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ABSTRACT

Background and Objectives: The variable response of hepatitis C virus (HCV) genotypes
towards anti-viral treatment requires prior information on the genotype status before planning
a therapeutic strategy. Although assays for typing or subtyping of HCV are available, however,
a fast and reliable assay system is still needed. The present study was planned to develop
a single-step multiplex quantitative real time polymerase chain reaction (QPCR) assay to
determine HCV genotypes in patients’ sera. Methods: The conserved sequences from 5’
UTR, core and NS5b regions of HCV genome were used to design primers and hydrolysis
probes labeled with fluorophores. Starting with the standardization of singleplex (QPCR)
for each individual HCV-genotype, the experimental conditions were finally optimized for
the development of multiplex assay. The sensitivity and specificity were assessed both for
singleplex and multiplex assays. Using the template concentration of 102 copies per microliter,
the value of quantification cycle (Cq) and the limit of detection (LOD) were also compared for
both singleplex and multiplex assays. Similarly, the merit of multiplex assay was also compared
with sequence analysis and restriction fragment length polymorphism (RFLP) techniques used
for HCV genotyping. In order to find the application of multiplex gPCR assay, it was used
for genotyping in a panel of 98 sera positive for HCV RNA after screening a total number of
239 patients with various liver diseases. Results: The results demonstrated the presence of
genotype 1in 26 of 98 (26.53%) sera, genotype 3 in 65 (66.32%) and genotype 4 in 2 (2.04%)
sera samples, respectively. One sample showed mixed infection of genotype 1 and 3. Five
samples could not show the presence of any genotype. Genotypes 2, 5 and 6 could not be
detected in these sera samples. The analysis of sera by singleplex and RFLP indicated the
results of multiplex to be comparable with singleplex and with clear merit of multiplex over
RFLP. In addition, the results of multiplex assay were also found to be comparable with those
from sequence analysis. The sensitivity, specificity, Cq values and LOD values were compared
and found to be closely associated both for singleplex and multiplex assays. Conclusion:
The multiplex gPCR assay was found to be a fast, specific and sensitive method that can be
used as a technique of choice for HCV genotyping in all routine laboratories.
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INTRODUCTION

of liver and hepatocellular carcinoma
(HCC) in later stage. HCV infection is an

Hepatitis C virus (HCV) infection is a
serious global health problem infecting 3-4
million people each year."! HCV infection
presents both as asymptomatic as well as
symptomatic infection. A high proportion
of patients infected with HCV develop
chronic liver diseases that result in cirrhosis

indication for liver transplant all over the
wortld.” Patients with HCV usually show
a poor response to antiviral therapy with
a high relapse rate of HCV infection after
discontinuation of therapy. HCV is an RNA
virus and belongs to genus Hepacivirus family
Flaviviridae. 1t was first characterized by

34 JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / JAN-MAR 2017 / VOL 5 | ISSUE 1



Irshad et al.: A single-step multiplex quantitative real time polymerase chain reaction assay for hepatitis C virus genotypes

Choo et al. in 1989.P! Its genome consists of 9.6 kb single-
stranded RNA of positive polarity and an open reading
frame of 9033 to 9099 nucleotide flanked by a highly
conserved 5' and 3' noncoding region (NCR).!

HCV genome appears as heterogencous population of
different quasi-species that have been categorized into
at least six genotypes and more than 100 subgenotypes
or isotypes. The presence of HCV genotypes in human
population has special significance in terms of the
differential response of patients to antiviral treatment.”
It has been shown that the efficiency of treatment is
largely influenced by virus genotypes in addition to several
other biological parameters. This aspect of HCV appeals
to the necessity of prior knowledge and information on
genotyping status of patients before planning the antiviral
treatment. For this, there is a need to develop a fast,
sensitive and economic assay to determine the genotype
status in patients infected with HCV.

