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Abstract 

Approximately 1 million South Africans are infected with Hepatitis C virus (HCV). The standard of care 

(SOC) in South Africa is combination therapy (pegylated interferon and ribavirin). HCV genotypes and/or 

mutations in the core/ non-structural regions have been associated with response to therapy and/or disease 

progression. This study examines mutations in the core (29-280 amino acids, including ~90 E1 amino 

acids) and NS5B (241-306 amino acids) regions on pre-treatment isolates from patients attending 

Johannesburg hospitals or asymptomatic South African blood donors. Diversity within known CD4+ and 

CD8+ T-cell epitopes was also explored. Samples grouped into subtypes 1a (N=10) 1b (N=12), 3a(N=5), 

4a (N=3) and 5a(N=61). Two mutations, associated with interferon resistance–R70Q and T110N–were 

present in 29 genotype 5a core sequences. No resistance mutation to NS5B nucleotide inhibitors, 

sofosbuvir was found. Six putative CD8+ and one CD4+ T-cell epitope sequence in the core region 

showed binding scores of <300 IC50nM to HLA alleles frequently observed in the South African 

population. No known CD8+ and CD4+ T-cell epitopes were mapped in the NS5B region. The analysis 

begs the question whether those infected with genotype 5a will benefit better on interferon-free 

combination therapies.  This study provides new insight into one of the lesser studied HCV genotypes and 

compares the diversity seen in a large pre-treatment cohort with other subtypes.  
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Highlights 

 We examined mutational changes of hepatitis C in the core/E1 and NS5B genes. 

 Phylogenetic analyses were performed using Bayesian inferences. 

 Diversity within known CD4+ and CD8+ T-cell epitopes was also explored. 

 Mutations, associated with interferon resistance, were present in genotype 5a samples at baseline. 
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1. Introduction 

South Africa has a 2% seroprevalence rate of hepatitis C virus (HCV) infection (Averhoff et al., 2012).  

Eighty percent will develop chronic hepatitis C and at risk for compensated and decompensated cirrhosis 

and hepatocellular carcinoma (HCC, Chen & Morgan (2006)).  There is a 2.91-fold increased odds of 

being HCV IgG positive if co infected with HIV (Tathiah et al., 2014).  The standard of care (SOC) for 

treating hepatitis C in South Africa is combination therapy with pegylated interferon (PEG-IFN) and 

ribavirin (Botha et al., 2010).  Individuals with genotype 5a, the predominant genotype in South Africa, 

have response rates to combination therapy ranging from 47-67% (Antaki et al., 2008; Devaki et al., 

2015).   However, many South Africans: typically present with advanced diseases for them to benefit 

from therapy, have poor access or cannot afford the treatment. Poor adherence due to severe side effects 

further reduces the overall benefits.  Direct acting antivirals (DAAs), targeted at the NS3, NS5A and 

NS5B regions of the virus, result in sustained virological responses (SVR) in ~ 95% of patients (Van der 

Meer, 2015).  Currently, simeprevir and sofosbuvir are in the forefront of HCV genotype 1 therapeutics, 

targeting the NS3 and NS5B regions of the viral genome, respectively, with or without PEG-IFN and 

ribavirin (AASLD, 2015).  Resistance associated variants (RAVs) has been described at baseline and 

during therapy for NS3, NS5A and NS5B inhibitors (Lontok et al., 2015).  In genotype 1, viral mutations 

have been associated with either sustained virological response (SVR) or viral breakthrough during 

therapy (Nishiya et al., 2014; Cento et al., 2012).  However, less data are available on non-1 genotypes.  

Unfortunately, the costs of DAAs delay global roll-out and compel many middle/low-income countries to 

continue with SOC.   

