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Introduction: The hepatitis C virus (HCV) is responsible for 1.5 million new infections, and around 290 thousand deaths worldwide.
15 to 30% of the patients that go into a chronic phase of the disease will develop cirrhosis or hepatocellular carcinoma within 20 years
and is the leading etiology for liver transplantation. HCV genetic characteristics display a remarkable genetic diversity, which divides
HCV into 8 genotypes and 67 subgenotypes; the treatment and probability of chronic HCV depend on these genotypes and
subgenotypes. In Ecuador, there is no available information regarding HCV genotypes and subgenotypes; therefore, this study aims
to provide an overview of the main genotypes circulating in Ecuador.

Methods: In a cross-sectional and descriptive study using the Ecuadorian Ministry of Health (MSP) registry of patients already
diagnosed with Hepatitis C (HCV) between 2017 and 2019. From 51 patients identified by health ministry, blood samples from a total
of 15 subjects (named HCV1 to HCV15) were collected using an appropriate venipuncture technique. Pandemic-related circumstances
avoid reaching all patients identified by health ministry.

Results: After the amplification of 11 samples from patients living in the Ecuadorian territory, the genotypes of HCV obtained were
distributed as follows: 6 samples corresponding to subgenotype 2b (54.5%), 2 samples corresponding to subgenotype la (18.2%), 2
samples corresponding to subgenotype 4d (18.2%) and 1 corresponding to sample 1b (9.1%).

Conclusion: These results represent the first epidemiological approach to genotype distribution in Ecuador, and it contributes to better
management of patients. We emphasize the importance of the development of better strategies from the Healthcare Ministry of
Ecuador (MSP) for the identification, treatment and tracking of HCV patients.
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Introduction
Hepatitis C virus (HCV) is a single-stranded, positive-sense RNA virus of approximately 9600 nucleotides in length." The
NS5B gene is an RNA-dependent RNA polymerase located between the 7597 and 9413 base pairs; this gene lacks
proofreading ability. Therefore, HCV represents a remarkable genetic diversity that divides HCV into 8 genotypes and 67
subgenotypes. >

Between 15% and 45% of patients infected with HCV can clear it in about 6 months without receiving any
treatment.* The remaining patients might develop, within 20 years, a chronic phase compromising cirrhosis or hepato-
cellular carcinoma.*> According to the World Health Organization (WHO), HCV is responsible for approximately
1.5 million new infections per year, and around 290 thousand deaths in 2019.* HCV represents a significant public
health problem, and in 2016 WHO declared it a global target, with different strategies to control HCV have been
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developed, highlighting a reduction of 90% in new cases of viral hepatitis, a reduction of 60% in deaths related hepatitis
by 2030, 80% of eligible patients with chronic HCV with ongoing treatment.®

In addition, it is crucial to identify the genotyping in HCV because treatment depends on genotype and subgenotype,
and it can also influence the treatment duration, and clearance rate.” However, in Ecuador currently, there are no data
about HCV circulation genotypes but in neighboring countries like Colombia and Peru genotype 1 is prevalent (88.5%
and 86%, respectively),” while in others like Venezuela genotype 2 represents 34.4% of the cases.’ Therefore, this study
aimed to provide a first approximation of the main genotypes circulating in Ecuador.

Methods

In a cross-sectional and descriptive study using the Ecuadorian Ministry of Health (MSP) registry of patients already
diagnosed with Hepatitis C (HCV) between 2017 and 2019, diagnose was previously done by MSP health services, and
patients were included under the following inclusion criteria: 1) confirmed diagnosis of chronic HCV infection with persistent
viral charge after 6 months, all patients included in the present study were diagnosed by specific viral charge test according to
the American Association for the Study of Liver Diseases Hepatitis C Guidance 2019 Update,® 2) age over 18 years old, and 3)
written informed consent. The exclusion criteria were 1) previous HCV diagnosis but not being part of the MSP database
from year 2017 to 2019, 2) patients under the age of 18 years, 3) patients that decide not to provide written informed consent.
From 51 patients identified by health ministry, blood samples from a total of 15 subjects (named HCV1 to HCV15) were
collected using an appropriate venipuncture technique. Pandemic-related circumstances avoid reaching all patients identified
by health ministry. Samples were later centrifuged, the plasma was placed in Eppendorf tubes and transported in a nitrogen
tank, and later stored at —80 °C at the School of Medicine in the Universidad San Francisco de Quito.