The first type-specific genotyping assay was described by
Okamoto ez a/”) The sequencing of different sub-genomic
regions of HCV genome was often used as a gold standard
method for genotyping.”! Analysis of the samples from
different parts of the world using sequencing of additional
genomic atreas like 5' UTR, envelope, and NS5 regions of
HCYV genome could identify genotypes 3, 4, 5 and 6. Other
methods of genotyping include serotyping,® RFLP,*!"
type-specific polymerase chain reaction (PCR),' and
hybridization based line probe assay (LiPA).'" Recently,
some methods involved the use of single-step real-time
reverse transcription-PCR (RT-PCR) with target-specific
TaqMan probe.' However, all these existing techniques
for HCV genotyping are time consuming and quite
expensive. Therefore, it appears worth to attempt other
regions for standardization of new assays.

The present study was designed to develop a single step
quantitative real time PCR (qPCR) assay to determine
the HCV genotypes in serum by using UTR, core and
NS5b region of HCV genome as the target regions. This
includes the standardization of a singleplex qPCR for each
individual genotype of HCV in the first instance, followed
by the development of multiplex qPCR using similar
assay conditions. The multiplex assay was used for HCV
genotyping in sera samples from patients with different
types of liver diseases.

MATERIAL AND METHODS

Clinical samples
Blood samples were collected after getting informed

consent from a total of 239 patients diagnosed with acute
viral hepatitis (AVH), chronic liver diseases (CLD), cirrhosis

of liver and hepatocellular carcinoma (HCC) as per
prescribed diagnostic criteria. The extraction of nucleic acid
from sera followed by reverse-transcription was conducted
following standard protocols as described elsewhere.!"!
HCV-RNA was detected in sera by a standard PCR protocol
using PCR kit from M/s Roche. The study protocol was
approved by the Institutional Ethical Committee of All
India Institute of Medical Sciences, New Delhi, India.

Database and resources

Information was downloaded from GenBank, http://
www.ncbi.nlm.nih.gov." Clustal X' was used for multiple
sequence alignments and the specificity of sequences were
analyzed using BLAST (NCBI). All statistical analyses were
carried out with Graph Pad Prism 4.0. The non-commercial
software used in this study were: Primer3plus, OligoCalc,
Justbio and Genetree.

Nucleotide sequence accession numbers

The nucleotide sequences used for alignment and designing
the primers and probes were obtained from GenBank
database with following assigned accession numbers:
FJ696533, AF055303, AF011753, AF056007, AJ132996,
AY051292, GQ418247, AB444580, AF238485, AF057149,
AF238486, 1.38337, 1.38330, GQ418265, AF046860,
D49374, GQ418285, Y11604, AY921219, EU527920,
HM161675, U10235 and U10238.

Designing of primers and probes

The primers and hydrolysis probes for HCV-RNA
detection were obtained from Roche, Germany. These
primers and probes were designed using the known
sequences of different HCV genotypes with details
mentioned in Table 1 & Table 2.

Plasmid control and standard curve

The standard plasmid DNA construct with gene coding
for different genotypes of HCV were cloned into pUC57
vector using the TOPO TA cloning kit (Invitrogen, US).
In order to prepare standard curve, serial dilutions of
constructs (10" to 10% were prepared and used as templates
in qPCR assay.

Singleplex qPCR for genotyping

For singleplex qPCR assay in each case, the reaction mix
consisted of 10 uL. of 2x master mix (Qiagen, Germany),
6 mM MgCl, 4 uM of forward & reverse primers each
and 4 pM of probe. After the addition of 1 uL. of cDNA,
19 uLL of reaction mix (for each of the genotypes 1 to
6) was processed by real-time qPCR using the following
cycling parameters: 10 min at 95 °C; 40 cycles of 15 sec at
95 °C, 30 sec at 50 °C and 30 sec at 60 °C. It was followed
by 30 sec at 40 °C for cooling. In order to assess the effect
of mixed genotypes on specificity, standard plasmids were
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Table 1: Target regions and positions on HCV genome used for detection of different genotypes

Genotype Region Amplicon size Position*
G1 UTR 132 bp 102-234
G2 UTR 101 bp 167-268
G3 UTR 137 bp 218-338
G4 Core 109 bp 584-693
G5 NS5b 194 bp 8023-8218
G6 UTR 96 bp 138-234

G1-G6 corresponds to genotypes.

