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Abstract: 

Background: Hepatitis C virus (HCV) genome undergoes high rate of mutation, which results in generation of 
genetically diverse HCV isolates. There is paucity of data on mutations in the nonstructural 5b (NS5b) gene of 

circulating HCV and their implications in the Nigerian population. Here, we identified clinically-important 

mutations in HCV isolates, which may influence response to therapy and disease prognosis. 
Methodology: HCV RNA was extracted from a total of 301 blood samples collected from 99 symptomatic 

treatment-naïve hepatitis patients, 125 HIV-infected individuals and 77 asymptomatic blood donors in Ibadan, 
Nigeria. The RNA was reverse–transcribed to complimentary DNA and HCV NS5B gene amplified by nested PCR. 

The amplified products of 42 HCV were sequenced and sequences were aligned with those from GenBank and 
HCV databases in MEGA 7.0. Nucleotide sequences were translated to amino acids while substitutions in the 

amino acids were analyzed with reference to H77 prototype strain of HCV.                                        
Results: A total of 10 amino acid polymorphisms were observed from the 42 sequenced NS5B gene, with the 

major clinically-important amino acid mutations being S15G in 28 (66.7%) participants, T7N (24, 57.1%), 
G61R (23, 54.8%), S54L (22, 52.4%), G89E (14, 33.3%), T79M (12, 28.6%), and T711 (11, 26.2%). Others 

were Q67R (7, 16.7%), Q47H (7, 16.7%) and S84F (2, 4.8%). S15G/A/V mutations were more predominant in 
patients with HIV (76.9%, 10/13) followed by patients with clinical hepatitis (75.0%, 12/16) and blood donors 

(46.1%, 6/13). Q67R and T71I mutations were not predominant in patients with clinical hepatitis as they were 
detected in only 31.3% (5/16) and 43.8% (7/16) participants respectively, compared to S15G (75.0%, 12/16), 

S54L (68.8%, 11/16), G61R/E (68.8%, 11/16) and T7N/S (56.3%, 9/16). There was no statistically significant 
difference in the distribution of each of the 10 amino acid polymorphisms detected within patients with 

symptomatic clinical hepatitis (x2=9.311, p=0.409), HIV-infected patients (x2=13.431, p=0.1440) and asymp- 
tomatic blood donors (x2=3.775, p=0.9256). Similarly, there was no significant difference in the distribution 

between the 3 categories of the study participants except for T79M mutation, which was significantly higher in 

HIV-infected patients (61.5%, 8/13) compared to patients with clinical hepatitis (18.8%, 3/16) and asymp- 

tomatic blood donors (7.7%, 1/13) (x2=10.456, p=0.0054).                                    
Conclusion: Mutations in the NS5B gene could be associated with worse prognosis of the disease or antiviral 

failure due to viral resistance in patients undergoing therapy. The absence of Q47H mutations in majority of the 
study participants in our study implies that they will not respond well to daprevir and mericitabine. Screening of 

patients for pre-existing resistant mutations before commencement of therapy and monitoring during and after 

therapy are recommended. 
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Résumé: 

Contexte: Le génome du virus de l'hépatite C (VHC) subit un taux élevé de mutation, ce qui entraîne la 

génération d'isolats de VHC génétiquement divers. Il existe peu de données sur les mutations du gène non 

structurel 5b (NS5b) du VHC en circulation et leurs implications dans la population nigériane. Ici, nous avons 

identifié des mutations cliniquement importantes dans les isolats du VHC, qui peuvent influencer la réponse au 
traitement et le pronostic de la maladie.                                     

Méthodologie: L'ARN du VHC a été extrait d'un total de 301 échantillons de sang prélevés auprès de 99 
patients symptomatiques naïfs d'hépatite, 125 personnes infectées par le VIH et 77 donneurs de sang 

asymptomatiques à Ibadan, au Nigeria. L'ARN a été transcrit de manière inverse en ADN complémentaire et en 
gène NS5B du VHC amplifié par PCR nichée. Les produits amplifiés de 42 VHC ont été séquencés et les 

séquences ont été alignées sur celles des bases de données GenBank et VHC dans MEGA 7.0. Les séquences 
nucléotidiques ont été traduites en acides aminés tandis que les substitutions dans les acides aminés ont été 

analysées en référence à la souche prototype H77 du VHC.                                                       
Résultats: Un total de 10 polymorphismes d'acides aminés ont été observés à partir des 42 gènes NS5B 

séquencés, les principales mutations d'acides aminés cliniquement importantes étant S15G chez 28 (66,7%) 
participants, T7N (24, 57,1%), G61R (23, 54,8%), S54L (22, 52,4%), G89E (14, 33,3%), T79M (12, 28,6%) et 

