Journal of K\
Clinical Medicine MD\Py
Communication

HCV-HIV Chronic Coinfection Prevalence in Amazon Region

Marcio Nahum Lobo 12, Susan Denice Flores Irias 12, Pedro Leao Fontes Neto 12, Maria Eduarda Sousa Avelino 12,
Maria Karoliny da Silva Torres
Pedro Eduardo Bonfim Freitas 3, Heloisa Marceliano Nunes

2

1,2 1,2

, Marlinda de Carvalho Souza 2, Ricardo Roberto Souza Fonseca

3(0, José Raul Rocha de Aradjo Jinior 3,

Dickson Ciro Nascimento de Brito 3, Aldemir Branco Oliveira-Filho *

and Luiz Fernando Almeida Machado

check for
updates

Citation: Lobo, M.N.; Irias, S.D.F,;
Neto, P.L.E; Avelino, M.E.S.; da Silva
Torres, M.K.; de Carvalho Souza, M.;
Fonseca, R.R.S.; Freitas, P.E.B.; Nunes,
H.M.; de Aratjo Janior, ] R.R.; et al.
HCV-HIV Chronic Coinfection
Prevalence in Amazon Region. J. Clin.
Med. 2022, 11, 7284.

https:/ /doi.org/10.3390/
jem11247284

Academic Editors: Nadia Marascio

and Giovanni Matera

Received: 28 October 2022
Accepted: 1 December 2022
Published: 8 December 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1,2,%

Biology of Infectious and Parasitic Agents Post-Graduate Program, Federal University of Pard,

Belém 66075-110, PA, Brazil

Virology Laboratory, Institute of Biological Sciences, Federal University of Pard, Belém 66075-110, PA, Brazil
3 Evandro Chagas Institute, Health Ministry of Brazil, Ananindeua 67030-000, PA, Brazil

Study and Research Group on Vulnerable Populations, Institute for Coastal Studies, Federal University of
Para, Braganca 68600-000, PA, Brazil

*  Correspondence: lfam@ufpa.br

Abstract: Hepatitis C virus (HCV) infection is an important public health problem, especially in areas
with a low human development index such as the Amazon region. This study aimed to identify the
prevalence and genotypes of HCV among people living with HIV (PLWH), both neglected chronic
diseases in the Amazon region. From March 2016 to June 2017, 433 PWLH were attended to at two
sexually transmitted infection referral centers in the city of Belém, in the Brazilian state of Para in the
Amazon region. All individuals were submitted to testing via the rapid immunochromatographic
assay (RIA) for the qualitative detection of anti-HCV antibodies. Samples with anti-HCV antibodies
were evaluated by reverse transcriptase polymerase chain reaction (RT-PCR), and samples with
HCV RNA were subjected to nucleotide sequencing and phylogenetic analysis. Three (0.7%) PLWH
had anti-HCV antibodies, and only one (0.2%) had HCV RNA (genotype 2); of these, 31 (7.1%)
self-declared to have used drugs at least one time, and 12 (2.7%) regularly use injected drugs. One
participant was elderly, single, heterosexual, with a history of unprotected sex and multiple sexual
partners. This study detected a low prevalence of HCV infection and recorded the presence of HCV
genotype 2 for the first time among PLWH in the Brazilian Amazon.
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1. Introduction

In 2022, according to the World Health Organization (WHO), the hepatitis C virus
(HCV) is a global public health issue and a prevalent pathogen in acute and chronic viral
hepatitis infection, with worldwide prevalence estimated to be at 58 million people infected
with HCV and about 1.5 million new HCV infections per year. In 2019, around 290,000 peo-
ple infected with HCV died from hepatic cirrhosis and hepatocellular carcinoma [1]. HCV
incidence is classified by regions, and as claimed by Messina et al. [2] and Shah et al. [3],
the highest incidence of cases is in the Eastern Mediterranean Region, European Region,
Southeast Asian Region, Western Pacific Region, African Region, and the American Region.

HCV global prevalence and distribution might be explained by its morphology, trans-
mission, and genotypes. HCV is a single-stranded RNA genome virus that belongs to
the Flaviviridae family and the Hepacivirus genus. Its genome is approximately 9.6 kb in
length and encodes a polyprotein of 3000 amino acid residues, which is cleaved to form
structural and nonstructural viral proteins [4]. Due to these characteristics, during its
replication, the HCV viral RNA polymerase has an increased tendency to produce errors
throughout its continuous replications, which then yields high nucleotide substitution
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rates and a vast genotypic variability. Therefore, HCV is classified into 7 genotypes and
67 subgenotypes based on sequence data, and both genotypes and subgenotypes show
specific global distribution; for instance, HCV genotype 1 has the highest global prevalence,
followed by genotypes 3, 4, 2, 5, 6, and HCV genotype 7, which was isolated in Canada in a
single case [4-6].

