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Abstract. Resistance‑associated substitutions in patients 
with hepatitis C virus infection have been shown to decrease 
the efficacy of direct acting antivirals and lead to treatment 
failure. Amino acid mutations in the NS3 and NS5A regions 
have been found to be associated with the treatment failure of 
NS3 and NS5A inhibitors. A method enabling the detection 
of these mutations would be useful for identifying patients 
who are at risk of treatment failure. The standard method 
used to detect mutations is based on nested polymerase chain 
reaction and nucleotide and amino acid sequencing. The aim 
of the present study was to simultaneously amplify NS3 and 
NS5A of HCV by using the multiplex nested PCR method. A 
set of primers was designed and optimized specifically for the 
NS3 and NS5A regions, and the multiplex nested PCR condi‑
tions were also optimized. A total of 20 serum samples were 
processed to evaluate the validity of this method. Both the 
amplified NS3 and NS5A fragments were detected within 14 
of the samples (70%) using optimized multiplex nested PCR. 
Both specific amplification fragments could be detected in a 
cDNA dilution as low as 1:8. On the whole, the present study 
demonstrates that optimized multiplex nested PCR is a simple, 
rapid and effective method that accomplishes the simultaneous 
amplification of NS3 and NS5A in HCV.

Introduction

The hepatitis C virus (HCV), a member of the Flaviviridae 
family, is a major cause of hepatitis, hepatic cirrhosis and 
hepatocellular carcinoma. The HCV genome has ~9,600 
nucleotides which encode the protein core (C), envelopes 
(E) 1 and 2, p7, non‑structural (NS) 2, NS3, NS4A, NS4B, 
NS5A and NS5B. Of note, ~0.7% of the worldwide population 
is infected with HCV (1). HCV has been grouped into eight 

main genotypes (types 1‑8) and several subtypes, and these are 
unevenly distributed through various geographical regions. 
HCV genotype 1 is prevalent worldwide, whereas genotype 
3 is mostly distributed in South Asia and Southeast Asia. 
Infection with HCV genotype 3 is mostly detected in lower 
middle‑income countries (2). HCV genotype 3 has been shown 
to be a risk factor for the accelerated fibrosis progression of 
chronic hepatitis C and it is also associated with a higher 
incidence of hepatocellular carcinoma (3,4). During anti‑HCV 
drug therapy, genotype 3‑infected patients, particularly 
those with cirrhosis, are more difficult to treat than patients 
infected with other HCV genotypes. Direct‑acting antiviral 
(DAA) agents have been developed for treatment regimens 
against HCV infection, and these function by blocking the life 
cycle of the virus. DAAs can be divided into three classes: 
Non‑structural (NS3) protease inhibitors, NS5B polymerase 
inhibitors and NS5A inhibitors. Currently, DAA combination 
therapies are recommended and clinically used regardless of 
HCV genotypes and subtypes. Resistance‑associated substitu‑
tions (RASs) result from mutations in the proteins targeted by 
DAAs (the NS3, NS5A and NS5B regions) and RASs decrease 
antiviral efficacy of DAA treatments (5). Several prevalence 
studies have demonstrated that mutations in the NS3 and 
NS5A regions are associated with a significant decrease in the 
sensitivity of HCV to the effects of DAAs (6‑12). Specifically, 
the presence of the following major amino acid substitutions 
in the NS3 gene region is associated with resistance to DAAs: 
V36L, T54S, V55A, Q80K, S122T, R155K, A156S, 158, 
D168Q, V170I, N174I and M175L. The Q80K polymorphism, a 
NS3 resistance‑associated substitution, is the most frequently 
detected (6,7,13‑15). Amino acid mutations at positions 30, 
31,58, 62 and 93 of HCV genotype 3 confer resistance to 
NS5A inhibitors (11,12,16,17). The identification of such NS3 
and NS5A mutations is considered of critical importance for 
optimizing effective therapies. The method of detecting HCV 
mutations in patients who have failed DAA treatment and in 
treatment‑naïve patients is traditional Sanger sequencing, a 
technique with a simple interpretation that is most commonly 
used  (18). The HCV target regions are normally prepared 
separately using polymerase chain reaction (PCR). Later, the 
amplified product is used for the Sanger sequencing process, 
followed by identification of the amino acid mutations. Each 
specific HCV fragment is generally prepared using reverse 
transcription and then nested PCR. However, this method 
is time‑consuming, costly and it is vulnerable to carryover 
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contamination, which causes trouble. To improve on this, 
the aim of the present study was to simultaneously amplify 
both NS3 and NS5A of HCV by using multiplex nested PCR. 
Optimal primers and conditions for multiplex nested PCR 
were determined beforehand.

Materials and methods

Designing candidate primers for optimizing the amplification 
of NS3 and NS5A. Specific candidate primers for optimization 
of the target amplification were designed based on conserved 
motifs within the NS3 and NS5A regions of HCV using the 
Primer3 program (https://primer3.org/). The two programs 
were then applied to determine the specificity for NS3 and 
NS5A of HCV genotype 3a. The first was the Basic Local 
Alignment Search Tool (BLAST) of the National Center for 
Biotechnology Information (NCBI), part of the US National 
Library of Medicine (https://blast.ncbi.nlm.nih.gov/Blast.cgi). 
The other was the Multiple Sequence Alignment program 
from European Molecular Biology Laboratory's European 
Bioinformatics Institute (EMBL‑EBI) (https://www.ebi.
ac.uk/Tools/msa/clustalo/).

