
1

Vol.:(0123456789)

Scientific Reports |          (2022) 12:330  | https://doi.org/10.1038/s41598-021-03961-x

www.nature.com/scientificreports

Persistently high hepatitis C 
rates in haemodialysis patients 
in Brazil [a systematic review 
and meta‑analysis]
Roberta Pereira  Niquini1, Jurema Corrêa da Mota2, Leonardo Soares  Bastos3, 
Diego da Costa Moreira  Barbosa1, Juliane da Silva  Falcão1, Paloma Palmieri2, 
Patrícia Martins4, Livia Melo Villar4 & Francisco I. Bastos2*

We conducted a systematic review and meta‑analysis of studies assessing HCV infection rates in 
haemodialysis patients in Brazil (Prospero CRD #42021275068). We included studies on patients under 
haemodialysis, comprising both convenience samples and exhaustive information from selected 
services. Patients underwent HCV serological testing with or without confirmation by HCV RNA PCR. 
Exclusion criteria were the following: absence of primary empirical information and studies without 
information on their respective settings, study year, accurate infection rates, or full specification 
of diagnostic tests. Studies with samples ≤ 30 and serial assessments with repeated information 
were also excluded. Reference databases included PubMed, LILACS, Scopus, and Web of Science 
for the period 1989–2019. A systematic review was carried out, followed by two independent meta‑
analyses: (i) studies with data on HCV prevalence and (ii) studies with a confirmatory PCR (i.e., active 
infection), respectively. A comprehensive set of different methods and procedures were used: forest 
plots and respective statistics, polynomial regression, meta‑regression, subgroup influence, quality 
assessment, and trim‑and‑fill analysis. 29 studies and 11,290 individuals were assessed. The average 
time patients were in haemodialysis varied from 23.5 to 56.3 months. Prevalence of HCV infection 
was highly heterogeneous, with a pronounced decrease from 1992 to 2001, followed by a plateau 
and a slight decrease in recent years. The summary measure for HCV prevalence was 34% (95% CI 
26–43%) for studies implemented before 2001. For studies implemented after 2001, the corresponding 
summary measure was 11% (95% CI 8–15%). Estimates for prevalence of active HCV infection were 
also highly heterogeneous. There was a marked decline from 1996 to 2001, followed by a plateau 
and a slight increase after 2010. The summary measure for active HCV infection was 19% (95% CI 
15–25%) in studies carried out before 2001. For studies implemented after 2001, the corresponding 
summary measure was 9% (95% CI 6–13%). Heterogeneity was pervasive, but different analyses 
helped to identify its underlying sources. Besides the year each study was conducted, the findings 
differed markedly between geographic regions and were heavily influenced by the size of the studies 
and publication biases. Our systematic review and meta‑analysis documented a substantial decline in 
HCV prevalence among Brazilian haemodialysis patients from 1992 to 2015. CKD should be targeted 
with specific interventions to prevent HCV infection, and if prevention fails, prompt diagnosis and 
treatment. Although the goal of HCV elimination by 2030 in Brazil remains elusive, it is necessary to 
adopt measures to achieve micro‑elimination and to launch initiatives towards targeted interventions 
to curb the spread of HCV in people with CKD, among other high‑risk groups. This is of particular 
concern in the context of a protracted COVID‑19 pandemic and a major economic and political crisis.
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Hepatitis C infection is widespread in the world, despite concerted efforts by international agencies such as the 
World Health Organization (WHO) and different national health systems to curb the disease and ideally to 
eliminate it by  20301. Currently, the prospects for timely elimination of hepatitis C remain elusive, and several 
authors have focused on the concept of micro-elimination, i.e., elimination of hepatitis C in some populations 
and  contexts2. Unfortunately, this is not the case of people with CKD in haemodialysis. They continue to be 
disproportionately affected by hepatitis C and several other  infections3.

Severe renal failure (SRF) is a serious, potentially life-threatening medical condition. SRF is a likely outcome 
of chronic kidney disease (CKD) when several underlying conditions such as diabetes, hypertension, chronic 
renal infection, and renal cancer may lead to a progressive decrease in the glomerular filtration rate (GFR) and 
the decrease cannot be reversed or at least substantially  ameliorated4. SRF can evolve to end stage kidney disease.

The management of end stage kidney disease usually includes haemodialysis and kidney transplantation. 
Dialysis is key, since it is both an essential strategy for keeping patients with severe renal failure alive and healthy 
as well as an interim procedure to keep patients fit for kidney  transplantation5. In Brazil, the process mediating 
the demand for kidney transplantation has been both complex and  slow6.

Patients with SRF have to deal with a severe medical condition, subjected to a chronic, invasive interven-
tion, namely haemodialysis, and suffering from the stress and anxiety associated with long waiting lines for 
 transplantation7 (on waiting lines for lung transplantation and associated psychological distress).

Despite the efficient control of HCV infection in this group of patients in some high-income countries, this is 
unfortunately not the case of Brazil, a middle-income country with a population of more than 213 million. Con-
sidering both the persistently high HCV infection rates over the years as well as the magnitude of even relatively 
rare conditions when considering the high numbers of patients, it is crucial to address this challenge in Brazil.

The current article focuses on one such infection or disease: HCV infections or hepatitis C among haemo-
dialysis patients. We conducted a systematic review and meta-analysis of studies assessing HCV infection rates 
in haemodialysis patients in Brazil.

Background
We conducted a systematic review and meta-analysis of studies assessing HCV infection rates in haemodialysis 
patients in Brazil (Prospero CRD #42021275068).

The main objective of the review and meta-analysis was to assess the HCV infection rates and prevalence 
of active infection among patients under haemodialysis. This information is key to any effort to achieve micro-
elimination of hepatitis  C8 and to call the attention of policymakers, administrators, and health professionals to 
the pressing need to prevent HCV infection in this population and to provide comprehensive care and prompt 
treatment when infection takes place.

In full agreement with PROSPERO’s registration rules and the PRISMA statement (see Web Appendix 6), 
we conducted a comprehensive search and extraction of references as detailed in the Web Appendix 1. This 
search and extraction included papers from 2020, documenting a dire picture of the SARS-CoV-2 pandemic in 
Brazil and of services affected by dramatic budgetary constraints. Although these articles were not included in 
the present study, since major contextual changes and competitive risks of dying from COVID-19 confound the 
findings from previous studies, they lent a new purpose to the current study: to function as a baseline for a future 
when the COVID-19 epidemic is curbed in Brazil and the various levels of health services are fully  restored9.

Methods
The systematic search deployed a procedure conducted in the reference databases as follows: PubMed, Scopus, 
Web of Science/ISI (Core Collection), and LILACS. The search covered articles published up to December 31, 
2019. The procedures and scripts used in the search process are available in Web Appendix 1.

Programming uses the tools provided by the databases themselves. Data were extracted using  Zotero10. A 
preliminary search and extraction were performed by three authors of the current article (RPN, DCMB, and 
JSF), using a blinded procedure and the search terms defined in the article´s original version.

In agreement with the requirements by PROSPERO and the suggestions submitted to the authors by an 
anonymous reviewer, search strategies were redefined and substantially broadened. Entirely new searches were 
performed, as well as a new round of extraction. This second and final procedures were performed independently 
by two other authors (JCM and FIB). The second search and extraction allowed the authors to double-check 
previous findings and to implement a comprehensive quality assessment of the articles.

