
Intervirology
Research Article

Intervirology 2023;66:77–87
DOI: 10.1159/000528178

Received: May 2, 2022
Accepted: November 14, 2022
Published online: May 9, 2023

Hepatitis C Virus Genotype 5 Variability
in Treatment-Naïve Patients in South
Africa

Tshegofatso K. Maunyea, b Maemu P. Gededzhac Jason T. Blackarda, d

Johnny N. Rakgolea Selokela G. Selabea, b

aHIV and Hepatitis Research Unit, Department of Virology, Sefako Makgatho Health Sciences University,
Pretoria, South Africa; bNational Health Laboratory Service, Pretoria, South Africa; cDepartment of Immunology,
Faculty of Health Sciences, University of Witwatersrand and National Health Laboratory Service, Johannesburg,
South Africa; dDivision of Digestive Diseases, University of Cincinnati College of Medicine, Cincinnati, OH, USA

Keywords
Hepatitis C virus · Africa · Genotype · Drug resistance

Abstract
Introduction: Hepatitis C virus (HCV) genotype 5 was orig-
inally identified in South Africa, where it represents 35–60%
of all HCV infections. There are limited data on resistance-
associated variants (RAVs) in South Africa. Thus, we inves-
tigated variability within the NS3/NS4A, NS5A, and NS5B
genes of treatment-naïve individuals with HCV genotype 5
infection at the Dr. George Mukhari Academic Hospital
(DGMAH) in Pretoria, South Africa. Methods: Nested PCR
was performed to amplify the NS3/4A, NS5A, and NS5B
genes. RAVs were evaluated using the Geno2pheno tool.
Results: In the NS3/4A gene, F56S and T122A were detected
in one sample each. The D168E mutation was detected in 7
samples. Within the NS5A gene, the T62M mutation was
detected in 2 individuals. In the NS5B gene, 8 of 12 indi-
viduals (67%) had the A421V mutation, while all 12 individ-
uals (100%) had the S486A mutation. Discussion: RAVs were
detected frequently among treatment-naïve individuals
with HCV genotype 5 infection in South Africa. Thus, resist-
ance testing may be prudent when initiating treatment of

patients with genotype 5 infection. Additional population-
based studies are needed to understand the prevalence of
these RAVs during HCV genotype 5 infection.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

There are approximately 71 million people worldwide
with chronic hepatitis C virus (HCV) infection [1]. HCV
is a leading cause of chronic liver disease, liver trans-
plantation, and hepatocellular carcinoma. The prevalence
of HCV varies considerably across African countries with
Egypt, Cameroon, and Burundi having the highest prev-
alence rates (reviewed in [2]). In South Africa, the
seroprevalence of HCV infection is 1.8% in healthcare
workers, 3.4–13% in HIV-positive individuals, and
28–72% in persons who use drugs [3–6].

The viral genome encodes multiple structural (core,
E1, and E2) and nonstructural proteins (p7, NS2, NS3,
NS4A, NS4B, NS5A, and NS5B) [7]. NS3/4A, NS5A, and
NS5B are targets for direct-acting antivirals (DAAs).
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NS3/4A contains protease, RNA helicase, and NTPase
activities. The NS5A protein is a key component of
replication and viral assembly. The HCV NS5B protein
is an RNA-dependent RNA polymerase that is respon-
sible for the synthesis of negative-sense RNA and new
positive-sense RNAs that are incorporated into prog-
eny virions [8, 9].

Significant advances have been made in the treatment
of HCV infection in recent years; however, DAAs re-
main costly in some locations and are not available in
many resource-limited settings. DAA combinations
such as glecaprevir/pibrentasvir and velpatasvir/
sofosbuvir achieve viral clearance rates of 98% (reviewed
in [10]). Nonetheless, the high genetic variability of
HCV can lead to drug-resistant variants. A high genetic
barrier to resistance can be achieved by a combination of
DAAs with nonoverlapping resistance profiles but re-
quires laboratory monitoring.

Multiple studies have reported that HCV genotype is a
determinant of treatment response and disease pathogenesis
[11–14]. HCV genotype 5 was originally identified in South
Africa [15, 16], where it represents 35–60% of all HCV
genotypes [16–20]. However, pockets of genotype 5 infec-
tions have been reported in France, Spain, Syria, Greece,
Botswana, Ethiopia, India, and Belgium [21–32]. There is
paucity of data on resistance-associated variants (RAVs) in
South Africa. Thus, we investigated variability within the
NS3/NS4A, NS5A, and NS5B genes of treatment-naïve
individuals with HCV genotype 5 infection at the Dr.
GeorgeMukhari AcademicHospital (DGMAH) in Pretoria,
South Africa.

Materials and Methods

Study Population
Stored remnant/leftover serum samples from 22 individuals

with HCV genotype 5 infection – based on analysis of the 5′
untranslated region [18] – attending DGMAH from January
2007 to October 2010 were included. Sample collection was
reviewed, and consent was waived by the Medunsa Research and
Ethics Committee (MREC/p/142/2009:PG) and the Sefako
Makgatho University Research Ethics Committee (SMUREC/
M/03/2017:PG). To ensure patients’ anonymity and maintain
confidentiality, patient identifiers were removed prior to any
analyses.

HCV RNA Extraction and cDNA Synthesis
RNA was extracted from serum samples using the QIAamp

Viral RNA Mini Kit (Qiagen, Germany). The resulting RNA
extracts were converted into cDNA using RevertAid Reverse
Transcriptase (Thermo Fisher Scientific, Inc., Waltham, MA,
USA) following the manufacturer’s instructions.