The core is a basic, alpha-dimeric protein which is highly conserved, immunogenic and involved in viral 

RNA binding and particle formation (Santolini et al., 1994; Klein et al., 2005). The immature 191 amino 

acid core protein is divided into 3 domains D1, D2, D3 (Fig.1; Boulant et al., 2005).  D1 is divided into 

three smaller sections (Fig.1):  BD1 (2-23aa), BD2 (38-74aa) and BD3 (101-121aa, Fig.1; Ivanyi-Nagy et 

al., 2006).  There is evidence that mutations in the BD2 region (contains the major binding site for NS5A)  
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Fig.1.  Hepatitis C core region 1-177 depicting the domains, functions, mutations identified in the study and known epitope 

regions 

 

can suppress binding to lipid droplets and reduce viral particle production, infectivity and release (Murray 

et al., 2007; Gawlik et al., 2014). The core: R70Q and L91M mutations have been associated with poor 

treatment response in genotype 1b infection to IFN (Akuta et al., 2010, Alhamlan et al., 2014), resistance 

to telaprevir combination therapy (Akuta et al., 2010), rate of progression to HCC (Araujo et al., 2014, 

Nakamoto et al., 2010, Khan et al., 2010), increased steatosis and hepatic oxidative stress (Tachi et al., 

2010).  

The RNA dependent RNA polymerase (RdRp), essential for viral replication, is encoded by the NS5B 

region, a target for DAAs (Powdrill et al. 2010). Several nucleos(t)ide (NIs) and non-nucleoside 

inhibitors (NNIs) target within and outside catalytic sites, respectively, of the polymerase.  NNI sites 1 

and 2 are located at the thumb and NNI sites 3-5 at the palm (Fig.2).  In general, NNIs show a lower 

genetic barrier to resistance compared to NIs, among DAAs (Poveda et al., 2014).  RAVs at the palm sites 

(C316Y/N and Y448H) decrease activity of NNI-3 and NNI-5 (Vermehren and Sarrazin, 2012).   Several 

antiviral resistance mutations (e.g. L159F, S282T, M289L, I293L, Fig.2) have been associated with 
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lowering the activity of the newer polymerase inhibitors (Alves et al., 2013, Poveda et al., 2014, Lontok 

et al., 2015).  

 

Fig.2.: Positioning of mutations conferring resistance to various classes of inhibitors which target viral polymerases (PDB 

structure 2WHO, Davis & Thorpe, 2013).  A-F depict NS5B domains.  Superscript numbers refer to the genotypes and/or 

subtypes which have the genotype 1 wild type (left) or the genotype 1 resistance mutation (right) in this position since most NNIs 

have been optimised to target genotype 1 virus. 

 

All these mutations mentioned, including those in the core, have been extensively explored for genotype 

1. Our study aims to better describe the genetic variation between the major genotypes found in patient 
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and blood donor groups from South Africa, with particular attention to genotype 5a and the presence of 

mutations in the core and NS5B regions that contribute to drug resistance and/or disease progression.  

2. Methods 

2.1. Patients and blood donors 

Of the 81 patients attending Johannesburg hospitals, samples from 60 individual patients were collected 

during 2000-2002 as described previously (Prabdial-Sing et al., 2008) while samples from an additional 

21 patients were collected from 2007-2012 (ethics M120614). The majority of the patients had chronic 

liver disease (45 of 81 patients) with fibrosis scores F2-F4. None of the patients had started pegylated 

interferon and ribavirin therapy at the start of the study. There were repeat samples from 7 patients at 

different time points (3 in the core and 4 in the NS5B region) and 7 patient samples were sequenced both 

in the core and NS5B regions. A total of 88 samples were sequenced, including 19 samples in the core 

region and 69 samples in the NS5B region. Fifty-one genotype 5a samples having sufficient volume and 

viral loads in a range of 18400-3680000 IU/ml (CobasAmplicor Monitor or CobasAmpliprep/Taqman, 

Roche Diagnostics, Germany) were chosen for the study. Using the same selection criteria, South African 

specimens from genotypes 1a, 1b, 3a and 4a were sequenced for comparison (Table 1). Patient 

demographics were collected from the hospital request forms.  Plasma samples from 12 anonymous 

volunteer blood donors acquired from the South African National Blood Services (SANBS) in 2008-2009 

(ethics 2012/01) were sequenced in the core region only. Limited blood donor demographics were 

collected from SANBS database. 
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Table 1. : Demographics of the two study groups infected with hepatitis C. 