UTR and NS5b correspond to un-translated regions and non-structural 5b regions of HCV genome.
*Position in genome was tabulated according to the reference sequences. Ref sequence ID: UTR and core: JQ717260.1, NS5b: AF064490.1

Table 2: Primers and Hydrolysis Probes sequences with their expected melting temperature, Fluorophores and

Quenchers used for detection of different genotypes

Genotypes Primers/ Sequence Fluorophore Quencher Tm
probes
G1 FP 5" ATAGTGGTCTGCGGAACCGG 3’ - - 52.8
RP 5’ GCACGCCCAAATCTCCA 3’ - - 55.2
probe 5" AGGACGACCGGGTCCTTTC 3’ FAM BHQ1 64.5
G2 FP 5" GGAATTG/ACCGGG/AAAGACT 3’ - - 57.3
RP 5’ AACCCAACGCTACTCGG 3’ - - 57.3
probe 5" AACCCACTCTATGCCCGGCC 3’ LCRed 610 BHQ2 63.5
G3 FP 5’ ACAACCCGCTCAATA/GCCC 3’ - - 58.8
RP 5" TTGCACGGTCTACGAGA 3’ - - 52.8
probe 5" GAGATCACTAGCCGAGTAGTG 3’ HEX BHQ1 62.6
G4 FP 5" ATGGCCTCTTTACGGTAA 3’ - - 51.4
RP 5" ATTGCGGGACCTCCCG 3’ - - 56.9
probe 5" ACCGTCTTGGGGCCCAAATGAT 3’ LCRed 640 BHQ2 62.1
G5 FP 5" TGCGAGAAGCGGGCAT 3’ - - 51.4
RP 5" TCATTATGTCATGTTCGGTA 3’ - - 56.9
probe 5" ATGGGGCCCTCGTACGGGTTT 3’ LCRed 710 BHQ2 66.5
G6 FP 5" ATAGTGGTCTGCGGAACCGG 3’ - - 52.8
RP 5’ GCACGCCCAAATCTCCA 3’ - - 55.2
probe 5" GGTCCTTTCCATTGGATCAAACCC 3’ LCRed 670 BHQ2 64.6

FP: forward primers; RP: reverse primer; Tm: melting temperatures; FAM: 6-fluorescein amidite; HEX: hexachloro fluorescein; LC: LightCycler; BHQ: black

hole quencher.

mixed in 1:1 ratio using 10° copies/pL concentrations in
different sets of reaction and the PCR was conducted.

Multiplex qPCR for genotyping

In multiplex qPCR, the reaction mix consisted of 10 uL
of 2x master mix (Qiagen, Germany), 6 mM MgCl,, 4 uM
of forward & reverse primers and 4 pM of probe for
each genotype. 19 uL. of reaction mix was prepared in
two sets: one consisting of genotypes 2, 3, 4 and 5 primer
probe mixes and the other consisting of genotypes 1 and
6 primer probe mixes, respectively. After the addition of
1 puL of cDNA, qPCR was carried out using the following
cycling parameters: 10 min at 95 °C; 40 cycles of 15 sec
at 95 °C, 45 sec at 50 °C; and 45 sec at 60 °C followed by
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30 sec at 40 °C for cooling, During the multiplex, each
standard plasmid was run in triplicate and the mean value
of quantification cycle (Cq) for each genotype was used
for comparison between singleplex and multiplex assays.

Genotyping by RFLP and Sequencing

The genotyping was also conducted by RFLP assay
using the method of Chinchai ¢z o/ and McOmish ez al.
for comparison."*!” Similarly, genotyping by sequencing
method using core region of HCV was conducted
commercially by Ocimum Biosolutions Ltd, India. The
generated sequences were aligned and analyzed by using
Clustal X software and were used for comparing the result
from qPCR.
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Statistical analysis

Quantitative variables were expressed as mean * standard
deviation (X * SD) and compared by Student’s test (#test).
Differences in proportion of qualitative variables were tested
by Pearson correlation coefficient value (7). Fisher exact test
and a P-value < 0.05 were considered to be significant for
the comparison of results. Generalized estimating equations
were used to test whether the mean differences between Cq
for the total HCV quantification reaction (quantitative Cq)
and the individual genotype-specific reactions (genotype Cq)

were significantly different from zero.