HCV Viral Load Determination
HCV viral loads were determined by quantitative real-time PCR

on the Eco Real-Time PCR system (Illumina, USA) using HCV
reverse primer 5′ – CGC GAC CCA ACA CTA CTC – 3′, HCV
forward primer 5′ –CGGGAGAGCCATAGTGGT – 3′, andHCV
probe FAM – TGC GGA ACC GGT GAG TAC ACC – MGB) to
target the 5′ UTR [33]. A 10-fold serial dilution of a known HCV
RNA-positive control (800,000 copies/mL) was used to generate
standard curves for quantification of study samples.

In-House HCV PCR
Nested PCR was performed using the PicoMaxx High Fidelity

system master mix (Agilent Technologies, USA) following the man-
ufacturer’s instructions. Primers to amplify NS3/4A, NS5A, andNS5B
complete genes were specific to genotype 5 as published by Ku et al.

Table 1. Primers for NS3, NS5A, and NS5B for cDNA synthesis and PCR amplification

Name Gene PCR round Primer sequence (5′-3′) Annealing
temperature (oC)

Reference

NS3_5A_PCR1F NS3/4A 1st TGC TCC ACC TTG GTA GGC TGA CCG G 52 Ku et al. [34] (2016)
NS3_5A_PCR1F2 NS3/4A 1st TGA CCG GAA CGT ACA TTT ATG ACC 52 Ku et al. [34] (2016)
5ANS3_3R NS3/4A 1st ACG CRA TCA GCC TRT TCA TCC 52 This study
NS3_5A_PCR2F NS3/4A 2nd CCT ATG GAG ACG AAG GTC ATC ACG 54 Ku et al. [34] (2016)
5ANS3_4R NS3/4A 2nd GCC ACC CAC CCT CCT AGR AT 54 This study
NS5A_5A_PCR1F NS5A 1st GAC CTA GTM AAC CTC CTG CC 50 Ku et al. [34] (2016)
NS5A_5A_PCR1R NS5A 1st TCA AGC AAG TCC TGC CAC AC 50 Ku et al. [34] (2016)
NS5A_5A_PCR2F NS5A 2nd TCT CCG ACR CAC TAC GTG CC 48 Ku et al. (2016)
NS5A_5A_PCR2R NS5A 2nd TAC ACA AGA TTG TGG TGG CG 48 Ku et al. [34] (2016)
NS5A_5A_PCR2R1 NS5A 2nd GTG ACC TTC TTC TGC CT 48 Ku et al. [34] (2016)
NS5B_5A_PCR1F NS5B 1st GCG GCT TCA TAT TCT TCC ATG CC 52 Ku et al. [34] (2016)
NS5B_5A_PCR1R NS5B 1st GGA GTG TTT AGC TCC CAG C 52 Ku et al. [34] (2016)
NS5B_5A_PCR2F NS5B 2nd GAC CTT TCG TCA GGG TCA TGG T 50 Ku et al. [34] (2016)
NS5B_5A_PCR2R NS5B 2nd GGG AGY AAA AAG ATG CCT AC 50 Ku et al. [34] (2016)
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[34]. An additional primer pair was developed for this study to
amplify the NS3 gene (Table 1). The first round PCR products
were used as templates for second round PCR using the same
conditions as described below. The thermal cycling conditions for
both 1st and 2nd rounds were 95°C for 2 min followed by 40
cycles of 95°C for 30 s, annealing temperature depending on
primer pair for 30 s and 72°C for 3 min followed by a final
extension at 72°C for 10 min. PCR products were visualized
following electrophoresis on agarose gels stained with ethidium
bromide (Promega, USA).

Phylogenetic Analysis
PCR products were purified and sequenced using an ABI

Prism Genetic Analyzer 3730XL (Applied Biosystems; Thermo
Fisher Scientific, Inc., Waltham, MA, USA). Sequence data were
edited using ChromasPro v1.5 (Griffith University, Australia).
Multiple sequence alignments were performed in Clustal X
2.1 [35] to compare South African sequences to 204 references
representing genotypes 1–7 available through the HCV se-
quence database at https://hcv.lanl.gov/content/sequence/
NEWALIGN/align.html. Study sequences were then realigned
with a subset of genotype references, as well as additional full-
length genotype 5 references. Phylogenetic inference was per-
formed using a Bayesian Markov chain Monte Carlo approach
as implemented in the Bayesian Evolutionary Analysis by
Sampling Trees (BEAST) version 1.10.1 program [36] with
an uncorrelated log-normal relaxed molecular clock, general
time-reversible model, and nucleotide site heterogeneity

estimated using a gamma distribution. The Markov chain
Monte Carlo analysis was run for a chain length of
500,000,000, and results were visualized with Tracer version
1.7.1 to confirm adequate chain convergence. The effective
sample size was calculated for each parameter, and all effective
sample size values were >1,000, indicating sufficient sampling.
The maximum clade credibility tree was selected from the
posterior tree distribution after a 10% burn-in using TreeAnno-
tator version 1.10.1 and visualized in FigTree version 1.4.4 as we
have described previously [37, 38].

Determination of RAVs
To evaluate the presence or absence of RAVs, all study se-

quences were submitted to Geno2pheno (hcv) 0.92 [39]. RAVs
were also identified by comparing the wild-type amino acids
published by Sorbo et al. [40] and evaluated for possible sub-
stitutions within the identified locations that are associated with
drug resistance.

