (Simmonds P et al, 2005; Smith DB et al, 2014; Murphy DG et al,
2015; Bukh et al, 1993). Genotypes 1-4 and 6 contain multiple subtypes that typically
differ by 15%-25% and display high genetic variability, whereas GT5 has 1 subtype
identified (Smith DB et al; 2014). In 2006, a novel HCV GT was identified in a patient
originating from the Democratic Republic of Congo, which was later classified as
HCV GT7a with subsequent identification of GT7b (Smith DB et al, 2014; Murphy
DG et al, 2015; Bukh et al, 1993; Schreiber J et al, 2016). High genetic variability is

the cause of obstacle for vaccine development and also for effective antiviral therapy,
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which is influenced by different viral strains. The efficiency of antiviral treatment is
measured by the rate of sustained virological response (SVR) and genotype and
subtype information is of higher clinical importance, which is defined as the rate of
persistent viremia 24 weeks after the end of antiviral therapy, is greatly impacted by
genotype and subtype distribution (Gower E et al, 2014).

HCV genotypes display different geographic distributions worldwide
(Simmonds P et al; 2005). Determination of the HCV genotype is now part of medical
practice for pre-treatment in patient management. Genotyping is also useful for
investigating outbreaks of infections and for understanding the epidemiology and
virological features of this virus. Several methods targeting different regions of the
HCV genome have been used for assessing genotypes. The most accurate method is to
sequence an appropriate coding region that is divergent enough to allow the
discrimination of types and subtypes (Nolte FS, 2001; Pawlotsky JM, 2002). The three
most studied regions are the core, E1, and NS5B (Bukh J et al, 1995).

HCV can be classified to seven major genotypes and 80 subtypes (Smith DB
et al, 2014; Kuiken C and Simmonds P, 2009; Kato N, 2000). HCV genotypes show
changes in patterns of geographical distribution and response to antiviral therapy.
Variations in gene sequences is used to make subtypes (Kuiken C et al, 2008).
Genotypes 1, 2, and 3 are distributed globally. In contrast, genotypes 4, 5, and 6 are
more concentrated to specific regions. Genotype 4 and subtype 5a are mainly found in
Middle Eastern countries and the northern part of South Africa, respectively. Genotype
6 is mainly found in China and Southeast Asia. The estimated prevalence of HCV
infection in India is approximately 0.5%-2.0%, with GT3 being most common
(Panigrahi AK et al, 1997, Das BR et al, 2002). Despite the low prevalence of HCV,
India with its large population accounts for a significant proportion of the global HCV
burden with approximately 12-18 million people infected (Dhiman RK, 2014).
Significant variability in prevalence has been described across Indian geographical
regions (Sievert W et al, 2011; Welzel TM et al, 2017). The State of Punjab in
northwest India has among the highest rates of HCV infection in India, estimated to
be between 3.2% and 5.2%, predominantly GT3 (Dhiman RK et al, 2016).

The genetic variation in Hepatitis C Virus (HCV) is due to accumulation of
mutations due to the error prone nature of RdRp and long association of virus with
human population (Smith DB et al, 1997). Recombinant HCV strains are described
due to intra and inter-genotyping (Hedskog C et al, 2015).
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Genotyping based on HCV 5’UTR is enough for clinical purpose as subtyping
is not essential. The reliable and standard method to determine genotype and subtypes
Is sequencing and phylogenetic analysis using HCV NS5B region (Laperche S et al,
2005; Nakano T et al, 2012; Golemba MD et al, 2013). Sequencing of the HCV genes
regions which are divergent enough to differentiate genotypes and subtypes is
considered as most accurate method (Weck K, 2005; Smith DB et al, 2014).

Vaccine against HCV is not yet developed, but different treatment options and
increased cure rates attained with the development of direct acting antivirals (DAA)
(D'Ambrosio R et al, 2017). These DAA therapies are genotype specific although there
are some pan-genotype HCV treatments available (Tong L et al, 2017; WHO, 2018).
Therefore, genotyping is a crucial tool for the therapeutic management of HCV
infection and diverse technological advances led to development of methods for

genotype determination.

3.2. Clinical history of Hepatitis C Virus Infection

HCV causes inflammation and fibrosis in liver and may develop as a
subclinical condition over years. Infection begins as acute and usually asymptomatic
during early stages (Blackard J. T et al, 2008). In most untreated cases, long term
infection progresses into chronic infections and gradually develops liver fibrosis which
then leads to cirrhosis, liver damage, and hepatocellular carcinoma (HCC)
(Hajarizadeh B et al, 2013). Persistent infection may rely on rapid turnover of virus
and continuous cell-to-cell spread and lack of vigorous T-cell immune response to
HCV antigens. The HCV turnover rate can be quite high with replication ranging
between 10'° to 102 virions per day, and a predicted viral half-life of 2 to 3 hours
(Neumann AU et al, 1998).

3.2.1. Acute Hepatitis C infection

Acute hepatitis C infection is defined as the initial period of 6 months after
acquiring the infection. The patient may not have clinical signs or symptoms of acute
hepatitis. Most people clear acute HCV infection in 6 months. It is an early infection
with HCV RNA detected and documented HCV antibody seroconversion. Acute
infection of HCV is symptomatic or asymptomatic, most patients does not show any
symptoms and recognised rarely. In symptomatic acute HCV infection, clinical
features resemble that of other viral hepatitis. If symptoms develop this is usually seen

within 4- 12 weeks after getting the infection, and may persist for 2-12 weeks. A
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minority of those infected have self-limited disease, whereas the majority go on to
persistent infection. In transfusion patients, 70-80% is reported to be asymptomatic
(McCaughan GW et al, 1992). 20-30% people develop symptoms like malaise,
weakness, anorexia and jaundice after 3-12 weeks after exposure to infection (Alter
H.J et al; 2000, Thimme R, et al; 2001).

3.2.1.1. Clinical and serological features of Acute HCV infection

HCV RNA can be detected by RT-PCR within 1-2 weeks after initial exposure
(Thimme R, et al; 2001, Farci P, et al; 1991). The level of HCV RNA rises rapidly
during the first few weeks, and then peaks between 10° to 107 1U/ml, shortly before
the peak of serum aminotransferase levels and onset of symptoms. In self-limited acute
hepatitis C, symptoms can last several weeks and subside as ALT and HCV RNA
levels decline. In 4-12 weeks after HV infection, patients may have liver cell injury

results in elevation of serum ALT levels.

The antibody to HCV, as detected by enzyme immunoassay, becomes positive
near the onset of symptoms, approximately 20- 150 (4-12 weeks) days after exposure,
with a mean of 50 days (Alter MJ et al, 1992; Barrera JM et al, 1995; Hoofnagle JH,
1997). Window period is the time period from the start of HCV infection until
seroconversion. Up to 30% of patients will test negative for anti-HCV at onset of their
symptoms, making anti-HCV testing unreliable in diagnosis of acute infection (Farci
P et al, 1991). Almost all patients eventually develop the antibody to HCV; however,
titers can be low or undetectable in immunodeficient patients. The anti-HCV assay
detects greater than 90% of HCV infections after the initial 3 months. A positive anti-

HCV cannot differentiate between acute and chronic HCV infection

3.2.2. Chronic hepatitis C Infection

With about 130-170 million infections worldwide, nearly 3 percent of the
world’s population is chronically infected with the hepatitis C virus (Lavanchy D,
2009; Shepard CW et al. 2005). 80 million people are living with chronic hepatitis C
virus (HCV) infection worldwide (Mohd Hanafiah et al, 2013). Due to the chronic
progression of the disease, patients are at increased risk to develop complications such
as cirrhosis and hepatocellular carcinoma (Klevens RM et al, 2012). Chronic Hepatitis
C infection is marked by the persistence of HCV RNA in the blood for at least 6 months
after the onset of acute infection. HCV is self-limiting in only 15%-25% of patients in

whom HCV RNA in the serum becomes undetectable and ALT levels return to normal.
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Approximately, 75%-85% of infected patients do not clear the virus in 6 months, and
leads to chronic hepatitis. Chronic hepatitis C is asymptomatic, most of the times
discovered only by routine serologic or biochemical testing (Sievert et al, 2002; Teoh
et al, 2004; Sherman et al, 2006).

In individuals with chronic hepatitis C, viral load and elevated serum alanine
aminotransferase (ALT) levels may have clinical relevance (Beld M et al, 1998;
Mateescu RB et al, 2006; Al-Quaiz MN et al, 2003). When parenchymal liver cells are
damaged, aminotransferases leak from the liver into the blood, resulting in elevated
levels of these enzymes in the bloodstream. The exact definition of the normal levels
of serum ALT activity is crucial for screening and follow-up studies in hepatitis C
infection (Mohamadnejad M et al, 2003; Prati D et al, 2002). It should be noted,
however, that half of the untreated patients with chronic HCV infections display
normal or minimally elevated serum ALT levels (Puoti C et al, 2000; Shiffman ML et
al, 2006).
3.2.2.1. Progression to Liver Fibrosis

In persisting Hepatitis C virus infection, the rate of progression of liver fibrosis
varies. The natural course of disease progression from chronic hepatitis C infection to
cirrhosis, HCC, and death. The liver biopsy is the gold standard for the grading and
staging of chronic hepatitis C. The activity of liver disease or grading is measured by
the number of mononuclear inflammatory cells present in and around the portal areas,
and by the number of dead or dying hepatocytes. Liver Fibrosis and stage of liver
fibrosis (structural liver damage) is variable in chronic HCV infection. In mild cases,
fibrosis is restricted to the portal and periportal areas. More changes are defined by the
fibrosis that extends from one portal area to other which is also known as bridging
fibrosis. Cirrhosis develops in approximately 10% to 15% of individuals with chronic
HCYV infection. There are other external and host factors that can increase the risk of
liver disease progression. The major external risk factor is chronic alcohol use for the

progression of chronic hepatitis C to cirrhosis and HCC.

3.2.2.2. Long Term Complications: Cirrhosis and HCC

The progression to cirrhosis in majority of cases is clinically silent, and some
patients are not known to have hepatitis C unless they show any complications of end-
stage liver disease or HCC. The complicating features of decompensated cirrhosis
includes, development of ascites, upper gastrointestinal bleeding secondary to varices
or portal hypertensive gastropathy, hepatorenal syndrome and hepatic encephalopathy.
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Approximately, 10% - 20% of chronic HCV infections advance to end-stage liver
disease over one or two decades. Extrahepatic manifestations can occur during chronic
HCV infection or cirrhosis, but HCC appears to develop only after cirrhosis is
established.
3.2.3. Spontaneous clearance of HCV infection

Hepatitis C virus (HCV) infection spontaneously clear in about 15-45% of
infected individuals. There factors that influence spontaneous HCV clearance are
unidentified. The two distinct outcomes of acute infection are spontaneous viral
clearance and progression to chronic infection (55-85% of subjects) (J. M. Micallef et
al, 2006; J. Grebely et al, 2006; NIH, 2002). Patients who clear HCV spontaneously
are identified by testing reactive for antibody to HCV (anti-HCV), but absence of
detectable HCV-RNA (Strader et al, 2004). In those who develop chronic infections
(anti-HCV positive/HCV-RNA positive) progression to fibrosis, cirrhosis, end stage
liver disease, and hepatocellular carcinoma can occur (NIH, 2002, L. B. Seeff, 2002;
L. B. Seeff, 1997).
3.2.4. Occult HCV Infection

Occult hepatitis C virus (HCV) infection (OCI), is defined as the presence of
HCV RNA in hepatocytes or peripheral blood mononuclear cells but HCV RNA is
undetectable in the serum. The name was first described in 2004 (Castillo et al, 2005).
There are two types of OCI, seronegative OCI where anti HCV antibody is reported to
be negative and HCV RNA also reported as negative and, seropositive OCI where anti
HCV antibody is positive and HCV RNA is reported to be negative. It is also called
secondary occult HCV infection. Liver biopsy is the gold standard for the diagnosis of
OCI by detecting HCV RNA in hepatocytes. But liver biopsy is not available in
resource limited settings and it carries risks, like bleeding or inadvertent puncture of
other organs. Therefore, most of the studies made the diagnosis of OCI by testing
PBMCs. Diagnosing using PBMCs may underestimate the exact prevalence of OCI.

One of the studies provides suggestion regarding the absence of anti HCV
antibodies and RNA in the serum is that a mutation impacts the virus encapsidation
capacity or the formation and release of virions into blood circulation. This leads to
low levels of viremia that are frequently below the detection range of assays.

HCV, being a positive stranded Virus, the replication requires the synthesis of
acomplementary strand of RNA, called the negative strand or antigenomic HCV RNA.
It is assumed that the presence of the antigenomic HCV RNA strand in plasma

indicates ongoing viral replication. 84% patients with OCI had antigenomic HCV
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RNA strands present in their hepatocytes. In the follow-up study they investigated the
PBMC:s as sites of HCV viral replication in 18 patients with OCI (Castillo et al, 2005).
While the liver is the main site of virus replication, it can also take place at extrahepatic
sites, such as in the PBMCs. In that study, the antigenomic HCV RNA strand was
present in 61% of the patients. This percentage of HCV replication in the PBMCs of
patients with occult HCV infection was similar to that found in the PBMCs of patients
with chronic hepatitis C. In addition, the ratio of HCV positive to negative strands in
PBMCs was similar to the ratio for a virus replicating in vivo. These findings
suggested that patients with OCI have ongoing viral replication.
3.3. Epidemiology

Hepatitis C Virus (HCV) infection seems to be endemic in many parts of the
world, with an estimated gross prevalence of 3%. However, there are reported
geographic and temporal variation in the incidence and prevalence of HCV infection.
A prevalence data that is, with age-specific criteria, there are three distinct
transmission patterns identified. In countries with the first pattern, most infections are
found among persons 30-49 years old, indicating that the risk for HCV infection is
greatest in the relatively recent past (10-30 years ago) and primarily affected young
adults and injection drug use (IDU) is the predominant risk factor for HCV infection.
In countries with the second pattern, most infections are found among older persons,
consistent with the risk for HCV infection having been greatest in the distant past. In
countries with the third pattern, high rates of infection are observed in all age groups,
indicating an ongoing high risk for acquiring HCV infection. In countries with the
second or third patterns, unsafe injections and contaminated equipment used in
healthcare-related procedures appear to have played a predominant role in
transmission. Much of the variability between regions can be explained by the
frequency and extent to which different risk factors have contributed to the
transmission of HCV. Because different strategies are required to interrupt different
patterns of HCV transmission, determining the epidemiology of HCV infection in
areas where that information has not yet been assessed is critical for developing
appropriate prevention programs (Wasley A and Alter MJ, 2000).
3.4. Anti-Viral Treatment

A sustained virologic response (SVR) to antiviral therapy is defined by normal
alanine aminotransferase (ALT) activity and negative HCV RNA detection in serum
for 6 months after treatment withdrawal. The aim of antiviral treatment is long term

31



elimination of HCV from the blood which prevents progression of liver disease and
reduces the risk of HCV associated complications. For a period of 10 years the standard
care of HCV treatment was the combination of pegylated interferon-alpha (Peg-1FN)
and the guanosine analog ribavirin (RBV). In 2011, first DAAs, the HCV NS3/4
protease inhibitors (P1) boceprevir and telaprevir were to be approved for the treatment
of HCV genotype GT1 infection in combination with peglFN/RBV. At this time the
combination initiated a new era in the treatment of chronic hepatitis C and significantly
improved sustained virologic response (SVR) rates. Based on large number of clinical
trials, guidelines for response guided therapy (RGT) were established, focussed on the
optimization of treatment duration and the prediction of treatment outcome on the basis
of HCV RNA viral load monitoring and are applied during routine management with
Peg-IFN/RBV and first-generation Pl-based triple therapy regimens.

3.4.1. Interferon based treatment regimen

Subcutaneous injection of IFN-a thrice a week was just the treatment option
until 1998. When the treatment was extended upto 48 weeks, the cure rate as only 15-
20% (Carithers and Emerson, 1997; Poynard et al, 1996; Tine et al, 1991).
Combination therapy of IFN-a and ribavirin during 24-48 weeks increased SVR rates
to 30-40% (McHutchison et al, 1998), and it was found to be more effective (Manns
et al, 2001). Half-life of IFN-a was improved by pegylation (addition of PEG) and so
the dosage can be once a week. SVR rates in combination therapy is different in
various genotypes, ~45 % for genotype 1 and up to 80 % for genotypes 2, 3, 5 and 6
(Antaki et al, 2010). But, IFN-a therapy came with many side-effects including flu-
like symptoms, gastritis/gastroenteritis, pruritus, and even severe depression and
suicidal ideation. The main adverse effect of ribavirin is hemolytic anemia. Taken
together, these side-effects led 10 % to 20 % of all patients to withdraw prematurely

from IFN-a and ribavirin combination therapy (Manns et al, 2006).
3.4.2. Direct Acting Antivirals (DAAS)

The commencement of direct-acting antivirals (DAAs) lead to sustained
virological response (SVR) in more than 90% of all HCV infected individuals (Feeney
ER et al, 2014; Pawlotsky JM, 2014). DAAs are now recommended by WHO and
many other HCV treatment guidelines (WHO, 2014). DAAs will not only enhance
SVR rates, but also make comprehensive HCV management algorithms and allow

smaller health facilities to manage HCV-infected individuals (Soriano V et al, 2013).
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HCV therapy partake a new beginning in 2011 when DAAs for Genotype 1 got
approval. It includes boceprevir/ telaprevir which targets NS3-4A, oral administered.
This was combined with IFN-o/ribavirin led to a triple therapy which improved viral
cure upto 70%. The limitations for this included severe side effects and was available
for Genotype 1 patients only (Bacon et al, 2011; Jacobson et al, 2011; Poordad et al,
2011; Zeuzem et al, 2011). By 2014-15 HCV therapy entered a new phase by the
introduction of sofosbuvir (NS5B nucleotide analogue), daclatasvir/ledipasvir (NS5A
inhibitors).

In 2014-2015 the second generation of oral DAAs completely revolutionized
HCV therapy. Sofosbuvir (NS5B nucleotide analogue) and daclatasvir or ledipasvir
(NS5A inhibitors) with or without ribavirin for 12 or 24 weeks attained SVRs upto 90
% and beyond. These new interferon-free all-oral regimens are well tolerated and
present very few side effects (Afdhal et al, 2014a; Afdhal et al, 2014b; Sulkowski et
al, 2014).

3.5. Diagnosis of HCV

3.5.1. Screening of Hepatitis C Virus Infection

Hepatitis C Virus exposure is identified by performing a screening assay for
anti-HCV antibodies, though active viral infection is diagnosed by RT-PCR. The
Laboratory diagnosis for the detection of HCV infection is primarily based on
antibodies against recombinant HCV polypeptides in body fluids using enzyme
immunoassays (EIAs) or chemiluminescence immunoassay (CIA) techniques. The
diagnostic methods became available in 1990. Since the discovery of HCV (Choo, Q.-
L, 1989), significant progress in the development of serologic tests for the detection of
antibodies to HCV has been made. The HCV genome encodes a single long
polyprotein of approximately 3011-3033 amino acids which is processed into
structural and nonstructural proteins with the following gene order: 5°-C-E1-E2-p7-
NS2-NS3-NS4A-NS4B-NS5A-NS5B-3”  (Lindenbach and Rice, 2005). Three
generations of screening EIAs are developed for the detection of antibodies against
different epitopes of these proteins. The first-generation HCV EIAs (EIAs 1.0) was
targeted to the Nonstructural region 4 (NS4) using c100-3 epitope (Kuo G, 1989). The
sensitivity of these EIAs was low and false positive rate as high. The sensitivity and
specificity were low with EIAs 1.0 (Alter HJ, 1992. The seroconversion in patients

with acute HCV infection is not detected util 3 months or longer after infection (Van
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der Poel CL et al, 1994). The second-generation assay (EIAs 2.0) in 1992, which is
more sensitive and specific incorporated additional antigens from NS (C33c) and
structural (c22-3) proteins. It can detect HCV antibodies in 20% more patients and 30
- 90 days earlier than EIAs 1.0 (Alter HJ, 1992). The window period for seroconversion
came down from 16 weeks to 10 weeks by using EIAs 2.0 and it has 95% sensitivity.
The third generation EIA (EIA 3.0) established in 1996 that added a fourth antigen
(NS5) to those in EIAs 2.0 (Uyttendaele et al, 1994). EIA 3.0 detected antibodies an
average of 26 days earlier in 5 of 21 individuals with transfusion-transmitted HCV
(Barrera JM, 1995) and 97% sensitivity, which is slightly higher than EIAs 2.0 (Kao
JH, 1996). These tests are based on four recombinant HCV antigens c¢22-3, ¢100-3 5-
1-1 and c33c(Core, NS3, NS4 and NS5 sequences). It increases sensitivity and
specificity, and also shortens the period to first detection of anti-HCV antibodies in the
course of infection (Colin C etal, 2001). In third-generation assays, the HCV-antibody
window period is approximately 58 days (Busch M P et al; 2005). In addition, false-
positive results may occur in patients with autoimmune diseases and in neonates born
from mothers with chronic HCV infection (Krajden M; 2000). The Ortho HCV 3.0
ELISA third-generation system with enhanced Sample Addition Verification (SAVe)
is an anti-HCV test Kit that contains three recombinant antigens: c22-3, c200 and NS5:
the HCV recombinant protein c200 is encoded by the putative NS3 and NS4 regions
of the HCV genome.

In developing countries like India, WHO recommends the use of 3™ generation
HCV EIA kits. Several commercial kits which employ the structural and non-structural
antigens i.e, core, E1, E2, NS3, NS4 and NS5 are in use. The 3™ generation kits are
better than the previous versions with improved specificity and sensitivity. The use of
EIA kits in India is limited as it requires expertise in handling and in developing
countries like India where the health care resources are already burdened; it becomes
very difficult to reach the people (Thakur V et al, 2003).

3.5.2. Polymerase Chain Reaction
3.5.2.1. Developmental History of real time RT-PCR

Molecular Biology technique that amplifies a particular sequence of deoxy
ribonucleic acid (DNA) in vitro by a cycling process. DNA is separated into two
strands and is incubated oligonucleotide primers and DNA polymerase (Kleppe et al,
1971). The term Polymerase chain reaction (PCR) was first used by Saiki et al, 1985.

The difficulty in PCR applications due to the usage of thermolabile Klenow fragment



for amplification, which needed to be added to the reaction after each denaturation
step. The crucial development which enabled routine usage of PCR was the
introduction of thermostable polymerase from Thermus aquaticus (Saiki et al, 1988).
This development together with the availability of thermal cyclers and chemical
components, led to the use of PCR as the most important tool for the specific enzymatic
amplification of DNA in vitro. The point at which the fluorescence intensity increases
above the detectable level corresponds proportionally to the initial number of template
DNA molecules in the sample. This point is called the quantification cycle (Cq) and
allows determination of the absolute quantity of target DNA in the sample according
to a calibration curve constructed of serially diluted standard samples with known
concentrations or copy numbers (Yang and Rothman, 2004; Kubista et al, 2006; Bustin
et al, 2009).

The other major milestone in PCR utilization was the introduction of the
concept of monitoring DNA amplification in real time through monitoring of
fluorescence (Holland et al, 1991; Higuchi et al, 1993). In real time PCR, fluorescence
is measured after each cycle and the intensity of the fluorescent signal reflects the
actual amount of DNA amplicons in the sample at that specific time. In initial cycles
the fluorescence is too low to be distinguishable from the background. qPCR can also
provide semi-quantitative results without standards but with controls used as a
reference material. It this case, the observed results can be expressed as higher or lower
multiples with reference to control. This application of qPCR has been extensively
used for gene expressions studies (Bustin et al, 2009). There are two strategies
developed in paralell for the real time visualization of amplified DNA fragments—
non-specific fluorescent DNA dyes and fluorescently labelled oligonucleotide probes
(Holland et al, 1991; Higuchi et al, 1993).
3.5.2.2. Conventional PCR

In conventional PCR the template DNA is mixed with DNA polymerase,
nucleotides, and other components of the PCR. The DNA template obtained may be
from pure cultures, clinical and diagnostic specimens, intact organisms, or
environmental samples. If RNA is taken as the template, due to many biological and
biochemical differences, first needs to be reverse transcribed to single stranded
complementary DNA (cDNA). Thermocycling, which includes denaturation,
annealing and extension is performed for a total of 30-45 cycles. In conventional PCR,
gel electrophoresis is used to analyse the PCR reaction after it is completed. The PCR

product is detected and identified by their size using Agarose Gel electrophoresis (end
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point measurement). Conventional PCR is qualitative in nature, the result may be
interpreted as negative or positive. This PCR product detection method is time
consuming and laborious. These limitations led to the development of real-time PCR,
which is also called quantitative PCR (QPCR) or kinetic PCR.

3.5.2.3. Reverse Transcription - PCR

Hepatitis C Virus, an RNA virus can be detected by Reverse Transcription
Polymerase Chain Reaction (RT-PCR). RNA viruses (retroviruses) can transcribe their
RNA into DNA using reverse transcriptase (RNA dependent DNA polymerase-RDRP)
discovered in 1970 (Baltimore, 1970; Temin and Mizutani, 1970). RT-PCR was first
described in 1987 (Powell et al, 1987). RT-PCR contains two enzymatic steps:
production of a single-strand complementary DNA copy (cDNA) from reverse
transcription of RNA, then amplification of the cDNA resulting from the reverse
transcription. It may be completed in two separate reactions in two separate tubes (two-
tube/two-enzyme), or as two separate reactions in a single tube (one-tube/one or two-
enzyme). At least four different RT enzymes are commercially available, HIV-1 -RT
from human immunodeficiency virus type 1, AMV —RT from avian myeloblastosis
virus, M-MLV-RT from Moloney murine leukemia virus, and recombinant Thermus
thermophilus polymerase rTth.

In RT-PCR assays there are many variables that could influence the final result:
the yield of extracted RNA,; the efficiency of reverse transcription (cDNA synthesis),
the efficiency of the PCR amplification; the concentration of deoxyribonucleotide
triphosphates (dNTPs), MgCl> concentration, primers, polymerase, and PCR

temperature cycle scheme.

3.5.2.4. Real Time Polymerase Chain Reaction

Principle of real-time PCR is fluorescence probe-based monitoring detection
technique which allows detection and documentation during the amplification process.
Real-time PCR eliminates post-PCR processing of amplicons. This helps to increase
throughput and decrease the chance for carryover contamination. The idea to monitor
the PCR reaction in the thermal cycler as it progresses was first realized by Higuchi
and colleagues (Higuchi et al, 1992). Reverse transcription (RT) that is followed by
polymerase chain reaction (PCR), or RT-PCR is the most commonly used technique
for the detection and quantification of various RNA types. The first practical, kinetic
PCR technology, the 5'-nuclease assay, was established in 1993 by Higuchi and co-

workers by combining exponential PCR amplification with the monitoring of newly
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synthesized DNA in each PCR cycle (Higuchi et al, 1993; Heid et al, 1996). Earlier,
the accumulation of PCR product could be visualized at each cycle by addition of
ethidium bromide (EtBr) to the PCR and by continuously measuring the increase in
EtBr intensity during amplification with a charge-coupled device camera (Higuchi et
al, 1993). Few years later, commercial platforms were released on the market. The first
was the Applied Biosystems ABI Prism 7700 Sequence Detection System, followed
by the Idaho Technology LightCycler (Wittwer et al, 1997). There are two methods
used to obtain a fluorescent signal from the PCR product. One method involves the
use of DNA- specific intercalating dyes such as SYBR Green | to bind to double
stranded DNA. The second method is to use fluorescent resonance energy transfer (or
Forster resonance energy transfer (FRET)) (Didenko, 2001), FRET occurs by energy
transfer between two fluorescent molecules that is donor to an acceptor fluorophore.
These molecules are attached to primers, the PCR product or probes such as hydrolysis
probes.

Real-time PCR is one of the most sensitive and accurate quantitative method
available for gene expression analysis. It has been broadly applied to microarray
verification, pathogen quantification, cancer quantification, transgenic copy number
determination and drug therapy studies (Klein D, 2002; Bustin SA, 2000; Mocellin S
et al, 2003; Mason G et al, 2002). A PCR has three phases, exponential phase, linear
phase and plateau phase. The exponential phase is the initial segment in the PCR, in
which product increases exponentially since the reagents are not limited. The linear
phase is identified by a linear increase in product as PCR reagents become limiting.
The PCR finally reach the plateau phase during later cycles due to exhaustion of some
reagents but the amount of product will not change. Real-time PCR exploits the fact
that the quantity of PCR products in exponential phase is in proportion to the quantity
of initial template under ideal conditions (Heid CA et al, 1996). During the exponential
phase PCR product will ideally double during each cycle if efficiency is perfect, i.e.
100%. It is possible to make the PCR amplification efficiency close to 100% in the
exponential phases if there are optimal PCR conditions, primer characteristics,
template purity, and amplicon lengths. Both genomic DNA and reverse transcribed
cDNA can be used as templates for real-time PCR. The dynamics of PCR are typically
observed through DNA binding dyes like SYBR green or DNA hybridization probes
such as molecular beacons (Strategene) or Tagman probes (Applied Biosystems)
(Bustin SA, 2000). The fundamental point of real-time PCR is a direct positive

association between a dye with the number of amplicons. Plot of logarithm 2- based

37



transformed fluorescence signal versus cycle number will provide a linear range at
which logarithm of fluorescence signal correlates with the original template amount.
A baseline and a threshold can then be set for further analysis. The cycle at which the
fluorescence rises above the threshold is defined as the threshold cycle, Ct or
Quantification Cycle Cq or Crossing point Cp. The higher the starting copy number of
the nucleic acid target, the sooner a significant increase in fluorescence will be
observed. Amplification data measured as an increase in reporter fluorescence are
collected in real time and are analysed by the detection system software. Real-time
PCR data are quantified absolutely or relatively. Absolute quantification utilise an
internal or external calibration curve to calculate the initial template copy number. In
cases Where exact copy number to be determined, absolute quantification is important,
however, relative quantification is adequate for most physiological and pathological
studies. Relative quantification relies on the comparison between expression of a target
gene with a reference gene and the expression of same gene in target sample versus
reference samples (Pfaffl, 2001).

3.5.2.5. Confirmation of Diagnosis by HCV RT-PCTR

The Polymerase Chain Reaction (PCR) is a rapid and powerful technique for
the in vitro amplification of DNA (Mullis et al. 1986). Quantitative nucleic acid testing
is very important in making clinical decisions in case of antiviral therapy, and the
method used is real time PCR based assay (Drexler JF et al, 2009; Cobb BR et al,
2011).

Detection of Hepatitis C Viral RNA is done by Reverse Transcriptase
Polymerase Chain Reaction (RT-PCR) which includes amplification and detection
techniques. This method adopted is very sensitive and specific. RT-PCR is of two
types, quantitative RT-PCR (qRT-PCR) and qualitative RT-PCR. Quantitative RT-
PCR is used in quantitation of mMRNA. Real-time PCR is the ability to monitor the
progress of the PCR as it occurs. Data is collected throughout the PCR process rather
than at the end of the PCR process. In real-time PCR, reactions are characterized by
the point in time during cycling when amplification of a target is first detected rather

than the amount of target accumulated after a fixed number of cycles.

3.5.3. Limit of Detection/ quantification
In a diagnostic procedure, the critical performance characteristics is related to
the lowest amount of analyte detected and quantified. Limit of detection (LoD) and

limit of quantification (LoQ) are the parameters that describe these properties. The
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Clinical Laboratory Standards Institute (CLSI), defines LoD as the lowest amount of
analyte in a sample that can be detected with 95% probability compared to blank,
although perhaps not quantified as an exact value (CLSI, 2004). CLSI defines LoQ as
the lowest amount of measurand in a sample that can be quantitatively determined with
acceptable precision and stated, accepted accuracy, under stated experimental

conditions.
3.5.4. MIQE guidelines

MIQE guidelines provide guidance for researchers, reviewers and editors to
measure the technical quality of the scientific work established for gPCR (Bustin et al,
2009; Huggett et al, 2013). MIQE represents a set of guidelines that describe the
minimum information necessary for evaluating qPCR experiments and give a clear
framework from which to conduct validated and reliable quantitative PCR
experiments. The purpose of it is to support experimental transparency, promote
consistent, comparable, valid and therefore reliable quantitative results. The
optimization and validation of the absolute or relative quantification strategies is one
major point of the MIQE guidelines with the objective of increasing the credibility of
results and helping to insure the integrity of scientific work, with major focus on
biological relevance (Bustin et al, 2013; Dijkstra et al, 2014; Dooms et al, 2014;
Remans et al, 2014). The two strategies that is performed in quantitative RT-PCR, the
concentrations of genes or viral templates may be calculated by absolute or relative
quantification.

3.5.5. Absolute Quantification

In absolute quantification the PCR data to input copy number is calculated
using a calibration (or standard) curve. Therefore, this calibration curve is used to
determine the concentration of the unknown analyte. It is referred to as absolute
quantification and would be better to be defined as ‘calibration quantification’. This is
because, in this context, the word ‘absolute’ is misleading, as the concentration of the
field sample in fact is measured ‘relative’ to the concentrations of the standard samples
used in the calibration curve (Svec et al, 2015). The reliability of an absolute real-time
RT-PCR assay depends on the condition of same amplification efficiencies for both
the native target and the calibration curve in RT reaction and gPCR (Souaze et al,
1996; Pfaffl, 2001; Pfaffl et al, 2002). In absolute quantification approach, a stable
standard RNA material is required and it is used to generate the calibration curve, it
must have a known concentration. When correctly applied, the calibration curve is
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highly reproducible and allows the generation of highly specific, sensitive and
reproducible data (Bustin, 2000; Pfaffl et al, 2002; Rutledge and C6té, 2003; Svec et
al, 2015).

The external calibration curve model has to be thoroughly validated, as the
accuracy, sensitivity, reproducibility and the range of quantification depends entirely
on the accuracy of the standards used. There are several difficulties associated with
production of an RNA standard. The standard RNA design, synthesis, determination
of exact concentration and assured stability over long storage times is not
straightforward. At low concentrations, RNA is highly sensitive to degradation and
therefore, needs storing in a good buffer, an RNAse free environment and responsible
handling by the personnel. The stability of RNA standard material of low
concentration (e.g. lower than 100 molecules) is particularly critical for high
reproducibility (Reiter et al, 2011). The low template copy input in the assay results in
higher than in the range of higher copy number (Pfaffl and Hageleit, 2001; Rasmussen,
2001). At very low copy numbers, under 20 copies per tube, the random variation due
to sampling error (Poisson's error law) becomes significant (Peccoud and Jacob, 1996;
Rasmussen, 2001). But it is exactly in this variable region that target quantification is
of high interest for molecular diagnostics eg., detect RNA viruses or bacteria at low
plasma concentrations, early after infection, or to quantify rare transcripts in limited
sample material.

The dynamic range of the calibration curve can be up to seven orders of
magnitude from 10 to 108 standard molecules, but at least five 10-fold dilutions may
be used depending on the stability of the used RNA standard material (Pfaffl and
Hageleit, 2001; Fronhoffs et al, 2002; Reiter et al, 2011). A suitable RNA standard
material, commercially synthesized RNA may be used or in vitro transcribed RNA,
recombinant RNA, universal standard/reference material or alternatively a
transcriptome with known concentration of the mRNA or microRNA transcript of
interest (Pfaffl and Hageleit, 2001; Cronin et al, 2004).

A significant drawback associated with RNA based calibration curves is that
they are subject to the variability of the reverse transcription reaction (RT), which
increases the variability of the calibration curve especially at low concentrations
(Reiter et al, 2011). Another problem when using an RNA quantification procedure is
due to the impact of RNA secondary structure. In contrast to naturally occurring RNA,
isolated from biological samples, artificial RNA standard material is highly

homogeneous, uniform in length and sequence motifs. Natural biological samples
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contain a high percentage of sub-fractions, e.g., ribosomal RNA (rRNA 85-90%),
transfer RNA (tRNA ~ 5-10%), messenger RNA (MRNA ~ 1-5%) and various families
of noncoding RNAs eg., microRNA, piRNA, siRNA, snRNA, snoRNA, long non-
coding RNAs (~ 1-5%). Varying RNA subfractions have an influence on the cDNA
synthesis rate and consequently on the validity of the calibration curves but in an
unknown manner.

Absolute quantification with external RNA standards requires careful, time-
consuming optimization of its precision (by using technical replicates in the same PCR
run, reported as intra-assay variation) and reproducibility (using technical replicates in
separate PCR runs, reported inter-assay variation) in order to understand the
limitations within the given application and fulfil the MIQE guidelines (Pfaffl and
Hageleit, 2001; Reiter et al, 2011).

3.5.6. qPCR Equations

The possibilities of qPCR in quantification of viruses, we need to understand
the mathematical principle of this method. PCR is an exponential process where the
nucleic acid template theoretically doubles after each cycle, if the efficiency is 100%.
Nn=NOx (1+E)" Equation-1

Where, Nn is the number of PCR amplicons after n cycles, No is the initial
number of template copies in the sample, E is the PCR efficiency that can assume
values in the range from 0 to 1 (0-100%) and n is number of cycles. In a scenario
where there is initially one copy of the template in the reaction and PCR efficiency is

100%, it is possible to simplify the equation as follows:
Nn = 2" Equation -2

A calibration curve with 10 fold dilutions if used gives a difference in Cq

values between two ten fold serial dilutions may be expressed as

10=2" Equation - 3

Then n=3.322, if this value when used in Eqn (1) is the starting point and the equation
IS

E=10®M -1 Equation - 4

If n=3.22, Efficiency is 1, 100%

PCR efficiency is therefore a significant factor for the quantification of the

target DNA in unknown samples. The reliability of the calibration curve in enabling
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quantification is then determined by the spacing of the serial dilutions. If the Log1o of
the concentration or copy number of each standard is plotted against its Cq value, the
E can be derived from the regression equation describing the linear function
y=kx+c Equation - 5

Where x and y, the concentration or amount of target and Cgqvalues

respectively, characterize the coordinates in the plot, k is the regression coefficient or
slope and c is the intercept. The intercept shows the Cq value when one copy would be
theoretically detected (Kubista et al, 2006; Johnson et al, 2013). The concentration or
amount of target nucleic acid in unknown samples is then calculated according to the
Cq value through Equation (5).
From the definitions above it is evident that Cq values are instrumental readings, and
must be recalculated to values with specific units, e.g, copies of organism, ng of DNA,
various concentrations, etc, (Bustin et al, 2009; Johnson et al, 2013). However, referral
to Cq values in scientific papers is widespread and interpretations based on Cq values
can lead to misleading conclusions. Concentrations in gPCR are expressed in the
logarithmic scale and Cq differences between 10-fold serial dilutions are theoretically
always 3.322 cycles. Therefore, although the numerical difference between Cq 20 and
35 is rather negligible, the difference in real numbers (copies, ng) is almost five orders
of magnitude (Logo).

This feature must be reflected in the subsequent calculations. For example,
the coefficient of variation (CV, ratio between standard deviation and mean) calculated
from the Cq values and real numbers results in profoundly different results. The same
applies for any statistical tests where Cq values are used, even for cases where the
logarithm of Cqvalues is used for the normalization of data before the statistical
evaluation. The correct procedure should include initial recalculation to real numbers
followed by logarithmic transformation.

3.5.7. Factors affect RT-gPCR

Factors that influence RT-PCR assay and that include the quality of extracted
RNA, the efficiency of reverse transcription (cDNA synthesis), the efficiency of the
PCR amplification, the concentration of deoxyribonucleotide triphosphates (ANTPS),
MgCI2 concentration, primers, polymerase, and PCR temperature cycling conditions.
The purity of the probe is also important. Mistakes during synthesis or mishandling
(eg. exposure to light, possibly also freezing and thawing) can adversely affect probe

function.
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3.5.7.1. Hydrolysis Probes (TagMan probes)

The real-time PCR system is based on the detection and quantification of a
fluorescent reporter (Heid et al, 1996). Hydrolysis probes are one of the main
fluorescence monitoring systems for DNA amplification. They are oligonucleotides
(single stranded DNA that contain a fluorescent dye, commonly on the 5 nucleotide
(6-carboxyfluorescein (FAM)), and a quenching dye (6-carboxytetramethylrhodamine
(TAMRA)), or ([4-((4- (dimethylamino) phenyl) azo) benzoic acid ester] (DABCYL)),
typically located on the 3" nucleotide or attached to a thymidine in a middle position of
the probe sequence. The 3" nucleotide is phosphate to prevent it from being extended
as an amplicon by the DNA polymerase. The quencher dye quenches the fluorescence
emitted by the reporter. Hydrolysis probes are designed to anneal to an internal region
of the PCR substrate, between the two PCR primers. During PCR, when the
polymerase replicates a template on which a TagMan probe is bound, the 5°-3°
exonuclease activity of the polymerase degrades the probe (Holland et al, 1991),
resulting in the separation of the reporter and the quencher dye and therefore an
increase in reporter fluorescence emission. The probe melting temperature (Tm)
should be 5-10 °C greater than that of the primers. The GC content of the probe should
be in the 30-80% range, there should be no Gs at the 5"end, and the probe sequence
should not overlap with the primer regions. During the early PCR cycles, the
background signal in the well is used to determine the baseline fluorescence across the
entire reaction. A fluorescence threshold can be set above the baseline. Fluorescence

values are detected during every cycle and plotted against cycle number.
3.5.7.2. Terminology in real-time RT-PCR

Baseline of the real-time PCR applies to the signal produced during the initial
cycles of PCR, usually 3-15 cycles, where there is little change in fluorescent signal.
The baseline phase contains all the amplification that is below the level of detection of
the real-time instrument. Signal is not detectable, but exponential amplification
happens during these cycles. Exponential phase contains the earliest signal detected
from the PCR, where amplification happens in exponential rate. The number of cycles
in this phase depends on the initial template concentration and the quality of the real-

time pcr assay.

Threshold in a real-time PCR is the signal level above the baseline and

sufficiently low to be within the exponential phase of the amplification curve. The
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threshold is the line whose intersection with the amplification plot determines the CT.
The analysis softwares adjust the threshold so that a standard curve will have the
highest R2. Quantification threshold (Cq) or Threshold cycle (Ct) is the fractional cycle
number at which the fluorescent signal of the reaction crosses the threshold.

Controls should be included to monitor contamination and sensitivity of the
assay. No Template Controls (NTCs) should be included in every assay. These controls
make sure that the assay does not have contamination. The presence of a PCR inhibitor
in the reaction mixture will produce a higher CT value and use of internal controls help

to monitor that.

Standard Curve helps to determine reaction efficiency by constructing a
standard curve prepared by serial dilution of known calibrator concentration. In this,
Cq is plotted on the y-axis and logarithmio concentration is plotted on the x-axis. A
standard curve using a known standard concentration should result in a slope,
coefficient of determination (R?) and y-intercept that demonstrate good efficiency,
accuracy and sensitivity. E may be derived from a standard curve using the following
formula: E = 10(-1/S)-1. E equals the amplification efficiency and S is the slope of the
standard curve (which should be a negative slope). The slope should be -3.3 (-3.1 to -
3.6), which corresponds to 100% efficiency. The sample concentrations should be

within the linear range of the standard curve.

Correlation coefficient R, which is used to analyze a standard curve (ten-fold
dilutions plotted against Ct values) obtained by linear regression analysis. It should be
>0.99 for a good amplification, that reflets the linearity of the standard curve. The
values range between zero and —1 for negative correlation and zero and +1 for positive
correlations. R? coefficient, that is R-squared (also called coefficient of
determination). This coefficient only takes values between zero and +1. R2 is used to
assess the fit of the standard curve to the data points plotted. The closer the value to 1,
the better the fit.

Y-intercept, corresponds to theoretical limit of detection and is useful in
comparing different amplification systems and targets used in amplification. Y-
intercept is an indication of the sensitivity of the assay and how accurately the template
has been quantified. An assay can have an apparently acceptable efficiency of 95—
100% but if the y-intercept is substantially higher than 37 or lower than 33, it indicates

that the amount of template is not correctly determined. In the case of a high y-



intercept, deterioration of the template may have occurred. Degradation of template is
a common result of too many freeze—thaw cycles of the standard or storing the template

at too low a concentration without a carrier.

Exponential phase determines the amplification rate on the basis of
fluorescence increase. Amplification efficiency is calculated by direct methods, based
on either a dilution method or by indirect methods, where the efficiency calculation is
based on its fit to a mathematical model, that may be sigmoidal, logistic models or an

exponential curve fitting.

In dilution method which is a direct method, the amplification rate is calculated
on the basis of a linear regression slope of a dilution series. Efficiency (E) is
determined based on equation, E = 10 "5 (Higuchi et al, 1993; Rasmussen, 2001).
In this method, the efficiency ranges from E = 1.60 to values over 2 (Souaze et al,
1996).

In indirect method, efficiency calculation is done from the fluorescence
increase in the exponential phase of fluorescence amplification plot in logarithm scale.
Fitting can be done visually or more reliably by software applications like LinRegPCR
(Ramakers et al, 2003) or DART-PCR (Peirson et al, 2003). The linear regression plot
that is drawn from at least four data points, the slope that is calculated from these data
points represents the PCR efficiency. So this method is more or less arbitrary and
dependent on the selected data points. Resulting efficiencies range between E = 1.45,
and E = 1.90, and it seems more realistic. This efficiency calculation method might be
good estimator for the ‘real efficiency,” because data evaluation is made exclusively

in exponential phase.

In Sigmoidal or logistic curve fit, efficiency calculation is based on all
fluorescence data points from cycle 1 to last cycle (Tichopad et al, 2003; Liu and Saint,
2002; Rutledge, 2004). The benefit of this models is that all data points are included
in the calculation process and no background subtraction is necessary. The efficiency

will be calculated at the point of inflexion, at absolute maximum fluorescence increase.

In the four-parametric sigmoid model equation, F = Yo +

——= X is the cycle
1+e_( b )

number, f(x) is the computed function of the fluorescence in cycle number x, y0 is the
background fluorescence, a is the difference between maximal fluorescence reached
at plateau phase and background fluorescence , e is the natural logarithm base, x0 is
the co-ordinate of the first derivative maximum of the model or inflection point of the
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curve, and b describes the slope at x0 in the log—linear phase (Tichopad et al, 2004).
The slope derived by the sigmoidal or logistic models cannot be direct comparison
with the real PCR efficiency. The major advantages of this method are that it is easy
to perform, is a good estimator for the maximum curve slope with high correlation
between replicates (r > 0.99) and the algorithm can easily implemented in analysis
software. The resulting efficiencies are comparable to the latter method and range from
1.35t0 1.65.

Normalization is an essential part of a reliable gPCR assay as this process
controls for changes that can happen in extraction yield, reverse-transcription yield,
and efficiency of amplification, thus enabling comparison. The utilisation of reference
genes as internal controls is the most common method for normalizing cellular mMRNA
data. The use of reference genes is commonly accepted as the most appropriate
normalization strategy (Hugget J et al, 2005). Normalization involves reporting the
ratios of the mRNA concentrations of the genes of interest to those of the reference
genes. Normalization with multiple reference genes is preferred. In normalization a
control gene that is expressed at a constant level is used to normalize the gene
expression results for variable template amount or quality. The incorporation of
multiple housekeeping genes that are most suitable for the target tissue is the best way
for normalization. In real-time quantitative reverse transcription polymerase chain
reaction (QRT-PCR), the specificity, wide dynamic range and ease-of-use made it a
method of choice for quantification of RNA. Data normalization is an essential
component of the qRT-PCR analysis process, and is the key for accurate gRT-PCR
measurement. Genes used for normalization is referred as reference genes. Reference
genes represent the most common method for normalizing gRT-PCR data. This targets
RNAs that are constitutively expressed, and whose expression does not differ between
the experimental and control groups, that can report any variation that occurs due to
an error during the experiment. Theoretically, reference genes are ideal as they are
subject to all the variation that affects the gene of interest. The problem occurs when
a reference gene is used without validation. Reference genes (previously termed
housekeeping genes) such as GAPDH (glyceraldehyde-3-phosphate dehydrogenase)
are historical carry-overs from RNA measurement techniques that generate more

qualitative results

3.5.7.3. gPCR Calibration plot data analysis
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Quantitative reverse transcription-polymerase chain reaction (RT-qPCR) has
been proven to be the most sensitive method for the quantification of HCV RNA in
blood and is used to confirm chronic HCV infection as well as evaluate treatment
response to antiviral therapy (Choo Q L et al, 1989; Clarke B, 1997; World Health
Organization, 2017).

