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Abstract: Approved direct antiviral agent (DAA) combinations are associated with high rates of
sustained virological response (SVR) and the absence of a detectable hepatitis C viral load 12-24 weeks
after treatment discontinuation. However, a low percentage of individuals fail DAA therapy. Here, we
report the case of a HIV/HBV/HCV co-infected patient who failed to respond to DAA pangenotypic
combination therapy. The sequencing of NS5a, NS5b, NS3 and core regions evidenced a recombinant
intergenotypic strain 4/1b with a recombination crossover point located inside the NS3 region. The
identification of this natural recombinant virus underlines the concept that HCV recombination, even
if it occurs rarely, may play a key role in the virus fitness and evolution.
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1. Introduction

Hepatitis C virus (HCV) is a blood-borne virus that often leads to the development of
liver cirrhosis and hepatocellular carcinoma in chronically infected patients. The World
Health Organization (WHO) estimated that about 58 million people are affected by chronic
HCYV infection, with 1.5 million new infections occurring per year [1]. To date, eight
genotypes and 86 subtypes with a sequence divergence of >15% have been identified [2—-4].

Although HCV is characterized by a high mutation rate, recombination is a rare event.
However, different intergenotypic, called chimeras, and intragenotypic recombinant HCV
strains have been identified around the world [5-11].

HCV genotyping is generally performed through assays targeting only the 5 UTR
(untranslated region), or core regions, which fail to identify chimeric HCV strains.

In recent years, the treatment of chronic HCV infection improved with the introduction
of direct antiviral agents (DAAs), which were able to achieve high rates of sustained
virological response (SVR). The increasing availability of pangenotypic DAA combinations
such as sofosbuvir/velpatasvir and glecaprevir/pibrentasvir has simplified HCV therapy
without requiring the knowledge of the HCV genotype and subtype.

However, 2-3% of patients treated with these combinations do not achieve SVR. The
reasons for this failure, include the emergence of resistance associated variants (RAVs),
potential HIV coinfection [12] and difficult to treat some HCV genotypes or possibly
chimeric HCV strains.

Here we report the case of pangenotypic DAA treatment failure in a HIV/HBV/HCV
co-infected patient carrying a recombinant 4/1b genotype.

2. Case

In 2006, a 55-year-old man attended the Division of Infectious and Tropical Diseases
of Spedali Civili’s Hospital, Brescia, Italy for a chronic HCV infection diagnosed in 1992.
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He was a drug injection user and acquired HCV by parenteral route. There was no history
of alcohol abuse. However, his medical history reported an occult HBV infection (OBI)
and laboratory results showed that the patient was negative for hepatitis B surface (HBs)
antigen and HBV DNA but was positive for both anti-hepatitis B core antibody and anti-
HBs antibody.

At that time, the patient was not treated against HCV due to an interferon-alpha
contraindication because he suffered from psychosis and a mood disorder.

The HCV genotype was determined as 4a/4c/4d by using LiPA test targeting 5 UTR
and core regions (Versant HCV genotype 2.0 Assay LiPA; Siemens Healthcare Diagnostics).
A mild fibrosis with a F1/F2 score was determined by transient elastography (FibroScan).
Ultrasound scans did not show hepatic foci, portal hypertension or advanced disease.

The patient was coinfected with HIV since 1993 (viral load at baseline was
118.000 copies/mL) and his CD4 T-cell count was 554 cell/ uL. In 2000 he began antiretrovi-
ral therapy (ART) with different antiretroviral regimens associated to lamivudine to avoid
HBYV reactivation; furthermore, he was treated with methadone as a maintenance treatment.
However, he was a poor adherent to ART therapy and consequently he did not reach a
persistently complete virological suppression, even if he maintained a level of CD4 T-cells
higher than 500 cells/uL. In May 2019, with the availability of pangenotypic DAA combi-
nations he was treated for 12 weeks with a combination of sofosbuvir 400 mg/velpatasvir
100 mg.

No testing for resistance-associated variants (RAVs)—naturally existing nucleic acid
substitutions and polymorphisms in the HCV viral genome—was done before the therapy.

His HCV viral load before the treatment was 5,319,000 IU/mL. After 12 weeks of
SOF/VEL treatment HCV viral load was undetectable. After six months, he achieved
sustained virological response (SVR), with undetectable levels of HCV RNA. Unfortunately,
in April 2021, he probably had a reinfection with an HCV viral load of 2,404,521 IU/mL.
We carried out a careful re-evaluation of his genotype after the failure to obtain a sequence
for genotype 4. Therefore, we examined the core and NS5B regions to determine the HCV
genotype again, which resulted in 4d by sequencing the core region, but in 1b by sequencing
the NS5B region. Then, the NS5A region was successfully sequenced using HCV genotype
1b-specific primers to examine the resistant-associated substitutions (RAS). The resistance
assay showed 159F and 282R mutations conferring resistance to sofosbuvir.