T711 (11, 26,2%). Les autres étaient Q67R (7, 16,7%), Q47H (7, 16,7%) et S84F (2, 4,8%). Les mutations 
S15G/A/V étaient plus prédominantes chez les patients atteints du VIH (76,9%, 10/13), suivis des patients 

atteints d'hépatite clinique (75,0%, 12/16) et des donneurs de sang (46,1%, 6/13). Les mutations Q67R et 
T71I n'étaient pas prédominantes chez les patients atteints d'hépatite clinique puisqu'elles ont été détectées 

respectivement chez seulement 31,3% (5/16) et 43,8% (7/16) des participants, par rapport aux patients S15G 

(75,0%, 12/16), S54L (68,8%, 11/16), G61R/E (68,8%, 11/16) et T7N/S (56,3%, 9/16). Il n'y avait pas de 
différence statistiquement significative dans la distribution de chacun des 10 polymorphismes d'acides aminés 

détectés chez les patients présentant une hépatite clinique symptomatique (x2=9,311, p=0,409), les patients 
infectés par le VIH (x2=13,431, p=0,1440) et les patients sanguins asymptomatiques donneurs (x2=3,775, 

p=0,9256). De même, il n'y avait pas de différence significative dans la répartition entre les 3 catégories de 
participants à l'étude, à l'exception de la mutation T79M, qui était significativement plus élevée chez les 

patients infectés par le VIH (61,5%, 8/13) par rapport aux patients atteints d'hépatite clinique (18,8%, 3/16) 
et donneurs de sang asymptomatiques (7,7%, 1/13) (x2=10,456, p=0,0054).                         

Conclusion: Les mutations du gène NS5B pourraient être associées à un plus mauvais pronostic de la maladie 
ou à un échec antiviral dû à une résistance virale chez les patients sous traitement. L'absence de mutations 

Q47H chez la majorité des participants à notre étude implique qu'ils ne répondront pas bien au daprévir et à la 
méricitabine. Le dépistage des mutations résistantes préexistantes chez les patients avant le début du 

traitement et une surveillance pendant et après le traitement sont recommandés. 

Mots-clés: Virus de l'hépatite C; patients symptomatiques; donneurs de sang; gène NS5B; mutation 

Introduction:  
 
 Hepatitis C virus (HCV) exhibits great 
genetic variation which is responsible for the 
enormous diversity associated with its lifecycle. 
The degree of this variation can determine to 
a large extent the functionality of most anti- 
virals such as NS3/4A protease inhibitors wh- 
ich have successfully been used to treat pati- 
ents with infected HCV genotype 1, but has 
lower potency against genotype 3 (1). With 
respect to heterogeneous population of HCV, 
substitutions associated with resistance in di- 
verse HCV genotypes can result in drug resi- 
stance which may lead to treatment failure 
(2). Viral hepatitis including HCV infection 
continues to pose global public health challe- 
nge that affects more than 185 million people 
(3).  
 In most low-income-countries, HCV is 
presenting a more serious challenge, and dir- 
ect acting antivirals (DAAs) are not accessible 
to many, even though it is a major break- 
through in the treatment of HCV infections 
(4). In those settings, combination of pegyla- 
ted alpha-interferon (PEG-IFN-γ) and ribavi- 
rin, two protease inhibitors, is still the ‘gold 
standard’ of therapy and in most cases. How- 
ever, treatment of patients does not take into 