In Brazil, HCV national distribution, diagnosis, treatment, and vaccination are regu-
lated by the Brazilian Ministry of Health (BMH) and the National Health Unique System
(NHUS) Brazil, and as reported by BMH [7,8] in 2022, annual national HCV prevalence
was highest in the Southeast region with 58.9%, followed by the South region with 27.5%,
the Northeast region with 6.5%, the Midwest region with 3.6%, and the North region with
3.5%. Based on genotypes, Nutini et al. [9] identified HCV genotype 1 to be the most
prevalent in the Brazilian territory with 71.1% of cases, followed by genotypes 3, 2, 4, and 5.
In the northern region, HCV genotypes 1 (75.3%) and 3 (24.7%) were the most prevalent,
as demonstrated by Castro et al. [4], and although HCV genotype 2 had already been
discovered [10], an HCV subgenotype 2 study was not yet published, especially in relation
to HCV-HIV coinfection.

In recent years, several studies have demonstrated that HCV-HIV coinfection is a
relevant association in the clinical treatment of both HIV and HCV because this is a
common coinfection due to the similarity in their transmission routes [5,9,11-15]. The
existing literature has observed that HCV-HIV coinfection leads to a dynamic and rapid
interaction between these two viruses because HCV /HIV coinfection can exacerbate the
decrease in CD4+ T cell counts and overload the host’s immune system, thus increasing
morbidity or producing a higher risk of severe hepatic cirrhosis, severe liver fibrosis, and
hepatocellular carcinoma. This was the case among Brazilian risk group populations,
mainly in hemodialysis patients, people who used drugs (PWUDs), prison populations,
and people living with HIV (PLWH).

Thus, HCV diagnosis as well as HCV genotype and subgenotype identification might
be of great importance in public health policy-making and can significantly contribute to
a better quality of life among HCV-infected patients, mostly those with HIV coinfection,
as a better treatment for both infections can be developed. Therefore, this study aimed to
estimate the prevalence of HCV infections and identify the HCV genotypes among PLWH
in the city of Belém in northern Brazil.

2. Materials and Methods
2.1. Type of Study and Sample Collection

This descriptive, cross-sectional study is based on serological data from PLWH at-
tended to at two sexually transmitted infection (STIs) referral centers located in the city of
Belém, Para, northern Brazil (Figure 1). All individuals attended to in those two referral
centers during the period between March 2016 and June 2017 were invited to participate in
the study; 542 potential individuals later signed the written informed consent form after
being selected according the following inclusion criteria: (a) age > 18 years, (b) confirmed
HIV infection, (c) agreed to participate in the study, and (d) signed the free and informed
consent form. The exclusion criteria were patients with cognitive impairment who were
unable to answer the questionnaire in an appropriate way.

2.2. Ethics

Written informed consent was obtained from all individuals for the publication of
potentially identifiable images or data included in this article. This study was approved by
the Committee for Ethics in Research of the Research by the Health Sciences Institute of the
Federal University of Para in Para (PA), Brazil (protocol number: 2.601.161).
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Figure 1. Geographic location of the city of Belém, in the Brazilian state of Para (PA), Amazon region.
Belém is the second largest city in the Brazilian Amazon.

2.3. HCV Diagnosis

Peripheral 10 mL blood samples from all PLWH were collected and analyzed by RIA
to qualitatively detect anti-HCV antibodies (Alere HCV® Standard Diagnostics, Inc., Seoul,
Republic of Korea). The samples that were nonreactive were classified as HCV-negative,
and no additional tests were performed on those samples. The samples that were reactive
in the anti-HCV rapid test were analyzed for the presence of anti-HCV antibodies using EIA
(DIA.PRO, Diagnostic Bioprobes Milano, Italy), and were subsequently subjected to RT-PCR
(AMPLICOR®, Roche Molecular Systems, Brachburg, NJ, USA) to confirm HCV infection.
All the laboratory tests were performed according to the manufacturer’s guidelines.

2.4. Genotyping and Phylogenetic Analysis

Only positive samples with HCV RNA were subjected to nested PCR to amplify a
400 bp fragment from the non-structural region 5B (NS5B) gene, including part of the
RNA-dependent RNA polymerase, using S and AS primers and specific PCR conditions
that have previously been described [16,17]. The PCR products were subjected to 1.5%
agarose gel electrophoresis and subsequently purified using the QIAquick PCR Purification
Kit (QIAGEN). Nucleotide sequencing was performed using the Big Dye Terminator 3.1 kit
(Applied Biosystems, Waltham, MA, USA) by capillary electrophoresis in the system (ABI
PRISM 3500, Applied Biosystems). The sequence was edited and aligned using the AliView
software [18] and evaluated by geno2pheno (hcv) (https://hcv.geno2pheno.org, accessed
on 21 March 2022) [19].