Samples. HCV‑infected serum samples were obtained from 
the Phitsanulok Blood Center in Phitsanulok City, Thailand. 
The serum samples were collected from December, 2020 
to August, 2021. The study protocols and procedures were 
approved by the Naresuan University Institutional Review 
Board (IRB No. P1‑0134/2565). As the samples were obtained 
from a blood bank, it was deemed by the committee that 
written informed consent was not required from the patients 
as all samples were de‑identified samples.

HCV RNA extraction and reverse transcription. The extrac‑
tion of the HCV RNA from the serum samples was performed 
using the PureLink™ Viral RNA/DNA Mini kit (Invitrogen; 
Thermo Fisher Scientific, Inc.). RNA was reverse transcribed 
into complementary DNA (cDNA) using random hexamers 
(5'‑NNNNNN‑3') and RevertAid H Minus M‑MuLV Reverse 
Transcriptase (Fermentas; Thermo Fisher Scientific, Inc.).

Optimization of multiplex nested PCR. Multiplex nested 
PCR was optimized for the simultaneous amplification of 
both NS3 and NS5A. The first and second rounds of PCR 
were performed in 25 µl of the reaction mixture, which was 
comprised of DNA, 1X PCR buffer, dNTP (200 µM), Taq 
DNA polymerase (1.25 units) (Bio‑Helix Co., Ltd.) and both 
NS3 primer (0.5 µM) and NS5A primer (0.5 µM). Details of 
the primer sequences are presented in Table I. For the negative 
control, distilled water was used. The cycling conditions for the 
first round were as follows: A pre‑incubation step at 94˚C for 
7 min, followed by 40 cycles of denaturation at 94˚C for 10 sec, 
annealing at 45˚C for 30 sec, extension at 68˚C for 40 sec, 
and then a final extension step at 68˚C for 7 min. The cycling 
conditions for the second round of PCR were as follows: A 
pre‑incubation step at 94˚C for 7 min, followed by 40 cycles of 
denaturation at 94˚C for 30 sec, annealing at 46˚C for 30 sec, 
extension at 72˚C for 40 sec, and then a final extension step 
at 72˚C for 7 min. The amplified products of the NS3 and NS5A 
regions were identified using 1.0% agarose gel electrophoresis. 

The results of the amplified product identification were used 
to determine the optimal primers and conditions for multiplex 
nested PCR.

Evaluation of multiplex nested PCR. Using the most effec‑
tive primers and conditions thus determined, the optimized 
multiplex RT‑PCR assay was then carried out on all 20 serum 
samples.

Results

The initial experiment was run to optimize the primers and 
assay conditions for use in multiplex nested PCR to amplify 
product fragments of both NS3 and NS5A (data not shown). 
The multiplex nested PCR results were considered positive 
if specific amplicons could be obtained for both the NS3 
and the NS5A regions. The amplification results represented 
the PCR product fragments of the NS3 and the NS5A as 
417 and 522 bp. A cDNA was also used as a positive template 
to further optimize the multiplex nested PCR conditions, and 
the results are shown in Fig. 1. Once the optimal primers and 
assay conditions were established, the feasibility of applying 
these optimizations to clinical samples was verified by evalu‑
ating fresh serum samples with optimized multiplex nested 
PCR. The amplification results of NS3 and NS5A from the 
serum samples using the optimized multiplex nested PCR are 
shown in Fig. 2. The amplification results of both the NS3 and 
NS5A regions are summarized in Table II. Within the total of 
20 HCV infected serum samples, a total of 14 samples (70%) 
were positive for both NS3 and NS5A after employing multi‑
plex nested PCR. Amplification results of 3 samples (15%) 
and 2 samples (10%) were positive for only the NS3 or NS5A 

Table I. Details of the primer sequences used for nested PCR.

PCR	 Primer name	 Sequence

First round	 NS3‑OF	 5'‑attaccgggagatgggttg‑3'
	 NS3‑OR	 5'‑ttgaattgtcagagaaggatgg‑3'
	 NS5A‑OF	 5'‑actggctgcgtaccatctg‑3'
	 NS5A‑OR	 5'‑caacatcgaggtcagcacag‑3'
Second round	 NS3‑IF	 5'‑gcttgactggcagggataag‑3'
	 NS3‑IR	 5'‑acacagcagcccgaaagat‑3'
	 NS5A‑IF	 5'‑ggtttgcatggtgttgtctg‑3'
	 NS5A‑IR	 5'‑cctattgcgtaggagttcaacc‑3'

Table II. Amplification results of NS3 and NS5A of hepatitis C 
virus using multiplex nested PCR.