From March 2022 onwards he was retreated for eight weeks with the new combination
of glecaprevir 100 mg/ pibrentasvir 400 mg according to the EASL (European Association
for the Study of Liver) guidelines. Until May 2022, HCV viral load was undetectable.

We assumed that the patient might be infected with a recombinant HCV strain in
consideration of the high risk of superinfection present in this category of patients. HCV
core region and HCV NS3, NS5A and NS5B regions were amplified and sequenced.

HCV RNA was extracted using the Qiamp viral RNA mini kit following the man-
ufacturer’s instructions (Qiagen Viral RNA Mini Kit, Qiagen Italia, Milan, Italy). Then,
production and amplification of cDNA was carried out in a single step using the Super-
script III One-step RT-PCR system with Platinum Taq (ThermoFisher Scientific, Milan,
Italy). Primers and amplification conditions used for genotyping and resistance assay
were already described [13,14] Then, core, NS3, NS5A, and NS5B amplified products were
purified and sequenced by an automated DNA sequencing analyzer (Applied Biosystems
SeqStudio Genetic Analyzer, Milan, Italy) using the Big Dye Terminator Cycle Sequencing
Kit v3.1 (ThermoFisher Scientific, Milan, Italy).

The sequences were aligned to the reference sequences belonging to genotype 4 and
genotype 1 with different subtypes available in GenBank using the CLUSTAL X program.
The only known recombinant strain 4/ 1e, identified for the first time in Cameroon, was also
included as reference sequence. Neighbor-joining trees were generated using the maximum
likelihood method with the Kimura 2 parameter using MEGA version 7.0. The reliability
was estimated by 1000 bootstrap replications.
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Putative recombinant sequences were identified with the SimPlot program [15], using
Core, NS3, NS5A and NS5B sequences and the reference sequences obtained from the HCV

sequence database.
Phylogenetic analyses showed that the core region from the patient formed a mono-

phyletic cluster with different subtypes belonging to genotype 4 including the recombi-
nant 4/1e strain, while NS3, NS5A and NS5B clustered with HCV genotype 1 subtype b

(Figure 1A-D).
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Figure 1. Phylogenetic tree analysis of a hepatitis C virus strain (BS172021) isolated from our patient
compared with reference strains. The neighbor-joining tree was based on the core (A), NS3 (B), NS5A
(C) and NS5B (D) sequences and the genetic distance was estimated using the Kimura 2 parameters
model. The sequences identified in this study are marked in yellow. Reference sequences are labelled

with their subtypes and accession numbers.

Recombination analysis indicated a recombination breakpoint in the NS3 region

around position 470 nt (Figure 2).
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Figure 2. Bootscan plot of the NS3 region of our strain (BS172021) generated using the SimPlot
software. It displays the bootstrap support for the clustering of the BS172021 NS3 region with
3 genotype reference genomes in 100-nt-sliding windows, 10 nt increments, and the Kimura 2-
parameter model method with a transition-transversion (Ts/Tv) ratio of 2.0 across the viral genome.
The curves are colored in yellow, blue, pink, and grey according to the genotype key on the right.

3. Discussion

Here we report the detection of a rare natural occurring HCV recombinant intergeno-
typic strain, 4/1b. To the best of our knowledge, this recombination is reported for the
first time worldwide, even if a recombination between genotype 4 and genotype le was
identified in two patients in Cameroon [16].

Recombination strains in HCV are underestimated because the routinely genotyping
assays used are not able to detect recombinant forms. However, the understanding of this
phenomenon in HCV is of great interest. In fact, recombination might determine a better
viral fitness produced by the emergence of mutations able to provide drug resistance or
escape from the host immune system [17-19]. Furthermore, there is limited knowledge
of how these chimeric strains respond to therapy; for example, it was shown that the
2k/1b recombinant HCV strain is less responsive to antiviral therapy [20]. Recombination
breakpoints for intergenotypic strains are often found in the NS2 region or between the NS2
and NS3 regions. In our patient, the recombination crossover point was estimated at nt 470
of the NS3 region. It is difficult to establish whether our patient had received intergenotypic
recombinant HCV or if such recombination occurred because he was infected with both
genotype 4 and 1b HCV strains.