Papers from 2020 were searched and extracted, but not included in our study. The COVID-19 epidemic has 
heavily affected the Brazilian healthcare system as a whole and specifically hit the haemodialysis centres. The 
latter are on the verge of collapse. The full impact of the COVID-19 epidemic on haemodialysis has still not been 
properly evaluated, and information remains far from  comprehensive11.

Additional searches were performed in LILACS using the equivalent terms in Spanish and Portuguese.

Inclusion criteria. Articles included in this study followed three basic criteria:

(1) Assessment of the target population (haemodialysis patients in Brazilian healthcare units) whether or not 
as the respective article’s exclusive focus;

(2) Probabilistic samples of the population covered by a given healthcare unit or network of facilities, or adop-
tion of a census approach (i.e., aimed to include all patients from a given setting/service or network of 
facilities);

(3) Performance of HCV serological tests with or without further confirmation using HCV RNA PCR (poly-
merase chain reaction).
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Exclusion criteria. The following criteria were used to exclude articles from the current review:

(1) Studies exclusively based on secondary data, with no first-hand empirical data (i.e., the researchers asked 
local managers to send the data, but did not double-check the data through any on-site assessment);

(2) Failure to provide basic information on the sites where the studies were performed (at least the municipality 
or state of Brazil). There were no nationwide studies. A survey by the Brazilian Society of Nephrology was 
not a nationwide study but a compilation of data from responses summarized via surface mail, as discussed 
in detail below;

(3) Lack of information on the year the study was performed. Multi-year studies comprising serial assessments 
of the same service were presented as individual studies per year, that is, as many times as the assessment 
took place. No longitudinal studies were identified;

(4) Lack of information on the sample size, or samples with fewer than 30 patients (in order to avoid the small 
numbers  fallacy12;

(5) Lack of information on HCV infection rates in the target population or insufficient reliable data that might 
help calculate the rate;

(6) Lack of information on the test(s) used to diagnose HCV infection;
(7) Studies that used no additional tests besides first and second-generation ELISA/EIA (since their lower 

sensitivity and specificity can introduce further heterogeneity and less accuracy in the efforts to find reli-
able pooled estimates of point prevalence and respective confidence intervals)13,14;

(8) Studies that only provided data on “dialysis”, without further specifying subsets of patients in peritoneal 
dialysis versus haemodialysis and the respective prevalence rates;

(9) Studies in a series assessing the same sample. In this case, our review only included the most comprehensive 
study in the series (to avoid duplicate/multiple counts of the same group of patients).

The criteria are consistent with the CoCoPop guidelines, which are fully described in the Web Appendix 
2. The review followed the standard steps and procedures in full agreement with the PRISMA statement and 
different tutorials (e.g. https:// guides. libra ry. corne ll. edu/ evide nce- synth esis/ servi ce). Steps and procedures are 
fully described in Web Appendix 1.

Steps and procedures. The first step was a detailed reading by independent reviewers of the titles of all 
articles selected with the search algorithm. Articles with no clear link to the study’s purpose and inclusion crite-
ria were excluded before any further steps.

The second step consisted of the analysis of the contents of abstracts from all the articles approved in step 
1. Abstracts were screened for their relevance to the study’s objectives and criteria. When the abstracts/articles 
were consistent with these criteria, the full texts were read by the reviewers.

The reviewers extracted core information from the articles selected for full-text reading, using a standard 
form completed independently by each of the three reviewers. The standard form included the following vari-
ables: name of the first author; the year(s) the study was implemented and concluded; the major geographic 
region of Brazil (among five) where the study was conducted; the target population/patient group; sample size; 
laboratory tests used for diagnosis of HCV infection; prevalence of HCV infection; proportion (%) of individuals 
who had ever received blood/blood products; average age (in years) of the haemodialysis patients; and average 
time on haemodialysis. Averages were defined as arithmetic means. In the absence of means, the medians or 
interpolated values were used.

The fourth and final step consisted of the application of the exclusion criteria to all the articles. When the three 
independent reviewers failed to reach the same decision, the article was discussed until a consensus was reached.

Data analysis. Two independent meta-analyses of the data were carried out. The first included all studies 
with data on HCV prevalence, defined by third-generation ELISA (enzyme-linked immunosorbent assay) (here-
inafter “III”), MEIA (microparticle enzyme immunoassay), or EIA (enzyme immunoassay).

Articles in which HCV prevalence was defined according to positive ELISA III results with or without addi-
tional tests such as LIA (line immunoassay) were included. For articles in which HCV prevalence was defined 
according to CLIA (chemiluminescence immune assay) and ECLIA (electro-chemiluminescence immunoassay) 
(taken together), this option was also defined for our purposes as a valid diagnosis of HCV infection.

The second analysis included all studies selected for the first analysis with a confirmatory test using PCR 
(polymerase chain reaction). The combination indicates active infection, i.e., that HCV persists in the individual 
and viral load exceeds the detection threshold.

The findings from the two analyses were summarized and displayed as graphs showing HCV prevalence 
according to the year the study was implemented (to distinguish between the time when the fieldwork began 
and the respective study’s actual publication). The five major geographic regions of Brazil were displayed with 
different colours. The major geographic regions represent the gross geographic division of the country, as defined 
by the Brazilian Institute of Geography and Statistics (IBGE).

The analyses and corresponding graphs made the following assumptions: (i) the number of HCV-positive 
patients in each study Y followed a binomial distribution, with a parameter n corresponding to the number of 
patients tested in the context of each study and (ii) the a priori distribution was also assumed as uniform (0, 1) 
for the different studies.

The subsequent distribution of studies was defined as a beta (β) distribution (y + 1, n-y + 1). The 95% cred-
ibility intervals were calculated based on this distribution.

https://guides.library.cornell.edu/evidence-synthesis/service
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The graphs were produced by fitting a local polynomial regression (loess), taking the year each study was 
launched and a posteriori mean prevalence as the predictor.

Based on data and graphs, study heterogeneity  (I2 statistics) was  calculated15. Study heterogeneity was clas-
sified according to the criteria proposed by Higgins et al.16: absence of any relevant heterogeneity for  I2 values 
close to 0%; and heterogeneities defined as low, moderate, and high for levels of 25%, 50%, and 75%, respectively.

Meta-analyses were implemented to calculate the summary statistics, comprising point estimates and their 
respective 95% confidence intervals (95% CIs). The studies were divided into two subsets, before versus after 
2001. This year was defined as the cut-off, because after 2001 standards for the operation of health units perform-
ing haemodialysis were issued by the Brazilian Ministry of Health (BMoH)17,18. We also estimated prevalence 
rates and respective 95% CIs for each major geographic region of Brazil, before and after 2001, using random 
effects models.

All the analyses were performed with the open-source software R 3.6.319. The R scripts are available on request.
A comprehensive set of complementary analyses based on classic statistics was carried out and is available 

in Web Appendix 3.
The statistics comprise the analyses as follows, in full compliance with the PRISMA statement and respective 

checklist, as available in the specific final Web Appendix 6: forest plots and their respective statistics, subgroup 
analysis, meta-regression, and influence analysis, as well as the assessment of publication biases using the trim-
and-fill statistics based on funnel plot graphs.