Ethical Statement

The study was approved by the Human Research Ethics Committee at the Universidad San Francisco de Quito (2018-
241IN) and by the Ministry of Public Health of Ecuador. We confirm that all patients provided informed consent and the
study was conducted in accordance with the Declaration of Helsinki.

Primers Selection
Primers for the amplification of the NS5B section of the HCV genome were selected from the work of Tong et al 2015.°
We used primers named F1, R1 to F2, R2 of the NS5B protein (Figure 1).

HCV RNA Extraction

The RNA extraction of the samples was performed using MagMAX™ Viral/Pathogen Nucleic Acid Isolation Kit
following the manufacturer’s instructions (ThermoFisher Scientific Inc).

cDNA Synthesis
The complementary DNA (cDNA) was synthesized with the Thermo Scientific RevertAID First Strand cDNA Synthesis
Kit, using the HCV RNA previously obtained following the manufacturer’s instructions (ThermoFisher Scientific Inc).

HCV NS5B Gene Fragment Amplification by PCR

The HCV cDNA template was used for the amplification of the NS5N gene fragment by PCR as Figure 1. The PCR was
performed using Invitrogen™ Platinum™ II Hot-Start Green PCR Master Mix following the manufacturer’s instructions
(ThermoFisher Scientific Inc). The PCR conditions used were the following: 94°C for 3 min; 94°C for 30 sec, 56°C for
40 seg, 72°C for 60 sec, 35 cycles; 72°C for 10 min. The temperature of annealing of 56°C was selected as described by
Tong et al. Then, the amplicons were quantified using the EPOCH Microplate Spectrophotometer Reader. After
quantification, the amplicons were sent to Macrogen, South Korea, for Sanger sequencing. Nucleotide sequences obtain
were entered into GenBank under accession numbers: ON540736, ON540737, ON540738, ON540739, ON540740,
ON540741 ON540742, ON540743, ON540744, ON540745 and ON540746.
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F1 TTAACCACATCMRCTCCGTGTG 7944-7965
F2 ACACCCGCTGYTTYGACTC 8256-8274
R1 GTCAAAGCAGCGGGTRTCRTA 8272-8252
R2 GTACCTGGTCATAGCYTCCGTRAA | 8635-8612

Figure | (a) Graphic made using Genious Prime 2022.1.1, location of primers used on HCV NS5B protein region (b) primers used for NS5B gene amplification as described
by Tong YQ, Liu B, Liu H, Zheng HY, Gu }, Liu H, et al. Accurate genotyping of hepatitis C virus through nucleotide sequencing and identification of new HCV subtypes in
China population. Clin Microbiol Infect. 2015;21:874.69-874.¢21.°

Phylogenetic Analysis

Sequences reported were compared to identify local similarity regions between sequences using BLAST. Phylogenetic
trees were built using the Neighbor-Joining method and Tamura-Nei genetic distance model using the software Geneious
Prime 2022.0.1. Reference sequences added to the phylogenetic tree were obtained by searching in the NCBI GenBank
using the keywords “HCV” AND “NS5B” OR “complete genome”.

Results

From the 51 patients with HCV reported by the MSP data during 2017 to 2019, 15 patients met the inclusion criteria and
attended to MSP recruitment; 9 females (60%) and 6 males (40%); mean age 52 + 24.5. Patient ethnic group self-
identification was 100% mestizo. Geographical distribution of samples was Quito 60% and Guayaquil 40% (Table 1).
Only 11 of the 15 samples amplified NS5B section. The genotype and subgenotype of 8 samples (HCV1 HCV3, HCV4,
HCV7, HCV10, HCV11, HCV13, HCV14), were determined using primers F1-R1 (forward and reverse; Figure 2). Then,
using the F2-R2 forward and reverse fragments of the sequences was possible to determine that one subject (HCV9)
belonged to the subgenotype 2b (Supplementary Figure 1), this sample did not amplify with primers F1-R1.