 Patients (N = 81) Blood donors (N = 12) 

Age (years) 

Mean 50.1 51.9 

Median 52 55 

IQR 40.25–62.75 49–57 

Gender 

Males 40 (49%) 7 (58%) 

Females 33 (41%) 5 (42%) 

Unknown 8 (10%) 0 

Viral load (IU/ml) 

Mean 754,171 337,720 

Median 316,000 148,000 

IQR 76,500–7,06,750 146,000–3,08,000 

Ethnic group 

 
unknown Blacks 7 (58%) 

  
Caucasian 2 (17%) 

  
unknown 3 (25%) 

Clinical diagnosis 

 
Haemophilia 15 (19%) asymptomatic 

 
Liver disease 45 (56%) 

 

 
renal 6 (7%) 

 

 
thalassemia 1 (1%) 

 

 
unknown 14 (17%) 

 
Genotypes 

1a 10 (12%) 0 

1b 11 (14%) 1 (8%) 

3a 5 (6%) 0 

4a 3 (4%) 0 

5a 51 (63%) 10 (84%) 

mix 0 1 (8%) 

Region sequenced 

Core 12 (15%) 12 (100%) 

NS5B 62 (77%) 0 

Both 7 (8%) 0 

 

2.2. Genotyping 

Samples from patients and blood donors were genotyped by LiPA (Versant HCV v2.0 genotyping assay; 

Siemens Medical Diagnostics, Belgium) or sequenced in the 5’untranslated region  (UTR) as described 

previously (Prabdial-Sing et al., 2008).  
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2.3. RNA extraction and amplification 

Viral RNA was extracted from 280µl of serum or plasma using the QIAamp Mini RNA extraction kit 

(Qiagen, Germany) according to the manufacturer’s protocol.  cDNA synthesis was performed using 10µl 

of extracted RNA, 2µl(1µM) antisense 8907 (5’- GCGCCAACGGTRAACCAG - 3’, nucleotide [nt] 

8907-8924, numbered according to Choo et al., 1991, and 1µl (200U) Superscript RT III enzyme 

(Invitrogen, Carlsbad, CA). The first round of Core/E1 amplification was performed with 5µl of cDNA, 

outer sense 8(5’-CGAATCCTAAACCTCAAAG-3’, nt 8-28) and outer antisense 957 (5’-

ACCATTTCATCATCATGTCCCA-3’, nt 957-979) primers and 2.5U of FastStart Taq polymerase 

(Roche Diagnostics, Germany). The second round PCR was performed with 5µl of the first round PCR 

product, 2.5U of Taq polymerase (Roche Diagnostics, Germany), inner sense 19 (5’ -

CCTCAAAGAAAAACCAAAAGAAACAAC – 3’, nt 19-48) and inner antisense 951 (5’-

ACCATTTCATCATCATGTCCCATGCCAT-3’, nt 951-979) primers. Both 1
st
 and 2

nd
 rounds used the 

same cycling conditions, that is, 98
0
C for 2 minutes, followed by 35-45 cycles of 98

0
Cfor 1 minute, 55

0
C 

for 1 minute,72
0
C for 1 minute, and a final extension at 72

0
Cfor 5-7 minutes. Samples from 2007-2012 

were amplified in the NS5B region as described previously (Prabdial-Sing et al., 2008). PCR amplicons 

were directly sequenced on both forward and reverse strands using the ABI Prism BigDye Terminator 

Cycle Sequencing reaction kit, version 3.1 (Applied Biosystems,USA) with primers used for the 2
nd

 round 

PCR. Chromatogram analyses were performed using Sequencher,version 4.1.4. 