The findings are briefly mentioned in the body of the article and are presented and discussed in detail in the 
abovementioned Web Appendix 3.

The quality assessment is summarized in Web Appendix 4. After the extraction of articles from 2020, which 
were not included in this study, we realized that information on tests might be confused by suboptimal descrip-
tions. We decided to double-check all information vis-à-vis a comprehensive spreadsheet downloaded from the 
ANVISA website and further verified after a formal request to the agency (Protocol 2021195961). Full informa-
tion is available in Web Appendix 5.

Results
The final search strategy yielded 292 articles (54 from PubMed/Medline, 76 from SCOPUS, 58 from Web of Sci-
ence, and 87 from LILACS). Due to overlapping, 58 duplicate articles (retrieved from more than one database) 
were excluded.

Figure 1 shows the results of the successive steps and their respective numbers.
Among the remaining 211 articles, 69 were excluded after independent assessments of their titles. Sixty-three 

were excluded after assessing their abstracts. Seventy-nine articles were then read as full texts. After this last step, 
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Articles assessed by the titles
(n = 211) Excluded (n = 69)
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• No information about site or year/outside Brasil (n = 11)
• Population differs from target population (n = 12)
• No information about test diagnosis/1st or 2st generation 
test diagnosis (n = 10)
• Is not a prevalence study (n= 2)
• Participants < 30 (n = 1)
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Figure 1.  Flow of information and stages of the systematic review.
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29 articles were selected for the systematic review and meta-analysis. The new round of searches and extraction 
after registration in PROSPERO is described in full in Web Appendix 1 and was included in the revised Fig. 1.

Two  studies20,21 presented data for three periods (1993, 1996, and 1999) and two periods (2000–2002 and 
2006), respectively. Data were stratified according to the above-mentioned periods of data collection. Thus, 
although 29 articles were analysed, the N for point prevalence and respective 95% CIs was 32 (Table 1).

Overall, 28.1% (n = 9) studies were based on data from the South of Brazil, 25.0% (n = 8) from the Northeast, 
21.9% (n = 7) from the Central-West, and 12.5% (n = 4) from both the North and the Southeast. A total of 11,290 
individuals were assessed in the pooled analyses, 32.9% (n = 3717) of which from the Northeast, 26.6% (n = 3005) 
from the Central-West, 17.5% (n = 1974) from the South, 15.0% (n = 1687) from the North, and 8.0% (n = 907) 
from Southeast (Table 1). More than half (62.5% [n = 20]) of the studies were conducted after 2001 (Table 1).

The point prevalence estimates varied substantially, from as high as 68.0% in a study in 1992 in Southeast 
 Brazil22 to as low as 2.8% in a study in 2014 in the  North23. Studies addressing active HCV infection, i.e., consist-
ing of patients that tested for HCV antibodies and HCV-RNA, also varied considerably, but not as much as in 
the previous studies. The highest point prevalence for active HCV infection was 27.3%, in a study in 1998 in the 
 South24, whilst the lowest was 2.9%, in a study in 2006, also in the  South21 (Table 1).

Besides the comprehensive list presented in Table 1, findings were depicted as forest plots (Web Appendix 3). 
Summary measures and respective statistics using both fixed effects models (FEM) and random effects models 
(REM) are presented in Web Appendix 3.

Findings from all the analyses are presented, despite some occasional minor discrepancies may be observed. 
We opted for a full presentation of all the findings, aiming to improve transparency and  reproducibility25.

Table 1.  Prevalence rates of HCV infection in haemodialysis patients in Brazil according to major geographic 
region in which the study was conducted, year of start of study, and study population/sample size. Studios that 
used different diagnostic method: aELISA + and LIA + ; bEIA III + ; cELISA III + or  Detect® for HCV, version 3.0, 
ALKA laboratory; dMEIA III + ; eCLIA + and ECLIA + ; fLIA + and PCR +.

Author (year) Region of Brazil Year of start of study Year of end of study n
Hepatitis C prevalence (prior 
contact with HCV)

Hepatitis C prevalence (active 
HCV infection)

de Oliveira et al.,  200122 SE 1992 1992 125 68.00 –

Carneiro et al.,  200520 CO 1993 1993 153 28.20a –

Carneiro et al.,  200520 CO 1996 1996 282 34.70a –

Carrilho et al.,  200426 S 1996 1997 813 33.95 21.03

de Medeiros et al.,  200427 NE 1997 1997 746 52.28 –

Moreira et al.,  200328 SE 1997 1998 281 11.74 8.19

Carneiro et al.,  200129 CO 1998 1998 428 43.22 24.77f

Carvalho et al.,  199924 S 1998 1998 74 39.19 27.03

Carneiro et al.,  200520 CO 1999 1999 451 37.80a –

Busek et al.,  200230 SE 2000 2000 265 23.77b 22.64

Callegaro et al.,  200621 S 2000 2002 71 21.13 16.90

Dotta et al., 31 S 2000 2000 128 31.25 18.75

Choi et al.,  200332 S 2001 2001 47 36.17 –

Souza et al.,  200333 N 2001 2001 100 13.00 11.00

Carneiro et al.,  200734 CO 2002 2002 1095 16.44 10.96

de Albuquerque et al.,  200535 NE 2002 2002 250 8.40 7.60

Florentino,  200436 NE 2002 2002 188 4.79c 3.70

Santos and Souto,  200737 CO 2002 2005 433 16.86d –

Silva et al.,  200638 NE 2002 2002 1243 10.46 7.40

Bessa et al.,  200939 NE 2003 2003 241 9.13 –

Freitas et al.,  200840 CO 2003 2003 163 11.66 7.36f

Galperim et al.,  201041 S 2005 2006 325 32.92 20.92

Callegaro et al.,  200621 S 2006 2006 70 10.00 2.86

Maia et al.,  200942 N 2006 2007 395 13.92 –

Leão et al.,  201043 SE 2007 2007 236 14.83 10.59

da Silva et al.,  201344 S 2009 2010 159 23.27 23.27

Fontenele et al.,  201545 NE 2010 2013 301 4.98 4.65

Rodrigues de Freitas et al.,  201346 N 2011 2011 798 8.40 5.26

Santos, et al.,  201747 NE 2011 2011 605 3.14e –

Vidales-Braz et al.,  201548 S 2012 2013 287 19.16 19.16

Barbosa JR et al.,  201749 NE 2014 2015 143 12.59 –

Cordeiro VM et al.,  201823 N 2014 2015 394 2.80 –
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Considering the above-mentioned stratification of two articles (n = 32 for 29 articles), 34.4% (n = 11) were 
conducted in a single healthcare unit where haemodialysis was performed, whilst 15.6% (n = 5) analysed data 
from a pool of 10 or more facilities. The great majority of articles (96.9%), considering the same stratification, 
followed a census design, i.e., researchers ordered testing for each single patient. However, 62.5% (n = 20) did not 
provide any information on refusals (Table 2 and Web Appendix 2). Since refusals and non-response are likely 
to be differential, the absence of this information represents a limitation.