Calibration curve method is the most accurate method for the efficiency
calculation in gPCR (Svec D et al, 2015), and is required in the MIQE guidelines:
“Calibration curves for each quantified target must be included with the submitted
manuscript, slopes and y intercepts derived from these calibration curves must be
included with the publication” (Bustin SA et al, 2009). The calibration curve is made
by using serially diluted known nucleic acid concentration and plotting the
quantification cycle (Cq) values on the y-axis against the logarithm of the sample
concentrations on the x-axis. The efficiency (E) is estimated from the slope of this

curve using the classical formula E = 10-1/slope — 1.

There are several other methods developed to estimate qPCR efficiency from
single curves and to improve qPCR precision, such as the PCR-Miner (Zhao S and
Fernald RD, 2005), LinRegPCR (Rao X et al, 2013), sigmoidal fitting (Spiess AN et
al, 2008) and others. All these methods are based on the principle on determining the
same basic parameters (called Fq, Cq and E) and “all calculate a target quantity using
an efficiency value and a Cq value” (Rujiter JM et al, 2013).

To make the quantitation of HCV RNA comparable among the different assays,
the National Institute for Biological Standards and Controls (NIBSC) and the World
Health Organization (WHO) developed and certified a uniform standard for measuring
HCV RNA in international units (1U) (Pawlotsky, J. M et al, 2000).
3.5.7.4. PCR efficiency determination

The raw PCR data which is not baseline corrected are used in the analysis.
Baseline correction was carried out with a baseline trend based on a selection of early
cycles of study. The PCR efficiency for each individual sample was derived from the
slope of the regression line fitted to a subset of baseline-corrected data points in the
log-linear phase using LinRegPCR (Ramakers C et al, 2003).

Serial dilution method to determine a mean PCR efficiency is a common
practice for the calculation of mean PCR Efficiency, it is calculated from the slope of

the serial dilution standards using the equation E = 10[ 1—slope]. This results in values
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ranging from E = 1.0 (minimum value) to E = 2.0 (theoretical maximum and optimum
efficiency) (Higuchi et al, 1993; Rasmussen, 2001).
3.5.7.5. Single run PCR efficiency determination based on all cycle data:
Efficiency determination based on complex modelling of the fluorescence data
using sigmoidal or logistic algorithms. This method can be applied to each single
reactions and therefore each sample can be analyzed individually. The advantage of
this model is that all fluorescence data points are included in the calculation process
and no background subtraction is necessary (Liu & Saint, 2002; Tichopad et al, 2003).
The derived efficiency values obtained after applying mathematical modelling
algorithms range between 1.7 and 1.9 and so are not directly comparable to those from
the serial dilution method. This difference might be due to the sigmoidal or logistic
fitting procedure and could reflect a single biological sample rather than an average
estimate between various replicates and dilutions.
3.5.7.6. LinRegPCR

LinRegPCR is a program for the analysis of real time RT-PCR Data. The
program uses non-baseline corrected data, performs a baseline correction on each
sample separately, determines a window-of-linearity and then uses linear regression
analysis to fit a straight line through the PCR data set (Rujiter et al, 2009). From this
line the PCR efficiency of each individual sample is calculated. The mean PCR
efficiency per amplicon and the Ct value per sample are used to calculate a starting
concentration per sample, expressed in arbitrary fluorescence units. Data input and

output are through an Excel spreadsheet.
3.5.8. Interpretation of gPCR result

The quantification of nucleic acid concentration in the sample is done by
comparing the Cq of the sample with the Cq of different concentrations of standards
in the same run or a calibration curve derived using the same lot of reagents. The
precision of real-time PCR quantification depends on the quality of the standard curve.
The chances of error in quantitative real-time PCR are the measurement threshold,
inaccuracy during sample preparation and pipetting mistakes. If the sample contains
inhibitors, or if the probe has fluorescence decrease, absence of amplification,
erroneously high Ct values or low signal strength may occur. The accuracy of
quantitative real-time PCR is also dependent on changes in PCR efficiency. The
expected slope for 100% PCR efficiency is 3.3 cycles per tenfold concentration
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difference. Real-time PCR results are dependent on the optimal master mix reagents,
since the amount of the fluorescent signal can be affected by the correct amount of

polymerase, the optimal concentration of dNTPs, MgCI2, primer and probe.

Fluorescence data analysis is usually carried out using the software available in
the gPCR machine. gPCR machine subtracts the baseline fluorescence, set a Cq based
on threshold cycle, that is the number of cycles required to reach the threshold cycle
(Bustin et al, 2009). PCR Efficiency is derived from the standard curve (Rasmussen,
2001). There are several methods available to analyse amplification curves (Ramakers
et al, 2003; Zhao and Fernald, 2005; Tichopad et al, 2003; Peirson et al, 2003; Lievens
et al, 2012; Rutledge and Stewart, 2008; Spiess et al, 2008; Ruijter et al, 2009).
Calibration Plot was prepared for each lot of RT-PCR reagent and its Data analysis

was done was done to calculate PCR Efficiency and slope of the plot.

RT-PCR fluorescence Amplification Plot Data analysis with the four parameter
characteristics of the sigmoid plot was analysed for each amplification plot. The four
parameter characteristics of the 10 IU/ul standard from a high efficiency calibration
plot sample was done. Data analysis of other HCV concentrations and influences on

them by the sample were done when required.

The test contains an internal control (IC), which is added to each test sample
before processing to monitor the integrity of sample processing and amplification and
thereby eliminate false negative results. The IC is an RNA transcript with primer
regions identical to those of the HCV target and a unique probe region. Second, the
TagMan HCV quantitative test uses standards calibrated in, and thus reports results in,
international units (IU)/ml. The IU is defined by a standard solution prepared from a
clinical specimen that, by international agreement, is defined as containing 100,000
IU/ml. As other test developers adopt the 1U/ml as a unit of measurement, comparisons

of assay sensitivity, dynamic range, and precision will be possible.

3.5.9. Data Analysis and Reporting

Data analysis of gPCR is important in reporting a valid result. A standard curve
using a defined template provide slope, coefficient of determination (R?) and y-
intercept that demonstrate good efficiency, accuracy and sensitivity. The baseline and
threshold should be properly set. The amplification curves should demonstrate
exponential amplification and be within the detection limits of the instrument. Quality

controls are included to check for contamination and sensitivity of the assay.
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The Cq (Ct) is defined as the cycle when sample fluorescence exceeds a chosen
threshold which is above baseline fluorescence. The reporter signal is normalized to a
reference dye by dividing the raw fluorescence of the reporter by the fluorescence of
the passive reference, to compensate for minor well-to-well variation. This value is
referred to as the Rn, the normalized reporter signal. When the background value has
been subtracted from the Rn, then this value is referred to as delta (A) Rn, the
normalized fluorescence value corrected for the background. XY plots with the log
template amount as the x value and the cycle threshold (Ct) as the y value. A line
representing the best fit is calculated for a standard curve using the least squares
method of linear regression: y = m x + b where y = Ct, m = slope, x = log10 template
amount, and b = y-intercept. The coefficient of determination, r? should also be noted.
Assay efficiency is based on the slope of the line, calculated by the formula: Efficiency
= [10 (-1/slope)] - 1.

Efficiency is primarily an indication of how well the PCR reaction has
proceeded. The integrity of the data fit to the theoretical line is described by the R2.
This is a measure of the accuracy of the dilutions and precision of pipetting. The y-
intercept is an indication of the sensitivity of the assay and how accurately the template
has been quantified.

A perfect assay would have a slope of —3.32 (100% efficiency), a y-intercept
between 33 and 37 cycles and an r2 of 1.00. The slope of the line increases (becomes
more negative), the efficiency decreases, the y-intercept increases and the sensitivity
of the assay suffers because more starting copies are needed before the detection limit
is reached or more cycles are required to detect the same number of template
molecules.

3.5.9.1. Four parameter sigmoid model qPCR data analysis

In comparison with linear quantitation methods, sigmoidal models are
developed for non-linear fitting of the RT-PCR data, very commonly
using Boltzmann or logistic sigmoidal function (Tichopad A et al, 2003; Liu W et al,
2002; Rutledge RG, 2004). The advantage of non-linear fitting is that PCR efficiency
IS not a constant but a variable that changes during cycles of PCR, with maximum
efficiency in the exponential phase of the reaction and which declines in later cycles
of the reaction when reagents get depleted, thus leading to the sigmoidal curvature. In
non-linear fitting, calculation of threshold fluorescence, cycle-dependent efficiency

(Ecyc) and estimation of the starting template amount (Fo) is possible. The sigmoidal
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gPCR models are four-parameter models that define ground fluorescence, slope at
inflection point, difference between maximum fluorescence and groung fluorescence
and Cq at inflection point. These parameters of logistic curves describe the gPCR data
usually well and supersede other models like Gompertz and Chapman (Zhao S et al,
2005).

PCR data can be fitted with the four-parameter model, which suggests
symmetry in the upper and lower part of the curve, that results in the similar curvature
on both sides of the inflection point. The two problems posed in that situation is firstly,
it is not clear that gPCR curves can be assumed to be symmetric. Secondly, which is
important for the quantification aspect, is that fitting four-parameter models with
symmetry as an inherent constraint onto asymmetric data will consequently lead to
suboptimal fits and suboptimal estimation of parameters (Van der Graaf PH et al,
1999).

The effect of application of logistic and also log logistic five-parameter
models to qPCR data, in which the fifth parameter takes a possible asymmetrical
structure of the data. Asymmetry of the lower and upper part of the sigmoidal curve
(in respect to the inflection point) is the main feature that discriminates the five-
parameter models from the four-parameter models. When four-parameter sigmoidal
models are fitted onto many datasets, the fitted curves are not optimal at the different
phases of an amplification curve. The fifth parameter have large impact on the
sigmoidal curvature of the fit. The use of the five-parameter models is better as
asymmetry of qPCR data seems to be an inherent characteristic and absolutely
symmetric gPCR data rarely occur. The efficiency estimation and reproducibility using
five-parameter models are significantly better than four-parameter models.

3.5.10. Verification/ Validation

The term verification is defined as confirmation through the provision of
objective evidence, that specified requirements have been fulfilled by FDA and ISO
(Code of Federal Regulations. 2010; International Organization for Standardization,
2007). This term is used by CLIA specifically to relate to confirmation that the
laboratory using a test can replicate the manufacturer’s performance claims when the

test is used according to the package insert.

The term validation used by FDA and ISO is defined as confirmation by

examination and provision of objective evidence that the particular requirements for a

5l



specific intended use can be consistently fulfilled (Code of Federal Regulations. 2010;
International Organization for Standardization. 2007). The World Health Organization
(WHO) defines validation as “the action (or process) of proving that a procedure,
process, system equipment or method used works as expected and achieves the
intended result” (CLSI, 2008).

The information that should be recorded includes identity of the analyte,
purpose of the examination and goals for performance, performance requirements
(detection limit; quantification limit; linearity; sensitivity; measurement precision,
including measurement repeatability and reproducibility; and selectivity/specificity,
including interfering substances and robustness), specimen type, required equipment
and materials, calibration procedures, step-by-step instructions for performing the
examinations, quality control procedures, interferences, calculations, measurement
uncertainty, reference intervals, reportable interval, alert/critical values, test
interpretation, safety precautions, and potential sources of variation. In addition, for
each validation study, acceptance/ rejection criteria, results obtained, control and
calibration procedures, data analysis, performance characteristics determined,
comparison of results with other methods, factors influencing results, carryover when
applicable, and interferences or cross reactivity should be reported (International
Organization for Standardization, 2007; Westgard JO, 2008).

Performance specifications for laboratory-developed tests must be
established for the following characteristics: accuracy, precision, analytical sensitivity,
analytical specificity to include interfering substances, reportable range, reference
intervals (normal values), and any other characteristics required for test performance
(Code of Federal Regulations, 2009).

3.5.11. Reportable range

CLIA uses the term “reportable range” to refer to the span of test result
values over which the laboratory can establish or verify the accuracy of the instrument
or test system measurement response. Laboratories may quantitatively report only
results that fall within the reportable range. Reportable range and other terms, such as
measuring interval, analytical measurement range (AMR), and linear range, are used
interchangeably to refer to the same performance characteristic of quantitative assays
(CLSI, 2003; Westgard, 2008). In practice, it is common to refer to the “linear range,”

and laboratories generally use a linearity experiment to determine the reportable range
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for a test (CLSI, 2003; Westgard, 2008). It is not mandatory that a method provide a
linear response, but a linear response is desirable since test results that are in the linear
range are considered to be directly proportional to the concentration of the analyte in
the test samples (CLSI, 2003; Westgard, 2008). The boundaries of the reportable range
are the lowest and highest analyte concentrations that generate results that are reliably
produced by a test method without dilution of the specimen (CLSI, 2003). The lower
limit must also be clinically relevant and acceptable for clinical use (CLSI, 2004). The
lower limit of linearity is frequently referred to as the lower limit of quantification
(LLOQ) and the upper limit of linearity as the upper limit of quantification (ULOQ).
The upper limit of linearity may be restricted by the highest available concentration in

a sample or by the saturation of the signal generated by the instrument.
3.5.12. Precision

The term “precision” refers to how well a given measurement can be
reproduced when a test is applied repeatedly to multiple aliquots of a single
homogeneous sample (FDA, 2001). Precision is defined as the “closeness of
agreement between independent test/measurement results obtained under stipulated
conditions” (10S, 2006). When considering precision, it is important to remember that
a measurement may be very precise (replicates have the same result) but not very
accurate (the real value is much different). The ideal assay is both precise and accurate.
Precision (also referred to as random analytical error) is related entirely to random

error caused by factors that vary during normal operation of the assay
3.6. Quality Control

The concepts of Quality Assurance (QA) and Quality Management (QM)
where first introduced in Laboratory by Belk and Sunderman in the late 1940s/early
1950s in an effort to help reduce the high number of diagnostic errors observed in
relation to the handling and testing of patient specimens which ultimately could have
an impact on patient care. Quality Management System (QMS) which is entitled to
support the whole diagnostic process that is, preanalytical, post analytical and also the
verification, validation and implementation phases of the diagnostic assays used within

the molecular biology laboratory.

By the execution of quality principles, new quality term is introduced into
clinical virology in recent years is Total Quality Management (TQM). In the clinical
virology laboratory, TQM provides a different description for the incorporation of all
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quality parameters and development of quality culture followed by all laboratory
personnel. Then the aim of the laboratory transforms to, not only to provide correct
results, but also ensures that the appropriate test is performed on the appropriate
specimen, the accurate result is obtained and interpreted, and provided to the right
patient within a meaningful time frame and using the errorfree procedures. The
laboratory should ensure confidentiality, the safety of the patient, and also provide a

mechanism for continuously monitoring and improving of the diagnostic service.

Clinical molecular biology laboratories and the testing services are required to
be accredited which helps the clinical laboratory to exhibit the competence and
reliability of the services provided to everyone in the healthcare environment and to
doctors who routinely utilize the testing service. Clinical molecular Biology
laboratories gain accreditation to the Internationally recognized standard 1ISO 15189,
developed specifically for the medical laboratories involved in laboratory testing and
examination. In some countries, laboratories are accredited to the national regulatory
framework. The quality management requirements of ISO 15189 are also aligned to
those in 1ISO 9001 which provides a basic standard and quality language across diverse

industry sectors.

Quality Management System (QMS) covers all the policies, documented
processes, procedures, and records used in order to deliver the diagnostic testing
service to the patient under its defined scope of accreditation. Quality Management
Documentation used in QMS include the Quality Manual or Services Manual which
stipulate the laboratory’s quality policy and objectives. It includes the quality control
measures and internal quality assurance procedures the laboratory undertakes, as well

as the external quality assessment (EQA) schemes, the laboratory is adhered to.

The procedural documents including standard operating procedures (SOPs),
equipment operating procedures (EOPs), which describes in detail about specific
laboratory activity or how an equipment is to be used, who is authorized to do, also

when and where that activity is to be performed or equipment used.

For setting the standards for health systems globally, WHO established
internationally accepted reference materials, e.g., international standards (ISs) for
nucleic acid testing. The ISs are measurement standards with defined concentrations
of specific analytes that enable the comparison of results among different assays and

different laboratories. These reference materials initially were prepared from viremic
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plasma donations (reflecting the type of sample being tested) and freeze-dried. WHO
ISs representing complex biological materials, the WHO took the approach of adopting
international units (IU); IU have been used to define potencies of all ISs for Nucleic
Acid based assays. An international working group on standardization of genomic
amplification techniques (SOGAT) was established in 1995, on behalf of the WHO,
and has since been coordinated by the National Institute for Biological Standards and
Control (NIBSC) (United Kingdom).

International standards are measurement standards and are assigned an
internationally agreed unitage in IU (WHO, 2006). WHO ISs are considered the
highest-order, international, conventional calibrators, in accordance with 1SO
guidelines (Code of federal regulations, 2010). The principal uses of ISs are for the
calibration of secondary standards, traceable in U, and for the evaluation of critical
assay parameters such as analytical sensitivities and quantification range, including
upper and lower limits of quantification. The preparation and calibration of secondary
standards are described in detail (Code of federal regulations, 2010; World Health
Organization, 2017).

gPCR has a very significant part in molecular diagnostics due to its ease of use,
sensitivity, specificity and lower turnaround time. The gPCR assay Kits are calibrated
with world Health Organisation (WHO) reference standards and National Institute for
Biological Standards and Control (NIBSC) standards and proficiency testing is done
with Quality control for Molecular Diagnostics (QCMD).

The essential components include nucleic acid extraction systems, internal
controls for quality check during isolation, calibrator standards with known
concentrations to evaluate the result, gPCR mix, primer-probe mix and quantitation
standards. The reporting scale is in international unit per ml (IU/ml), which gives a
more precise and accurate result. The assay performance is made better with adequate
sample storage, preparation of high-quality nucleic acids, good quality reverse
transcription primers and probes and correct for statistical data analysis. For the
exceptional performance of a molecular diagnostic laboratory, the sample extraction,
separated pre and post PCR analysis areas that maintains unidirectional workflow. The
lab should be on regular cleaning and fumigation procedures that helps to prevent cross
contamination. The lab must be strictly using biosafety level 2 cabinets, calibrated
pipettes, aerosol barrier tips. Appropriate room temperatures and sample storage
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facilities are crucial for maintaining proper quality control. The lab personnel

responsible must be trained in GLP practices.

Good quality sample used for nucleic acid extraction is crucial in quality
management and to obtain optimal results. Inappropriate sample storage can increase

chance of inhibition, other microbial contamination and nucleic acid degradation.

Quality management and quality assurance (QA) program is composed of
quality control (QC), external quality assessment (EQA), standard operating procedure
(SOP) and competency assessment (CA). It is regulated by certification processes like
ISO 15189 (1SO15189, 2012). QC focuses on the intrinsic performances of tests in
laboratory, reviewing the performance (specificity & sensitivity), regular maintenance
of all used materials, the constant quality of reagents, negative and positives controls
(Arora DR, 2004). QC is insufficient (Bartlett RC et al, 1994), especially because they
do not include pre- and post-analytical steps (Kalra J, 2004; West J et al, 2017; Plebani
M, 2006).

EQA, which includes external and proficiency testing (PT) with samples sent
by reference nodal laboratories to be analyzed and described (Arora DR, 2004). Audits
give an idea about the structural dysfunctions and possible points of improvement.
Both external audits and PT provide valuable information on the better functioning of
the laboratories but are limited by their rare occurrence.

PT has shown several limitations which can only partially evaluate the pre-
and post-analytical steps (Shahangian, 1998); for example, PT samples that come in
modified forms (e.g. dried, synthetically produced, pre-treated as with serum samples
instead of whole blood), can prevent their inclusion into normal lines of sample
handling. PT is not available for all the different tests offered in laboratories (Greub et
al, 2016). It has been shown that their recognition as EQA can lead to falsely reassuring
results because of the extra caution given in their processing (Reilly et al, 1999; Boone
et al, 1982); indeed, samples labeled as EQA were shown to provide more reliable
results than EQA submitted blindly (Kumasaka et al, 2001). Competency assessment
(CA) identifies the ability of the laboratory personnel to complete their work
effectively, in good adequacy with SOP.

3.6.1. Preanalytical Conditions in Sample collection

Blood and its components, serum and plasma are among the most common

samples received in molecular laboratories. Most of the samples obtained may contain
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anticoagulants, therefore awareness about the possible confounding effects of each
anticoagulant and selection of the proper one has a very important role in ensuring the
accuracy of reports. Anticoagulants used may adversely affect the analytical results.
There are some reports implying that heparin, if not completely removed during
extraction, can inhibit enzyme-based molecular tests (Beutler et al, 1990; Al-Soud and
Radstrom, 2001; Schrader et al, 2012). It has been shown that even low concentrations
of heparin may suppress DNA amplification although the inhibition of heparin on PCR
using large amounts of DNA may be not significant (Bonger et al, 2010; Y okota et al,
1999; Neumaier et al, 1998). But there are other studies that disagree with the effect
of heparin as a significant inhibitor of PCR reaction for intracellular RNA. Overall, it
is recommended to avoid usage of a heparinized sample as much as possible in
molecular assays, but in certain situations such as only one sample or emergency

states, a heparinized sample may not be rejected.
3.6.2. Quality Management in Molecular Diagnostics
3.6.2.1. Sample storage

Transportation and storage have a very significant role in the quality of the
clinical specimen and therefore the accuracy and outcome of the laboratory result. The
diagnostic assays require strict conditions of sample collection, transportation, storage,
and processing because of the unstable nature of viral nucleic acids (Jose M et al,
2005), especially viral RNAs (D Candotti et al, 2003). Storage Conditions of samples
may affect the stability of nucleic acids and its ability to detect viral nucleic acid,
especially at lower viral concentrations. Instability of viral nucleic acids are due to
decay mechanisms. Due to the conserved nature of 5'-untranslated region (5’-UTR)
(B. Hoffman et al, 2011) of hepatitis C virus (HCV) it is used as targets in many
commercial HCV RNA detection kits. But, 5'-UTR undergo unique decay
mechanisms due to its secondary structure. The 5'-UTR includes a region of the
HCV internal ribosome entry site element (D. Pineiro et al, 2012), which can be
hybridized with the liver-specific microRNA (miR-122), to unlock and switch the 5'-
UTR to an open structure (R. Diaz-Toledano et al, 2009), and the RNA secondary
structure can also melt with increasing temperatures to an open conformation
(F. Narberhaus et al, 2006). The opened conformation induces the exposure of the 5’
end of the 5’-UTR to exonuclease-mediated degradation (Y. Li et al, 2013). The HCV
5’-UTR strand can fold into several stem—loop secondary structures (N. Beguiristain,
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2005), and the loop structures are more sensitive to cleavage by endonuclease than are
the stem structures (R.M. Smith et al, 2002). As described in the previous paragraph,
the 5'-UTR of HCV RNA is prone to cleavage into short pieces of different lengths
(Y. Li et al, 2013; R.M. Smith et al, 2002). So, there are chances of RNA cleavage
during sample collection, handling and storage which may lead to decreased sensitivity

in detection and may give a false negative result using the diagnostic assay Kits.
3.6.3. Molecular Diagnostics Reporting

The investigation of HCV diagnosis starts with serological assays for detecting
antibodies to HCV followed by molecular assays for detecting HCV RNA. Initial
diagnosis of HCV infection is classically done by serologic methods either by
determining anti HCV antibody by EIAs or by immunoblot assays and by determining
the presence of HCV RNA. The introduction of simple rapid immunoassays has
significantly reduced the risk of HCV transmission, but concern remains for patients
in high-risk groups (Clemens JM et al, 1992; Somi MH et al, 2014; Nafishah A et al,
2014; Atrah HI et al, 1995). Studies have shown that false negative results in rapid
tests might arise in patients who are severely immunocompromised such as those co-
infected with HIV (van der Helm J et al, 2013), in patients on hemodialysis, IDUs,
thalassaemic. So, molecular detection by reverse transcription polymerase chain

reaction (RT-PCR) remains the best method for proper diagnosis.

Testing algorithm for laboratories that provide anti-HCV testing is that they
should perform initial screening with an FDA-licensed or approved anti-HCV test
according to the manufacturer's instructions. If the screening test is non-reactive,
samples can be reported as non-reactive for anti-HCV antibody. If the screening-test
is reactive, samples require supplemental serologic or nucleic acid testing according
to the testing algorithm. They can opt for supplemental testing 1) based on screening-
test reactive s/co ratios, or 2) on all specimens with screening-test reactive results. For
screening-test reactive samples that require supplemental testing, the anti-HCV result

should not be reported until the results from the supplemental tests are available.

Certain situations exist in which the HCV RNA result can be negative in
persons with active HCV infection. As the titre of anti-HCV increases during acute
infection, the titre of HCV RNA declines (Busch MP et al, 2000). Thus, HCV RNA is
not detectable in certain persons during the acute phase of their hepatitis C, but this

finding can be transient and chronic infection can develop. In addition, intermittent
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HCV RNA positivity has been observed among persons with chronic HCV infection
(Alter MJ et al, 1992; Thomas DL et al, 2000; Larghi A et al, 2002). Therefore, in the
absence of additional clinical information, the significance of a single negative HCV
RNA result is unknown, and the need for further medical evaluation is determined by
verifying anti-HCV status.

A negative HCV RNA result also can indicate resolved infection. Among anti-
HCV positive persons who acquired their HCV infection as older adults (aged >45
years), 15% - 25% apparently resolve their infection; this proportion is higher (40% -
45%) among anti-HCV positive persons who acquired their infection as children or
younger adults (Alter HJ et al, 2000). To determine if HCV infection has resolved, a
negative HCV RNA result should be demonstrated on multiple occasions; however,
such follow-up testing is indicated only in persons with serologically confirmed anti-

HCV positive results.
3.6.4. Internal Controls

The internal control (IC) is a second heterologous amplification system to
identify possible PCR inhibition. Internal control is a nontarget DNA sequence present
in the same sample assay matrix, which is coamplified along with the target sequence.
In a PCR without an IC, a negative amplification results mean that there is no target
sequence present in the reaction. But it can be due to the reaction inhibition/ due to
malfunction of thermal cycler/ incorrect PCR mixture/ poor DNA polymerase activity/
or the presence of inhibitory substances in the sample matrix (Radstrom et al, 2003).

3.6.5. Clinical Bioinformatics in Molecular Diagnosis

Direct DNA sequencing (Sanger et al, 1977) is a relatively inexpensive and
routine procedure in molecular biology. DNA sequence data are used to identify
organisms, genes or mutations, or to confirm laboratory testing. Comparing sequence
data from one or more samples to each other and to a known “reference” alignment is
a standard procedure. Evolutionary relationships between samples are elucidated by
phylogenetic analyses, which typically involve DNA sequences from many organisms
of interest, and from many related samples for comparison. In 1979, the Los Alamos
Sequence Database was established by Walter Goad (Kanehisa et al, 1984). With
support from the National Institutes of Health, this database was expanded in 1982 and
renamed “GenBank” (Bilofsky et al. 1986). Since 1982, the number of nucleotides in
GenBank doubles approximately every 18 months (Benson etal. 2015). The
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International Nucleotide Sequence Database Collaboration (INSDC) (Karsch-
Mizrachi et al. 2012) is a collection of three publicly available nucleotide (DNA or
RNA) sequence databases, which synchronize data daily. The collection consists of
the DNA Data Bank of Japan (DDBJ, located in Japan), the European Molecular
Biology Laboratory (EMBL, located in the United Kingdom) and GenBank (located
in the United States of America). Researchers share sequence data with the academic
community by submitting sequences to these public databases. This is generally a
requirement when sequences are included in their research publication. In addition to
nucleotide sequence data, various additional data fields are included with sequence
submissions. These fields include the name of the organism from which the sequence
data originated, the names of the authors or researchers, a draft publication title, co-
ordinates of any coding regions within the sequence, and the date of the submission.
If coding regions are specified, the resulting protein translation is stored in the database
automatically. Although sequence data submitted to the databases is checked for
integrity, no checks are performed on text submitted into the free-form text fields, such
as the “Author” or “Note” fields. Data are submitted and extracted from the database
in a flat, plain text (“ASCII”) file format. Sequence data are typically extracted from
the database by issuing a query to the database via the database web-site. Results are
displayed on the web-site and can be downloaded in various file formats. As data have
been submitted over many years, during which time, sequencing and computing
techniques have evolved and improved, the reliability and accuracy of these data can
vary. Thus, unavoidable artefacts, errors and inconsistencies may be present in the
data.

3.7. Primer design and synthesis

HCV RNA sequence amplification from cDNA synthesised by reverse
transcription and Polymerase Chain Reaction (PCR) is the method available to detect
HCYV viral infection (Weiner et al, 1990; Kato et al, 1990; Zonaro et al, 1991; Garson
et al, 1990). But due to the genetic heterogeneity in different genotypes and subtypes
(Okamoto et al, 1990; Takamizawa et al, 1991; Hijikata et al, 1990; Enomoto et al,
1990) may lead to false negative result during Reverse Transcription Polymerase
Chain Reaction due to primer and template mismatch. So the primers were designed
from the conserved regions of HCV genome (Miller and Purcell, 1990; Kubo et al,
1989; Bukh et al; 1991). Thus primer selection becomes an important factor in the
sensitive and specific detection of HCV RNA (Table 3.1).
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Primer 5.0 is used to predict potential primers from nucleic acid sequences
from the HCV database. Primers are designed for 3 regions, UTR most conserved
region, Core E1 structural region and NS5B region non-structural region. Good primer
and probe design is a prerequisite for qPCR. Complete or partial genomes from
GenBank for the target sequences are first aligned using BLAST, and by using
reference sequence as query (http://www.ncbi.nlm.nih.gov/blast/). Areas of sequence
conservation are identified, and the degree of representativity for all sequences in the
alignment, or selected groups included in the alignment. The positions of highly
conserved stretches were selected for primers and probes All primers and probes were
designed after evaluation using the on-line software Oligo Analyzer 3.0.
(http://www.idtdna.com/analyzer/Applications/OligoAnalyzer/) When designing the
oligonucleotide, primer and probe self- and inter complementarity should be avoided.
Especially, complementarity of the probe to the 3" end of the primer should be avoided.
The primer 3" ends should be free from repetitive sequences and highly degenerate
sequences. The stability of the interaction between oligonucleotides (primers and
probe) and a complementary target determines the melting temperature (Tm), which
is the temperature at which 50% of a given oligonucleotide is hybridized. The Tm of
oligonucleotides depends on length and GC content. The latter ideally should be
between 40-70%. Tm as determined using oligo analyzer 3.0 was used as an initial
guide. Primers were designed with the goal of minimizing the free energy (4G) of

primer-primer and primer-probe interactions.
3.7.1. NCBI sequence submission
3.7.1.1. GenBank

GenBank (Benson DA et al, 2013) is a comprehensive public database of
nucleotide sequences and supporting bibliographic and biological annotation.
GenBank is built and distributed by the National Center for Biotechnology Information
(NCBI), a center within the National Library of Medicine at the National Institutes of
Health, was created in 1988 to develop information systems for molecular biology
(Sayers EW et al,2020).

NCBI receives data from three sources: direct submissions from researchers,
national and international collaborations or agreements with data providers and
research consortia, and internal curation efforts. The U.S. Patent and Trademark Office
also contributes sequences from issued patents. GenBank participates with the
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European Molecular Biology Laboratory Nucleotide Sequence Database (EMBL-
Bank), part of the European Nucleotide Archive (ENA) (Leinonen R et al, 2011; Amid
C et al, 2019), and the DNA Data Bank of Japan (DDBJ) (Kaminuma E et al, 2011;
Ogasawara O et al, 2020) as a partner in the International Nucleotide Sequence
Database Collaboration (INSDC) (Karsch-Mizrachi I et al, 2018). The INSDC partners
exchange data daily to ensure that a uniform and comprehensive collection of sequence
information is available worldwide. NCBI makes the GenBank data available at no
cost over the Internet, through FTP and a wide range of web-based retrieval and
analysis services (NCBI, 2013). Details about direct submission processes are
available from the NCBI Submit page www.ncbi.nlm.nih.gov/home/submit.shtml) and
from the resource home pages (e.g. the GenBank

page, www.ncbi.nlm.nih.gov/genbank/).
3.7.1.2. Sequence identifiers and accession numbers

Each GenBank record, consisting of both a sequence and its annotations, is
assigned a unique identifier called an accession number that is shared across the three
collaborating databases (GenBank, DDBJ, EMBL-Bank). The accession number
appears on the ACCESSION line of a GenBank record and remains constant over the

lifetime of the record, even when there is a change to the sequence or annotation.
3.8. Genotyping and Phylogenetic Analysis

Phylogenetic analysis has been used to distinguish viral genotypes and/or
subtypes from each other, and for subtyping newly isolated strains by comparing them
to existing alignments and trees. However, phylogenetic analysis often cannot
distinguish between inter-subtype recombinants and new subtypes, as both can branch
out between clusters in a similar way. To reveal the mosaic organization of
recombinant viruses, new methods that process the genotype in segments along a
sequence were designed (Siepel et al, 1995; Salminen et al, 1995; Lole et al, 1999).
These methods rely upon multiple alignments of a query sequence and the reference
sequences of known viral subtypes. However, the high variability of viral genomes
often makes it impossible to align viral sequences automatically. In these cases, the

alignments have to be done laboriously by hand.

3.8.1. Phylogenetic reconstruction methods
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The numerous phylogenetic reconstruction methods, two algorithms most
often used in population genetics, unweighted pair group mean analysis and

neighbour-joining (Saitou & Nei, 1987) algorithms.
3.8.1.1. UPGMA

UPGMA, or unweighted pair-group method with arithmetic means, is one of
the most widely used and simplest methods of topological reconstruction. Computer
simulations suggest that this method performs poorly when the evolutionary rates are
not constant, i.e. if we cannot assume a constant molecular clock. The UPGMA
method was described in 1973 for constructing taxonomic phenograms. Advantages
of this method is that, it is extremely fast and since it averages out the branch lengths,

it diminishes associated errors.
3.8.1.2. Neighbour-joining (NJ)

NJ method is one of the minimum evolution methods (Cavalli-Sforza &
Edwards, 1967), where the tree with the smallest sum of branch lengths is found. The
minimum evolution algorithm originally described is computationally intensive, since
it searches the minimum branch length tree among all possible trees. Obviously, the
number of possible trees increases with the number of OTUs, and rapidly reaches a
number impossible to compute. For this reason, Saitou and Nei in 1987 proposed a
heuristic algorithm for this minimum evolution tree and called it neighbour-joining,
where the minimum evolution principle is implicit on each step of the algorithm,
producing a single bifurcating tree. The neighbour-joining algorithm starts with a star-
tree topology and sequentially chooses the pair of OTUs (or neighbours) that minimise
the total length of the tree. This process is continued until the tree is completely
resolved. It has been shown to perform quite well (that is, it recovers the correct tree
most of the time), when unbiased distances are used. Tests of tree reliability Bootstrap
test Any given data set, regardless of its phylogenetic signal content, will yield a tree.
Thus, one has to be extremely careful when drawing conclusions simply based on a
tree. For this reason, various statistical tests have been developed in order to provide
estimates of the reliability of phylogenetic trees. The most commonly used statistical
test in phylogenies is the bootstrap developed by Efron in 1982. The bootstrap
technique uses resampling with replacement and was developed for phylogenetic
studies by Felsenstein (1985). In this case the total number of residues is drawn with

replacement and all sites have the same probability of being sampled. Since it is a

63



replacement technique, some sites will be sampled more than once, whereas others

will not be sampled.
3.9. Statistics in Molecular Diagnosis

Statistical analysis was performed with SPSS statistical software version 14.0
(SPSS Inc, Chicago, IL, USA) for Windows® and a P-value <0.05 was considered as
significantly different. The y2-test was used for statistical analysis of non-parametric
data. SPSS is the most popular quantitative analysis software program used by social
scientists. Made and sold by IBM, it is comprehensive, flexible, and can be used with
almost any type of data file. However, it is especially useful for analyzing large-scale
survey data. It can be used to generate tabulated reports, charts, and plots of
distributions and trends, as well as generate descriptive statistics such as means,
medians, modes and frequencies in addition to more complex statistical analyses like
regression models. SPSS provides a user interface that makes it easy and intuitive for
all levels of users. With menus and dialogue boxes, you can perform analyses without
having to write command syntax, like in other programs. It is also simple and easy to
enter and edit data directly into the program. There are a few drawbacks, however,
which might not make it the best program for some researchers. For example, there is
a limit on the number of cases you can analyze. It is also difficult to account for
weights, strata and group effects with SPSS.

Measures of Central Tendency, Average measures that describe the central
aspects of a data are called averages. An average summarizes all the characteristics of
entire mass of data. Most of the items of the series are clustered around the average,
so it is called as measure of central tendency. Arithmetic mean which is the sum of

all the observations divided by the number of observation
Mean = sum of all the observations/ Total number of observations

Median is the value of the middle item of a given series of data arranged in ascending
or descending order of magnitude.

Median = value of the item (n + 1)/ 2

Mode is the most frequently occurring value in a sample. A sample with a single mode
is referred as unimodal. If it has two mode it is called as bimodal and more modes as

polymodal or multimodal. If no mode, it is no modal sample.
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A measure of dispersion (also called measure of variation, scatter, spread) is
to describe the extent of scattering of items around a measure of central tendency.
Different types of measure of dispersion used here. Range is the minimum and
maximum value of the given series of data (Gurumani, 2005). Standard deviation is
defined as the square root of the arithmetic mean of the squared deviation of the various
items from the mean. The mean squared deviation is called the variance. Therefore,

the square root of variance is the standard deviation.

Coefficient of variation (CV) is also known as relative standard deviation
(RSD). It is a measure of dispersion of a probability distribution or frequency
distribution. CV is defined as the ratio of standard deviation to the mean and is
expressed in percentage. | t is widely used in analytical chemistry to express the
precision and repeatability of an assay.

95% Confidence Interval of Mean is a range of values which can be
confident including the true values. A confidence interval for the estimated mean
extends either side of the mean by a multiple of the standard error. 95% confidence
interval was calculated by multiplying standard error by 1.96 and then identifying the

range by adding and subtracting the value from mean.

Frequency Graphs, Histogram is the graphical representation of continuous
frequency distribution. The X-axis has the true class intervals, and the Y-axis, the
frequencies. The bars are of equal width indicating that the class- intervals are of equal
width. The height of the bar is proportional to the respective frequency. Therefore, it
may be said that the area (length xbreadth) of each bar is equal to the total of all the

frequencies.

Scatter diagram is an easy and simple method for studying correlation
between two variables. If X and Y are pairs of variables, the values of the variable X
are marked in the X — axis and the values of variable Y are marked in the Y axis. A
point is plotted against each value of X and the corresponding Y value. A swarm of
dots is obtained, and this is called the scatter diagram. From this scatter diagram we
can understand about the correlation between the variables whether it is positive

correlation or negative correlation.

3.10. Secondary and Tertiary Structure Prediction
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3.10.1. RNA secondary structure prediction

RNAfold web server programme was used to predict the secondary RNA
structure of 5’UTR region. The MFE structure of an RNA sequence is the secondary
structure that contributes a minimum of free energy. The structure prediction is done
using a loop-based energy model and the dynamic programming algorithm (Zuker et
al, 1981).

3.10.2. Protein structure prediction

The Phyre2 (Protein Homology/analogY Recognition Engine V 2.0) Protein
Fold recognition server is used for protein structure prediction (Kelley LA et al, 2015).
Phyre2 is a set of tools available on the web to predict and analyze protein structure,
function and mutations. The focus of Phyre2 is to provide biologists with a simple and
intuitive interface to state-of-the-art protein bioinformatics tools. Some of the most
widely used web servers for protein modeling are Phyre2, i-TASSERS, Swiss-Model9,
HHpred10, PSI-BLAST-based secondary structure prediction (PSIPRED)11,
Robettal? and Raptorl3. |

3.10.3. Bepipred-1.0 Linear Epitope and Kolaskar and Tongaonkar antigenicity
scale Prediction

BepiPred predicts the location of linear B-cell epitopes using a combination
of a hidden Markov model and a propensity scale method. The residues with scores
above the threshold are predicted to be part of an epitope (Larsen et al, 2006). A semi-
empirical method which makes use of physicochemical properties of amino acid
residues and their frequencies of occurrence in experimentally known segmental
epitopes was developed to predict antigenic determinants on proteins (Kolaskar et al,
1990).

3.11. Machines

3.11.1. Biosafety Level 2 Thermofischer scientific

HCV is considered a Biosafety Level 2 (BSL-2) virus, according to the
Biosafety in Microbiological and Biomedical Laboratories manual published by the
Centers for Disease Control and Prevention. A Class Il biological safety cabinet (BSC)
is a ventilated containment device found in laboratories around the world. BSCs are
used in many applications, including cell culture, pharmaceutical, clinical and

microbiological work. Due to the critical nature accomplished inside these commonly
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used laboratory products, BSCs are regulated through rigorous standards and
compliance. Engineered controls are built into the design of BSCs providing protection

to the operator, product and environment.

For a B2 BSC, the air is pulled in at the front aperture creating an air barrier
that gives the operator protection. Air is also pulled from an opening at the top of the
cabinet that supplies the downflow fans with air. Then the air goes through a HEPA
filter and is 100% exhausted through a dedicated duct with an exhaust fan motor. The
air is then released into the atmosphere. The purpose of this is to remove toxic vapors
that are generated in the cabinet with no recirculation within the BSC. Airflow through
a B2 is 100% externally exhausted which means the air that is drawn into the cabinet
is 100% exhausted into the atmosphere. None of the air drawn into the B2 for either
inflow or downflow is recycled within the airflow system. This is where an A2 differs

as it does recycle a portion of its air after filtration — approximately 60% to 70%.
3.11.2. Rotor Gene Q 5plex HRM, Qiagen, Germany

Rotor Gene Q, which enables high precision real-time PCR, end point PCR and
high-resolution melt (HRM) analysis. The machine is very well suited for gene

expression analysis, genotyping, pathogen detection.
3.11.2.1. Thermal performance of Rotor Gene Q

The sophisticated heating and cooling design helped to obtain optimal thermal
and optical uniformity between samples which help in optimal reaction condition and
precise analysis. During the run samples are spun continuously at 400 rpm which helps
to prevent condensation, removes air bubbles and do not pellet nucleic acid. So,
samples need not be spun initially. Heating and cooling of samples happens in a low
mass air oven, heating achieved by nickel-chrome element in the lid and cooled by
venting the air out through the top of the chamber while ambient air is blown up
through the base.

3.11.2.2. Optical system

There are 6 excitation sources and 6 detection filters combined with a short,
fixed optical path, the Rotor-Gene Q can be used for multiplex PCR reactions, ensuring
minimum fluorescence variability between samples and eliminating the need for
calibration or compensation (Table 3.2). Samples are excited from the bottom of the
chamber by a light-emitting diode. Energy is transmitted through the thin walls at the
base of the tube. Emitted fluorescence passes through emission filters on the side of
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the chamber and is then collected by a photomultiplier. The fixed optical path ensures
consistent excitation for every sample, which means that there is no need to use a

passive internal reference dye such as ROX.

Of the two quantification strategies, absolute and relative, we use the former
with external standard plot. gRT-PCR was done with Artus HCV RG RT-PCR kit
(Qiagen, Germany) based on Tagman probes by One step RT-PCR on Rotor-Gene Q
instrument. Passive reference dye (ROX/Fluorescein) (6 Carboxy-X Rhodamine) for
correction / normalisation of fluorescence was not required in Rotor gene Q instrument
as there was no difference in fluorescence excitation, emission, and detection between
reaction vessels. Master mix is prepared from Hep. C Virus Master A (12 pl) and Hep.
C Virus Master B (18 pl) with internal control (2 pl). Add 30 pl of this mix into PCR
tube and 20 pl of eluted sample RNA. Correspondingly any one of the Quantitation
standards and negative control (Water, PCR grade) was pipetted into other tubes. PCR
tubes were placed on the locking ring, enter the details and temperature was optimised
at 50 °C. The cycling conditions were entered as 50°C for 30 minutes when the reverse
transcription took place, 95°C for 15 minute for initial denaturation, 95°C for 30s,
50°C for 60 s and 72°C for 30s repeated for 50 cycles. After completion of the run,

data analysis was done.
3.11.3. Agarose Gel Electrophoresis

Agarose gel electrophoresis is widely used for qualitative analysis of nucleic
acid fragments after Polymerase Chain Reaction. The agarose-based technique
provides a broad separation range of nucleic acid molecules based on size and charge.
During RNA electrophoresis, negatively-charged RNA migrates through the gel
towards the anode. The length of RNA molecule determines the migration time. But,
secondary structure formation of RNA due to intramolecular base pairing, may delay
migration. So, it is recommended to do RNA electrophoresis under denaturing
conditions. For detection, RNA within the gel is stained with ethidium bromide or a
highly sensitive fluorescent dye (e.g. SYBR Green Il or SYBR Gold). These
intercalating dyes fluoresce when exposed to light. Ethidium bromide which is a
potential mutagen, carcinogen, and teratogen require safety precautions and safety
during disposal of these hazardous waste. SYBR-based dyes are more sensitive and
less harmful alternative of ethidium bromide. The stained gels are viewed with a

transilluminator. A transilluminator system may also include image capture devices,
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such as a digital or Polaroid camera, which allow an image of the gel to be taken or

printed for further analysis using specific gel analysis software (Sambrook et al, 1989).
3.11.3.1. Gel Documentation

The products of PCR reaction are analysed using Agarose Gel Electrophoresis
in which the amplified target sequence can be visualised and the approximate length
of the amplified fragment can be detected. There are several methods to detect the
amplified nucleic acid fragments like autoradiography, fluorescent dyes or silver

staining.

After the separation is complete, the gel is exposed to light of a suitable
wavelength; the light emitted by the dye molecules is either viewed directly or
captured by image-recording device. As in fluorescent events, the light emitted by the
dye is of a longer wavelength than that used to excite the dye. The dye/DNA complex
often exhibits enhanced fluorescence relative to the unbound dye, a property of the dye
that also leads to greater sensitivity. In recent years the development of more-sensitive
fluorescent dyes has been spurred by the rising costs associated with handling
radiolabeled nucleic acids. There have also been improvements in imaging devices.
Whereas using photographic film and an ultraviolet lightbox was previously the only
way to record the images of fluorescently stained gels, charge-coupled device (CCD)
cameras now offer greater sensitivity than film, and a number of very sensitive
dedicated fluorescent imagers are also available. A serious objection to the use of
fluorescent dyes for nucleic acid detection is that they represent a safety hazard and
must be handled and disposed of accordingly. It should come as no surprise that
molecules exhibiting a high affinity for DNA should have the potential to interfere
with DNA function: Most dyes used for detecting nucleic acids are mutagens and are
either suspected or confirmed carcinogens. Because it is simple to use and is
sufficiently sensitive for most routine procedures, ethidium bromide has long been the
standard fluorescent dye for staining nucleic acids in gels. Agarose gels are most
conveniently cast and run with buffers already containing the dye at a concentration of
0.5 pg/ml. Ethidium bromide is an intercalating dye: The planar molecule fits with
high affinity between adjacent base pairs in the double helix of dsDNA, but it also
binds ssDNA and RNA. If dye is included in the gel and running buffer, the progress
of the separation can be monitored during electrophoresis by using a handheld UV

lamp, but ethidium bromide—stained gels are most commonly viewed by placing them
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on an ultraviolet lightbox. The image can be recorded using either a conventional or a
CCD camera.