PCR product of NS3 and NS5A 	 Sample	 Percentage

Positive for both NS3 and NS5A	 14	 70
Negative for both NS3 and NS5A	 1	 5
Positive for only NS3 	 3	 15
Positive for only NS5A	 2	 10
Total	 20	 100
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amplified products, respectively. Only one sample (5%) had a 
negative result for both amplified targets. The cDNA template 
was diluted to determine the limit of detection. Both specific 
amplified fragments of the NS3 and NS5A were detectable at 
the dilution of 1/2‑1/8 (Fig. 3).

Discussion

DAAs have been used in the treatment regimens for hepa‑
titis caused by HCV infection, and it has been demonstrated 
that amino acid mutations in the NS3 and NS5A regions can 
cause resistance to DAA treatment. As the guidelines for the 
selection of effective DAA treatment include the study of 
amino acid mutation prevalence, there is a need to verify the 

presence or absence of the amino acid mutations in NS3 and 
NS5A proteins. Numerous methods have been developed for 
detecting mutants. The standard method for detecting muta‑
tions in the amino acids of HCV protein includes synthesizing 
cDNA, performing a nested PCR, purifying an amplified 
product fragment, and sequencing the nucleotides and amino 
acids. A low‑cost and sensitive real time‑PCR technique has 
been successfully developed to identify resistance‑associated 
mutations in HCV infected samples, but it only works for 
point mutations (19). Next‑generation sequencing (NGS) is 
a sensitive technique for detection of minority RASs (20). 
However, NGS is a costly technique that is not widely used. 
Direct Sanger sequencing is an easy‑to‑use and inexpensive 
method that can detect a number of mutated amino acid posi‑
tions. The specific PCR fragment gene is first prepared for 
nucleotide and amino acid sequencing. To detect mutations 
of multiple genes, the genes to be amplified are normally 
processed in separate PCR tubes with different conditions. 
However, each time that PCR is performed, there is a danger 
of serious contamination leading to erroneous results. 
Thus, carrying out PCR in two tubes doubles the chance of 
contamination. By contrast, the present study investigated 
preparing the NS3 and NS5B fragments by using the multi‑
plex PCR method, which has the potential to amplify multiple 
gene targets in a single PCR run. Multiplex PCR assays have 
previously been applied for simultaneous detection of several 
viral infections, including detection of antibiotic resistance 
genes and pathogen subtypes (21‑24). The aim in the present 
study was to optimize the simultaneous amplification of 
NS3 and NS5A of HCV for a rapid, specific and inexpensive 
multiplex nested PCR technique. The set of candidate primers 
to amplify the NS3 and NS5A were designed based on the 
nucleotide sequence of HCV genotype 3a. In the preliminary 
experiments, positive PCR fragments were sought in order to 
verify the optimal conditions for the primary multiplex PCR. 
Amplification failure occurred when using some positive 
PCR fragments templates (data not shown). Later, a cDNA 
positive template was utilized to further optimize the final 
multiplex nested PCR conditions. The 5 µl of cDNA template 
is the optimum volume for simultaneous amplification of 
NS3 and NS5A regions. Both amplified NS3 and NS5A were 
detected in 14 out of 20 serum samples (70%) through the 

Figure 1. Agarose gel electrophoresis illustrating HCV NS3 and NS5A 
amplified products. Lane 1, DNA marker; lane 2, NS3 (417 bp) and NS5A 
(522 bp) specific amplified fragments.

Figure 2. Amplification of NS3 and NS5A from serum samples using the 
optimized multiplex nested PCR. Lane 1, DNA marker; lane 2, negative 
control; lanes 3 to 7, serum samples 1‑5, respectively.

Figure 3. Results of multiplex nested PCR amplification from cDNA template 
dilutions Lane 1, DNA marker; lanes 2 to 6, cDNA template at the dilutions 
of 1/2, 1/4, 1/8, 1/16, and 1/32, respectively.
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multiplex nested PCR system, while only one sample had a 
negative detection of both genes. One possible explanation 
for the results that did not detect both NS3 and NS5A is that 
the effectiveness of the set of primers used could have been 
hindered by NS3 and/or NS5A variation. The analytical limit 
of simultaneous amplification of NS3 and NS5A was the 1/8 
dilution of the initial 5 µl of cDNA template. When the cDNA 
template concentration was low, either the NS3 amplicon or 
the NS5A amplicon was observed (Fig. 3). The exact concen‑
tration of starting cDNA, which was not measured, is one 
of the limitations of the present study. This is a preliminary 
optimized technique to amplify both NS3 and NS5A of 
HCV genotype 3a in single‑tube multiplex nested PCR. It is 
possible that this method could be applied to achieve simul‑
taneous amplification of other HCV genotypes, as well. In 
addition, this technique could be adapted for the simultaneous 
amplification of multiple targets, e.g. NS3, NS5A and NS5B. 
In the present study, the multiplex nested PCR technique for 
the simultaneous amplification of NS3 and NS5A of HCV was 
successfully designed and its working conditions optimized. 
In conclusion, multiplex nested PCR is a rapid, effective, 
sensitive and inexpensive method for use in the simultaneous 
amplification of NS3 and NS5A.
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