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Abstract

BACKGROUND

Hepatitis C virus (HCV) is defined as a public health problem by the World
Health Organization (WHO) and since then has defined targets through the HCV
elimination. The HCV cascade of care highlights the progress towards these goals
and essential interventions that need to be delivered along this continuum care.

AIM

To document the treatment cascade for patients with HCV infection at the
Hospital Nossa Senhora da Conceicao (HNSC), defining the percentage of
antibody-positive patients who collected molecular biology tests (polymerase
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chain reaction), attended outpatient clinic assistance, underwent treatment, and achieved a virologic cure termed
sustained virologic response (SVR).

METHODS

With the retrospective cohort design, patients diagnosed with HCV infection in the period between January 1, 2015
and December 31, 2020 were included. Data from HCV notification forms, electronic medical records,
Computerized Laboratory Environment Manager System, and Medicine Administration System (evaluation of
special medications) were collected in 2022 and all information up to that period was considered. The data were
analyzed with IBM SPSS version 25, and Poisson regression with robust simple variance was performed for
analysis of variables in relation to each step of the cascade. Variables with P < 0.20 were included in the
multivariate analysis with P < 0.05 considered significant. Pearson’s chi-square test was applied to compare the
groups of patients who persisted in follow-up at the HNSC and who underwent follow-up at other locations.

RESULTS

Results were lower than expected by the WHO with only 49% of candidates receiving HCV treatment and only
29% achieving SVR, despite the 98% response rate to direct acting antivirals documented by follow-up
examination. The city of origin and the place of follow-up were the variables associated with SVR and all other
endpoints. When comparing the cascade of patients who remained assisted by the HNSC vs external patients, we
observed superior data for HNSC patients in the SVR. Patients from the countryside and metropolitan region were
mostly assisted at the HNSC and the specialized and continuous care provided at the HNSC was associated with
superior results, although the outcomes remain far from the goals set by the WHO.

CONCLUSION

With the elaboration of the HCV cascade of care using local data, it was possible to stratify and evaluate risk factors
associated with losses between each step of the cascade, to inform new strategies to guide elimination efforts in the
future.

Key Words: Cascade of care; Elimination; Hepatitis C virus; Sustained virologic response

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hepatitis C virus (HCV) is defined as a public health problem by the World Health Organization and since then has
defined targets through the HCV elimination. The present study aimed to document the treatment cascade for patients with
HCYV infection at a hospital in southern Brazil. With the retrospective cohort design, patients diagnosed with HCV infection
between 2015 and 2020 were included to create the HCV cascade of care described as five exposure columns according to
the stages of HCV care. Variables were related to each step of the cascade to identify obstacles for patients to reach the last
step. With the elaboration of the HCV cascade of care using local data, it was possible to stratify and evaluate risk factors
associated with losses between each step of the cascade, to inform new strategies to guide elimination efforts in the future.
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INTRODUCTION

The World Health Organization (WHO) set the goal of diagnosing 90% of cases of viral hepatitis and treating 80% of
diagnosed cases with the aim of reducing the incidence by 90% and mortality attributable to hepatitis by 65% by 2030[1].
The hepatitis C virus (HCV) care cascade represents the care that patients receive in the respective health services and
consequently illustrates the basic indicators of the WHO targets[2]. In the first stage are people with HCV infection, in the
second are the patients aware of the diagnosis of HCV, in the third, those who underwent treatment, and in the fourth
stage, those who achieved cure with viral suppression from 12 wk to 24 wk after the end of treatment[2-4]. Other stages
can be added, such as retention in care and after cure monitoring, but it is difficult to standardize the criteria, hindering
the possibility of later comparison([3].

The elaboration of the treatment cascade facilitates the identification of barriers and groups of risks which we must
work with[3,5]. The correlation between sociodemographic variables and results between stages is an important tool for
the analysis of the HCV cascade of care[6]. Mental health problems, change in follow-up location, and restriction of
information about the disease were detected as causes of failures in the stages of chronic HCV treatment in a study by
health professionals[7]. Therefore, the construction of local cascades is necessary for the understanding of gaps in current
practices and the elaboration of changes[8].
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Brazil joined the Hepatitis C Elimination Plan in 2017[9]. Since then, the country has been developing and imple-
menting guidelines of care and prevention to guarantee a greater access to diagnostic tests and the treatment for all
patients with chronic HCV infection and acute hepatitis C and children with infection by HCV[9]. Retreatment is also
possible, especially after the availability of new direct-acting antivirals (DAAs)[9]. Despite the measures instituted in
Brazil, there are no data available for the elaboration of a local cascade of care, which determines the need to qualify
national databases to monitor the hepatitis elimination policy[10].