consideration the circulating genotypes and 
their genetic characteristics. These antivirals 
are known for their potency and sustained vi- 
ral response against HCV genotype 1 but po- 
ssess substantial side effects as well as low 
genetic barrier and cross-resistance (5).  
 The NS5B genes encode viral RNA-
dependent RNA polymerase (RdRp), an enzy- 
me responsible for viral RNA replication and a 
target for most antiviral cocktails mostly poly- 
merase inhibitors (6,7). As a result of the low 
proof-reading ability of RdRp, errors occur 
during viral replication coupled with high viral 
replication rate, resulting in HCV extreme 
variability and several isolates that are distin- 
ctly distributed in different regions of the 
world (8). Accumulation of these amino acid 
substitutions in the isolates due to high gene- 
tic variability of HCV overtime, results in 
minor or major resistant variants with impor- 
tant clinical implications (9). These implica- 
tions include but not limited to poor response 
to therapy, inability to develop effective vac- 
cines, and broad spectrum or pan-genotypic 
antiviral agents against HCV (10). In most 
cases, resistance-associated mutations may 
occur as natural polymorphisms and could 
affect response to existing NS5B inhibitors 
that target the viral gene (11).  
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 Previous studies on HCV RNA samples 
from chronically HCV-infected drug-naïve pa- 
tients have linked mutations in HCV genome 
with resistance to interferon, ribavirin, nucle- 
oside inhibitors (NIs) and non-nucleoside inh- 
ibitors (NNIs) (12), and even worse progno- 
sis of the disease in HCV-infected patients 
(13). Mutations in form of natural polymer- 
phisms that occur overtime in diverse strains 
of HCV may affect the functionality of the 
virus in terms of response to therapy, chron- 
icity, transmissibility, virulence and/or patho-
genicity. Moreover, those HCV genotypes dif- 
fer in their response to antiviral drugs (14). 
 Most of the approved DAAs such as 
sofosbuvir and other NS5B polymerase inhibi- 
tors that suppress NS5B replication are out of 
reach of many in sub-Saharan Africa due to 
high costs. As such, the degree of HCV esca- 
pe mutants or drug-resistant variants in cir- 
culation is not known in the region, and this 
information is critical for proper and effective 
treatment of patients. In the absence of DAA 
treatment protocols however, identification of 
pre-existing mutations in circulating variants 
is important for successful treatment and con- 
trol of HCV infection now and in the future. 
The diversity exhibited by the virus has been 
previously reported to associate with antiviral 
failure, obstacle to design of a universal vacc- 
ine against HCV infection, as well as influence 
on viral persistence and disease progression 
in infected individuals. These have been attri- 
buted to presence of natural polymorphisms 
in HCV isolates (2).    
 In sub-Saharan Africa, where DAAs 
are grossly inaccessible to most patients, 
studies are required to identify pre-existing 
amino acid substitutions responsible for HCV 
diversity, which may influence therapy, espe- 
cially with polymerase inhibitors, and contri- 
bute to effective control and eradication of 
the virus by 2030. The present study there- 
fore aims to identify important pre-existing 
mutations in the different HCV genotypes cir- 
culating in treatment-naïve blood donors, HIV 
& HCV co-infected patients and patients with 
clinical hepatitis in Nigeria. 

Materials and methods:  
 
Study setting/period/ethical consideration:  
 The study was carried out in Ibadan, 
southwest Nigeria, between the period 2015 
and 2018, and was approved by University of 
Ibadan/University College Hospital Ethical Co- 
mmittee under the assigned number UI/EC/ 
14/0019.  
 

Study participants:  
 The study involved a total of 301 
HCV-seropositive participants; 99 symptoma- 
tic hepatitis patients or those with clinical       
hepatitis, 125 HIV-infected individuals referred 

to the laboratory for anti-HCV screening, and 
77 asymptomatic or apparently healthy blood 
donors screened at the Blood Bank, Univer- 
sity College Hospital. The anti-HCV positive 
blood samples of the participants, stored at         
-80oC in the HIV laboratory of the Depart- 
ment of Virology, College of Medicine, Univer- 
sity of Ibadan, were retrieved for this study. 
 
HCV RNA extraction and reverse transcription 
 A total of 42 anti-HCV positive sam- 
ples were selected for HCV mutation analysis. 
Aliquots of plasma were made from each 
blood sample and from which 5ml blood was 
used for RNA extraction according to the 
manufacturer’s instructions of the commerci- 
ally available extraction kit used (Jena Bio- 
science total RNA Purification kit, Germany). 
Then reverse-transcription (first strand cDNA 
synthesis) of the extracted RNA was perfor- 
med with random hexamer using Script cDNA 
synthesis kit (Jena Bioscience, Germany), in 
a final volume of 20 μl assay. The thermal 
cycling and time conditions of the sequences 
were 42oC for 10min, followed by incubation 
at 50˚C for 45min (15).  
 