Fig. 3.1. Structure of Hepatitis C Virus

envelope plycoproteins

viral RKA
envelape

apErox ER nm

*

Structure of Hepatitis C Virus

Fig. 3.2. HCV genome and polyprotein (Abdel-Hakeem et al, 2014)

IRES

Strucitural Non-stliuctural

Il
13 ny [ |
E2 NS2 NS3 NS5A NS5B %

1 |

Capsid Envelope  Viroporin Protease, NS3 protease |Regulates replication  RNA-dependant
glycoproteins  and helicase co-factor and RNA-polymerase

assembly factor| and virus assembly
assembly factor

5" UTR

Autoprotease Membranous web and
and replication complex
assembly factor formation
‘ Signal peptidases @NSZB @ NS3/4A
cleavage sites cleavage sites cleavage sites

70



Fig. 3.3. HCV antigenic regions used in serological assays. E, envelope; NS, nonstructural
protein; a.a., amino acid sequence of recombinant protein or synthetic peptide antigen. b, Ortho
HCV ELISA (version 3.0; Ortho-Clinical Diagnostics, Inc.). ¢, Chiron RIBA HCV strip
immunoassay (SIA; version 3.0; Chiron Corporation). d, p, synthetic peptide. e, Abbott HCV EIA
(version 2.0; Abbott Laboratories).
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Table 3.1. Size of PCR products with the sequence of primers used in this study

Region 5°UTR Core E1 NS5B
Length 272 bp 494 bp 263 bp
Fprward ACTGTCTTCACGCAGAAAGCGTCTAGCCAT GCAACAGGGAACCTTCCTGGTTGCTC | CATCATGGCCAAGAACGAGG
Primer (5’ -
3’)
Reverse GGGTGCTTGCGAGTGCCCCGGGAGGTCTCG | TGATGATGAACTGGTCCCCTAC GTATGATACCCGCTGTTTTG
Primer (5’ -
3%)

Table 3.2. Excitation wavelengths, fluorescent probe sources and detection filters in the optical

system of Rotor Gene Q

Channel |[Excitation| Detection Examples of fluorophores
(hm) (hm)

Blue 36520 460+20 Marina Blue, Edans Bothell Blue, Alexa Fluor 350, AMCA-X
Green | 47010 51045 FAM, SYBR Green I, Fluorescein, EvaGreen, Alexa Fluor 488
Yellow | 530+5 557+5 JO, VIC, HE, TET, CAL Fluor Gold 540, Yakima Yellow
Orange | 585%5 61015 ROX, CAL Fluor Red 610, Cy3.5, Texas Red, Alexa Fluor 568

Red 625+10 660+10 Cy5, Quasar 670, LightCycler Red640, Alexa Fluor 633

Crimson | 68015 (712 highpass Quasar 705, LightCycler Red705, Alexa Fluor 680
HRM | 460+20 51045 SYBR Green I, SYTO9, LC Green, LC Green Plus+, EvaGreen
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CHAPTER 4

MATERIALS AND METHODS






4.1. Study setting, study population and Research Design

The present study was done at Department of Biochemistry, Clinical
Biochemistry Laboratory, Amala Institute of Medical Sciences, Thrissur from
March, 2017 to March, 2022. The study population was the Anti-HCV antibody
reactive or clinically suspected patients or patients at risk of contracting hepatitis
C virus (HCV) infection selected from Thrissur District, Kerala, India. From this
study population, EDTA-treated blood samples were obtained for RT-PCR,
qualitative or quantitative PCR and genotyping at the Molecular Diagnostic

Laboratory at Amala Institute of Medical Sciences, Thrissur, Kerala state, India.

This is an observational cross-sectional study (chapters 5, 7, 8, 9) and
observational control study (chapter 6) of real-time RT-PCR for HCV in RNA
isolated from plasma of individuals who were reactive for anti-HCV antibody
by the screening immunochemistry assay or suspected to have contacted HCV
infection. The control samples used to study the influence were internal controls,
quality controls, calibrators/ positive controls and NTC. The study was approved
by the Institutional Research and Ethics Committees for the research project
proposal to DST-SERB, New Delhi from Krishna K Yathi with Jose Jacob as
Mentor (Ref. AIMSIEC/37/2017 latter dated 18-05-2017), and for the research
proposal for PhD registration of Ann Mary Joseph with Jose Jacob as Guide to
Calicut University (AIMSIEC/16/2017 dated 17-01-2017). The DST-SERB
project was also approved by IBSC (Institutional Biosafety Committee) under
Department of Biotechnology (DBT) guidelines dated 27" October 2017.
Participants were approached directly by the investigators. The research program
and the method of blood sample collection and assay were described to the
participants. After including the participants by clinical and preanalytical
evaluation, informed written consents were obtained and blood samples were

collected.

4.1.1. Samples used for RT-PCR (n=1104)

The serum and plasma samples analysed in this study were obtained from
the Central Laboratory, and from the In-Patient Departments (IPDs) of Amala

Institute of Medical Sciences. A total of 1104 plasma samples were analysed for

HCV RT-PCR.
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4.2. Selection of participants, Inclusion and Exclusion criteria

The inclusion and exclusion criteria for sample collection and
selection of RT-PCR cases for study were related to the preanalytical
condition of the patient. Patients with acute tissue damaging diseases such
as severe acute infections, accidents (crush injury), surgery and patients
undergoing chemotherapy were found to influence the samples for RT-PCR.
Samples from patients with chronic inflammation, abscesses and in
autoimmune disorders were also found to influence RT-PCR (Satsangi J et
al, 1994; Byrnes JJ et al, 1975). These preanalytical conditions were avoided
as far as possible, or sample collection was delayed till the disease state
subside or was overcome. Blood samples from heparinised patients, eg.
dialysis and cardiology patients, were delayed for up to a day or two, or till
the next injection of heparin and drugs. Sample collection was avoided soon
after intravenous injections of drugs, and in such patients, samples were
taken immediately before the next intravenous injection. In all emergency
and other unavoidable circumstances, all the above preanalytical criteria
were overlooked, but the results of RT-PCR were analysed for analytical or
preanalytical influences. The samples included in the study (antibody
screening, RT-PCR and nucleic acid sequencing) were from (a) those with
reactive or borderline reactive screening tests for anti-HCV antibody above
the cut off limits, (b) cases with abnormal liver function, (c) those suspected
with HCV infection, such as from blood transfusions, and (d) all those who
were suspected to be in the window period of antibody formation.

4.3. Sample collection

4.3.1. Sample collection and preparation for anti-HCV antibody assay

Blood samples were collected in vacuum tubes with clot activator
(red capped, 4 ml), mixed, allowed to clot for 10 minutes, centrifuged at
3000 rpm for 5 minutes in a table top centrifuge, serum was separated, and
clear serum samples without haemolysis, jaundice, cloudiness and clot
particles were screened for the anti-HCV antibody with third generation
enzyme immunoassays, against recombinant epitopes of NS5, ¢22-3, ¢200
antigens, having high sero-conversion detection rates (Bukh et al, 1992;
aHCV reagent pack procedure manual, 2005). The enzyme immuno-assay
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detection method was enhanced chemiluminescence methods (Vitros ECi,
Ortho Clinical diagnostics, USA).

4.3.2. Sample collection and preparation for RT-PCR

Blood sample was taken with 2-4 ml EDTA-vacutainers (purple-
capped), centrifuged at 3000 rpm for 15 minutes in a table-top centrifuge.
Sample was collected from individuals after describing the details of the
project in vernacular language, the patient information sheet and then getting
the signature in the consent form. Plasma sample without haemolysis,
jaundice, cloudiness and without clot particles was separated and used for
RNA isolation and immediately followed by HCV RT-PCR. Plasma and
RNA samples were stored immediately at -80°C, in aliquots.

When screening assays showed anti-HCV antibody levels above cut
off limit, quantitative_or qualitative RT-PCR was done for confirming the
diagnosis of HCV infection.

4.4. Sample size calculation

Adequacy of sample size for calibrators, quality control samples

and for evaluating performance characteristic were based on sample mean

and standard deviations (SD) using the equation (nMaster 2.0 software),

Zi a X SD?

— 2 i -
N=—xe Equation-1

where, D = relative precision (10%); u = mean; Z 1 — a/2 = desired
confidence interval 95% (1.96); n = sample number. For each method of
gualitative evaluation, we require a minimum sample size of three for
reproducibility after standardisation. The minimum sample size required
for inter-assay and intra-assay internal controls and quality controls
was fifteen for each. As the SD was very low for calibrators, internal
controls and quality control samples, the sample number required was very
low. But as a routine practice for validated calibrators sample number, n >5,
internal control >15, quality control >15. The variation in the sample number

were due to availability of reagents in each lot.

4.5. Anti-HCV antibody Screening assay
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The VITROS anti-HCV assay was performed using the VITROS
anti-HCV reagent pack, VITROS Immunodiagnostic Products, and anti-
HCV calibrator on the VITROS ECi Immunodiagnostic system. Mix
samples, calibrator and controls by inversion and bring to 15-30°C before
use. The VITROS Anti-HCV assay uses 20 pl sample. An immunometric
technique was used which involved a two-stage reaction. In the first stage,
HCV antibody present in the sample bound with HCV recombinant antigens
coated on the wells. Unbound sample was removed by washing. In the
second stage, horseradish peroxidase (HRP) labelled antibody conjugate
(mouse monoclonal anti-human IgG) binds to any human IgG captured on
the well in the first stage. Unbound conjugate was removed by washing.

A reagent containing luminogenic substrates (a luminol derivative
and a peracid salt) and an electron transfer agent, was added to the wells
(Summers M et al, 1995). The HRP in the bound conjugate catalyses the
oxidation of the luminol derivative, producing light. The electron transfer
agent increased the level and duration of the light produced. The light signals
were read by enhanced chemiluminescence method by VITROS ECi. The
amount of HRP conjugate bound was indicative of the level of anti-HCV

antibody present in the sample.

Screening for anti-HCV antibody was done in serum samples using
enzyme immunoassays with high sero-conversion detection rates (aHCV
reagent pack procedure manual, 2005). The assay was performed in Vitros
ECi immunochemistry autoanalyser (Vitros ECi, Ortho Clinical diagnostics,
USA) using enhanced chemiluminescence method. When screening assay
showed reactivity above the cut off limit, real-time RT-PCR was done for
confirming the diagnosis of HCV infection. HCV RT-PCR was done
directly, without reactivity to antibody screening assay, in individuals
frequently exposed to HCV infection, such as patients on dialysis or repeated
blood transfusion. This was done to cover the long window period of HCV

infection.

The calibration of the VITROS Anti-HCV test was traceable to an
in-house reference calibrator of the manufacturer, which has been assigned

values to optimize the clinical sensitivity and specificity of the performance.
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4.5.1. Specimen Collection and Preparation - VITROS Anti HCV assay
principle

Serum sample was the specimen recommended for the assay.
Samples was kept in stoppered containers to avoid cross contamination and
evaporation. Disposable tips may be used for samples if manual pipetting
was required. Precautions were taken to avoid splashing, aerosol formation
or cross contamination. Samples were stored at 22°C up to 8 hours, if the
test was not completed within that time, refrigerate the samples at 2-8°C. If
the sample testing needs shipment and needs more time for testing, the
sample was frozen at or below -20°C. Freeze-thawing of samples was not
recommended as it might cause analyte deterioration. Specimens and
controls should be handled as if infectious, using standard safe laboratory
practices such as mentioned in CLSI Document M29-A. Thoroughly clean
and disinfect all work surfaces with a freshly prepared solution of 0.5%
sodium hypochlorite in deionized or distilled water.

4.5.2. Calculation of the reactivity and Interpretation of anti-HCV
antibody reactivity

Results are automatically calculated by the VITROS
Immunodiagnostic and VITROS Integrated Systems. Results may be
interpreted from VITROS Anti HCV test upon completion of all testing
steps required in the testing algorithm. If the VITROS Anti-HCV Test
Result, signal/cutoff was <0.90, it might be interpreted as non-reactive, and
the patient was presumed to be not infected with HCV. If the test result is
>1.00 may be interpreted as reactive for anti-HCV antibody. If the reactivity
was 0.90 to 0.99, the it was considered as indeterminate reactivity. CDC
recommendations were followed for supplemental testing. Citrated plasma
has been shown to lower the signal/cutoff values in some anti-HCV reactive
samples.

Calculation of the reactivity of anti-HCV antibody as a normalized
signal, relative to the cut off value (signal/cut off). During the calibration
process, a lot-specific parameter was used to determine a valid stored cut off
value for the VITROS Immunodiagnostic and VITROS Integrated Systems.

Result = Signal for test sample / Cut off value
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4.5.3. Calculation of frequency distribution

Calculation of frequency distribution of sample per unit
chemiluminescence signal range (c) divided by sample number (n).
Calculation of anti-HCV antibody reactivity per unit chemiluminescence
signal (r) was by dividing the sample number by the chemiluminescence
signal range, which gives the sample number per unit chemiluminescence
range (r, r=n/c). The frequency distribution of the sample per unit
chemiluminescence signal will be r/total sample number (N) (Table 8.3).
4.6. HCV RNA Viral Genome Extraction

When screening assays showed anti-HCV antibody levels above cut
off limit, RT-PCR was done for confirming the diagnosis of HCV infection.
4 ml of EDTA blood sample was taken from the patient using EDTA-
vacutainers, centrifuged and plasma sample, without hemolysis, jaundice,
cloudiness and without clot formation was used for RNA isolation.

RNA may be isolated in bulk and in small guantity by manual
methods. The first step in RNA isolation was the lysis of the cell using
buffers or reagents containing chaotropic reagents (guanidinium
isothiocyanate, guanidinium chloride, sodium dodecyl sulphate (SDS),
sarcosyl, urea, phenol or chloroform). Denaturation and inactivation of
RNases achieved by phenol and chloroform. RNA can be separated from
other cellular components by adding chloroform and centrifuging the
solution. This separated the solution into two phases, organic and aqueous
phases. The aqueous phase contains RNA. RNA was often recovered from
the aqueous phase using isopropyl alcohol or absolute ethanol by
precipitation.

4.6.1. Chromatographic method for total RNA extraction.

Plasma was processed with a QlAamp Viral RNA Mini Kit
(QIAGEN, USA) for RNA isolation. HCV RNA viral genome was extracted
from 140 pl plasma separated from EDTA-treated blood collected in EDTA-
vacutainers to which 560 pl Buffer AVL (viral lysis buffer) and 5.6 pl carrier
RNA were added into a 1.5 ml microcentrifuge tube. Mixed by pulse-
vortexing for 15s. Incubate at room temperature (15-25°C) for 10 minutes.

Briefly centrifuge the tube to remove drops from the inside of the lid. Add
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560 pul ethanol (96-100%) to the sample, and mix by pulse-vortexing for 15
seconds. After mixing, briefly centrifuge the tube to remove drops from
inside the lid.

Carefully apply 630 pl of the solution (maximum capacity of
column) to the QlAamp Mini column (in a 2 ml collection tube) without
wetting the rim. Close the cap, and centrifuge at 6000 x g (8000 rpm) for 1
minute. Place the QIAamp Mini spin column into a second clean 2 ml
collection tube (provided), and discard the tube containing the earlier filtrate.
Carefully open the Ql1Aamp Mini column, add the remaining of the prepared
sample solution and repeat it again to complete removal of the solution in
the column. In the next washing step, open the Ql1Aamp mini column, add
500 pl Buffer AWL1. Close the cap and centrifuge at 6000 x g (8000 rpm) for
1 minute. Place the column in a clean 2 ml collection tube and discard the
tube containing filtrate. Carefully open the QlAamp Mini column, and add
500 pl Buffer AW2 for the second washing step. Close the cap and
centrifuge at full speed (20,000 x g; 14,000 rpm) for 3 minutes. Place the
column in mew collection tube and centrifuge at full speed for 1 minute to
eliminate any chance of AW?2 buffer carryover. The washing step was
followed by elution in 60 pl Buffer AVE, after one minute of incubation at
room temperature, the column was centrifuged at 6000 x g (8000 rpm) for 1
minute. Eluted RNA was stored at -80°C.

4.7. HCV RT-gPCR

HCV quantitative assay was used to determine the number of
international units of HCV RNA per millilitre of serum or plasma (1U/mL)
in known HCV positive patients. Recently, real time RT-PCR based
detection systems have become widely available and were considered as the
detection method of choice. The advantages of this technique were that they
had a very low limit of detection, and have a broad dynamic range of
amplification, thus improving the analytical limit of detection (LOD) of
quantitative RT-PCR to 10 IU/mL, and linear quantification up to 10'-
108 IU/mL (Hawkins A et al, 1997; Beld M et al, 2002).

RT-PCR inhibition was evaluated by internal controls added to the

patients’ sample during RNA isolation, during of RT-PCR assay, to the
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calibration standards during a run with test sample or standard. Internal
control (IC) contains a second heterologous amplification system, an
unrelated reference gene, (a) to identify the possible PCR inhibition in the
assays of any HCV template amplification (b) to monitor assay
performance independent of target sequence in the same assay tubes as
the standards, quality control assays and in the HCV patients’ sample assay
tubes. The fluorescence detection system in the IC was using ROX dye
(Channel A fluorescence detection during annealing step) with a
fluorescence emission in Orange (excitation at 585 nm, detector at 610 nm).
This fluorescence is different from that used for HCV target, 5S’UTR,
Tagman probe. PCR inhibition is seen by the decrease in maximum
fluorescence intensity of more than 10%, with or without increase in Cq of
internal control which was around 32 cycles.

Positive Controls and Non-Template Control of the RT-PCR
assay: With every patient’s sample assay set, there was, in addition, assay
tubes for (a) positive control and/or calibrator with known template
concentrations, b) and/or quality control (QC) sample assay tube with
HCV target sequence of about 10 IU/pul, and (c) a Non-Template Control
(NTC) in other assay tubes.

The above assay sets were done to: (a) monitor the threshold cycle
values (Ct or Cq) values of known concentrations of viral load, (b) as a
reference for importing and interpreting calibration plot and (c) to
calculate initial template concentrations or viral load of the patients’
sample.

The data of Cq and viral load will be used to calculate %CV, z
value or the log difference of viral load. These control standards,
especially the 10 IU/ul standard, were also used for studying the influence
of the isolated preanalytical sample RNA. NTC was used along with the

sample to get the blank data, and also to catch aerosol contamination.

4.7.1. Delayed Amplification and Theoretical Basis of the term:
It is a term that we have used in this study to define an amplification
of RT-PCR in an assay from patients sample where with Cq values of assays

often exceed the logio zero concentration calibration point; Calibration
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points being in the logio scale, antilog of zero calibration plot value was
concentration at 1 IU/ul (428 IU/ml of plasma; 535 HCV copies/ml of
plasma) of the initial HCV template concentration. As viral load beyond the
zero calibration on the x-axis or even 10 1U/ul was found to be significantly
influenced by sample characteristics, quantitation was not considered
beyond this point. All RT-PCR amplifications beyond this point was verified
by PCR product electrophoresis and some of them were also sequenced. The
typical Cq value corresponding to 1 IU/ul point was about 35.5 to 36.

4.7.2. Internal Control, Quality Control and Assay Validation of
Quialitative and quantitative RT-PCR

Internal controls were used in the assay medium of RT-PCR to find
out PCR inhibition and was commonly caused by heparin and other drugs.
When there was PCR inhibition (fluorescence intensity less than 90%), there
was a negative influence RT-PCR Cq result and the value of the quantitative
RT-PCR results were not valid. Internal controls were also used to calculate
the %CV of the Cq values.

Quality control: There were no quality control reagents or external
quality control reagents of HCV RNA for low viral load from 40 1U/ml to
5,000 1U/ml of plasma available in the market till February, 2020. Therefore,
we made our own quality control HCV reagents from validated samples
with low viral load. Cq <36 was considered for quantitative analysis and
Cqg >36 was considered only for qualitative analysis. Quality control
reagents for very low viral load (100 1U/ml of plasma) was available in
the market (Qnostics, UK) from February, 2020. Quality Control was done
with samples that have known concentrations of HCV virus made from
samples with low, medium and high concentrations. The %CV of Cq and

virus concentrations were estimated from the data.

Internal validation of qualitative RT-PCR was done using PCR
product electrophoresis to confirm the size of the expected PCR product. If
the PCR product was of the expected size (256 bp) and if there were no other
bands, then the qualitative RT-PCR was validated (Fig. 1). RT-PCR samples
with Cq values above about 36 was considered only as qualitative RT-PCR.
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NTC was also kept along with the sample to get the zero-calibration
data during calibration. It was also used along with all patient’s samples to

detect aerosol contamination.
4.7.3. External Quality Control and External Assay Validation methods

External quantitative RT-PCR quality control was done by inter
laboratory comparisons (ILC) with another NABL accredited
laboratory. When ILC showed a log viral load concentration of <0.5

between the two concentrations (Table 1), it was acceptable performance.

External qualitative validation of RT-PCR: Primers were designed
and synthesised, PCR was done and PCR products, after electrophoresis,
were sequenced for external sequence comparisons with external database
(NCBI) in the external qualitative validation of an RT-PCR assay. Often our
PCR products had over 90% sequence homology with NCBI database for
5’UTR sequence and Core/El.

4.7.4. Analytical Sensitivity of Calibration Plots and Sample Assays

Analytical sensitivity of Calibration plot was calculated from the
RT-PCR done after repeated dilution of the 10 IU/ul standard. Analytical
sensitivity of Quantitative RT-PCR was identified from the linear calibration
plot data analysis, and the four-parameter data analysis of the sample RT-
PCR fluorescence amplification data. Even in the linear calibration plot
range, when the influence on maximum fluorescence intensity was <10%
(fluorescence decrease <10%), it was quantitative RT-PCR and when the
influence was >10%, it was qualitative RT-PCR.
4.7.5. Case studies of pre analytical sample influences on HCV RT-PCR
amplification

Various pre analytical conditions of the patients were found to be
influencing RT-PCR. To study these conditions, the influence of defined pre
analytical states of the patient or pre analytical variables on RT-PCR

amplification of the calibrator standards were studied.

4.8. Organisation of work and its Flow Sequence
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b)

4.8.1. Organisation of study: A. Types of assays and the assay matrix

components

The HCV RT-PCR was organized with reference to the four types
of assay tubes: NTC or blank, calibrators or positive control, QCs and
patients’ sample. HCV and IC templates with their respective fluorescent
probes were in the same assay matrix but with different excitation and
emission wavelengths, and detection channels. Total volume of 128 ul of
reagents were prepared and 30 pl was distributed into the four types of assay
tubes so that concentration of the fluorescent probes was same in each assay
tube. If there were more than one of each assay type then the total volume

of reagents was increased in multiples of 30 pl.

4.8.2. Organisation of study: B. Differentiating Analytical and

Preanalytical influences

The components of RT-PCR assay that would influence the
amplification system by themselves might be considered as the following:
(i) RT-PCR amplification products of reference gene in IC; (ii) RT-PCR
amplification products of HCV template; (iii) RT-PCR influences of non-
specific RNA and the possible influences of amplification products of non-
specific RNA, and (iv) varying RNA isolated from plasma of different

patients might influence the Cq of IC causing higher variations.

The NTC is influenced by (i); the calibrators by (i+ii); the QC
samples by (i+ii+iii); the patients’ sample might be influenced by (i + ii + iii

+iv).

The analytical and pre-analytical influences could be differentiated on the

following principles:

The analytical influences might be considered as the differences in the
performance of Cq of ICs in the calibrators and NTC:

Analytical Bias = mean Cq of calibrator ICs — mean Cq of NTC ICs
Analytical imprecision = %CV of calibrator ICs — %CV of NTC ICs

The preanalytical influences might be considered as the differences in the
performance of ICs in plasma RNA (patients’ sample or QC sample) and the

calibrators.
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Pre analytical Bias = mean Cq of ICs in patients’ sample — mean Cq of ICs
in calibrator
Pre analytical imprecision = %CV of ICs in patients’ sample — %CV of ICs

in calibrator

4.9. Types of Samples Collected

(a) Samples Non-Reactive for Anti-HCV antibody in Screening
Assay (anti-HCV antibody below a cut-off <0.90 or negative).

(b) Samples with Indeterminate Reactivity for Anti-HCV antibody
in Screening assay (anti-HCV antibody between 0.90 - 0.99).

(c) Samples Reactive for Anti-HCV antibody in Screening assay

(anti-HCV antibody above a cut-off >1.0 or positive).
(d) Samples Reactive for Anti-HCV antibody and PCR Positive
(e) Samples Reactive for Anti-HCV antibody and PCR negative

(f) Exposure (or high risk) group for HCV infection (Dialysis
patients): Samples Non-Reactive for anti-HCV antibody (<0.89) but PCR
positive

(9) Exposure group (Dialysis patients): Antibody reactive or non-
reactive but PCR negative.

4.9.1. Various Anti-HCV antibody distributions groups

Statistical studies on the distribution of anti-HCV antibody in sample
that were reactive or non-reactive for HCV were studied by histogram and
X-Y scatter. The samples were further partitioned into those that RT-PCR
positive and negative. Samples were also partitioned according to the
distribution groups.

4.9.2. Exposure groups

Exposure groups were those who are likely to be often exposed to
HCV infection, such as dialysis patients, patients receiving frequent blood
transfusions, etc. In this study, we have chosen dialysis patients.
4.10. Quality Management

First-party (Qiagen, Germany) or third-party (Qnostics, UK, supplied
by Randox, UK) quality control (QC) reagents were used for QC assays with
each set of HCV RT-PCR of patients’” RNA. The performance values
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(meantSD, 95% CI of mean and %CV) for QC were calculated. Internal
controls of HCV RT-PCR Positive samples (High, Medium and Low viral
load samples). Internal Controls or ICs with reference genes were added

to the matrix of each assay tube, including calibrators and patients’ sample.

4.10.1. Periodic Schedule of Quality Control programs
4.10.1.1. Set A. Daily Quality control program with every set of assays

Assay tube 1: 10 IU/ul assay tube as standard and as a positive

control.

Assay tube 2: NTC to monitor contamination and as a blank run for
zero calibration point. Instead of NTC, a negative control with RNA

isolated from a healthy plasma sample may be used.

Assay tube 3 set: Assay of patients’ RNA isolated from plasma

samples may be one or many more.

Additionally, a 4" assay tube of an QC sample with known viral
load may be used along with this assay. This reagent may be used once a

week.

Therefore, for every assay set, there will be a minimum of three and a
maximum of five assay tubes, when there is one patient’s sample. There will

be additional tubes for every additional patient’s sample.
4.10.1.2. Set B. Daily Internal Control (IC) with every assay tube

Internal Control reagents are added during RNA isolation of all
assays, and in the assay tubes of 10 [U/ul standard and the NTC. Ct of the
Internal Control amplification plots were used to calculate the %CV. The
%CV was also calculated from the Internal Control PCR relative
fluorescence amplification intensity. An acceptable %CV should not
decrease more than 10% when there is no PCR inhibition. Decrease more
than 10% or variation >0.5 log difference or greater than 2 Z values of the
mean of the variation are considered unacceptable and root cause analysis

should be done and corrected.
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4.10.1.3. Weekly/monthly Quality Control Program according to

sample size

The quality control programs were done once a week/month according
to sample number. If there was one sample per day, quality control was done
once a month and in addition whenever there was lot change and after all

calibrations.

4.10.1.4. Set C. Intra assay variability or Repeatability was done once in
three months on a particular predetermined day with a minimum of five
sets of assay tubes as single or as duplicates containing 10 IU/ul standard
for every lot of assays. Intra assay variability or Repeatability was calculated
as %CV from the Ct and from log concentrations obtained from the
calibration plot and/or with the imported calibration plot of Ct of the 10
[U/pl standard.

4.10.1.5. Set D. Inter assay variability or Reproducibility may be
continuous or discontinuous. Discontinuous QC was preferred, as QC was
done once or twice a week with a minimum of five days, with one or
duplicate assay tube for each day containing 10 IU/ul standard. For every
lot of assay reagent, a single lot of QC reagent was used. Inter assay
variability or Reproducibility was calculated as %CV from the Ct values or
from log concentrations of template obtained from calibration plot with the

Ct of the QC reagent or of the positive control which was 10 IU/ul standard.

4.10.1.6. Set E. Inter-Batch or -Lot variability. When the reagent batch or
lot is changed, split sample assays are done with the last sample of the
previous lot. The previous or old lot reagent and the new lot reagent are used
for split sample analysis. When the patient’s sample is not available, 10
IU/ul standard may be used. Inter-Batch or -Lot variability is expressed as
the difference in log concentrations obtained as log IU/ul from the Ct and

calibration plot

4.10.1.7. Set F. External QC or Inter laboratory comparisons: These
were done at 3 monthly intervals for inter lab comparisons (ILCs) with a
NABL accredited laboratory.
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4.10.2. %CV (% Coefficient of Variation) of Ct values (amplification

cycles) and Initial PCR target concentrations:

The %CV (% Coefficient of Variation) of the above parameters were
calculated from internal controls, HCV standards, quality control
samples, external controls (standard concentration of 10 IU/ul) and RT-
PCR amplification data analysis (especially slope of amplification plot and
maximum fluorescence). These were analysed for understanding the quality
of the assay systems.

4.10.3. Influence of preanalytical conditions of the patient on RT-PCR

Various preanalytical conditions of the patients were found to be
influencing RT-PCR. To study these conditions, RNA isolated from patients
with defined preanalytical conditions were studied for their influence on
various RT-PCR amplification systems: (a) the influence of defined
preanalytical states of the patient or preanalytical variables on RT-PCR
amplification of the 10 and 1 [U/ul calibrator standards were studied. (b) On
RNA isolated from one HCV infected patient with low plasma viral load,;
(c) On RNA isolated from a second HCV infected patient with moderate
plasma viral load. (d) On internal control containing house-keeping gene
target sequence. (e) Influence of PCR inhibition on Internal Controls
containing house-keeping genes on the HCV sample amplification in
patients who are HCV RT-PCR positive and negative.

Controlling the preanalytical variables improves the sensitivity of
detection of the low viral load: RT-PCR amplification data analysis and
preanalytical control of the clinical condition of patient for sample collection
could improve the RT-PCR sensitivity for HCV load.

4.11. Equations and Definitions

4.11.1. Adequacy of sample size for calibrators, quality control samples
and for evaluating performance characteristic were based on sample mean

and standard deviations (SD) using the equation (nMaster 2.0 software),

zi a X SD?

— 2 i -
N=—xe Equation-1
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where, D = relative precision (10%); u = mean; Z 1 — a/2 = desired

confidence interval 95% (1.96); n = sample number.

4.11.2. Four parameter data analysis of the sigmoid fluorescence

amplification plot was done using the equation

a
F=Yo+——7m=xx

Equation-2
1+e_( b )

F was the value of function computed (fluorescence at cycle X), Yo was the
ground fluorescence, ‘a’ was the difference between maximal fluorescence
acquired in the run and the ground fluorescence, e was the natural logarithm
base, X was Cq or cycle number, Xo was the cycle number at the inflexion
point of the sigmoid curve and b described the slope of curve at inflection
point. The fluorescence intensity ‘a’ and slope b had also been measured

manually.

4.11.3. Calculation of Efficiency from the linear calibration plot was

done using the equation,

Efficiency, E = -1+ 10 Equation-3

-1
slope
4.11.4. Calculation of Efficiency, E of individual HCV RT-PCR
exponential fluorescence amplification. Log transformation was done to
convert the exponential amplification to a linear plot using LinRegPCR
software. Baseline correction was carried out with a baseline trend based on
early cycles. PCR efficiency for individual RT-PCR was derived by
equation-4 from the slope of the regression line fitted to baseline corrected

data points in the log-linear phase.
Efficiency, E = 10stope Equation-4

Linear part was extended to the Y-axis to obtain the initial theoretical
fluorescence intensity which in turn is related to the concentration of the
hydrolysed probe.

4.11.5. Calculation of plasma viral load from Cq obtained by real time RT-
PCR of HCV infected plasma sample, and converted to concentration of the

template from the calibration plot.

88



Viral load (IU/ml of plasma)

_ (Patients’ result Cq as IU/ul from calibration plot) x Elution Volume (60 pl)
- Sample Volume (0.14 ml)

Equation-5

4.12. Statistical Data Analysis

Biostatistical methods used in this study are defined and described
below (Reffenberg, 2012; Gurumani, 2005; Altman, 1991). Statistical data
analysis was done mainly by SPSS. Statistical analysis and estimation of the
data generated by the screening anti-HCV antibody assay and from the RT-
PCR fluorescence amplification data were done. SPSS used for calculating
distribution characteristics such as the mean, median, mode, range, standard
deviation, interquartile range, S.E of mean, 95% confidence interval, X-Y
scatter plots, Histogram, Distribution frequency, t tests, correlations, etc.

Measures of Central Tendency, Average measures that describe
the central aspects of a data are called averages. An average summarizes all
the characteristics of entire mass of data. Most of the items of the series are
clustered around the average, so it is called as measure of central tendency.
Arithmetic mean is the sum of all the observations divided by the number
of observations

Mean = sum of all the observations/ Total number of observations

Median is the value of the middle item of a given series of data

arranged in ascending or descending order of magnitude.
Median = value of the item (n + 1) / 2

Mode is the most frequently occurring value in a sample. A sample
with a single mode is referred as unimodal. If it has two mode it is called as
bimodal and more modes as polymodal or multimodal. If no mode, it is no

modal sample.

A measure of dispersion (also called measure of variation, scatter,
spread) is to describe the extent of scattering of items around a measure of
central tendency. Different types of measure of dispersion used here. Range

is the minimum and maximum value of the given series of data (Gurumani,
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2005). Standard deviation is defined as the square root of the arithmetic
mean of the squared deviation of the various items from the mean. The mean
squared deviation is called the variance. Therefore, the square root of

variance is the standard deviation.

Coefficient of variation (CV) is also known as relative standard
deviation (RSD). It is a measure of dispersion of a probability distribution
or frequency distribution. CV is defined as the ratio of standard deviation to
the mean and is expressed as percentage. It is widely used in analytical

chemistry to express the precision/bias, and repeatability of an assay.

95% Confidence Interval of Mean is a range of values which can
be confident including the true values. A confidence interval for the
estimated mean extends to either sides of the mean by a multiple of the
standard error. 95% confidence interval was calculated by multiplying
standard error by 1.96 and then identifying the range by adding and

subtracting the value from mean.

Frequency Graphs: Histogram is the graphical representation of
continuous frequency distribution. The X-axis has the true class intervals,
and the Y-axis, the frequencies. The bars are of equal width indicating that
the class- intervals are of equal width. The height of the bar is proportional
to the respective frequency. Therefore, it may be said that the area (length x

breadth) of each bar is equal to the total of all the frequencies.

X-Y Scatter diagram is an easy and simple method for studying
correlation between two variables. If X and Y are pairs of variables, the
values of the variable X are marked in the X — axis and the values of variable
Y are marked in the Y axis. A point is plotted against each value of X and
the corresponding Y value. A swarm of dots is obtained, and this is called
the scatter diagram. From this scatter diagram we can understand about the
correlation between the variables whether it is positive correlation or
negative correlation.

4.13. Software applications used in this study
4.13.1. SYSTAT and SigmaStat software
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The four-parameter data analysis was done for the calibrators,
diluted calibrator and different patient samples using SigmaStat software.
SigmaStat is an easy-to-use, wizard-based statistical software package
designed to guide users through every step of the analysis and perform
powerful statistical analysis.

4.13.2. LinRegPCR

The LinRegPCR program reads data from an Excel spreadsheet.
Therefore, the data have to be exported from your PCR apparatus and
imported into Excel. Real-time PCR apparatus enable the export of the
fluorescence data per cycle into a text file format. The exported data have to
be corrected for the background but not be corrected for the fluorescence
baseline. LinRegPCR estimates this baseline per sample and does a baseline
subtraction.
4.13.2.1. LinRegPCR programme to calculate Individual sample
efficiency

The background was exported, from the gPCR system to Excel in
LinReg format but not the baseline-corrected data. Baseline is determined
and the baseline correction for all sample is done by the LinRegPCR
programme and a common window-of-linearity is determined for all
samples. The program then sets the fluorescence threshold at one cycle
below the upper limit of this window. Define grouping of samples per
amplicon if needed: manually edit the amplicon group assignment. The
program sets a window-of-linearity per amplicon group and sets the
fluorescence threshold for each group. The individual samples are checked
if needed and correct the baseline in individual samples. Adjust the window-
of-linearity for an amplicon group or an individual sample. - export graphs
to clipboard (click the right mouse button on a graph). The results can be
saved to Excel.

4.13.3. Levey Jennings Plot

Quality control study using Levey-Jenning’s plot was sone by
QIMacros, which is an excel add-on software. Levey Jennings (LJ Plot) is
the common representation of quality control (bias and imprecision) and to

evaluate the quality control results. Quality control results are added to the
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plot with time (days / frequency). When the QC showed a stable
performance, the mean value line represents the expected target value and
the Standard Deviation (SD- 1SD, 2SD, 3SD) lines represent the expected
imprecision. Assuming a Gaussian distribution, of imprecision, we expect
approximately 99.72% (within £ 3SD), 0.28% (outside + 3SD), 95.44%
(within £2SD), 4.56% (outside£2SD), 68.26% (within£1SD) and 31.74%
(outsidex1SD).

4.13.4. HCV sequence database and PCR Primer design

Good primer design is one of the major parameters in a Polymerase
Chain Reaction. In Real Time PCR the amplicon length should be 50-150
bp in length. Primer should be in the length of 18-24 nucleotides. Primers
designed should be specific and be free of internal secondary structures.
Compatible annealing temperatures in primer pairs, approximately 50% GC
and GC rich 3’end enhances the annealing. For primer designing, primer
design software programs such as Oligoperfect designer, Primer Express
software or Primer 3 software may be used.

Primers were synthesised for 3 regions - UTR, Core/E1 and NS5B.
Primer 3 software is used to check for designing optimal primers for
amplification of different regions of HCV genome. Amplification of HCV
RNA sequences by reverse transcription and cDNA Polymerase chain
reaction. HCV RNA isolation and Reverse transcription to make cDNA is
done using Thermo Verso cDNA synthesis kit at 45°C for 30 min in Thermal
cycler (Applied Biosystem, Veriti model). The pair of primers should
hybridise to the sequence and amplify the NS5B region. The primers should
correspond to the site in NS5B region. The phylogenetic analysis was done
with all the amplified NS5B sequences by the pairs of primers with known
NS5B sequences.
4.13.4.1. Primer synthesis for S’UTR

Appropriately validated primers are important in determining the
specificity, sensitivity and robustness of a PCR reaction. Primers were
synthesised from the conserved region of HCV. The 5’ untranslated region
(5°’UTR) of HCV is the most conserved region. That is the reason for
selecting 5’UTR as target by commercial RNA detection kits. The 5’-UTR
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contains many stem and loop structures. Primer selection is done mainly
from the stem part and try to avoid loop structures. The sequences near the
5” end of the 5°-UTR are susceptible to cleavage by 5°-3’ exonucleases.
5’UTR sequences of Genotypes 1-7 were aligned and primer was selected
from the conserved region. Because the base-pairing structures of the 5°-
UTR might open at increasing temperatures.

4.13.5. NCBI database

The database of nucleotides with a large collection of complete or
partial sequences from several sources including GenBank, RefSeq, TPA
and Protein Data Bank. These sequence data provide information for
biomedical researchers for further studies and discoveries in the field. Basic
Local Alignment Search Tool (BLAST) finds regions of similarity between
biological sequences. The program compares nucleotide or protein
sequences to sequence databases and calculates the statistical significance
(Zhang Z et al; 2000).

BLASTnN or otherwise known as nucleotide BLAST is used to
compare one or more nucleotide query sequences to a reference nucleotide
sequence or a database of similar nucleotide sequences. This helps to
determine the evolutionary relationships among different organisms.

BLASTX or translated nucleotide sequence searched against protein
sequences compares nucleotide query sequence translated to six reading
frames which gives six protein sequences against the protein database. As
BLASTX translates the query sequence in all six reading frames, it provides
combined significance statistics for hits to different frames. It is very useful
when the reading frame of the query sequence is unknown or it contains
errors that may lead to frame shifts or other coding errors. So BLASTX is
the first analysis performed with a newly determined nucleotide sequence.

tBLASTN, protein sequence searched against translated nucleotide
sequences is used to compare protein query sequence against the six-frame
translations nucleotide sequences database. tBLASTN is beneficial for
finding homologous protein coding regions in unannotated nucleotide
sequences. Expressed sequence tags (ESTs) are short, single-read cDNA
sequences. As ESTs have no annotated coding sequences, there are no

corresponding protein translations in the BLAST protein databases. So
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tBLASTN search is the only way to find potential coding regions at the
protein level.

BLASTp (Protein BLAST) compares one or more protein query
sequences to a subject protein sequence or a database of protein sequences.
It is useful in identification of a protein sequence.

Maximum Score is the highest alignment score calculated from the
scores provided for matched nucleotides and penalties for mismatches and
gaps. Total Score is the sum of alignment scores of all segments from the
reference sequence. Query Coverage is the percent of the query length that
is covered in the aligned sequences.

Expect Value is the number of alignments expected by chance with
the calculated score. The expect value is a default sorting metric for
significant alignments. The E value should be very close to zero. Identity is
the highest percent identity for a set of aligned segments to the reference
sequence.

Accession Length is the number of nucleotides or amino acids in the
result sequence identified by the accession number.

Accession number is a unique identifier assigned to records in the
NCBI databases.

4.13.6. Phylogenetic Analysis

The analysis was performed on the Phylogeny.fr platform and
sequences were aligned with MUSCLE configured for highest accuracy,
after alignment, ambiguous regions (i.e. containing gaps and/or poorly
aligned) were removed with Gblocks. The phylogenetic tree was
reconstructed using the Maximum Likelihood method implemented in the
PhyML program and graphically represented and edited. Finally, the
phylogenetic tree was constructed with TreeDyn.

RNAfold, web server programme, was used to predict the secondary
RNA structure of 5’UTR region. The sequences are pasted or uploaded and
click ‘proceed’ to generate minimum free energy (MFE) structure. The MFE
structure of an RNA sequence is the secondary structure that contributes a
minimum of free energy. The structure prediction is done using a loop-based

energy model and the dynamic programming algorithm (Zuker et al, 1981).
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Centroid structure of an RNA sequence is the secondary structure with
minimal base pair distance to all other secondary structures in the Boltzmann
ensemble.

4.13.7. Protein Data Bank (PDB)

Biomolecules are hierarchical structures as proteins are composed of
linear chains of amino acids that very often fold into compact subunits which
then can associate into higher level assemblies with other proteins, small
molecule ligands, and water or other solvent molecules. Biomolecules in the
Protein Data Bank (PDB) archive are organized and represented using this
hierarchy to simplify searching and exploration. Four levels of hierarchy are
commonly used: Entry, Entity, Instance, and Assembly: An ENTRY is all
data pertaining to a particular structure deposited in the PDB and is
designated with a 4-character alphanumeric identifier called the PDB
identifier or PDB ID. An ENTITY is a chemically unique molecule that may
be polymeric, such as a protein chain or a DNA strand, or non-polymeric,
such as a soluble ligand. Some entries may even have branched polymeric
entities, such as oligosaccharides. An INSTANCE is a particular occurrence
of an ENTITY. An ENTRY may contain multiple INSTANCES of an
ENTITY, for example, many copies of a protein chain in a homo oligomeric
protein. An ASSEMBLY is a biologically relevant group of one or more
INSTANCES of one or more ENTITIES that are associated with each other
to form a stable complex and/or perform a function
(https://www.rcsh.org/docs/general-help/organization-of-3d-structures-in-
the-protein-data-bank#definitions).

4.13.8. Protein structure prediction

The Phyre? (Protein Homology/analogY Recognition Engine V 2.0)
Protein Fold recognition server was used for protein structure prediction
(Kelley LA et al, 2015). Phyre2 is a suite of tools available as online
software to predict and analyze protein structure, function and mutations.
Phyre2 provides biologists with a simple and intuitive interface to state-of-
the-art protein bioinformatics tools. Some of the most widely used web
servers for protein modelling are Phyre2, i-TASSERS8, Swiss-Model9,
HHpred10, PSI-BLAST-based secondary  structure  prediction
(PSIPRED)11, Robettal?2 and Raptorl3. I.
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4.13.8.1. Phyre? Procedure

Sequence is submitted in Phyre? home page
(http://www.sbg.bio.ic.ac.uk/phyre2). E-mail address to be given and the
results are mailed to the given address on completion. There are options that
can be added. Copy and paste the amino acid sequence into the form
provided. To submit the sequence, click the ‘Phyre Search’ button. On
clicking the button, the user will be taken to a job monitoring page that is
automatically updated every 30 s. This page shows a progress bar for the
job, information on the job and an estimate of the time it will take.

The core method of Phyre? for generating a 3D model of a protein
sequence is composed of four underlying technical stages. The first stage
is to gather homologous sequences and determine an evolutionary profile
for the query that captures the residue preferences at each position. The
second stage is the fold library scanning. The profile calculated in stage 1,
together with the predicted secondary structure, is converted to a hidden
Markov model (HMM). This HMM is then scanned using HMM-HMM
matching against a precompiled database of HMMs of known structure
known as the fold library. The third stage includes loop modelling. This
library is constructed by a complete fragmentation of the structure database,
followed by structural clustering. The fourth stage is the side chain
placement. Side chain fitting to the backbone generated in third stage
involves a fast graph-based technique and a side chain rotamer library to
place side chains in their most probable rotamer while avoiding steric
clashes. This technique is ~80% accurate if the backbone is correct.

4.13.9. SOPMA

Significant improvements in protein secondary structure prediction
by consensus prediction from multiple alignments done using self optimized
prediction method (SOPMA) (Geourjon and Deleage, 1995).
4.13.10. DNA sequencing and Sequence analysis

The specific amplified PCR products of 5S’UTR, Core E1 and NS5B
is sent for sequencing using Sangers method at Aggregenome sequencing
Cochin. Chromatograms are checked for the sharpness of peak using

FinchTV and analysed for mutation and Heterogeneity. The genotype was
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determined by analysing the sequences using Bioedit and the sequences are
submitted at NCBI.

Basic Local Alignment Search Tool (BLAST) finds regions of
similarity between biological sequences. The program compares nucleotide
or protein sequences to sequence databases and calculates the statistical
significance (Zhang Z et al; 2000). Sequences are aligned using ClustalW
(Larkin MA et al; 2007). Determination of taxonomic group of unaligned
reads. To determine the taxonomic group of the unaligned reads and possible
presence of unexpected HCV genotypes, analysis was conducted using the
NCBI BLAST 2.2.28. A random subset of 50,000 of reads that did not align
to HCV from each sample was aligned to the NCBI nucleotide (nt) database.
The BLAST output was sorted into taxonomic groups using a script.
Phylogenetic analysis of full-length HCV genome sequences. The generated
full-genome sequences were aligned using Clustal W. In addition, to study
the genetic similarity of these sequences to previously described full-length
sequences, the 5 most genetically similar sequences for each the full-length
sequence of each sample were included in the alignment, as determined by
nucleotide BLAST (http://blast.ncbi.nIm.nih .gov/Blast.cgi). The alignment
was cut into E1/E2, NS3/4A, NS5A, and NS5B genes. Neighbor-joining
phylogenetic trees were inferred in MEGA 5.2 using the Tajima-Nei model
and gamma-distributed rates among sites (0.5). The confidence of the
branches was assessed by the bootstrap test using 500 replicates. The
phylogenetic trees were visualized using FigTree version 1.3.1
(http://tree.bio.ed.ac.uk/).

4.14. Gel electrophoresis

The amplified viral nucleic acid sample was mixed with loading
buffer and loaded on Agarose gel (1.5%) stained with Ethidium bromide.
This was added to respective wells, PCR product is electrophoresed at 100V
for 30-60 minutes and viewed on gel documentation. Agarose gel was
prepared with 1X Tris Acetate EDTA (TAE) buffer. The amplified PCR
product was analysed by gel electrophoresis, migration is dependent on the
size of the PCR product.
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Chapter 5

Analysis of calibration plot, efficiency and individual
amplification to differentiate between qualitative and
guantitative HCV RT-PCR






5.1. ABSTRACT

Background: Hepatitis C virus (HCV) load in plasma were often below the
validated RT-gPCR calibration plot concentrations. In this report, data analysis
of RT-PCR amplification plots and calibration plots were done to define the
performance characteristics of the higher Cq range of qualitative RT-PCR and
to differentiate it from RT-qPCR.

Methods: Patients reactive for anti-HCV antibody screening assays or exposed
to HCV infection were selected for RT-PCR assay done with RNA isolated from
plasma. Validated and diluted calibrator concentrations were used to construct
calibration plots, and for data analysis along with patients’” RT-PCR, using

software packages.

Results: Normalised fluorescence intensity (100%) and slope at inflection point
(1.65 - 1.50) of the sigmoid fluorescence amplification plots were of acceptable
performance for validated quantitative calibrators, but were decreased for
diluted calibrators and for patients’ sample with Cq greater than that of the 10
IU/ul validated calibrator (Cq >33.2). Calibration plot of validated calibrators
had slope, efficiency and sensitivity of -3.471, 94% and 36.404, respectively,
but the diluted calibrators showed decreased performance of -2.305, 171% and
35.52, respectively. Log-transformed exponential amplification plots analysed
by LinRegPCR software, showed acceptable performance at the validated
calibrator concentrations and decreased performance with diluted calibrators
and patients’ sample with Cq >33.2. The four-parameter validated qualitative
RT-PCR Cq range was from 33.2 to 39.9. The 10 [U/ul calibrator was the
reference point to differentiate between qualitative and quantitative RT-PCR.

Conclusions: Decision-criteria were developed for establishing the range of
validated qualitative RT-PCR performance, and to differentiate it from
quantitative RT-PCR.