Statistical Analysis
Inferential statistical analyses for associations between the

viral load and sequence diversity were conducted using SPSS
v25. Data were collapsed into binary format and entered into 2 ×
2 tables to calculate odds ratios, 95% confidence intervals, and
χ2 p values. p values ≤0.05 were considered statistically sig-
nificant. For determining the predictors of sequence diversity,
logistic regression was performed.

Table 2. Summary of the characteristics of the study participants

Sample ID Antibody titer Age, years Gender Clinical condition Viral load, copies/mL

ZADGM0308 33.6 79 Male Jaundice 76,778
ZADGM0518 N/A 55 Male N/A 89,689
ZADGM0525 N/A 75 Female Hepatitis 949,000
ZADGM0651 115.94 73 Male Cirrhosis 4,210,000
ZADGM0869 67.12 66 Female Diabetic 34,746
ZADGM1104 97 50 Female N/A 1,632
ZADGM1707 N/A 65 Female N/A 91,683
ZADGM1908 97.17 86 Male Massive ascites 36,000
ZADGM2088 89.27 53 Female Diabetic 679,000
ZADGM2352 N/A 72 Female N/A 41,205
ZADGM2439 62.05 37 Male Hemophilia A 565,000
ZADGM2582 36.99 58 Female N/A 96,300
ZADGM3013 77.5 63 Male N/A 60,425
ZADGM3073 80.46 60 Female Hepatic encephalopathy 31,405
ZADGM4124 N/A 63 Male Diabetic 246,000
ZADGM4227 N/A 60 Female Congestive heart failure 135,000
ZADGM6485 90 73 Male Thrombosis 152
ZADGM6544 26.97 63 Male Renal failure 12,057
ZADGM7890 114.95 62 Female Massive ascites 5,130,000
ZADGM7938 125.09 75 Female Hepatitis 28,906
ZADGM9150 79.36 62 Female Massive ascites 96,238
ZADGM9684 52.36 21 Male N/A 78,654

N/A, not available.
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Results

Amplification of Genotype 5 Samples
The study population consisted of 12 (54.6%) females

and 10 (45.4%) males. The mean age was 63 years (range:
21–86). The median HCV viral load was 84,172 copies/

mL (range: 152–513,000 copies/mL). Patient demo-
graphic and clinical data are provided in Table 2. The
NS3/4A, NS5A, and NS5B genes were successfully am-
plified from 10, 12, and 12 individuals, respectively. Five
samples could not be amplified for any of the target
regions. The median viral load for these samples was

Fig. 1. NS3/4A nu-
cleotide sequences
from this study (red)
were compared to
HCV genotype refer-
ences (denoted as
genotype-country-
accession number).
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slightly lower than for those samples that did amplify
(31,405 copies/mL vs. 91,683 copies/mL). As expected, all
samples clustered with genotype 5 references for the NS3/
4A, NS5A, and NS5B regions (Fig. 1–3).

Resistance-Associated Variants
Eight amino acid positions within the NS3/4A region

that are associated with drug resistance were evaluated,

including L36, F56, K80, T122, I132, D168, I170, and N174.
As shown in Table 3, F56S and T122A were detected in one
individual each. The D168E mutation was detected in 7
individuals. Nine amino acid positions within the NS5A
gene were evaluated, including Q24, L28, Q30, L31, S38,
P58, T62, A92, and Y93. The T62M mutation was detected
in 2 individuals. Nineteen amino acid positions within
NS5B were evaluated, including E237, Q273, S282, C316,

Fig. 2.NS5A nucleotide
sequences from this
study (red) were com-
pared toHCV genotype
references (denoted as
genotype-country-
accession number).
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H330, L392, M414, L419, A421, A444, F445, E446, V451,
I482, S486, V494, P495, A499, and G556. Of the 12
individuals, 8 (67%) had the A421V mutation, while all
12 (100%) had the S486A mutation. There was no associ-
ation between HCV viral load and the presence of any RAV
detected in this study – F56S (p = 0.73), T62M (p = 0.12),
T221A (p = 0.20), Q309R (p = 0.82), Q355I (p = 0.62),
Q355T (p = 0.91), A421V (p = 0.53), and S486A (p = 0.32).

Immune Response Epitopes
CD8+ T cell responses are critical to the control of

HCV infection and include the human leukocyte antigen
B57-restricted epitopes NS5B2629–2637 (KSKKTPMGF)
and NS5B2936–2944 (GRAAICGKY) but have been based
on studies of HCV genotype 1 [41, 42]. As shown in Figure
4a, all genotype 5 study sequences, as well as references, had
an A instead of G within the KSKKTPMGF epitope.

Fig. 3. NS5B nucleotide se-
quences from this study
(red) were compared to HCV
genotype references (denoted as
genotype-country-accession
number).
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There were 15 other mutations within this epitope, in-
cluding two positions withmultiple mutations inmultiple
genotype 5 sequences. The GRAAICGKY epitope had a K
to I mutation in all genotype 5 study sequences and
references (Fig. 4b). There were 6 other mutations within
this epitope, including one position with mutations in
multiple genotype 5 sequences. Vaughn et al. [43]
identified NS5B positions that contact nascent RNA
during RNA synthesis. As shown in Figure 4c, these
contacts were completely conserved in all study par-
ticipants and genotype 5 references with the exception
of a single amino acid polymorphism in reference
KJ925146 from South Africa.