Considering the 23 studies with data on the central tendency measures of patients’ age, the lowest age was 
42.2  years20 and the highest was 56.9  years44. The weighted average for the 23 studies with available data on age 
was 48.3 years, with lower ages in studies before 2001 (n = 8; 45.7 years) and higher ages (49.9 years) in studies 
after 2001 (n = 15) (Table 2).

Information on age range was available in 16 studies. Half of the studies only included patients over Brazil’s 
age of majority (18), whilst the other half also included children and adolescents. Data on the latter (numbers 
and/or proportions) were not available in the original studies and could not be obtained from the authors (Table 2 
and Web Appendix 2).

The average time patients were in haemodialysis varied from 23.5  months33 to 56.3  months41. The weighted 
average (considering studies with available data [n = 20] and their respective samples) was 39.3 months; lower 
(35.1 months) for studies launched before 2001 (n = 6) and higher (40.9 months) for those after 2001 (n = 14) 
(Table 2).

The proportion (%) of patients that reported having received blood and/or blood products varied from 32.945 
to 96.0%33. The weighted average for studies that provided this information (n = 15) was 74.3%; higher (75.4%) 
among studies launched before 2001 (n = 3) and lower (73.8%) for those after 2001 (n = 12) (Table 2).

Table 2.  Characteristics of study populations in articles selected to estimate prevalence rates of HCV 
infection in haemodialysis patients in Brazil. NI not informed, amedian calculated via linear interpolation of 
accumulated distribution of time in dialysis; bweighted mean of medians.

Author (year) Population or sample (% refusals)

Age (in years) Duration of haemodialysis in 
months (central tendency) Lifetime blood transfusion (%)Central tendency Min Max

de Oliveira et al.,  200122 Pop. from 1 clinic (NI) – – – – –

Carneiro et al.,  200520 Pop. from 8 clinics (NI) 42.2 – – 32.9a –

Carneiro et al.,  200520 Pop. from 10 clinics (NI) 43.3 – – 28.0a –

Carrilho et al.,  200426 Pop. from 22 clinics (0%) 47.1 14 86 32.1 64.9

de Medeiros et al.,  200427 Pop. from 12 clinics (0%) 43.5 10 86 – 90.7

Moreira et al.,  200328 Pop de 2 clinics (NI) – 18 – – –

Carneiro et al.,  200129 Pop. from 8 clinics (0%) 46.1 9 70 – –

Carvalho et al.,  199924 Pop. from 1 clinic (NI) 49.8 – – 41.4 –

Carneiro et al.,  200520 Pop. from 8 clinics (NI) 45.3 – – 40.8a –

Busek et al.,  200230 Pop. from 2 clinics (NI) – – – – –

Callegaro et al.,  200621 Pop. from 1 clinic (NI) – – – – –

Dotta et al., 31 Pop. from 3 clinics (NI) 56.5 – – 48.6 52.3

Choi et al.,  200332 Pop. from 1 clinic (NI) 50.3 – – 49.6 –

Souza et al.,  200333 Pop. from 1 clinic (0%) 47.6 13 82 23.5a 96.0

Carneiro et al.,  200734 Pop de 15 clinics (0%) 49.3 3 97 30.8a 82.2

de Albuquerque et al.,  200535 Pop. from 1 clinic (3%) 46.0 17 92 52.3a 64.4

Florentino,  200436 Pop. from 4 clinics (NI) 46.2 12 84 29.0 44.1

Santos and Souto,  200737 Pop. from 6 clinics (NI) 50.0 – – 43.0 84.1

Silva et al.,  200638 Pop. from 10 clinics (NI) – – – – –

Bessa et al.,  200939 Pop. from 1 clinic (0%) – – – – –

Freitas et al.,  200840 Sample, 5 clinics (NI) 48.0 13 83 40.9a 80.4

Galperim et al.,  201041 Pop. from 4 clinics (NI) 54.4 22 90 56.3 76.0

Callegaro et al.,  200621 Pop. from 1 clinic (NI) – – – – –

Maia et al.,  200942 Pop de 1 clinic (NI) – – – – –

Leão et al.,  201043 Pop. from 1 clinic (0%) 55.1 – – 46.2 74.0

da Silva et al.,  201344 Pop. from 2 clinics (NI) 56.9 18 – 55.1 94.3

Fontenele et al.,  201545 Pop. from 2 clinic (12%) 49.0 11 84 40.0 32.9

Rodrigues de Freitas et al.,  201346 Pop de 7 clinics (1%) 49.0 18 88 40.7a –

Santos, et al.,  201747 Pop. from 4 clinics (5%) 47.9b 18 – 47.1b –

Vidales-Braz et al.,  201548 Pop. from 3 clinics (NI) – – – – –

Barbosa et al.,  201749 Pop. from 1 clinic (NI) 48.0 18 – – 62.9

Cordeiro et al.,  201823 Pop. from 4 clinics (7%) 53.4 18 90 38.7a 76.3



7

Vol.:(0123456789)

Scientific Reports |          (2022) 12:330  | https://doi.org/10.1038/s41598-021-03961-x

www.nature.com/scientificreports/

Prevalence of HCV infection (defined as a positive HCV antibody test) among the pool of studies on haemo-
dialysis patients was highly heterogeneous  (I2 = 98), with a pronounced decrease from 1992 to 2001, followed by 
a plateau and a slight decrease in recent years (Fig. 2).

Additional analyses presented in detail in the Web Appendix 3 show that such heterogeneities involve a com-
plex combination of several factors, among them the year each study was carried out and the geographic region. 
These two factors are expected, given Brazil´s deep regional heterogeneity and the abovementioned decline of 
HCV prevalence over time.

But other factors are also key: studies summarise data from health services with heterogeneous clienteles, 
including small clinics as well as large referral centres, and there are relevant publication biases (as shown by the 
trim-and-fill statistics and the underlying funnel plots; Web Appendix 3).

As discussed below, nothing can be inferred about services which are not officially registered or for which 
the official registration has not been updated. There is no comprehensive and updated registry, precluding the 
matching of studies and the database partially updated by the surveys conducted by the Brazilian Society of 
Nephrology (as discussed below).

Finally, Baujat plots (Web Appendix 3) evidenced the influence of studies whose findings should be viewed as 
outliers. They were not excluded from the analysis, but rather analysed in detail in the abovementioned Appendix.

The summary measure for HCV prevalence was 34% (95% CI 26–43%) for studies implemented before 2001, 
with a high degree of heterogeneity  (I2 = 96%). For studies launched after 2001, the corresponding summary 
measure was 11% (95% CI 8–15%), with persistently high heterogeneity  (I2 = 95%).

Estimates for prevalence of active HCV infection (i.e., patients with both positive HCV antibody and HCV-
RNA results) were also highly heterogeneous  (I2 = 94%). There was a marked decline from 1996 to 2001, followed 
by a plateau and a slight increase after 2010 (Fig. 3). The summary measure for active HCV infection was 19% 

Figure 2.  Prevalence rates of HCV infection and 95% credibility intervals in haemodialysis patients in Brazil 
from 1992 to 2015 according to major geographic region.

Figure 3.  Prevalence rates for active HCV infection and 95% credibility intervals in haemodialysis patients in 
Brazil from 1996 to 2013 according to major geographic region of Brazil in which the studies were performed.
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(95% CI 15–25%) in studies launched before 2001, with a high degree of heterogeneity  (I2 = 86%). For studies 
implemented after 2001, the corresponding summary measure was 9% (95% CI 6–13%), again with high het-
erogeneity  (I2 = 93%) (Fig. 3).