PCR amplification of NS5B gene: 

 Amplification of the NS5B gene seg- 
ment of the virus located at positions 8275–
8616 was carried out using a nested PCR 
protocol with 5μl of gene specific primers and 
2.5μl of the RT-PCR product as the template 
previously described by Shenge et al., (16).  
Amplified fragments were viewed using gel 
electrophoresis in 1.5% agarose gel concen- 
tration.    
 Sequence of primers and the cycling 
conditions for the nested PCR are as follows: 
First round of PCR, the primers used were; 
NS5B-k1 for forward reaction; 5’-TGGGGATC 
CCGTATGATACCCGCTGCTTTGA-3’ and NS5B-
k2 reverse reaction; 5’-GGCGGAATTCCTGGT 
CATAGCCTCCGTGAA-3’ as designed by the 
authors. The cycling condition was 95˚C for 
5min, 94˚C for 30sec, 50˚C for 30sec, 72˚C 
for 45sec, 72˚C for 10min, for 30cycles. The 
expected size of amplification product for the 
first round PCR was 400bp. 
 Five microlitres of the first round PCR 
product was used as the template for the se- 
cond round PCR. The nested PCR was perfor- 
med in a 25μl reaction mixture with 2.5μl 
forward primer-NS5B-122; 5’-CTCAACCGTCA 
CTGAGAGAGACAT-3’ and reverse primers NS 
5B-R1; 5’-GCTCTCAGGCTCGCCGCGTCCTC-3’. 
The thermal cycling condition was same as 
the first-round reaction but for 45 cycles. The 
PCR product with the expected band size of 
301bp was detected by electrophoresis in 
1.5% agarose gel and visualized using Bio- 
Rad Gel Doc XR+ System.  
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DNA sequencing and alignment: 

 The PCR products were purified with 
ExoSAP Amplicon Purification kit (Applied Bio- 
systems, Foster city, CA,) according to the 
manufacturer’s instructions and sequenced 
with ABI V3.1 Big dye terminator (Applied 
Biosystems, Foster city, CA). The second-
round PCR products and the same inner pri- 
mers used for the nested PCR were used for 
sequencing. Sequencing reactions were com- 
mercially carried out by Inqaba Biotec, South 
Africa.     
 Phylogenies of the HCV include sub- 
types 1a, 1b, 2b, 2c, 3a and 5a in 42 sequen- 
ced NS5B genes as previously reported by 
Shenge et al., (16) and Shenge et al., (17). 
Nucleotide sequences of the partial HCV NS5B 
gene obtained from the samples are available 
at the Figshare repository (doi:10.6084/m9. 

figshare.7471454). Sequences were deposited 
at the GenBank under accession numbers LC 
484047-LC506601 and LC538234-LC538262. 
 
Mutation profiling and statistical analysis: 

 The amino acid substitutions genera- 
ted were aligned with prototype H77 strain 
(GenBank accession number NC.004102.1). 
Nucleotide variations observed were compa- 
red with the H77 strain and within the isola- 
tes. Finally, the differences in the observed 
mutations were compared among the study 
participants using SPSS version 20.0. Chi- 
square test was used to compare the varia- 
tions and to determine significant difference 
between the observed mutations (dependent 
variable) and the three categories of study 
participants (independent variable). Statisti- 
cal significance was considered at p < 0.05. 