In addition, a phylogenetic tree was reconstructed using an alignment containing
nucleotide sequences of the HCV NS5B gene deposited in GenBank (Genotype 1: JQ323442,
GQ379771, HQ630388, JQ323471, JQ323477, JQ323480; Genotype 2: AB047639, AB030907,
JX227966, AB031663, JX227967; Genotype 3: JQ323492, 323497, JQ323501, KP324190,
KP324192, KJ470616; Genotype 4: JX227976, JX227977, JX227978; Genotype 5: AY373484,
AY373486, AY373487; Genotype 6: AY878650, AY878651, AY878652) and sequences ob-
tained in this study. A maximum likelihood phylogenetic tree was reconstructed with
the use of PhyML 3.1 (http://www.atgc-montpellier.fr/phyml/, accessed on 21 March
2021) under the best nucleotide substitution model, selected using the Smart Model Se-
lection software integrated into the PhyML Web server [20,21]. The heuristic tree search
was performed using the SPR branch-swapping algorithm, and the branch support was
calculated with the approximate likelihood ratio (aLRT) SH-like test. The tree was drawn
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with FigTree 1.4.4 (http://tree.bio.ed.ac.uk/software/figtree/, accessed on 25 March 2021).
The presence of resistance-associated substitutions (RASs) was also assessed using the
online tools geno2pheno (hcv) and HCV-GLUE (http:/ /hcv-glue.cvr.gla.ac.uk/#/home,
accessed on 31 November 2022) [22]. The sequence obtained in this study was deposited in
GenBank (MZ853084).

3. Results

From March 2016 to June 2017, 542 potential participants were attended to at two
STI referral centers in the Brazilian city of Belém. Of these, 109 were excluded for not
being infected with HIV or not having confirmed HIV infection. Thus, the sample for this
study consisted of 433 PLWH. The average age was 33.5 years (36.2% were over 40 years
old). Most of the PLWH were male (64.7%), heterosexual (62.4%), and single (69.3%), had
completed high school (47.3%), used condoms during intercourse (46.4%), had a single
partner (63.7%), and 31 (7.1%) self-declared to have used drugs at least one time, and
12 (2.7%) regularly use injected drugs.

In total, three (3/433-0.7%) tested positive for anti-HCV antibodies using the rapid
immunochromatographic assay (RIA) and enzyme immunoassay (EIA). Among these three
samples, only one (1/433-0.2%) tested positive for HCV RNA using reverse transcriptase
polymerase chain reaction (RT-PCR). This participant with an active HCV infection was
male, 63 years old, heterosexual, single, had tested positive for anti-HIV antibodies for
more than five years, had a history of sex with female sex workers, sometimes used a
condom during sex, and reported to never have used intravenous drugs (Table 1). This
participant also reported to have engaged in unprotected sex and had had more than
10 sexual partners in the previous 12 months, with some partners coming from other
Brazilian states. As shown in Figure 2, HCV genotype 2b was identified. There was no
disagreement in the diagnosis of the HCV genotype provided by the online tool and the
phylogenetic reconstruction. No RASs were identified, and susceptibility to sofosbuvir
was indicated.
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Figure 2. Maximum likelihood phylogenetic tree of hepatitis C virus (HCV) nucleotide sequences
(from non-structural region 5B gene (313 nt)) isolated in a person living with HIV/AIDS in the
Brazilian city of Belém, Amazon region, with other sequences of this hepatotropic virus deposited on
GenBank. The tree was rooted at the midpoint. The asterisks point to key nodes with high support
(SH-aLRT scores > 0.90). The sample of this study can be identified by the acronym PLWH + number
and is h (the arrow is to identify the analyzed area).
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Table 1. Positive HCV genotype 2b patient’s medical information.

