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Hepatitis C Virus Genetic Diversity and Drug Mutational Analysis in
Cameroon: 1992 to 2013

Abstract

HCV infection is endemic in Cameroon. Direct actagents (DAASs) that target the HCV
non-structural 5B RNA-dependent RNA polymerase (BISRdRp) have not been
incorporated into the standard of care in Camenmo@mnany drug resistance study to these
DAAs implemented. From the laboratory, 157 sequeneere obtained and 252 downloaded
from the Los Alamos HCV Sequence Database, of wHishwere Core (C), 112 were
envelope (E1) and 252 were NS5B sequences that etenmacterized by phylogeny. Drug
resistance pattern in the NS5B gene was analyzied tise Geno2Pheno HCV 0.92 tool.
Genotypes 1, 2 and 4 were identified. Several dasjstance-associated mutations in the
NS5B gene that confer susceptibility (S282T (0.48M3.14T (0.4%), 1434M (2.8%), M414L
(6.0%), C289L (13.5%), possible resistance (F41%3M.3%), V179A (4.0%) or have
unknown effect on sofosbuvir (SOF) were identifidthere is a low level resistance rate to
SOF in Cameroon.
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Introduction

Hepatitis C Virus (HCV) is a blood-borne pathogemn anfects humans and chimpanzees. It
is an enveloped virus of 9.65 kilobase positivessesingle-stranded RNA. Globally, 7 HCV
genotypes and 67 subtypes have been clasgifiett is one of the major causes of liver
cirrhosis and hepatocellular carcinoma worldwidam@roon shows a high endemicity for
HCV (3 - 17%,[2]) characterized by a great genetic variability w&bnotypes 1, 2 and 4
being prevalent[g]; [4]; [5]; [6]). Recent reports on full length HCV sequences stibseven
subtypes of Genotype 1 (a, b, c, e, g, h and |)tarmdunclassified variants isolated from
Cameroorise].

The high replication rate, infidelity of the HCV lgmerase, and selective immune and drug
pressure modulate the emergence of diverse gerofmksubtypes that have the potential to
accumulate mutations that confer resistance ta@daeting antiviral agents (DAAS)7(; [8]).
The diversity of HCV is a major concern for the d®pment of prophylactic vaccine and
antiviral agents. This explains why DAAs that targCV NS3 serine protease/helicase and
NS5B RNA-dependent RNA polymerase have been addeslandard of care (pegylated-
interferon and ribavirin, peg IFN/RBV), to improw&rological response in treatment-naive
and treatment-experienced patiefdg Although HCV does not have a lifelong genetic

reservoir such as HIV, it develops drug resistamcgations more rapidly than HIV-1. The



high replication rate of HCV favours emergence otations that confer high level resistance
to polymerase nucleotide inhibitorgqj; [11]; [12]), non-nucleoside polymerase inhibitors and
protease inhibitorgs]. Up to 10% level of genotypic drug resistance rmoitg has been
reported for HCV Genotype 1 NS5B with Y448H asstadawith reduced susceptibility to
NS5B non-nucleoside polymerase inhibitor tegobwdiscontinued antiviral candidate drug
[8] and F415Y to the analogue of nucleotide polymenalsibitor sofosvubif11]which is not
yet included in the treatment guidelines in Cameroo

Several HCV antiviral candidate drugs have beereld@ed and tested. In Cameroon, peg
IFN/RBV remains the standard of care for hepafitisHowever, combinations of protease
inhibitor plus ribavirin for Genotype 2 and Genay, or the nucleotide nonstructural (NS)
5B inhibitor sofosbuvir for Genotype 1 and Genotyjpplus ribavirin have been approved in
Europe for use in clinic$13]. More so, combinations of SOF plus ribavirin, SORkispl
daclatasvir (a NS5A inhibitor) with or without riiain, or SOF plus simeprevir (a protease
inhibitor) with or without ribavirin have been apped for use in Europe as IFN-free
therapies for chronic hepatitis C. Between Janzfyy2 and January 2014, 17 anti-HCV
candidate drugs were discontinued either in theclipieal phase or during clinical
development (Phase Il or Phase[#}]. This highlights the importance of implementing
baseline surveillance and monitoring programmgaefexisting drug resistance mutations in
populations such as Cameroon where DAAs would smomtroduced. We describe in this
article the molecular epidemiology of HCV Core, elope and RNA polymerase (C, E1, and
NS5B) and mutations in NS5B associated to drugst@ste in isolates collected from 1992

to 2013 in Cameroon.