Results: 
 
 The HCV NS5b gene of the 42 partici- 
pants’ blood samples sequenced were distri- 
buted as follows; 16 from symptomatic hepa- 
titis patients, 13 from HIV-infected patients 
and 13 from asymptomatic blood donors. A 
total of 10 amino acid polymorphisms were 
observed from the 42 sequenced NS5B gene, 
with the major clinically-important amino acid 
mutations being S15G in 28 participants (66.7%), 
T7N (24 participants, 57.1%), S54L (22 part- 
icipants, 52.4%), G61R (23 participants, 54.8%), 
G89E (14 participants, 33.3%), T79M (12 par- 
ticipants, 28.6%) and T711 (11 participants, 
26.2%). Others were Q67R (7 participants, 16.7%), 

Q47H (7 participants, 16.7%) and S84F (2 
participants, 4.8%). 
 The S15G/A/V mutations were more 
predominant in patients with HIV (76.9%, 
10/13), followed by patients with clinical hep- 
atitis (75.0%, 12/16) and asymptomatic blo- 
od donors (46.1%, 6/13). The Q67R and 
T71I mutations are not predominant in pati- 
ents with clinical hepatitis as they were det- 
ected in only 31.3% (5/16) and 43.8% (7/16) 
participants respectively, compared to S15G 
(75.0%, 12/16), S54L (68.8%, 11/16), G61R 
/E (68.8%, 11/16) and T7N/S (56.3%, 9/16). 
In order of dominance in HIV patients, S15G 
(76.9%, 10/13) was the most predominant, 
followed by T7N/S (69.2%, 9/13), T79M (61.5%, 
8/13) and G61R (61.5%, 8/16). The Q47H 
mutation was largely absent among the study 
participants in 83.3% (35/42) of those whose 
samples were sequenced. 
 There was no statistically significant 
difference in the distribution of each of the 10 
amino acid polymorphisms detected within 
patients with symptomatic clinical hepatitis 
(x2=9.311, p=0.409), HIV-infected patients 
(x2=13.431, p=0.1440) and asymptomatic 
blood donors (x2=3.775, p=0.9256). Similar- 
ly, there was no significant difference in the 
distribution of each of the 10 amino acid 
polymorphisms between the 3 categories of 
study participants except for T79M mutation, 
which was significantly higher in HIV-infected 
patients (61.5%, 8/13) compared to patients 
with clinical hepatitis (18.8%, 3/16) and asy- 
mptomatic blood donors (7.7%, 1/13) (x2= 
10.456, p=0.0054) (Table 1). 
 

Discussion: 
 

 This study demonstrated that no sig- 
nificant difference exists among the pre-exis- 
ting amino acid substitutions or mutations in 
HCV genome in the different participants stu- 
died. The major clinically-important mutation 
associated with NS5B gene observed in our 
study was S15G (66.7%) where amino acid 
serine was substituted by glycine. In addi- 
tion, some important mutations such as T7N/ 
S (57.1%), G61R/E (54.8%), S54L (52.4%), 
G89E (33.3%), T79M (28.6%), T71I (26.2%), 
Q67R (16.7%), Q47H (16.7%), and S84F 
(4.8%) were detected. The Q47H mutation 
was largely absent among the study parti- 
cipants in 83.3% (35/42) of those whose 
samples were sequenced. 
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Table 1: Comparison of distribution of amino acid polymorphisms among and within the three study populations  

 

 
 The absence of Q47H mutation in the 
NS5B gene in any population has implication 
for anti-HCV therapy in such population. This 
important NS5B gene mutation was largely 
absent in the genome of our study partici- 
pants, which has great implication for resp- 
onse to daprevir and disease prognosis. In a 
study by Tong et al., (18), HCV-infected per- 
sons who possessed Q47H mutation in their 
viral NS5B gene had improved prognosis and 
response to daprevir and mericitabine, while 
those who did not possess the mutation 
never improved during therapy. The implica- 
tion of the absence of Q47H in the majority 
of the study participants in the present study 
is that they may likely not respond to treat- 
ment with daprevir and mericitabine (a pro- 
drug of NS5B polymerase inhibitor, PSI-
6130) as reported in previous studies. 
 NS5B polymorphisms may explain 
differences in treatment outcomes among pa- 
tients and mutations at the NS5B region 
could be associated with poor prognosis of 
the disease in HCV-infected patients as such 
mutations alter the polymerase activity of 
NS5B. According to Castilho et al., (3), chan- 
ges in the amino acid position 109 of NS5B is 
notably associated with resistance to antiviral 
therapy and infectivity of the virus. Resist- 
ance to antiviral drugs may also be the result 
of uncharacterized mutations and interactions 
among mutations. The L159/L320F mutations 
in NS5B polymerase confer a low resistance 
to most HCV polymerase inhibitors especially 
mericitabine and sofosbuvir (18). In our 
study, this mutation was not observed but at 
other positions along the NS5B gene, leucine 
(L) was substituted by different amino acids 
other than phenylalanine (F). These polymor- 
phisms may be linked to more dysfunctiona- 
lity in the gene and not only resistance.  
 In the previous study by Tong et al., 
(18) and others, it was observed that S15G 
mutation affects the replication capacity of 