5.2. INTRODUCTION

Large number of patients with hepatitis C virus (HCV) infection have no
symptoms (Orland et al, 2001). Diagnosis of HCV infection was done by
screening for anti-HCV antibody for selecting the patients with reactive levels
of antibody (Ritcher et al, 2002), followed by confirmation of diagnosis by HCV
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RT-PCR of RNA isolated from plasma of the antibody reactive patients (Bukh
et al, 1992; Barbara et al, 2009). The plasma viral load in HCV infection was
often very low in a large number of patients (Glynn et al, 2005; Fytili et al,
2007), much below the validated calibration plots for quantitative PCR (RT-
gPCR) assays. There were difficulties in interpretation of the antibody screening
and RT-PCR assays arising out of the low anti-HCV antibody levels (Zer et al,
2009), low plasma viral load (Glynn et al, 2005; Fytili et al, 2007), spontaneous
resolution of infection (Bulteel et al, 2016; Hofer et al, 2003; Micallef et al,
2006), decreasing viral load and occult infection (Di Marco et al, 2009; Welker
and Zeuzem, 2009; Carreno V et al, 2008).

Real-time RT-PCR may be quantitative or qualitative (David and Theo,
2006). Validated quantitative RT-PCR assay required an acceptable
performance of calibrator RT-PCR and calibration plot for reporting the viral
load in the patients’ plasma. Validation for quantitative RT-PCR was done by
the manufacturers of the assays, and the assay performance were given in the
procedure manual associated with the reagent pack. According to the clinical
diagnostic requirements, these assay performances were verified by the user for
acceptable performance (Wallace and McCulloch, 2021). In this study, the
verified assay performance of quantitative RT-PCR required for HCV infection
were described. Therefore, the first research problem of this study was to define
the lower limit of the selected quantitative RT-PCR assay with acceptable
performance. This would help in differentiating the quantitative RT-PCR assays
from the qualitative RT-PCR assays at lower plasma viral load. The lower
concentrations of calibrators were made by diluting the lowest validated

calibrator.

The second research problem of this study was to determine the
threshold cycle or Cq range of the validated qualitative RT-PCR assays. A
qualitative RT-PCR assay reported that the assay was positive or negative for
HCV RT-PCR, but would not contain the plasma viral load. There might be a
comment in the report on the Cq to give an approximate and relative indication
of the viral load. Validation of qualitative RT-PCR was not done by the
manufacturer, as this required to define the acceptable qualitative performance

characteristics of the RT-PCR fluorescence amplification plots and calibration
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plots. This was done in this study. The diluted concentrations of calibrators and
patients’ samples were used to identify the lower and upper limit of qualitative

template concentration or Cq of qualitative RT-PCR.

The concentration of the free hydrolysis probe of RT-PCR that give rise
to the real-time fluorescence amplification plot, increase exponentially or
doubling from the first cycle onwards. But fluorescence intensity reached the
detectable level of the RT-PCR machine only after several cycles, near the
quantification threshold (Cq) and was related to initial copy number of the
template DNA (Kralik and Ricchi, 2017; Adams, 2006). As the initial copy
number increased, with increase in the plasma viral load of HCV or
concentration of the calibrator, the Cq decreased (Adams, 2006). The
fluorescence intensity increase immediately above the threshold level would be
exponential with an efficiency nearer to two for all validated calibrator

concentrations (Ramakers et al, 2003; Ruijter et al, 2009).

Three research hypotheses were proposed to differentiate between
qualitative and quantitative RT-PCR, and to validate the qualitative RT-PCR Cq
range. (@) The first hypothesis was that these can be done by graphical
observations and by four parameter data analysis of the sigmoidal fluorescence
amplification plot of calibrators, diluted calibrators and patients’ RNA sample.
(b) The second hypothesis was that data analysis of the linear calibration plots
of validated calibrators and diluted calibrators could be used to achieve these
goals for quantitative and qualitative RT-PCR. (c) Finally, the log
transformation of the initial exponential fluorescence amplification plot might
be used to calculate the efficiency, E of individual amplification plots. The E
value can used to validate the qualitative and quantitative RT-PCR. (d)
Sequencing of the PCR product was done to validate the PCR product of a
qualitative PCR as the sequence from the 5’UTR region of HCV.

A final decision-criteria had been proposed in this study for making a
clinical report of an HCV RT-PCR assay as qualitative or quantitative. Decision

criteria for validation of qualitative RT-PCR is given under Table 5.6.
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5.3. Aspects of the original objectives discussed in this chapter

1. Establishment of the methods for evaluation by data analysis, test validation,

quality control and clinical state of the patient for Molecular Diagnostic
reporting of Hepatitis C infection.
2. Use of these procedures for confirmatory diagnosis of hepatitis C infection,
its plasma viral count determination and genotyping.

The following research problems were addressed in this chapter for part-
fulfilment of the above two main objectives.
Research problem 1- Define the lower limit of quantitative RT-PCR calibration
plot and differentiate quantitative RT-PCR from qualitative RT-PCR.
Research problem 2- To determine the Cq range of qualitative RT-PCR.

5.4. MATERIALS AND METHODS

This is an observational cross-sectional study of real-time RT-PCR for
HCV in RNA isolated from plasma of individuals who were reactive for anti-
HCV antibody by the screening immunochemistry assay or suspected to have
contacted HCV infection. Study population included the patients from whom
EDTA-treated blood samples were obtained for RT-PCR at Amala Institute of
Medical Sciences, Thrissur, Kerala state, India. The study was conducted from
June 2017 to November 2021.

The study was approved by the Institutional Research and Ethics
Committees for the research project proposal to DST-SERB, New Delhi from
Krishna K Yathi with Jose Jacob as Mentor (Ref. AIMSIEC/37/2017 latter dated
18-05-2017), and for the research proposal for PhD registration of Ann Mary
Joseph with Jose Jacob as Guide to Calicut University (AIMSIEC/16/2017 dated
17-01-2017). The DST-SERB project was also approved by IBSC
(Institutional Biosafety Committee) under Department of Biotechnology
(DBT) guidelines dated 27" October 2017. Participants were approached
directly by the investigators. The research program and the method of blood
sample collection and assay were described to the participants. After including
the participants by clinical and preanalytical evaluation, informed written

consents were obtained and blood samples were collected.

5.4.1. Organisation of the Study
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a)

b)

c)
d)

g)
h)

Selecting patients’ reactive to anti-HCV antibody screening assays, and those
exposed to HCV infection for RT-PCR.

Blood sample collection in EDTA tubes after taking the preanalytical
precautions, followed by centrifugation to separate plasma.

RNA isolation was done immediately after plasma preparation.

Setting the real-time RT-PCR machine for cycling number, temperatures and
durations.

RT-PCR of validated HCV calibrators and diluted calibrators; Construction of
the calibration plots.

Data analysis of calibrator fluorescence amplification plots and calibration
plots for acceptable performance.

HCV RT-PCR of RNA isolated from patients’ plasma sample.

Data analysis of patients’ HCV fluorescence amplification plots to report as
quantitative or qualitative RT-PCR.

HCV PCR product sequence analysis to validate the PCR product of a
qualitative PCR from as that from particular region of the HCV genome (Table
9.30).

5.4.2. Sample Collection and Anti-HCV antibody Screening assay

Blood samples were collected in vacuum tubes with clot activator,
allowed to clot for 10 minutes, centrifuged at 3000 rpm for 5 minutes in a table
top centrifuge, serum was separated, and clear serum samples were screened for
the anti-HCV antibody with third generation enzyme immunoassays (Ritcher,
2002; Ortho Clinical Diagnostics). The assay was performed in Vitros ECi
immunochemistry autoanalyser (Ortho Clinical Diagnostics, USA) using

enhanced chemiluminescence method. Refer Details 4.5 and 3.5.1.

5.4.3. Inclusion and Exclusion criteria, Preanalytical influences, Sample

collection for RT-PCR

Inclusion criteria were reactivity to anti-HCV antibody and exposure to
HCYV infection and suspected exposure to HCV infection. There were many
preanalytical states that influence RT-PCR (Refer Chapter 7). These conditions
were documented with the sample. Refer Details 4.2 Exclusion criteria were

related to the preanalytical condition of the patient, such as acute tissue
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damaging disease conditions, patients on chemotherapy and who were
heparinised were found to influence the RT-PCR (Byrnes et al, 1975; Akane et
al, 1994; Al Soud et al, 2001; Burkardt, 2000; Radstorm et al, 2004; Yedidag et
al, 1996). These conditions were avoided as far as possible. In all emergency
and other unavoidable circumstances, all the above preanalytical criteria were

overlooked, but the results of RT-PCR were analysed for influences.

Blood sample was taken with 4 ml EDTA-vacutainers, centrifuged at
3000 rpm for 15 minutes in a table top centrifuge. Plasma sample without
haemolysis, jaundice, cloudiness and without clot particles was separated
(WHO, 2002) and used for RNA isolation and HCV RT-PCR. Plasma and RNA
samples were stored immediately at -20°C and -80°C, respectively, in aliquots.

Refer Details 4.3.2
5.4.4. Sample size calculation

Estimation of sample size based on sample mean and SD (nMaster 2.0

software for sample number calculation). Refer Details 4.4.
5.4.5. RNA Isolation

HCYV viral RNA Isolation was done by chromatography method from
plasma with a QIAamp Viral RNA Mini Kit (Qiagen, Germany). Plasma (140
ul) was added to AVL buffer with carrier RNA (Qiagen, Germany), kept for 10
minute, 560 pul of >96% ethanol was added, and then passed through QIAamp
mini column (Qiagen, Germany) to bind nucleic acids. Unbound material was
washed out twice by microcentrifugation at 8,000 rpm for 1 minute and 14,000
rpm for 3 minutes. RNA was eluted with 60 pl elution buffer. Eluted RNA was
assayed immediately and stored in aliquots at -80°C (QIAamp viral RNA mini
handbook). Refer Details 4.6.

5.4.6. Setting of the RT-PCR machine

HCV RT-PCR cycling conditions were entered in the machine as 50°C
for 30 minutes for reverse transcription, 95°C for 15 minutes for initial
denaturation, cycling involves denaturation at 95°C for 30s, primer annealing at
50°C for 60s and extension at 72°C for 30s repeated for 50 cycles. Fluorescence
was measured at 50°C in each cycle at different wavelengths according to the

probe (artus HCV RG RT-PCR Kit Handbook).
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5.4.7. HCV RT-PCR of validated and diluted calibrators, construction of

the calibration plot

Assaying for RT-PCR fluorescence amplification plots was done with
the four validated calibrators and two diluted calibrators. Each assay set would
contain the different calibrator concentrations, blank, and the internal controls

with reference gene in the assay matrix in each tube.

A calibration plot was constructed with the log concentration of the four
validated calibrators from 10 IU/ul, 100 IU/ul, 1,000 IU/ul and 10,000 1U/ul
and Non-Template Control (NTC or blank) versus Cq. A separate calibration
plot of the diluted calibrators was constructed with 1/10" and 1/100™" dilutions
of 10 IU/pl calibrator, and blank. The second plot was used to identify the range
of the qualitative RT-PCR scale. Calibration plot was prepared for each lot of
RT-PCR reagent. The plot was analysed for slope and efficiency (artus HCV
RG RT-PCR Kit Handbook).

The performance characteristics and data analysis of calibration plots
were given in the Results Section.

5.4.8. HCV RT-PCR of RNA isolated from patients’ plasma

RNA isolated from patients’ plasma were assayed along with one
validated calibrator, blank (or NTC), quality control, and internal control with
reference gene in the assay matrix of each tube. External quality assurance
programs were also performed. RT-PCR was done using Artus HCV RG RT-
PCR kit (Qiagen, Germany) based on hydrolysis probes by One step RT-PCR
on Rotor-Gene Q instrument. Master mix was prepared from Hep. C Virus
Master A (12 pl) and Hep. C Virus Master B (18 pl) with internal control (2 pl).
Add 30 pl of this mix into PCR tube and 20 pl of eluted sample RNA,
guantitation standards and non-template control (NTC) to respective tubes (artus
HCV RG RT-PCR Kit Handbook).

5.4.9. Equations and Definitions

Cq or CT was the quantification cycle or threshold cycle number where
the amplification plot crossed the threshold. The threshold level was kept at 0.05
fraction of the total fluorescence intensity above the baseline.
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Four Parameter Data analysis was done using the equation. Refer
Details 4.11.2 and 3.5.9.1.

Validated calibrators were reagents that have real-time RT-PCR
quantitative template concentrations with performance characteristics that were
within the acceptable limits (refer Results section) set for the reagent for
quantitation of the patients Cqg values. In this study, the performance
characteristics were set by the company (Qiagen, Germany) who validated the
calibration standards, 10 1U/ul, 100 1U/ul, 1000 1U/ul, and 10000 IU/ul for
quantitation of the patients’ Cq values. These validated standards were
traceable to the reference standard at the National Institute for Biological
Standards and Control (NIBSC, UK) which coordinated the traceability studies
on behalf of WHO.

Verified calibrators were the calibration standards that were found by
the user to have the acceptable performance characteristics, and validated by the

manufacturer for a set of calibrator concentrations (Qiagen, Germany).

Normalised 100% fluorescence intensity was the fluorescence
intensity set for the validated HCV real-time RT-PCR calibrators, which was
used to calculate the relative fluorescence intensities of the diluted calibrators
and the patients’ samples with Cq nearest to one of the validated calibrator
concentrations. As an example, (a) for a diluted calibrator concentration of 1
U/l with Cq of 35.23 and ‘a’ of 21.7366 would have the 10 1U/ul validated
calibrator with Cq of 33.19 and ‘a’ of 21.9323 as the reference 100%
fluorescence intensity; (b) for an HCV infected patient’s RNA with Cq of 30.09
and ‘a’ 0of 21.6422, the reference 100% fluorescence intensity was the 100 U/l
calibrator with a Cq of 30.22 and ‘a’ 0f 25.3965. These were the examples taken

from Table 5.2 where ‘a’ was the normalised fluorescence intensity.

Test samples may be a diluted calibrator concentration or a patient

sample.
Calculation of Efficiency from the linear calibration plot was done
using the equation,

-1

Refer Details 4.11.3 and 3.5.6.

Efficiency, E=-1+ 10
slope
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5.4.10. Calculation of Efficiency, E of individual real-time HCV RT-PCR

exponential fluorescence amplification.

Log transformation was done to convert the exponential amplification
to a linear plot using LinRegPCR software. The slope from the linear regression

line was calculated and efficiency was derived by the equation.
Efficiency, E = 10stope Refer Details 4.11.4.

Equation for calculation of plasma viral load from Cq obtained by
real time RT-PCR of HCV infected plasma sample, and converted to

concentration of the template from the calibration plot.

Viral load (IU/ml of plasma)

_ (Patients’ result Cq as IU/ul from calibration plot) x Elution Volume (60 pl)
B Sample Volume (0.14 ml)

Refer Details 4.11.5.

RT-PCR was Reverse Transcriptase-Polymerase Chain Reaction of
both quantitative and qualitative PCR. RT-gPCR was Reverse Transcriptase-

Polymerase Chain Reaction of quantitative PCR.
5.4.11. Quality Management and Assay Traceability

Quality control (QC) assays were done with each set of HCV RT-PCR
assay with patients’ RNA. The first party QC reagents were from Qiagen,
Germany. The third-party QC reagents were from Qnostics, UK, supplied by
Randox, UK. Standard deviation Index or SDI was calculated from Cq of QC
reagents. When SDI was <2.0, it was considered as acceptable performance. Our
SDI values were 0.7275 for first-party QC reagents, and 0.94 for the third-party
reagents. If there was unacceptable SDI data, measures were taken to set right
errors in machine functioning, reagents, storage or calibrations. The
performance values (meanzSD and %CV) for quality control samples were
36.662+1.084, and 2.955 (n = 15). These data showed high level of RT-PCR
quality.

External Quality Assessment: Log plasma viral load data and its mean
or median difference was used for external quality assessment by VIROEQAS,
CMC, Vellore, and by inter-laboratory comparison with an NABL, India
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accredited laboratory. Typical log-median difference values obtained with the
former was 0.20 and 0.40, and acceptable performance was between -0.50 to
0.50. The log-mean difference values obtained for the eight interlaboratory
comparisons ranged from 0.10 to 0.442, and all these were in the acceptable
range of -0.50 to 0.50. Interlaboratory comparisons were also done by
calculating Z score, which showed the deviation within the acceptable +2 Z

score or standard deviations from the mean value.

Internal Controls with reference genes were added to the matrix of
each assay tube, including calibrators and patients’ sample. The performance
values (mean+SD and %CV) for internal control were 31.707+£0.739 and 2.33
(n =30).

Traceability of the calibrators were to the reference standards at
NIBSC (Ref. ‘Validated Calibrators’ above). Performance characteristics of
calibration plots and their RT-PCR fluorescence amplification plot data are
given under Results Section. The HCV RT-PCR assay had a validated limit of
detection 34 1U/ml of plasma (artus HCV RG RT-PCR Kit Handbook).

5.4.12. Statistical analysis and Software

Fluorescence data and Cq were from Rotor-Gene Q software 2.3.1.49
(Qiagen), X-Y scatter plot was constructed, its trendline, correlation coefficient
(R), and coefficient of determinations (R?) were calculated by SPSS software.
SigmaStat 4.0 was used for data analysis of sigmoid amplification plot (Systat
Software, Inc, San Jose, USA). LinRegPCR program version 2020.2 was used
for log transformation, calculation of slope and efficiency determination of the
initial exponential fluorescence amplification of individual plots (Rujiter et al,
2009). Microsoft Excel was used as a medium for data transfer and common

statistical calculations.
5.5. RESULTS

5.5.1. Graphical observations of the Sigmoid Fluorescence Amplification

plots of Calibrators and Diluted Calibrators

RT-PCR fluorescence amplification plots with the four validated
calibration concentrations, 10,000 1U/ul, 1,000 1U/ul, 100 1U/pl, and 10 1U/pl

107



(Qiagen, Germany) were performed. Graphical observations of the four-
parameters (Equation-2) of the fluorescence amplification plots of calibrators
were as follows: All four validated calibrators showed a typical sigmoid plot
with an exponential increase immediately above the baseline fluorescence (Yo),
increasing to a maximum slope at the inflection point (b), followed by
plateauing and reaching the maximum fluorescence (Fmax - Yo= ‘a’) which was
considered as the 100% normalised fluorescence intensity, used also as the
reference fluorescence intensity for comparisons (Fig. 5.1A). Yo was nearly the
same for all samples. In this study, the normalisation to 100% fluorescence
intensity of the validated calibrators, was done for calculations of the relative
normalised fluorescence intensities of the diluted calibrators and the patients’
samples with Cq nearest to the validated calibrator concentration. The sigmoid
fluorescence amplification plot was near symmetrical at the inflection point. The
Cq decreased with an increase in the concentration of the calibrator. The NTC
showed no amplification or Cq value as it did not cross the threshold (Fig. 5.1A).

The repeated one-tenth dilutions of calibrators at 1 1U/ul and 0.1 U/l
showed a decreased normalised fluorescence intensity, compared to the 100%
fluorescence intensity of the 10 1U/ul validated calibrator and a decreased slope
at the inflection point (Fig. 5.1A).
5.5.2. Data analysis of Linear Calibration Plots of Validated and Diluted
Calibrators

RT-gPCR calibration plot of log concentration of calibrators against Cq,
and its associated calibration data are given in the box (Fig. 5.1B). The
coefficient of correlation, R or r, was 0.99963, and R?, the coefficient of
determination was 0.99925 (99.925%). The slope of the linear calibration plot,
M was -3.471, which reflected a good PCR efficiency E of 0.94 (or expressed
as 94%) with maximum efficiency of 1.0 (E, calculated from slope with
equation-3). The Y-intercept, B was 36.404, the theoretical Cq obtained with 1
IU/ul of the calibrator template (logio 1 = 0), and was considered as the
sensitivity of the calibration plot (Fig. 5.1B). These results indicated good

performance characteristics of the calibration plot.

The calibration plot with 10 1U/pl and its diluted concentrations, was

constructed by plotting the log concentration against Cq (Fig. 5.1C). The slope
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of the linear plot at -2.305, had decreased numerical value (less steep). The Y-
intercept, B was 35.52, and was decreased (Fig. 5.1C). The R = 0.9924 and R?
=0.9849 (or 98.49%) were decreased. The efficiency calculated from the slope
was 171% which was unacceptable (>110%) due to the unacceptable calibrator
slope (<-3.10). The lower numerical value of the slope indicates lower
efficiency which resulted from an increased Cqg value for a particular
concentration (Fig. 5.1C). These results indicated that the diluted calibrator
concentrations had decreased performance characteristics for a calibration plot.

Bias/Uncertainty and analytical variation (%CV) of Cq obtained
from RT-PCR of validated calibrators and diluted calibrators were presented as
the meanx SD, 95% CI of mean and %CV (n = 6). The 95% CI of mean of
diluted calibrators were overlapping, indicating increased variations. The %CV
of validated calibrators ranged from 1.49 to 2.53, and that for the diluted
calibrators were 2.087 to 3.169 (Table 5.1). Although the diluted calibrator
%CV was higher, both were within the acceptable analytical performance of
<7%.

5.5.3. Graphical observations of sigmoid fluorescence amplification plots of
RNA from patients’ plasma

Graphical observations of patients’ plasma HCV RNA RT-PCR
fluorescence amplification plots at high viral load (Cq <30) with Cq of 24.27
(Fig. 5.2A) and at medium viral load (Cq of 30 to 33.20) with Cq at 30.85 (Fig.
5.2B) showed near 100% normalised fluorescence intensities and good slope at
inflection point when compared with the related validated calibrator at 100 U/l
and 10 1U/pl.

At low plasma viral load (Cq >33.2), the slope decreased to 0.906 and
fluorescence intensity decreased to near one-third (33%) (Fig. 5.2C) and can be
also appreciated graphically. These results from the patients’ RNA RT-PCR at
Cq higher and lower than of the 10 IU/ul validated calibrator Cq of 33.19 (Fig.
5.2) confirmed that there was a decreased performance characteristic at Cq
>33.2.

5.5.4. Data Analysis of four-parameter sigmoid fluorescence amplification

plots of Calibrators and Diluted Calibrators
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The graphical description of the sigmoid amplification was given in Fig.
1A. The four parameters of the sigmoid amplification plots were further
analysed by SigmaStat software by the sigmoidal or logistic curve fit model
(Table 5.2; Equation-2) for validating the sigmoid amplification plot. The
numerical values obtained by this model might not be exactly comparable with
the graphical description in Fig. 5.1A; Fig. 5.2A to 5.2C, and its data measured
manually later in Table 5.3. The normalised fluorescence intensity and slope at
the inflection point were the two of the four parameters that were found to be
markedly decreased in the diluted calibrator range. The fluorescence intensity
and slope of the diluted calibrators decreased (‘a’ = 21.7366 and 15.386; b =
1.8399 and 1.8921), respectively, when compared to the nearest validated
calibrator (10 IU/ul), which showed 100% fluorescence intensity and slope (‘a’
=21.9323; b = 1.9498). These two parameters were selected for differentiating
quantitative and qualitative RT-PCR.

5.5.5. Data analysis of four-parameter sigmoid amplification plots of RNA
from patients’ plasma

The fluorescence intensity decreased sharply in the patient sample at Cq
>33.2, but the slope did not show decrease upto Cq of 36.0 and at Cq >36.0 there
was a significant decrease in slope. Therefore, the slope at inflexion point
appears to be less influenced by Cq 33.2.to 36 in the patient sample. Yo, was
the ground fluorescence which was nearly the same for all samples (Table 5.2).
5.5.6. There was a good relationship between the LinRegPCR software data
with graphically observed data at various concentrations and Cq

Slope, Efficiency, and fluorescence intensity of Calibrators and
Diluted Calibrators: The individual exponential fluorescence amplification
plots of the validated calibrators were log-transformed and plotted against cycle
number using LinRegPCR software (Fig. 5.3A). The slope of the initial linear
part was measured (0.297 to 0.260) and PCR efficiency, E was calculated (1.98
to 1.82) from the slope (Table 5.3). This efficiency of the validated calibrators
was within the acceptable efficiency range (2.0 — 1.80) of good amplification
plots. The observed fluorescence intensity (100%) and manually measured
slopes (1.65 — 1.50) were also in the acceptable range.

The diluted calibrators showed decreased slope (0.243 and 0.230),
fluorescence intensity (89% and 78%), and E (1.75 and 1.7) (Table 5.3). The
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manually measured slope also decreased to (1.477 and 1.08). Therefore, from
these data the 10 IU/ul calibrator concentration and its corresponding Cq at 33.2
could be considered the point of differentiation of the quantitative and
qualitative RT-PCR. The diluted calibrator concentration of 0.1 IU/ul was the
limit of detection, as further dilutions did not give fluorescence amplification.
Therefore, the validated qualitative RT-PCR range was from 10 to 0.10 IU/ul.

Slope, Efficiency, and fluorescence intensity of RNA from patients’
plasma: The LinRegPCR software data of patients’ plasma at high viral load
(Cq <30) showed an efficiency 1.98 to 1.80 and samples with medium viral load
(Cq 30 to 33.20) showed an efficiency of 1.708 to 1.797 (Table 5.4, Fig. 5.3B
to 5.3D). These values nearly correspond with the validated calibrator efficiency
range and good performance characteristics. At low plasma viral load (Cq
>33.20), the slopes decreased to 0.238 and 0.173, and efficiency decreased to
1.728 and 1.489 (Table 5.4). Similarly, the manually measured normalised
fluorescence intensity and slope at inflection point decreased at Cq >33.2.
Again, confirming that the Cq of 33.2 was the cut off between quantitative and
qualitative RT-PCR in patients’ sample.
5.5.7. X-Y scatter, trendline and correlations of parameters associated with
RT-PCR fluorescence amplification plots

Log concentration of diluted calibrators versus Cq at inflection
point showed a negative correlation, R = 0.940 (Fig. 5.4A). The coefficient of
determination, R? of linear and quadratic trendlines 0.883 and 0.943,

respectively.

Log concentration of diluted calibrators versus slope at inflection
point showed a positive and linear correlation, R = 0.866 (Fig. 5.4B). The linear
and quadratic trendlines were nearly overlapping with a coefficient of
determination, R? = 0.778 and 0.790, respectively, confirming that the
relationship was linear.

Diluted Calibrator Cq versus normalised fluorescence intensity
showed a negative correlation, R = -0.840 (Fig. 5.4C). The R? of linear and
quadratic trendlines were nearly overlapping with 0.688 and 0.69, respectively,

confirming the negative, linear relationship.
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Log concentration of diluted calibrators versus efficiency, E of the
individual fluorescence amplification was plotted. E was calculated from the
slope of the log-transformed fluorescence amplification using LinRegPCR
software (Fig. 5.4D). E of gPCR amplification was nearer to 2.0 with the
validated 10 1U/ul calibrator indicating near doubling of the template with every
cycle. As the concentration increased there was an increase in E resulting in a
positive correlation. The R?for linear and quadratic trendlines were 0.491 and
0.639, respectively, indicating a marked increase with the quadratic trendline.

Cq of patient’s HCV RNA versus Slope at inflection point
demonstrated a negative hyperbolic, quadratic relationship. The R? for linear
and quadratic trendlines are 0.681 and 0.731 respectively, thereby showing an

increase in R?with the quadratic trendline (Fig. 5.5A).

Cq of patient’s HCV RNA versus normalised fluorescence intensity
showed a negative relationship (Fig. 5.5B). The relative fluorescence intensity
was obtained with reference to a validated 10 IU/ul calibrator as the 100%
fluorescence intensity. The R? calculated for the linear and quadratic trendline

were closer at 0.703 and 0.742, respectively.

Cq of HCV RNA from patients’ sample versus efficiency of
individual fluorescence amplification plots calculated by LinRegPCR software
(Fig. 5.5C). There was a decrease in efficiency with the increase in Cq. The R?
calculated for linear and quadratic trendline were 0.384 and 0.473 indicating a

negative hyperbolic relationship between Cq and E.

5.5.8. Decision criteria for determining the range of qualitative real-time
RT-PCR

A. The graphical observations and the manually measured data
from fluorescence amplification plots were found to be the most useful method
for determining the range of Cq for qualitative RT-PCR of the patients’ sample.
Fluorescence Intensity, slope and Cq at the recommended levels will be a
quantitative RT-PCR. When the fluorescence Intensity and slope were
decreased, and Cq was increased to values greater than the Cq of 10 1U/ul

validated calibrator, then it would be a qualitative RT-PCR. The Cq in this study
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was 33.2, but might vary from assay to assay. Therefore, 10 1U/ul validated
calibrator should be kept with each set of patients’ samples as reference for
determination of the cut off of quantitative and qualitative RT-PCR reporting
(Table 5.6).

B. Four-parameter numerical data from SigmaStat software was
suited for validation of the sigmoid amplification data, especially with Cq >39
and to establish the highest Cq of the qualitative RT-PCR. The highest Cq with
validated amplification data was 39.9 (Table 5.2). But the four-parameter data
could not be compared accurately with the graphical observations and the
manually measured data (Fig. 5.1A; Fig. 5.3A t0 5.3D; Table 5.3 and 5.4). There
were some variations in the patients’ data Cq, ‘a’, and b, which were not
matching well with the 10 1U/ul calibrator data. This was because the SigmaStat
software analysed the sigmoid fluorescence amplifications by the sigmoidal or
logistic curve fit model for validating the sigmoid characteristics of the
amplification plot. Fluorescence intensity and slope comparisons were more

reliable with the graphical observations.

C. LinRegPCR software log-transforms the exponential fluorescence
amplification above the threshold to a linear plot, slope of which was measured
and efficiency was calculated from it using Equation-4. There was an acceptable
slope and E for quantitative RT-PCR which was decreased in qualitative RT-
PCR and the cut-off calibrator concentration was 10 IU/ul calibrator
concentration which corresponded to Cq of 33.2. The data from LinRegPCR
software matched well with (a) the manually measured data at all concentrations
or Cq of quantitative and qualitative RT-PCR. (b) Data from LinRegPCR
software and manually measured data matched well between the calibrator data
and patients’ data (Table 5.3, 5.4 and Table 5.6A and 5.6C). The slope of this
linear plot can be extended to the Y-axis for obtaining the initial theoretical
fluorescence intensity, which was also related to the concentration of the

fluorescent probe released.

D. Data analysis of Calibration plots should be in the acceptable range
of slope, efficiency and sensitivity for reporting a quantitative and qualitative
RT-PCR. If the values were outside this range, patient’s RT-PCR was
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unacceptable. This problem can be solved by recalibration or by using fresh
calibrators (Fig. 5.1B, 5.1C and Table 5.6D).

5.5.9. Reporting of Quantitative and Qualitative RT-PCR

The cut-off level for differentiating quantitative and qualitative RT-
PCR was 10 IU/ul calibrator concentration, with Cq 33.2 in our assay and might
vary a little in different assays. Therefore, this reference calibrator may be used
in all HCV RT-PCR assays.

The range of qualitative RT-PCR was from 10.0 to 0.10 IU/ul
calibrator concentrations with Cq of 33.2 to the SigmaStat validated Cq of 39.9
(Table 5.2).

Quantitative RT-PCR report included the plasma viral load, if the
result fulfilled the quantitative decision criteria (Table 5.6). Cq from patient’s
RNA RT-PCR (Fig. 5.4) was converted to the corresponding calibrator
concentrations from the calibration plot (Fig. 5.1B), and then converted to
plasma viral load using equation-5.

Qualitative RT-PCR report would contain a positive or negative RT-
PCR statement. The report may be supplemented with the Cq, and comments on
the range of Cq for qualitative RT-PCR (Table 5.6).

5.5.10. Comments on Efficiency

The efficiency calculation by LinRegPCR software was used to
determine the quantitative and qualitative range of individual RT-PCR
amplifications (Fig. 5.3A to 5.3D; Table 5.3 and Table 5.6C). RT-PCR
amplification plot increased exponentially above the threshold line, doubling
with every cycle with an efficiency nearer to 2.0, as calculated by LinRegPCR
software and equation-4 (Ramakers C et al, 2003). When the efficiency was
lower, the template concentration increased by a factor which was less than 2.0.
The PCR efficiency at each cycle of RT-PCR could be influenced by primer
concentrations and availability at that cycle, inappropriate primer binding,
mutations in the primer binding sites on the template and PCR inhibitors (David
and Theo, 2006; Life technologies).
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The second type of efficiency, calculated from the slope of calibration
plot using equation-3, determined whether all the RT-PCR assays, quantitative
and qualitative, done with the reagents and calibration data were acceptable or
not. There was a relationship between slope, efficiency and sensitivity of the
assay in the calibration plot (Fig. 5.1B, 5.1C and Table 5.6D). When the y-
intercept increased and the sensitivity of the assay suffered because more of the
starting copies were needed before the detection limit was reached.
Deterioration of the template, resulting from too many freeze—thaw cycles or
storing the template at too low concentrations without a carrier (Adams, 2006).
Solution was root cause analysis and recalibration with appropriate fresh

reagents.

5.5.11. Comments on X-Y scatter with multiple data points

All results from Fig. 5.1 to Fig. 5.3 were with single data points. The X-
Y scatter diagram were used to confirm that similar results were obtained with
multiple data points. In most instances the changes in the direction of scatter
happened approximately at Cq >33.20, which was the Cq of the validated 10
IU/ul calibrator (Fig. 5.4A to 5.4D). The observations with the calibrators were
nearly reproducible with the patients’ sample Cq at >33.2 (Fig. 5.5A to 5.5C).

The multiple data points required the calculation of R and R?. The R? for
the different X-Y scatter of calibrators ranged from 0.790 to 0.639 indicating
fairly good correlation and that 79.0 to 63.9% of the data fit the regression model
for the multiple calibrators at each concentration. For the patients sample the R?
ranged from 0.731 to 0.639, showing close similarity between the correlations
of the calibration data and patients’ data.

5.6. DISCUSSION

During reporting, the cut-off level for differentiating quantitative and
qualitative RT-PCR was 10 IU/ul calibrator concentration, with Cq 33.2 in this
report, and might vary little in other laboratories. As the highest four-parameter
SigmaStat validated patients’ Cq was 39.9 (Table 5.2), the Cq range for
reporting validated qualitative RT-PCR was from 33.2 to 39.9.

The report of quantitative RT-PCR included the plasma viral load, if the
result fulfilled the quantitative decision criteria. The qualitative RT-PCR report

would contain a positive or negative statement. This report may be
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supplemented with the Cq, and comments on the range of Cq for qualitative RT-
PCR (Table 5.6).

The validated calibrator RT-PCR amplification plot increased
exponentially above the threshold line, doubling with every cycle with an
efficiency nearer to 2.0, as calculated by LinRegPCR software and equation-4
(Ramakers, 2003). When the efficiency was lower, the template concentration
increased by a factor which was much less than 2.0. The PCR efficiency at each
cycle of RT-PCR could be influenced by primer concentrations and availability
at that cycle, inappropriate primer binding, mutations in the primer binding sites
on the template and PCR inhibitors (David and Theo, 2006).

There was a relationship between slope, efficiency and sensitivity
calculated from the calibration plot (Fig. 5.1, C and Table 5.6D). These criteria
determined whether all the RT-PCR assays, quantitative and qualitative, done
with the RT-PCR reagents and calibration data were reportable or not.
Deterioration of the template from too many freeze—thaw cycles, storing the
template without a carrier (Adams, 2006) and reagent degradation affected
calibration plots. Root cause analysis should be done, followed by recalibration

with appropriate reagents or calibrators.

All results, except those in X-Y scatter (Fig. 5.4) and Table 5.3, were with
single data points. The data from X-Y scatter diagrams and Table 5.3, confirmed
that similar results were obtained with multiple data points. The changes in the
direction of scatter happened approximately at Cq >33.20, which was the Cq of
the validated 10 IU/pul calibrator (Supplemental Fig. 2, A to C). The observations
with the calibrators were nearly reproducible with the patients’ sample Cq at
>33.2 (Fig. 5.5). The high R? for the different X-Y scatter of diluted calibrators
and patient sample indicated fairly good correlations and data fit for the

regression model between them in the qualitative RT-PCR range.

5.7. CONCLUSIONS

In this study data analysis of calibration plot and HCV RT-PCR
fluorescence amplification plots were analysed to differentiate between

qualitative and quantitative RT-PCR and to establish validation criteria for
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qualitative RT-PCR. In qualitative RT-PCR, the fluorescence intensity and
slope at inflection point were decreased in qualitative PCR. The lower analytical
limit of quantitative PCR calibration plot was at 10 I1U/ul calibrator
concentration which was equivalent to Cq of about 33. The calibration plot of
qualitative RT-PCR concentrations showed unacceptable performance outside
the acceptable limits: Cq range 33.2 to 39.9; slope at inflection point from 1.50
—1.08; four-parameter slope at inflection point <1.90; log fluorescence intensity
slope <0.255 and efficiency <1.80; calibration plot slope >-3.1 or <-3.6,

efficiency >110% and < 90% and acceptable calibration sensitivity 33 — 37.

117



Fig. 5.1. Construction of RT-PCR calibration plots with validated and diluted
calibrators of HCV 5°UTR templates. 1A. Seven RT-PCR plots of cycle number
versus normalised fluorescence amplification. Of these, four were validated
concentrations of calibrators at 10,000 1U/ul, 1000 1U/ul, 100 1U/ul, 10 1U/ul (from
left to right), with the two diluted concentrations 1 1U/pl, 0.1 1U/ul (5" and 6™ plots
from left), and NTC or blank below the 0.05 threshold line. 1B and 1C: Calibration
plots constructed with log concentration versus threshold cycle (Cq or CT) of the
validated (B) and diluted (C) concentrations. Calibration plot data are given in the
box: where R is coefficient of correlation, R? is coefficient of determination, M is
slope, B is Y-intercept Cq at log 1 IU/ul = 0.0 on the x-axis, E is efficiency.
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Table 5.1. Analytical bias/imprecision and performance of Cq from
calibratorconcentrations.

Calibrators Mean+SD 95% ClI %CV
IU/ul) (n =6) of mean
10,000 22.937+0.44 22.47 - 23.40 1.92
1000 26.29+0.664 25.59 - 26.99 2.53
100 30.118+0.45 29.65 — 30.59 1.49
10 33.615+0.61 32.98 — 34.26 1.81
1 36.747+0.77 35.94 — 37.55 2.09
0.1 38.22+1.21 36.95 - 39.49 3.17
0.01 0.00 0.00 0.00
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Fig. 5.2. RT-PCR fluorescence amplification plots of HCV 5°UTR templates in
RNA isolated from patients’ plasma. Three assay sets, each with one plot of
validated calibrator (100 1U/ul in 2A, and 10 IU/ul in 2B and 2C) at 100% fluorescence
intensity, one plot with high (2A, Cq =24.27), medium (2B, Cq = 30.85), and low (2C,
Cq = 37.14) viral load of HCV RNA isolated from plasma samples, and one NTC.
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Table 5.2. Comparison of the four-parameters (Equation-2) of the sigmoid
fluorescence amplification plots of calibrators and patients’ sample using
SigmaStat software. F was the fluorescence at cycles X, Yo was the ground
fluorescence, a is the difference between maximal and the ground fluorescence, X was
Cq, Xowas threshold cycle at inflexion point and b was maximum slope at inflection
point.

Calibrator ‘a’ b Xo Yo X F
IU/pl or patient
Cq range

A. HCV calibrator data

10,000 28.3457 | 2.5488 | 31.0893 | 8.1441 | 23.52 | 9.52
1000 27.0062 | 2.0575 | 34.1316 | 8.3177 | 27.04 | 9.15
100 25.3965 | 2.1379 | 37.4121 | 8.2899 | 30.22 | 9.14
10 21.9323 | 1.9498 | 39.8055 | 8.3354 | 33.19 | 9.05

1 21.7366 | 1.8399 | 41.6766 | 8.2320 | 35.23 | 9.01
0.1 15.386 | 1.8921 | 43.7597 | 8.3823 | 37.77 | 8.87

B. HCV plasma RNA data

<30 30.7911 | 2.7254 | 28.4913 | 7.439%6 | 20.11 | 8.79

30.2908 | 2.0366 | 32.6106 | 7.7446 | 24.77 | 8.37

30-33 21.6422 | 2.1516 | 35.9496 | 7.2092 | 30.09 | 8.54

19.9231 | 2.1437 | 38.7092 | 7.9987 | 32.9 | 9.54

33-36 17.0118 | 1.9566 | 39.9054 | 8.1662 | 35.08 | 9.50

11,532 | 2.1081 | 41.2883 | 8.2021 | 35.61 | 8.93

36-39 7.2049 | 1.8377 | 39.1442 | 8.2958 | 36.66 | 9.77

7.8317 | 1.6209 | 41.1921 | 8.3832 | 38.57 | 9.67

>39 7.6439 | 1.6506 | 41.9932 | 8.2528 | 39.5 | 9.63

6.958 | 1.6796 | 41.3865 | 7.7825 | 39.9 | 9.24
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Fig. 5.3. Log transformed fluorescence amplification plot from LinRegPCR
software. Cycle number versus log fluorescence amplification plots of HCV RT-PCR
were constructed using LinRegPCR software and analysed for slope of the linear part
from which efficiency was calculated. 3A. The six calibration plots in Fig-3A; The
patients’ plasma HCV RNA sample with high (3B), medium (3C), and low (3D) viral
loads with one validated calibrator (10 IU/ul) in each set from Fig-3B to D.
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Table 5.3. Comparison of fluorescence amplification plot data of calibrators from
LinRegPCR software with manually measured data. Comparison of RT-PCR data
of plots of cycle number versus log fluorescence amplification plots of HCV validated
calibrators and diluted calibrators using LinRegPCR software. Concentrations of
calibrator viral load, IU/ul, were also converted to plasma viral load, IU/ml. E was
efficiency calculated from slope.

1U/ul Cq LinRegPCR Manually measured
calibrator software
[ 1U/ml
plasma E Slope | Normalised | Slope at
fluorescence | inflection
intensity | point, b
HCV RT-PCR of calibrator data
10%/ 2352 | 1.98 | 0.297 100 1.647
4.28 x 10°
108/ 27.03 | 1.923 | 0.284 100 1.614
4.28 x 10°
102/ 30.08 | 1.821 | 0.260 100 1.566
4.28 x 10*
10t/ 33.19| 19 |0.2787 100 1571
4.28 x 10°
1/ 35.8 | 1.75 | 0.243 89 1.477
4.28 x 10
0.1/ 37.74| 1.7 | 0.230 78 1.08
4.28 x 10t
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Table 5.4. Comparison of fluorescence amplification plot data of patients RNA
from LinRegPCR software with manually measured data. Comparison of real time
RT-PCR data of plots of cycle number versus log fluorescence amplification plots of
HCYV patients’ plasma RNA sample using LinRegPCR software. Concentrations of
calibrator viral load, IU/ul, were also converted to plasma viral load, IU/ml (Ref.

‘Methods’ section). E was efficiency.

1U/ul Cq | LinRegPCR Manually measured
calibrator/ software
IU/ml
plasma E | Slope | Normalised | Slope at
fluorescence | inflection
intensity | point, b
HCV RT-PCR of plasma RNA data
1.25x10°/ | 20.16 | 1.998 | 0.301 100 1.7
5.34 x 107
2.27x10%/ | 2477 | 1.8 | 0.255 100 1.66
9.71 x 10°
5.5x 10!/ |30.85 | 1.708 | 0.232 100 1.54
2.35x 10%
44 %10 | 329 |1.797 | 0.255 90 1.58
1.88 x 10*
- 37.23 | 1.728 | 0.238 55 0.928
- 38.21 | 1.489| 0.173 40 0.553
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Fig. 5.4. X-Y scatter, trendline and correlations of parameters of HCV RT-PCR.
Correlations of concentrations or Cq of diluted calibrators, 10 IU/ul calibrator (A to
D) with parameters of RT-PCR fluorescence amplification. 4A.Log diluted
calibrator concentrations versus Cqg, 4B. Log diluted calibratorconcentration
versus slope at inflection point, 4C. Cq versus normalised fluorescenceintensity
compared to 100% fluorescence of 10 1U/ul validated calibrator. 4D. Log diluted
calibrator concentrations versus efficiency of individual fluorescenceamplification
(from LinRegPCR).
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Fig. 5.5. X-Y scatter, trendline and corelations of parameters of HCV RT-PCR of
plasma samples. 5A. Cq versus slope at the inflection point. 5B. Cq versus normalised
fluorescence intensity, 5C. Cq versus efficiency of individual fluorescence

amplification (from LinRegPCR).
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Table 5.5. Validation by qualitative PCR using gene specific primers of HCV
plasma samples having sigmoid amplification plot in RT-PCR with Cqg > 35.5.

Sl. | Sample Amplified/ | NCBI Cq
No Not Accession
Amplified | No.
1 Case 619 Amplified MW281561 | 36.85
2 Case 218 Amplified MT258412 37.63
3 Case 216 Amplified MW281560 | 35.5
4 Case 194 Amplified MW970035 | 36.37
5 Case 23 Amplified KX455813 36.1
6 Case 566 Amplified MW970030 | 36.99
7 Case 561 Amplified No Result 37.45
8 Case 562 Amplified No Result 37.55

Fig. 5.6. The agarose gel electrophoresis and Gel documentation of 100 bp
DNA ladder (1), PCR product 5’UTR (2) and Core E1(3) region and NTC (4)
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Table 5.6. Decision criteria for differentiation quantitative and qualitative real
time RT-PCR. Data from the fluorescence amplification plots by (a) visual
observation, (b) calibration plots, (c) four-parameter data from SigmaStat, (d) log
fluorescence intensity from LinRegPCR and refer chapter 9 for (e) sequence analysis.

Parameter

Quantitative
range

Qualitative range

Sources of the Data and Comments

A. Graphical observation from fluorescence amplification plot

Normalised fluorescence Near 100% <90% Manually measured; Data from Fig.
intensity, ‘a’ 5.1 and Table 5.3

Slope at inflection point, 1.65-1.50 1.50-1.08 Manually measured; Data from Fig.
b 5.1 and Table 5.3

Cq or Concentration of <33.20 or 33.20 t0 39.90 or Data from Fig. 8.1, Table 5.1. 10
Calibrator >10 1U/ul <10 10/l IU/ul calibrator may be used as a

reference data point in RT-PCR
assays

B. Four-parameter data from ca

librators and plasma RNA by SigmaStat software

Fluorescence intensity 28.35-21.93 21.74-15.39 Data from Table 5.2

(normalised), ‘a’ (100%) (decreased)

Slope at inflection point, 2.55-1.95 <1.90 Data from Table 5.2
0,

b (100%) (decreased)

. Log fluorescence intensity from LinRegPCR software

Slope 0.301 - 0.255 <0.255 Data from Fig. 5.3. and Table 5.3
Efficiency, E 2.0-1.80 <1.80 Data from Fig. 5.3. and Table 5.3
D. Data analysis of Calibration plots
Slope, M -3.1t0-3.6 >-3.10r<-3.6 Data from Fig. 5.1B
(outside numerical
value of 3.1 to 3.6)
Efficiency 110% - 90% >110% and < 90% Data from Fig. 5.1B
Acceptable calibration 33-37 33-37 <33 or >37 unacceptable calibration
Sensitivity, Cqat 1 1U/ul plot sensitivity.
%CV of calibrator and <7% <7% >7% Unacceptable calibrator RT-

diluted calibrator, Cq

PCR Cq performance. Data from
Table 5.1.
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Chapter 6

Analysis of Internal Controls in the matrix of HCV
RT-PCR assays showed analytical and pre-analytical

influences independent of template concentrations






6.1. ABSTRACT

Internal control (IC), made up of the reference gene PCR
amplification system with fixed concentration of template and fluorescent
probe, and present in the assay matrix of all HCV RT-PCR assay systems,
was evaluated for detection of the preanalytical and analytical influences
on the amplification systems. IC was added to patients’ plasma RNA,
calibrators, quality control (QC) RNA and non-template control (NTC).
All IC additions were from the same lot for a set of calculations. The IC
fluorescence emission of ROX dye at 610+5 nm, was independent of the
HCV template amplification with FAM dye having emission at 510+5 nm.
The average IC threshold cycle (Cqg) was lowest for NTC (30.346),
followed by the calibrators (31.425), and it was even higher for quality
control samples (33.767) and the HCV infected patients’ plasma RNA
sample (33.017). The average %CV was the same for NTC, calibrators and
QC sample. But was increased for patients’ sample. The lowest average Cq
in NTC might due to absence of HCV RT-PCR products, which were
present in calibrators. The QC and patients’ samples contained the PCR
products, and in addition it contained the RNA from plasma which
included the non-specific RNA. These PCR products might be the causes
for the influence on IC Cq. The patients’ samples were from different
patients’, unlike that of QC sample and calibrators which were a single
sample, contributing to higher average patients’ %CV. The mean Cq
difference between NTC and calibrators might be attributed to analytical
influence, while that between the calibrator and patients’ sample might be
attributed to pre-analytical influences. Slope, normalised fluorescence
intensity and efficiency decreases with decrease in viral load both in
calibrators and with patient samples. when concentration is expressed as
Cq, the relationship of Cq, fluorescence intensity and efficiency become

inversely related.
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6.2. INTRODUCTION

The plasma viral load in hepatitis C virus (HCV) infection was
often found to be very low in a large number of patients (Glynn et al, 2005;
Fytili et al, 2007), much below the validated calibration plots for
quantitative PCR (RT-gPCR) (artus HCV RG RT-PCR Kit Handbook,
2012). As large number of patients with HCV infection have no symptoms
(Orland et al, 2001), diagnosis of HCV infection was done by screening for
anti-HCV antibody, followed by selecting the patients with reactive levels
of antibody (Ritcher, 2002) for confirmation of diagnosis by HCV RT-
PCR of RNA isolated from plasma (Bukh et al, 1992; Barbara et al, 2009).
Most patients with HCV have very low anti-HCV antibody levels and low
viral loads (Fytili et al, 2007; Zer et al, 2009). In practice, when the signal
level decreases, the errors become more prominent and influence the
signals. Similarly, preanalytical influences are prominent when template or
viral concentrations are low, as in HCV RT-PCR, and these influences,
whenever possible, may be decreased by selecting patients without tissue
damaging conditions such are surgery, crush injury, abscess, chronic
ulcers, such as diabetic foot and in autoimmune diseases. The pre-
analytical and analytical influence are least evident when the HCV
template concentrations were high, especially at Cq <33 (Joseph et al, 2022
and chapter 5).