Materials and Methods

Ethical approval for this study was given by then@aoon Ministry of Public Health and the
Johns Hopkins School of Public Health, USA. All exments were performed in
compliance with institutional Standard Operatingd@dures of each assay and procedure
and in accordance with the ethical standards oDiagaration of Helsinki. Informed consent
was obtained from each of the 157 subjects whoigeavblood specimen that was tested in
the laboratory. No approval was needed to use ub&gaccess HCV sequences downloaded
from the LANL HCV Sequence Database (the accesuimmbers are provided).



Reverse transcription (RT) and nested PCR Amplifiction of HCV Core/Envelope 1
RNA extraction from frozen plasma was performechgsine Qiagen RNA extraction kit
(Qiagen, USA). The reverse transcription and PCRceatures followed Stuart and

colleagues’ protocolgs]

(1) Core/E1 primers:
(@) Outer primers: 493S_H77 (493);-GCAACAGGGAACCTTCCTGGTTGCTC-
3, and 987R_H77 (987), £ GTAGGGGACCAGTTCATCATCAT-3
(b) Inner primers: 502S_H77 (502);-AACCTTCCTGGTTGCTCTTTCTCTAT-3
and 975R_H77 (975), &TTCATCATCATATCCCATGCCAT-3.

For some specimens, a second set of forward primessused:
(c) Outer primer: CE1_F1 (346),-5CGCGYAATTTGGGTAAGGTCATCG-3
(d) Inner primer: CE1_F2 (479),"BCGGCGTGAACTATGCAACAGGG-3 This

resulted in a product 14 nucleotide larger tharfitise set.

(2) NS5B single round PCR primers
(@) Primers 242 (7904), ' §GGGGATCCCGTATGATACCCGCTGCTTTGA-3
and 243 (8304),'55GCGGAATTCCTGGTCATAGCCTCCGTGAARS]

DNA purification and nucleotide sequencing
The PCR products for sequencing were purified by ofsa gel extraction kit (QiaQuick;
Qiagen, Chatsworth, CA) according to the manufaetsirprotocol. Direct sequencing was
done with an automated DNA analyzer (PRISM, verdddh1; ABI, Foster City, CA). The
BioEdit Program (v7.2.5) was used for sequenceal@nt and analysi§l7]

Download of HCV Sequences from Databases

Two hundred and fifty two partial HCV sequence®itirC, E1, and NS5B) from
Cameroon were downloaded from the HCV SequencebBs¢aof the Los Alamos National
Library (LANL, http://www.hcv.lanl.gov). These segpces comprised of accession numbers:
AY257069-AY257103[3] AY265420-AY265430[3] AY265431-AY265451[3], AY685012-
AY685052 [3] AY632083-AY632205[4] AY742988-AY743215[18] AY936000-AY936132
[4] L29587 -L2960(18] KC248193-KC24819%]



Phylogenetic Analysis

A total of 409 partial genome HCV sequences wesdyard: 45 Core sequences (414
bp), 1120f E1 (81 bp) and 252 sequences of NS5B (88 coding for the nucleocapsid,
envelope glycoprotein E1, and the viral RNA polyasa, respectively, after alignment using
ClustalX2. Genetic distances between pairs of serpgewere measured with the p-distance
model, and Neighbor-joining phylogenetic trees dmbtstrap analysis performed using
MEGA version 5.0520]

Study of Drug Resistance-associated Mutations in N NS5B polymerase
Two hundred and fifty two HCV NS5B sequences (fr@enotypes 1, 2 and 4) were
analyzed for genotypic drug resistance patternguskieno2Pheno HCV 0.92 online tool
which gives a list of mutations and predictionspbienotypic resistance of each strain to
antiviral drugs[21] It also gives the fold change based on the half imailx inhibitory
concentration_(I6) values of the drugs for the different mutationd &he wild type.
Results
Four hundred and nine partial genome HCV sequerm®prising of 45 C sequences, 112 of
E1 sequences and 252 sequences of NS5B were ahdtyzphylogenetic relationship and
NS5B for drug mutational analysis.