The patient experienced a new positive HCV viral load with failure to respond to
sofosbuvir/velpatasvir combination therapy.

He has a number of risk factors that might contribute towards treatment failure: being
a drug intravenous user makes him more susceptible to reinfection, being co-infected with
other blood-borne viruses and being infected with a genotype 4. This genotype was rare
in Europe, but its prevalence is increasing [21] and is characterized by high heterogeneity
with more than 18 recognized subtypes [21-23]. In our case, we were not able to identify
accurately the subtype to which the parent strain belonged to.

It has been shown that DAA regimens are highly efficient against genotype 4, even if
numerous treatment failures are reported in patients infected with this genotype, due to
emergent resistance mutations [24,25].

In our patient, we have detected mutations in the NS5B region associated to sofosbu-
vir resistance.
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Generally, a resistance assessment before the beginning of treatment is not recom-
mended for naive patients, while it might be required in previously treated patients who
have failed to respond to DAA treatment, like in our case. For this reason, we were not able
to establish whether the patient already harbored the recombinant strain at the start of the
DAA therapy.

4. Conclusions

Identifying the HCV genotype/subtype and possibly recombinant strains might also
be useful at the time of pangenotypic treatment to optimize the treatment regimens and to
detect the presence of eventual baseline resistance patterns.

Thus, increasing the knowledge about viral resistance to DAA and the role of new
recombinant strains on the efficacy of HCV treatment will be of great relevance to avoid
future treatment failure.

Author Contributions: M.A.D.F. and EG. conceived and designed the study and wrote the first
draft of the manuscript; S.Z. and A.S. were directly involved in patient care and collected data and
participated in manuscript revision; F.C. and A.C.: supervision, writing—review and editing. All
the Authors approved manuscript submission. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. Ethical review and approval were waived for this study due to the case rport nature of
the manuscript according to the Italian law.

Informed Consent Statement: The patient provided written informed consent.

Data Availability Statement: The sequences obtained and described in this study are available in
GenBank database (ON951660, ON951661, ON951662, ON951663).

Conflicts of Interest: The authors report no potential conflict of interest to disclose.

References

1.

10.

WHO Hepatitis C Fact Sheet. Available online: https://www.who.int/en/news-room/fact-sheets/detail /hepatitis-c (accessed
on 24 June 2022).

Borgia, S.M.; Hedskog, C.; Parhy, B.; Hyland, R.H.; Stamm, L.M.; Brainard, D.M.; Subramanian, M.G.; McHutchison, J.C.; Mo,
H.; Svarovskaia, E.; et al. Identification of a Novel Hepatitis C Virus Genotype From Punjab, India: Expanding Classification of
Hepatitis C Virus Into 8 Genotypes. J. Infect. Dis. 2018, 218, 1722-1729. [CrossRef] [PubMed]

Smith, D.B.; Bukh, J.; Kuiken, C.; Muerhoff, A.S.; Rice, C.M.; Stapleton, ].T.; Simmonds, P. Expanded classification of hepatitis C
virus into 7 genotypes and 67 subtypes: Updated criteria and genotype assignment web resource. Hepatology 2014, 59, 318-327.
[CrossRef] [PubMed]

International Committee on Taxonomy if Viruses (ICTV). Available online: https:/ /talk.ictvonline.org/ictv_wikis/flaviviridae/
w/sg_flavi/56 /hcv-classification (accessed on 1 June 2018).

Raghwani, ].; Thomas, X.V.; Koekkoek, S.M.; Schinkel, S.M.; Molenkamp, R.; van de Laar, T.J.; Takebe, Y.; Tanaka, Y.; Mizokami,
M.; Rambaut, A.; et al. Origin and evolution of the unique hepatitis C virus circulating recombinant form 2k/1b. J. Virol. 2012, 86,
2212-2220. [CrossRef] [PubMed]

Shi, W,; Freita, I.T.; Zhu, C.; Zheng, W.; Hall, W.W.; Higgins, D.G. Recombination in hepatitis C virus: Identification of four novel
naturally occurring inter-subtype recombinants. PLoS ONE 2012, 7, e41997. [CrossRef]

Hedskog, C.; Doehle, B.; Chodavarapu, K.; Gontcharova, V.; Garcia, J.C.; De Knegt, R.; Drenth, ].P.H.; McHutchison, J.C.; Brainard,
D.; Stamm, L.M.; et al. Characterization of hepatitis C virus intergenotypic recombinant strains and associated virological
response to sofosbuvir/ribavirin. Hepatology 2015, 61, 471-480. [CrossRef]