RESULTS

The current study plan was aimed to standardize a multiplex
real time PCR assay to determine the HCV genotypes
in sera collected from patients carrying HCV infection.
In the first phase, a singleplex real time PCR assay was

standardized for each individual genotype including
genotype-1 to genotype-6 using known standards. This
was followed by development of multiplex assay, and
then, using it for HCV genotyping in HCV RNA positive
sera. For the standardization of singleplex qPCR for
each of the six genotypes of HCV, the control plasmid
constructs corresponding to different sub-genomic
regions of HCV genome (5’ UTR, core and NS5b) were
synthesized, amplified, gel purified and then used for
their recombination in plasmid (pUC57). Subsequently,
recombinant plasmids were cloned and used to form
standard curve for each genotype to determine the presence
and concentration of HCV genotypes in clinical samples.
Six standard curves were created using eight serial dilutions
of linearized plasmid DNA, representing 10" to 10° DNA
molecules (single stranded), in each case. The curves
obtained for control plasmids with slope and y-intercept
values are shown in Figure 1.

Figure 1: Standard curves showing amplification plots for HCV genotypes 1-6 using standard cloned plasmids. These standard curves were generated from amplification
plots run in triplicates and showing linearity up to an 8 log,, dynamic range. The correlation coefficient and the slope of each standard plot are shown individually.
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On regression analysis, the values of correlation coefficient
(R? value) and y-intercept were calculated for different
genotypes and found to be 0.9788 and 45.107 for
genotype-1, 0.9942 and 42.846 for genotype-2, 0.9958
and 46.054 for genotype-3, 0.9657 and 48.411 for
genotype-4, 0.9885 and 44.739 for genotype-5, 0.9952
and 42.871 for genotype-0, respectively. Each standard
curve was generated from the amplification plots run in
triplicate and showed linearity up to an 8-log,, dynamic
range. The Cq values, termed as quantification cycle and
indicating minimum cycle number showing amplification
of a particular genome, were used to determine the copy
number of ssDNA from genotype-1 to genotype-6 using
following formula:

RNA copy=6.023%10* (copy/mol) X DNA amount
(g) / DNA length (bp) X 330(g/mol/bp)

The results from the above study indicated the mean Cq
value to be 24 for genotype-1, 25.5 for genotype-2, 27
for genotype-3, 27 for genotype-4, 25 for genotype-5
and 26 for genotype-0, respectively. The lower limit of
detection (LOD) using control plasmid was found to be
176 copies/mL for genotypes 1,2 & 3 and 167 copies/mL
for genotypes 4, 5 & 6, respectively (Table 3). The dynamic
range for all singleplex assays was found to be 10'to 10°
DNA plasmid copies per microliter. The concentration of
DNA plasmid beyond this range could not show Cq values
in the desired range of 10 - 35 cycles. This demonstrates
that the DNA plasmid used in all our standard curves falls
in a range suitable for computing possible Cq values for
genotypes 1 to 6.

The sensitivity check of singleplex assay was done using
sera samples positive for different genotypes, as confirmed
by the sequence analysis. Using sera from 239 patients with
different types of liver diseases, HCV-RINA was detected in
98 cases. These HCV-RNA positive sera were analyzed for
HCV genotypes. The sensitivity was found to be 94.89%
for a total number of 98 samples used. Individually, the
sensitivity was found to be 83.87% for genotype-1, 92.85%

for genotype-3 and 28.57% for genotype-4. Genotypes 2, 5
and 6 could not be detected in these sera samples. Similarly,
the specificity of singleplex was also assessed using
sequence based HCV genotyping as a gold standard. The
results demonstrated 100% specificity for the number of
sera analyzed. In order to find out the impact of serum on
amplification, plasmid template was added to sera samples
followed by amplification under similar set of experimental
conditions and using two different concentrations of the
template. The results demonstrated that amplification
remains unaffected with the presence or absence of
serum used in reaction mixture while doing amplification.
Attempts were made to also determine the specificity of
probes. The amplified products were analyzed by dual color
analysis at different wavelength. Fluorescence was found
to be intense for a specific dye in a particular channel. This
was noted in the case of all genotypes.