The negative RT-PCR results should truly represent the absence of
PCR diagnostic targets. But false-negative results could occur from failure
of one of the test steps of nucleic acid extraction, reverse transcription
reaction and RT-PCR set up, or inhibitory substances in the samples.
Efforts to control false-negative results were based on the addition of
exogenous nucleic acids amplification system (the IC) to the RT-PCR
reaction, so that the presence of any inhibitory substances (e.g., heparin) in
the samples or errors in test steps would also affect the amplification of the
exogenous material (Zambenedetti et al, 2017). Therefore, the research
problem in the present report was that the IC might be used to detect
influences on the RT-PCR assay systems independent of HCV template

concentrations.
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As HCV RT-PCR Cq value was varying in patients’ sample
according to viral load, it could not be used for studying the analytical and
preanalytical influences. Internal Control (IC) RT-PCR amplification
system with fixed concentration of reference gene template, with the ROX
dye, present in the assay matrix, could be used to analyse the various
influences independent of the HCV template amplification. ICs were added
to patients’ sample, calibrators, quality control (QC) samples and into the
non-template control (NTC). Due to these reasons, IC could be used to
study the preanalytical and analytical influences on the RT-PCR
amplification. This was the research hypothesis of this report.

6.3. Aspects of the original objectives addressed in this chapter
1. Establishment of the methods for evaluation by data analysis, test

validation, quality control and clinical state of the patient for Molecular
Diagnostic reporting of Hepatitis C infection.
2. Use of these procedures for confirmatory diagnosis of hepatitis C
infection, its plasma viral count determination and genotyping.

The following research problems were addressed in this chapter for

part-fulfilment of the above two main objectives.

Part of the objective of this study was to evaluate the influence of
the ‘clinical state of the patient’ on the HCV RT-PCR assay system,
especially when the viral load in patients were low or very low. The
research problem in the present report was to evaluate the use of the fixed
concentration of IC to detect the sample influences on the RT-PCR assay
systems, independent of HCV template concentrations, which vary from

patient to patient.
6.4. MATERIALS AND METHODS

The study design was observational, control study of ICs in real-
time RT-PCR for HCV of RNA isolated from plasma of individuals who
were reactive for anti-HCV antibody or suspected to have contacted HCV

infection.

6.4.1. Sample Collection and Anti-HCV antibody Screening assay
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Blood samples were collected in vacuum tubes with clot activator
(red capped, 4 ml), mixed, allowed to clot for 10 minutes, centrifuged at
3000 rpm for 5 minutes in a table top centrifuge, serum was separated, and
clear serum samples without haemolysis, jaundice, cloudiness and clot
particles were screened for the anti-HCV antibody with third generation
enzyme immunoassays. The assay was performed in Vitros ECi
immunochemistry autoanalyser (Ortho Clinical Diagnostics, USA) using
enhanced chemiluminescence method. When screening assay showed
reactivity above the cut off limit, RT-PCR was done for confirming the
diagnosis of HCV infection. HCV RT-PCR was done directly, without
reactivity to antibody screening assay, in individuals frequently exposed to
HCV infection, such as patients on dialysis or repeated blood transfusion.

This was done to cover the long window period of HCV infection.

6.4.2. Inclusion and Exclusion criteria, Preanalytical influences,

Sample collection for RT-PCR

Inclusion criteria were reactivity to anti-HCV antibody and
exposure to HCV infection. Exclusion criteria were related to the
preanalytical condition of the patient, such as acute tissue damaging
disease conditions, patients on chemotherapy and who were heparinised
were found to influence the RT-PCR (Byrnes et al, 1975; Akane et al,
1994; Al Soud et al, 2001; Burkardt, 2000; Radstorm et al, 2004; Yedidag
et al, 1996). These conditions were avoided as far as possible. In all
emergency and other wunavoidable circumstances, all the above
preanalytical criteria were overlooked, but the results of RT-PCR were
analysed for influences. Other inclusion criteria were reactivity to anti-
HCV antibody and exposure to HCV infection. Refer Details 4.2

Blood sample was taken with 4 ml EDTA-vacutainers, centrifuged
at 3000 rpm for 15 minutes in a table top centrifuge. Plasma sample
without haemolysis, jaundice, cloudiness and without clot particles was
separated (WHO, 2002) and used for RNA isolation and HCV RT-PCR.
Plasma and RNA samples were stored immediately at -20°C and -80°C,

respectively, in aliquots. Refer Details 4.3.2
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b)

6.4.3. Organisation of study: A. Types of assays and the assay matrix

components

The study was organized with reference to the four types of assays,
NTC, calibrators, QCs and patients’ sample (Table 6.1). HCV and IC
templates with their respective fluorescent probes were in the same assay
matrix but with different excitation and emission wavelengths, and
detection channels. Total volume of 128 pl of reagents were prepared and
30 pl was distributed into the four types of assay tubes so that
concentration of the fluorescent probes was same in each assay tube. If
there were more than one of each assay type then the total volume of

reagents was increased in multiples of 30 pl.

6.4.4. Organisation of study: B. Differentiating Analytical and

Preanalytical influences

The components of RT-PCR assay that would influence the
amplification system might be considered as the following: (1) RT-PCR
amplification products of reference gene in IC; (2) RT-PCR amplification
products of HCV template; (3) RT-PCR influences of non-specific RNA
and the possible influences of amplification products of non-specific RNA,
and (4) varying RNA isolated from plasma of different patients might
influence the Cq of IC causing higher variations.

The NTC is influenced by (1); the calibrators by (1+2); the QC
samples by (1+2+3); the patients’ sample might be influenced by
(1+2+3+4).

The analytical and pre-analytical influences could be differentiated

on the following principles:

The analytical influences might be considered as the differences in the
performance of Cq of ICs in the calibrators and NTC:

Analytical Bias = mean Cq of calibrator ICs — mean Cq of NTC ICs
Analytical imprecision = %CV of calibrator ICs — %CV of NTC ICs

The preanalytical influences might be considered as the differences in the
performance of ICs in plasma RNA (patients’ sample or QC sample) and

the calibrators.
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- Pre analytical Bias = mean Cq of ICs in patients’ sample — mean Cq of ICs
in calibrator
- Pre analytical imprecision = %CV of ICs in patients’ sample — %CV of ICs

in calibrator

HCV viral RNA isolation was done by chromatography method
from plasma with QlAamp Viral RNA Mini Kit (Qiagen, Germany).
Plasma (140 pl) was added to AVL buffer with carrier RNA, precipitated
with ethanol, passed through QIlAamp mini column. Unbound material was
washed out. RNA was eluted with 60 ul elution buffer. Eluted RNA was

assayed immediately and stored in aliquots at -80°C.
6.4.5. HCV RT-PCR of RNA isolated from patients’ plasma

HCV RT-PCR was done using RNA isolated from plasma or QC
sample, along with one validated calibrator, blank (NTC) and IC with
reference gene in the assay matrix (Table 6.1), according to manufacturer’s

instructions.

Equation for conversion of 1U/ul of calibrator to 1U/ml of plasma
sample is given below. Calculation of plasma viral load from Cq obtained
by real time RT-PCR of HCV infected plasma sample, and converted to
concentration of the template from the calibration plot.

Viral load (IU/ml of plasma)

_ (Patients’ result Cq as IU/ul from calibration plot) x Elution Volume (60 ul)
- Sample Volume (0.14 ml)

6.4.6. Quality Control Reagents

First-party (Qiagen, Germany) or third-party (Qnostics, UK,
supplied by Randox, UK) quality control (QC) reagents were used for QC
assays with each set of HCV RT-PCR of patients’ RNA. The third-party
controls were from a quality control reagent supplier and there were of
three reagents, plasma samples of QC-1, QC-2 (genotype 1) and QC-3
(genotype 3) samples. The first-party controls were the validated
calibrators of the reagent manufacturer. The performance values
(meanxSD, 95% CI of mean and %CV) for QC samples were calculated

and given under results. NTC contained all the assay mix including IC,
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except the HCV 5’UTR template. The second party QC samples were
prepared by the user laboratory from HCV RT-PCR positive samples,
typically immediately after calibrating with fresh calibrators and QC
reagents.

Internal Control (IC) with reference genes were added to the assay
matrix of NTC, calibrators, QCs and patients’ samples. IC fluorescence
probe ROX (6-carboxy-X-rhodamine) was with excitation 5855 nm and
detection 6105 nm. The hydrolysis probe in the test sample was
Fluorescein amidites (FAM) and which has an excitation 470£10 nm and

emission wavelength and detection at 510+5nm.

Calibrators, Of the four validated calibrators supplied by the
manufacturer (Qiagen) S3 (100 1U/ul) and S4 (10 1U/ul) were used in this
study. Traceability of the validated calibrators were to the reference
standard at the National Institute for Biological Standards and Control
(NIBSC, UK) which coordinated the traceability studies on behalf of
WHO.

6.4.7. Levey-Jennings Plot

Levey-Jennings (L-J) plot is the common representation of quality
control (bias and imprecision) and is done to evaluate the QC results. The
QC results from the same lot of QC reagents were added to the plot with
time (daily or with varying frequency). When the QC showed a stable
performance, the mean value line represented the expected target value and
the Standard Deviations (1 SD, 2 SD, 3 SD) lines represented the expected
imprecision. Assuming a Gaussian distribution, of imprecision, we expect
approximately 99.72% within £3SD, 0.28% outside £3SD, 95.44% within
+2SD, 4.56% outside £2SD, 68.26% within £1SD and 31.74% outside
+1SD. These data should be differentiated from the QC rules and events
data, where 1is represented the single data points between +1SD and
+2SD, and 1ps event represented two consecutive data points between
+1SD and +£2SD.

All other details of Methodology were described under Chapter 4
where the general ‘Methodology’ was given.

135



6.5. RESULTS

6.5.1. HCV RT-PCR amplification plots of various assay systems and

their internal controls

Organisation of the study with reference to the four types of
assays, the fluorescent probes of HCV and ICs in the assay matrix. Total
volume of 128 pl of reagents were prepared and 30 ul was distributed into
the four types of assay tubes so that concentrations of the fluorescent
probes were same in each assay tube where EX. is excitation, Em. is

emission (Table 6.1).

Amplification plots of calibrators, QC reagents, patient sample and
NTC were plotted to evaluate the amplification, Cq and fluorescence
intensity. In the QC-1 sample, the Cq was 34.09, the fluorescence intensity
and slope at inflection point were decreased when compared with the
samples having lower Cq (or higher template concentration). NTC, as
expected, was below the threshold line. The validated calibrators S3 (100
[U/ul), S4 (10 1U/ul) and the patient sample (Cq = 25.81) showed
amplification plots that had good RT-PCR amplification and slope at
inflection point (Fig. 6.1A).

The ICs of all the five RT-PCR assays in Fig. 6.1A were evaluated
for their Cq and fluorescence intensity. The IC of NTC had the lowest Cq
of 30.04. The patient’s sample showed the maximum increase in Cq of
32.58 and was higher than that of S3 and S4 calibrators (30.31 to 30.88).
The Cq of QC-1 sample which had the same sample matrix of plasma as
the patient’s sample was intermediate between calibrators and patient

sample (Fig. 6.1B).

6.5.2. HCV RT-PCR calibration plot data analysis of diluted
calibrators

The calibration plot was constructed with log concentration versus
Cqg and the slopes between each concentration points were measured. From
100 TU/ul to 10 TU/ul, the slope was -3.76; from 10 IU/ul to 1 TU/ul the
slope was -2.8 and from 1 [U/ul to 0.1 IU/pl, the slope was -1.81 (Fig. 6.2).
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The numerical slopes were found to decrease with decrease in

concentration.

The calibration plots were also constructed with multiple data
points (n=7) for each concentration from 100 IU/ul to 0.1 IU/ul. The mean
and SD of these 7 data points were calculated and plotted (Fig. 6.3). The
mean of each data points were connected to measure the slope between
each concentration points (Bold line in Fig. 6.3). The numerical value of
slope decreased from 3.87 to 1.542. The average slope was also measured
by constructing a straight-line calibration graph through the different data
points. The mean value of average slope decreased at -2.7687. the Y-
intercept was 36.043 at 1 IU/pl. The coefficient of determination (R?) was
very high 0.9754. These results indicated that the slope of the calibration
plot decreased with decrease in concentration below 10 IU/pl, indicating

the lack of acceptability of the calibration plot below 10 TU/pul.

6.5.3. Influence of various assay systems on the Internal Control

threshold cycle, Cq

The performance characteristics of Cq of quality control samples of
various assay systems were studied (Table 6.2A). The performance
characteristics of Cq of IC of various assay systems (Table 6.2B) were
evaluated. The IC of NTC (n = 6) showed the lowest mean Cq of 30.346
and the variation, as expressed by % CV 1.3, was low. The mean Cq of
calibrators, which were used as first party control reagents, was found to
be 31.425 (S4) and 30.92 (S3), and were higher than that obtained by IC in
NTC. The ICs in QC-1 was even higher with mean Cq of 33.767 with
%CV of 1.52 (Table 6.2B). IC of QC-2 and QC-3 were also increased at
31.563 and 31.663, respectively. Similarly, the mean Cq of IC was also
increased in the second party quality control reagents. These results
indicated that the assay matrix of the plasma sample can influence the Cq

and cause an increase in the mean Cq value.

The influence of RT-PCR products and patient RNA on Cq of IC
were analysed by plotting the mean Cq of IC from various HCV RT-PCR
assays and controls. The mean IC Cq of patient sample with Cg 30 — 36 (n
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= 6) was 32.42, patient sample with Cq >36 (n = 6) was 33.053, and that in
patient sample with Cq <30 (n = 6) was 32.2 (Fig. 6.4A). The Cq was
lowest for IC of NTC and the Cq increased sequentially for IC of
calibrator, QC reagents and in patients’ sample (Fig. 6.4A).

Similarly, the average %CV of Cq from IC of NTC, calibrators, QC
reagents and patient samples were found to be similar, unlike that seen
with mean Cq. But the %CV was markedly increased in the patient’s
sample (Fig. 6.4B). The results indicated that, even though the mean Cq
increased sequentially, the variation was increased only in the different

patients’ sample.
6.5.4. Analytical variation of calibrators and diluted calibrators

The performance characteristics of the calibrators and diluted
calibrators at various concentrations were evaluated by calculating the
Mean, SD, 95% CI and %CV of the Cq value at various concentrations.
The %CV ranged from 1.359 to 2.006 from 10,000 to 1 1U/ul (Table 6.3).
At 0.1 1U/ul the %CV suddenly increased to 2.913.

The %CV of the calibrator concentration converted to
concentration of 1U/ml of the calibrator was found to have a higher %CV
range. This was due to the log scale of concentration used in the previous
calculation of %CV of Cqg. The %CV ranged from 23.723 to 28.391 from
10,000 1U/ul to 100 1U/pl. At 10 1U/ul and 1 1U/ul the %CV were 41.138
and 43.774 respectively (Table 6.3). The %CV was found to increase with
calibrator concentration from 10 1U/pl downwards.

6.5.5. X-Y scatter of Cq or concentration versus various RT-PCR

parameters

X-Y scatter diagram were plotted with calibrator concentrations or
Cqg of calibrators against various RT-PCR parameters such as slope,
normalized fluorescence intensity and efficiency. The concentration and
Cq of calibration at 100 1U/ul and 10 1U/ul had similar slope, fluorescence
intensity and efficiency (Fig. 6.5). These results confirmed that there are
validated calibrators with acceptable performance. But at diluted calibrator

concentration of 1 1U/ul and 0.1 1U/ul, the performance of these RT-PCR
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parameters decreased with decrease in concentration. The R? for slope and
normalized fluorescence intensity were found to have a quadratic, than a
linear relationship. This resulted from the decrease in performance at lower
concentration. But as concentration decreased, decrease in efficiency was
linear (Fig. 6.5).

Similar data as above for calibrators was also collected for patient
sample. RT-PCR parameter of slope, fluorescence intensity and efficiency
were compared with Cq of patient sample by use of X-Y scatter diagram.
All scatter diagrams showed a linear decrease in slope, fluorescence
intensity and efficiency with increase in Cq of HCV in patients plasma
sample. This decrease was evident from Cqg around 29 to 38.5 (Fig. 6.6).
These results indicate that there is influence on RT-PCR amplification by
patient plasma sample even at relatively higher concentration of HCV
template in the plasma. The Cq of 10 IU/ul calibrator, which is the
borderline of quantitative and qualitative RT-PCR, was the point at which
the performance decreased in the calibrators. But in patient sample, the
performance started decreasing even from a Cq of 29. This is the major

difference between X-Y scatter of calibrators and patients’ plasma sample.
6.5.6. Four parameter data analysis

The sigmoid fluorescence amplification plot characteristic might
be analysed by the four parameters as represented by ‘a’ (difference
between maximum and ground florescence), ‘b’ (slope at inflection point)
and Yo (ground fluorescence). Of these four parameters, ‘a’ was found to
decrease when the concentration falls below that of the validated
calibrators. The fluorescence intensity decreased sequentially at 1 1U/ul
and 0.1 IU/ul. The slope did not show noticeable variation (Table 6.4).
These differences in the observed slope of the sigmoid amplification and
slope calculated from SigmaStat curve fit model, were due to calculations
related to the curve fit model. Therefore, these characteristics are better
suited for validation of a qualitative RT-PCR amplification plot. The

maximum Cqg observed was 40.17 and the sigmoid characteristics of
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fluorescence intensity, slope at infection point Xo and Yo were preserved.
Therefore, from these results the limit of detection in terms Cq was 40.17.

The difference between the Cq at threshold level and the Cq at the
inflection point (Xo - X) have been identified as other criteria to evaluate
the sigmoid characteristic of the fluorescence amplification plot (Table 6.4
and Fig. 6.7). As the slope decreases, the Xo — X increases, further
decrease in slope, the Xo — X was found to further increase to much lower
levels. The quadratic trendline R? was found to be 0.408 and indicates the
observed trendline. The peak difference of Xo — X was found to be at Cq of
36.00.

6.5.7. Validation of Cq and sigmoid amplification plot of calibrators

and patient sample with SigmaStat

The influences of the patient’s sample on HCV RT-PCR
amplification plot when analysed by SigmaStat software was found to
show large variations. The fluorescence intensity change ‘a’ from Cq of 33
— 36 was found to vary significantly from 4.2005 - 19.923 (Table 6.5). The
slope at inflection point was found to vary significantly from 1.7868 -
7.7637. There was also moderate variation from Cq 36 — 39. The
fluorescence intensity ‘a’ was found to vary from 1.6 to 9.09. the slope at
inflection point was found to vary from 1.6307 - 12.3918 (Table 6.4,
details are described under Table 6.5). From these variations it appears that
fluorescence intensity variations were higher at 33-36 Cq than at 36 - 39

Cq. But, the slope at an inflection point ‘b’ may vary higher at 36-39 Cq.

The value of Xo — X was found to decrease in patient sample with
increase in Cq from 34 - 39 (Fig. 6.8). But with calibrator the Xo — X was
lower at Cq 33, then increased to a peak at Cq 36 and then decreased. It
shows that in patient sample the Xo — X was higher at Cq 34 in patient
sample than for calibrator at Cq 33. So, these results indicate that there is

influence on sigmoid amplification plot in patient sample.

The %CV of calibrators and patient sample were found to be very
similar with %CV of 2.56 and 2.8 respectively (Table 6. 6). Therefore, at

these ranges, the influence on Cg was much less but the amplification plot

140



above the threshold had strong influence on fluorescence intensity and
slope. In the calibrators, the %CV for ‘a’ and ‘b’ were 15.34 and 15.16
respectively which were quite high. But in the patient samples, these
values were at 51.34 and 62.17 respectively. Therefore, in the patient
sample showed major influence on the variation in the amplification plot
above the threshold value (Table 6.6). These results indicate that upto
threshold line, RT-PCR amplification and Cq appears to be more constant
in the calibrator and patient sample. But above the threshold, the
fluorescence intensity and slope showed major influences in the patient

sample and moderate influence with calibrators.

The experimental amplification above and below the threshold line
might be converted to the linear scale by log transformation using
LinRegPCR software. The exponential amplification above the threshold is
characteristic of RT-PCR. This feature has been evaluated in Fig 6.8 and
Fig. 6.9. The calibrators at low concentration have been used to perform
the evaluation. There is a characteristic linear LinRegPCR plot for the high
template concentration of calibrators (10,000 1U/ml, Cq 23.43) with a
linear plot having 6 points. The 1 [U/ul, 0.1 1U/pl and 0.05 1U/ul calibrator
also have a linear LinRegPCR plot with more than 4 points in the linear
scale (Fig. 6.9A and B).

When the graphical evaluation of LinRegPCR plot of patient
sample with low viral load were analysed, it was observed that a Cq of
37.14, gave more than 4 linear points (Fig. 6.10A). But as the Cq increased
to 37.91 and 39.78 the linearity of the points were found to be moderately
or severely affected in the respective plots (Fig. 6.10B and C). Therefore,
the LinRegPCR plot of exponential amplification may not validate the
patient sample with Cq 39.78. Similarly, there were issues with patient
sample with Cq of 38.13 which showed only two linear points in the
LinRegPCR plot (Fig. 6.10D). Similarly, at Cq of 39.12 also the linearity
of the LinRegPCR plot showed three points (Fig. 6.10E).

These results indicate that above Cq 39 validation of the sigmoid
amplification with LinRegPCR plot was difficult.
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6.5.8. Levey-Jennings Plot of Internal Controls from various assay

systems

When the L-J plot of ICs of various samples were analysed, there
were large number single events between £1SD and £2SD. The number
decreased to 3 events between £2SD and +3SD, and further decreased to 1
event outside +3SD (Table 6.7).

The total number of events outside +1SD for NTC was 10 (8+2)
and the total number of samples were 30. Therefore, 33.3 % of the events
were outside +1SD, which was very close to the expected events, 31.74%.
Similarly, the IC Cq values for calibrator S4, QC-1 and patient RNA were

calculated.

a) Percentage of events outside the +1SD for NTC, calibrator S4 (Fig.
6.11) and QC-1 (Fig. 6.12) are 33.33%, 36.67% and 40%, respectively.

There were no events outside +2SD for the above.

b) Percentage of events outside the +1SD for HCV patients’ RNA with Cq
<30, Cq 30 — 36, Cq >36 were 22.22%, 16.66% and 20.69%, respectively.
Percentage of events outside the £2SD for patients’ samples with Cq <30,
Cqg 30 — 36, Cq >36 were 3.7%, 8.33% and 0%, respectively. But
percentage of events outside £3SD for Cq >36 was 3.45% (Fig. 6.13).

These results indicate that the number of events outside +2SD and

+3SD were more in patients’ samples.

The assays given in the L-J plot were analysed for their bias and
imprecision by calculating the mean and SD. The mean and %CV of
performance of Cq of ICs in the environment of assay matrix of NTC,
calibrators (first party QC), QC-1 and patient sample were analysed. The
NTC had the lowest mean Cq, followed by the calibrator. The patients’
sample and QC-1 showed the higher mean Cq. The patients’ sample had
high %CV. The %CV was much lower for NTC, calibrator and QC-1.

The Levey Jennings plot shows percentage of events outside the
+1SD for NTC is 33.33% (Fig. 6. 11)

142



The Levey Jennings plot constructed with the third-party quality
control reagents (Qnostics) with a given concentration of 100 1U/ml
showed variation within the acceptable levels. The assay matrix was
serum, even though the initial variation was higher than the later data, they
were all within the acceptable limits. The mean and SD were
36.662+1.0836 (Fig. 6. 11 and Table 6.7).

The Levey Jennings plot constructed with the first party quality
control reagents (Qiagen) with a given concentration of 10 [U/ul are within
the acceptable levels. The variation was limited as the matrix of the assay
is not serum sample, they were all within the acceptable limits. The mean
and SD were 32.9716+0.453 with a %CV of 1.375 (Fig. 6. 10 and Table
6.7).

The internal control of the above third-party quality control data
gave a Levey Jennings Plot with all data within acceptable limits (Fig.
6.12). These results indicate the excellent performance of the quality

control data within the serum matrix.

The internal control data also showed consistent variation with
acceptable data and without outliers of the £3SD. As these are first party
internal controls, the variation was limited as the matrix of the assay is not
serum sample. These results indicate the dependable data of the first party

internal control (Fig. 6. 10).

Internal controls are sequences unrelated to the template that is
amplified, but functions in the same matrix of amplification. Therefore,
Internal Controls monitor the influences of various agents, especially drugs
and nonspecific RNA contamination on the amplification system. Most
commonly affected components by drugs are the enzymes of the
amplification system. Nonspecific RNA consumes the primers and affect

amplification.

The Levey Jennings Plot of Internal Control with patient sample
amplification Cq<30, indicating relatively high Hepatitis C viral load
showed predominantly fluctuations of imprecision and there was no

systematic error seen. There were two samples above %2 Standard
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Deviation and 3 samples outside £2 Standard Deviation. All these samples
decreased in their variation and were below +1 Standard Deviation or
crossed the mean line. There was no amplification with Cq outside +3
Standard Deviation. The fluctuation above +2 Standard Deviation was
sustained only for one day. None of the samples retained their position for

more than one day (Fig. 6. 12).

To study the influence on Internal Controls with lower Hepatitis C
Viral load plasma samples between Cqg 30 and 36, the Levey Jennings was
plotted (n=24). In this plot also none of the samples were outside +3
Standard Deviation and the few samples that were outside +2 Standard
Deviation were imprecision errors. These results in this Fig.6.12B showed
good performance of RT-PCR without any systematic error. The %CVA
were 6.4 and 2.3 indicating mostly precision errors and almost no bias
(Table 6.7).

At very low plasma viral load of Hepatitis C Virus the Standard
Deviation showed 1.41 indicating low general influence on the Internal
Control. But one sample was further analysed as a case study (Fig. 6. 12C
and Table 6.7).

6.5.9. Quality Management in Real Time PCR

Intra assay (repeatability on the same day) and inter lot
comparison with First party QC reagents (Qiagen). SDI = mean difference
/ SD of the previous lot. Intra Assay %CV was low at 0.85%, Inter Assay
of the previous lot was high at 1.7% and the new lot of reagents gave a
%CV of 1.01%. The Inter Assay CV of the previous lot and new lot was
higher than the intra Assay CV. The %CV of the new lot was lower than
that of the previous lot. This probably may be due to the fresh reagents of
the new lot (Table 6.8).

The Internal Controls of the first party reagents used in Table 6.8
was evaluated for their %CV of the Internal Controls. Internal Controls are
quality control reagents of unrelated genes in the matrix of the same assay.
The intra assay CV was low at 0.68%, the inter assay %CV in the previous
lot of reagents was 1.788% and the %CV in the new lot was 1.352 (Table

6.9). The variation was higher for the inter assay when compared with intra
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assay. The %CV of the previous lot was higher when compared to the new
lot. This is due to fresh reagents in the new lot. This data from the first
party quality control in Table 6.2 and Table 6.3 indicate almost very little
influence or variation between the intra assay data, previous lot and the

new lot data. Therefore, the quality of these results was highly satisfactory.

6.6. DISCUSSION

RT-PCR influences were typically observed in the test sample
amplification when the template or viral load was very low. But it might be
assumed that there were preanalytical and analytical influences even when
the viral loads were high. When the template or viral loads were high, the
early rise in fluorescence intensity and the lower Cq value may not make
the analytical and preanalytical influences prominent enough for
observation. The influences were visible only when the Cq values were
>33 or the template concentrations was <10 IU/pl. These observations
might be due to (a) the larger number of cycles required for the low
concentration of non-specific RNA from plasma to influence the RT-PCR
amplification plots, and b) the influences of PCR products on the RT-PCR
amplifications. The influence of PCR products from template amplification
should be seen in all amplification plots at all concentrations of the

template, except in NTC.

In the case of patient sample, Cq varies from sample to sample
from high to low Cq and, therefore, Cq of patients’ sample cannot be used
for studying the influences on Cq. But IC concentrations were same in all
assays for a particular lot of reagents. Due to these reasons, the variations
in Cq of IC were evaluated to study the analytical and preanalytical
influences. All data given in the present report were reproduced with a
single lot of IC reagent.

We might consider analytical influences as the ones caused by the
PCR amplification products of HCV template RNA. The preanalytical
influences may be considered as the influences of components in the
plasma sample that were isolated along with HCV RNA. These co-isolates
of HCV RNA might probably be contaminating RNA or might be DNA.
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Such contaminating nucleic acids were increased in tissue damaging
conditions which were exclusion criteria for sample collection, except in
emergencies. If such samples were not excluded, the influences of
contaminating RNA might be much more. Drugs commonly affected
enzymes of RT-PCR (Yedidag et al, 1996). Non-specific RNA and their
non-specific amplification products also might consume the primers and

affect amplification.

The most analytical and preanalytical influences might be
considered to be least in NTC, where the only amplification product was
that from the reference gene. Therefore, as expected, the analytical
influences were the lowest leading to the lowest IC mean Cq and low %CV
(Table 6.2B and Fig. 6.4). In the first party control samples were the
calibrators of HCV, commonly the S4 or 10 1U/ul calibrator. Therefore,
the preanalytical influence of plasma samples were absent. But in the third-
party and second-party control RNA was isolated from plasma and

preanalytical influences would be more evident.

The influences on the Cq were seen as an increase in mean Cq
value (Fig. 6.4A). Patients’ sample showed greater %CV, as the plasma
RNA samples were isolated from different patients (Table 6.2 and Fig.
6.4). NTC which has no preanalytical and least analytical influence has
least mean Cq, followed by first party controls (calibrators), then third
party controls and then followed by highest mean Cq of IC in patient
sample. But the Cq variation, represented as %CV, remained fairly
constant in all samples, except in the patients’ sample where the variation
markedly increased (Fig. 6.4B). The high %CV of patients’ RNA might be
due the sample collection from different patients and there was no
repetition with the same sample as with calibrator and QC samples.

6.7. CONCLUSIONS

IC was added to HCV RT-PCR assays with patients’ plasma
RNA, calibrators, QC RNA and NTC. All IC additions were from the same
lot for a set of calculations. The IC fluorescence emission of ROX dye at
610+5 nm, was independent of the HCV template amplification with FAM
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dye having emission at 510+5 nm. The average IC Cqg was lowest for NTC,
followed by the calibrators, QC samples and the HCV infected patients’
plasma RNA sample. The average %CV was the same for NTC, calibrators
and QC sample, but was increased for patients’ sample. The results showed
that the analytical influences might be due to HCV RT-PCR products
which could be attributed to the IC Cq difference between the calibrator
and NTC. The preanalytical influences might be contributed by IC Cq
difference between patients’ (or QC) sample, and the calibrator. QC and
patients’ sample contained non-specific RNA from plasma which might
contribute to the pre-analytical influences. The patients’ samples were
from different patients’ contributing to higher average patients’ %CV,

unlike that of QC sample and calibrators which were a single sample.

Slope, normalised fluorescence intensity and efficiency decreases
with decrease in viral load both in calibrators and with patient samples.
when concentration is expressed as Cqg, the relationship of Cq,
fluorescence intensity and efficiency become inversely related.
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Table 6.1. Organisation of the study with reference to the four types of assays, the

fluorescent probes of HCV and ICs in the assay matrix.

Reagents Different RT-PCR Assays Total
volume
NTC | Calibrators | QC Test ul
pl ul RNA | RNA ul
pl
Reagent A + B, with HCV 12+8 12 +18 12 + 12 +18 | 48+ 72
probe FAM Ex. = 47010, 18 =120
Em./detection = 510+5
IC, with its probe ROX, Ex. = 2 2 2 2 8
58545 nm, Em. = 610+5nm
Total volume of reagents used 30 30 30 30 128 pl
Template RNA / RNase free 20 pl 20 pl 20 pl 20 pl
water water RNA RNA RNA
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Fig. 6.1. HCV RT-PCR amplification plots (A) and IC amplification plots (B) of
calibrators, QC RNA, patient’s plasma RNA and no template control (NTC). The

threshold cycles (Cq) are given in the box.

A
06| WS3=29.27
WS4 =32.73
0.5+ 'QC =34.09
) B Sample = 25.81
g%41| mNTC=0
-1
.
§~0.3—
o
=
0.2-
0.1
ol Threshold
g T L L3
5 10 15 20
B
0.6 1
HS3=30.31
051| MS4=30.88
IQC=31.32
04| MSample =32.58
g SINTC=30.04
03
£
o
Z0.2-
0.1
dibd Threshold
5 1 15 20 25 3 35 40 45 S0
Cycle

149



Fig. 6.2. Slopes of sections of calibration plot of log concentration versus Cg.
Plot of log 100 1U/ul to log 0.1 1U/ul (2.0 to -1.0) versus Cq. Slopes of sections of the

calibration plot are given in Box.
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Fig. 6.3. Correlation coefficient and coefficient of determination of calibration
plot of multiple data points, variation of slopes at low concentrations of
calibration plots with multiple data points.
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Table 6.2. Performance of the Cq of quality control (QC) samples (n =6) (A) and
their internal controls (IC) (B). Third-party control plasma (Randox, Quality reagent
provider), second party plasma (prepared by user laboratory), first-party control
reagent is calibrator (Qiagen, manufacturer of reagents) and internal controls were

included in the matrix of the assays (Qiagen, manufacturer).

Control samples MeanzSD 95% ClI %CV

Third party HCV control plasma, n = 6 (Qnostics, Randox, QC provider)

QC-1 31.255+0.878 | 30.332 -32.177 2.81
QC-2 33.71+0.27 33.423 — 33.993 0.805
QC-3 36.962+0.723 | 36.202 - 37.721 1.96

Second party control plasma, n = 6 (user defined)

Control plasma with Cq 36 36.537+£1.00 35.483 — 37.590 2.74

Control plasma with Cq 31 31.232+0.366 | 30.848 —31.616 1.17

First party controls, n = 6 (calibrators from Qiagen, reagent manufacturer)

S4 (4280 1U/ml) 32.832+0.570 | 32.233 -33.430 1.73
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Table 6.2B. Performance of the IC Cq in different assay systems. The same calibrators
and QC samples were used to calculate mean£SD of six assays. Patient’s samples were

from six different patients.

Control samples MeanzSD 95% ClI %CV

ICinNTC 30.346+0.395 | 29.932 -30.761 1.3

IC in third party HCV control plasma, n = 6 (Qnostics, Randox, QC provider)

IC of QC-1 33.767+0.498 32.31-33.23 1.52
IC of QC-2 31.563+0.334 | 31.212-31.914 1.05
IC of QC-3 31.663+0.355 | 31.290 —32.036 1.12

IC in second party control plasma, n = 6 (user defined)

IC in control plasma with Cq 36 33.017+0.816 32.16 — 33.873 2.47

IC in control plasma with Cq 31 32.303£1.05 31.19 -33.41 3.27

IC in first party controls, n = 6 (calibrators from Qiagen, reagent manufacturer)

IC in S4 (4280 1U/ml) 31.425+0.485 30.92-31.93 1.54

IC in S3 (42800 1U/ml) 30.92+0.38 30.52-31.32 1.23

IC in patients’ sample, n = 6 (from 6 different patients)

Patients’ sample with Cq <30 32.2+1.373 30.76 — 33.64 4.26
Patients’ sample with Cq 30 — 36 32.42+0.833 31.54 —33.29 2.57
Patients’ sample with Cq >36 33.053+£1.051 31.95-34.16 3.18
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Fig. 6.4. 1C mean Cq (A) and average %CV (B) of NTC, calibrator, QC samples and
patients’ samples (n = 6).
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Table 6.3. Analytical variation (%CV) of Cq and plasma viral load at various

calibrator concentrations.

Concentr Cq Viral Load
ation | Mean+S | 95% Cl | %CV | MeantSD | 95% Clof | %C
D Mean \Y
10% 1U/pl 22.951 22.577— | 1.7622 | 3,114,365.57 | 2,431,056- 23.72
+0.404 23.325 +738835.27 | 3,797,674
103 1U/ul 26.334 25.845— | 2.006 362855.86 | 246,188 — 34.76
+0.528 26.823 +126148.11 | 479,523
100 1U/pl 30.12 29.741—- | 1359 33625.86 | 24796 — 28.39
+0.409 30.498 19546.66 | 42455
10 U/l 33.507 32.928—- | 1.867 3559.14 2204 — 4913 | 41.14
+0.626 34.085 +1464.19
11U/ul 36.733 36.084— | 1.909 446.5714 | 265 - 627 43.77
+0.701 37.381 +195.48
0.1 1U/ul 38.274 37.243 - | 2913 --- -—--
+1.115 39.305
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Fig. 6.5. X-Y scatter of RT-PCR parameters of calibrators. Log concentration of
calibrators from 100 1U/ul to 0.1 1U/ul (2.0 to 0.1) or Cq versus RT-PCR parameters,

Slope at inflection point (A), Normalised fluorescence intensity (B), Efficiency (C).
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Fig. 6.6. X-Y scatter of RT-PCR parameters of HCV plasma sample, Cq of patients’
RNA from plasma versus different RT-PCR parameters like Slope at inflection point

(A), Normalised fluorescence intensity (B), and Efficiency (C).
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Table 6.4. Comparison of the four-parameters of the RT-PCR sigmoid fluorescence
amplification plots of HCV calibrators using SigmaStat software. F was the
fluorescence at cycle X (Cq), Yo was the ground fluorescence, ‘a’ is the difference
between maximal and the ground fluorescence, X was Cq, Xowas the Cq at inflexion

point and b was maximum slope.

Calibrator | ‘a’ b Xo Yo X F Xo-X
(IU/pl)
10 20.2729 | 2.0773 | 39.206 | 6.70759 | 32.22 | 7.386 | 6.99

10 24.2112 | 1.886 39.3375 | 8.7895 | 34.01 | 10.14 | 5.33
10 25.7811 | 2.0937 | 40.8141|8.3233 | 335 |91 7.31
10 22.3656 | 1.8933 | 39.6428 | 8.4653 | 33.08 | 9.1427 | 6.56
10 20.5581 | 1.90359 | 38.6846 | 9.7144 | 32.62 | 10.53 | 6.06
10 22.9024 | 1.7344 | 40.6231 | 9.9603 | 34.28 | 10.536 | 6.34
10 22.7419 | 1.9684 | 39.7613 | 9.2306 | 33.14 | 9.9912 | 6.62

1 39.8446 | 1.8714 | 43.2541 | 14.7843 | 35.85 | 15532 | 7.4
1 249178 | 2.2649 | 42.3836 | 6.74036 | 34.57 | 7.5071 | 7.81
1 17.3473 | 2.1951 | 41.9194 | 6.17212 | 34.72 | 6.8013 | 7.2

0.1 25.7495 | 1.827 43.7719 | 14.1018 | 37.66 | 14.978| 6.11
0.1 25.445 | 2.2399 | 44.4289 | 6.75031 | 36.42 | 7.4433| 8.01
0.1 17.1645 | 2.3965 | 44.8964 | 5.84132 | 37.19 | 6.5035 | 7.71
0.1 9.14513 | 2.7113 | 46.4256 | 4.70418 | 38.95 | 5.249 | 7.48
0.1 13.7538 | 1.9777 | 45.8297 | 5.03577 | 38.7 | 5.399 | 7.13
0.05 6.9934 | 2.0562 | 43.6005 | 5.02263 | 39.84 | 5.99 3.76
0.05 15.7508 | 2.1484 | 45.9363 | 5.487 40.17 | 6.4938 | 5.77
0.05 11.2654 | 2.0350 | 44.6149 | 5.28223 | 39.75 | 6.2273 | 4.86
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Fig. 6.7. X or Cq plotted with Xo — X of calibrators and diluted calibrators.
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Table 6.5. Comparison of the four parameters (Equation-2) of the real-time RT-PCR

sigmoid fluorescence amplification plots of patients’ plasma RNA sample using

SigmasStat software.

Cq range ‘a’ b Xo Yo X F X0 - X
33-36 | 19.7335| 1.7868 39.485 8.6092 33.24 9.19 6.25
19.9231 | 2.1437 38.7092 7.9987 334 9.5429 5.31
6.2332 3.0930 37.853 7.9781 33.46 9.1911 4.39
6.7297 7.7637 39.99 8.6503 34.48 10.868 5.51
20.81 2.0906 40.1808 8.3098 34.85 9.8 5.33
4.2005 4.2727 37.6852 7.8341 34.85 9.262 2.84
17.0118 | 1.9566 39.9054 8.1662 35.08 9.5 4.83
11.532 2.1081 41.2883 8.2021 35.61 8.9327 5.68
13.5604 | 2.1493 40.4807 13.7133 35.67 15.02 4.81
6.3929 2.2452 39.4484 9.0441 35.81 10.0997 3.64
36 -39 6.3427 2.2418 40.0264 8.6966 36.28 9.7 3.75
4.3266 6.8956 39.5365 8.4301 36.51 10.126 3.03
7.2049 1.8377 39.1442 8.2958 36.66 9.77 2.48
7.7843 1.6716 39.0451 8.4786 36.78 10.07 2.27
5.8827 1.8412 40.2013 8.2049 36.85 9.02 3.35
6.2262 1.8718 40.5925 8.2203 36.85 8.96 3.74
4.1829 | 12.3918 40.0081 7.9246 36.87 9.7526 3.14
5.5715 1.9175 40.47 8.0580 37.14 8.892 3.33
4.3103 3.2391 40.3466 7.5208 37.33 8.739 3.02
6.2442 2.0325 41.2297 8.2172 37.59 9.11 3.64
7.6439 1.6506 41.9932 8.2528 37.98 9.63 4.01
5.4055 2.7313 42.193 7.924 38.31 8.974 3.88
7.8317 1.6209 41.1921 8.3832 38.57 9.67 2.62
5.9012 2.4028 42.2238 8.8128 38.68 9.91 3.54
5.7768 2.302 40.1261 8.5370 38.81 10.621 1.32
8.3422 1.8583 41.7302 8.1171 38.9 9.6 2.83
6.958 1.8796 41.3865 7.7825 38.9 9.24 2.49
4.8305 3.0474 41.8397 7.9073 38.21 9.8228 3.63
4.4859 2.2255 41.5375 7.9289 38.70 9.7889 2.84
>39 3.0937 3.0001 40.6234 7.7645 39.12 9.8309 15
6.6398 1.8374 41.1432 8.1708 39.25 9.9171 1.89
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Fig. 6.8. X plotted with Xo — X of HCV plasma samples with low viral load.
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Table 6.6. Comparison of the selected parameters of the real-time RT-PCR sigmoid
fluorescence amplification plots of calibrators and patients’ plasma RNA sample using

SigmasStat software

Mean+SD 95% ClI %CV

Calibrators, Cq at 10 and 1 IU/ul or Cq 33 - 36 (n = 10)

Cq 33.648+0.863 33.03 — 34.265 2.56
a 21.642+3.321 | 19.265—24.017 15.34
b 2.088+0.3167 1.862 -2.315 15.16

Patients” Samples with Cq from 33 to 36 (n = 10)

Cq 34.645+0.9757 | 33.947 —35.343 2.8
a 12.613+6.4766 | 7.979 —17.245 51.34
b 2.961+1.841 1.6437 - 4.2782 62.17
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Fig. 6.9. Graphical evaluation of amplification plots of calibrators at low
template concentrations with LinRegPCR. Calibrators at 10 IU/ul for comparison

with low template concentration at 0.10 IU/ul and 0.05 IU/ul.
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Fig. 6.10. Graphical evaluation of amplification plots of patients’ sample at low

plasma viral load. Calibrators are for comparison with patients” amplification plot
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Fig. 6.11. Levey Jennings Plot of IC Cq from NTC (A) and IC Cq from S4 (B) with n
=30. UCL and LCL are upper and lower control limits at +3SD.
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Fig. 6.12. Levey Jennings plot of IC Cq from HCV QC-1 sample (n = 15).
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Fig. 6.13. Levey Jennings plot of IC Cq from patient’s plasma with Cq < 30, n = 27
(A),Cq30-36,n=24(B)and Cq>36.0,n=29 (C).
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Table 6.7. The summary of the Levey Jennings plot data of IC Cq in NTC, calibrators,

QC and patient samples given in Fig. 3—5. 1isindicates the number of events between

+1SD and +2SD. 1,swill mean the number of events between +2SD and +3SD. 13s

will mean the number of events outside +3SD.

NTC Calibrator S4 QC1 Patient RNA, Patient Patient
(n=30) (n=30) (n=15) Cg<30 RNA, Cq,30- sample,
(n=27) 36 (n =24) Cg>36 (n=
29)
Mean+SD 30.19+0.23 31.71+£0.74 33.17+0.61 32.87+2.10 31.97+0.74 33.14+1.41
95% ClI 30.11-30.28 | 31.43-31.98 | 32.83-33.51 | 32.041-33.71 | 31.66—-32.29 | 32.60 - 33.67
%CV 0.75 2.33 1.85 6.39 2.33 4.24
QC rules QC events
lis 8 7 4 5 2 5
1os - - - 1 2 -
13s - - - - - 1
215 1 2 1 - - -
225 - - - - - -
235 - - - - - -
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Table 6.8. Intra assay and inter lot comparison with First party QC reagents (Qiagen).

Intra Assay (Repeatability Inter Lot
on the same day) Previous Lot New Lot
Meant SD 32.728+0.277 32.884+0.558 | 33.29+0.336
%CV 0.85% 1.7% 1.01%
SDI 0.72759

Table 6.9. Internal Control in the assay matrix of first party quality control

Intra Assay on same day Inter Lot, Inter Assay
Previous Lot New Lot
Meanx SD 30.376+0.208 31.902+0.570 31.712+0.429
%CV 0.68% 1.7879 1.3516
SDI 0.333
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Chapter 7
Hepatitis C Virus RT-PCR amplification data
showed preanalytical influences of sample that can

affect the RT-PCR diagnostic outcome






7.1. ABSTRACT

Large number of third generation anti HCV antibody reactive
results were found to be RT-PCR negative. The discrepancy between these
results were analysed in this study. The variation in the internal control (IC)
Cq and fluorescence intensity showed sample influences on the RT-PCR
results in an earlier chapter. In this study, clinical cases selected and the
assays were designed in such a way that the preanalytical influences may be
observed directly in a particular case or cases. Tissue damaging conditions
were found to be a major cause of preanalytical variation. The first case was
an HCV RT-PCR positive patient, who underwent extensive surgical
procedures immediately after the positive RT-PCR. Within a few days after
surgery, the RT-PCR results became negative. The PCR product of the
sample was analysed and was confirmed to produce the 272 bp PCR product
of 5’UTR region before surgery. The preanalytical influences were also
found to be influencing the calibration plot. When there were preanalytical
influences on RT-PCR from patient sample, and when these assays were
repeated after two weeks, these influences were found to be decreased
resulting in decrease in Cqg. There was one sample which was negative,
became positive. These case studies demonstrated again that the
preanalytical influences on HCV RT-PCR affected the diagnostic outcome

of the patients.