A) Genetic Diversity of HCV

Three genotypes (Genotype 1, 2 and 4) out of thiersglobal genotypes were identified in
all the partial genomes studied. This analysis sarynrepresents the epidemiology of HCV
in Cameroon from 1992 to 2013 .

(i) Phylogeny of HCV Core Sequences

Phylogenetic analysis of 45 HCV core sequencesatetlethree genotypes: Genotype 1,
Genotype 2 and Genotype 4 (Figure 1a). Severaygabtof each genotype were identified.



Figure 1a Neighbour joining (NJ) tree of the C region of ¥@Golated from Cameroon

(if) Phylogeny of HCV glycoprotein envelope (E1)

Of the 112 envelope (E1l) sequences from Camerdun,phylogenetic analysis showed

Genotype 1, Genotype 2 and Genotype 4 (Figure 1b).

Figure 1b: Neigbour joining (NJ) tree of the E1 region of YAICEach colour represents a
specific genotype.

(iii) Phylogeny of HCV RNA polymerase non structural protein (NSBB)



Two hundred and fifty two NS5B sequences were aeal\by phylogeny. Genotype

1, Genotype 2 and Genotype 4 were identified (dwa).

Figure 1c Neigbour joining (NJ) tree of the NS5B regionH€V. Each colour represents a
specific genotype.

B) Study of Mutations in NS5B Region associated to DguResistance

Table I: Amino acid mutations in HCV NS5B proteinin NS5B Inhibitor-naive Patients in Cameroon (n = 82)

Resistance Fregzt)ency References of other
Drug NS5B mutation Prediction studies Other comments
04 primary mutation
‘ selected for SOF
Sofosbuvir (SOF) S282T resistance [22];[23]; [11] resistance
0.4
Sofosbuvir (SOF) S282C not known [24]; [25]; [26]; [22] | Polymorphism
0.4 polymorphisms selected
Sofosbuvir (SOF) M414T resistance [27] for SOF resistance
possible 41.3 polymorphism in the
Sofosbuvir (SOF) F415Y resistance populations
Sofosbuvir (SOF) 1434L 2.8 [11]
Sofosbuvir (SOF) 1434M resistance 2.8 [11] Gla
possible 4
Sofosbuvir (SOF V179A resistanc [11]
Sofosbuvir (SOF) M414L resistance 6 [27] polymorphism in G1b
13.50 Polymorphism in the
Sofosbuvir (SOF) C289L resistance ) [11] population
possible 240
Sofosbuvir (SOF) A15G resistance ) [11]




Table | shows a Summary of the results of 252 NS®&Buences analyzed using the
Geno2Pheno tool for drug resistance. The drugtessie mutations (DRMs) to some NS5B
inhibitors that have been discontinued either asehll or clinical development phase and
those in the market is reported. For example, tegolwas discontinued in Phase | but is
currently in Phase Il trial in combination with IFRBV. The DRMs with known impact on
susceptibility of NS5B inhibitors and polymorphismere reported.

Some DRMs identified from clinical trials and contgional analysis to SOF was identified
as shown in Table I: S282T (0.4%), M414T (0.4%B44 (2.8%), 1434M (2.8%), M414L
(6.0%) and C289L (13.5%) and polymorphisms withgilale resistance as F415Y (41.3%)
and V179A (4.0%). To Filibuvir (discontinued), V48423.8%) and A156S (40.1%) were
identified that confer resistance. Nine other mateg of unknown resistance prediction to
NS5B inhibitors were also identified. Of these, 8E4(81.3%), L266M (80.2%), 1297L
(71.4%), R270K (69.4%), S231R (61.9%), V251K (57)522238S (52.0%), S190A (32.5%)
and G376A (14.3%) were most frequently identified.