HCV NS5B polymerase which reduces the 
replication fitness of the RNA template (19, 
20). The S15G mutation was detected in 
66.7% of our study participants, and this is a 
major mutation at amino acid position 15 in 
which serine (S) was substituted by glycine 
(G), alanine or valine. This mutation occurs 
more in HCV NSB5a infected persons and 
might be under positive selection in this gro- 
up, hence may determine the outcome of 
infection in the groups.   
 Another factor that affects replication 
fitness is co-infection. Our earlier study on 
co-infection inferred that HCV co-infection 
with HIV has been linked with reduced treat- 
ment response (16), and same may equally 
go for other co-infections including HIV/HBV. 
HIV can affect NS5B variability, suggesting 
that an already compromised immune struc- 
ture (by HIV) can actually affect genetic 
diversity of HCV by pathogenically influencing 
the viral replication fitness (16). 
 Substitution of asparagine (N) with 
thymine (T) at position 142 of the finger do- 
main is selected for resistance to NS5B nuc- 
leotide inhibitor, sofosbuvir (SOF). Sofosbuvir 
has demonstrated high efficacy in HCV-infec- 
ted patients in combination therapy (20). 
Other mutations include A56V, Q67R and 
T71I, in which the participants had no or few 
substitutions at those amino acid sites 56, 67 
and 71 respectively. Viral infectivity, virulen- 
ce, disease progression and prognosis in inf- 
ected individuals as well as antiviral resist- 
ance are seen to be affected by several subs- 
titutions of amino acids in the NS5B polyme- 
rase. The mechanism of antiviral resistance is 
mainly achieved through change in the NS5B 
conformation that affects the hydrophobic 
binding of the residues (21). 
 

Acknowledgements: 
     
 The authors are grateful to the Blood 

Participants 
with 

sequenced 
NS5B gene 

 

Frequency of observed mutations and amino acid substitutions in HCV NS5B gene (%) 
 

x2 p 
value 

S15G/A/V  Q47H 
(absent) 

T7N/S S54L G61R/E T71I Q67R T79M S84F G89E 

Patients with 
HIV 

(n=13) 
 

10 (76.9) 
 

11 (84.6) 
 

9 (69.2) 
 

6 (46.1) 
deletions 

8 (61.5) 
 

1 (7.7) 0 
 

8 (61.5) 
 

1 (7.7) 
 

5 (38.5) 
 

13.43 0.14 

Blood donors 
(n=13) 

 

6 (46.1) 
 

10 (76.9) 
 

6 (46.1) 
 

5 (38.5) 
 

4 (30.8) 
 

3 (23.1) 
 

2 (15.4) 
 

1 (7.7) 
 

1 (7.7) 
 

4 (30.8) 
 

3.78 0.93 

Patients with 
clinical 

hepatitis 

(n=16) 
_ 

12 (75.0) 
 

14 (87.5) 
 

9 (56.3) 
 

11 (68.8) 11 (68.8) 
 

7 (43.8) 
 

5 (31.3) 
 

3 (18.8) 
 

0 
 

5 (31.3) 
 

9.31 0.41 

Total 
(n=42) 

 

28 (66.7) 35 (83.3) 24 (57.1) 22 (52.4) 23 (54.8) 11 (26.2) 7 (16.7) 12 (28.6) 2 (4.8) 14 (33.3)   

x2 

 
3.577 0.600 1.422 2.931 4.525 4.918 5.065 10.456 1.292 0.2236   

p value 

 

0.1672 0.7408 0.4912 0.2310 0.1041 0.0855 0.0794 0.0054* 0.5241 0.8942   



Amino acid substitutions in NS5B gene of HCV         Afr. J. Clin. Exper. Microbiol. 2024; 25 (2): 139-144 

 

144 

 

Bank, University College Hospital Ibadan, and 
HIV laboratory of the Department of Virology, 
College of Medicine, University of Ibadan for 
making the samples available for this study. 
 