Patient Information

Age (years) 63 years
Sex Male
HIV diagnosed (years) 7 years (2010)
Sexual orientation Heterosexual
Marital status Single
Smoking status Occasionally
Drinking status Occasionally
Illegal drugs Never used

Tenofovir + Lamivudine + Efavirenz

HIV-related medications (300 mg + 300 mg + 600 mg /day)

Laboratory values

CD4 T lymphocyte (cells/ mm?3) 4.610 cells/mm?3
Leukocytes count (cells/ mm?3) 846 cells/mm3
Hemoglobin (g/dL) 35.6 g/dL
Platelet count (per uL) 219.000/ L
Viral load (copies/mL) Undetectable
Anti-HCV antibodies Detected

4. Discussion

The present study identified a single positive case, with the presence of anti-HCV
genotype 2b antibodies, among HCV-HIV infected individuals in northern Brazil. To the
best of the authors” knowledge, this is the first paper in the literature to report such a
case, especially in northern Brazil, which is an unusual region for the presence of the
HCV genotype 2b. HCV infection varies through innumerous clinical characteristics,
geographic location, socioeconomic parameters, exposure risk behaviors such as drug use,
or medical conditions such as patients who have undergone hemodialysis due to chronic
renal failure. Most epidemiological studies on HCV monoinfection or HIV coinfection that
have identified genotype 2 were conducted in the southern and south-eastern regions of
Brazil, mainly in patients who had undergone hemodialysis [23,24]. The lower amount of
studies conducted in northern Brazil may be the result of geographic scarcity and the lack
of effort by governmental and non-governmental institutions to detect and care for people
infected with HCV in that region.

However, in the city of Belém, Freitas et al. [25] conducted a study in patients who had
undergone hemodialysis to evaluate the prevalence of HCV antibodies. The authors found
that 8.4% were anti-HCV positive, and HCV genotyping prevalence was 86.1% for genotype
1, 11.6% for genotype 2, and 2.3% for genotype 3. Sawada et al. [10] also conducted a study
on 312 HCV-infected individuals who were attended to at a private hemodialysis clinic in
Belém, and HCV genotype 1 (90.1%) was the most prevalent, followed by HCV genotype
2 (3.3%) and HCV genotype 3 (6.6%). Concerning these results, it may be possible to
conclude that HCV genotype 2 is associated with hemodialysis. Besides patients who had
undergone hemodialysis, other risk groups were evaluated in the state of Para; Oliveira-
Filho et al. [26] investigated the prevalence of HCV monoinfection among people using
non-injecting drugs such as cannabis or cocaine paste, and HCV monoinfection prevalence
was 28%, while the most prevalent HCV genotypes were HCV genotype 1 (76.9%) and
HCV genotype 3 (23.1%).

In the Marajo archipelago in Breves city, Pacheco et al. [27] evaluated the prevalence of
HCV monoinfection among people using injecting drugs (PUID) and found that the preva-
lence of anti-HCV antibodies was 36.9%; however, no HCV genotyping was performed.
Similarly, in the Marajo archipelago, Silva et al. [28] investigated PUID and found that
28.3% had anti-HCV antibodies and 25.5% had HCV-RNA; HCV genotypes 1 and 3 were
detected, but there was no evidence of the presence of HCV genotype 2. In Belém city,
Oliveira-Filho et al. [29] evaluated the prevalence of HCV monoinfection among 1666 PUID;
of these, 577 (34.6%) had HCV antibodies, 384 (23.1%) had active HCV infection, and HCV
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genotypes 1 and 3 were detected. In Belém city, the prevalence of HCV monoinfection
among blood donors was investigated, and HCV infection prevalence was found to be
low (0.13%), although HCV genotypes 1 and 3 were highly detected [4,30]. Based on these
results, HCV genotypes 1 and 3 appear to be more prevalent among blood donors and
PWUDs; however, in patients who had undergone hemodialysis, HCV genotype 2 seems
to be more prevalent [31].

Although other studies have utilized HCV genotyping among key populations to
identify HCV monoinfection in northern Brazil, this study presents interesting findings
because for the first time, HCV-HIV coinfection and its genotyping are investigated. Un-
fortunately, HCV subgenotype 2b was positive in just one case; our hypothesis for such
low prevalence is based on the high prevalence of HCV genotype 2 on the African conti-
nent, in the Caribbean regions, or in countries such as Indonesia and Vietnam. However,
HCV genotype 2 is also frequent in European countries such as the Netherlands or on the
American continent due to the transatlantic slave trade, which might explain why HCV
genotype 2 seems to be uncommonly present in northern Brazil, because this region has
the majority of indigenous populations or people of European descent [32]. Despite the
low prevalence of HCV genotype 2 in HCV-HIV coinfection, Brazilian national authorities
must carefully monitor HCV coinfection because the prevalence of HCV infections among
PLWH in northern Brazil increased (from 2.5% to 2.7%) from 2009 to 2019 and in order to
prevent new possibilities of new coinfections similar to COVID-19.