After standardization of singleplex assay for each genotype,
the experimental protocol was designed for multiplex
assay using similar optimum conditions. It is important
to mention here that multiplex for six genotypes of HCV
cannot be conducted in a single tube LightCycler 2.0
(Roche, Germany). For this limitation of the equipment,
the multiplex system was developed as a two reaction sets
procedure: first set was used for simultaneous detection of
genotypes 2, 3, 4 and 5, and the second set for genotypes
1 and 6. Both these sets were run simultaneously under
similar conditions of amplification. The amplification
curves obtained in these two sets of multiplex assays
using standard plasmid are shown in Figure 2 (a-d) and
Figure 3 (a-b). Figure 2(a) shows the sigmoid amplification
curve for genotype-3 at 560 nm. When the channel was
changed to 610 nm, there appeared amplification curve
for genotype-2 as shown in Figure 2(b). Similarly, 640
nm produced sigmoid amplification curve for genotype-4
[Figure 2(c)], 705 nm for genotype- 5 [Figure 2(d)], 530
nm for genotype-1 Figure 3(a), and 670 nm for genotype-6
[Figure 3(b)]. Straight lines in all amplification curves
indicate negative control.

Table 3: The lower limits of detection (LOD) for six HCV genotypes using control plasmid

Singleplex Multiplex
Genotype Copy number (mol/puL) Cq values Mean Cq value LOD (copies/ pL) Cq values Mean Cq value LOD (copies/ pL)
G1 1.76 x10%-1.76 x 10" <8-40 24 176 <11-42 24.65 176
G2 1.76 x10%-1.76 x 10" <13-38 25.5 176 <17.2-39 28.1 176
G3 1.76x10%-1.76 x 10" <12-42 27 176 <8.6-42 25.3 176
G4 1.67x10%-1.67 x 10" <9-40.2 24.6 167 <9.1-40.2 24.65 167
G5 1.67x10%-1.67 x 10" <11-39 25 167 <12.3-39 25.65 167
G6 1.67x10%-1.67 x 10" <13-39 26 167 <15.4-40 27.75 167

The mean was calculated for standards by repeating in duplicate.

The copy number of standard was calculated by formula cDNA copy = [6.02x 10%*(copy/mol) x cDNA amount (g)] / [cDNA length (bp) x 330(g/mol/bp)].

38 JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / JAN-MAR 2017 / VOL 5 | ISSUE 1



Irshad ez al.: A single-step multiplex quantitative real time polymerase chain reaction assay for hepatitis C virus genotypes

Figure 2: Amplification curves obtained by Multiplex qPCR for set-one comprising of genotype 2, 3, 4 and 5 using standard plasmid (108 copies/juL). The X-axis depicts
quantification cycle (Cq) and Y-axis depicts fluorescence level (RFU). Straight line indicates absence of amplification. (a) green curve shows amplification of genotype-3
at 560 nm; (b) red curve shows amplification of genotype-2 at 610 nm; (c) blue curve shows amplification of genotype-4 at 640 nm; (d) black curve shows amplification
of genotype-5 at 705 nm.

Figure 3: Amplification curves obtained by Multiplex qPCR for set-two comprising of genotype 1 and 6 using standard plasmid as template with concentration of 108
copies/uL. The X-axis depicts quantification cycle (Cq) and Y-axis depicts fluorescence level (RFU). Straight line indicates absence of amplification. (a) green [star] curve
shows amplification of genotype-1 at 530 nm, (b) red [triangle] curve shows amplification of genotype-6 at 670 nm.
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Multiplex qPCR assay demonstrated the mean Cq values
to be 24.65 for genotype-1, 28.1 for genotype-2, 25.3 for
genotype-3, 24.65 for genotype-4, 25.65 for genotype-5
and 27.75 for genotype-6. These values are shown in
Table 3. Similatly, the lower LOD wvalues in singleplex
as well as multiplex assays were found to be comparable
for all the genotypes indicating no change in LOD, while
evolving singleplex into multiplex assay (Table 3). Another
observation made was that the mean Cq values for
template concentration of 10" copies/pL for all genotypes
were found to be more than 35 cycles. However, the Cq
value was noted at 35 cycles for template concentration of
10* copies/uL for these genotypes. Since Cq value at 10’
copies/uL is greater than the prescribed and acceptable
range of 10-35 cycles, this lower concentration of
template (Z.e., 10" copies/mL) was abandoned for use in
multiplex assay, finally recognizing that the concentration
of 10%copies/pl. was accepted for the multiplex assay.