The results from the random effects models fitted to data from studies implemented before 2001 (the cut-
off we adopted for the entire period) for HCV prevalence (anti-HCV positivity) were as follows: 52% (95% CI 
35–70%) in Northeast Brazil, 36% (95% CI 19–52%) in the Central-West, and 31% (95% CI 15–47%) in the South 
and Southeast. No studies were conducted in the North of Brazil in that period (Table 3).

Prevalence of active HCV infection (i.e., positive HCV antibody + HCV-RNA) was as follows: 25% (95% CI 
6–44%) in the Central-West, 21% (95% CI 3–38%) in the South, and 14% (95% CI 7–30%) in the Southeast. No 
estimates were available for the North or Northeast since no studies reported on the two tests in those regions 
during the period (Table 3).

The results from the random effects models fitted to data from studies implemented after 2001 for HCV 
prevalence were as follows: 23% (95% CI 9–33%) in the South, 15% (95% CI 3–27%) in the Central-West, 15% 
(95% CI 2–27%) in the Southeast, 8% (95% CI 4–18%) in the North, and 7% (95% CI 5–16%) in the Northeast. 
For active HCV infection, the results were as follows: 18% (95% CI 1–35%) in the South, 10% (95% CI 9–23%) 
in the Central-West, 11% (95% CI 7–24%) in the Southeast, 7% (95% CI 4–17%) in the North, and 6% (95% CI 
5–17%) in the Northeast (Table 3).

The findings summarised in Web Appendix 4 show that some studies have information gaps and caveats. 
Statistical procedures were used to extract the best available information from them. Two senior authors (FIB and 
LMV) did their best to complement the available information by contacting authors, who, as a rule, are members 
of their network of peers. Some incremental information was obtained and included in Web Appendix 4.

Cross-comparison of the diagnostic tests used in the studies and the ANVISA spreadsheet on valid texts 
did not show any study using non-valid diagnostic kits or kits used after their official expiration, as defined by 
ANVISA.

Discussion
Our study documented a substantial decline in HCV prevalence among Brazilian haemodialysis patients from 
1992 to 2015. These findings are corroborated by data from the surveys conducted by the Brazilian Society of 
Nephrology (SBN in the Portuguese acronym). The SBN reported a pronounced decline from 1999 to 2018 with 
prevalence rates of 19.9% and 3.2%, respectively, in the network of clinics under the SBN  umbrella50,51.

These are optimistic findings, roughly comparable to those of a recent study in the United  States52. However, 
Brazil is a highly heterogeneous country, and results from pooled surveys of officially accredited clinics should 
be viewed with caution.

The surveys conducted by the SBN were not included in the current meta-analysis: (i) they are not first-hand 
empirical studies, but rather web surveys, and the haemodialysis clinics complete the e-forms on a voluntary 
basis, with no subsequent double-checking; (ii) haemodialysis and peritoneal dialysis are frequently pooled 
indistinguishably; and (iii) a progressive decrease in the proportion of services with valid responses has been 
observed over time, with a 37% response rate in  201851.

Both the SBN web surveys and our own review were subject to biases, although to a much lesser extent in 
our review and meta-analysis. Empirical studies tend to be implemented in more accessible services with better 
infrastructure. Thus, neither our study nor the SBN surveys can properly overcome the limitation secondary to 
“invisible” services. Publication bias was made evident in Web Appendix 3. The trim-and-fill analysis allows to 
include hypothetical studies, depicted as blank circles.

Some services are simply excluded from any assessment and lack the necessary accountability. Such “invisible” 
services are likely to perform worse with the management of equipment and supplies. Therefore, they may have 
higher rates of various infections, including HCV. However, this limitation cannot be addressed fully without 
a comprehensive nationwide survey including all haemodialysis clinics, regardless of affiliation with the SBN.

For studies implemented from 2001 to 2015, the summary measures were 11% for HCV prevalence (95% CI 
8–15%) and 9% for active HCV infection (95% CI 6–13%), with pronounced heterogeneity. For the same period, 
estimates of HCV prevalence made available by the Brazilian Society of Nephrology varied from 4 to 17%, with a 
progressive decline over time, unfortunately in tandem with a progressive decrease in the proportion of services 
that provided valid responses to the SBN web survey  itself50,53.

Table 3.  Results of binomial logistic models fitted to data from studies implemented before and after 2001 
for HCV prevalence (positive HCV antibody test) and prevalence of active HCV infection (positive HCV 
antibody + HCV-RNA). NA: No estimates were available, since no study was implemented in that time frame.

Macro-region

HCV prevalence (positive HCV antibody test)
Prevalence for active HCV infection (positive HCV 
antibody + HCV-RNA)

Before 2001 After 2001 Before 2001 After 2001

Northeast 52.3% (95% CI 48.7–55.8%) 7.9% (95% CI 6.9–8.9%) NA 6.7% (95% CI 5.6–7.8%)

Central-West 37.7% (95% CI 35.1–40.4%) 16.1% (95% CI 14.4–17.9%) 24.8% (95% CI 20.8–29.0%) 10.5% (95% CI 8.9–12.3%)

South 33.1% (95% CI 30.4–36.0%) 25.1% (95% CI 22.3–28.0%) 20.9% (95% CI 18.5–23.4%) 19.3% (95% CI 16.7–22.0%)

Southeast 27.0% (95% CI 23.7–30.4%) 14.8% (95% CI 10.7–17.7%) 15.2% (95% CI 12.3–18.4%) 10.6% (95% CI 7.1–14.9%)

North NA 8.7% (95% CI 7.4–10.1%) NA 5.9% (95% CI 4.5–7.6%)
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It is essential to compare our findings with those of the single nationwide population-based survey on hepa-
titis C in Brazil. This probability survey, implemented in 2005–2009, found an overall estimate of 1.4% (95% CI 
1.1–1.6%) in Brazil’s general  population54. Such figures are substantially lower than our summary measure for 
the pool of studies implemented after 2001 (11%). Therefore, patients with CKD should be targeted with specific 
interventions to prevent HCV infection, and if prevention fails, prompt diagnosis and treatment.

There are relevant limitations that recommend caution when interpreting the findings of our systematic review 
as well as the summary measures of our meta-analysis:

 i. The overall quality of original papers is far from optimal (as detailed in Web Appendix 4). Whatever the 
statistical analyses that might be used to address such a limitation, far from optimal quality of original 
data constitutes an insurmountable limitation;

 ii. There is pronounced heterogeneity between (and within) Brazil’s five major geographic regions. Our study 
basically addressed interregional heterogeneities to avoid dealing with the small numbers in intraregional 
heterogeneities;

 iii. There is a pronounced under-representation of the Southeast, which is the most densely populated and 
most industrialized region of Brazil. According to the National Censuses of 2000 and 2010 and estimates 
for 2020 by the IBGE (Brazilian Institute of Geography and Statistics), more than 40% of all Brazilians 
live in the  Southeast55. This region concentrates roughly 50% of the country’s haemodialysis  services51. In 
our study, only 12.5% of the studies were conducted in services located in the Southeast, corresponding 
to 8.0% of the overall sample. Such pronounced underestimation appears to be associated with a high 
degree of redundancy: whereas some referral services have been repeatedly assessed over time, a fraction 
of services remain “invisible”.

 iv. As explained in detail in Web Appendix 1, ANVISA did not provide us with information on tests that 
might have been used in the field before (or without) the agency’s official authorization. However, this 
possibility is highly unlikely since use of unauthorized tests would be defined as a crime. Besides com-
promising any study’s integrity, it could lead to criminal prosecution of the perpetrators.

 v. The available data probably underestimate the actual infection rates. Even third-generation immunoas-
says can yield false-negative results. The latter tend to be especially relevant among immunosuppressed 
patients, as frequently happens with CKD patients in haemodialysis, including low and/or intermittent 
viremia, besides poor antibody  responses56.