Contributions of authors: 
 

 JAS was involved with study design, 
analysis, securing funding and writing of the 
manuscript; GNO was involved with study 
design and writing of the manuscript; DOO 
was involved in securing funding and editing 
of the manuscript. All authors approved the 
final manuscript submitted. 
 

Source of funding: 
 

 This study was supported by Medical 
Education Partnership Initiative Nigeria (MEP 
IN) through National Institute of Health (NIH) 
USA grant funded by Fogarty International 
Centre, the office of AIDS Research and Nat- 
ional Human Genome Research Institute of 
NIH, the Health Resources and Services 
Administration (HRSA) and the Office of the 
US Global AIDS Coordinator under award 
number R24TW008878. The funders had no 
role in study design, data collection and ana- 
lysis, decision to publish, or preparation of 
the manuscript.  
 

Conflict of interests: 
 

 Authors declare no conflict of interest 
 

References: 
 

1. Alves, R., Queiroz, A. T., Pessoa, M. G., et al. 
The presence of resistance mutations to prote- 

ase and polymerase inhibitors in hepatitis C 
virus sequences from the Los Alamos databank. 
J Viral Hepat. 2013; 20: 414–421.  

doi:10.1111/jvh.12051. 
2. Blackard, J. T., Ma, G., Limketkai, B. N., et al. 

Variability of the polymerase gene (NS5B) in 
hepatitis C virus-infected women. J Clin Microbiol. 

2010; 48 (11): 4256-4259. 
doi: 10.1128/JCM.01613-10 

3. Castilho, M. C., Martins, A. N., Horbach, I. S., et 
al. Association of hepatitis C virus NS5B variants 

with resistance to new antiviral drugs among 
untreated patients. Mem Inst Oswaldo Cruz. 
2015; 106 (8): 968-975. 

doi:10.1590/S0074-02762011000800011  
4. Chinnaswamy, S., Yarbrough, I., Palaninathan, 

S., et al. A locking mechanism regulates RNA 
synthesis and host protein interaction by the 

hepatitis C virus polymerase. J Biol Chem. 
2008; 283: 20535–20546. 

doi: 10.1074/jbc.M801490200  

5. Di Maio, V. C., Cento, V., Mirabelli, C., et al. 
Hepatitis C Virus Genetic Variability and the 

Presence of NS5B Resistance-Associated 
Mutations as Natural Polymorphisms in Selected 

Genotypes Could Affect the Response to NS5B 
Inhibitors. Antimicrob Agents Chemother. 2014; 

58 (5): 2781–2797.  
doi: 10.1128/AAC.02386-13 

6. Han, S. H., Kim, S. J., Kim, E. J., et al. 
Phosphorylation of Hepatitis C Virus RNA 
Polymerases Ser29 and Ser42 by Protein Kinase 

C-Related Kinase 2 Regulates Viral RNA Repli- 

cation. J Virol. 2014; 88 (19): 11240–11252.  
doi: 10.1128/JVI.01826-14 

7. Hedskog, C., Dvory Sobol, H., Gontcharova V., 
et al Evolution of the HCV viral population from 

patients with S282T detected at relapse after 
Sofosbuvir monotherapy. J Viral Hepat. 2015; 

22 (11):871-81. doi: 10.1111/jvh.12405 
8. Lam, A. M., Espiritu, C., Bansal, S., et al. 

Genotype and subtype profiling of PSI-7977 as a 

nucleotide inhibitor of hepatitis C virus. Anti- 
microb Agents Chemother. 2012; 56 (6): 3359-

3368. doi:10.1128/AAC.00054-12.  
9. Lange, C. M., and Zeuzem, S. Perspectives and 

challenges of interferon-free therapy for chronic 
hepatitis C. J Hepatol. 2013; 58:583–592.  

doi: 10.1016/j.jhep.2012.10.019  

10. Le Guillou-Guillemette, H., Vallet, S., Gaudy-
Graffin, C., et al. Genetic diversity of the 

hepatitis C virus: Impact and issues in the 
antiviral therapy. World J Gastroenterol 2007; 