The South region of Brazil is responsible for the highest detection rate of confirmed HCV infection in the country and
also for the highest mortality rate, with higher rates than national data[11]. Within this region, the city of Porto Alegre, in
2020 was the second capital with the highest HCV detection rate, and in 2021 the first, even higher than the national rate
[11]. The Hospital Nossa Senhora da Concei¢do (HNSC) in Porto Alegre is a tertiary hospital that has an infectology
service which is a reference in treatment services for patients with human immunodeficiency virus (HIV) infection and
viral hepatitis[12]. The objective of this study was to define the continuity of care or treatment cascade for patients with
chronic HCV infection at the HNSC and to define sociodemographic variables that influence follow-up between each step
of the cascade.

MATERIALS AND METHODS

This referred retrospective cohort study included patients diagnosed with chronic HCV infection between 2015 and 2020
at the HNSC. All hospitalized patients and outpatients above 16 years of age notified by the HNSC epidemiological
center for viral hepatitis with positive anti-HCV or HCV-polymerase chain reaction (PCR) results detectable during this
period were analyzed. Patients under 16 years of age were excluded, as they would be followed up at a pediatric hospital
attached to the HNSC. Patients who died, who were not connected with the HNSC, or who were not located in the
electronic medical records of the hospitals were excluded.

The Information System for Notifiable Diseases (SINAM) for Viral Hepatitis, electronic medical records from the
HNSC, computerized Laboratory Environment Management System (GAL), and Medicine Administration System (AME)
provided data such as age, gender, race, education level, history of pregnancy and drug use, profession, city of origin,
institutionalization situation, and co-infection with HIV and hepatitis B virus (HBV). Specific data of the disease under
study were also obtained, such as date of diagnosis of HCV infection (anti-HCV test), history of consultation with a
specific outpatient clinic for the treatment of hepatitis, initial quantitative HCV-PCR and final quantitative HCV-PCR
(after the 12* wk since the end of treatment), genotyping, history of cirrhosis or hepatocellular carcinoma, specific
regimen, and date of treatment prescribed for HCV. Data were collected in 2022 and all information up to that period was
considered.

Regarding the HCV cascade of care, five exposure columns were built according to the stages of HCV care. The first
stage covers all people diagnosed with chronic HCV infection, that is, patients with positive anti-HCV or detectable
quantitative HCV-PCR in the analyzed period. The second includes patients who underwent some quantitative PCR
collection, and the third includes patients who underwent consultation at a specialized outpatient clinic for monitoring
hepatitis C. The fourth step integrates all who underwent treatment with specific antivirals for chronic HCV infection
according to the established protocol. The fifth step ends with all patients who achieved a sustained virological response,
that is, those who obtained an undetectable quantitative HCV-PCR test after the 12" wk since the end of treatment.
Patients who did not collect this exam after treatment were not included in the fifth step, being presented in the cascade
as “missing” and subsequently analyzed within the group of those who were not cured. The percentages were then
calculated using the “n” of the first step and the “n” of the previous step as denominator, thus obtaining two percentages
for analysis, being represented using a series of unidirectional columns.

Using the IBM SPSS version 25 program, Poisson regression with robust simple variance was performed to estimate the
incidence ratio (IR) at a 95% confidence interval (95%ClI) for the variables of gender, age group, race, education, city of
residence, place of follow-up, presence of cirrhosis, institutionalization, year of diagnosis, and co-infection with HIV/
HBYV related to each step of the cascade: PCR-HCV collection, bond, treatment, and sustained virologic response (SVR).
All variables that had a value of P < 0.20 in the simple analyzes were included in the multivariable model, and in this
model only variables with P < 0.05 were considered significant.

Two more cascades were also built, discriminating between patients who underwent treatment at the HNSC and those
who underwent treatment at other locations after the diagnosis. The comparison of the sociodemographic characteristics
between the groups, HNSC and external, was performed using Pearson’s chi-square test and results with P < 0.05 were
considered significant. The study was approved by the research ethics committee of the Hospitalar Concei¢do Group,
under number 51462421.8.0000.5530, and informed consent was waived, subject to the patient’'s commitment to confiden-
tiality.

RESULTS

By searching the HNSC viral hepatitis notification database between 2015 and 2020 at the HNSC, 2498 patients were
identified. A total of 487 patients who died, with decompensated cirrhosis, hepatocellular carcinoma, renal failure, and
sepsis as the main etiologies reported, were excluded. Another 1232 patients were also excluded because they had a
diagnosis of other viral hepatitis, an HCV diagnosis prior to 2015, a false anti-HCV test result, no attachment to the
HNSC, or being younger than 16 years old. A total of 779 patients diagnosed with HCV infection during the analyzed
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period were included, but of these 70 had spontaneous cure and, as they did not require treatment, were disregarded for
further analyses.