Our estimates of HCV prevalence (after 2001) for the five major geographic regions of Brazil included those 
published by the Brazilian Society of Nephrology for 2002: Northeast (12%); Central-West (12%); South (20%); 
Southeast (15%); and North (12%)50. Both our study and the SBN survey highlight the South as the region of 
Brazil with the highest HCV infection rates in haemodialysis patients.

Considering the South of Brazil as a sentinel setting to target with preventive and/or curative interventions, 
it is important to note that HCV prevalence there (23%, 95% CI 9–38%) is comparable (with overlapping 95% 
CIs) to the prevalence rates in Iraq (20%; 95% CI 12–28%) and Turkey (23%; 95% CI 18–28%) and lower than 
the prevalence rates reported in Egypt (50%; 95% CI 46–55%) and Syria (54%; 95% CI 50–59%), according to 
a meta-analysis of studies conducted from 2006 to  201657. For historical reasons, Egypt has the world’s highest 
HCV  rates58, and Syria has been affected by a prolonged civil war, impacting the country’s overall infrastructure, 
including health  services59.

A review of articles published before 1999 highlighted marked heterogeneity in a wide range of countries. 
Although it is difficult to infer consistent information for such a large, heterogeneous pool of countries, one 
can easily conclude that before the twenty-first century, HCV control in haemodialysis patients was far from 
optimal everywhere in the world, as shown by the following HCV prevalence rates: 4–14% in the UK, 5–10% in 
Denmark, 12% in Sweden, 12% in India, 4–23% in Germany, 14%, 5–44% in the  USA60. Rates as high as 71% in 
Kuwait or exceeding 40% in a long list of countries should obviously be defined as a totally uncontrolled situa-
tion and as a major source of new HCV infections. And this public health disaster struck when treatment was 
far from adequate.

With strict adherence to biosafety standards concerning equipment, supplies, and health workers and ancillary 
staff, most high-income and some middle-income countries have curbed various infections in haemodialysis 
patients. In Brazil, the impact of such procedures appears to be mixed, with some referral centres presenting 
infection rates comparable to high-income countries, whereas other centres present persistently high rates of 
various infections, including HCV. The lack of comprehensive multi-centre studies precluded a careful assess-
ment of services located in the most deprived areas or the adoption of sound  policies61.

A substantial decrease has been observed, still far from optimal. Improvements have been uneven, with major 
advances in some services and no discernible improvement in others, where even the most basic information 
is simply lacking.

Unfortunately, with the emergence of COVID-19 and the inadequate response by the Brazilian  government62 
most health services, including haemodialysis centres, faced major disruptions. The effects of the epidemic have 
been combined with a deep political and economic  crisis62, with a shrinking budget and permanent threats to 
democratic institutions, such as the Supreme  Court63, and the legislation and norms issued by them.

Although far from systematic, some preliminary evaluations published in  202011 as well as anecdotal reports 
by the  media64 suggest that we may have been facing a “perfect storm”. These unfortunate events may compro-
mise and even reverse the modest gains obtained so far in the prevention, management and care of hepatitis C 
among patients in haemodialysis.
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Although the goal of HCV elimination by 2030 in Brazil appears elusive, especially in the context of the 
COVID-19 pandemic and budget  restrictions65, it is possible and necessary to adopt measures to achieve micro-
elimination in some settings and to launch initiatives towards targeted interventions to curb the spread of HCV in 
people with CKD, among other high-risk groups. Given the current situation, this will require a sound advocacy 
 coalition66 comprising the scientific community, health professionals, policymakers, committed politicians, and 
civil society.

A comprehensive combination of preventive and curative initiatives should be adopted: prevention can be 
achieved through safer, state-of-the-art  procedures67, timely diagnosis and referral, and drug regimens with 
direct-acting antivirals (DAAs) presenting low levels of  nephrotoxicity68. The literature has documented this as 
a feasible goal. Patients with CKD in haemodialysis units can and must be properly managed to prevent HCV 
infection; in case they become infected, they can and must be cured of hepatitis C, as recently reviewed by 
Brazilian  researchers69.

As of 2018, there were 123,187 patients in Brazil with CKD who were undergoing  haemodialysis51. The lack 
of proper surveillance and policies to curb the spread of HCV and of prompt management and treatment tends 
to be a key source of sustained transmission and unnecessary suffering and avoidable deaths.

Received: 19 May 2021; Accepted: 13 December 2021

References
 1. Waheed, Y., Siddiq, M., Jamil, Z. & Najmi, M. H. Hepatitis elimination by 2030: Progress and challenges. World J. Gastroenterol. 

24, 4959–4961 (2018).
 2. Idilman, R. et al. A micro-elimination approach to addressing Hepatitis C in Turkey. BMC Health Serv. Res. 20, 249 (2020).
 3. Eleftheriadis, T., Liakopoulos, V., Leivaditis, K., Antoniadi, G. & Stefanidis, I. Infections in hemodialysis: A concise review—Part 

1: Bacteremia and respiratory infections. Hippokratia 15, 12–17 (2011).
 4. Webster, A. C., Nagler, E. V., Morton, R. L. & Masson, P. Chronic kidney disease. Lancet Lond. Engl. 389, 1238–1252 (2017).
 5. Chen, T., Lee, V. W. & Harris, D. C. When to initiate dialysis for end-stage kidney disease: Evidence and challenges. Med. J. Aust. 

209, 275–279 (2018).
 6. Penteado, A. P. et al. Kidney transplantation process in Brazil represented in business process modeling notation. Transplant. Proc. 

47, 963–966 (2015).
 7. Vermeulen, K. M., Bosma, O. H., Bij, W., Koëter, G. H. & TenVergert, E. M. Stress, psychological distress, and coping in patients 

on the waiting list for lung transplantation: An exploratory study. Transpl. Int. 18, 954–959 (2005).
 8. Rajasekaran, A. et al. Updated pathway to micro-elimination of Hepatitis C virus in the hemodialysis population. Kidney Int. Rep. 