Discussion

A high prevalence of resistance-associated mutations
was observed in the present study of treatment-naïve
individuals with HCV genotype 5. The NS3/4A gene
D168E mutation was observed in multiple individuals.
This finding is supported by a previous study in which the
D168E mutation was detected in 3 of 6 individuals and
the T122A mutation in 2 of 6 individuals [34]. Multiple

drug resistance mutations (D168E + T122A + F56S) are
critical mutations that confer resistance to a wide range of
DAAs in all the HCV genotypes. Mutations at NS3
position D168 confer resistance to multiple DAAs
[44–47]. The most common mutation detected in pa-
tients failing treatment with NS5A inhibitors is Y93 C/H/
N/S [48]. The prevalence of naturally occurring resistance
mutations that are associated with NS5A inhibitors is
estimated to be 29.6% [49]. In the present study, only one
NS5A RAV – T62M – was observed in 2 individuals.
However, another study found no RAVs in the NS5A
gene [34]. In contrast, another study found two
mutations – T62A and S54Y – in one individual [50].
Only two RAVs associated with NS5B resistance were
detected in the current study with a prevalence rate of
100% (S486A) and 67% (A421V). In contrast, a previous
study by Prabdial-Sing et al. [19] observed no RAVs in the
NS5B gene in South African individuals. This may reflect
the analysis of a short region (11%) of the NS5B gene in
that study compared to the whole NS5B gene evaluated in
the present study. Other studies have reported the K72R
mutation within the NS5B gene of 2 of 8 (25%) individ-
uals [50]. We observed no significant association between
the HCV viral load and the presence of RAVs; however,

Table 3. RAVs in the NS3/NS4A, NS5A, and NS5B regions

Sample ID NS3/4a NS5A NS5B

ZADGM0308 F56S D168E T62M *
ZADGM0518 WT WT A421V S486A
ZADGM0525 * WT *
ZADGM0651 * T62M *
ZADGM0869 WT WT A421V S486A
ZADGM1104 T122A D168E WT S486A
ZADGM1707 * * A421V S486A
ZADGM1908 * * A421V S486A
ZADGM2088 D168E WT S486A
ZADGM2352 * WT S486A
ZADGM2439 * WT S486A
ZADGM2582 WT WT A421V S486A
ZADGM3013 D168E WT A421V S486A
ZADGM3073 * * *
ZADGM4124 D168E WT *
ZADGM4227 D168E * A421V S486A
ZADGM6485 * * *
ZADGM6544 * * *
ZADGM7890 * * *
ZADGM7938 * WT *
ZADGM9150 D168E * A421V S486A
ZADGM9684 * * *
With at least one RAV, n (%) 7 of 10 (70) 2 of 13 (15.4) 12 of 12 (100)

WT, wild type. *Not amplified and/or not analyzed due to poor sequence quality.
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this likely reflects the small sample size. A larger sample
size may be required to rigorously evaluate the relation-
ship between these variables.

Previous studies of CD8+ T cell epitopes that are
associated with spontaneous clearance of HCV were
restricted to genotype 1 infections [41, 42]. However, the

a

b

c

Fig. 4. a Variation in the HLA-B57-restricted epitope NS5B2629–2637
associated with spontaneous viral clearance. The wild-type sequence
is KSKKTPMGF. Amino acid variants within consensus sequences
are shown as a frequency plot. b Variation in the HLA-B57-
restricted epitope NS5B2936-2944 associated with spontaneous viral

clearance. The wild-type sequence is GRAAICGKY. Amino acid
variants within consensus sequences are shown as a frequency plot.
c Variation within RNA channel contact points. The wild-type
sequence is RQKKVTFDRLQV. Amino acid variants within con-
sensus sequences are shown as a frequency plot.
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NS5B2629–2637 (KSKKTPMGF) and the NS5B2936-2944
(GRAAICGKY) epitopes were not conserved in any indi-
viduals. While these findings may suggest different rates of
spontaneous clearance for genotype 5 compared to other
genotypes, immune responses have not been characterized
functionally for genotype 5. Thus, additional studies are
required to evaluate immune responses and spontaneous
clearance rates in countries in which genotype 5 circulates.

Treatment response rates for genotype 5 are poorly
studied compared to other HCV genotypes. Sustained
virologic response (SVR) rates of 71–77% and 64% after
treatment of genotype 5 infections with pegylated inter-
feron + ribavirin have been reported in South Africa and
France, respectively [51–53]. DAA treatment of HCV in
South Africa has been reported in a pilot study of 21
individuals [20]. The overall SVR was 95%; however, only
8 individuals with genotype 5 were evaluated. A pooled
analysis of data from phase 2 and 3 studies evaluating the
efficacy of DAAs on genotype 5 or genotype 6 infections
showed SVR of 98% [54]. Moreover, HCV genotype 5
subgenomic replicons have been established and will
enable additional studies of pan-genotypic DAAs [55].

This study is small in nature and is restricted to a single
academic center. This reflects the limited geographic
distribution of genotype 5 and its occurrence mainly in
resource-limited settings. Other limitations to this study
include the inability to amplify all HCV genes from all
study samples. The low PCR positivity rate may be due to
genetic variability within genotype 5, the study samples
having been stored for several years prior to use in this
study, and/or freeze-thaw of these samples for use in
other studies. Nonetheless, our findings demonstrate the
existence of RAVs in all major targets of current HCV
therapy among treatment-naïve individuals with HCV
genotype 5. These data suggest that resistance testing may
be prudent when initiating treatment of patients with
genotype 5 infection. Further population-based studies
are needed to understand the prevalence of these RAVs
during HCV genotype 5 infection.