Gaspareto, K.V.; Ribeiro, M.; Malta, ED.M.; Gomes-Gouvea, M.S.; Muto, N.H.; Mendes-Correa, M.C.; Rozanski, A.; Carrilho, FJ.;
Sabino, E.C.; Pinho, ].R.R. HCV inter-subtype 1la/1b recombinant detected by complete genome next generation sequencing.
Arch. Virol. 2016, 161, 2161-2168. [CrossRef]

Morel, V.; Ghoubra, E; Izquierdo, L.; Martin, E.; Oliveira, C.; Francois, C.; Brochot, E.; Helle, F.; Duverlie, G.; Castelain, S.
Phylogenetic analysis of a circulating hepatitis C virus recombinant strain 1b/1a isolated in a French hospital centre. Infect. Genet.
Evol. 2016, 40, 374-380. [CrossRef]

Gupta, D.; Saha, K.; Biswas, A.; Firdaus, R.; Ghosh, M.; Sadhukhan, P.C. Recombination in hepatitis C virus is not uncommon
among people who inject drugs in Kolkata, India. Infect. Genet. Evol. 2017, 48, 156-163. [CrossRef]


https://www.who.int/en/news-room/fact-sheets/detail/hepatitis-c
http://doi.org/10.1093/infdis/jiy401
http://www.ncbi.nlm.nih.gov/pubmed/29982508
http://doi.org/10.1002/hep.26744
http://www.ncbi.nlm.nih.gov/pubmed/24115039
https://talk.ictvonline.org/ictv_wikis/flaviviridae/w/sg_flavi/56/hcv-classification
https://talk.ictvonline.org/ictv_wikis/flaviviridae/w/sg_flavi/56/hcv-classification
http://doi.org/10.1128/JVI.06184-11
http://www.ncbi.nlm.nih.gov/pubmed/22114341
http://doi.org/10.1371/journal.pone.0041997
http://doi.org/10.1002/hep.27361
http://doi.org/10.1007/s00705-016-2889-5
http://doi.org/10.1016/j.meegid.2015.09.030
http://doi.org/10.1016/j.meegid.2016.12.001

Int. |. Environ. Res. Public Health 2022, 19, 11655 60f6

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Kurata, H.; Uchida, Y.; Kouyama, J.I.; Naiki, K.; Nakazawa, M.; Ando, S.; Nakao, M.; Motoya, D.; SUgawarra, K.; Inao, M.; et al.
Chronic hepatitis caused by hepatits C virus showing a discrepancy between serogroup and genotype because of intergenotypic
2b/1b recombination: A pitfall in antiviral therapy with direct-acting antivirals. Hepatol. Res. 2018, 48, E372-E378. [CrossRef]
Gutierrez, L.B.; Barreiro, P; Labarga, P; de Mendoza, C.; Montero, ].V.F; Arias, A.; Pena, ].M.; Soriano, V. Prevention and
management of treatment failure to new oral hepatitis C drugs. Expert Opin. Pharmacother. 2016, 17, 1215-1223. [CrossRef]

Cai, Q.; Zhao, Z.; Liu, Y.; Shao, X.; Gao, Z. Comparison of three different HCV genotyping methods: Core, NS5b sequence analysis
and line probe assay. Int. . Mol. Med. 2013, 31, 347-352. [CrossRef] [PubMed]

Di Maio, V.C.; Cento, V.; Lenci, I.; Aragri, M.; Rossi, P.; Barbaliscia, S.; Melis, M.; Verucchi, G.; Magni, C.F; Teti, E.; et al. Multiclass
HCV resistance to direct-acting antiviral failure in real-life patients advocates for tailored second-line therapies. Liver Int. 2017,
37,514-528. [CrossRef] [PubMed]

Lole, K.S.; Bollinger, R.C.; Paranjape, R.S.; Gadkari, D.; Kulkarni, S.S.; Novak, N.G.; Ingersoll, R.; Sheppard, H.W.; Ray, S.C.
Full-length human immunodeficiency virus type 1 genomes from subtype C-infected seroconverters in India, with evidence of
intersubtype recombination. J. Virol. 1999, 73, 152-160. [CrossRef] [PubMed]

Iles, ].C.; Njouom, R.; Foupouapouognigni, Y.; Bonsall, D.; Bowden, R.; Trebes, A.; Piazza, P; Barnes, E.; Pepin, J.; Klenerman, P;
et al. Characterization of Hepatitis C virus recombination in Cameroon by use of nonspecific next-generation sequencing. J. Clin.
Microbiol. 2015, 53, 3155-3164. [CrossRef]