 

2.4. Phylogenetic analyses 

Representative sequences from different HCV genotypes were retrieved from the GenBank database 

(www.nlm.nih.com), including genotype 5a (Gededzha et al., 2014) and China (Xu et al., 2013).  For 

reasons of brevity and clarity, sequences from samples from single patients taken at different time points 

were removed from the phylogenetics analyses, as these were from the same genotype. All alignments 

were performed using the neighbour-joining method implemented in Clustal X  (Thompson et al., 
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1997).  The statistical robustness and reliability of the branching order was confirmed by bootstrap 

analysis using 1000 replicates (Felsenstein, 1985).  Phylogenetic inference was also performed using a 

Bayesian Markov chain Monte Carlo (MCMC) approach as implemented in the BEAST v1.8.0 

program (Drummond et al., 2012) under an uncorrelated log-normal relaxed molecular clock using 

the general time-reversible model with nucleotide site heterogeneity estimated using a gamma 

distribution.  The nomenclature of sequences for clinical patient samples on trees and alignments were as 

follows: number/risk group/year/month and for blood donor samples: SANBS number/year. 

2.5. Mutational analyses 

Nucleotide sequences were aligned using ClustalW in Mega 6.0 (Tamura et al., 2013), translated to amino 

acid sequences and compared to GenBank references for amino acids 29-191 of the core and 1-89 of E1 

(amino acid 29-280) and NS5B (amino acid 241-306).  Sequence alignments were manually inspected for 

published mutation hotspots with regard to therapy and/or progression of disease. HCV genotype 5 

reference sequences as mentioned in paragraph 2.4 and from Wose Kinge et al., 2014 (SA1-4) were used 

in the analyses.  Also to fully understand mutations in the NS5B region of genotype 5a, 14 full and 13 

partial sequences from GenBank were analysed to map mutations on Fig.2.  Sequences were evaluated for 

positive and negative immune selection using the general reversible nucleotide substitution model in 

Datamonkey(www.datamonkey.org, accessed 26-03-2014, Pond et al., 2005).  

2.6. Epitope binding 

The amino acid alignments were used to identify MHC class I and II epitope sequences in the core and 

NS5B regions, respectively, using Immune Epitope database (IEDB, Vita et al., 2010, www.iedb.org, 

accessed 24-03-2014).  Genotype specific sequence variability was examined within known CD4+ and 

CD8+ T-cell epitopes in the core and NS5B regions. Epitope binding predictions to known epitope 

sequences were generated for HLA alleles most common in the South African population, HLA-A*30:01, 

HLA-A*02:01, HLA-B*07:02,  DRB1*03:01and DRB1*13:01, as described previously in Prabdial-Sing 
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et al., 2012.  The recommended consensus method ANN, SMM, and CombLib were used (Wang et al., 

2008 and Wang et al., 2010). Epitope sequences with a low score of <IC50nM were considered good 

binders. 

3. Results 

3.1. Patient and blood donor demographics 

The two study groups (patients and blood donors) are described according to demographics such as age, 

gender, viral load and clinical characteristics.  Whilst the blood donors were all asymptomatic, patients 

were diagnosed with either chronic liver disease (CLD) or hemophilia (Table 1). The mean viral load in 

the patient group was a factor of >2 higher than the asymptomatic blood donors. Genotype 5a was the 

most common genotype in both groups (Table 1).  

3.2. Phylogenetic analyses  

Thirty-six patient and blood donor isolates sequenced in the core region grouped into genotypes and 

subtypes, 1b (N=2), 4a (N=1) and 5a (N=33) in the core region.  There was only one sample, 9411, typed 

previously as a mixed genotype (1b + 4) by LiPA, grouped as 4r by core analysis (Fig.3). When the UTR 

phylogenetic analyses was compared to the NS5B analyses, nine samples from the patient group showed 

discordant subtypes with UTR region grouping them as only genotype 1 or 4, whereas the NS5B region 

provided subtypes.  A genotype 5a sample taken at different timepoints–644–grouped together (not 

shown on trees), concurring at all the core amino acid sites studied (Table S1).  Sub-clustering in the core 

region within genotype 5a based on study groups was not evident.   Of a total of 70 patient isolates 

sequenced in the NS5B region, 46 are depicted on Fig.4 as 1a (N=8), 1b (N=11), 3a (N=4), 4a (N=2) and 