Therefore, epidemiological studies on HCV in key populations should be conducted in
the future, mainly to plan actions and strategies aimed at performing diagnoses, vaccination,
providing access to antiviral medications, and preventing HCV infections. These are
essential to reduce the spread of HCV and other pathogens in the Brazilian population—
especially in vulnerable groups such as PLWH in northern Brazil, which historically have
difficulties in gaining access to HCV antiviral medications—and to avoid uncontrolled
antiviral use in order to prevent drug resistance. The absence of RASs and susceptibility
to sofosbuvir are other findings that reinforce the good prognosis for PLWH with HCV
genotype 2. In Brazil, treatment for hepatitis C is offered to all people co-infected with HIV
free of charge by the Ministry of Health, including a recommendation for the preferential
use of sofosbuvir + daclatasvir on Brazilians co-infected with HIV-HCV due to the lower
probability of drug interactions with antiretrovirals [33,34].

Sofosbuvir-based regimens for the treatment of HCV genotype 2 are safe and well-
tolerated by patients [35]. Despite these findings, this study has limitations as the prevalence
of HCV infection among PLWH recorded here was obtained from participants attended to
at two STI referral centers. This epidemiological report did not clinically assess the study
subjects. NS5B clonal sequencing or next-generation sequencing has not been performed
in this study, so it is still not safe to exclude the possibility of known RASs, and we could
also have missed hepatitis C infection during the window period prior to antibodies being
detected by the screening tests.

5. Conclusions

Finally, the prevalence of HCV infection among PLWH is low in one of the main
cities in the Brazilian Amazon, and the presence of HCV subgenotype 2b increases the
importance of the epidemiological surveillance of HCV-HIV coinfection.

Author Contributions: All authors contributed to the development of this research work and con-
tributed equally to this work. Conceptualization, M.N.L. and L.FA.M.; data curation, S.D.FI,
PLEN., MLES.A, and M. K.d.S.T.; investigation and methodology, PE.B.F., HM.N., JRR.d.A.J,,
and D.C.N.d.B.; formal analysis, M.d.C.S., A.B.O.-F,, and L.F.A.M.; writing—original draft, RR.S.F,
A.B.O.-F, and L.EA M.; writing—review and editing, R.R.S.F,, A.B.O.-F, and L.E.A.M.; project admin-
istration, L.F.A.M. All authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior
(CAPES), Ministry of Education, Brazil, Grant code 001, and Conselho Nacional de Desenvolvimento



J. Clin. Med. 2022, 11, 7284 7of 8

Cientifico e Tecnoldgico (CNPq). LFAM is a CNPq Grantee (#314209/2021-2). The publication of this
article was supported by Public Notice PAPQ, PROPESP /FADESP of the Federal University of Para.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Committee for Ethics in Research of the Research by the Health
Sciences Institute of the Federal University of Para in Para (PA), Brazil (protocol number: 2.601.161).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Not applicable.

Acknowledgments: We acknowledge all subjects enrolled in this study as well as UREDIPE and the
Executive Secretariat of Public Health of the State of Para.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.

References

1. World Health Organization (WHO). Hepatitis C Fact Sheets. 2022. Available online: https:/ /www.who.int/news-room/fact-
sheets/detail /hepatitis-c (accessed on 21 November 2022).

2. Messina, ].P; Humphreys, I.; Flaxman, A.; Brown, A.; Cooke, G.S.; Pybus, O.G.; Barnes, E. Global distribution and prevalence of
hepatitis C virus genotypes. Hepatology 2015, 61, 77-87. [CrossRef] [PubMed]

3. Shah, R,; Ahovegbe, L.; Niebel, M.; Shepherd, J.; Thomson, E.C. Non-epidemic HCV genotypes in low- and middle-income
countries and the risk of resistance to current direct-acting antiviral regimens. J. Hepatol. 2021, 75, 462—-473. [CrossRef] [PubMed]

4. Castro, G.L.C.; Amoras, E.D.G.S.; Aratjo, M.S.M.; Conde, S.R.S.D.S.; Vallinoto, A.C.R. Hepatitis C virus genotypes and associated
risk factors in the state of Pard, Northern Brazil. Braz. J. Infect. Dis. 2020, 24, 304-309. [CrossRef] [PubMed]

5. Silva, CM.D.; Peder, L.D.; Thomazella, M.V.; Teixeira, ].].V.; Bertolini, D.A. Profile of HCV genotypes and HIV-subtypes among
HIV-coinfected patients in southern Brazil. Arq. Gastroenterol. 2019, 56, 344-350. [CrossRef] [PubMed]

6. Lampe, E.; Lewis-Ximenez, L.; Espirito-Santo, M.P,; Delvaux, N.M.; A Pereira, S.; Peres-Da-Silva, A.; Martins, RM.; A Soares, M.;
Santos, A.F; Vidal, L.L; et al. Genetic diversity of HCV in Brazil. Antivir. Ther. 2013, 18, 435-444. [CrossRef] [PubMed]

7.  Brazilian Ministry of Health (BMH)—Health Surveillance Secretary. Hepatitis C [Internet]. 2022. Available online: https:
//www.gov.br/saude/pt-br/assuntos/saude-de-a-a-z/h/hepatites-virais /hepatite-c-1 (accessed on 21 November 2022).