For the HCV cascade of care, 709 patients were analyzed, showing a sociodemographic profile of being predominantly
male (54.3%), white (76.6%), and from Porto Alegre (44.7%), and just having had completed elementary education
(67.4%). The mean age of the patients was 53 years. Only 22 patients had a history of pregnancy, 13% co-infection with the
HIV, 10.3% co-infection with HBV, 17.8% had a history of cirrhosis, and only 2% a diagnosis of hepatocellular carcinoma.
It was identified that 24.9% had a history of drug use and 33 patients of institutionalization. Regarding the genotype,
44.5% of the patients did not have an identified genotype and, among the available genotypes, genotype 1 was the most
prevalent (60%), followed by genotype 3 (34.6%) and finally genotype 2 (5.3%).

Regarding the total of 709 patients, 534 (75.3%) collected quantitative PCR, 461 (65%) consulted at a specialized clinic,
344 (48.5%) underwent treatment for HCV infection, and 204 (28.7%) reached SVR. When considering the previous
column as the denominator, the percentages would be, respectively, 75% with RT-PCR collection, 86% consulted, 75%
treated, and 59% with SVR confirmed by post-treatment examination. Both percentages are represented in Figure 1. The
results of the simple and multivariate analyzes of the variables in relation to each step of the cascade are described in
Tables 1 and 2, respectively.

Patients with incomplete primary education had lower rates of HCV-PCR collections after the diagnosis of HCV
infection in the simple analysis (P < 0.20), as well as patients who underwent diagnosis in 2018; however, these variables
were not significant in multivariate analysis. Patients living in the metropolitan area and countryside regions, who
consulted at an outpatient clinic at the HNSC, co-infected with HIV and HBV, with a history of cirrhosis, and who were
diagnosed in 2016 and in 2020, had higher collections of PCR-HCYV in the first analysis (P < 0.20). In the second analysis,
patients from the metropolitan area and countryside regions, patients from the HNSC, and those diagnosed in 2020 were
more likely to obtain HCV-PCR (P < 0.05).

Despite linkage being the subsequent step in the cascade, there were 22 patients who consulted and did not collect any
HCV-PCR test. The variables that showed a difference in favor of creating a link to a specialized outpatient clinic were
female gender, living outside the city of Porto Alegre, having cirrhosis, and consulting at the HNSC. The diagnoses in
2018 and in 2019, as well as having only elementary school, were factors contrary to consulting with specialists. In the
multivariate analysis, only being from the countryside or metropolitan area and consulting the HNSC were significant (P
< 0.05). Through the records in the GAL and AME, we identified that 121 patients were followed up in other places after
the diagnosis in the hospital.

Being female, having a history of cirrhosis, living outside the city of Porto Alegre, and consulting at the HNSC were
protective factors in the simple analysis for undertaking the treatment. As risk factors for not undergoing HCV treatment,
co-infection with HIV, being institutionalized, being non-white, having had only completed elementary school, and
having been diagnosed in 2019 were identified. Consulting at the HNSC and being from the countryside remained
significant protective factors (P < 0.05). The mean time between diagnosis and initiation of treatment was approximately 2
years. The DAAs most used in treatment were sofosbuvir and ledispasvir (26.0%), sofosbuvir and velpatasvir (22.0%),
sofosbuvir and daclatasvir (17.0%), and sofosbuvir, daclatasvir, and ribavirin (15.0%). Only eight patients (1.1%)
underwent more than one treatment. Among the 22 pregnant women in the study, only nine underwent treatment, but
timing of treatment before or after pregnancy was unknown. No history of vertical transmission was found in these cases,
since the GAL system evaluated the newborns of the respective pregnant women.

Out of all 344 patients who underwent treatment, only 204 reached SVR; however, 136 patients had no record in the
GAL of collection of HCV-PCR control after the 12" wk since the end of treatment. Only four had SVR failure, resulting in
a documented DAA response rate of 98%. The risk factors in the simple analysis for not achieving documented SVR were
being of non-white race and having only elementary education. As variables favorable to SVR, living in the metropolitan
area, in the countryside, and consultation at the HNSC were found, in addition to having been diagnosed with HCV
infection in 2015 and in 2016. In the multivariate analysis, only the places of residence (countryside and metropolitan
area) and consultation at the HNSC were significant (P < 0.05).