5a (N=21). No discrimination within genotype 5a based on patient risk factor was seen in the NS5B 

region.  Three genotype 5a samples–3854; 1906; 2120 taken at different timepoints grouped together with 

its pair(not shown on trees) and one sample-895 (genotype 3a),  had 1 change in the NS5B region (Table 

S2). 
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Fig.3. Bayesian analyses on 36 patient and blood donor isolates sequenced in the core region.  Genotype 5a sequenced in this 

study are shown in red, genotype 5a references in black. Posterior probability values 0-1 are indicated at branch nodes.  

  3.3. Diversity of genotype 5a sequences in the core 

For genotype 5a, sequences were relatively conserved in BD2 (38-74) and BD3 (101-121, Table S1, 

Fig.1).  In BD2, 2 mutations (at positions 43, 52) were identified in genotype 5a reference (accession 

number: Y13184).  R43K, (also occurs in 416/LD/07), lies within the epitope YLLPRRGP
43

R, while 

T52N lies within GVRATRL
52

TS (Table S1).  R70Q and R70H were identified in all genotype 5a (20 

R70Q and 1 R70H) and one patient sample—427—with genotype 1a, as well as 9 of 10 genotype 5a 

blood donor samples. Since 6/7 genotype 5a reference sequences also had R70Q/H it seemed to be a 

signature site in wild type genotype 5a.  Interestingly, whereas genotype 5a references (accession 
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Fig.4. Bayesian analyses on 70 patient isolates sequenced in the NS5B region. Genotype 5a sequenced in this study are shown in 

red, genotype 5a references in blue. Posterior probability values 0-1 are indicated at branch nodes.  
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numbers: Y13184, AF0644990) and 3/5 ZADGM had P at position 71, as did 61 % of the genotype 5a 

samples (13/21), 7 patient samples and 3/10 blood donor samples had S71, as did the two other genotype 

5a references (ZADGM869 and ZADGM2582).  The codon at position 71 was found to be the only 

positively selected site in the core region, with dN/dS=1.05 (p=0.008).  There was no significant 

difference in the number of mutations in BD2 and BD3 between the groups.  Only one repeat sample, 

175, showed R70H mutation (also implicated in IFN resistance), also seen in reference ZADGM2582. 

SANBS9400/08 (genotype 1b) had wild type Arg at position 70.  This sample, however, also had L91M.  

While genotype 5a shares wildtype L91 with genotype 1b, most other genotypes have wildtype C91 

(Table S1).  Nor references nor patients had the R62G mutation associated with better SVR whereas the 

T110N mutation, associated with lower SVR, was very common in all genotypes except genotypes 1 and 

2. All references and 29/31 specimens had N110 making it the signature amino acid in genotype 5a. Four 

mutations (transversions) in the core region were compared to reference strains, genotype 1a, 1b and 5a 

(Table 2).   

3.4. Diversity of genotype 5a sequences in the NS5B region 

Forty-one samples were sequenced over the NS5B (241-306), including domain B (282-292) of the 

RdRp, most of the interconnecting region between the fingers and the palm (230-263, Fig.2), N291 in the 

active site of the enzyme and a mutation hotspot that confers high level resistance to sofosbuvir at the first 

amino acid of the B domain, S282T/R (Table S2).  Serine was conserved at this position for all genotype 

5a samples and reference strains with the exception of patient sample 3788, with Arg and genotype 4a 

reference (accession number:Y11604).  None of the sequenced sites were found to be positively 

selected.  The region was well conserved within genotype 5a with signature sites at Q246, R254, Q258, 

C262, F285, S302 and the double Glutamine (QQ) at 272-273. Two heterogenous sites were seen at 

positions 251, 293. Together with mutation S282T, M289L and I293L may confer resistance to 

sofosbuvir.  Only one sample 1678/LD/00 (genotype 4) had mutation M289L (Table S2). Sample 3854 
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Table 2. : Resistance mutations in the core and NS5B associated with therapeutic response and/or disease progression.  