7.2. INTRODUCTION

There are diagnostic issues with Hepatitis C Virus infection, where
large number of patients have no clinical symptoms (Orland JR et al, 2001),
low anti-HCV antibody levels (Zer Y et al, 2009), relatively low plasma viral
load (Barbara H et al, 2009; Simone A et al, 2005), spontaneous resolution
of HCV infection (Bulteel N 2016; Hofer H et al, 2003; Micallef J M et al,
2006) and there are issues resulting from occult HCV infection (De Marco
L et al 2009; Welker and Zeuzem, 2009, Carren™o V et al, 2008). Also, there
were interpretation issues with the second and third generation anti HCV
antibody screening assay results, and concerns related to the guidelines
proposed by Centre for Disease Control and Prevention (CDC) and WHO
(Alter J, 2003 for CDC, Barrera et al, 1995; WHO, 2001). The WHO-
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defined diagnostic criteria for HCV infection recommends a third-
generation screening assay followed by confirmatory RT-PCR assay (WHO,
2001, Barrera, J. M, 1995). As RT-PCR is a confirmatory test for diagnosis
of HCV infection, a wrong diagnostic outcome has serious consequences.
The diagnostic difficulties arising from the above discussed clinical aspects
of HCV infection were due to problems arising from (i) the sensitivity and
specificity of laboratory assays, (ii) clinical interpretation of laboratory
reports with large number of suspected ‘false reactive’ results from third
generation anti-HCV antibody screening assays and (iii) the follow up of
clinical cases of HCV infection which are affected by spontaneous
resolution of infection and due to occult infection, (iv) Long duration of RT-
PCR negative results from patients under anti-retroviral treatment.

Of the four above-defined problems, the issues related to sensitivity
and specificity of RT-PCR and clinical interpretation of laboratory reports
were taken up for in this study. The basic concepts of RT-PCR data analysis
were applied to analyse the influence of the HCV infected clinical plasma
samples. The data analysed were RT-PCR fluorescence amplification and
calibration plot data, along with PCR product and its sequence to understand
the clinical sample influence on sensitivity of RT-PCR.

The methods that might be used for data analysis were rate of
exponential fluorescence amplification (Ramakers et al, 2003; Ruijter et al,
2009), sigmoid amplification plot data analysis (Tichopad et al, 2003; Pfaffl,
2006), calibration plot data analysis (artus HCV Procedure manual),
fluorescence amplification efficiency calculated from these data, PCR
product size and product sequence.

Therefore, the research problem of this study was to understand the
influence of RNA isolated from plasma of patients on HCV RT-PCR assay,
especially when viral load is low.

There are influences on the four parameter amplification data of
patient’s sample (Spiess et al, 2008, Tichopad A et al, 2003). After initiation
of RT-PCR into diagnostic assays, the two controls used were non-template
control (NTC) and internal control (IC). NTC assay is done in a separate

assay tube along with the test and the standard assay tubes to detect PCR
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contamination from PCR products or from target sequences (Espy MJ, et al,
2006). IC is done in all the assay tubes by use of a heterologous amplification
system, unrelated to the target test sequence to detect RT-PCR inhibition
(Maaroufi Y et al, 2006), which is commonly seen in presence of drugs or
haemolysis (Satsangi, J et al, 1994, Byrnes, J. J et al, 1975).

Graphical observation of the RT-PCR fluorescence amplification
plot showed the possibility of influences on fluorescence intensity and slope
at inflection point of the amplification plot. These observations resulted in a
systematic search for patients’ samples or cases to demonstrate the sample

influences.

RT-PCR inhibition is detected by use of internal controls that use of
house-keeping genes unrelated to the template in each assay (Maaroufi et al,
2006). Contaminations are detected by use of non-template controls with
each set of assays in a run (Espy et al, 2006). RT-PCR inhibition is caused
typically in clinical samples by the influence of heme, hemin, hemolysed
plasma sample (Byrnes, J. J et al, 1975), heparin (Satsangi et al, 1994).
Common cause of RT-PCR inhibition is the inhibition of DNA polymerase
and reverse transcriptase. Those negative influences were clinically
excluded in this study by careful selection of samples that are unlikely to
show RT-PCR inhibition, and by repetition of assays showing RT-PCR
inhibition after decreasing the effect of these agents and conditions. Use of

hypochlorite, UV light and biosafety cabinet to control contamination

The primers for diagnostic RT-PCR are commonly targeted to
5’UTR conserved sequence (Bukh, J, 1992, Hoffman, Q. Liu, 2011).

The above reports and our preliminary observations lead to the

following research guestions: Are the RT-PCR assays sensitive enough to

detect the low viral counts of HCV? Are there any interferences that affect
RT-PCR assay, especially at low plasma viral load of HCV, affecting the
outcome of the assay? Can there be methods that can be designed to improve
the sensitivity of RT-PCR and detect the interferences on RT-PCR? This
observation also raises the suspicion of sensitivity of RT-PCR. Is it possible

that the large number of “false reactivity” in the screening assays associated
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with low circulating anti HCV antibodies may be the consequence of
insufficient sensitivity of detection of low plasma HCV viral load by RT-
PCR? The low reactive anti HCV antibody levels or concentrations are
detected by immunochemistry auto analysers having enhanced
chemiluminescence method of signal detection. Is it right to remove an
antigenic epitope from the anti-HCV antibody screening assays before
demonstration of cross-reactive antibodies and is it an answer to the former

research question?

The research hypothesis of the study was that there are HCV patients
sample influence on low viral load RT-PCR assays that might give negative
result. These negative results from RT-PCR may be the cause of false
reactive antibody assays from the reactive results of third generation
antibody assays. This was analysed in the study by evaluating the sample
influences on RT-PCR.

7.3. ORIGINAL OBJECTIVES

1. Establishment of the methods for evaluation by data analysis, test

validation, quality control and clinical state of the patient for Molecular
Diagnostic reporting of Hepatitis C infection.
2. Use of these procedures for confirmatory diagnosis of hepatitis C

infection, its plasma viral count determination and genotyping.
7.3.1. Aspects of the original objectives addressed in this chapter

The following research problems were addressed in this chapter for
part-fulfilment of the above two main objectives.

The research problem of this study was to understand the
preanalytical influence of RNA isolated from plasma of patients on HCV

RT-PCR assay, especially when viral load is low.

HCV RT-PCR assay sensitivity was discussed under Chapter 5. The
preanalytical influence in low viral load were also discussed in Chapter 5.
In this study, cases were selected to evaluate the preanalytical influences on
the diagnostic outcome of HCV RT-PCR. Also, studies were done to

overcome these influences.
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7.4. MATERIALS AND METHODS

7.4.1. Sample Collection and Anti-HCV antibody Screening assay

Blood samples were collected in vacuum tubes with clot activator
(red capped, 4 ml), mixed, allowed to clot for 10 minutes, centrifuged at
3000 rpm for 5 minutes in a table top centrifuge, serum was separated, and
clear serum samples were screened for the anti-HCV antibody with third
generation enzyme immunoassays. When screening assay showed reactivity
above the cut off limit, RT-PCR was done for confirming the diagnosis of
HCV infection. HCV RT-PCR was done directly, without reactivity to
antibody screening assay, in individuals frequently exposed to HCV
infection, such as patients on dialysis or repeated blood transfusion. This
was done to cover the long window period of HCV infection. Refer Details
4.5and 3.5.1.

7.4.2. Inclusion and Exclusion criteria

Inclusion criteria were reactivity to anti-HCV antibody and
exposure to HCV infection. Exclusion criteria were related to the
preanalytical condition of the patient, such as acute tissue damaging
disease conditions, patients on chemotherapy and who were heparinised
were found to influence the RT-PCR. These conditions were avoided as far
as possible. Sample collection was delayed till the condition subsides or was
overcome, up to a day or two for heparinised patients, or sample was
collected before the next intravenous injection. In all emergency and other
unavoidable circumstances, all the above preanalytical criteria were

overlooked, but the results of RT-PCR were analysed for influences.

7.4.3. Sample Collection for RT-PCR:
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When screening assays showed anti-HCV antibody levels above cut
off limit, Quantitative RT-PCR was done for confirming the diagnosis
of HCV infection. 4 ml of EDTA blood sample was taken from the patient
using EDTA-vacutainers, centrifuged and plasma sample, without
hemolysis, jaundice, cloudiness and without clot formation was used for
RNA isolation. In the later part of the study preanalytical variables were also
taken into consideration before collecting samples for HCV RT-PCR.
Plasma and RNA samples were stored immediately at -20°C and -80°C,

respectively, in aliquots. Refer Details 4.3.2
7.4.4. Calculation of viral load in plasma

Calculation of plasma viral load from Cq obtained by real time RT-
PCR of HCV infected plasma sample, and converted to concentration of the

template from the calibration plot.
Viral load (IU/ml of plasma)

_ (Patients’ result Cq as IU/pl from calibration plot) x Elution Volume (60 pl)
B Sample Volume (0.14 ml)

Refer Details 4.11.5.
7.4.5. The two cases and their diagnostic criteria

Case 1. Low viral load HCV positive with late amplification (Cq 36.51). CA
rectum, underwent surgery, HCV RT PCR done before, immediately after

and 4 days after surgery.

Case 2. HCV PCR negative, ovarian cancer, underwent surgery, Sample
taken before surgery, immediately after surgery, and 4 days after surgery.

For study of the influence of these samples on QS4 (1.0 and 0.5 1U/pl.
7.4.6. RNA lIsolation

HCV viral RNA Isolation was done from 140 ul plasma processed
with a QlAamp Viral RNA Mini Kit (QIAGEN, USA) according to
manufacturer’s instructions and eluted in 60 pl Elution Buffer. Eluted RNA
was stored at -20°C. Refer Details 4.6.

7.4.7. RT-PCR of HCV
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Each assay or a set of assays were done in Triplicates, with test
sample or several (patients’) sample, a standard with a known template
concentration (or calibrator) and a non-template control or NTC without
template (blank sample). RT PCR was done using Artus HCV RG RT-PCR
kit (Qiagen, Germany) based on Tagman probes by One step RT-PCR on
Rotor-Gene Q instrument. Master mix is prepared from Hep. C Virus Master
A (12 pl) and Hep. C Virus Master B (18 pl) with internal control (2 pl).
Add 30 pl of this mix into PCR tube and 20 pl of eluted sample RNA,
quantitation standards and Non template control. The cycling conditions
were entered as 50°C for 30 minutes when the reverse transcription took
place, 95°C for 15 minutes for initial denaturation, 95°C for 30s, 50°C for
60 s and 72°C for 30s repeated for 50 cycles. Fluorescence was measured at

50°C at each cycle.
7.4.8. Four Parameter Data analysis

Four parameter data analysis done using the equation given in

1
f=yo+ ‘

Refer Details 4.11.2 and 3.5.9.1.

7.4.9. Statistical Analysis

Fluorescence data and Cq were from Rotor-Gene Q software
2.3.1.49 (Qiagen), X-Y scatter plot, its trendline, correlation coefficient (R),
and coefficient of determinations (R?) were done by SPSS software.
SigmaStat 4.0 was used for data analysis of sigmoid amplification plot
(Systat Software, Inc, San Jose, USA). LinRegPCR program version 2020.2
was used for log transformation, calculation of slope and efficiency of the
initial exponential fluorescence amplification of individual plots (Rujiter et
al, 2009). Microsoft Excel was used as a medium for data transfer and

common statistical calculations.
7.4.10. Method validation

5’UTR primers selected (Bukh et al, 1992) used to amplify the

fragment and validated by sequencing from Aggregenome, Cochin. NCBI
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accession number obtained for 5’UTR was MT258412. Validation was
required as we did the qualitative PCR.

7.4.11. External Quality Control or External Assay Validation methods

External quantitative RT-PCR quality control was done by
interlaboratory comparisons with a NABL, India accredited laboratory.
Interlaboratory comparisons showed the z value of the deviation within £2
z value or standard deviations from the mean value and the required

difference between the log viral load concentration was <0.5.

All other details of Methodology were described under Chapter 4

where the general ‘Methodology’ was given.
7.5. RESULTS

7.5.1. Observation of preanalytical influence on RT-PCR in Case No. 1

After RNA isolation, RT-PCR was done on an HCV infected plasma
sample of a patient with carcinoma rectum (Fig. 7.1). RT-PCR fluorescence
amplification before surgery showed a Cq value of 36.51 (Fig.7.1A) which
increased to a Cq of 37.45 two hours after surgery (Fig. 7.1B). But RT-PCR
done three days after surgery, gave a negative result, indicating absence of
HCV or viral load below detection limit (Fig. 7.1C). The standard plot of 10
[U/ul corresponds to a calculated plasma viral load of 4280 [U/ml of plasma.
The calculated viral load of the plasma sample before surgery was 428
IU/ml, 2 hours after surgery was 390 IU/ml and 3 days after surgery was
negative (Table 7.1). These results indicated that after surgery there was a
decrease in calculated plasma viral load, and the outcome 3 days after
surgery was a negative RT-PCR result, indicating preanalytical influence on
the outcome of RT-PCR result.

As the viral load in Case No. 1 was very low, the presence of HCV
in plasma sample and the 5’UTR specific PCR product (272 bp) was
internally validated by synthesising primers for 5’UTR region (Bukh et al;
1992) followed by agarose gel electrophoresis for molecular size
determination (Fig. 7.2). The assay method was externally validated by

sequencing the internally validated PCR product using Sanger’s method and
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submitting the sequence to NCBI. At NCBI, the BLAST analysis showed
100% homology with 5°UTR region and identified as genotype 1 of HCV
with Accession No. MT258412.

7.5.2. Calibration plot extended to concentrations below the limit of
guantitative RT-PCR

The calibration plot for quantitative RT-PCR validated by the
reagent manufacturer (Artus HCV RG RT-PCR Kit of Qiagen, Germany)
was from 10! TU/ul to 10* TU/pl of 5’UTR template concentration in the
calibrator reagent. The 10! U/l calibrator was serially diluted 1 in 10 to
give 1 IU/ul and 0.1 TU/pl. Six assays were done with each of the calibrator
concentration. The mean of log calibrator concentrations versus mean=SD
of Cq were plotted (Fig. 7.3).

The %CV of Cq values of six sets of each calibration concentrations
obtained from 10* to 107 IU/pl are 1.81%, 1.489%, 2.525%, 1.92%, 2.087%
and 3.169%, respectively. These results indicated very good RT-PCR
calibrator performance till 1 TU/ul calibrator concentration. But the variation
increased to 3.169% at 10! IU/ul. The calibration plot constructed from the
above mean values gave an R? = 0.996, slope = -3.098 and PCR efficiency

= 1.1 indicating good calibrator performance.

The Standard Deviation of Cq values of six sets of each calibration
concentrations obtained from 10* to 107 TU/ul are 0.4409, 0.664, 0.4484,
0.6099, 0.767 and 1.211, respectively These results indicated that the
standard deviation increased at 1 and 10 IU/ul calibrator concentration as
indicated by the error bar (Fig. 7.3).

7.5.3. Sample influence on RT-PCR calibration plot by Case No. 2

If there is a preanalytical influence on RT-PCR by RNA isolated
from plasma sample of patient, then it may be possible to set up an
experimental system to reproduce that influence on the HCV 5’UTR
templates in the RT-PCR calibrators. The manufacturer’s (Qiagen,
Germany) validated quantitative HCV RT-PCR calibrators ranged from 10*
IU/ul to 10! TU/ul in the calibrator. To verify this, equal volume (10 pl) of
calibrator and RNA sample isolated from an HCV RT-PCR negative cancer
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patient before surgery was added to the master mix for RT-PCR. The results
showed a consistent increase in Cq on addition of RNA isolated from plasma
(Fig. 7.4). These results indicated that even at higher template
concentrations (10% TU/ul to 10! TU/ ul) the quantitative RT-PCR showed

influences by nonspecific RNA from the patient’s sample.

The wider difference between the calibration plots at lower template
concentrations indicate that the preanalytical influences are higher at lower
concentrations (Fig. 7.4). The difference between the pairs of Cq values are
much greater than the SD of the calibration plot (Fig. 7.3) from 0.4409 to
0.664.

To study the preanalytical influence of the sample of a cancer patient
before surgery, RNA was isolated from the sample and equal amounts of the
isolated RNA was added to the different concentrations of calibrator. RT-
PCR of the calibrators was done with and without the RNA isolated from
the HCV negative cancer patient sample. There was increase in Cq value of
the calibrators when RNA sample was added to it (Fig. 7.5A and Fig. 7.5B).

Influence on RT-PCR of RNA isolated from an HCV negative cancer
patient sample on 10* TU/ul and 1 IU/ul calibrator before and 3 days after
surgery were studied (Fig. 7.5A and Fig. 7.5B). The influence of the RNA
isolated from the patient on the 10! TU/ul and 1 TU/ul calibrator before (Fig.
7.5A) and 3 days after surgery (Fig. 7.5B) showed increase in Cq before
surgery and a negative result in 1 TU/ul after surgery. The Cq values showing
influence on RT-PCR of RNA isolated from an HCV negative cancer patient
before and after surgery (Table 7.2).

7.5.4. Quality control data

The Mean + SD and %CV of calibrators obtained are 10* TU/ul=
33.615+0.6099, 1.81; 10% IU/ul= 30.118+0.4484, 1.489; 10° TU/ul=
26.29+0.664, 2.525 and 10* TU/ul= 22.9366+0.4409, 1.92. The Standard
deviations Mean + SD and %CV for the lower concentrations at 1 IU/ pl and
0.1 TU/ pl were 36.7466+0.767, 2.087 and 38.22+1.211, 3.169 respectively
(Fig. 7.3).
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7.5.5. Comparison of data analysis of RT-PCR amplification plots of

calibrator and patient samples

Data analysis was done for HCV standard (10 IU/ul), sample with
high, moderate and low plasma viral load. The four-parameter equation gave
a fluorescence estimation (Fe or f) using the value of Ct at fluorescence (F)
at 0.05, slope (b), Ct at inflexion point (Xo), Baseline fluorescence (Yo) and
the difference between maximum and baseline fluorescence (a). Of the four
parameters characteristic of the sigmoid RT-PCR amplification plots, the
fluorescence intensity change and slope showed maximum influence with
decrease in template concentrations in both calibrators and patient samples
(Table 7.3).

The different parameters of the sigmoid fluorescence amplification
plots studied were Cq at a threshold fluorescence of 0.05, slope and Cq at
inflection point and difference in fluorescence between maximum
fluorescence and baseline fluorescence. When these parameters of the
fluorescence amplification plots were examined, maximum influence is on

the slope at inflexion point and AF.

The Cq of calibration from log 10 IU/ul to log 0.1 IU/ul were plotted
against slope at inflection point for the calibrator (Fig. 7.6A) and the patient
sample (Fig. 7.6C). It was observed that the slope decreases as Cq values of
the calibrators increase. But the Cq versus slope of the patient sample
showed a sharper decrease in slope as the Cq value increased. Similarly, AF
decreased less when the Ct value increased in the calibrators (Fig. 7.6B) and
AF decreased much more upto near zero change in fluorescence as the Cq
increased in the patient sample. These results indicated that slope and AF
showed a sharper decrease in the slope and AF in the patient sample (Fig.
7.6D).

7.5.6. Sample amplification and Internal control amplification

Preanalytical influences on RT-PCR were found to be decreased
resulting in decrease in Cq and one sample which became positive. These
results confirmed that there are preanalytical influences in these cases. In the
case of sample 1, the Cq of HCV RT-PCR and its IC template were found
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to decrease after two weeks. In sample 2, PCR negative patient became PCR
positive after two weeks. In sample 3, there was a large decrease in Cq in
HCV template and in Internal Control (Fig. 7.7A to Fig. 7.7C and Table 7.4).

7.6. DISCUSSION

Common interferences observed in clinical diagnostic RT-PCR are
shift in threshold cycle (Cq), decrease in fluorescence intensity, change in
slope of the RT-PCR fluorescence amplification plot and PCR inhibition. In
this study we are examining the first three influences. The fourth, PCR
inhibition, is caused typically in clinical samples by the influence of various
drugs, especially heparin. Those conditions were excluded in the study or
assays showing RT-PCR inhibition were repeated after decreasing the effect

of drugs.

There may be larger amounts of non-HCV RNA contaminating the
plasma samples from tissues injury which resulted in the nonspecific
amplifications that interfered with the low plasma viral loads in HCV
infection. Observational verification of the research hypothesis was done by
defining certain case studies for the HCV RT-PCR. An experimental system
using calibration plots were designed to support the observational study
from these cases. Further experimental evidences were obtained from data

analysis of the fluorescence amplification plots.
7.6.1. Observational study for the preanalytical influences

Results from Fig. 7.1 showed that preanalytical influences on
samples could affect the diagnostic outcome of RT-PCR, especially when
the plasma viral load is low. The possible preanalytical influences may be
from the nonspecific RNA or components of plasma co-purified with RNA
during RNA isolation procedure, influencing RT-PCR, resulting in shift of
the plot to higher Cq values and corresponding lower viral loads two hours
after surgery, and then to even an absence of viral load three days after
surgery. There may be several explanations given for this phenomenon. But
the most reasonable explanation seems to be that the greater quantity of non-
HCV RNA isolated from the plasma sample after surgery or tissue injury

may bind primers, causing non-specific RT-PCR amplifications. The
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resulting non-specific amplification products may consume primers which
caused an increase of Cq values. The inflammatory activities associated with
tissue repair occurring three days after surgery, may also cause cell and
tissue lysis resulting in release of RNA and DNA that may lead to non-
specific amplifications, that resulted in the zero Cq values upto the fifty

cycles set by the instrument.

The other possible explanation may be that viral load was decreased
by the innate immune responses that followed surgical procedures. This may
include the acute inflammation at the site of surgery. Inflammation causing
decrease in the low viral load below detection limit, or converting to cryptic
infection or overcoming the disease by the innate immunity repair
mechanisms associated with the inflammation. But the viral load was found
to return back or even increase when the tissue damaging condition was
overcome. After 2 weeks. The decrease in viral load or a negative RT-PCR
result during tissue damage may not be due to overcoming of the infection
or due to occult infection

7.6.2. Experimental study for the preanalytical influences:

There were two types of experimental studies done to prove the
preanalytical influences. The first was an interventional study on a case with
low plasma HCV viral load. An intervention of the diagnostic RT-PCR
procedure by a surgical procedure that caused tissue damage was designed
to mimic the influence of tissue injury. The surgery caused RT-PCR
inhibition resulting in increase in Cq or even converting a positive result to
a negative one (Fig. 7.1). The other preanalytical influence resulted in

decrease in fluorescence intensity and the slope at inflection point.

The second interventional study was to use validated calibrator
concentrations supplied by the manufacturer which includes four calibrator
concentrations from 10 IU/pl to 10,000 1U/ pl. The demonstration of
preanalytical influences of calibrators showed a consistent shift in Cq value
at all concentrations demonstrating the influence of RNA isolated from
plasma sample of an HCV negative ovarian cancer patient before surgery.
At this point even though the preanalytical influences at higher
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concentrations were minimal it could be clearly demonstrated even at higher

concentrations.

The increase in Cq of calibrator by the RNA sample isolated from
the HCV negative patient sample indicates the possible non-specific
amplification that may be leading to shift in Cq values. The data analysis

showed increase in variation as the concentration of calibrator decreased.
7.7. CONCLUSIONS

The preanalytical influence on HCV RT-PCR were analysed by
selecting HCV RT-PCR positive cases that were to undergo surgery and
repeating RT-PCR. Studies were also designed on HCV RT-PCR positive
cases that had tissue damaging conditions. In these cases the Cq value
decreased or the negative result became positive indicating high viral load
when tissue damaging conditions were decreased. These results also
indicated that whenever there was a preanalytical influence on the RT-PCR
assay, the assay may be repeated after two weeks to obtain a more correct
result. The study strongly indicated preanalytical influence were more
prominent when HCV viral load was low. Even HCV negative patient
samples in the presence of tissue damaging conditions were also found to
influence and increase the Cq value of the calibrators.
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Fig. 7.1. RT-PCR fluorescence amplification plot of RNA isolated from an HCV
infected plasma samples of Case 1 with low viral load, 2 days before surgery
(A), 2 hours after surgery (B) and 3 days after surgery (C). Each of these three
assay sets has 3 RT-PCR fluorescence amplification plots, standard of 10 IU/ul
(S), test (T) and blank (NTC) from left to right with Ct values as follows: (A) S
=32.51,T=36.51, NTC=0; (B) S=32.38, T =37.45, NTC =0; (C) S =32.55,

T=0,NTC=0.
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Table 7.1. RT-PCR fluorescence amplification Cq analysis of RNA isolated from an

HCYV infected plasma samples of Case 1 with low viral load

Sl Name Type Cq Concentration
No (1U/ ul)
1 Before Surgery
QS4 (10 1U/ ul) Standard 32.51 10
Case 1l Unknown 36.51 1
NTC Non-Template Control
2 2 hours after surgery
QS4 (10 1U/ ul) Standard 32.38 10
Case 1l Unknown 37.45
NTC Non-Template Control
3 3-4 days after surgery
QS4 (10 1U/ ul) Standard 32.55 10
Case 1 Unknown
NTC Non-Template Control
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Fig. 7.2. Agarose gel electrophoresis of PCR product of Case 1. 100 bp DNA ladder (1),
PCR product 5’UTR, ca e 1 (2) and NTC (3)

Fig. 7.3. Calibration plot extended to concentrations below the limit of
quantitative RT-PCR. The calibration plot validated by the reagent
manufacturer (Artus HCV RG RT-PCR Kit of Qiagen, Germany) includes
calibrator concentration from 10 IU/ul to 10* TU/ul of 5° UTR template
concentration. Each calibrator assay contains an internal assay control. In
addition to the recommended calibrator concentration, the 10* IU/ul calibrator
was diluted 1 in 10 concentration (1 IU/ pl), which was further diluted 1 in 10
to 0.1 TU/ pl. Six assays was done with each of the calibrators and the Mean =+

SD of log calibrator concentration versus Mean + SD of Ct were plotted.
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Fig. 7.4. Concentration versus Cq to study preanalytical influence of the sample
of a cancer patient (Case 2) before surgery, RNA was isolated from the sample
and equal amounts of the isolated RNA was added to the different
concentrations of calibrator. RT-PCR of the calibrators was done with and
without the RNA isolated from the HCV negative cancer patient sample,
increased the Cq value of the different calibrators.
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Fig. 7.5. RT-PCR fluorescence amplification plot of RNA isolated from an
HCV negative cancer patient sample on 10! TU/ul and 1 TU/ul calibrator before
(Fig. 7.5A) and 3 days after surgery (Fig. 7.5B) were used to study the influence

on RT-PCR. Internal control amplification is seen at the right side.
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Table 7.2. Influence on RT-PCR of RNA isolated from an HCV negative cancer
patient before and after surgery

SI. No Name Cq IC Cq
1 Before Surgery

10 IU/ul QS4 33.19 31.19

2 IU/ul Qs4 37.77 31.06

10 1U/ul QS4 + 10 ul Case 2 35.23 32.10

2 ul QS4 + 10 ul Case 2 make up with 36.29 30.85
sterile water

2 3-4 days after surgery
10 ul QS4 + 10 ul Case 2 35.72 32.93
2 ul QS4 + 10 ul Case 2 (make up with 0 32.29

sterile water)
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Table 7.3. Data analysis of RT-PCR amplification plots. Data analysis was

done for HCV standard (10 IU/ul), sample with moderate and low plasma viral

load. The four-parameter equation gave a fluorescence estimation (Fe or f) using

the value of Cq at fluorescence (F) at 0.05, slope (b), Cq at inflexion point (Xo),

Baseline fluorescence (Yo0) and the difference between maximum and baseline

fluorescence (a).

Calibrator/ HCV X b Xo Yo a F
Samples

Calibrator (10 33.61 | 2.035| 39.5034 | 5.84279 | 12.6829 | 6.506963
10/ul)
Sample with high 28.28 | 2.45 | 35.6542 8.564 24.733 9.7264
viral load
Sample with 31.62 | 1.819| 37.0272 | 4.74647 | 9.14928 | 5.19168
moderate viral load
Sample with low 37.63 | 3.477 | 38.0963 | 5.03932 | 1.59964 | 5.78559

viral load
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Fig. 7.6. The different parameters of the sigmoid fluorescence amplification
plots, Cq versus slope, % relative fluorescence intensity of calibrators and
HCV plasma samples.
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Fig.7.7. Amplification plot and Internal Control amplification plot
samples that showed inhibition and shift in Cq (Fig. 7.7A to Fig. 7.7C).
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Fig. 7.7C - Sample 3
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Table 7.4. Cq difference of Sample and Internal control amplification with and without

inhibition
Cq of Sample with Cq of Internal Control with | Relative
Inhibition (Cq without Inhibition (Cq without Fluorescence
Inhibition) Inhibition) Intensity
Sample 1 29.23 (27.96) 36.92 (33.62) 50% (no
inhibition)
Sample 2 PCR Neg (35.90) 33.31 (33.35) 90% (no
inhibition)
Sample 3 37.50 (31.39) 33.80 (31.85) 40% (20%
inhibition)
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Chapter 8

Reactive concentrations of anti-Hepatitis C Virus
antibody distribution in screening assays showed similar
bimodal distribution in both gRT-PCR positive and

negative samples






8.1. ABSTRACT

Hepatitis C virus (HCV) infection is characterised by low antibody levels,
low viral load and almost no symptoms. Diagnosis of HCV infection is done by
screening for anti-HCV antibody by the third-generation assay followed by
confirmation of the diagnosis by HCV RT-PCR of samples reactive for anti-HCV
antibody. The reactive anti-HCV antibody concentrations may be RT-PCR positive
or RT-PCR negative. Samples were collected after excluding patients with tissue
damaging conditions and influence of drugs, as far as possible. RT-PCR assay was
done after preanalytical control of samples to decrease non-specific influences,
probably of nucleic acids and drugs, immediate isolation of RNA from EDTA-
plasma. Distribution of the concentrations of anti-HCV reactive antibody were
plotted as a histogram. There were two distribution clusters for anti-HCV antibody,
the lower antibody cluster was between 1.0 and 15.0 and the higher antibody cluster
was between 15.0 and 42. Each of the two reactive antibody clusters had HCV RT-
PCR positive and negative groups. The two antibody clusters in the antibody
distribution of histogram were found to have both RT-PCR negative and positive
samples, indicating that both clusters might have occult and positive HCV infection.
These results questioned the large number of ‘false reactivity’ issue with the third

generation anti-HCV antibody assays.
8.2. INTRODUCTION

Hepatitis C virus (HCV) infection is a disease in which large number of
individuals have low levels anti-HCV antibody, low viral load and with very mild
or no symptoms of infection. The low antibody levels and low viral load in
circulating plasma were also confirmed in our studies. As the clinical symptoms
were absent or low, near to 100% of the detection of infection by screening followed
by confirmation of diagnosis of HCV infection was made in the clinical laboratory.

Diagnosis of HCV infection required a ‘screening’ enzyme immunoassay
(EIA) that reported reactive levels of anti-HCV antibody above a cut off, followed
by ‘confirmation of diagnosis’ by real time reverse transcriptase-PCR (real time
RT-PCR) or western blotting. A screening EIA may be reactive or non-reactive
when the signal level was above or below a cut off, respectively. Increasing the

sensitivity of the screening assays for anti-HCV antibody were required to detect
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almost all infected samples with near 100% sensitivity. Sensitivity of screening
EIAs were increased by use of third generation assays, having high seroconversion
detection rates and EIA signal detection by enhanced chemiluminescence or
fluorescence (Ritcher, 2002; Vitros ECi procedure manual HCV, 2005). A
preliminary screening assay excluded large number of nonreactive samples, thus
reducing the number of confirmatory assays which were much more expensive and

with long turnaround times.

The third generation anti-HCV screening assay are directed to detect antibody
against epitopes located on three different stretches of amino acid sequences on
HCV proteins. These three antigenic regions for screening assay are located in the
Core (a.a 2-120), NS3-NS4 (a.a 1182- 1931) and NS5 (a.a 2054- 2995) regions
(Barrera, 1995). The primers for diagnostic RT-PCR are commonly targeted to
5’UTR conserved sequence (Bukh, J, 1992, Hoffman, Q. Liu, 2011). But the
commonly used second-generation anti-HCV antibody screening assays exclude
the NS5 epitopes.

A ‘false reactive’ report is one where the anti-HCV antibody screening assays
are reactive and HCV RT-PCR is negative. There were large number of ‘false
reactive’ reports with third generation anti-HCV screening assays. The numbers
were too high to be assigned only to cross reactive antibody alone. But the
commonly used anti-HCV antibody screening assays are the second-generation
assays. This assay excludes the NS5 epitopes, on the suspicion that antibodies
against NS5 detects large number of cross-reactive antibodies leading to false
reactivity. A curious observation for the third generation anti-HCV screening assays
in our preliminary studies, was that large number of “false reactive” screening
results were clustered at the low reactivity range which might have provoked ‘CDC

and Disease Prevention’ to raise the cut off level of reactive screening assays to 8.0
from 1.0 (Alter J, 2003, Kamili et al, 2012).

Also, there were interpretation issues with anti HCV antibody screening
assay design by manufacturers (2" and 3™ gen) and guidelines proposed by
regulatory authorities (Alter J, 2003, CDC). The WHO-defined diagnostic criteria
for HCV infection recommends a third-generation screening assay followed by
confirmatory RT-PCR assay (WHO, 2001; Barrera, 1995).
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Increasing the sensitivity of screening assays resulted in large increase in the
detection of reactive levels of anti-HCV antibody in serum samples. The large
increase in reactive screening assays reports and absence of symptoms in HCV
infected individuals often lead to questions among clinicians about the usefulness
of screening assay with high seroconversion detection rates, dumbed most reports
as ‘false reactive’ (personal experience) and even attempted to raise the cut off
levels of reactive anti-HCV antibody levels (Kamili et al, 2012) to match it with the
cut off levels of absorbance or colour-based, second-generation EIA. This
subjective and hypothetical method of branding reactive reports of screening assays
with high seroconversion detection rates as ‘false reactive’ was examined in our

laboratory and results are reported in this publication.

We hypothesised that the large number of ‘false reactive screening assay’
reports were due to (a) insensitivity of RT-PCR assays and (b) due to occult HCV
infections. As the plasma viral loads were low, the issue of lowering the limit of
detection for assaying the viral loads by RT-PCR was taken up. The sensitivity of
RT-PCR was increased by controlling the preanalytical procedures of the
assay that involves (a) plasma sample collection, (b) RNA isolation and (c) cDNA
preparation from plasma. Preanalytical control of RT-PCR assays were achieved
by collecting PCR blood samples when tissue damaging conditions were lowest
(eg: avoiding PCR in the post-operative state, during acute infection and crush
injuries, etc.), avoiding conditions in which there may be PCR inhibition (use of
drugs such as heparin), and performing RNA isolation and RT-PCR immediately
after blood sample collection in the morning (to avoid RNA degradation). These
precautions were taken to reduce contaminating RNA, PCR inhibition and RNA
degradation. It was also hypothesised that these precautions increased the
sensitivity of RT-PCR and the results are given in this chapter.

This study we analysed the distribution and frequency of distribution of anti-
HCV antibody in the non-reactive and reactive screening assays, and in the RT-
PCR positive and negative samples after taking the preanalytical precautions for the
RT-PCR assay.
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8.3. ORIGINAL OBJECTIVES

1. Establishment of the methods for evaluation by data analysis, test validation,

quality control and clinical state of the patient for Molecular Diagnostic reporting

of Hepatitis C infection.

2. Use of these procedures for confirmatory diagnosis of hepatitis C infection, its
plasma viral count determination and genotyping.

8.3.1. Aspects of the original objectives addressed in this chapter

Data analysis of anti-HCV antibody concentrations to understand its
distribution, its role in screening for HCV infection, and attempts will be made to
evaluate issues of ‘false reactivity’ and occult infection. Studies also will be
attempted to evaluate the relationship of antibody reactivity to HCV RT-PCR

results.
8.4. MATERIALS AND METHODS

Research design was observational cross-sectional study with case control.
Institutional research and ethics committee permissions were obtained (Ref.
General Methods).

8.4.1. Sample Collection and Preparation for anti-HCV antibody assay

Collect specimen using standard procedure. 2 — 4 ml of morning blood
sample was collected from individuals after describing the details of the project in
vernacular language, showing the patient information sheet and getting the
signature in the consent form. 4 ml of blood was collected in vacuum tubes with
clot activator. Blood sample was centrifuged to prepare serum which was used
immediately or stored in aliquots at -20°C. The VITROS Anti HCV assay uses 20
pl serum sample. Mix samples, calibrator and controls by inversion and bring to
15-30°C before use. Blood samples should be completely separated from cellular
material or it may lead to erroneous result. Blood samples of patients were routinely
screened before surgery or invasive procedures for anti-HCV antibody by a third-
generation assay in an immunochemistry autoanalyzer with enhanced
chemiluminescence detection method (Ortho Clinical diagnostics, Vitros ECi).
When the anti-HCV antibody levels were above a cut off of 1.00, HCV RT-PCR
was done to confirm the diagnosis of HCV infection. When the antibody levels were

<0.89, the sample was considered nonreactive for anti-HCV antibody and reported
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as negative for HCV infection. When the antibody levels were between <0.90 and
<0.99, the assay was repeated and the antibody levels were reported as borderline
reactive. RT-PCR was also done for the borderline reactive samples for
confirmation of HCV infection. Refer Details 4.5, 4.9 and 3.5.1.

8.4.1.1. Anti-HCV antibody Screening tests

The VITROS Anti-HCV assay uses 20 pl serum sample. Mix samples,
calibrator and controls by inversion and bring to 15-30°C before use. Blood
samples should be completely separated from cellular material or it may lead to
erroneous result. Blood samples of patients were routinely screened before surgery
or invasive procedures for anti-HCV antibody by a third-generation assay in an
immunochemistry autoanalyzer with enhanced chemiluminescence detection
method (Ortho Clinical diagnostics, Vitros ECi). Samples were incubated in wells
containing antigenic epitopes, washed, incubated with anti-antibody linked to
peroxidase enzyme. Washed again to remove the unbound antibody and then

incubate with signal reagent and chemiluminescence signals were detected.

The VITROS Anti-HCV assay is performed using the VITROS Anti HCV
Reagent pack and VITROS Immunodiagnostic Products Anti-HCV calibrator on
the VITROS ECI/ECiQ Immunodiagnostic system. An immunometric technique is
used. This involves a two-stage reaction. In the first stage, HCV antibody present
in the sample binds with HCV recombinant antigens coated on the wells. Unbound
sample is removed by washing. In the second stage, horseradish peroxidase (HRP)
labelled antibody conjugate (mouse monoclonal anti-human IgG) binds to any
human 1gG captured on the well in the first stage. Unbound conjugate is removed

by washing.

A reagent containing luminogenic substrates (a luminol derivative and a
peracid salt) and an electron transfer agent, is added to the wells (Summers M et al,
1995). The HRP in the bound conjugate catalyses the oxidation of the luminol
derivative, producing light. The electron transfer agent increases the level and
duration of the light produced. The light signals are read by the VITROS
immunodiagnostic System. The amount of HRP conjugate bound is indicative of
the level of anti-HCV present in the sample.

8.4.2. Sample Collection and Preparation for RNA isolation

8.4.2.1. Inclusion and Exclusion criteria
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Inclusion criteria were reactivity to anti-HCV antibody and exposure to
HCV infection. Exclusion criteria were related to the preanalytical condition of
the patient, such as acute tissue damaging disease conditions, patients on
chemotherapy and who were heparinised were found to influence the RT-PCR.
These conditions were avoided as far as possible. Sample collection was delayed
till the condition subsides or was overcome, up to a day or two for heparinised
patients, or sample was collected before the next intravenous injection. In all
emergency and other unavoidable circumstances, all the above preanalytical criteria

were overlooked, but the results of RT-PCR were analysed for influences.

2 — 4 ml of EDTA-treated morning blood sample was collected from
individuals after describing the details of the project in vernacular language,
showing the patient information sheet and getting the signature in the consent form.
Samples will be collected in the Clinical Laboratory, Out Patients section or in the

wards at Amala Institute of Medical Sciences.
8.4.2.2. RNA isolation and RT -PCR

Real-time RT-PCR technology may provide an accurate and sensitive
method to quantify HCV RNA. PCR was based on the amplification of specific
regions of the HCV genome in the blood sample 1-3 weeks after infection. In real
time RT-PCR the amplified product was detected via fluorescent dyes. These were
usually linked to oligonucleotide probes that bind specifically to the amplified
product. Monitoring the fluorescence intensities during the PCR run allows the

detection and quantitation of the accumulating product.

When the anti-HCV antibody levels were above a cut off of 1.00, RT-PCR
(Rotor Gene Q 5 plex HRM, Qiagen), kits and reagents (Artus HCV RG RT-PCR
kit reagents and QlAamp viral RNA mini kit) used to confirm the diagnosis of HCV

infection.

8.4.3. Statistical Data Analysis

Biostatistical methods used in this study are defined and described below.
Statistical data analysis was done mainly by SPSS. Statistical analysis and
estimation of the data generated by the screening anti-HCV antibody assay and from
the RT-PCR fluorescence amplification data were done. SPSS used for calculating

distribution characteristics such as the mean, median, mode, range, standard
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deviation, interquartile range, S.E of mean, 95% confidence interval, X-Y scatter

plots, Histogram, Distribution frequency, t tests, correlations, etc.

Measures of Central Tendency, Average measures that describe the
central aspects of a data are called averages. An average summarizes all the
characteristics of entire mass of data. Most of the items of the series are clustered
around the average, so it is called as measure of central tendency. Arithmetic mean

is the sum of all the observations divided by the number of observations
Mean = sum of all the observations/ Total number of observations

Median is the value of the middle item of a given series of data arranged in

ascending or descending order of magnitude.
Median = value of the item (n +1) / 2

Mode is the most frequently occurring value in a sample. A sample with a
single mode is referred as unimodal. If it has two mode it is called as bimodal and

more modes as polymodal or multimodal. If no mode, it is no modal sample.

A measure of dispersion (also called measure of variation, scatter, spread)
is to describe the extent of scattering of items around a measure of central tendency.
Different types of measure of dispersion used here. Range is the minimum and
maximum value of the given series of data (Gurumani, 2005). Standard deviation
is defined as the square root of the arithmetic mean of the squared deviation of the
various items from the mean. The mean squared deviation is called the variance.

Therefore, the square root of variance is the standard deviation.

Coefficient of variation (CV) is also known as relative standard deviation
(RSD). It is a measure of dispersion of a probability distribution or frequency
distribution. CV is defined as the ratio of standard deviation to the mean and is
expressed as percentage. It is widely used in analytical chemistry to express the
precision/bias, and repeatability of an assay.

959% Confidence Interval of Mean is a range of values which can be
confident including the true values. A confidence interval for the estimated mean
extends to either sides of the mean by a multiple of the standard error. 95%
confidence interval was calculated by multiplying standard error by 1.96 and then

identifying the range by adding and subtracting the value from mean.
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Frequency Graphs, Histogram is the graphical representation of
continuous frequency distribution. The X-axis has the true class intervals, and the
Y-axis, the frequencies. The bars are of equal width indicating that the class-
intervals are of equal width. The height of the bar is proportional to the respective
frequency. Therefore, it may be said that the area (length x breadth) of each bar is

equal to the total of all the frequencies.

X-Y Scatter diagram is an easy and simple method for studying correlation
between two variables. If X and Y are pairs of variables, the values of the variable
X are marked in the X — axis and the values of variable Y are marked in the Y axis.
A point is plotted against each value of X and the corresponding Y value. A swarm
of dots is obtained, and this is called the scatter diagram. From this scatter diagram
we can understand about the correlation between the variables whether it is positive

correlation or negative correlation.

All other details of Methodology were described under Chapter 4 where the

general ‘Materials and Methods’ were given.
8.4.4. Calculation of frequency distribution

Calculation of frequency distribution of sample per unit
chemiluminescence signal range (c) divided by sample number (n). Calculation of
anti-HCV antibody reactivity per unit chemiluminescence signal (r) was by
dividing the sample number by the chemiluminescence signal range, which gives
the sample number per unit chemiluminescence range (r, r=n/c). The frequency
distribution of the sample per unit chemiluminescence signal will be r/total sample
number (N) (Table 8.3).

8.5. RESULTS

8.5.1. Analysis of the Distribution of Non-reactive, Borderline reactive and

Reactive levels of anti-HCV antibody

Distribution of nonreactive and reactive anti-HCV antibody levels may give
us information regarding the antibody response to the virus. There were two sets of
serum samples collected independently of each other for this study: the non-reactive
anti-HCV antibody samples with enhanced chemiluminescence signals between
0.00to 0.89, with n =1014, and the reactive anti-HCV antibody samples with signal
levels between 0.90 to 42.1, with n =534 (Fig. 8.1A and 8.1B; Table 1). The non-
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reactive range was further split into 0.0 — 0.39 (n = 997) and 0.4 — 0.89 (n = 17).
The latter range was again split into 0.4 to 0.64 (n = 10) and 0.65 — 0.89 (n = 7).
The non-reactive samples were very large in number, they were collected only for
a shorter pre-fixed continuous period of 10 am to 3.30 pm on each day, and the
sample collection was independent of the reactive sample collection (Table 8.1 and
Table 8.2).

The range >0.90 and <0.99 (n = 28), were considered as borderline reactive
(Vitros ECi, procedure manual), and the reactive range was from 1.0 to 42.1 (n =
506). The reactive and borderline reactive samples were subjected to RT-PCR for
HCV from plasma prepared from EDTA-treated blood. All the samples with
reactivity >0.90, available in our clinical laboratory for a period of four years were
collected and subjected to RT-PCR. As the samples with nonreactive and reactive
levels of antibody levels were collected independent of each other, the data could
not be used to calculate prevalence (Table 8.1 and Table 8.2).

The mean non-reactive antibody level was 0.07, the median was 0.04 and
the lowest visually located mode was 0.02 (SPSS output had multiple modes). 95%
confidence interval (Cl) of mean was 0.0638 to 0.0756. Of the total nonreactive
samples between 0.00 to 0.89, 97.14% of samples were falling below 0.30. The
nonreactive distribution was positively skewed with very few samples from signal
levels 0.4 to 0.89, inclusive of both values (n = 17) (Table 8.1 and 8.2). We propose
that the samples between 0.40 to 0.89 (range: 0.89 — 0.40 = 0.49) may be considered
as the cross-reactive antibody range (genuinely false reactive), as they were outliers
of the non-reactive antibody range from 0.0 to 0.89. The genuinely false reactive
sample frequency per unit signal range decreased from range 0.4 — 0.64 (n = 10) to
0.65 — 0.89 (n = 7), and then further decreased in the range 10.0 — 15.0 with RT-
PCR negative (n = 12) (Table 8.1 and Table 8.2). This is demonstrated below.

Histogram of the distribution of all antibody reactive samples in the past four
years showed a bimodal distribution (Fig. 8.2A and 8.2B), with bulk of the antibody
reactive samples between 1.00 and 3.00 and a weaker distribution between 20 and
38 (Fig. 8.1B).

Both the RT-PCR positive samples and PCR negative samples, also showed
similar bimodal distribution as described above for the total antibody reactive

samples (n = 534). The two clusters of lower (0.4 to 16.0) and higher antibody
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reactivities (16.0 to 42.1) were analysed for their distribution in RT-PCR negative
(Fig. 8.3A and B) and RT-PCR positive (Fig. 8.3C and 8.3D) groups.

8.5.2. Theoretical calculation of the number of ‘genuine’ false reactive sample

numbers between antibody signal from 0.4 to 42.1

The total number of samples between 0.4 —0.89 was 17, and that between 0-
90 - 42.1 were 534 obtained from Table 1. Of these total numbers, the reactive
numbers at various chemiluminescence range were calculated from the data in
Table 1 and 2. Among the non-reactive samples, there were very few samples with
reactivity between 0.4 - 0.64 (n = 10) and 0.65 — 0.89 (n = 7), and they were
decreasing with increase in chemiluminescence signal. These ‘weakly reactive’
antibodies in the nonreactive range, might be considered as the ‘weakly cross
reactive’ range, as these were outliers of the genuinely nonreactive range, 0.0 — 0.4.
Assuming that the values between 0.4 and 0.89 were due to cross reactive antibody,
there might be similar reactivity from cross reactive antibodies between 0.90 and
15.0 (Fig. 8.1). The sample distributions were higher between 1.0 — 10.0 and
between 15 — 42.1. As the cross-reactive antibodies were decreasing, it was
expected that the genuinely false reactive samples would be almost nil between 10.0
and 15.0 in the RT-PCR negative group (Fig. 8.3, Fig. 8.4). The distribution data of
the reactive antibody levels at various chemiluminescence signal ranges for RT-
PCR positive and RT-PCR negative samples were calculated from Table 8.2 and
Fig. 8.3.

Number of samples (n) distributed for specified chemiluminescence signal
range (c) and its distribution frequency per unit signal range (r) for the total sample

collected (Nonreactive n = 1014 and reactive n = 534) was calculated.