Because significance was found in all stages of HCV care regarding the place of follow-up, we constructed two separate
cascades of care: One for patients who remained under follow-up at the HNSC and another for patients who chose to be
assisted in other places. As previously mentioned, 340 patients remained at the HNSC, of whom 70% underwent
treatment and 49% achieved SVR, 1% showed failure, and 20% did not collect a PCR test after treatment. Among 121
outpatients, 88% underwent treatment and 31% had SVR, but 55% did not perform a control PCR collection and 2% had
SVR failure (Figure 2). As variables favorable to SVR, living in the metropolitan area, in the countryside, and consultation
at the HNSC were found, in addition to having been diagnosed with HCV infection in 2015 and in 2016. In the
multivariate analysis, only the places of residence (countryside and metropolitan area) and consultation at the HNSC
were significant (P < 0.05) (Table 3).

DISCUSSION

We conducted this study in our local hospital to identify the HCV care cascade and relevant characteristics for
progressing from diagnosis to successful cure, to provide representative data from Rio Grande do Sul and mainly from
the city of Porto Alegre[11,13]. The highest prevalence of HCV infection was found in patients who are male, white, and
aged over 40 years, consistent with both data from the state of Rio Grande do Sul and national statistics[11,14]. Also,
higher prevalence of HCV was observed in patients with only elementary education[11]. Regarding co-infection with
HIV, we present data that are very close to those of the South region in 2021 (10.1%)[11]. Groups most vulnerable to
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Table 1 Analysis of variables with absolute number and relative percentage (%) and Poisson regression with robust simple variance of

each variable in relation to steps of cascade of care of patients diagnosed with hepatitis C virus infection at the Hospital Nossa

Senhora da Conceicao between 2015 and 2020

PCR-HCV Specialized
Total (%) ) P value P . Pvalue Treatment Pvalue SVR P value
collection assistance
Total 709 534 (75.3%) 461 (65.0%) 344 (48.5%) 204 (28.7%)
Gender
Female 324 238 (73.5%);0.95  0.295 221 (68.2%); 1.09 0.101 175 (54.0%);1.23  0.007 109 (62.3%); 0.253
(45.7%) (0.87-1.04) (0.98-1.21) (1.05-1.43) 1.10 (0.92-1.32)
Male 385 296 (76.9%); 1.0 240 (62.3%); 1.0 169 (43.9%); 1.0 95 (56.2%); 1.0
(54.3%)
Age (yr)
17-39 118 90 (76.3%); 1.0 79 (66.9%); 1.0 0.420 52 (44.1%); 1.0 27 (51.9%); 1.0
(16.6%)
40-59 348 267 (76.7%);1.00  0.920 225 (64.7%); 0.96  0.646 170 (48.9%); 1.10  0.380 103 (60.6%); 0.294
(49.1%) (0.89-1.13) (0.83-1.12) (0.88-1.39) 1.16 (0.87-1.55)
> 60 243 177 (72.8%); 0.95  0.479 157 (64.6%); 0.96 0.657 122 (50.2%); 1.13  0.284 74 (60.7%); 0.307
(343%)  (0.84-1.08) (0.82-1.12) (0.89-1.44) 1.16 (0.86-1.57)
Race
White 543 405 (74.6%); 1.0 353 (65.0%); 1.0 269 (49.5%); 1.0 164 (61.0%); 1.0
(76.6%)
Non-white 154 118 (76.6 %); 1.02  0.598 97 (63.0%); 0.96 0.649 65 (42.2%); 0.85  0.123 32 (49.2%); 0.113
(21.7%) (0.92-1.13) (0.84-1.11) (0.69-1.04) 0.80 (0.62-1.05)
Education
Tliterate 39(55%) 28(71.8%);0.88  0.238 26 (66.7%); 095 0741 20 (51.3%); 0.96  0.834 13 (65.0%); 0.804
(0.71-1.08) (0.74-1.22) (0.68-1.35) 0.95 (0.66-1.36)
Elementary school 478 344 (72%); 0.88 0.011 301 (63.0%); 0.90  0.134 219 (45.8%);0.86  0.110 120 (54.8%); 0.031
(67.4%) (0.80-0.97) (0.79-1.03) (0.71-1.03) 0.80 (0.66-0.98)
High schooland 141 115 (81.6%); 1.0 98 (69.5%); 1.0 75 (53.2%); 1.0 51 (68.0%); 1.0
university (19.9%)
City of origin
Porto Alegre 317 215 (67.8%); 1.0 174 (54.9%); 1.0 121 (38.2%); 1.0 49 (40.5%); 1.0
(44.7%)
Metropolitan 247 190 (76.9%);1.13  0.016 166 (67.2%);1.22  0.003 126 (51.0%); 1.33  0.002 81 (64.3%); 0
region (348%)  (1.02-1.25) (1.07-1.39) (1.11-1.60) 1.58 (1.23-2.04)
Countryside 134 118 (88.1%);1.29 0 112 (83.6%); 1.52 0 91 (67.9%); 1.77 0 68 (74.7%); 0
(189%)  (1.17-143) (134-1.72) (1.48-2.13) 1.84 (1.44-2.36)
Follow-up site
HNSC 341 320 (93.8%);1.61 0 340 (99.7%);3.03 0 237 (69.5%); 239 0 166 (70.0%); 0
(48.1%) (1.47-1.76) (2.62-3.50) (2.00-2.84) 1.97 (1.50-2.58)
External 121 214 (58.2%); 1.0 121 (32.9%); 1.0 107 (29.1%); 1.0 38 (35.5%); 1.0
(17.1%)
Institutionalized
Yes 33 (47%) 25 (75.8%);1.0 18 (54.5%); 1.0 12 (36.4%); 0.74  0.198 8 (66.7%); 1.12 (0.74-1.70)
(0.46-1.17)
No 676 509 (75.3%); 1.00  0.952 443 (655%);0.83  0.255 332 (49.1%); 1.0 196 (59.0%);  0.561
(95.3%) (0.82-1.22) (0.60-1.14) 1.0
Co-infection with HBV
Yes 73 (103%) 61 (83.6%);1.12  0.041 43 (58.9%); 1.0 30 (41.1%);0.83  0.208 18 (60.0%); 0.935
(1.00-1.25) (0.62-1.10) 1.01 (0.74-1.37)
No 636 473 (74.4%); 1.0 418 (65.7%); 0.89  0.282 314 (49.4%); 1.0 186 (59.2%);  0.935
(89.7%) (0.73-1.09) 1.0
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Co-infection with HIV