  

Region 

Position Ref. 

M62321 

(1a) 

Ref. 

D50480 

(1b) 

Ref. 

Y13184/AF064490 

(5a) 

Mutation No. of genotype 5a 

samples with 

mutation 

nt changes Effect of mutation Reference 

Core 

70 R R R(Y13184) 

Q(AF064490) 

R70Q Q(N = 20), H(N = 1) CGG-CAG, CGA-CAG Poor response to peg-IFN + 

RIB<comma> HCC in genotype 1 

Akuta et al., 2010 

Core 

75 T A S T75A S(N = 21) ACC-TCC Poor response to peg-IFN + RIB in 

genotype 1 

Alhamlan et al., 

2014 

Core 

91 C L L L91M C(N = 1) CTC-ATG Poor response to peg-IFN + RIB in 

genotype 1 

Araujo et al., 2014 

and Nakamoto et 

al., 2010 

Core 

110 T T N T110N N(N = 18), L(N = 3) ACA-ACC associated with SVR in genotype 2 Kadokura et al., 

2011 

NS5B 

282 S S S S282T 0 AGT-ACT Associated with polymerase 

resistance in genotype 1 

Alves et al., 2013 
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had one transitional change (GCN[A] to GTN[V]) at position 252 in the older specimen, 2120 showed 

that both had F (TTT/C) at position 267(which was found in genotypes 2 and 3) (Table S2).  The 

genotype 3a sample, 895, had only 2 mutations between them, position 304 where the earlier specimen 

had S (AGC/T) while the later specimen had reverted to the wild type R (AGA). 

As the region sequenced covers only 11% of the NS5B region, the authors attempted to find all genotype 

5a full NS5B references on GenBank to map out mutations in relation to resistance NI/NNI inhibitors 

(Fig.2).  While some sites like I482L, M414T and G152E for genotype 5a wild type are not implicated in 

resistance others, such as M423T/I/V and C, contain the resistant mutation in the wild type. All of the 

genotype 5a references including the 5 ZADGM specimens have the resistant phenotype 423I.  

3.5. Sequence variation in relation to known MHC-class I epitopes 

In the core region (1-177), 6 known HLA-A02 restricted T-cell epitopes were mapped (colored orange 

and green in Table S1), showing binding scores of <300 IC50nM to HLA- A*30:01 or HLA-B*07:02, two 

HLA alleles present in the South African population (Table S3).  Most were found to be conserved among 

genotype 5a and other genotypes, except for epitope 111-119, DPRR
115

RSRNL.  All genotype 5a 

samples, except 2, had R115K change.  Part of the known CD4+ T-cell epitope sequence 91-110 (Fig.1), 

WLLSPRGSR, found to be conserved among all genotypes showed a low binding score of <100 IC50nM 

to DRB1*03:01 only.  No CD4+ and CD8+ T-cell epitopes mapped in the NS5B region sequenced.  

4. Discussion 

This is a first study to describe pre-treatment viral mutations in HCV genotypes, particularly genotype 5a, 

for patients and anonymous blood donors in Johannesburg, South Africa.  Samples were sequenced in the 

core and NS5B regions to identify whether mutations associated with IFN resistance, poor response to 

therapy, rate of disease progression and increased steatosis, as reported for genotype 1b, could be 

identified in other genotypes.  The R70Q and R70H mutations associated with IFN resistance in vitro 

(Funaoka et al., 2011), poor response to IFN and ribavirin combination therapy in genotype 1b patients 
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and progression to HCC were identified in all of the patient samples with genotype 5a and 90% of 

genotype 5a blood donor samples. Whether mutations such as these in the core have an impact on 

response to IFN combination therapy or progression to persistence, cirrhosis and HCC in genotype 5a 

infected individuals is not yet known.  The high proportion (80%) of progression to persistence in acute 