From sequences HCV2 and HCV15 only was possible to amplify a single strand of the genome sections, F1-R1
(forward strand) for subject HCV2 and F1-R1 (reverse strand) for the subject HCV15. Reference sequences were
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Table | Sociodemographic Characteristic of
HCV Ecuadorian Patients

Ethnic group
Mestizo

18-29 4 26.7%
30-65 10 66.7%
>65 | 6.6%

obtained from the NCBI GenBank with the keywords previously described. To compare reference sequences with HCV2
and HCV1S5 and provided an accurate phylogenetic analysis, the reference sequences were aligned and trimmed. The
section used of the reference sequences for phylogenetic analysis of the sample HCV2 included bases from 8135 to 8357,
while for HCV15 the section used of the reference sequences for phylogenetic analysis included bases 8144 to 8408.
Later, obtained sections were used to create individual phylogenetic trees and the results showed that subject HCV2
belonged to the subgenotype 2b (Supplementary Figure 2) and the subject HCV15 did to subgenotype la (Supplementary
Figure 3), the results obtained in the phylogenetic analysis for HVC2 and HCV15 were in agreement with the results
from BLAST.

Samples of six subjects corresponded to subgenotype 2b (54.5%), two samples to subgenotype la (18.2%), two

samples to subgenotype 4d (18.2%), and one sample belonged to subgenotype 1b (9.1%).

Discussion

This report shows, for the first time, that HCV subgenotype 2b is prevalent in our study sample (54.5%). This finding
contradicts the data from Latin America compiled by Petruzziello et al,”> where genotype 1 (74.3%) is prevalent. In
Ecuador’s neighboring countries, genotype 1 is also the most prevalent in Colombia (88.6%)'® and Peru (86%)."'
Genotype 2 highest prevalence was found in Venezuela (34.4%), Argentina (24.7%), and Mexico (21.8%)° but none as
high we found.

Although in Latin America, it is estimated that 0.5% of its total population (ie, 3.8 million people) are infected with
HCV,® in Ecuador, according to the Ministry of Health from 2017 to 2019 there were 51 new cases (MSP, 2019).
Therefore, the official prevalence of HCV in Ecuador period 2017-2019 according to the health authority was 0.0003%.
This data is far below the reported in Colombia (0.9-1.1%)'*'* and Peru (0.1-0.5%),'>"'* the two neighboring countries
of Ecuador. Also, compared with data from other countries, where prevalence ranges from 0.3 to 3.3%,'" this data needs
further studies to elucidate the real situation of HCV in Ecuador. It can be of great value to study and relate the
information from blood banks regarding the anti-hepatitis C antibodies in asymptomatic population and the Ministry of
Health’s database. Based on the study carried out by Grijalva et al,"” it is possible to seek to improve the safety of blood
donation and the collection of data related to pathologies in Ecuadorian territory, thus obtaining a better understanding of
HCV reality in Ecuador.

On the other hand, response to treatment, particularly to interferon (INF), is different between genotypes 1 and 2.'*!”
Particularly, 50% of subjects with subgenotype 2a shows pharmacological susceptibility to INF, while those subjects with
subgenotype 1b respond only in 11.1% of the cases.'®!” However, the combination of ribavirin with INF leads to
a sustained virologic response, mainly in genotypes 2 and 3 (76-82%) than in genotypes 1, 4, 5, or 7 (42-52%)."%"7
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Figure 2 Phylogenetic tree based on fragments FI-R| forward and reverse, determination of genotypes and subgenotypes.

Development of multiple direct-acting antivirals (DAAs) which are defined by their mechanism of action and
therapeutic target, as nonstructural proteins 3/4A (NS3/4A) protease inhibitors (PIs), NS5B nucleoside polymerase
inhibitors (NPIs), NS5B non-nucleoside polymerase inhibitors (NNPIs), and NSS5A inhibitors have revolutionized
HCV infected patients’ treatment.'” However, in most developing countries, like Ecuador, the high cost of DAAs limited
their use, and the lack of accurate epidemiologic information interferes with proper monitoring and treatment of patients.

The main limitation of our report was the small number of samples, however, taking into consideration the reported
prevalence, we were able to get a huge proportion of the infected subject. It is important to emphasize that this initial
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study, with enough methodological rigor, raises the need to improve active diagnostic strategies and at the same time, the
urgent need for DAAs availability to improve the quality of life for the patients.

Data Sharing Statement

Datasets that were analyzed or used in this study are available as Supplementary Information Supplementary Table 1,

also all the sequences are available at the NCBI GenBank.
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