Yes

No

Cirrhosis

Yes

No

Date of diagnosis

2015

2016

2017

2018

2019

2020

93 (13.1%)

616
(86.9%)

126
(17.8%)

583
(82.2%)

149
(21.0%)

136
(19.2%)

121
(17.1%)

121
(17.1%)

128
(18.1%)

54 (7.6%)

75 (80.6%); 1.08
(0.97-1.20)

459 (74.5%); 1.08

112 (88.9%); 1.22
(1.13-1.33)

422 (72.4%); 1.0

111 (745%); 1.0
113 (83.1%); 1.11
(0.98-1.25)

92 (76.0%); 1.02
(0.89-1.17)

80 (66.1%); 0.88
(0.75-1.04)

90 (70.3%); 0.94
(0.81-1.09)

48 (88.9%); 1.19
(1.04-1.36)

0.158

0

0.076

0.771

0.140

0.440

0.009

63 (67.7%);1.04 0541

(0.90-1.22)

398 (64.6%); 1.0

106 (84.1%);138 0
(1.25-152)

355 (60.9%); 1.0

102 (68.5%); 1.0

101 (74.3%); 1.08 0278
(0.93-1.25)

84 (69.4%);1.01  0.865
(0.86-1.19)

72 (59.5%);0.86 0133
(0.72-1.04)

67 (523%);0.76  0.008
(0.62-0.93)

35 (64.8%); 094  0.634

(0.75-1.18)

35 (37.6%); 0.75  0.039

(0.57-0.98)

309 (50.2%); 1.0

82(65.1%);1.44 0
(1.23-1.69)

262 (44.9%); 1.0

76 (51%); 1.0

72 (52.9%);1.03 0744
(0.83-1.29)
68 (56.2%);1.10 0393
(0.88-137)
53 (43.8%); 0.85  0.244
(0.66-1.10)
49 (383%);0.75  0.038
(0.57-0.98)
26 (481%);0.94 0723
(0.68-1.29)

17 (48.6%);
0.80 (0.56-1.14)

187 (60.5%); 1.0

60 (73.2%);
133 (1.12-157)

144 (55.0%); 1.0

42 (55.3%); 1.0
51 (70.8%);
1.28 (0.99-1.64)

45 (66.2%);
1.19 (0.91-1.56)

30 (56.6%);
1.04 (0.75-1.39)

22 (44.9%);
0.81 (0.56-1.17)

14 (53.8%);
0.97 (0.64-1.46)

0.222

0.001

0.052

0.181

0.880

0.272

0.901

P value < 0.20 was considered significant. HNSC: Hospital Nossa Senhora da Conceigao; HCV: Hepatitis C virus; HBV: Hepatitis B virus; SVR: Sustained
virologic response.
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Figure 1 Cascade of care of hepatitis C virus infected patients diagnosed at the Hospital Nossa Senhora da Conceigéo between 2015 and
2020. HCV: Hepeatitis C virus; SVR: Sustained virologic response.

infection by the HCV, such as people living with HIV, institutionalized people, and drug users, were considerably
represented, corroborating the importance of focusing on testing and preventive actions for these particular subpopu-
lations[9,14]. Genotypes 1 and 3 were the most prevalent, as expected according to national and local data[14].