Discussion

HCV is a flavivirus with high replication rate, Wita single-stranded RNA genome of about
9650 nucleotides. Translation of this genome predutO viral proteins: core (C), envelope
(E1 and E2) and the RNA-dependent RNA polymerasgs@) among otherngs] Low rates

of HCV prevalence of 0.6% and 1.3% have been redar the pygmy population, blood
donors and recipients in Cameroon, respectivieby; (30]) and no vertical transmissiqgal.

Seven distinct genotypes and 67 subtypes havedmginmed of the global strains.

The first report of HCV molecular epidemiology amgopregnant women in Cameroon was
described by Njouom and colleagugjswith 45.3% of Genotype 4, 28.1% of Genotype 1 and
26.6% of Genotype 2. Genotype 2 seems to be tist [@avalent among the common
Genotypes in Africa (1, 2 and 4). Molecular clocialysis showed that Genotype 2 common
ancestor is in Guinea-Bissau and spread throughWhset African coast to Cameroon.
However, the Genotype 2 strains in Cameroon may leawerged from a single clade from
the West African diverse groups{], [4]). On the other hand, Genotype 1 and Genotype 4
may have originated from Central Africa and spreawards North — eastwards, respectively
(132]; [31]; [4]). lles and colleagues recently reported that tireet genotypes reported in
Cameroon, emerged and spread independently durendirst half of the twentieth century

[33]. It is possible that medical interventions conitédd to the transmission of HCV and
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other blood-borne viruses in Cameroon. Genetiabdity of HCV that leads to variant viral
proteins, presents a major challenge to the immsystem and susceptibility of antiviral
drugs. This heterogeneity may explain the drugstasce phenotype at the amino acid level
that is reported in NS5B RNA-dependent RNA polyrsera

Molecular epidemiology of HCV

Of 409 HCV sequences (partial or full genome) fréameroon available in the Los Alamos
National Library (LANL) at the time of analysis (@ember 2014), 3 Genotypes (1, 2 and
4) and subtypes 4f, 1e, 1l, 1h, 4t, 4e, 1b, 4oadg others were reported with Genotype 4
being the most prevalent. Sequence analysis afeifiens C, E1, and NS5B showed a great
diversity with genetic distance of 0.395 (+/- 0.p2&f E1 of 0.275 (+/- 0.031), of NS5B of
0.263 (+/- 0.014) and of C of 0.128 (+/- 0.010).pH#tis delta virus (HDV), a RNA virus
also shows reduced genetic distance and high atjolic levels that favour both inter- and
intra- genotypic recombinatiof84]. The low genetic distance of HCV C, E1 and NS5B
explains the intra-genotypic relation of the stsareported from Cameroon. In conclusion,

several subtypes of HCV were also identified (Féguta, 1b and 1c).

Study of mutationsin NS5B region associated to drug resistance of HCV

Pegylated interferon/ribavirin is still the standlaaf care for hepatitis C in Cameroon. It is
possible that circulating strains of HCV in Camer@arry pre-existing resistance associated
mutations that would affect clinical outcome of thatients. In the absence of studies that
describe the rate of emergence of drug resistantations in HCV mono- or dual infection
with HIV in Cameroon, am silico analysis of 252 NS5B polymerase sequences wasdaarr
out to understand the population level resistarid@RMs in relation to NS5B inhibitors in
particular SOF which will be introduced in the treant guidelines and clinics for hepatitis C
treatment in Cameroon in 2015.