6, 1788–1798 (2021).
 9. Wetmore, J. et al. Changes in treatment of patients with incident end-stage kidney disease during the novel coronavirus disease 

2019 pandemic. J. Am. Soc. Nephrol. 32, 2948–2957 (2021).
 10. Zotero. Computer software. Corporation for digital scholarship  (2020). https:// Zotero. org. Accessed 19 May 2021.
 11. Pio-Abreu, A. et al. High mortality of CKD patients on hemodialysis with Covid-19 in Brazil. J. Nephrol. 33, 875–877 (2020).
 12. Rabin, M. Inference by believers in the law of small numbers. Q. J. Econ. 117, 775–816 (2002).
 13. Gretch, D. R. Diagnostic tests for hepatitis c. Hepatology 26, 43S-47S (1997).
 14. Tang, W. et al. Diagnostic accuracy of tests to detect hepatitis c antibody: A meta-analysis and review of the literature. BMC Infect. 

Dis. 17, 695 (2017).
 15. Chen, D. G. & Peace, K. E. Applied Meta-Analysis with R 1–342 (CRC Press, 2013).
 16. Higgins, J. P. T., Thompson, S. G., Deeks, J. J. & Altman, D. G. Measuring inconsistency in meta-analyses. BMJ 327, 557–560 (2003).
 17. Brazilian Ministry of Health. Resolução nº 8, 02/01/2001, aprova o regulamento técnico que institui as boas práticas de fabricação 

do concentrado polieletrolíticos para hemodiálise-cphd  (2001). https:// www20. anvisa. gov. br/ segur ancad opaci ente/ index. php/ 
legis lacao/ item/ resol ucao- rdc-n- 8- de-2- de- janei ro- de- 2001. Accessed 19 May 2021.

 18. Brazilian Ministry of Health. Resolução nº 154, 15/06/2004, estabelece o regulamento técnico para o funcionamento dos serviços 
de diálise (2004). https:// bvsms. saude. gov. br/ bvs/ saude legis/ anvisa/ 2004/ rdc01 54_ 15_ 06_ 2004_ rep. html. Accessed 19 May 2021.

 19. R Core Team. R: A language and environment for statistical computing  (2019). https:// www.r- proje ct. org/. Accessed 19 May 2021.
 20. Carneiro, M. A. S. et al. Decline of hepatitis C infection in hemodialysis patients in Central Brazil: Ten years of surveillance. Mem. 

Inst. Oswaldo Cruz 100, 345–349 (2005).
 21. Callegaro, F., Kupski, F. P., Nascimento, R. C. & Schmitt, V. M. Behavior of viral hepatitis c in patients from hemodialysis program 

from hospital são lucas da pucrs. Sci. Med. 16, 115–118 (2006).
 22. Oliveira, J. M. et al. Differences in HCV antibody patterns in haemodialysis patients infected with the same virus isolate. J. Med. 

Virol. 63, 265–270 (2001).
 23. Cordeiro, V. M. et al. Decline in hepatitis b and c prevalence among hemodialysis patients in Tocantins, northern Brazil. Rev. Inst. 

Med. Trop. Sao Paulo 60, 1–6 (2018).
 24. Carvalho, M. et al. High prevalence of Hepatitis C virus infection in chronic hemodialysis patients. Braz. J. Infect. Dis. 3, 44–148 

(1999).
 25. Marcus, E. Credibility and reproducibility. Cell 159, 965–966 (2014).
 26. Carrilho, F. J. et al. Hepatitis b virus infection in haemodialysis centres from Santa Catarina state, southern Brazil. Predictive risk 

factors for infection and molecular epidemiology. BMC Public Health 4, 1–11 (2004).
 27. Medeiros, M. T. G. et al. Prevalence and associated factors to Hepatitis C in hemodialysis patients in Brazil. Rev. Saude Publica 38, 

187–193 (2004).
 28. Moreira, R. et al. Prospective study of hepatitis c virus infection in hemodialysis patients by monthly analysis of HCV RNA and 

antibodies. Can. J. Microbiol. 49, 503–507 (2003).
 29. Carneiro, M. A. et al. Hepatitis c prevalence and risk factors in hemodialysis patients in central Brazil: A survey by polymerase 

chain reaction and serological methods. Mem. Inst. Oswaldo Cruz 96, 765–769 (2001).
 30. Busek, S. U. et al. Hepatitis C and Hepatitis B virus infection in different hemodialysis units in Belo Horizonte, Minas Gerais, 

Brazil. Mem. Inst. Oswaldo Cruz 97, 775–778 (2002).
 31. Dotta, M. A. et al. Molecular and serological assays in the diagnosis of Hepatitis C in hemodialysis patients. J. Bras. Nefrol. 25, 

86–94 (2003).
 32. Choi, H. K., Thomé, F. S., Orlandini, T. & Barros, E. Increased skin pigmentation in patients with chronic renal failure undergoing 

hemodialysis infected with the Hepatitis C virus. Rev. Assoc. Med. Bras. 49, 24–28 (2003).

https://Zotero.org
https://www20.anvisa.gov.br/segurancadopaciente/index.php/legislacao/item/resolucao-rdc-n-8-de-2-de-janeiro-de-2001
https://www20.anvisa.gov.br/segurancadopaciente/index.php/legislacao/item/resolucao-rdc-n-8-de-2-de-janeiro-de-2001
https://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2004/rdc0154_15_06_2004_rep.html
https://www.r-project.org/


11

Vol.:(0123456789)

Scientific Reports |          (2022) 12:330  | https://doi.org/10.1038/s41598-021-03961-x

www.nature.com/scientificreports/

 33. Souza, K. P. et al. Hepatitis b and c in the hemodialysis unit of Tocantins, Brazil: Serological and molecular profiles. Mem. Inst. 
Oswaldo Cruz 98, 599–603 (2003).

 34. Carneiro, M. A. S. et al. Molecular and epidemiological study on nosocomial transmission of HCV in hemodialysis patients in 
Brazil. J. Med. Virol. 79, 1325–1333 (2007).

 35. Albuquerque, A. C. C., Coêlho, M. R. C., Lopes, E. P., Lemos, M. F. & Moreira, R. C. Prevalence and risk factors of Hepatitis C 
virus infection in hemodialysis patients from one center in Recife, Brazil. Mem. Inst. Oswaldo Cruz 100, 467–470 (2005).

 36. Florentino, G. S. A. Prevalence of hepatitis c virus in patients undergoing hemodialysis in Campina Grande (Paraíba, Brazil). 
Accessed 19 May 2021. https:// igmdi sk. bahia. fiocr uz. br/? id= rvIyW *GTXlP vImM (2004).

 37. Santos, M. A. M. & Souto, F. J. D. Infection by the Hepatitis C virus in chronic renal failure patients undergoing hemodialysis in 
Mato Grosso state, Central Brazil: A cohort study. BMC Public Health 7, 32 (2007).

 38. Silva, L. K. et al. Prevalence of Hepatitis C virus (HCV) infection and HCV genotypes of hemodialysis patients in Salvador, North-
eastern Brazil. Braz. J. Med. Biol. Res. 39, 595–602 (2006).

 39. Bessa, M. et al. Limited evidence of hcv transmission in stable heterosexual couples from Bahia, Brazil. Braz. J. Infect. Dis. 13, 
262–265 (2009).

 40. Freitas, M. J. R. et al. Prevalence of Hepatitis C virus infection and genotypes in patient with chronic kidney disease undergoing 
hemodialysis. J. Med. Virol. 85, 1741–1745 (2013).