According to the WHO, the second step of the HCV cascade of care would be represented by patients aware of their
diagnosis, with a target of 90%[1]. However, in this study, we did not carry out this estimate and included patients from
the diagnosis of chronic HCV infection which we performed at the HNSC. Overall, the WHO target of patients on
treatment (80%) was not reached. But when analyzing the cascade broken down by place of follow-up, patients being
followed up outside the HNSC reached the goal. This can be explained by a possible data collection bias, where all
patients with prescriptions for treatment in the AME system from other locations were linked to other services. In
addition, HNSC patients may have even started treatment due to the lack of clinical conditions, such as neoplasms or
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Table 2 Poisson regression analysis with multivariable robust variance of significant variables in relation to steps of cascade of care of

patients diagnosed with hepatitis C virus infection at the Hospital Nossa Senhora da Conceigdo between 2015 and 2020

:;:::ii\rl‘ Pvalue as:sei?t“:::: Pvalue  Treatment Pvalue  SVR P value
Gender
Female 0.06 (0.97-1.16) 0.148 1.20 (1.03-1.40)  0.014
Male 1.00 1.00
Race
White 1.0 1.0
Non-white 0.99 (0.81-1.21)  0.931 0.95(0.72-  0.734
1.25)
Education
Illiterate 0.83 (0.67-1.03) 0.103 0.87 (0.73-1.04) 0.152 0.76 (0.53-1.09)  0.145 0.63 (0.35-  0.120
1.12)
Elementary school 0.89 (0.81-0.97) 0.014 0.94 (0.85-1.04) 0.244 0.85(0.72-1.02) ~ 0.082 0.79 (0.65-  0.014
0.95)
High school and 1.0 1.0 1.0 1.0
university
City of origin
Porto Alegre 1.0 1.0 1.0 1.0
Metropolitan region 1.11 (1.00-1.23) 0.033 1.12 (1.00-1.24) 0.034 1.19 (0.98-1.45)  0.074 1.54 (1.19-  0.001
1.98)
Countryside 1.19 (1.08-1.33) 0.001 1.14 (1.03-1.25) 0.009 1.38 (1.14-1.68)  0.001 1.62 (0.24-  0.000
2.12)
Follow-up site
HNSC 1.58 (1.43-1.75) 0.000 3.00 (2.58-3.50) 0.000 2.19 (1.80-2.65)  0.000 1.59 (1.20-  0.001
2.09)
External 1.0 1.0 1.0 1.0
Institutionalized
Yes 0.70 (0.42-117)  0.178
No 1.0
Co-infection with HBV
Yes 1.11 (0.97-1.27) 0.121
No 1.0
Co-infection with HIV
Yes 1.11 (0.97-1.27) 0.121 0.80 (0.59-1.08)  0.156
No 1.0 1.0
Cirrhosis
Yes 1.02 (0.94-1.11) 0.504 0.96 (0.90-1.03) 0.327 1.07 (0.91-1.62)  0.363 1.18 (0.91-  0.275
1.36)
No 1.0 1.0 1.0 1.0
Date of diagnosis
2015 1.0 1.0 1.0 1.0 1.000
2016 1.02 (0.90-1.16) 0.662 0.90 (0.80-1.01) 0.083 0.82 (0.65-1.03)  0.102 1.05 (0.80-  0.701
1.37)
2017 0.97 (0.84-1.12) 0.711 0.93 (0.81-1.06) 0.311 0.96 (0.76-1.20)  0.730 1.06 (0.80-  0.652
1.41)
2018 0.90 (0.77-1.05) 0.213 0.92 (0.79-1.07) 0.321 0.83 (0.64-1.07)  0.153 0.93 (0.67-  0.685
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1.30)
2019 1.02 (0.88-1.19) 0717 0.88 (0.76-1.03) 0.118 0.81(0.62-1.05) 0125 0.81(057-  0.267
1.16)
2020 1.27 (1.09-1.48) 0.002 1.03 (0.86-1.25) 0.698 1.02(0.75-139)  0.879 096 (0.66-  0.862
1.40)

P value < 0.05 was considered significant. HCV: Hepatitis C virus; SVR: Sustained virologic response; HNSC: Hospital Nossa Senhora da Conceigéo.