8.  Brazilian Ministry of Health (BMH)—Health Surveillance Secretary. Annual Epidemiological Bulletin of Viral Hepatitis [Inter-
net]. 2022. Available online: https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/boletins/epidemiologicos /
especiais/2021/boletim-epidemiologico-de-hepatite-2021.pdf (accessed on 21 November 2022).

9. Nutini, M.ER.; Hunter, J.; Giron, L.; Pires, A.EN.P.C.; Kohiyama, LM.; Camargo, M.; Sucupira, M.C.A.; Benzaken, A.S,;
Ferreira, P.A.; Truong, H.-H.M.; et al. HCV genotype profile in Brazil of mono-infected and HIV co-infected individuals: A survey
representative of an entire country. PLoS ONE 2020, 15, e0227082. [CrossRef]

10. Sawada, L.; Pinheiro, A.; Locks, D.; Pimenta, A.; Rezende, P.; Crespo, D.; Crescente, ].; Lemos, J.; Oliveira-Filho, A. Distribution of
hepatitis C virus genotypes among different exposure categories in the State of Para, Brazilian Amazon. Rev. Soc. Bras. Med. Trop.
2011, 44, 8-12. [CrossRef]

11.  Sikavi, C.; Chen, PH.; Lee, A.D.; Saab, E.G.; Choi, G.; Saab, S. Hepatitis C and human immunodeficiency virus coinfection in the
era of direct-acting antiviral agents: No longer a difficult-to-treat population. Hepatology 2018, 67, 847-857. [CrossRef]

12. Tavora, L.G.; Hyppolito, E.B.; Cruz, ].N.; Portela, N.M.; Pereira, SM.; Veras, C.M. Hepatitis B, C and HIV co-infections
seroprevalence in a northeast Brazilian center. Arg. Gastroenterol. 2013, 50, 277-280. [CrossRef]

13. Freitas, S.Z.; Teles, S.A.; Lorenzo, P.C.; Puga, M.A.M,; Tanaka, T.5.0.; Thomaz, D.Y.; Martins, RM.B.; Druzian, A.F.; Lindenberg,
A.S.C.; Torres, M.S.; et al. HIV and HCV coinfection: Prevalence, associated factors and genotype characterization in the Midwest
Region of Brazil. Rev. Inst. Med. Trop. Paulo 2014, 56, 517-524. [CrossRef]

14. Brandao, N.A,; Pfrimer, I.A.; Martelli, C.M.; Turchi, M.D. Prevalence of hepatitis B and C infection and associated factors in
people living with HIV in Midwestern Brazil. Braz. J. Infect. Dis. 2015, 19, 426—430. [CrossRef] [PubMed]

15. Menezes, T.O.; Rodrigues, M.C.; Nogueira, B.M.; Menezes, S.A; Silva, S.H.; Vallinoto, A.C. Oral and systemic manifestations in
HIV-1 patients. Rev. Soc. Bras. Med. Trop. 2015, 48, 83-86. [CrossRef]

16. Enomoto, N.; Takada, A.; Nakao, T.; Date, T. There are two major types of hepatitis C virus in Japan. Biochem. Biophys. Res.
Commun. 1990, 170, 1021-1025. [CrossRef] [PubMed]

17. Oliveira-Filho, A.; Aires, D.; Cavalcante, N.; Raiol, N.; Lisboa, B.; Frade, P.; da Costa, L.; Pinheiro, L.M.L.; Machado, L.LEA.;
Martins, L.C.; et al. Hepatitis C Virus among Female Sex Workers: A Cross-Sectional Study Conducted along Rivers and
Highways in the Amazon Region. Pathogens 2019, 8, 236. [CrossRef] [PubMed]

18. Larsson, A. AliView: A fast and lightweight alignment viewer and editor for large datasets. Bioinformatics 2014, 30, 3276-3278.