In order to validate the findings on HCV genotypes
using our newly developed multiplex real time PCR, a
comparison of genotyping by multiplex was also made
with sequence analysis using the same set of samples.
The core region of HCV genome was used as the target
region for comparison. Twenty patients’ sera were
selected for direct sequencing by commercial firms. In
all these cases, 399 bp target region of HCV-core was
amplified using conventional PCR, and then purified for
sequencing; this was followed by BLAST analysis and
multiple alignments of sequences were done to determine
the genotype of HCV. We observed a 100% coherence in
results obtained on genotyping using multiplex real time
PCR and sequence analysis.

To assess the use of this multiplex qPCR assay, a total of
98 patients’ sera positive for HCV-RNA were analyzed
by multiplex assay under the conditions given above. The
results obtained demonstrated the presence of genotype-1
in 26 cases (26.53%), genotype-3 in 65 cases (66.32%), and
genotype-4 in 2 cases (2.04%). None of these sera could
show the presence of genotypes 2, 5 and 6. Moreover,
1 out of 98 cases carried the presence of genotypes 1
and 3 indicating a mixed infection of two genotypes. A
total of 5 sera samples could not show the presence of
any genotype.

For comparison of multiplex qPCR results with other
conventional assays, we conducted RFLP using the same
set of sera. The results demonstrated that cases reported
negative by RFLP were picked up by multiplex. Moreover,
the RFLP was unable to detect genotype-4 in two cases
and mistyped in another two cases. This demonstrated
qPCR to be superior to RFLP.

DISCUSSION

HCV is not a single molecular entity, rather it represents
numerous molecular species. Based on variation in sub
genomic region of HCV genome,™ it has been classified in
to six major genotypes and more than hundred isotypes.”"!
The genotypes of HCV have been named as genotype 1 to
6. These genotypes are reported to differ not only in their
pathogenicity during HCV infection, but also in response
to antiviral therapy.”? Whereas genotype 1 and 3 respond
well to the treatment and get eradicated during the therapy,
genotype 2 and 4 are difficult to be affected by antiviral
agents.” This appeals to not only an early detection of
HCYV infection, but also the exact determination of HCV
genotypes before planning a therapeutic strategy against
this infection.

Earlier studies reported few assays which were used to
determine HCV genotypes in human sera. These methods
include PCR based assays,!'>' Line probe assays,!'?
RFLP assays™'"” and sequence analysis. In all these assays,
sequence analysis was considered to be more reliable and
used as the gold standard method. However, the demerit
of sequence analysis based assays are their high cost and
non-availability in most of the laboratories. Since HCV
genotyping is a prime need of each hepatology unit, it is
important that simple and reliable assays for genotyping
are available in all the centers dealing with liver problems.
The present study was planned with an aim to develop
a sensitive multiplex real time PCR to conduct HCV
genotyping in patients’ sera. The study described here
gives a detail of standardization of multiplex assay and
its application in sera for HCV genotype determination in
patient with different liver diseases.

A major problem faced in designing real time PCR for HCV
genotyping is the high genetic variability among genotypes
and subtypes in the non-coding region (UTR) of HCV
genome. Another issue in designing multiplex real time
PCR assay for HCV genotyping arises since there are only
few nucleotide differences between the genotypes and so,
it is a difficult task to obtain one set of primers and probe
sequences to detect a particular genotype. Of course, UTR
comprises conserved regions and the genotypes may be
distinguished by the unique sequences in these regions.
421 Moreover, some recent studies have reported that the
core and NS5b regions are endowed with the sequence
diversity for the generation of genotype-specific primers.™!
Therefore, it was planned to use these regions as possible
targets to develop primers and probes for HCV genotypes
by qPCR.