Statement of Ethics

Sample collection was reviewed, and consent was waived by the
Medunsa Research and Ethics Committee (MREC/p/142/2009:
PG) and the Sefako Makgatho University Research Ethics Com-
mittee (SMUREC/M/03/2017:PG). To ensure patients’ anonymity
and maintain confidentiality, patient identifiers were removed
prior to any analyses.

Conflict of Interest Statement

The authors have no conflicts of interest to report.

Funding Sources

This work was supported by grants from the Medical Research
Council, the National Research Foundation, the National Health
Laboratory Service Research Trust, and the Stella and Paul Loe-
westein Charitable and Educational Trust in South Africa.

Author Contributions

Tshegofatso K. Maunye contributed to the design of the project,
conducted laboratory work, performed data analysis, wrote the
initial manuscript draft, and edited/approved the final manuscript.
Maemu P. Gededzha contributed to the design of the project,
conducted laboratory work, performed data analysis, and edited/
approved the final manuscript. Jason T. Blackard performed data
analysis and edited/approved the final manuscript. Johnny
N. Rakgole contributed to the design of the project, conducted
laboratory work, performed data analysis, and edited/approved the
final manuscript. Selokela G. Selabe contributed to the design of
the project, edited/approved the final manuscript, and obtained
funding for the project.

Data Availability Statement

Study sequences are available in GenBank under accession
numbers KC767829–KC767834 and ON228285–ON228302. Fur-
ther inquiries can be directed to the corresponding author.

References

1 World Health Organization. Hepatitis C.
WHO; 2019.

2 Karoney MJ, Siika AM. Hepatitis C virus
(HCV) infection in Africa: a review. Pan
Afr Med J. 2013;14:44.

3 Vardas E, Ross MH, Sharp G, McAnerney J,
Sim J. Viral hepatitis in South African health-
care workers at increased risk of occupational
exposure to blood-borne viruses. J Hosp In-
fect. 2002 Jan;50(1):6–12.

4 Parboosing R, Paruk I, Lalloo UG. Hepatitis C
virus seropositivity in a South African Cohort of
HIV co-infected, ARV naïve patients is associ-
ated with renal insufficiency and increased
mortality. J Med Virol. 2008 Sep;80(9):1530–6.

5 Gogela NA, Sonderup MW, Rebe K, Chivese
T, Spearman CW. Hepatitis C prevalence in
HIV-infected heterosexual men and men
who have sex with men. S Afr Med J. 2018
Jun 26;108(7):568–72.

6 Scheibe A, Young K, Versfeld A, Spearman
CW, Sonderup MW, Prabdial-Sing N, et al.
Hepatitis B, hepatitis C and HIV prevalence
and related sexual and substance use risk
practices among key populations who access
HIV prevention, treatment and related serv-
ices in South Africa: findings from a seven-
city cross-sectional survey (2017). BMC In-
fect Dis. 2020 Sep 07;20(1):655.

HCV Genotype 5 in South Africa Intervirology 2023;66:77–87
DOI: 10.1159/000528178

85

D
ow

nloaded from
 http://karger.com

/int/article-pdf/66/1/77/4115865/000528178.pdf by W
itw

atersrand H
ealth Sciences user on 18 January 2024

https://www.karger.com/Article/FullText/528178?ref=1#ref1
https://www.karger.com/Article/FullText/528178?ref=2#ref2
https://www.karger.com/Article/FullText/528178?ref=2#ref2
https://www.karger.com/Article/FullText/528178?ref=3#ref3
https://www.karger.com/Article/FullText/528178?ref=3#ref3
https://www.karger.com/Article/FullText/528178?ref=4#ref4
https://www.karger.com/Article/FullText/528178?ref=5#ref5
https://www.karger.com/Article/FullText/528178?ref=6#ref6
https://www.karger.com/Article/FullText/528178?ref=6#ref6
https://doi.org/10.1159/000528178


7 Poenisch M, Bartenschlager R. New insights
into structure and replication of the hepatitis
C virus and clinical implications. Semin Liver
Dis. 2010;30(4):333–47.

8 Lohmann V, Roos A, Körner F, Koch JO,
Bartenschlager R. Biochemical and structural
analysis of the NS5B RNA-dependent RNA
polymerase of the hepatitis C virus. J Viral
Hepat. 2000;7(3):167–74.

9 Lévêque VJ, Wang Q. RNA-dependent RNA
polymerase encoded by hepatitis C virus:
biomedical applications. Cell Mol Life Sci.
2002;59(6):909–19.

10 Hayes CN, Imamura M, Tanaka J, Chayama
K. Road to elimination of HCV: clinical
challenges in HCV management. Liver Int.
2022;42(9):1935–44.

11 Rubbia-Brandt L, Quadri R, Abid K, Giostra E,
Male PJ, Mentha G, et al. Hepatocyte steatosis is
a cytopathic effect of hepatitis C virus genotype
3. J Hepatol. 2000 Jul;33(1):106–15.

12 Adinolfi L, Gambardella M, Andreana A,
Tripodi M, Utili R, Ruggiero G. Steatosis
accelerates the progression of liver damage
of chronic hepatitis C patients and correlates
with specific HCV genotype and visceral
obesity. Hepatology. 2001;33(6):1358–64.

13 Pawlotsky J. Mechanisms of antiviral treat-
ment efficacy and failure in chronic hepatitis
C. Antivir Res. 2003 Jun;59(1):1–11.

14 Hnatyszyn H. Chronic hepatitis C and gen-
otyping: the clinical significance of determin-
ing HCV genotypes. Antivir Ther. 2005;
10(1):1–11.