[CrossRef]


https://www.who.int/news-room/fact-sheets/detail/hepatitis-c
https://www.who.int/news-room/fact-sheets/detail/hepatitis-c
http://doi.org/10.1002/hep.27259
http://www.ncbi.nlm.nih.gov/pubmed/25069599
http://doi.org/10.1016/j.jhep.2021.04.045
http://www.ncbi.nlm.nih.gov/pubmed/33974951
http://doi.org/10.1016/j.bjid.2020.06.010
http://www.ncbi.nlm.nih.gov/pubmed/32735876
http://doi.org/10.1590/s0004-2803.201900000-68
http://www.ncbi.nlm.nih.gov/pubmed/31800733
http://doi.org/10.3851/IMP2606
http://www.ncbi.nlm.nih.gov/pubmed/23792792
https://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-z/h/hepatites-virais/hepatite-c-1
https://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-z/h/hepatites-virais/hepatite-c-1
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/boletins/epidemiologicos/especiais/2021/boletim-epidemiologico-de-hepatite-2021.pdf
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/boletins/epidemiologicos/especiais/2021/boletim-epidemiologico-de-hepatite-2021.pdf
http://doi.org/10.1371/journal.pone.0227082
http://doi.org/10.1590/S0037-86822011000100003
http://doi.org/10.1002/hep.29642
http://doi.org/10.1590/S0004-28032013000400007
http://doi.org/10.1590/S0036-46652014000600011
http://doi.org/10.1016/j.bjid.2015.02.001
http://www.ncbi.nlm.nih.gov/pubmed/25766773
http://doi.org/10.1590/0037-8682-0179-2014
http://doi.org/10.1016/0006-291X(90)90494-8
http://www.ncbi.nlm.nih.gov/pubmed/2117923
http://doi.org/10.3390/pathogens8040236
http://www.ncbi.nlm.nih.gov/pubmed/31739623
http://doi.org/10.1093/bioinformatics/btu531

J. Clin. Med. 2022, 11, 7284 8of 8

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Kalaghatgi, P; Sikorski, A.M.; Knops, E.; Rupp, D.; Sierra, S.; Heger, E.; Neumann-Fraune, M.; Beggel, B.; Walker, A.; Timm, J.; 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, e0155869. [CrossRef]

Guindon, S.; Dufayard, J.; Lefort, V.; Anisimova, M.; Hordijk, W.; Gascuel, O. New algorithms and methods to estimate
maximum-likelihood phylogenies: Assessing the performance of PhyML 3.0. Syst. Biol. 2010, 59, 307-321. [CrossRef]

Lefort, V.; Longueville, J.; Gascuel, O. SMS: Smart Model Selection in PhyML. Mol. Biol. Evol. 2017, 34, 2422-2424. [CrossRef]
Singer, J.B.; Thomson, E.C.; Hughes, ].; Aranday-Cortes, E.; McLauchlan, J.; Filipe, A.D.S.; Tong, L.; Manso, C.E; Gifford, RJ.;
Robertson, D.L.; et al. Interpreting Viral Deep Sequencing Data with GLUE. Viruses 2019, 11, 323. [CrossRef]

Busek, S.U.; Baba, E.H.; Tavares Filho, H.A.; Pimenta, L.; Salomao, A.; Corréa-Oliveira, R.; Oliveira, G.C. Hepatitis C and hepatitis
B virus infection in different hemodialysis units in Belo Horizonte, Minas Gerais, Brazil. Memdrias Inst. Oswaldo Cruz 2002,
97,775-778. [CrossRef]

da Silva, N.M.; Germano, FN.; Mendoza-Sassi, R.A.; Seuanez, H.N.; Soares, M.A.; de Martinez, A.M. Evidence of association
between hepatitis C virus genotype 2b and nosocomial transmissions in hemodialysis centers from southern Brazil. Virol. J. 2013,
29,167. [CrossRef] [PubMed]

de Jesus Rodrigues de Freitas, M.; Fecury, A.A.; de Almeida, M.K,; Freitas, A.S.; de Souza Guimaraes, V.; da Silva, A.M.; da Costa,
Y.F; da Costa, R.A.A ; Ferreira, P.; Martins, L.C. Prevalence of hepatitis C virus infection and genotypes in patient with chronic
kidney disease undergoing hemodialysis. J. Med. Virol. 2013, 85, 1741-1745. [CrossRef] [PubMed]

Oliveira-Filho, A.B.; Sawada, L.; Pinto, L.C.; Locks, D.; Bahia, S.L.; Castro, J.A.; Hermes, R.B.; Brasil-Costa, I.; Amaral, C.M.;
Lemos, ].A.R. Epidemiological aspects of HCV infection in non-injecting drug users in the Brazilian state of Para, eastern Amazon.
Virol. . 2014, 25, 38. [CrossRef] [PubMed]

Pacheco, S.D.; Silva-Oliveira, G.C.; Maradei-Pereira, L.M.; Crescente, ].A.; Lemos, J.A.; Oliveira-Filho, A.B. Prevalence of HCV
infection and associated factors among illicit drug users in Breves, State of Para, northern Brazil. Rev. Soc. Bras. Med. Trop. 2014,
47,367-370. [CrossRef] [PubMed]