NS5B nucleos(t)ide inhibitors possess a high genrwdirrier to resistance from Sanger and
deep sequencing studies compared to other DAASPdweda and colleagues’ study,
mutations associated to low-abundance nucleotidenan-nucleotide resistance identified by
targeted pyrosequencing were M414T (4.2%), A4213M0, C445Y (2.9%0, V494A (2.6%)
in individual patients[35], Lam et al described 179A/282T/293L synergistic effect that
confers resistance of Genotype 2a to SOF with ¢hout 289L, 434T or 479P. Possible
resistance was reported to Genotype 1b with polphiems 316Y (GT1b), 414T(GT1a),
415Y(GT1A), 423T and 434T(GT1a, GT2a)].



Sofosbuvir, a polymerase inhibitaranufactured—by—@ad-and simeprevir, a protease

inhibitor—manufactured—by—Jansseare next-generation DAAs that were approved in
December 2013 to be used in clinics. Sofosbuverbeen shown to have a high-barrier for

resistance with HCV pan-genotypic activity. It cha administered in combination with
ribavirin (RBV) alone, or in combination with eithpeg IFN/RBV or other DAAs. A few
mutations in the NS5B polymerase have been idedtdind shown to influence susceptibility
to SOF as well as several pre-existing naturalmolphisms in different genotypes/subtypes
[36]. F415Y is selected for possible resistance bysimfeir (by Genotype 1la, Genotype 1b,
Genotype 2a) and not filibuvir nor tegobuvir (distiaued,[14]). More so, some of these
natural polymorphisms are more frequently reporiredcertain genotypes/subtypes than
others. In DAA-naive patients, S96TY, N142T, L15@223H/Y, L320F and S282T were
identified in the NS5B protein of Genotype la aneénGtype 1b conferring resistance to
sofosbuvir[36] Ultra deep sequencing of HCV Genotype la showeddbundant NS5B
drug resistant mutations (0.5 to 4.2%) except 694 (20%).

Several studies have shown a good clinical outconpatients on sofosbuvir in combination
with peg IFN/RBV. Hedskog and colleagues descrilneal Genotype 2a-infected patient on
sofosbuvir monotherapy with growth of wild type wdig from reversion of the S282T
mutant to wild type and not due to the outgrowthtled baseline mutant population. This
implies that sofosbuvir monotherapy may favour ¢éngergence of S282T NS5B mutants of
Genotype 2a as per deep sequencing regajt-However, the mutation S282T was not found
in liver specimens of ten patients analyzed but2&&om one patient. The virological an
clinical relevance of this mutation is unknown ath@érefore the need to study DRMs in
NS5B in Cameroon in DAA-naive and DAA-experienceatignts[38] More evidence is
provided to substantiate the fact that sofosbueis B high-barrier to resistance but low-
frequency substitutions during treatment may emardéS5B amino acid 159, 320, 316 and
321 that may contribute to resistance of sofosbufasr chronic HCV infection[39].
Sofosbuvir and simeprevir in combination with PE&NIribavirin have demonstrated high
efficacy as well as in combination with each othgut sofosbuvir alone shows high efficacy
in the treatment of uncomplicated HCV Genotype 2 Genotype 3 disease although

combination with a drug of another class would wrerefficacious40]



Frequency of drug resistance mutations in HCV N&Bw for S282T of known impact on
sofosbuvir resistance. However, two mutations F485d V179A that can confer possible
resistance to sofosbuvir were also identified. Natker mutations of frequency ranging
from14.3% to 81.3% of unknown effect on the susbdpty of NS5B inhibitors were
reported in this population. These pre-existingyparphisms in SOF-naive individuals may
emerge to major mutants relating to drug resistanes time. Overall, these data supports
the introduction of sofosbuvir into standard ofecéor hepatitis C treatment in Cameroon. It
is however very important that surveillance and ioosimg of drug resistance mutations to
DAAs be routinely implemented in Cameroon to prevel/idence to guide the development
of the national treatment guidelines.

Conclusion

Overall, these data supports the introduction édsmuvir into standard of care for hepatitis
C treatment in Cameroon. It is however very imparthat surveillance and monitoring of
drug resistance mutations to DAAs be routinely iempénted in Cameroon to provide

evidence to guide the development of the naticealment guidelines.
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