15 Ohno T, Mizokami M, Tibbs CJ, Ohba K,
Suzuki K, Wu RR, et al. New genotype of
hepatitis C virus in South Africa. J Med Virol.
1994 Apr;42(4):409–13.

16 Smuts HE, Kannemeyer J. Genotyping of
hepatitis C virus in South Africa. J Clin Mi-
crobiol. 1995 Jun;33(6):1679–81.

17 Prabdial-Sing N, Puren AJ, Mahlangu J, Barrow
P, Bowyer S. Hepatitis C virus genotypes in two
different patient cohorts in Johannesburg, South
Africa. Arch Virol. 2008;153(11):2049–58.

18 Gededzha MP, Selabe SG, Kyaw T, Rakgole
JN, Blackard JT, Mphahlele M. Introduction
of new subtypes and variants of hepatitis C
virus genotype 4 in South Africa. J Med Virol.
2012;84(4):601–7.

19 Prabdial-Sing NBJ, Blackard JT, Puren AJ, Ma-
homed A, Abuelhassan W, Mahlangu J, et al.
Naturally occurring resistance mutations within
the core and NS5B regions in hepatitis C gen-
otypes, particularly genotype 5a, in South Afri-
ca. Antivir Res. 2016;127:90–8.

20 SonderupMW,Horak J, Smuts H, Saayman J,
Boretti L, Black J. Expanding the epidemio-
logical understanding of hepatitis C in South
Africa: perspectives from a patient cohort in a
rural town. S Afr Med J. 2021 Aug 02;111(8):
783–8.

21 Jover R, Pérez-Serra J, de Vera F, Alamo
JM, Muñoz C, Yago C, et al. Infection by
genotype 5a of HCV in a district of south-
east Spain. Am J Gastroenterol. 2001 Oct;
96(10):3042–3.

22 Henquell C, Cartau C, Abergel A, Laurichesse
H, Regagnon C, De Champs C, et al. High
prevalence of hepatitis C virus type 5 in
central France evidenced by a prospective
study from 1996 to 2002. J Clin Microbiol.
2004 Jul;42(7):3030–5.

23 Payan C, Roudot-Thoraval F, Marcellin P,
Bled N, Duverlie G, Fouchard-Hubert I, et al.
Changing of hepatitis C virus genotype pat-
terns in France at the beginning of the third
millenium: the GEMHEP GenoCII Study.
J Viral Hepat. 2005 Jul;12(4):405–13.

24 Verbeeck J, Maes P, Lemey P, Pybus OG,
Wollants E, Song E, et al. Investigating the
origin and spread of hepatitis C virus geno-
type 5a. J Virol. 2006 May;80(9):4220–6.

25 Abergel A, Ughetto S, Dubost S, Bonny C,
Aublet-Cuvelier B, Delarocque-Astagneau E,
et al. The epidemiology and virology of hep-
atitis C virus genotype 5 in central France.
Aliment Pharmacol Ther. 2007 Nov 15;
26(10):1437–46.

26 Antaki N, Haddad M, Kebbewar K, Abdel-
wahab J, Hamed O, Aaraj R, et al. The un-
expected discovery of a focus of hepatitis C
virus genotype 5 in a Syrian province. Epi-
demiol Infect. 2009 Jan;137(1):79–84.

27 Narahari S, Juwle A, Basak S, Saranath D.
Prevalence and geographic distribution of
Hepatitis C Virus genotypes in Indian patient
cohort. Infect Genet Evol. 2009 Jul;9(4):
643–5.

28 Karatapanis S, Tsoplou P, Papastergiou V, Va-
siageorgi A, Stampori M, Saitis I, et al. Hepatitis
C virus genotyping in Greece: unexpected high
prevalence of genotype 5a in a Greek island.
J Med Virol. 2012 Feb;84(2):223–8.

29 Syed R, Satti VP, Habeeb A, Khaja MN.
Identification of rare hepatitis C virus geno-
type 5a among Indian population. Virus
Genes. 2013 Aug;47(1):152–5.

30 Choudhary MC, Gupta E, Pandey P, Natarajan
V, Sharma S, Vashishtha C, et al. Identification
and full-length molecular characterization of
rare hepatitis C virus genotype 5a from India.
Arch Virol. 2015 Jan;160(1):329–33.

31 Hundie GB, Raj VS, GebreMichael D, Pas SD,
Haagmans BL. Genetic diversity of hepatitis C
virus in Ethiopia. PLoS One. 2017;12(6):e0179064.

32 Bhebhe L, Anderson M, Souda S, Choga WT,
Zumbika E, Shaver ZM, et al. Molecular
characterization of hepatitis C virus in liver
disease patients in Botswana: a retrospective
cross-sectional study. BMC Infect Dis. 2019
Oct 22;19(1):875.

33 Albertoni G, Arnoni CP, Latini FR, Andrade
SS, Araújo PR, Rodrigues FK, et al. Altered of
apoptotic markers of both extrinsic and in-
trinsic pathways induced by hepatitis C virus
infection in peripheral blood mononuclear
cells. Virol J. 2012 Dec 20;9:314.

34 Ku KS, Chodavarapu RK, Martin R, Miller
MD, Mo H, Svarovskaia ES. Sequencing
analysis of NS3/4A, NS5A, and NS5B genes
from patients infected with hepatitis C
virus genotypes 5 and 6. J Clin Microbiol.
2016;54(7):1835–41.

35 Larkin MA, Blackshields G, Brown NP,
Chenna R, McGettigan PA, McWilliam H,
et al. Clustal W and clustal X version 2.0.
Bioinformatics. 2007;23(21):2947–8.