It is worth to describe here that a singleplex assay for
each individual HCV genotype was standardized before
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developing the multiplex assay using genotype specific
primers and probes. Also, different sub genomic regions
of HCV genome were used to develop assays for different
genotypes (Table 1). Genotype specific nucleotide sequence
were selected from 5 UTR, core and NS5b regions of HCV
genome.” Since, 5' UTR is not heterogeneous enough for
its use in the determination of HCV subtypes of genotypes
2 and 4,”" the core region was preferred for the detection
of these genotypes. NS5b was used due to the presence of
specific variations in its sequence for different genotypes.**>"
The reporter dyes for Tagman chemistry based assays
were selected according to the available emission filters.
Previous studies have reported sensitive real time assays
for quantitative detection of HCV when using FAM,
HEX, etc., as reporter dyes.”!! On this basis, the present
study included FAM as a reporter dye and demonstrated
the considerable improvement in the reproducibility of
results. For optimization of the multiplex assay, the primer
concentrations were often used in 1 to 4 uM and all probes
in 1 to 2 pM concentrations. All TagMan probes were
labeled with Black Hole Quencher (BHQ) as quencher dye,
on the lines reported in vatious other studies.’> Cook
et al”® also reported a multiplex real-time RT-PCR assay
for the simultaneous detection and subtyping of HCV.
This procedure has a support from various other studies
developed elsewhere.”**

The results of multiplex qPCR were quite encouraging and
showed a prospect of solutions to several problems. It is
important to note here that multiplex developed in the
present study was divided in two sets: in set-one, there was
simultaneous detection of genotypes 2, 3, 4 and 5, whereas
in set-two, genotypes 1 and 6 were detected under similar
conditions. An attempt was made to validate the results
of this newly developed multiplex assay by comparing its
results on genotyping with those obtained by sequence
analysis also. When the results from these two assays were
compared, we found a 100% coherence between the two.
This not only points towards high sensitivity of multiplex
assay but also presents the development of an easily
available technique for its possible use in all the routine
laboratories of liver centers.

Present assay shows a lower LOD to be 100 - 200 IU/mL
for all the genotypes. This is in contrast to the study by
Nakatani ef a/.?'who teported the limit to be 125 - 500 IU/
mL. The current genotyping method presented an overall
detection rate of 93 out of 98 (94.89%) patients included in
this study. This is nearly similar to the previously reported
PCR-based methodsP for genotyping, Multiplexing usually
loses sensitivity and has a negative impact on the specificity
as compared to singleplex, as observed in other studies.
However, the results of present multiplexing were very
interesting. We observed that Cq values of multiplex could

not show a significant difference from the value obtained
in singleplex assays for each genotype. Our findings get
support from previous reports that demonstrated an
advantage of multiplex assay and its superiority over other
available assays including the conventional PCR, RFLP and
sequence analysis.”***! These studies report that real-time
qPCR assay can detect HCV genotypes in all the samples
reported negative by sequencing and RFLP. This shows
multiplex gPCR to be more sensitive as compared to other
assays. Cook ¢f al”*also compared the real-time assay with
RFLP and sequencing methods and found superiority of
multiplex assay over RFLP and sequencing assays.

In conclusion, the present study describes the standardization
of a multiplexing qPCR for its use in determination of
HCV variants in sera from patients. The results of this
study demonstrated that multiplex PCR is possible and
produces results for determining the HCV-genotypes
in a single step procedure and minimum possible time.
Since, all the genotypes do not show similar response to
anti-viral treatment,!''l it becomes even more essential for
clinical practitioners to know the status of HCV-genotypes
before planning the strategy for treatment. The patients
found with non-responder HCV genotypes have to be dealt
with separately. This not only saves time for laboratory
procedures but also helps clinical practitioners in having
results for an early decision on disease management. Several
other methods have been attempted for HCV genotyping
carlier, however, this assay appears to be more prompt,
promising and specific.
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