HCV (all genotypes) is thought to be due to attenuation of interferon-induced responses (Pawlotsky., 

2003) and R70Q and R70H (found to be the signature amino acids in genotype 5a in this study) have been 

found to be significantly more resistant than wild type viruses (Funaoka et al., 2011).  Understanding 

baseline mutational patterns in genotype 5a helps not only to monitor treatment responses but can also 

guide management with regard to disease sequelae. But, a mutation which is constitutively present in the 

wild type also needs to be understood in the context of the epidemic. Clusters of genotype 5a infections in 

Belgium, France (Verbeeck et al., 2006) and Greece (Karatapanis et al., 2012) point out that the genotype 

5a patients were significantly older (mean age ~62 years) than those infected with other genotypes which 

complies with our findings, implying an asymptomatic course of genotype 5.   

Patients with genotype 5a have been shown to respond better to pegylated-IFN and ribavirin therapy 

when compared to genotypes 1a and 1b, with response rates ranging from 48% to 67% (D’Heygere et al., 

2011; Antaki et al.,2008, Legrand-Abravanel et al., 2004, Bonny et al., 2006, Prabdial-Sing et al., 2009).   

Although, study numbers are small, prospective studies are ongoing on the effect viral mutations in the 

core and NS5A regions have on therapy or progression to persistence (Seleka et al., 2013).  As, the 

mutation R62G, the presence of R70 and T110 (all of which promote SVR) are not seen in genotype 5,it 

begs the question whether other combination therapy options which exclude interferon for genotype 5a 

patients would be better.   

 

DAAs including NNIs and protease inhibitors have been developed and optimized to target genotype 1 

only while the evidence indicates that activity against other genotypes is decreased or absent (Powdrill et 

al., 2010). In general, NIs are effective across genotypes because of the conservation within the active site 
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(Fig.2; Powdrill et al., 2010). Resistance patterns for protease (e.g. telaprevir and boceprevir) and NNI 

polymerase inhibitors have been mapped out for genotype 1 infections only (Vermehren et al., 2012).  

NNIs, are reported to have genotype specific responses particularly Site 2 and 3 inhibitors, like the 

thiophenes, which have an 8-fold reduction in response from genotype 5a when compared to genotype 1b 

(Fig.2; Chinnaswamy et al., 2010). NNIs look like favorable drug candidates since they compete for 

binding with nucleotriphosphates and should be effective against all HCV genotypes.  

As the NS5B region sequenced in this study is short, we have identified mutations in other regions of the 

NS5B from genotype 5a sequences on GenBank and mapped to polymerase resistance (Fig.2).  As with 

genotypes 1-4, genotype 5a also has the mutation V499A (associated with resistance to NNI-site 1 

inhibitors) (Poveda et al., 2014).   Full-length sequencing, or at least longer sequences in the NS5B and 

other informative regions (such as the NS3), as well as deep sequencing should be generated in future 

studies to further explore the relationship between genetic diversity among genotype 5a strains, response 

to therapy and disease progression.  Genotype 5a sequences among the blood donors and patients 

clustered together in the phylogenetic trees and did not show differences in the mutational analyses, 

indicating the sequence conservation within the genotype, despite the patient group being symptomatic 

with a possibility of more advanced disease. As diagnoses and treatment for HCV remains a challenge in 

South Africa, we look to the future of DAAs, which can increase sample size in further studies.    Pre-

treatment DAA resistance patterns should be determined, to ensure best patient outcomes and 

implementation of combination regimes to prevent disease progression, liver damage, viral resistance or 

transmission of resistance strains.  

Interestingly, in this study, low scores were predicted for conserved sequences of known MHC-class I and 

II epitopes to HLA alleles prevalent in South Africa.  This provides future prospects to vaccine design, 

considering conservation of the epitope sequences among HCV genotypes and good binders to HLA 

alleles, other than A02. 
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This study described mutations particularly in genotype 5a samples in 2 treatment naïve groups, providing 

new insight into an HCV genotype that has not been well-studied.   
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