36 Drummond AJ, Suchard MA, Xie D, Ram-
baut A. Bayesian phylogenetics with BEAUti
and the BEAST 1.7. Mol Biol Evol. 2012;
29(8):1969–73.

37 Martin CM,Welge JA, Blackard J. Hepatitis B
virus (HBV) X gene diversity and evidence of
recombination in HBV/HIV co-infected per-
sons. J Med Virol. 2011;83(7):1142–50.

38 Powell EA, Gededzha MP, Rentz M, Rakgole
NJ, Selabe SG, Seleise TA, et al. Mutations
associated with occult hepatitis B in HIV-
positive South Africans. J Med Virol. 2015;
87(3):388–400.

39 Kalaghatgi P, Sikorski AM, Knops E, Rupp D,
Sierra S, Heger E, et al. Geno2pheno[HCV]: a
web-based interpretation system to support
hepatitis C treatment decisions in the era of
direct-acting antiviral agents. PLoS One.
2016;11(5):e0155869.

40 Sorbo MC, Cento V, Di Maio VC, Howe
AYM, Garcia F, Perno CF, et al. Hepatitis
C virus drug resistance associated substitu-
tions and their clinical relevance: update
2018. Drug Resist Updat. 2018;37:17–39.

41 Neumann-Haefelin C, Oniangue-Ndza C,
Kuntzen T, Schmidt J, Nitschke K, Sidney
J, et al. Human leukocyte antigen B27 selects
for rare escape mutations that significantly
impair hepatitis C virus replication and re-
quire compensatory mutations. Hepatology.
2011;54(4):1157–66.

42 Oniangue-Ndza CKT, Kuntzen T, Kemper M,
Berical A, Wang YE, Neumann-Haefelin C,
et al. Compensatory mutations restore the rep-
lication defects caused by cytotoxic T lympho-
cyte escape mutations in hepatitis C virus poly-
merase. J Virol. 2011;85(22):11883–90.

43 Vaughan RFB, Fan B, You JS, Kao CC. Iden-
tification and functional characterization of
the nascent RNA contacting residues of the
hepatitis C virus RNA-dependent RNA poly-
merase. RNA. 2012;18(8):1541–52.

44 McPhee F, Hernandez D, Yu F, Ueland J,
Monikowski A, Carifa A, et al. Resistance
analysis of hepatitis C virus genotype 1 prior
treatment null responders receiving daclatas-
vir and asunaprevir. Hepatology. 2013 Sep;
58(3):902–11.

45 Jensen D, Sherman KE, Hézode C, Pol S,
Zeuzem S, de Ledinghen V, et al. Daclatasvir
and asunaprevir plus peginterferon alfa and
ribavirin in HCV genotype 1 or 4 non-
responders. J Hepatol. 2015 Jul;63(1):30–7.

46 Pilot-Matias T, Tripathi R, Cohen D, Gaultier
I, Dekhtyar T, Lu L, et al. In vitro and in vivo
antiviral activity and resistance profile of the
hepatitis C virus NS3/4A protease inhibitor
ABT-450. Antimicrob Agents Chemother.
2015 Feb;59(2):988–97.

47 Malandris K, Kalopitas G, Theocharidou E,
Germanidis G. The role of RASs/RVs in the
current management of HCV. Viruses. 2021
10 18;13(10):2096.

86 Intervirology 2023;66:77–87
DOI: 10.1159/000528178

Maunye/Gededzha/Blackard/Rakgole/
Selabe

D
ow

nloaded from
 http://karger.com

/int/article-pdf/66/1/77/4115865/000528178.pdf by W
itw

atersrand H
ealth Sciences user on 18 January 2024

https://www.karger.com/Article/FullText/528178?ref=7#ref7
https://www.karger.com/Article/FullText/528178?ref=7#ref7
https://www.karger.com/Article/FullText/528178?ref=8#ref8
https://www.karger.com/Article/FullText/528178?ref=8#ref8
https://www.karger.com/Article/FullText/528178?ref=9#ref9
https://www.karger.com/Article/FullText/528178?ref=10#ref10
https://www.karger.com/Article/FullText/528178?ref=11#ref11
https://www.karger.com/Article/FullText/528178?ref=12#ref12
https://www.karger.com/Article/FullText/528178?ref=13#ref13
https://www.karger.com/Article/FullText/528178?ref=14#ref14
https://www.karger.com/Article/FullText/528178?ref=15#ref15
https://www.karger.com/Article/FullText/528178?ref=16#ref16
https://www.karger.com/Article/FullText/528178?ref=16#ref16
https://www.karger.com/Article/FullText/528178?ref=17#ref17
https://www.karger.com/Article/FullText/528178?ref=18#ref18
https://www.karger.com/Article/FullText/528178?ref=19#ref19
https://www.karger.com/Article/FullText/528178?ref=20#ref20
https://www.karger.com/Article/FullText/528178?ref=21#ref21
https://www.karger.com/Article/FullText/528178?ref=22#ref22
https://www.karger.com/Article/FullText/528178?ref=23#ref23
https://www.karger.com/Article/FullText/528178?ref=24#ref24
https://www.karger.com/Article/FullText/528178?ref=25#ref25
https://www.karger.com/Article/FullText/528178?ref=26#ref26
https://www.karger.com/Article/FullText/528178?ref=26#ref26
https://www.karger.com/Article/FullText/528178?ref=27#ref27
https://www.karger.com/Article/FullText/528178?ref=28#ref28
https://www.karger.com/Article/FullText/528178?ref=29#ref29
https://www.karger.com/Article/FullText/528178?ref=29#ref29
https://www.karger.com/Article/FullText/528178?ref=30#ref30
https://www.karger.com/Article/FullText/528178?ref=31#ref31
https://www.karger.com/Article/FullText/528178?ref=32#ref32
https://www.karger.com/Article/FullText/528178?ref=33#ref33
https://www.karger.com/Article/FullText/528178?ref=34#ref34
https://www.karger.com/Article/FullText/528178?ref=35#ref35
https://www.karger.com/Article/FullText/528178?ref=36#ref36
https://www.karger.com/Article/FullText/528178?ref=37#ref37
https://www.karger.com/Article/FullText/528178?ref=38#ref38
https://www.karger.com/Article/FullText/528178?ref=39#ref39
https://www.karger.com/Article/FullText/528178?ref=40#ref40
https://www.karger.com/Article/FullText/528178?ref=41#ref41
https://www.karger.com/Article/FullText/528178?ref=42#ref42
https://www.karger.com/Article/FullText/528178?ref=43#ref43
https://www.karger.com/Article/FullText/528178?ref=44#ref44
https://www.karger.com/Article/FullText/528178?ref=45#ref45
https://www.karger.com/Article/FullText/528178?ref=46#ref46
https://www.karger.com/Article/FullText/528178?ref=47#ref47
https://doi.org/10.1159/000528178