Table 3 Comparison between patients with hepatitis C virus infection who underwent follow-up at the Hospital Nossa Senhora da

Conceicao and external ones using Pearson’s chi-square test

HNSC External P value
Total 340 (73.8%) 121 (26.2%)
Gender 0.654
Female 161 (47.2%) 60 (49.6%)
Age (yr) 0.854
<40 60 (17.6%) 19 (15.7%)
40-59 167 (49.0%) 59 (48.8%)
> 60 114 (33.4%) 43 (35.5%)
Race 0.450
White 262 (79.2%) 91 (75.8%)
Education 0.411
Illiterate 22 (7.1%) 4 (3.5%)
Elementary school 218 (69.9%) 83 (73.5%)
High school and university 72 (23.1%) 26 (23.0%)
City of origin 0.006
Porto Alegre 121 (36.4%) 53 (43.8%)
Metropolitan region 116 (34.9%) 51 (42.1%)
Countryside 95 (28.6%) 17 (14.0%)
Cirrhosis 0.000
Yes 100 (29.3%) 7 (5.8%)

P value < 0.05 was considered significant. HNSC: Hospital Nossa Senhora da Conceigao.

serious comorbidities. Not having genotyping or HCV-PCR test within a year are also bureaucratic reasons that interfere
with the delay in starting HCV therapy, which is unfortunate given the possibility of simplified protocols with pangen-
otypic regimens[15,16].

About 90% of patients with HCV infection are cured with the new DAAs, resulting in a markedly decreased risk of
liver-related morbidity and mortality and also a drastic reduction of onward transmission[5]. Despite the high response
rate to DAAs, the SVR percentages are surprisingly low in this study, which represents the biggest “gap” among all the
cascade steps. This is due to the large number of patients with missing data after treatment, making it impossible to
confirm SVR. In addition to the collection of HCV-PCR control outside the Brazilian Unified Health System (SUS),
another reason for the ignored data would be the loss to follow-up of the patients after the completion of the treatment,
identifying the importance of implementing a strategy to enhance the rate of return of the patients after the exams[17].
The coronavirus disease 2019 pandemic had an important impact on the follow-up of these patients after treatment[18].
HNSC patients had a higher SVR and a lower number of ignored HCV-PCR tests, possibly due to less loss to follow-up.

RT-PCR collection

National data and data from the state of Rio Grande do Sul have shown a progressive decrease in reported cases of viral
hepatitis with anti-HCV reagents and concomitant HCV-PCR reagents, which may demonstrate an increase in notific-
ations of cases of serological cure, or even less access to confirmatory HCV-PCR tests[11,13]. Patients who were connected
to the hospital collected significantly more PCR-HCV, which may have been facilitated by the logistics of collecting the
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Figure 2 Cascade care of hepatitis C virus infected patients diagnosed between 2015 and 2020 at the Hospital Nossa Senhora da
Conceicao and who underwent follow-up at the Hospital Nossa Senhora da Conceigéo and elsewhere (external). HNSC: Hospital Nossa
Senhora da Conceigdo; HCV: Hepatitis C virus; SVR: Sustained virologic response.

test inside the hospital under study, after the diagnosis was made. This can also be explained by the greater severity of
the patients, as patients with comorbidities, such as HBV and HIV infections and cirrhosis, were shown to have greater
access to the test. Living in the countryside and in the metropolitan area were also significant protective factors in this
analysis for HCV-PCR collection, as most of these patients have consultations at the HNSC, possibly due to less access to
confirmatory HCV-PCR tests outside the capital Porto Alegre[13]. Patients ended up collecting more exams in 2020,
demonstrating more accessibility to the exam that year or even greater concern for investigating the disease of patients
throughout the pandemic.

Bond

Gaps occur at all stages of HCV care, with dropouts in care occurring before and after linking to specialized care[19].
Consultation at a specialized outpatient clinic is recommended in the treatment lines established in the country; however,
more recent guidelines describe the intention of training non-specialist physicians[10,14]. HNSC patients may have found
it easier to create a bond with an infectology or gastroenterology outpatient clinic because they were diagnosed in the
same hospital. On the other hand, patients from the countryside and metropolitan area, who mostly have consultations at
the HNSC, sought this service possibly due to a shortage or lack of specialized professionals in their cities of origin.

Treatment

Having hepatocellular carcinoma, decompensated cirrhosis, or other neoplasms interfere with the assessment of the
patient’s profile and with the recommendation of treatment[14]. Cirrhosis was shown to be a positive factor in the simple
analysis, which is justified by the recent finding that having advanced cirrhosis was a necessary criterion for undertaking
treatment[14]. On the other hand, co-infection with HIV and institutionalized individuals proved to be risk factors for not
undergoing treatment, and it should be noted that they are vulnerable groups[14]. The non-white race in the simple
analysis also proved to be a vulnerable group for not undergoing treatment, which reminds us of the need to consider
race in the implementation of public policies[20]. In the final analysis, the female sex obtained higher data in the
performance of treatment; however, this data contradicts the results seen previously where women, mainly young
people, tend to face barriers to engaging in any form of health care[21]. Furthermore, HCV infection rates in women of
childbearing potential have increased, making prenatal diagnosis a priority[22]. Being connected to the HNSC was
associated with a significantly higher rate of undergoing treatment, which may be related to the maintenance of follow-
up at a specialized outpatient clinic for gastroenterology and infectology services.