Silva, EQ.; Santos, EJ.A.; Andrade, A.P.; Pacheco, S.D.B.; Fischer, B.; Pinho, ]. R.R.; Lemos, J.A.R.; Oliveira-Filho, A.B. Hepatitis C
virus infection among illicit drug users in an archipelago of the Amazon. Arch. Virol. 2018, 163, 617-622. [CrossRef] [PubMed]
Oliveira-Filho, A.B.; Santos, EJ.A.; Silva, EQ.; Raiol, N.C.; Costa, C.C.S.; Piauiense, ].N.F.; Martins, L.C.; Cardoso, Y.M.N.; Di
Miceli, ].EF,; Resque, R.L.; et al. Hepatitis C virus infection status and associated factors among a multi-site sample of people who
used illicit drugs in the Amazon region. BMC Infect. Dis. 2019, 19, 634. [CrossRef] [PubMed]

Oliveira-Filho, A.B.; Pimenta, A.S.; Rojas, M.F,; Chagas, M.C.; Crescente, ]J.A.; Crespo, D.M.; Lemos, J.A. Prevalence and
genotyping of hepatitis C virus in blood donors in the state of Para, Northern Brazil. Memdrias Inst. Oswaldo Cruz 2010,
105, 103-106. [CrossRef]

Guimaraes, V.; Melo, T.; Ferreira, R.; Almeida, S.; Martins, L. Prevalence of hepatitis C virus genotypes in the State of Para, Brazil.
Rev. Soc. Bras. Med. Trop. 2018, 51, 508-512. [CrossRef]

Markov, P.V,; van de Laar, T.J.; Thomas, X.V.; Aronson, S.J.; Weegink, C.J.; Berk, G.E.V.D.; Prins, M.; Pybus, O.G.; Schinkel, J.
Colonial history and contemporary transmission shape the genetic diversity of hepatitis C virus genotype 2 in Amsterdam.
J. Virol. 2012, 86, 7677-7687. [CrossRef]

Park, HK,; Lee, S.S.; Bin Im, C; Im, C.; Cha, R.R.; Kim, W.S.; Cho, H.C,; Lee, ] M.; Kim, H.].; Kim, T.H.; et al. Hepatitis C virus
genotype affects survival in patients with hepatocellular carcinoma. BMC Cancer 2019, 19, 822. [CrossRef]

da Silva, D.L.; Nunes, H.M.,; Freitas, P.E.B. Natural prevalence of NS3 gene resistance-associated substitutions (RASs) in patients
with chronic hepatitis C from the state of Para/Brazil. Virus Res. 2021, 15, 198251. [CrossRef] [PubMed]

Tsai, W.; Wang, C.; Cheng, J.; Chen, W.; Bair, M.; Lo, C. Sofosbuvir-based regimen for genotype 2 HCV infected patients in Taiwan:
A real world experience. PLoS ONE 2020, 15, €0227424. [CrossRef] [PubMed]


http://doi.org/10.1371/journal.pone.0155869
http://doi.org/10.1093/sysbio/syq010
http://doi.org/10.1093/molbev/msx149
http://doi.org/10.3390/v11040323
http://doi.org/10.1590/S0074-02762002000600003
http://doi.org/10.1186/1743-422X-10-167
http://www.ncbi.nlm.nih.gov/pubmed/23714239
http://doi.org/10.1002/jmv.23654
http://www.ncbi.nlm.nih.gov/pubmed/23852735
http://doi.org/10.1186/1743-422X-11-38
http://www.ncbi.nlm.nih.gov/pubmed/24564954
http://doi.org/10.1590/0037-8682-0153-2013
http://www.ncbi.nlm.nih.gov/pubmed/24728470
http://doi.org/10.1007/s00705-017-3656-y
http://www.ncbi.nlm.nih.gov/pubmed/29164400
http://doi.org/10.1186/s12879-019-4270-2
http://www.ncbi.nlm.nih.gov/pubmed/31315569
http://doi.org/10.1590/S0074-02762010000100016
http://doi.org/10.1590/0037-8682-0457-2017
http://doi.org/10.1128/JVI.06910-11
http://doi.org/10.1186/s12885-019-6040-3
http://doi.org/10.1016/j.virusres.2020.198251
http://www.ncbi.nlm.nih.gov/pubmed/33259871
http://doi.org/10.1371/journal.pone.0227424
http://www.ncbi.nlm.nih.gov/pubmed/31923251

	Introduction 
	Materials and Methods 
	Type of Study and Sample Collection 
	Ethics 
	HCV Diagnosis 
	Genotyping and Phylogenetic Analysis 

	Results 
	Discussion 
	Conclusions 
	References