48 Lawitz EJ, Dvory-Sobol H, Doehle BP, Worth
AS, McNally J, Brainard DM, et al. Clinical
resistance to velpatasvir (GS-5816), a novel
pan-genotypic inhibitor of the hepatitis C
virus NS5A protein. Antimicrob Agents Che-
mother. 2016;60(9):5368–78.

49 Chen ZW, Li H, Ren H, Hu P. Global prev-
alence of pre-existing HCV variants resistant
to direct-acting antiviral agents (DAAs):
mining the GenBank HCV genome data.
Sci Rep. 2016 Feb 04;6:20310.

50 Patiño-Galindo J, Salvatierra K, González-Can-
delas F, López-Labrador FX. Comprehensive
screening for naturally occurring hepatitis C
virus resistance to direct-acting antivirals in
the NS3, NS5A, and NS5B genes in worldwide
isolates of viral genotypes 1 to 6. Antimicrob
Agents Chemother. 2016 Apr;60(4):2402–16.

51 Legrand-Abravanel F, Sandres-Sauné K, Bar-
ange K, Alric L, Moreau J, Desmorat P, et al.
Hepatitis C virus genotype 5: epidemiological
characteristics and sensitivity to combination
therapy with interferon-alpha plus ribavirin.
J Infect Dis. 2004 Apr 15;189(8):1397–400.

52 Abuelhassan WB, Gasim GI, Ally R, Menezes
C. Hepatitis C infection at a tertiary hospital in
South Africa: clinical presentation, non-
invasive assessment of liver fibrosis, and re-
sponse to therapy. S Afr Med J. 2020 Aug 31;
110(9):920–5.

53 Nordien R, Sonderup MW, Spearman CW. A
decade of hepatitis C at the university of cape
town/groote schuur hospital liver clinic,
South Africa, in the pre-direct-acting antivi-
rals era. S Afr Med J. 2020 Jan 29;110(2):
106–11.

54 Yao BB, Fredrick LM, Schnell G, Kowdley
KV, Kwo PY, Poordad F, et al. Efficacy and
safety of glecaprevir/pibrentasvir in patients
with HCV genotype 5/6: an integrated anal-
ysis of phase 2/3 studies. Liver Int. 2020 10;
40(10):2385–93.

55 Wose Kinge CN, Espiritu C, Prabdial-Sing N,
Sithebe NP, Saeed M, Rice CM. Hepatitis C
virus genotype 5a subgenomic replicons for
evaluation of direct-acting antiviral agents.
Antimicrob Agents Chemother. 2014 Sep;
58(9):5386–94.

HCV Genotype 5 in South Africa Intervirology 2023;66:77–87
DOI: 10.1159/000528178

87

D
ow

nloaded from
 http://karger.com

/int/article-pdf/66/1/77/4115865/000528178.pdf by W
itw

atersrand H
ealth Sciences user on 18 January 2024

https://www.karger.com/Article/FullText/528178?ref=48#ref48
https://www.karger.com/Article/FullText/528178?ref=48#ref48
https://www.karger.com/Article/FullText/528178?ref=49#ref49
https://www.karger.com/Article/FullText/528178?ref=50#ref50
https://www.karger.com/Article/FullText/528178?ref=50#ref50
https://www.karger.com/Article/FullText/528178?ref=51#ref51
https://www.karger.com/Article/FullText/528178?ref=52#ref52
https://www.karger.com/Article/FullText/528178?ref=53#ref53
https://www.karger.com/Article/FullText/528178?ref=54#ref54
https://www.karger.com/Article/FullText/528178?ref=55#ref55
https://doi.org/10.1159/000528178

	Hepatitis C Virus Genotype 5 Variability in Treatment-Naïve Patients in South Africa
	Introduction
	Materials and Methods
	Study Population
	HCV RNA Extraction and cDNA Synthesis
	HCV Viral Load Determination
	In-House HCV PCR
	Phylogenetic Analysis
	Determination of RAVs
	Statistical Analysis

	Results
	Amplification of Genotype 5 Samples
	Resistance-Associated Variants
	Immune Response Epitopes

	Discussion
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