13 (17): 2416-2426.  
http://www.jgnet.com/1007-9327/13/2416.asp 

11. Lindenbach, B. D., and Rice, C. M. Unravelling 
hepatitis C Virus replication from genome to 

function. Nature 2005; 436: 933–938. 
doi:10.1038/nature04077  

12. Matthew, A. N., Zephyr, J., Nageswara Rao, D. 

et al. Avoiding Drug Resistance by Substrate 
Envelope-Guided Design: Toward Potent and 

Robust HCV NS3/4A Protease Inhibitors. mBio. 
2020; 11 (2): e00172-20.         

doi: 10.1128/mBio.00172-20. 
13. Marascio, N., Torti, C., Liberto, C. M., and Forca, 

A. Update on different aspects of HCV varia- 
bility: focus on NS5B polymerase. BMC Infect 

Dis. 2014; 14 (Suppl 5): S1 
doi: 10.1186/1471-2334-14-S5-S1  

14. Mora, N., Adams, W. H., Kleithermes, S., et al. 

A Synthesis of Hepatitis C prevalence estimate 
in Sub-Saharan Africa: 2000–2013. BMC Infect 

Dis. 2016; 160: 283 
doi: 10.1186/s12879-016-1584-1 

15. Nakano, T., Lau, G. M., Lau, G. M., Sugiyama, 
M., and Mizokami, M. An updated analysis of 

hepatitis C virus genotypes and subtypes based 
on the complete coding region. Liver Int. 2012; 
32:339 –345.  

doi:10.1111 /j.1478-3231.2011.02684.x. 1 
16. Shenge, J. A., Odaibo, G. N., and Olaleye, D. O. 

Phylogenetic analysis of hepatitis C virus among 
HIV/HCV co-infected patients in Nigeria. PLoS 

One. 2019; 14: e0210724.                     
doi: 10.1371/journal.pone.0210724 

17. Shenge, J. A., Odaibo, G. N., and Olaleye, D. O. 
Genetic Diversity of Hepatitis C Virus Among 
Blood Donors and Patients with Clinical Hepatitis 

in Ibadan, Nigeria. Arch Basic Appl Med. 2018; 
6(1): 79–85. 

18. Tong, X., Le Pogam, S., Li, L., et al. In vivo 
emergence of a novel mutant L159F/L320F in 

the NS5B polymerase confers low-level resis- 
tance to the HCV polymerase inhibitors merici- 

tabine and sofosbuvir. J Infect Dis. 2014; 209 
(5): 668-675. doi:10.1093/infdis/jit562. 

19. Soumana, D. I., Kurt Yilmaz, N., Ali, A., 

Prachanronarong, K. L., and Schiffer, C. A. 
Molecular and Dynamic Mechanism Underlying 

Drug Resistance in Genotype 3 Hepatitis C 
NS3/4A Protease. J Am Chem Soc. 2016; 138 

(36): 11850-11859. doi:10.1021/jacs.6b06454.  

20. Nonomura, A., Tamori, A., Hai, H., et al. Sofosbuvir/ 
Velpatasvir Plus Ribavirin Combination Therapy for Patients 
with Hepatitis C Virus Genotype 1a, 2a, or 3b after 

Glecaprevir/Pibrentasvir Therapy Failed. Intern Med. 
2021; 60 (21): 3441-3445.                                            
doi: 10.2169/internalmedicine.7028-21 

21. Waheed, Y., Saeed, U., Anjum, S., Afzal, M. S., and 
Ashraf, M. Development of global consensus sequence 

and analysis of highly conserved domains of the HCV 
NS5B protein. Hepatol. 2012; 12: e6142.  
doi:10.5812/hepatmon.6142.27 

 

https://doi.org/10.1128%2FJCM.01613-10
https://doi.org/10.1590/S0074-02762011000800011
https://doi.org/10.1074%2Fjbc.M801490200
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4178806/
https://doi.org/10.1128%2FJVI.01826-14
http://www.jgnet.com/1007-9327/13/2416.asp
https://pubmed.ncbi.nlm.nih.gov/32234812/
https://pubmed.ncbi.nlm.nih.gov/32234812/
https://pubmed.ncbi.nlm.nih.gov/32234812/
http://dx.doi.org/10.1111%20/j.1478-3231.2011.02684.x.%201
http://dx.doi.org/10.5812%20/hepatmon.6142.27