In the non-reactive range, a strong distribution peak was identified between
0.00 and 0.39 (n = 997) (Table 8.2A). The sample distribution from 0.40 to 0.89
might be considered as outliers (n =17) of the strong distribution seen below 0.40.
This weak distribution was further split for the chemiluminescence signal range of
0.40 t0 0.64 (n = 10) and 0.65 t0 0.89 (n = 7).

Calculation of distribution of sample per unit chemiluminescence signal
range was done by dividing the sample number by the chemiluminescence signal
range (n/c =r). The frequency distribution (F) was calculated by dividing r by the
total sample number (1014 or 534) (Table 8.3).
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As the sample collection for non-reactive anti-HCV antibody levels (n =
1014) were independent of the reactive antibody sample collection (n = 534), these
two samples could not be compared. Comparison was made possible by calculating
the distribution of the sample per unit chemiluminescence signal range (r) followed

by calculating the frequency distribution (F).

When the frequency distribution of non-reactive samples were calculated
per unit chemiluminescence signal range, the frequency, F was high initially at 8.04
at unit chemiluminescence signal range 0.00 — 0.09, as there were large number of
non-reactive samples (Table 8.3). The frequency distribution of the non-reactive

samples decreased as the chemiluminescence signal increased (Table 8.3).

The frequency distribution of reactive samples from 0.9 to 14.99 were
fewer in number. The frequency distribution of samples decreased from 0.524 at
the chemiluminescence signal range 0.9 - 0.99 to a low value of 0.034 at the signal
range of 10 - 14.99 (Table 8.3).

The above distribution of non-reactive and reactive samples were
illustrated in Fig. 8.4A and B. the decrease in the frequency of distribution of
samples with increase in chemiluminescence signal for both non-reactive and

reactive antibody levels were well illustrated in these two figures.

The proportion of RT-PCR negative to RT-PCR positive sample at various
chemiluminescence signal ranges were studied (Table 8.4). As the anti-HCV
antibody reactivity increased from 0.90 to 0.99 to a signal level of 15 to 42.1, the
proportion or the ratio was found to steadily decrease. This inferred that at lower
antibody levels RT-PCR negative samples are more and at higher antibody

concentrations, the RT-PCR positive samples were relatively more.
8.5.3. Relationships between anti-HCV antibody levels and Cq of RT-PCR

X-Y scatter of anti-HCV antibody levels with Cq value of HCV RT-PCR
positive sample (Fig. 8.5) was constructed. The linear trendline of R? = 0.334
indicating a negative relationship between the antibody levels and Cq. These results
indicate that as viral load increased, antibody levels also increased. Therefore,

antibody levels appeared to be dependent on the viral load.

There were large number of RT-PCR positive cases between 0.9 and 15 (Fig.

8.6A). There were also few cases between 0.9 and 0.99 which was the indeterminate
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region. Early HCV exposure cases will be RT-PCR positive with non-reactive
antibody levels (Fig. 8.7B). These results are due to the long window period
required for reactive levels of antibody formation and short periods for detection of

RT-PCR positive cases.

As the viral loads were very low too often and were obstructed by
preanalytical influence they were missed during RT-PCR assays. The major part of
the negative antibody results was for RT-PCR negative samples below the signal
level of 0.2. Between 0.2 and 0.4, the reactivity decreased. But between 0.4 to 0.89,
the reactivity visually appeared to remain constant (Fig. 8.7A).

In cases of RT-PCR done during the window period, the antibody levels were
evaluated. Most of the antibody levels were below 0.2, it remains similar between
0.2 and 0.4. there were 2 out of 41 samples between 0.4 and 0.89 (Fig. 8.7B and
Table 8.5)

The Cq distribution of RT-PCR positive samples were found in the low
antibody and in the high antibody cluster groups. The distribution appeared to be
clustered with a mode at higher Cq value in the low antibody cluster group (Fig.
8.6A). But the Cq distribution appeared to be clustered at a much lower Cq level
and mode in the high antibody cluster group (Fig. 8.6B). These results indicated
that in the high antibody cluster group, the viral load was higher and in the low

antibody cluster group, the viral load was low.

These results indicated that the antibody levels might remain for a long
period below 0.2, as interpreted by the frequency of distribution. Following this the
antibody levels may increase from below 0.2 to the range of 0.2 — 0.4 for a short
duration and may increase faster to 0.9. These results might be arrived at by the
frequency distribution upto 0.2. There were 33/41 (31 out of 41) samples below 0.2,
6/41 between 0.2, and 0.4 and 2 samples between 0.4 and 0.89. The range of anti
HCV antibody, 0.00 to 0.89, in patients highly susceptible and exposed to HCV

infection such as patients undergoing repeated blood transfusion and dialysis.

8.6. DISCUSSION

A preliminary screening assay excluded large number of nonreactive
samples, thus reducing the number of confirmatory RT-PCR and Western blotting
assays, which were much more expensive and with long turnaround times for

clinical reporting. There was a necessity of increasing the sensitivity of screening
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assays to detect all infected samples. This increase in sensitivity was associated
with increase in reactive assays that were considered as false reactive. RT-PCR was
the most sensitive confirmatory test for quantitation of the plasma viral load
(Ritcher, 2002). Sensitivity of western blot methods was lower than that of RT-PCR
due to low anti-HCV antibody levels.

In this study, it was observed that RT-PCR plasma samples from patients
with tissue damaging conditions showed interferences in the RT-PCR assay
(Chapters 5, 6 and 7). These interferences were observed as PCR inhibition
(decrease in fluorescence intensity of Internal control, eg. Heparin), increase in Cq
value and when the viral load was low there was a possibility of a positive result
becoming negative. These preanalytical influences became more prominent at low
viral load, thus affecting RT-PCR reports. The number of reactive cases with third
generation anti-HCV antibody enzyme immune assay showed larger number of
reactive samples especially at low antibody levels. They were considered ‘false

reactive’.

This study analysed the distribution of anti-HCV antibody in the RT-PCR
positive and negative samples after increasing the sensitivity of screening assay and
RT-PCR. When screening assays with high seroconversion detection rates were
used (Ortho Clinical Diagnostics, Procedure manual), a large number of samples
with low anti-HCV reactive antibody levels (signal level <12) were detected. These
lower levels of anti-HCV antibody were not detected with absorbance-based
(colour-based) EIA.

A large majority of non-reactive anti-HCV antibody levels were found to be
below 0.2 chemiluminescence signal (Fig. 8.1A). There were lesser number of
samples with non-reactive antibody between 0.2 and 0.4. There was a very low and
steady decrease in reactivity seen from 0.4 to 0.89. This low steady reactivity was
considered as the cross-reactive antibody, which was the genuine false reactivity.
Such cross-reactive antibodies were seen in autoimmune disorders or sometimes in
tissue damaging conditions. These antibody levels may be considered as false
reactive antibody levels. Therefore, the frequency of these antibody between 0.4
and 0.89 as compared to the total non-reactive anti-HCV antibody may give the
frequency of false reactivity. This frequency value, 3.42% was used to calculate the
possible percentage of false reactivity between reactive antibody levels between 1

and 15. The false reactive values obtained in this range was found to be very much
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lower than the antibody reactive RT-PCR negative sample. This observation raised
the suspicion, whether the RT-PCR negative samples were genuinely false reactive
samples or were due to some other reason such as (a) occult infection or (b) assay
done during HCV treatment or (c) due to early HCV infection during window
period.

The distribution studies of reactive anti-HCV antibody levels showed two
modes in the distribution at 1.08 and 28.7 (Fig. 8.1B). These two modes with the
corresponding antibody distribution clusters were observed in the RT-PCR positive
samples (Fig. 8.2A). But the RT-PCR negative HCV antibody reactive samples also
showed a distribution which was bimodal and with two clusters (Fig. 8.2B). These
results indicated that both RT-PCR positive and RT-PCR negative antibody levels
were similar and the RT-PCR negative samples may be due to occult infection
where the virus may be present in the liver but absent in circulation.

In both non-reactive and in the reactive range, the frequency distribution of
samples were highest when the antibody levels were the lowest. The non-reactive
antibody peak was between 0.00 and 0.09 and in the reactive range, antibody peak
was in the borderline reactive range between 0.9and 0.99. these results indicate that
in the non-reactive range between 0.4 and 0.89 there are higher levels of cross-
reactive anti-HCV antibody which are genuinely false reactive (Table 8.3 and Fig.
8.4). Similarly, in the reactive range the frequency distribution decreases. But the
decrease in frequency distribution in the reactive range is associated with a decrease
in the ratio of RT-PCR negative by RT-PCR positive samples (Table 8.4). The high
RT-PCR negative samples at lower antibody levels indicated that there may be
larger number of occult HCV infection in the patients. This is because it was
observed that the genuinely false reactive sample frequency was also decreasing
with increase in chemiluminescence signal. These results indicated that at high
antibody and at high viral load, the frequency of occult infections is low.

The Cq distribution of RT-PCR positive samples with lower reactive
antibody cluster showed lower viral load with Cq between 35 and 40 (Fig. 8.5A).
But the cluster with high antibody reactivity showed higher viral load with Cq
between 23 and 33 (Fig. 8.5B). These results indicated that higher viral loads
generally generate high antibody levels and also indicated that anti-HCV antibody

was not protective against the disease.
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8.7. CONCLUSIONS

Diagnosis of HCV infection was done by screening for anti-HCV antibody
by the third-generation assay followed by HCV RT-PCR of samples reactive for
anti-HCV antibody. RT-PCR assay was done after preanalytical control of samples
to decrease non-specific influences, probably of nucleic acids and drugs, immediate
isolation of RNA from EDTA-plasma. The reactive anti-HCV antibody
concentrations were RT-PCR positive or RT-PCR negative. There were two
distribution clusters for anti-HCV antibody, the lower antibody cluster was between
1.0 and 15.0 and the higher antibody cluster was between 15.0 and 42. Each of the
two reactive antibody clusters in the antibody distribution of histogram were found
to have both RT-PCR negative and positive samples. The RT-PCR negative anti-
HCV antibody reactive samples may contain samples with occult HCV infection,

genuinely false reactive samples and samples with preanalytical influences.

205



Fig. 8.1. Frequency histogram of the distribution in nonreactive (A) and reactive
(B) samples with anti-HCV antibody signal levels between 0.00 — 0.89 (n =
1014) and between 0.90 — 42.1 (n = 534), respectively.
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Table 8.1. Characteristics of the data from the non-reactive (n

1014),

borderline reactive (n = 28) and Total reactive samples (n = 534). Nonreactive

and reactive samples were collected independent of each other. Total reactive

samples included borderline reactive and reactive samples. Reactive samples
may be RT-PCR (+ve) and RT-PCR (-ve). Similarly, borderline reactive
samples may be RT-PCR (+ve) and (-ve) (Not shown here. Refer Table 8.2).

Sample Non- Non- Total Borderline Total Total
characteristics reactive, reactive, Reactive, reactive, Reactive Reactive
<0.89 0.40-0.89 >0.90 0.90-0.99 | (=0.90)and | (=0.90) and
(n=1014) (n=17) (n=534) (n=28) RT-PCR RT-PCR(-
(+ve) ve) (n=404)
(n =130)
Mean+SD 0.07+£0.096 | 0.62+0.18 | 7.65+10. | 0.95+0.03 | 15.45+12.91 5.15+8.04
42
95% CI mean 0.064 — 0.527 — 6.77 — 0.94 - 1.42-1.73 4.36 -5.93
0.076 0.713 8.54 0.96
Median 0.04 0.63 2.07 0.94 4.82 1.76
Mode (visually 0.02 1.08 0.94 1.02 1.08
detected) (lowest
mode)
Shapiro-Wilk <0.001 <0.001 --- <0.001 <0.001
test, P
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Fig. 8.2. Histogram of the distribution of reactive anti-HCV antibody signal
levels which were RT-PCR positive from 0.90 to 42.1 (n = 130) (A) and RT-

PCR negative from 0.90 to 41.00 (n = 404) (B).
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Fig. 8.3. Histogram of the distribution of reactive anti-HCV antibody signal
levels from 0.40 to 16.00 (A and C) and from 16.0 to 42.1 (B and D) that were
RT-PCR negative (A and B) or RT-PCR positive (C and D).

120 12
M B Mean = 27.14
- Mean = 2,60 ] Rk [k S
100+ Std. Dev. = 2.585
N =371 10
801 .
E fry
& S —
3 3
o G0 o &
@ @
= [t
L w
40 4
20 2
o 1 [m==ul =1 0 |
I I I T T 1 1 1 T Ll
00 500 10.00 15.00 20.00 1500 2000 2500 3000 3500 4000 4500
Anti-HCV antibody from 0.40 to 16.00 RT- Anti-HCV antibody from 16.00 to 41.00, RT-
CR Negative PCR negative
401 ] Mean = 27.75
Mean = 3.39 -
Std. Dev. = 3.332 D ﬁtf'gf"' SEHEE
MN=E9 1257
307 10.0- —
z g
c 5 I
2 3 75
o 20 o
2 2
[T [
5.0
10
257
0 I_ T T T T T 00— T 1 |—| T
00 250 500 75D 1000 1250 1500 2000 2500 3000 3500 4000 4500
Anti-HCV antibody from 0.40 to 16.00, Anti-HCV antibody from 16.00 to 42.1, RT-
RT-PCR positive PCR positive

209



Table 8.2. Sample distribution (n) and the distribution frequency (N) at various

anti-HCV antibody chemiluminescence signal levels in the nonreactive (A),

borderline reactive (B) and the reactive ranges (C). Sample distribution was

expressed as samples frequency / unit chemiluminescence signal range for the

number of samples collected.

A. Nonreactive sample frequencies

Non-reactive
0.00-0.89
(n = 1014)
0.00-0.39 | 0.40-0.89 0.40-0.64 0.65 - 0.89
(n=997) (n=17) (n=10) (n=7)
N = 2556 N = 34.69 N =41.67 N =29.16
B. Borderline Reactive sample frequencies
Borderline Reactive
0.90-0.99
(n=28)
PCR (+ve) PCR (-ve)
0.90-0.99 0.90 -0.99
(n=2) (n =26)
22.22 288.88

C. Reactive sample frequencies

Low reactive Intermediate reactive High reactive antibody

antibody (1.0 — 4.0) antibody (15-42.1)
(n=324) (10 -15) (n=107)
(n=18)
PCR (+ve) | PCR (-ve) PCR (+ve) PCR (-ve) PCR (+ve) PCR (-ve)
1.00-4.0 1.00-4.0 10.0-15.0 10.0-15.0 15.0-42.1 | 15.0-41.00
(n=147) (n=277) (n=16) (n=12) (n=64) (n=43)
15.66 92.33 1.2 2.4 2.36 0.6
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Table 8.3. Calculation of anti-HCV antibody reactivity per unit
chemiluminescence signal (r) and frequency distribution of the sample per unit

chemiluminescence signal.

Chemiluminescence | Sample | Reactive samples/ Frequency

signal range (c) Number | chemiluminescence distribution,

(n) signal range (r), F =r/total

r=n/c sample number

0.00 - 0.09 815 8150 8.04
0.1-0.19 138 1380 1.36
0.2-0.29 32 320 0.315
0.3-0.39 12 120 0.118
0.4-0.64 10 41.67 0.041
0.65-0.89 7 28 0.027
0.9-0.99 28 280 0.524
1-1.99 228 228 0.427
2-2.99 67 67 0.125
3-3.99 29 29 0.054
4—4.99 16 16 0.029
10 - 14.99 18 18 0.034
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Fig. 8.4. Frequency distribution versus chemiluminescence signal range of
Nonreactive samples, 0.2-0.29, 0.3-0.39, 0.4-0.64, 0.65-0.89 (A) and Reactive
samples, 0.1.0-1.99 (2), 2.0-2.99 (3), 3-3.99 (4), 4.0-4.99 (5), 10.0-14.99 (6) (B).
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Table 8.4. Proportion of RT-PCR (-ve) / RT-PCR (+ve) at various ranges of

anti-HCV antibody reactivity.

Anti-HCV antibody | RT-PCR | RT-PCR Proportion
reactivity (+ve) (-ve) RT-PCR (-ve) /
RT-PCR (+ve)
0.90 —0.99 2 26 13.00
1.00 —4.00 47 277 5.89
10.00 — 15.00 6 12 2.00
15.00 —42.1 43 64 0.672
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Fig. 8.5. X-Y scatter of anti-HCV antibody levels versus Cq of HCV RT-PCR.
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Fig. 8.6. Histogram of the distribution of Cq of samples with reactive anti-HCV
antibody signal levels from 0.90 to 15.00 (A) and 15.00 to 42.1 (B).
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Table 8.5. Frequency of the distribution of RT-PCR positive samples at

different anti-HCV antibody chemiluminescence signal ranges.

Anti-HCV RT-PCR | RT-PCR Total
antibody range Positive | Negative | (n=974)
0.00-0.89 41 399 440
0.4-0.89 3 11 14
0.9-0.99 2 26 28

(indeterminate)
1 - 15 (lower 64 335 399

reactive range)
15 — 42.1 (higher 64 43 107

reactive range)
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Fig. 8.7. Histogram of the distribution of reactive anti-HCV antibody signal
levels from 0.00 to 0.89, RT-PCR negative (A) and RT-PCR positive (B)
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Chapter 9

Sequence and Phylogenetic data analysis of HCV
Genotypes of 5’UTR, Core E1 and NS5B






9.1. ABSTRACT

The 5°UTR region is a highly conserved, 341 bp region with secondary

RNA structure that has functional importance. Graphic representation of 24
sequences of this region showed >200 alignment score with reference sequence,
and percent identity from 96 to 100% for genotype 1. Similar data was obtained for
genotype 3, with percent identity from 95.57 to 99.57. The major genotypes
identified were 1 and 3, and the positions showing nucleotide differences were also
studied. There were highly conserved regions of 5’UTR with low entropy, and
these sites were used for designing primers that were used for diagnostic purposes.
The secondary structure of (5’UTR) showed several sites of stacking interactions

between successive base pairs, and predicted energetically most stable structure.

Similar sequence data analysis was also done with Core E1 region. Six

different sequences of genotype 1 of Core E1 region were submitted to NCBI
database and were found to have alignment score >200 and percent identity
between 94.59 and 95.46. Due to lack of specific highly conserved sites, primer
designing for both CE1 and NS5B were found to be more difficult and less
productive. There was one sequence with genotype 3a with alignment score >200
and percent identity of 91.53. There were five sequences of core E1 matched with
genotype 3b with alignment score >200 and percent identity 87.75 to 89.29. One
sequence showed >200 alignment score with genotype 4 with percent identity of
91.67.

Epitope prediction was done for Core E1 using software (a) Bepipred
Linear Epitope Prediction and (b) Kolaskar and Tongaonkar Antigenicity Predicted
peptides. B-cell epitopes were used by the former and physicochemical properties

were used for the latter. The secondary structure of core E1 were also analysed.

Similar analysis was done with NS5B but the PCR product and the data

obtained were much less than the other two regions due to larger variations
distributed in the NS5B region. There were only two PCR products amplified
using various primers designed for NS5B. The secondary structure of core E1 and
the possible three-dimensional tertiary distribution of the secondary structures were

also analysed.

Phylogenetic tree was constructed using reference sequence from the seven

genotypes of 5°UTR. These reference sequences were aligned and compared with
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the HCV sequences submitted to NCBI from this study. Phylogenetic trees were
also constructed for core E1 and NS5B regions with the different reference
sequences from NCBI database.

9.2. INTRODUCTION

The high genetic diversity of Hepatitis C Virus (HCV) led to the genotype
and subtype classification. HCV also showed varied geographical prevalence.
There were seven major genotypes (GTs), the complete genomes of which differ
from each other by at least 30% at the nucleotide level (Simmonds P et al, 2005;
Smith DB et al, 2014; Murphy et al, 2015; Bukh et al, 1993). The global prevalence
of hepatitis C is estimated to be 3% with 12.5 million people in India alone infected
with the virus (Roy et al, 2019). Genotype 1 is the most prevalent worldwide
(46%) and predominates in Europe, North America, and Australia. It is followed by
GT3 (30%), which is primarily distributed in South Asia, particularly the Indian
subcontinent (Gower at al, 2014). The estimated prevalence of HCV infection in
India is approximately 0.5%-2.0%, with GT3 being most common (Panigrahi et al,
1997; Das et al, 2002). Despite the low prevalence of HCV, India with its large
population accounts for a significant proportion of the global HCV burden with
approximately 12-18 million people infected. Significant variability in prevalence
has been described across Indian geographical regions (Sievert et al, 2011).
Investigations on HCV have been conducted mainly through the isolation and
sequencing of the virus from infected patients. From the sequence data, it was
possible to gather information about the evolution of the virus, variability across
geographic locations, and correlations between viral variation and disease

progression.

Free energy minimization is an established criteria in computational
structural biology which is based on the assumption that, during the equilibrium
state, molecular folding problem is unique, and that the molecule folds into the
minimum free energy state. It is applicable in RNA folding, protein folding and
transmembrane helix packing (Zuker, 1989; Abagyan 1993 and Pappu et al. 1999).
There are efficient algorithms for computing the minimum free energy (MFE)
structure and other suboptimal structures (Zuker and Stiegler 1981) that are based

on free energy parameters. The centroid structures has the minimum total base-pair
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distance to the structures in the set. Thus, the centroid structure can be considered

as the single structure that best represents the central tendency of the set.

Phylogenetic analysis is important in rapidly changing species like viruses.
The purpose of phylogenetic analysis of nucleic acid sequences is to analyse and
understand the relationship among group of sequences. Phylogenetic analysis has
been used to distinguish viral genotypes and/or subtypes from each other, and for
subtyping newly isolated strains by comparing them to existing alignments and
trees. However, phylogenetic analysis often cannot distinguish between inter-
subtype recombinants and new subtypes, as both can branch out between clusters in
a similar way. To reveal the mosaic organization of recombinant viruses, new
methods that process the genotype in segments along a sequence were designed
(Siepel et al, 1995; Salminen et al, 1995; Lole et al, 1999). These methods rely
upon multiple alignments of a query sequence and the reference sequences of
known viral subtypes. However, the high variability of viral genomes often makes
it impossible to align viral sequences automatically. In these cases, the alignments

have to be done laboriously and manually.

When there is a strong sequence similarity between the sequences parsimony
or maximum likelihood methods are used. But when there is only a clearly
recognizable sequence similarity distance methods are used to construct the
phylogenetic tree. In this study, due to a moderate variability between sequences

the distance methods were chosen.

Of the numerous phylogenetic distance-based reconstruction methods, two
algorithms most often used in population genetics, unweighted pair group mean
analysis (UPGMA) and neighbour-joining (Saitou and Nei, 1987) algorithms.
UPGMA is one of the most widely used and simplest method of topological
reconstruction that assumes a molecular clock which takes into consideration, the
rate of change along the branches of the tree and produces a rooted tree. NJ method
is one of the minimum evolution methods (Cavalli-Sforza and Edwards, 1967)
where the tree with the smallest sum of branch lengths is found and produces a

branched tree.
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9.3. OBJECTIVES

1. Establishment of the methods for evaluation by data analysis, test validation,

quality control and clinical state of the patient for Molecular Diagnostic reporting

of Hepatitis C infection.

2. Use of these procedures for confirmatory diagnosis of hepatitis C infection, its
plasma viral count determination and genotyping.

9.3.1. Aspects of the original objectives addressed in this chapter

The aspects were sequence data analysis from the first objective and

genotyping from the second objective.

9.4. MATERIALS AND METHODS

9.4.1. Sample Collection for RT-PCR:

When screening assays showed anti-HCV antibody levels above cut off limit,
Quantitative RT-PCR was done for confirming the diagnosis of HCV
infection. 4 ml of EDTA blood sample was taken from the patient using EDTA-
vacutainers, centrifuged and plasma sample, without hemolysis, jaundice,
cloudiness and without clot formation was used for RNA isolation. In the later part
of the study preanalytical variables were also taken into consideration before
collecting samples for HCV RT-PCR. Plasma and RNA samples were stored
immediately at -20°C and -80°C, respectively, in aliquots. Refer Details 4.3.2

9.4.2. Calculation of viral load in plasma

Calculation of plasma viral load from Cq obtained by real time RT-PCR
of HCV infected plasma sample, and converted to concentration of the template

from the calibration plot.

Viral load (IU/ml of plasma)

_ (Patients’ result Cq as IU/pl from calibration plot) x Elution Volume (60 ul)
B Sample Volume (0.14 ml)

Refer Details 4.11.5.
9.4.3. RNA Isolation

HCV viral RNA Isolation was done from 140 pl plasma processed with a
QIAamp Viral RNA Mini Kit (QIAGEN, USA) according to manufacturer’s
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instructions and eluted in 60 ul Elution Buffer. Eluted RNA was stored at -20°C.
Refer Details 4.6.

9.4.4. RT-PCR of HCV

Each assay or a set of assays were done in Triplicates, with test sample or
several (patients’) sample, a standard with a known template concentration (or
calibrator) and a non-template control or NTC without template (blank sample). RT
PCR was done using Artus HCV RG RT-PCR kit (Qiagen, Germany) based on
Tagman probes by One step RT-PCR on Rotor-Gene Q instrument. Master mix is
prepared from Hep. C Virus Master A (12 pl) and Hep. C Virus Master B (18 pl)
with internal control (2 pl). Add 30 pl of this mix into PCR tube and 20 pl of
eluted sample RNA, quantitation standards and Non template control. The cycling
conditions were entered as 50°C for 30 minutes when the reverse transcription took
place, 95°C for 15 minutes for initial denaturation, 95°C for 30s, 50°C for 60 s and
72°C for 30s repeated for 50 cycles. Fluorescence was measured at annealing step

of each cycle.
9.4.5. HCV sequence database and PCR Primer design

Good primer design is one of the major parameters in a Polymerase Chain
Reaction. In Real Time PCR the amplicon length should be 50-150 bp in length.
Primer should be in the length of 18-24 nucleotides. Primers designed should be
specific and be free of internal secondary structures. Compatible annealing
temperatures in primer pairs, approximately 50% GC and GC rich 3’end enhances
the annealing. For primer designing, primer design software programs such as
Oligoperfect designer, Primer Express software or Primer 3 software may be used.

Appropriately validated primers are important in determining the specificity,
sensitivity and robustness of a PCR reaction. Primers were synthesised from the
conserved region of HCV. The 5’ untranslated region (5’UTR) of HCV is the most
conserved region. That is the reason for selecting 5’UTR as target by commercial
RNA detection kits. The 5’-UTR contains many stem and loop structures. Primer
selection is done mainly from the stem part and try to avoid loop structures. The
sequences near the 5’ end of the 5’-UTR are susceptible to cleavage by 5°-3’
exonucleases. 5’UTR sequences of Genotypes 1-7 were aligned and primer was

selected from the conserved region. Because the base-pairing structures of the 5°-
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UTR might open at increasing temperatures. For validation of qualitative PCR

primers were synthesised for 3 regions - UTR, Core/E1 and NS5B.
9.4.6. Amplification of 5’UTR, Core E1 and NS5B

Amplification of HCV RNA sequences by reverse transcription and cDNA
Polymerase chain reaction. HCV RNA isolation and Reverse transcription to make
cDNA is done using Thermo Verso cDNA synthesis kit at 45°C for 30 min in
Thermal cycler (Applied Biosystem, Veriti model). The pair of primers should
hybridise to the sequence and amplify the NS5B region. The primers should
correspond to the site in NS5B region. The phylogenetic analysis was done with all
the amplified NS5B sequences by the pairs of primers with known NS5B

sequences.
9.4.7. DNA sequencing and Sequence analysis

The specific amplified PCR products of 5°UTR, Core E1 and NS5B is sent
for sequencing using Sangers method at Aggregenome sequencing Cochin.
Chromatograms are checked for the sharpness of peak using FinchTV and analysed
for mutation and heterogeneity. The genotype was determined by analysing the

sequences using Bioedit and after submitting the sequences at NCBI for BLASTn.
9.4.8. Gel electrophoresis

The amplified viral nucleic acid sample was mixed with loading buffer and
loaded on Agarose gel (1.5%) stained with Ethidium bromide. This was added to
respective wells, PCR product is electrophoresed at 100V for 30-60 minutes and
viewed on gel documentation. Agarose gel was prepared with 1X TAE buffer. The
amplified PCR product was analysed by gel electrophoresis, migration is dependent

on the size of the PCR product.

9.4.9. NCBI database

BLASTnN (Nucleotide BLAST) is used to compare one or more nucleotide
query sequences to a reference nucleotide sequence or a database of similar
nucleotide sequences. This helps to determine the evolutionary relationships among
different organisms.

BLASTx (translated nucleotide sequence searched against protein
sequences) compares nucleotide query sequence (first translated to six reading

frames that gives six protein sequences) against a database of protein sequences.
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tBLASTN (protein sequence searched against translated nucleotide
sequences) is used to compare protein query sequence against the six-frame
translations nucleotide sequences database. tBLASTnN is beneficial for finding
homologous protein coding regions in unannotated nucleotide sequences.

BLASTYp (Protein BLAST) compares one or more protein query sequences
to a subject protein sequence or a database of protein sequences. It is useful in
identification of a protein sequence.

Maximum Score is the highest alignment score calculated from the scores
provided for matched nucleotides and penalties for mismatches and gaps.
Total Score isthe sum of alignment scores of all segments from the reference
sequence. Query Cover [age] is the percent of the query length that is covered in
the aligned sequences. The alignment score has been calculated from the percent
identity and the total alignment sequence.

Expect Value is the number of alignments expected by chance with the
calculated score. The expect value is a default sorting metric for significant
alignments. The E value should be very close to zero. ldentity is the highest
percent identity for a set of aligned segments to the reference sequence.

Accession number is the unique identifier assigned to records in the NCBI
databases. Accession Length is the number of nucleotides or amino acids in the
result sequence identified by the accession number.

Entropy, a thermodynamic quantity representing the unavailability of a
system's thermal energy for conversion into mechanical work, often interpreted as
the degree of disorder or randomness in the system. In nucleotide sequences, it is a
measure of probability of positional homology, lower the entropy higher is the
homology.

9.4.10. Hepatitis C Virus Genome Sequencing

Hepatitis C virus RNA was isolated from 140 pL plasma using the QlAamp
MinElute Virus spin kit (QIAGEN, Hilden, Germany), and sequencing was
performed at AgriGenome Labs, Cochin, Kerala (ABI3730XL, Sanger
sequencing). In brief, RNA was reverse transcribed using verso cDNA synthesis kit
(Thermoscientific) and amplified using Go Taq, G2 Hot start colourless master mix
(Promega). Double-stranded deoxyribonucleic acid was generated and amplified
according to the manufacturer’s instructions, with minor modifications. The

primers were designed for UTR, Core-E1 and NS5B regions. The amplified PCR
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product was sent for Sanger sequencing. The chromatogram of the sequencing
result was analysed using Finch TV and BioEdit was used to align the sequence
with the reference sequences of respective Genotypes.
9.4.11. Entropy plot

Entropy Plot for 5’UTR region of HCV genotype 1 and genotype 3
calculated and plotted using the Entropy plot tool of BioEdit. It is a measure of
probability of positional homology. The entropy in sequence analysis is the
measure of the variation of nucleotides in multiple sequences. Entropy plot
constructed through multiple sequence alignment, predicted using different types of
entropy formulas, namely Shannon's Entropy, Schneider's Entropy, Shenkin's
Entropy, Gerstein's Entropy, and Gap normalized Entropy. Prediction of entropy
plot consists of two steps: (i) performing multiple sequence alignment and
consensus, and (ii) calculation of entropy number for each column through
consensus of multiple sequence alignment. The entropy plot is generated by
plotting vertical lines in the order of the consensus sequence on the x-axis, and the

entropy number on the y-axis.

MEGA software is used for multiple sequence alignment and phylogeny
analysis of sequence data. MEGA supports sequence alignment using both the
Clustalw and MUSCLE programs. Alignment is done in the Analysis Explorer.
With our sequences in the Alignment Explorer, select Alignment from the menu,
then do either ClustalW or Muscle. The alignment parameters were set to the

values of our requirement. Click Compute/OK.
9.4.12. BepiPred-2.0: Sequential B-Cell Epitope Predictor

The BepiPred-2.0 online tool predicts B-cell epitopes from a protein
sequence, using a Random Forest algorithm trained on epitopes and non-epitope
amino acids determined from crystal structures. A sequential prediction is
performed after that. The residues with scores above the threshold (default value is
0.5) are predicted to be part of an epitope and coloured in yellow on the graph and
marked with "E" in the output table. The E values (E) of the scores are not affected
by the selected threshold (Jespersen et al, 2017).

This is a semi-empirical method which makes use of physicochemical
properties of amino acid residues and their frequencies of occurrence in

experimentally known segmental epitopes was developed to predict antigenic
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determinants on proteins. Application of this method to a large number of proteins
proposed that this method can predict antigenic determinants with about 75%

accuracy which is better than most of the other known methods.
9.4.13. Phylogenetic Analysis

The analysis was performed on the Phylogeny.fr platform and sequences
were aligned with MUSCLE configured for highest accuracy, after alignment,
ambiguous regions (i.e. containing gaps and/or poorly aligned) were removed with
Gblocks. The phylogenetic tree was reconstructed using the Maximum Likelihood
method implemented in the PhyML program and graphically represented and
edited. Finally, the phylogenetic tree was constructed with TreeDyn.

9.5. RESULTS

A. 5’UTR Sequence Data Analysis

9.5.1. General sequence data analysis of HCV Genotype 1 and Genotype 3

5°UTR sequence with query sequences

Sequence data analysis of genomic DNA was important in understanding
the significance of various sequences in the gene and their variations. 5’UTR
region, a highly conserved site, was also untranslated. The 341 bp sequence,
therefore, will have regions that have biological significance, the most important
being the intramolecular secondary structures formed from it. Being conserved it
was also highly useful for diagnosis of HCV infection. The primers used to perform
the diagnostic assay and their nested primers have PCR products of 272 bp and 256
bp, respectively (Fig. 9.1 and Table 9.1). The RT-PCR product of these primers had
been subjected to electrophoresis and the size of bands confirm the PCR product
(Fig. 9.2). This PCR product has also been used for sequencing.

Graphical representation of the sequences studied and their alignment
scores were represented for understanding the query coverage length. The query
coverage length was often shortened due to truncated ends of the PCR products
which have been the result of low HCV plasma viral load. Most of the sequences
had alignment score >200. The alignment score has been calculated from the
percentage identity and the total alignment sequence of 272 bp (Fig. 9.3 and Table
9.2). In Table 9.2, the truncated end of sequences had been represented by the

accession length and percent query coverage. The percent identity showed the total
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alignments for the given accession length. Maximum Score is the highest
alignment score calculated from the scores provided for matched nucleotides and
penalties for mismatches and gaps. Total Score was the sum of alignment scores of

all segments from the reference sequence.

The relationship of the viral load with anti-HCV antibody levels in
Genotype 1 and 3 were studied. When the antibody concentrations were below 0.9,
the patients might be from the exposure group such as dialysis or repeated
transfusion cases. When the antibody concentrations were increasing from 1 to 36
in genotype 1, the viral load increased (Cq decreased) (Table 9.3). Similar results

were also obtained for Genotype 3.

Similar graphic analysis and sequence data analysis were done with query
sequence as Genotype 3 (Fig. 9.4 and Table 9.4).

9.5.2. Specific sequence data analysis of HCV Genotype 1 and Genotype 3

sequence with query sequences

Certain genotype characteristics were shared between genotype 1 and
genotype 3. Total number of positions for differentiating genotype 1 and genotype
3 in the 5’UTR region was about 13. The dominant characteristic features that are
shared with genotypes are given preference in genotyping (Table 9.5). The position
numbers 97, 179, 183, 224 and 249 clearly differentiates between Genotype 1 and
3. Sample with Accession number MW970030 was found to have nucleotide
positions that overlaps with Genotype 1 and Genotype 3 at positions 175, 220, 243,
247. Sample with accession number MW281562 also overlaps with Genotype 1
and Genotype 3 T position 243.

Just as there are variations between genotypes, there are also conserved
regions that are shared between genotype 1 and genotype 3. There were three major
conserved regions seen at positions 130 - 175, 185 — 203 and 227 — 245, all with
average entropy near to 0.01. The low entropy also indicates large base pairing and

sharing of nucleotide sequences (Table 9.6).

Entropy Plot for 5’UTR region of HCV GT1 and GT3 calculated and plotted
using the Entropy plot tool of BioEdit using Shannon’s entropy formula. It is a
measure of probability of positional homology. The entropy in sequence analysis is
the measure of the variation of nucleotides in multiple sequences. Entropy plot

constructed using multiple sequence alignment predicted sites of low entropy and

227



high probability of base pairing. There were three such sites demonstrated in Fig.

9.5 which were also found to align with three conserved region sequences.

Free energy minimisation was used to predict the structure of 5’UTR region.
This structure prediction gains importance as there are three conserved regions that
are resistant to mutation. During the prediction of structure, the molecule forms
intramolecular base pairing to form folds that have minimum free energy state. The
algorithm used for prediction of the secondary structure involve the free energy

minimisation criteria and the centroid secondary structure prediction method.

In comparison with the minimum free energy (MFE) structure using diverse
types of structural RNAs, the centroid of the ensemble makes 30.0% fewer
prediction errors as measured by the positive predictive value (PPV) with
marginally improved sensitivity. Both methods have been used to predict
secondary structure of 5’UTR region of the reference sequence of genotype 1 and
are given in Fig 9.6A and B. the same methods were also used to predict the
secondary structure of genotype sequence submitted to NCBI (Fig. 6C and D). the
similarity of the sequence submitted between Fig. 9.6A and C were much better
than between B and D. therefore, the method of free energy minimisation in this
case may predict the sequences in a more consistent manner between 5’UTR

sequences.
B. Core E1 sequence data analysis

9.5.3. General sequence data analysis of Genotype 1 and Genotype 3 Core E1
region of HCV genome with query sequences

There were 6 HCV Core E1 sequences that were compared using BLAST at
NCBI site. The total length of the PCR product was 480 bp but most sequences had
truncated ends as seen by the accession length and percentage of query coverage.
The percent identity with the reference sequence was also high between 94.59 and
95.46 (Fig. 9.7 and Table 9.7). These 6 sequences belong to genotype 1 of HCV

Core E1 region.

Of the two BLAST hits of genotype 3a, data for only one sequence was
obtained. The alignment of core E1 sequence to the NCBI reference sequence had a

percent identity of 91.53 indicating a larger variation with reference sequence (Fig.
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9.8 and Table 9.8). The accession length and was 472 bp and the query coverage
was 95%.

There were five Core E1 sequences submitted to NCBI with genotype 3 and
subtype 3b. the five BLAST hits showed >200 alignment score and some
sequences had truncated ends. The general sequence data analysis showed of the
five sequences, four had accession length above 400bp and one had 265bp. All the
five sequences had percent identity between 87.75 and 89.29. The percent query
coverage of 53 % with the sequence with low accession length (Fig. 9.9 and Table
9.9).

There was one core E1 sequence submitted to NCBI with truncated ends and
had an alignment score >200. The BLAST hit reported genotype 4 and the
accession length was 408 with a lower percent query coverage of 82%. The percent
identity was low at 91.67, indicating certain amount of variability or mutation (Fig.
9.10 and Table 9.10).

Comparison of anti-HCV antibody responses with viral load and/or Cq and
genotypes (Table 9.11). There were 6 samples with genotype 1 and 5 samples with
genotype 3b. There were high and low levels antibody, viral load or Cq in both the
genotypes. There was no grouping of levels of antibody with levels of viral load or
Ca.

C. Core E1 amino acid sequence data analysis

9.5.4. Core E1 amino acid sequence for epitope, antigenicity and secondary

structure prediction

Amino acid sequence data analysis of Core E1 of HCV was used for epitope
and antigenicity prediction. The genotype 1 with subtype la was selected. The
sequence showed high identity of 96.86% to the reference sequence. The stretch of
amino acid that are likely to be antigenic epitopes were defined using the software
Bepipred linear epitope prediction (Table 9.12A). The software used was Bepipred
Linear Epitope Prediction (A) and Kolaskar and Tongaonkar Antigenicity Predicted
peptides (B). B-cell epitopes were used by the former and physicochemical
properties were used for the latter (Table 9.12B). The stretch of most of the amino
acids that are antigenic varied from 9-11 in four cases and two stretches were of

short amino acid sequence of four and five. The antigenic epitopes contained very
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few amino acids with non-polar side chains but contained large number of amino
acids with either polar acidic or basic side chains. Glycine which is known to
distort or bend the structure is shown colorless.

The antigenic epitopes generated by Bepipred Linear Epitope Prediction
had more number of polar and charged groups (Table 9.12A). The antigenic
structure predicted by Kolaskar and Tongaonkar Antigenicity Predicted peptides
had more non polar amino acids in their sequence (Table 9.12B).

There were no B sheets demonstrated in the structure. Each anti-paralell
Bsheet is separated by a B turn. But the number of amino acids in B turn is also very
small (Fig. 9.11). the extended strand structures are not interrupted by P turn. Also
the extended structures are all unidirectional, also indicating the absence of

formation of B sheets from extended structures.

The percentage of secondary structure in the BLAST hit sequence were o
helix, extended strand, B turn and random coil were 35.85, 20.75, 9.43 and 33.96%,
respectively (Table 9.13). The sequence that falls in the secondary structure were
marked in Fig. 9.11. The blue colored a helical region were often flanked by
random coil (purple) and extended strand (red). The predicted amino acid mutation

and their sites were identified and shown in Table 9.14.

Epitope and antigenicity predicted peptides using the software Bepipred
linear epitope prediction of Core E1 sequences, GT3a with MK843925 accession
number (Table 9.15A) and Kolaskar and Tongaonkar Antigenicity Predicted
peptides (Table 9.15B). The stretch of most of the amino acids that are antigenic
varied from 9-23 in three cases and one was a single amino acid. The antigenic
epitopes generated by Bepipred Linear Epitope Prediction had more number of
polar and charged groups (Table 9.15A). The antigenic structure predicted by
Kolaskar and Tongaonkar Antigenicity Predicted peptides had more non polar

amino acids in their sequence (Table 9.15B).

The percentage of secondary structure in the BLAST hit sequence were o
helix, extended strand, B turn and random coil were 35.26, 21.15, 5.13 and 38.46%,
respectively (Table 9.16). The sequence that falls in the secondary structure were
marked in Fig. 9.12. The blue colored a helical region were often flanked by

random coil (purple) and extended strand (red). Beta sheets were not identified in
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the sequence data analysis. The predicted amino acid mutation and their sites are
shown in Table 9.17.

Epitope and antigenicity predicted peptides of Core E1 sequences, Genotype
3b with MW970044 accession number, which showed maximum identity of 92.90
% to the reference sequence (Table 9.18A) and Kolaskar and Tongaonkar
Antigenicity Predicted peptides (Table 9.18B). The stretch of most of the amino
acids that are antigenic varied from 7-13 in all four cases. The antigenic epitopes
generated by Bepipred Linear Epitope Prediction had more number of polar and
charged groups (Table 9.18A). The antigenic structure predicted by Kolaskar and
Tongaonkar Antigenicity Predicted peptides had more non polar amino acids in
their sequence (Table 9.18B). The percentage of secondary structure in the BLAST
hit sequence were a helix, extended strand, B turn and random coil were 38.06,
21.94, 4,52 and 35.48%, respectively (Table 9.19). The sequence that falls in the
secondary structure were marked in Fig. 9.13A and B using SOPMA and Phyre2
web portal. The blue colored o helical region were often flanked by random coil
(purple) and extended strand (red). The predicted amino acid mutation and their

sites are shown in Table 9.20.

Epitope and antigenicity predicted peptides of Core E1 sequences, GT4d
with MW970042 accession number using the software Bepipred linear epitope
prediction (Table 9.21A) and Kolaskar and Tongaonkar Antigenicity Predicted
peptides (Table 9.21B). The antigenic epitopes generated by Bepipred Linear
Epitope Prediction had more number of polar and charged groups (Table 9.21A).
The antigenic structure predicted by Kolaskar and Tongaonkar Antigenicity
Predicted peptides had more non polar amino acids in their sequence (Table
9.21B). The stretch of most of the amino acids that are antigenic varied from 11-15
in three cases and short stretches of 1-3-amino acids. The percentage of secondary
structure in the BLAST hit sequence were o helix, extended strand, f turn and
random coil were 24.26, 29.41, 4.41 and 41.91%, respectively (Table 9.22). The
sequence that falls in the secondary structure were marked in Fig. 9.14A using
SOPMA. The predicted amino acid mutation and their sites are shown in Table
9.23.
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D. NS5B sequence data analysis

9.5.6. Sequence data analysis of HCV Genotype 1 NS5B sequence with query

sequences

NS5B sequence was found to be difficult for designing primer and to
amplify gene sequence for sequencing. These problems arose probably due to the
low percent identity resulting from more frequent mutations and less conserved
regions. NS5B has also been found to be an epitope for third generation anti-HCV
antibody enzyme immune assays. These third-generation assays increase the
sensitivity of reactive antibody detection by detecting large number of low levels pf
antibodies. Therefore, the samples obtained were only two in number (Fig. 9.15).
The percent identity with the reference sequence was also high between 96.23 and
97.7 (Table 9.24). Comparison of anti-HCV antibody with Viral load and Cq of
NS5B sequences (Table 9.25).

Epitope and antigenicity predicted peptides of NS5B sequences,
Genotypel with MW281563 accession number using the software Bepipred linear
epitope prediction (Table 9.26A) and Kolaskar and Tongaonkar Antigenicity
Predicted peptides (Table 9.26B). The stretch of most of the amino acids that are
antigenic varied from 8-12 in all four cases. The percentage of secondary structure
in the BLAST hit sequence were a helix, extended strand, B turn and random coil
of MW281563 were 37.97, 18.99, 7.59 and 35.44% and of MW970050 are 31.51,
17.81, 2.74, and 47.95% respectively (Table 9.27). Domain analysis of Secondary
structure prediction of NS5B, Genotype la with MW281563 accession number
using Phyre2 web portal was done in Fig. 9.16A and PDB formatted model of
Secondary structure prediction of NS5B, Genotype la with MW281563 using
Phyre2 web portal in Fig. 9.16B.

Epitope and antigenicity predicted peptides of NS5B sequences,
Genotypel with MW970050 accession number using the software Bepipred linear
epitope prediction (Table 9.28A) and Kolaskar and Tongaonkar Antigenicity
Predicted peptides (Table 9.28B). The stretch of most of the amino acids that are
antigenic varied from 7-12 in all cases. Domain analysis of Secondary structure
prediction of NS5B, Genotype la with MW970050 accession number using
Phyre2 web portal was done in Fig. 9.17A and PDB formatted model of
Secondary structure prediction of NS5B, Genotype la with MW281563 using
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Phyre2 web portal in Fig. 9.17B. The predicted amino acid mutation and their sites

are shown in Table 9.28.

E. Attempts at predicting the tertiary structure and antigenic
epitopes

5.5.7. Protein data bank (PDB) structure of NS5B protein

The region was amplified and translated (amino acid from 141 — 220, Blue)
using RCSB PDB tool. From the total NS5B region sequence of 141-220 amino
acids, antigenicity predicted regions were 158-170, 175-187 and 202-207 (Fig.
9.18).

This was done as a preliminary attempt to predict antigenic sites. It is
extremely difficult to predict tertiary structure of protein as it has contributions
from the three-dimensional (3-D) locations and properties of the secondary
structure. The 3-D structure should include a polar exterior, non-polar interior and
correct 3-D location of the interior salt bridges. These data require crystallographic
and protein solution structure data analysis. Therefore, this was an exercise and an
attempt to approximately locate the antigenic sites using RCSB PDB software and

secondary structure data (Fig. 9.18).
F. Construction of phylogenetic tree

9.5.8. Phylogeny

Phylogenetic tree constructed using the 5’UTR region with data that were
available from our study. There were two major branches for genotype 1 and
genotype 3. Other genotypes, 2, 4, 5, 6 and 7 are also demonstrated using reference
sequences. Three clusters with sequence variation, of these two were major clusters
and a single sequence did not align with either genotype 1 or 3 (Fig. 9.19). The
following phylogenetic data of S’UTR region of HCV genome were analysed for
Genotype 1 (Red, 11 sequences from this study) and Genotype 3 (Blue, 7
sequences from this study). The reference sequences from NCBI were shown in
black.

Phylogenetic tree was constructed using the sequences generated from Core
E1 region (Fig. 9.20). Genotypes 1, 3 and 4 from our laboratory are demonstrated.

Other genotypes represented are from reference sequences obtained from database.
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The phylogenetic data analysis of Core E1 region of HCV genome was done.
References sequences for all genotypes (Black) along with Genotype 1 (Red, 7
sequences), Genotype 3a (purple, 1 sequences), Genotype3b (Blue, 5 sequences)

and Genotype 4 (Green, 1 sequence) were demonstrated.