Khatchikian, D.; Orlich, M.; Rott, R. Increased viral pathogenicity after insertion of a 28S ribosomal RNA sequence into the
haemagglutinin gene of an influenza virus. Nature 1989, 340, 156-157. [CrossRef]

Malim, M.H.; Emerman, M. HIV-1 sequence variation: Drift, shift, and attenuation. Cell 2001, 104, 469-472. [CrossRef]

Nora, T.; Charpentier, C.; Tenaillon, O.; Hoede, C.; Claveel, F.; Hance, A.]. Contribution of recombination to the evolution of
human immunodeficiency viruses expressing resistance to antiretroviral treatment. J. Virol. 2007, 81, 7620-7628. [CrossRef]
Shuermans, W.; Orlent, H.; Desombere, I.; Descheemaeker, P.; Van Vlierberghe, H.; Geerts, A.; Verhelst, X.; Reynders, M.; Padalko,
E. Heads or tails: Genotyping of hepatitis C virus concerning the 2k/1b circulating recombinant form. Int. J. Mol. Sci. 2016,
17,1384. [CrossRef]

Bukh, J. The history of hepatitis C virus (HCV): Basic research reveals unique features in phylogeny, evolution and the viral life
cycle with new perspectives for epidemic control. . Hepatol. 2016, 65, S2-S21. [CrossRef]

Hedskog, C.; Parhy, B.; Chang, S.; Zeuzem, S.; Moreno, C.; Shafran, S.D.; Borgia, S.M.; Asselah, T.; Alric, L.; Abergel, A.; et al.
Identification of 19 novel hepatitis C virus Subtypes-Further expanding HCV classification. Open Forum Infect. Dis. 2019, 6, ofz076.
[CrossRef]

Davis, C.; Mgomella, G.S.; da Silva Filipe, A.; Frost, E.-H.; Giroux, G.; Hughes, J.; Hogan, C.; Kaleebu, P.; Asiki, G.; McLauchlan, J.;
et al. Highly diverse hepatitis C strains detected in sub-Saharan Africa have unknown susceptibility to direct-acting antiviral
treatments. Hepatology 2019, 69, 1426-1441. [CrossRef] [PubMed]

Fourati, S.; Rodriguez, C.; Hézode, C.; Soulier, A.; Ruiz, I.; Poiteau, L.; Chevaliez, S.; Pawlotsky, ].M. Frequent antiviral treatment
failures in patients infected with hepatitis C virus genotype 4, subtype 4r. Hepatology 2019, 69, 513-523. [CrossRef] [PubMed]
Nguyen, T.; Akhavan, S.; Caby, F,; Bonyhay, L.; Larrouy, L.; Gervais, A.; Lebray, P.; Poynard, T.; Calmus, Y.; Simon, A.; et al.
Net emergence of substitutions at position 28 in NS5A of hepatitis C virus genotype 4 in patients failing direct-acting antivirals
detected by next-generation sequencing. Int. J. Antimicrob. Agents 2019, 53, 80-83. [CrossRef] [PubMed]


http://doi.org/10.1111/hepr.12977
http://doi.org/10.1080/14656566.2016.1182156
http://doi.org/10.3892/ijmm.2012.1209
http://www.ncbi.nlm.nih.gov/pubmed/23241873
http://doi.org/10.1111/liv.13327
http://www.ncbi.nlm.nih.gov/pubmed/28105744
http://doi.org/10.1128/JVI.73.1.152-160.1999
http://www.ncbi.nlm.nih.gov/pubmed/9847317
http://doi.org/10.1128/JCM.00483-15
http://doi.org/10.1038/340156a0
http://doi.org/10.1016/S0092-8674(01)00234-3
http://doi.org/10.1128/JVI.00083-07
http://doi.org/10.3390/ijms17091384
http://doi.org/10.1016/j.jhep.2016.07.035
http://doi.org/10.1093/ofid/ofz076
http://doi.org/10.1002/hep.30342
http://www.ncbi.nlm.nih.gov/pubmed/30387174
http://doi.org/10.1002/hep.30225
http://www.ncbi.nlm.nih.gov/pubmed/30125371
http://doi.org/10.1016/j.ijantimicag.2018.09.010
http://www.ncbi.nlm.nih.gov/pubmed/30236959

	Introduction 
	Case 
	Discussion 
	Conclusions 
	References