SVR

Having a low level of education, only elementary school, proved to be an obstacle to collecting HCV-RNA and achieving
SVR, indicating the importance of education for the perception of their health status. Counterintuitively, it is possible that
having more knowledge about the natural history of the disease is associated with greater stigma of HCV infection,
another barrier to be addressed in the continuous care of patients. The patients at the HNSC were mostly from the
countryside and metropolitan area and had cirrhosis inferring the need and demand for specialized care. Despite these
results, the training of primary care professionals is able to increase the rate of treatment of patients, with HCV cure
results in the decentralization of care similar to specialty outpatient clinics[22].
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CONCLUSION

Among the limitations of the study is our inability to determine the true rate of SVR due to the high number of missing
follow-up HCV-PCR data. Furthermore, other missing data from the HNSC medical records and external sites, important
for a thorough analysis of sociodemographic variables, are also a considerable limitation of the referred study. This study
identified that the sociodemographic characteristics of patients diagnosed with HCV infection at the HNSC are similar to
regional and national data. It was also possible to stratify relevant risk factors for patients failing to proceed along the
treatment cascade, thereby elucidating potential targeted strategies to improve care. According to the results of the
hepatitis treatment at the HNSC, the importance of specialized care was highlighted. To make hepatitis treatment more
accessible to patients in the countryside and metropolitan area, teams need to be properly trained. Given that we are far
from the goals defined by the WHO necessary for elimination of HCV as a public health problem, it is critical to
strengthen the treatment lines and facilitate care for patients not only at the HNSC, but also throughout the South region.

ARTICLE HIGHLIGHTS

Research background
Hepatitis C virus (HCV) is defined as a public health problem by the World Health Origination (WHO) and since then
has defined targets through the HCV elimination.

Research motivation

The South region of Brazil is responsible for the highest detection rate of confirmed HCV infection in the country and also
for the highest mortality rate, with higher rates than national data. Within this region, the city of Porto Alegre, in 2020
was the second capital with the highest HCV detection rate, and in 2021 the first, even higher than the national rate.

Research objectives

To define the continuity of care or treatment cascade for patients with chronic HCV infection at the Hospital Nossa
Senhora da Conceicao (HNSC) and to define sociodemographic variables that influence follow-up between each step of
the cascade.

Research methods

With the retrospective cohort design, patients diagnosed with HCV infection in the period between January 1, 2015 and
December 31, 2020 were included. Data from HCV notification forms, electronic medical records, Computerized
Laboratory Environment Manager System and Medicine Administration System (evaluation of special medications) were
collected in 2022 and all information up to that period was considered. The data were analyzed with IBM SPSS version 25,
and Poisson regression with robust simple variance was performed for analysis of variables in relation to each step of the
cascade. Variables with P < 0.20 were included in the multivariate analysis with P < 0.05 considered significant. Pearson’s
chi-square test was applied to compare the groups of patients who persisted in follow-up at the HNSC and who
underwent follow-up at other locations.

Research results

Results were lower than expected by the WHO with only 49% of candidates receiving HCV treatment and only 29%
achieving sustained virologic response (SVR), despite the 98% response rate to direct acting antivirals documented by
follow-up examination. The city of origin and the place of follow-up were the variables associated with SVR and all other
endpoints. When comparing the cascade of patients who remained assisted by the HNSC vs external patients, we
observed superior data for HNSC patients in the SVR. Patients from the countryside and metropolitan region were
mostly assisted at the HNSC and the specialized and continuous care provided at the HNSC was associated with superior
results, although the outcomes remain far from the goals set by the WHO.

Research conclusions

This study identified that the sociodemographic characteristics of patients diagnosed with HCV infection at the HNSC are
similar to regional and national data. It was also possible to stratify relevant risk factors for patients failing to proceed
along the treatment cascade, thereby elucidating potential targeted strategies to improve care. According to the results of
the hepatitis treatment at the HNSC, the importance of specialized care was highlighted. To make hepatitis treatment
more accessible to patients in the countryside and metropolitan area, teams need to be properly trained.

Research perspectives
We have the perspective that other places carry out their HCV cascade of care for stratification of local risk factors, thus
helping to eliminate hepatitis C.
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