Phylogenetic tree was constructed using the sequences generated from NS5B
region (Fig. 9.21). Two sequences of genotype 1 obtained by us were
demonstrated. The phylogenetic data analysis of NS5B region of HCV genome

with two Genotype 1 sequences marked Blue, were done.
9.6. DISCUSSION

There are three major regions of HCV genome, 5’UTR, Core E1 and NS5B,
that are structurally and functionally significant. Of the three sites, 5’UTR or the
untranslated region was examined for secondary RNA structures using the software
RNAfold. in both the reference sequences and in sequences from this study. These
secondary RNA structures, with varying stem- loop regions, generate specificity for
the 5S’UTR functions. Most of the structural proteins were expressed from the Core,
E1l and E2 regions. The Core E1 and NS5B were both analysed for nucleic acid

sequence and amino acid sequences.

Being highly conserved, the primers designed for the 5°UTR region,
generated a large number of PCR products. In this study, there were 24 sequences
generated from genotype 1 and genotype 3 of the 5’UTR regions. They had very
high ‘percent identity’ of 92.43 to 99.57 indicating their conserved nature. Despite
this large percent identity, it was possible to identify and differentiate genotypes 1
and 3 from this set of 24 sequences (Table 9.5).

There were thirteen sequences generated by primers designed for the Core
E1 region. From these thirteen nucleotide sequences of the Core E1 region, it was
possible to identify six sequences of genotype 1, one of genotype 3a, five of
genotype 3b and one of genotype 4.

Being translated, the Core E1 and NS5B region were also analysed for their
amino acid sequences. The amino acid sequences were used for predicting
antigenic epitopes by Bepipred linear epitope prediction and antigenicity prediction
by Kolasker and Tongaonkar antigenicity prediction methods. The antigenicity

prediction by latter method showed more non polar amino acids than by the former
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method (Tables 9.12A & B, 9.15A & B, 9.18A & B, 9.21A & B, 9.26A & B, 9.28A
& B). The amino acid sequence also showed large percentage of o helical regions
followed by extended strand structures or 3 strands. There were no B sheets, thus
resulting in the low percentage of B turn. As expected, there were high percentage
of random coils were high for all the sequences predicted (% of secondary

structures are in Tables following the above Tables for antigenicity).

There were only two PCR products generated by the primers used to amplify
NS5B region. This indicates the variability in this functional protein sequence. The
functional protein generated from this region if RNA dependent RNA Polymerase.
There were long extended structures in the amino terminal region (blue) (Fig.
9.16B, 17B). the amino terminus also showed a tendency for anti-parallel  strand
structure which was seen in both the sequences studied. The carboxy terminal (red)

of one sequence had a longer extended structure.

Tertiary structure prediction requires a large database of the secondary
structure, detail mapping of polarity-non polarity of amino acids and the location of
various internal structure such as salt bridges. The latter data may be available from
crystallography database. Therefore, this study might be taken as a preliminary
study and an exercise to predict three-dimensional structures and use it to
demonstrate the antigenic sites. The predicted antigenic epitopes fall in the a

helical regions.

Genotype 3 was found to have higher prevalence in South Asia and India, in
our study there were large number of genotype 1 (14 numbers) and genotype 3 (10
numbers) in the 5S’UTR region. Similarly, in the Core E1 region there were six
sequences from genotype 1, five sequences from genotype 3b and one each from
genotype 3a and 4d. Both the sequence from the NS5B region were assigned
genotype 1. In the rooted phylogenetic trees constructed (Fig. 9.19, 9.20, 9.21), all
the above sequences were found to be aligning correctly with the corresponding
genotypes described earlier (Tables 9.5, 9.14, 9.20, 9.23, 9.29).

Final Decision criteria for differentiation quantitative and qualitative real
time RT-PCR. Data from the fluorescence amplification plots by (a) visual
observation, (b) calibration plots, (c) four-parameter data from SigmaStat, (d) log
fluorescence intensity from LinRegPCR and (e) validation of PCR product by
sequence analysis (Table 9.30).
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9.8. CONCLUSIONS

There were seven major genotypes (GTs), the complete genomes of which
differ from each other by at least 30% at the nucleotide level. Genotype 1 is the
most prevalent worldwide (46%) and predominates in Europe, North America, and
Australia. It is followed by GT3 (30%), which is primarily distributed in South
Asia, particularly the Indian subcontinent. GT3 is the most common genotype in
India followed by GT1.

The major genotypes identified in this study were 1 and 3. The 5’UTR
region was highly conserved, 341 bp region with secondary RNA structure that has
functional importance. Graphic representation of 24 sequences of genotype 1 of
5’UTR showed >200 alignment score with reference sequence, and percent identity
from 96 to 100% for genotype 1. Similar data was obtained for genotype 3, with
percent identity from 95.57 to 99.57. There were highly conserved regions of
5’UTR with low entropy, and these sites were used for designing primers that were
used for diagnostic purposes. The secondary RNA structure of (5’UTR) showed
several sites of stacking interactions between successive base pairs, and predicted
energetically most stable structure.

Similar sequence data analysis was also done with Core E1 region. Six

different sequences of genotype 1 of Core E1 region were submitted to NCBI
database and were found to have alignment score >200 and percent identity
between 94.59 and 95.46. Due to lack of specific highly conserved sites, primer
designing for both CE1 and NS5B were found to be more difficult and less
productive. There was one sequence with genotype 3a with alignment score >200
and percent identity of 91.53. There were five sequences of core E1 matched with
genotype 3b with alignment score >200 and percent identity 87.75 to 89.29. One
sequence showed >200 alignment score with genotype 4 with percent identity of
91.67.

Epitope prediction was done for Core E1 using software (a) Bepipred
Linear Epitope Prediction and (b) Kolaskar and Tongaonkar Antigenicity Predicted
peptides. B-cell epitopes were used by the former and physicochemical properties

were used for the latter. The secondary structure of core E1 were also analysed.
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Similar analysis was done with NS5B but the PCR product and the data

obtained were much less than the other two regions due to larger variations
distributed in the NS5B region. There were only two PCR products amplified
using various primers designed for NS5B. The secondary structure of NS5B and
the possible three-dimensional tertiary distribution of the secondary structures

were also analysed.

Phylogenetic tree was constructed using reference sequence from the seven

genotypes of 5’UTR. These reference sequences were aligned and compared with
the HCV sequences that we had submitted to NCBI from this study.

Phylogenetic tree construction was also done for Core E1 and NS5B

regions with our sequences and the reference sequences from NCBI database.
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9.5.1. 5’UTR Sequence Data Analysis

Fig. 9.1. Sequence data analysis of 341 bp 5’UTR region of HCV reference sequence
(Accession NC 004102, Genotype 1). The external (yellow-ended) and nested
(green-ended) primers are highlighted.

5’GCCAGCCCCCTGATGGGGGCGACACTCCACCATGAATCACTCCCCTGTGAGGAACTA
CTGTCTTCACGCAGAAAGCGTCTAGCCATGGCGTITAGIATGAGTGTCGTGCAGCCTCCA
GGACCCCCCCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTACACCGGAAT
TGCCAGGACGACCGGGTCCTTTCTTGGATAAACCCGCTCAATGCCTGGAGATTTGGGCG
TGCCCCCGCAAGACTGCTAGCCGAGTAGTGTTGGGTCGCGAAAGGCCTTGTGGTACTGE

CTGATAGGGTGCTTGCGAGTGECCCCGGGAGGTCTCGTAGACCGTGCACC-3’

Table 9.1. Table showing the list of primers used to amplify the 5°UTR region of

Hepatitis C virus genome as in Fig. 9.1.

Primers Primer sequences synthesised (5’ — 3°) Nucleotide PCR
position 5° to | product size
33
External Sense ACTGTCTTCACGCAGAAAGCGTCTAGCCAT -285 to -256, 272 bp
Forward Primer Tm- 64.3
External Sense GGGTGCTTGCGAGTGCCCCGGGAGGTCTCG -14 t o -43
Reverse Primer Tm-72.9
Nested Sense ACGCAGAAAGCGTCTAGCCATGGCGTTAGT -276 - -247 256 bp
Forward Primer
Nested Sense CCTGATAGGGTGCTTGCGAGTGCCCCGGGA -21 --50
Reverse Primer

Fig. 9.2. Agarose gel electrophoresis of PCR amplification of 5’UTR region with
external primers (lane 2) and internal primers (lane 3). Lane 1 is the 100 bp DNA
ladder

Fig. 9.2. 5’UTR Amplification
using External and Nested
Primers
Lane 1: 100 bp DNA Ladder
Lane 2: Amplification with
External Primer (272 bp)
Lane 3: Amplification with
Nested Primer (256 bp)

ane 4 NTC
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Fig. 9.3. Graphic summary of 5’UTR sequences submitted at NCBI database,
BLAST with Reference Sequence NC_004102 (Genotype 1). Truncated ends of
some PCR products in the lower part of the figure indicate the errors in sequencing
by Sanger’s method due to low HCV plasma viral load of pure PCR products. The
alignment score has been calculated from the percent identity and the total alignment

sequence of 272 bp.

Alignment Scores <40 [40-50 [J50-80 [ES0-200 [==200

Distribution of the top 24 Blast Hits on 24 subject sequences
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Table 9.2. Description of the alignment of 5’UTR sequences submitted at NCBI
database nBLAST (nucleotide BLAST) done with Reference Sequence
NC_004102 (Genotype 1). Query sequence is the sequence submitted to NCBI with
BLAST. Query Cover(age): the percent of the query length that is included in the
aligned segments. Maximum Score: the highest alignment score calculated from
the matched nucleotides and penalties for mismatches and gaps. Total Score: the
sum of alignment scores of all segments from the same subject sequence. Query
Coverage: the percent of the query length that is included in the aligned segments.
Identity: the highest percent identity for a set of aligned segments to the same
subject sequence. Accession Length: the number of nucleotides in the result
sequence identified by the accession number.

Serial Description Max. Total Query Per. Acc.
No. (Accession Score Score Cover Ident Len
number)

1. MW970038.1 505 505 80% 100 273
2. MW970033.1 501 501 79% 100 271
3. MK843928.1 481 481 76% 100 261
4. MK561494.1 350 350 55% 100 190
5. MW970034.1 499 499 80% 99.63 273
6. MW970031.1 499 499 80% 99.63 274
7. MK133357.1 499 499 80% 99.63 276
8. MW281560.1 486 486 78% 99.62 266
9. MW281562.1 477 477 76% 99.62 261
10. MW970040.1 473 473 75% 99.61 259
11. MW970039.1 468 468 75% 99.61 256
12. MT258412.1 468 468 75% 99.61 256
13. MW281561.1 464 464 74% 99.61 254
14. MW970030.1 472 472 80% 97.8 273
15. MW970036.1 440 440 80% 95.62 274
16. MW970041.1 420 420 77% 95.44 263
17. MW970032.1 412 412 76% 95.04 262
18. KX424960.1 377 377 70% 95 240
19. MW970037.1 407 407 76% 94.66 262
20. MW970035.1 311 311 58% 94.53 201
21. KX455812.1 292 292 56% 94.24 192
22. KX455813.1 303 303 58% 94 200
23. KX455811.1 294 294 57% 93.85 196
24, MK625193.1 337 337 67% 93.04 231
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Table 9.3. Description of Anti HCV antibody, viral load and Cq of 5’UTR sequences
amplified and submitted at NCBI database. Plasma viral load from the calibration
plot could be validated upto 1 1U/ul, below 1 1U/ul the quantitation was not valid,

therefore, it is represented as Cq.

NCBI Acc. Anti-HCV Viral load Genotype
No. Ab (1u/ul) Cq
MW970030 0.03 0 38.99 1
MW281562 0.06 112468 20.07 1
MW281561 0.31 1 36.85 1
MW281560 1.26 1 35.5 1
MW970039 2.54 0 38.91 1
MT258412 3.96 0 37.63 1
MW970038 4.13 1367 27 1
MK561494 10.8 22 30.08 1
MK133357 28.2 72038 20.48 1
MW970031 30 1325 26.08 1
MW970040 30.9 2522 26.48 1
MW970034 31.2 1753 26.52 1
MK843928 33.8 337 29.78 1
MW970033 36.1 108 31.21 1
MW970035 1.11 1 36.37 3
KX455811 1.28 643 29.64 3
MW970037 6.96 0 37.7 3
MW970036 7.29 0 37.89 3
KX455813 16.9 1 36.1 3
KX424960 26.8 14,929 28.78 3
KX455812 29 6005 24.28 3
MW970041 30 1102 27.09 3
MK843929 34 414 29.34 3
MK625193 34 414 29.12 3
MW970032 36.8 3437 25.64 3
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Fig. 9.4. Graphic summary of 5’UTR sequences submitted at NCBI database,
BLAST with Reference Sequence NC_009824 (Genotype 3). The alignment score

has been calculated from the percent identity and the total alignment sequence of 272

bp.

Alignment Scores <40 [40-50 [50-80 [E&0-200 [>=200

Distribution of the top 24 Blast Hits on 24 subject sequences
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Table 9.4. Description of the alignment of 5’UTR sequences submitted at NCBI
database nBLAST (nucleotide BLAST) done with Reference Sequence of Genotype
3, NC_009824. Details of the data are given in Table 9.2.

Serial | Description Max Total | Query | Per. Acc.
No. Score | Score | Cover | ident Len
1. MK625193.1 420 420 84% 99.57 231
2. KX424960 416 416 88% 97.92 240
3. | MW970035.1 344 344 73% 97.51 201
4. | MW970036.1 462 462 99% 97.42 272
o. KX455812.1 326 326 70% 97.38 192
6. | MW970041.1 4438 4438 96% 97.34 263
7. | MW970037.1 446 446 96% 97.33 262
8. | KX455813.1 337 337 73% 97 200
9. | MW970032.1 440 440 96% 96.95 262
10. KX455811 327 327 71% 96.92 196
11.| MW970030.1 435 435 99% 95.57 272
12.| MW970034.1 407 407 99% 93.73 272
13.| MW970031.1 407 407 99% 93.73 272
14.| MW281560.1 398 398 97% 93.61 266
15.| MW281562.1 388 388 95% 93.49 261
16.| MW970040.1 385 385 95% 93.44 259
17.| MK843928.1 383 383 94% 93.41 260
18.| MW970038.1 401 401 99% 93.36 272
19.| MW970033.1 401 401 99% 93.36 271
20.| Mw970039.1 379 379 94% 93.36 256
21.| MW281561.1 375 375 93% 93.31 254
22.| MT258412.1 375 375 93% 93.31 255
23.| MK133357.1 396 396 99% 92.99 272
24.| MK561494.1 265 265 68% 92.43 189
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Table 9.5. Table with 5’UTR sequences of HCV showing nucleotide changes in

various positions.

Positions showing Nucleotide difference
97‘119'165‘175|178|179‘182|183|203|204‘217|220‘221‘224|243‘247|248|249
Genotype 1
NCood102| TIA|JA|T][C|A]JA|C]T|A]G|T|G|G|]A|C]|T]|G
MT258412 C
MW970039 C
MW281561 C
MW281560 C
MW970034 C
MW970031 C
MW970038
MKse1494 | . | | o o L o o] . oo
mworoodo | . | . [ . . ... ..o
MW970033
MK 133357
MK843928 .
mwzsise2 | . | . o o ] G | .
MW970030 cl|l .| .|.].1.1.1]1.1]c G| T|C
Genotype 3

NC009824 | C | . clTt]e|]Gc|T|Ge|lclA]c|]A]A]Gc]|]T|C]|A
MK625193 | C | . clTt|]G|G]|T clAlcl]AlA]Gc|T|C|A
KX424960 | C | . cl|T]|G T C C AlG|T|C|A
KX455812 | C | . C G T C C Alcg|T|cCc|A
MW970035 | C | . C G T C C AlG|T|C|A
MW970037 | C | C C G T C C Alcg|T|cCc|A
Kx455811 | C | . [ T | C G TG | T C AlG|T|C|A
Kx455813 | C | . | T | C G TG | T C Alcg|T|cCc|A
MW970032| C | C C G T C C Alcg|T|cCc|A
MW970041 | C | . C G T C C AlG|T|C|A
MW970036 | C | . C G T C C Alcg|T|cCc|A
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Table 9.6. Conserved regions of 5’UTR identified

Sl Conserved region Average
No. entropy
1 | 130 CCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTACACCGGAAT 175 | 0.0077
2 | 185 GACCGGGTCCTTTCTTGGA 203 0.0118
3 | 227 ATTTGGGCGTGCCCCCGC 245 0.0118

Fig. 9.5. Entropy Plot for 5UTR region of HCV Genotype 1 and Genotype 3,
Entropy Plot for 5’UTR region of HCV GT1 and GT3 calculated and plotted using

the Entropy plot tool of BioEdit using Shannon’s entropy formula. It is a measure of

probability of positional homology. The entropy in sequence analysis is the measure

of the variation of nucleotides in multiple sequences.

Entropy (Hx) Plot
Alignment: Untitled3

L

Alignment Position (residue number)
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Fig. 9.6. Minimum Free Energy (MFE) secondary structure and centroid secondary
structure of Reference Sequence of 5S’UTR (NC 004102) (A and B) and HCV
5’UTR sequence submitted to NCBI (MW970038) (C and D) using RNAfold

webserver.
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9.5.2. Core E1 sequence data analysis

Fig. 9.7. Graphic summary of Core E1 sequences submitted at NCBI database,
BLAST with Reference Sequence NC_004102 (Genotype 1)

Alignment Scores <40 [40-50 [50-80 [ES80-200 [>=200

Distribution of the top 6 Blast Hits on 6 subject sequences

| | 1 | | |
1 90 180 270 360 450

Table 9.7. Description of the alignment of Core E1 sequences submitted at NCBI
database BLAST done with Reference Sequence NC_004102 (Genotype 1).

Accession | Max Score | Total Query | Per.ident | Acc. Len
No. Score Cover
MK133356 739 739 93% 95.46 463
MK561495 758 758 96% 95.38 477
MK843926 459 459 58% 95.17 290
MW970047 586 586 75% 95.15 371
MK®843927 597 597 76% 95 381
MW970045 688 688 89% 94.59 444
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Fig. 9.8. Graphic summary of Core E1 sequences submitted at NCBI database,

BLAST with Reference Sequence NC_009824 (Genotype 3a)

Alignment Scores

W40 [E40-50

[ 50 - 80

I 80 - 200

Distribution of the top 2 Blast Hits on 2 subject sequences

| |
1 Q0

|
180

|
270

|
360

|
450

I == 200

Table 9.8. Description of the alignment of Core E1 sequences submitted at NCBI
database BLAST done with Reference Sequence NC_009824 (Genotype 3a).

Accession Max Total | Query | Per. Acc.
No. Score Score Cover | ident Len
MK843925 651 651 95% 91.53 472
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Fig. 9.9. Graphic summary of Core E1 sequences submitted at NCBI database,
BLAST with Reference Sequence Genotype 3b, KY620871.

Alignment Scores <40 [40-50 [J50-80 [E80-200 [E>=200

Distribution of the top 5 Blast Hits on 5 subject sequences

| | | | | |
1 Q0 180 270 360 450

Table 9.9. Description of the alignment of Core E1 sequences submitted at NCBI
database BLAST done with Genotype 3b, KY620871.

Accession Max Score | Total | Query | Per.ident | Acc. Len
Score | Cover

MW970044.1 586 586 | 94% 89.29 467

MW970046.1 547 547 88% 89.24 437

MW970043.1 492 492 | 84% 87.98 416

MW970049.1 309 309 | 53% 87.83 265

MW970048.1 525 525 | 90% 87.75 449
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https://www.ncbi.nlm.nih.gov/nucleotide/MW970043.1?report=genbank&log$=nucltop&blast_rank=4&RID=0YXX5B7U114
https://www.ncbi.nlm.nih.gov/nucleotide/MW970049.1?report=genbank&log$=nucltop&blast_rank=5&RID=0YXX5B7U114
https://www.ncbi.nlm.nih.gov/nucleotide/MW970048.1?report=genbank&log$=nucltop&blast_rank=3&RID=0YXX5B7U114
https://www.ncbi.nlm.nih.gov/nucleotide/MW970044.1?report=genbank&log$=nucltop&blast_rank=1&RID=0YXX5B7U114
https://www.ncbi.nlm.nih.gov/nucleotide/MW970046.1?report=genbank&log$=nucltop&blast_rank=2&RID=0YXX5B7U114

Fig. 9.10. Graphic summary of Core E1 sequences submitted at NCBI database,
BLAST with Reference Sequence Genotype 4, FJ462437.

Alignment Scores =40 [P40-50 []50-80 [@80-200 [@==200

Distribution of the top 1 Blast Hits on 1 subject sequences

Query
1 | | | | |
1 Q0 180 270 360 450

Table 9.10. Description of the alignment of Core E1 sequences submitted at NCBI
database BLAST done with Genotype 4, FJ462437.

Accession No. | Max Total | Query Cover Per. Acc.
Score | Score ident Len
MW970042 566 566 82% 91.67 408

Table 9.11. Comparison of anti-HCV antibody responses with viral load/ Cq
and genotypes.

Core E1 sequence | Anti-HCV | Viral load Cq Genotype
submitted Antibody (1y/ul)
MK133356 28.2 72038 20.48 1
MK561495 10.8 22 30.08 1
MK843926 338 337 29.78 1
MW970047 30.9 2522 26.48 1
MK843927 29.5 988 27.56 1
MW970045 31.2 1753 26.52 1
MK843925 29.2 10 31.78 3a
MW970044.1 36.1 108 31.21 3b
MW970046.1 1.11 1 36.37 3b
MW970043.1 36.8 3437 25.64 3b
MW970049.1 6.96 0 37.7 3b
MW970048.1 30 1102 27.09 3b
MW970042 30 1325 26.08 4
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https://www.ncbi.nlm.nih.gov/nucleotide/MW970046.1?report=genbank&log$=nucltop&blast_rank=2&RID=0YXX5B7U114
https://www.ncbi.nlm.nih.gov/nucleotide/MW970043.1?report=genbank&log$=nucltop&blast_rank=4&RID=0YXX5B7U114
https://www.ncbi.nlm.nih.gov/nucleotide/MW970048.1?report=genbank&log$=nucltop&blast_rank=3&RID=0YXX5B7U114
https://www.ncbi.nlm.nih.gov/nucleotide/MW970049.1?report=genbank&log$=nucltop&blast_rank=5&RID=0YXX5B7U114
https://www.ncbi.nlm.nih.gov/nucleotide/MW970044.1?report=genbank&log$=nucltop&blast_rank=1&RID=0YXX5B7U114

9.5.3. Core E1 amino acid sequence data analysis

Table 9.12A. Epitope and antigenicity predicted peptides of Core E1 amino acid
sequences, Genotype la with MK561495 accession number. The software used was
Bepipred Linear Epitope Prediction (A) and Kolaskar and Tongaonkar Antigenicity
Predicted peptides (B). B-cell epitopes were used by the former (A) and
physicochemical properties were used for the latter (B). Amino acid sequences were
colored as Blue (charged amino acids), Yellow (Polar amino acids) and Green (Non-

polar amino acids).

No. Start | End Peptide Length a.a.
1 24 33 | QVENSTGLYH 10
2 39 43 PNSSI 5
3 63 66 EGNA 4
4 77 87 VATREBGRLPTT 11
5 126 | 135 | PREEWTTQEE 10
6 140 148 YPGHITGHR 9

Table 9.12B. Kolaskar and Tongaonkar Antigenicity Predicted peptides of Core E1
amino acid sequences, Genotype 1a with MK561495 accession number.

No. | Start | End Peptide Lengthaa
1 4 23 SESIELEALLSCLTVPASAY 20
2 | 31 | 36 LYBVTN 6
3 54 61 TPGCVPCV 8
4 69 76 CWVAVTRT 8
5 94 121 ILLVGSATLCSALYVG DLCGSVELVGQL 28
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Table 9.13. Percentage of secondary structures in Core E1 of sequence with
MK561495 (Genotype 1a) accession number. ‘H’ was the total number of amino
acids in the secondary structure (alpha helix) and ‘h’ was the percentage of the
secondary structure (alpha helix) compared to the total number amino acids.

Genomic | Alpha Helix | Extended strand Beta Turn Random Caoil
Region (H, h%o) (E, e%0) (T, t%) (C, c%)
Core E1 57, 35.85% 33, 20.75% 15, 9.43% 54, 33.96%

Fig. 9.11. Secondary structure prediction of Core E1 sequence MK561495
(Genotype 1a) using SOPMA.. Red region is Extended strand, Blue is the alpha helix,
Green is Beta turn and Purple is the Random coil.
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Table 9.14. Predicted amino acid mutation sites of Core E1 sequence submissions
of Genotype 1. Reference sequence (NC..) and sequences submitted from our
laboratory (M..).

Amino Acid positions
198 | 218 | 219 | 234 | 237 | 241 | 243 | 249 | 252 | 284 | 312
NC 004102 | S D A N R A T R K V H
MK561495 | T E T . . . R E
MK843926 | T E T G . P R
MK133356 | T T K R E
MK843927 | T T . R | E
MW970045 | T K S K R | E
MW970047 | T K R
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Table 9.15A. Epitope and antigenicity predicted peptides of Core E1 sequences,

GT3a with MK843925 accession number. The software used was Bepipred Linear

Epitope Prediction (A) and Kolaskar and Tongaonkar Antigenicity Predicted

peptides (B). B-cell epitopes were used by the former (A) and physicochemical

properties were used for the latter (B).

No. |Start |End Peptide Length
1 19 29 ASLEBWRNTSGL 11
2 63 63 N 1
3 76 84 AVRYVGATT 9
4 123 145 RPREBQTVQTENCSLYRPGHLTGH 23

Table 9.15B. Kolaskar and Tongaonkar Antigenicity Predicted peptides of Core E1

amino acid sequences, GT3a with MK843925 accession number.

No. |[Start |End Peptide Length
1 4 18 SIFLLALFSCLIBPA 15
2 29 34 LYVLTN 6
3 48 59 VILBAPGCVPCV 12
4 72 80 TRTVAVRYV 9
5 90 96 BVBLLVG 7
6 101 118 | CSALYVGIVCGAIFLVGQ 18
7 132 140 TENCSLYPG 9
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Table 9.16. Percentage of secondary structures in Core E1, Genotype 3a with
MK843925 accession number. ‘H’ was the total number of amino acids in the
secondary structure (alpha helix) and ‘h’ was the percentage of the secondary
structure (alpha helix) compared to the total number amino acids.

Genomic Alpha Helix Extended Beta Turn Random Caoil
region (H, h%) strand (E, e%0) (T, t%) (C, c%)
Core El1 55, 35.26% 33, 21.15% 8,5.13% 60, 38.46%

Fig. 9.12. Secondary structure prediction of Core E1 of Genotype 3a with
MK843925 using SOPMA.. Red region is Extended strand, Blue is the alpha helix,
Green is Beta turn and Purple is the Random coil.
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Table 9.17. Predicted amino acid mutation sites seen in Core E1, MK843925
accession number compared with the reference sequence NC_009824.

Amino Acid positions
223 233 237 260 280 284 297 314
NC 009824 | T G T S M V R S
MK843925 A N K G V | H T
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Table 9.18A. Epitope and antigenicity predicted peptides of Core E1 sequences,

Genotype 3b with MW970044 accession number, which showed maximum identity

of 92.90 % to the reference sequence used GT3b. The software used was Bepipred

Linear Epitope Prediction (A) and Kolaskar and Tongaonkar Antigenicity Predicted

peptides (B). B-cell epitopes were used by the former (A) and physicochemical

properties were used for the latter (B).

No. Start End Peptide Length
1 22 29 LBYBNTSG 8
2 77 85 AVEBIPGATT 9
3 125 131 PRREMTV 7
4 138 150 | LEYPGHISGHRMAW 13

Table 9.18B. Kolaskar and Tongaonkar Antigenicity Predicted peptides of Core E1

amino acid sequences, GT3b with MW970044 accession number.

No. Start End Peptide Length
1 4 20 FSIFLLALFESCLTCPAS 17
2 49 62 VILELPGCVPCVAA 14
3 73 79 SPTVAVE 7
4 98 114 | AATLCSALYVGELCGAV 17
5 133 141 TENCSLYPG 9
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Table 9.19. Percentage of secondary structures in Core E1, GT3b with MW970044
accession number. ‘H’ was the total number of amino acids in the secondary structure
(alpha helix) and ‘h’ was the percentage of the secondary structure (alpha helix)
compared to the total number amino acids.

Accession Alpha Helix Extended Beta Turn Random Caoil
No. (H, h%) strand (E, €%) (T, t%) (C, c%)
MW970044 | 59, 38.06% 34, 21.94% 7,4.52% 55, 35.48%

Fig. 13A. Secondary structure prediction of Core E1, GT3b with MW970044
accession number using SOPMA (A). Red region is Extended strand, Blue is the
alpha helix, Green is Beta turn and Purple is the Random coil.
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Fig. 9.13B. Domain analysis of Secondary structure prediction of Core E1 of
Genotype 3b with MW970044 accession number using Phyre2 web portal (B).
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Table 9.20. Predicted amino acid mutation sites seen in Core E1 of Genotype 3b in

reference with KY620871

Acc. No.

Amino Acid positions

189

191

202

210

218 | 231 | 232 | 233

237

250

264

280

287

KY620871

MW970044

MW970043

MW970046

nl vl O 4

MW970049

D I

I T IT| T| <

MW970048

Ol »w| Z| Z2|] | X

Z| > > > > H
U| O O O O o®

0w v v vl unl

| Z £ e
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Table 9.21A. Epitope and antigenicity predicted peptides of Core E1 sequences,
GT4d with MW970042 accession number. The software used was Bepipred Linear
Epitope Prediction (A) and Kolaskar and Tongaonkar Antigenicity Predicted
peptides (B). B-cell epitopes were used by the former (A) and physicochemical

properties were used for the latter (B).

No. |Start |End Peptide Length
1 7 21 |PPPAYNYRNSSGVYH| 15
2 27 28 PN 2
3 30 31 Sl 2
4 34 34 | 1
5 66 76 AAPYLNAPLES 11
6 113 | 122 RPRREWTTQR 10
7 130 | 132 GHI 3

Table 9.21B. Kolaskar and Tongaonkar Antigenicity Predicted peptides sequences,

GT4d with MW970042 accession number.

No. Start End Peptide Length
1 4 9 LTVPPP 6
2 38 51 BILALPGCVPCVRYV 14
3 88 94 ATLCSAL 7
4 100 109 CGGVFLVGOL 10
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Table 9.22. Percentage of secondary structures in Core E1 of GT4d with

MW2970042 accession number. ‘H’ was the total number of amino acids in the

secondary structure (alpha helix) and ‘h’ was the percentage of the secondary

structure (alpha helix) compared to the total number amino acids.

Genomic Alpha Helix | Extended strand | Beta Turn Random Caoil
region (H, h%) (E, %) (T, t%) (C, c%)
Core E1 33, 24.26% 40, 29.41% 6, 4.41% 57,41.91%

Fig. 9.14. Secondary structure prediction of Core E1 using SOPMA of Genotype 4d
(MW970042). Red region is Extended strand, Blue is the alpha helix, Green is Beta
turn and Purple is the Random coil.
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Table 9.23. Predicted amino acid mutation sites of MW970042 with reference to

FJ462437, Genotype 4d.

Accession Amino Acid positions

No. 189 | 190 | 203 | 231 | 235 | 241 | 268 | 280 |284 | 294|303
FJ462437 A S V R K S A V A Q D
MW970042 | P P I K T A S L \Y R E
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9.5.4. NS5B sequence data analysis

Fig. 9.15. Graphic summary of NS5B sequences submitted at NCBI database
nBLAST (nucleotide BLAST) done with Reference Sequence NC_004102
(Genotype 1).

Alignment Scores =40 [P40-50 []50-80 [SE0-200 [@==200

Distribution of the top 2 Blast Hits on 2 subject sequences

| | | 1 | |
1 30 100 150 200 250

Table 9.24. Description of the alignment of NS5B sequences submitted at NCBI
database nBLAST (nucleotide BLAST) done with Reference Sequence NC_004102
(Genotype 1).

Accession Max Total Query Per. Acc.

No. Score Score Cover Ident Len
MW281563 392 392 90% 96.23 239
MW970050 374 374 82% 97.7 220
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Table 9.25. Comparison of anti-HCV antibody with Viral load and Cq of NS5B

sequences

Accession Anti-HCV | Viral load Genotype
No. Antibody (1U/un) Cq

MW281563 0.06 112468 20.07 1

MW970050 31.2 1753 26.52 1

Table 9.26A. Epitope and antigenicity predicted peptides of NS5B sequences,
Genotypel with MW281563 accession number. The software used was Bepipred
Linear Epitope Prediction (A) and Kolaskar and Tongaonkar Antigenicity Predicted
peptides (B). B-cell epitopes were used by the former (A) and physicochemical
properties were used for the latter (B).

No. Start End Peptide Length
1 6 15 VQPERGGREP 10
2 33 40 ALYBVVSK 8
3 50 61 YGEQYSPGQRVA 12
4 67 75 WRSKRTPMG 9

Table 9.26B. Kolaskar and Tongaonkar Antigenicity Predicted peptides for NS5B,
Genotype 1 with MW281563 accession number.

No. Start End Peptide Length
1 17 29 RLIVFPELGVRVC 13
2 34 46 LYBVVSKLPLAVM 13
3 61 66 BFLVRA 6
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Table 9.27. Percentage of secondary structures in NS5B sequences. ‘H’ was the
total number of amino acids in the secondary structure (alpha helix) and ‘h’ was the

percentage of the secondary structure (alpha helix) compared to the total number

amino acids.
Accession Alpha Helix Extended strand Beta Turn Random Caoil
No. (H, h%) (E, %) (T, t%) (C, c%)
MW281563 30, 37.97% 15, 18.99% 6, 7.59% 28, 35.44%
MW970050 23, 31.51% 13,17.81% 2,2.74% 35, 47.95%

Fig. 9.16A. Domain analysis of Secondary structure prediction of NS5B, Genotype
1la with MW281563 accession number using Phyre2 web portal.
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Fig. 16B. PDB formatted model of Secondary structure prediction of NS5B,
Genotype 1a with MW281563 using Phyre2 web portal.
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Table 9.28A. Epitope and antigenicity predicted peptides of NS5B sequences,
Genotype 1 with MW970050 accession number.

No. |Start |End Peptide Length
1 6 16 CVOPERGCRER 11
2 35 41 LYBVVSK 7

3 51 62  YGFQYSPGORVE 12

Table 9.28B. Kolaskar and Tongaonkar Antigenicity Predicted peptides for NS5B
sequences, Genotype 1 with MW970050 accession number.

No. Start End Peptide Length
1 4 9 VFCVQP 6
2 18 24 REivrrR 7

3 35 46 LYBVVSKLPLAV 12
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Fig. 17A. Domain analysis of Secondary structure prediction of NS5B, Genotype
1a with MW970050 accession number using Phyre2 web portal
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Fig. 17B. PDB formatted model of Secondary structure prediction of NS5B,
Genotype 1la with MW970050 using Phyre2 web portal.
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Table 9.29. Predicted amino acid mutation sites of genotype 1a of NS5B

Accession No. 205 212
NC_004102 Q T
MW281563 R
MW970050 R N
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Table 9.30. Final Decision criteria for differentiation quantitative and qualitative
real time RT-PCR. Data from the fluorescence amplification plots by (a) visual
observation, (b) calibration plots, (c) four-parameter data from SigmasStat, (d) log
fluorescence intensity from LinRegPCR and (e) validation of PCR product by
sequence analysis.

Parameter Quantitative Qualitative Sources of the Data and Comments
range range
A. Graphical observation from fluorescence amplification plot

Normalised Near 100% <90% Manually measured; Data from Fig.
fluorescence intensity, 5.1 and Table 5.3
4a’
Slope at inflection 1.65-1.50 1.50-1.08 Manually measured; Data from Fig.
point, b 5.1 and Table 5.3
Cq or Concentration of | <33.200r >10 33.20t0 39.90 | Data from Fig. 8.1, Table 5.1. 10 1U/ul
Calibrator 10/l or <10 TU/ul calibrator may be used as a reference

data point in RT-PCR assays

B. Four-parameter data from calibrators and plasma RNA by SigmasStat software

Fluorescence intensity 28.35-21.93 21.74 - 15.39 Data from Table 5.2
(normalised), ‘a’ (100%) (decreased)
Slope at inflection 2.55-1.95 <1.90 Data from Table 5.2
point, b (100%) (decreased)
C. Log fluorescence intensity from LinRegPCR software
Slope 0.301 - 0.255 <0.255 Data from Fig. 5.3. and Table 5.3
Efficiency, E 2.0-1.80 <1.80 Data from Fig. 5.3. and Table 5.3
D. Data analysis of Calibration plots
Slope, M -3.1t0-3.6 >-3.10r<-3.6 Data from Fig. 5.1B
(outside
numerical value

of 3.1 to 3.6)

Efficiency 110% - 90% >110% and < Data from Fig. 5.1B
90%

Acceptable calibration 33-37 33-37 <33 or >37 unacceptable calibration
Sensitivity, Cqg at 1 plot sensitivity.
1u/ul
%CYV of calibrator and <7% <7% >7% Unacceptable calibrator RT-PCR

diluted calibrator, Cq

Cq performance. Data from Table 5.1.

E. Validation of

PCR product by Sequencing

Sequencing (Sanger’s
Method)

272 bp
amplified
(5’ UTR)

Fig. 9.2, validated by submitting the
sequence to NCBI which should report
highest percent identity with 5’UTR

region of HCV
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9.5.5. Attempts at predicting the tertiary structure and
antigenic epitopes

Fig. 9.18. PDB structure of NS5B protein — The region amplified and translated was
assigned blue color from 141 — 220 using RCSB PDB tool. In the blue range, red,

yellow and purple are the antigenic epitopes.

Translated NS5B region (Blue) : 141 - 220
Antigenicity Predicted peptides positions: 158 - 170 (Red),
175 - 187 (Purple) and 202 - 207 (Yellow).
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9.5.6. Construction of phylogenetic tree
Fig. 9.19. Phylogenetic data analysis of 5’UTR region of HCV genome, Genotype
1 (Red, 11 sequences from this study) and Genotype 3 (Blue, 7 sequences from this
study). The reference and other sequences from NCBI are shown in black.
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Fig. 9.20. Phylogenetic data analysis of Core E1 region of HCV genome. References
sequences and other sequences from NCBI database (Black). Rest of the sequences
were from this study. Genotype 1 (Red, 7 sequences), Genotype 3a (purple, 1
sequences), Genotype3b (Blue, 5 sequences), Genotype 4 (Green, 1 sequence).
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Fig. 9.21. Phylogenetic data analysis of NS5B region of HCV genome with two
Genotype 1 sequences from this study marked Blue. Rest of the sequences were from
NCBI database.
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Summary and Conclusions






Chapter-wise summary from the results chapters 5 to 9.

Data analysis of calibration plot and HCV RT-PCR fluorescence
amplification plots were analysed to differentiate between qualitative and
quantitative RT-PCR and to establish validation criteria for qualitative RT-
PCR. In qualitative RT-PCR, the fluorescence intensity and slope at
inflection point were decreased in qualitative PCR. The lower analytical
limit of quantitative PCR calibration plot was at 10 IU/ul calibrator
concentration which was equivalent to Cq of about 33. The calibration plot
of qualitative RT-PCR concentrations showed unacceptable performance
outside the acceptable limits: Cq range 33.2 to 39.9; slope at inflection point
from 1.50 — 1.08; four-parameter slope at inflection point <1.90; log
fluorescence intensity slope <0.255 and efficiency <1.80; calibration plot
slope >-3.1 or <-3.6, efficiency >110% and < 90% and acceptable

calibration sensitivity 33 — 37.

Internal control (IC) was added to HCV RT-PCR assays with
patients’ plasma RNA, calibrators, QC RNA and non-template control
(NTC). All IC additions were from the same lot for a set of calculations. The
IC fluorescence emission of ROX dye at 610+5 nm, was independent of the
HCV template amplification with FAM dye having emission at 510+5 nm.
The average IC Cq was lowest for NTC, followed by the calibrators, QC
samples and the HCV infected patients’ plasma RNA sample. The average
%CV was the same for NTC, calibrators and QC sample, but was increased
for patients’ sample. The results showed that the analytical influences might
be due to HCV RT-PCR products which could be attributed to the IC Cq
difference between the calibrator and NTC. The preanalytical influences
might be contributed by IC Cq difference between patients’ (or QC) sample,
and the calibrator. QC and patients’ sample contained non-specific RNA
from plasma which might contribute to the pre-analytical influences. The
patients’ samples were from different patients’ contributing to higher
average patients’ %CV, unlike that of QC sample and calibrators which were
a single sample. Slope, normalised fluorescence intensity and efficiency of
the fluorescence amplification plot decreased with decrease in viral load

both in calibrators and with patient samples. when concentration is
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expressed as Cq, the relationship of Cq, fluorescence intensity and efficiency

become inversely related.

The preanalytical influence on HCV RT-PCR were analysed by
selecting HCV RT-PCR positive cases that were to undergo surgery and then
repeating HCV RT-PCR after surgery. Studies were also designed on HCV
RT-PCR positive cases that had tissue damaging conditions. In these cases,
the Cq value decreased or the negative result became positive indicating
high viral load when tissue damaging conditions were decreased. These
results also indicated that whenever there was a preanalytical influence on
the RT-PCR assay, the assay may be repeated after two weeks to obtain a
more correct result. The study strongly indicated preanalytical influence
were more prominent when HCV viral load was low. Even HCV negative
patient samples in the presence of tissue damaging conditions were also

found to influence and increase the Cq value of the calibrators.

Diagnosis of HCV infection was done by screening for anti-HCV
antibody using the third-generation assay followed by HCV RT-PCR of
samples reactive for anti-HCV antibody. RT-PCR assay was done after
preanalytical control of samples to decrease non-specific influences,
probably of nucleic acids and drugs, immediate isolation of RNA from
EDTA-plasma. The reactive anti-HCV antibody concentrations were RT-
PCR positive or RT-PCR negative. There were two distribution clusters for
anti-HCV antibody, the lower antibody cluster was between 1.0 and 15.0
and the higher antibody cluster was between 15.0 and 42. Each of the two
reactive antibody clusters in the antibody distribution of histogram were
found to have both RT-PCR negative and positive samples. The RT-PCR
negative, anti-HCV antibody reactive samples may contain samples with
occult HCV infection, very few genuinely false reactive samples and

samples with preanalytical influences.

There were seven major genotypes (GTs), the complete genomes of
which differ from each other by at least 30% at the nucleotide level.
Genotype 1 is the most prevalent worldwide (46%) and predominates in
Europe, North America, and Australia. It is followed by GT3 (30%), which

is primarily distributed in South Asia, particularly the Indian subcontinent.
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GT3 is the most common genotype in India followed by GT1. The major

genotypes identified in this study were 1 and 3. The 5°UTR region was

highly conserved, 341 bp region with secondary RNA structure that has
functional importance. Graphic representation of 24 sequences of
genotype 1 of 5’UTR showed >200 alignment score with reference
sequence, and percent identity from 96 to 100% for genotype 1. Similar data
was obtained for genotype 3, with percent identity from 95.57 to 99.57.
There were highly conserved regions of 5’UTR with low entropy, and these
sites were used for designing primers that were used for diagnostic purposes.
The secondary RNA structure of (5’UTR) showed several sites of stacking
interactions between successive base pairs, and predicted energetically most
stable structure.

Similar sequence data analysis was also done with Core E1 region.

Six different sequences of genotype 1 of Core E1 region were submitted to
NCBI database and were found to have alignment score >200 and percent
identity between 94.59 and 95.46. Due to lack of specific highly conserved
sites, primer designing for both CE1 and NS5B were found to be more
difficult and less productive. There was one sequence with genotype 3a with
alignment score >200 and percent identity of 91.53. There were five
sequences of core E1 matched with genotype 3b with alignment score >200
and percent identity 87.75 to 89.29. One sequence showed >200 alignment
score with genotype 4 with percent identity of 91.67. Epitope prediction
was done for Core E1 using software (a) Bepipred Linear Epitope
Prediction and (b) Kolaskar and Tongaonkar Antigenicity Predicted
peptides. B-cell epitopes were used by the former and physicochemical
properties were used for the latter. The secondary structure of core E1 were

also analysed.

Similar analysis was done with NS5B but the PCR product and the
data obtained were much less than the other two regions due to larger
variations distributed in the NS5B region. There were only two PCR
products amplified using various primers designed for NS5B. The
secondary structure of NS5B and the possible three-dimensional

tertiary distribution of the secondary structures were also analysed.
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Phylogenetic tree was constructed using reference sequence from

the seven genotypes of 5°UTR. These reference sequences were aligned and
compared with the HCV sequences that we had submitted to NCBI from this
study. Phylogenetic tree construction was also done for Core E1 and NS5B

regions with our sequences and the reference sequences from NCBI

database.
Final Conclusions:

Data analysis and analysis of the performance characteristics were done with
HCV RT-PCR 1) fluorescence amplification plots of calibrators and
patients’ sample, 2) calibration plots and 3) internal control fluorescence
amplification plots from NTC, calibrators and patients’ samples. Data
analysis and performance characteristics showed analytical and
preanalytical influences that can influence HCV RT-PCR results and the
clinical reports. Performance characteristics such as analytical sensitivity,
bias/imprecision and %CV also showed preanalytical influences on the RT-
PCR. Verification and validation of the RT-PCR products were done using
agarose gel electrophoresis for the product size and by sequencing the PCR
products with Sanger’s method. HCV RT-PCR product sequence data
analysis was done for the three functionally important regions of the HCV
genome, 5’UTR, Core E1 and NS5B. 5’UTR showed three regions with very
low entropy and with least variability between sequences. Productive
primers were designed from these regions. Core E1 and NS5B regions
showed higher variability, and PCR products with primers designed to these
sites were less. 40 sequences were submitted to NCBI from out study and
accession number obtained. Genotypes of these sequences were as follows:
5°UTR — GT1 and 3; Core E1: GT 1, 3a, 3b and 4; NS5B: GT 1.
Phylogenetic tree was also constructed with these sequences and with the
reference sequences obtained from NCBI.
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Chapter 10

Recommendations






Clinical Molecular Biology is not done systematically in many cases.
There are many influences of sample and PCR products on the RT-PCR system.
There can be several pre-analytical, analytical and post-analytical influences.
Most of the influences become prominent when the template concentrations are
low and these influences may not be evident when the template concentrations
are high. The major preanalytical influences are due to the presence of
nonspecific interfering plasma RNA/ DNA which can result from tissue
damaging conditions. Drugs can cause inhibition of RT-PCR enzymes, thus
interfering with RT-PCR results.

It was not possible to differentiate between analytical and preanalytical
influences in the earlier report of studies. There are also postanalytical
interpretation issues related to PCR product sequences such as in cancer

molecular biology.

There are also issues related to defining and validating the qualitative
PCR especially at the Limit of Detection. These are the major issues which are
clinically important for molecular biology diagnosis developed in the study.
There were also postanalytical issues related to large sample number in the case

of SARS CoV-2 infection resulting in serious problem associated with report.

The most important analytical problem was associated with SARS
CoV-2 was very high viral load leading to issues of contamination. Due to the
large number of samples the issues of contamination were overlooked. This led
to repeated decrease of Cq value for defining the negative RT-PCR levels from
above 36 to Cq 34. Therefore, the high viral load results in overlooking the
diagnosis of carrier state infection. Neither was it possible to develop a
dependable quantitative RT-PCR with a dependable calibration plot. These are
the problems faced in the preanalytical, analytical and post analytical stages of
RT-PCR and has to be improved upon. Given below are some of the suggestions
that may be incorporated in future studies and for clinical diagnosis using RT-
PCR.

The approach to a diagnostic molecular biology lab should be quite
different from that of experimental clinical molecular biology laboratory.
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A diagnostic molecular biology lab should produce a result that is
correct, each and every time a patient sample is run. There should be room for
repetition if RT-PCR influences that are seen both in qualitative and quantitative

results.

But in experimental works there is always room for repetition, even
later, when some of it results are not consistent with the other data. The results
become final only after a set of data become consistent for the conclusion of the

research problem.
Future Direction

1. There should be dedicated RT-PCR rooms and instruments for high template,

low template concentration assays and non-symptomatic carrier states

2. There should be a regular evaluation of systematic internal controls for pre-

analytical and analytical influences

3. For RT-PCR assays at low template concentration and at high template

concentration, NTC should be made compulsory for detection.

4. When sequencing studies are required, there should be agarose gel
electrophoresis and gel documentation system available in laboratory to
carefully detect and carefully do the semi quantitation of the band before

sequencing.
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