 41. Galperim, B. et al. Hepatitis c in hemodialysis: The contribution of injection drug use. Braz. J. Infect. Dis. 14, 422–426 (2010).
 42. Maia, L. P. V. et al. Hepatitis c virus screening and clinical monitoring of biomarkers in patients undergoing hemodialysis. J. Med. 

Virol. 81, 1220–1231 (2009).
 43. Leão, J. R., Pace, F. H. L. & Chebli, J. M. F. Infection by Hepatitis C virus in patients on hemodialysis: Prevalence and risk factors. 

Arq. Gastroenterol. 47, 28–34 (2010).
 44. Silva, N. M. O. et al. Evidence of association between Hepatitis C virus genotype 2b and nosocomial transmissions in hemodialysis 

centers from southern Brazil. Virol. J. 10, 1–7 (2013).
 45. Fontenele, A. M. M. et al. Occult hepatitis b among patients with chronic renal failure on hemodialysis from a capital city in 

northeast Brazil. Hemodial. Int. 19, 353–359 (2015).
 46. Freitas, S. Z. et al. Prevalence, genotypes and risk factors associated with hepatitis c virus infection in hemodialysis patients in 

Campo Grande, MS, Brazil. Mem. Inst. Oswaldo Cruz 103, 405–408 (2008).
 47. Santos, R. F. S. et al. Prevalence and risk factors for human t-lymphotropic virus type 1 (HTLV-1) among maintenance hemodialysis 

patients. BMC Nephrol. 18, 64 (2017).
 48. Vidales-Braz, B. M. et al. Detection of hepatitis c virus in patients with terminal renal disease undergoing dialysis in southern 

Brazil: prevalence, risk factors, genotypes, and viral load dynamics in hemodialysis patients. Virol. J. 12, 8 (2015).
 49. Barbosa, J. R. et al. Cross-sectional study to determine the prevalence of hepatitis b and c virus infection in high risk groups in 

the northeast region of Brazil. Int. J. Environ. Res. Public Health 14, 1–12 (2017).
 50. Romão Junior, J. E. et al. Censo SBN 2002: informações epidemiológicas das unidades de diálise do Brasil. J. Bras. Nefrol. 25, 

187–198 (2003).
 51. Neves, P. D. M. M. et al. Brazilian dialysis census: Analysis of data from the 2009–2018 decade. Braz. J. Nephrol. 42, 191–200 (2020).
 52. Deshpande, R., Stepanova, M., Golabi, P., Brown, K. & Younossi, Z. M. Prevalence, mortality, and healthcare utilization among 

Medicare beneficiaries with hepatitis C in haemodialysis units. J. Viral. Hepat. 26, 1293–1300 (2019).
 53. Thomé, F. S. et al. Brazilian chronic dialysis survey 2017. Braz. J. Nephrol. 41, 208–214 (2019).
 54. Pereira, L. M. M. B. et al. Prevalence and risk factors of Hepatitis C virus infection in Brazil, 2005 through 2009: A cross-sectional 

study. BMC Infect. Dis. 13, 60 (2013).
 55. Brazilian Institute of Geography and Statistics (IBGE). População residente: projeção da população do Brasil e unidades da feder-

ação por sexo e idade para o período 2000–2030. Accessed 19 May 2021. https:// datas us. saude. gov. br/ popul acao- resid ente (2020).
 56. Constancio, N. S. et al. Hepatitis c in hemodialysis units: Diagnosis and therapeutic approach. J. Bras. Nefrol. Orgao. Soc. Bras. E 

Lat.-Am Nefrol. 4, 539–549 (2019).
 57. Ashkani-Esfahani, S., Alavian, S. M. & Salehi-Marzijarani, M. Prevalence of hepatitis C virus infection among hemodialysis patients 

in the Middle East: A systematic review and meta-analysis. World J. Gastroenterol. 23, 151–166 (2017).
 58. Kamal, S. M. & Abdelhakam, S. A. Chapter 3.1—hepatitis C in Egypt (ed. Kamal, S. M.) 41–56 (Academic Press, 2018).
 59. Abbara, A. et al. The effect of the conflict on Syria’s health system and human resources for health. World Health Popul. 16, 87–95 

(2015).
 60. Wreghitt, T. G. Blood-borne virus infections in dialysis units—A review. Rev. Med. Virol. 9, 101–109 (1999).
 61. Bernieh, B. Viral hepatitis in hemodialysis: An update. J. Transl. Intern. Med. 3, 93–105 (2015).
 62. Fonseca, E. M., Nattrass, N., Benites, L. L. B. & Bastos, F. I. Political discourse, denialism and leadership failure in Brazil’s response 

to covid-19. Glob. Public Health 6, 1251–1266 (2021).
 63. The World Bank Group. The COVID-19 pandemic exposed Brazil to an unprecedented health and economic challenge. It has 

brought uncertainties to the macroeconomic policy framework, especially in the fiscal scenario, calling for strong fiscal consolida-
tion and adoption of structural reforms. Accessed 19 May 2021. https:// www. world bank. org/ en/ count ry/ brazil/ overv iew (2021).

 64. The Economist. Does Jair Bolsonaro threaten Brazilian democracy? Accessed 19 May 2021. https:// www. econo mist. com/ the- ameri 
cas/ 2020/ 06/ 11/ does- jair- bolso naro- threa ten- brazi lian- democ racy (2020).

 65. BBC News. Covid-19 acentua crise do setor de hemodiálise e 140 mil brasileiros correm risco sem tratamento. Accessed 19 May 
2021. https:// www. bbc. com/ portu guese/ brasil- 56373 367.

 66. Greer, S. L., King, E. J., Peralta-Santos, A. & Fonseca, E. M. Coronavirus politics: The comparative politics and policy of covid-19. 
Accessed 19 May 2021. https:// www. press. umich. edu/ 11927 713/ coron avirus_ polit ics (2021).

 67. Sabatier, P. A. & Jenkins-smith, H. C. Policy Change and Learning: An Advocacy Coalition Approach (Theoretical Lenses on Public 
Policy) (ed. Jenkins-smith, H. C.) 1–304 (Westview Press, 1993).

 68. Nguyen, D. B., Arduino, M. J. & Patel, P. R. Hemodialysis-associated infections. Chron. Kidney Dis. Dial. Transplant. 389–410 
(2019).

 69. Borgia, S. M. et al. Sofosbuvir/velpatasvir for 12 weeks in Hepatitis C virus-infected patients with end-stage renal disease undergo-
ing dialysis. J. Hepatol. 71, 660–665 (2019).

Acknowledgements
The authors thank the National Research Council (CNPq) and the Rio de Janeiro Research Council (FAPERJ) 
for their support. The senior co-authors are career scientists of those institutions. The junior members of IFRJ 
(DCMB and JSF) received scholarships from them.

Author contributions
R.N. and J.C.M are the two main authors of the paper. They reviewed the literature, carried out the statistical 
analysis and wrote the first draft of the manuscript. D.B. and J.F. were in charge of extracting and double-checking 
all data, as well as carrying our exploratory anaysis. L.B. R.N. J.C.M. and F. I.B overviewed all statistical analyses. 

https://igmdisk.bahia.fiocruz.br/?id=rvIyW*GTXlPvImM
https://datasus.saude.gov.br/populacao-residente
https://www.worldbank.org/en/country/brazil/overview
https://www.economist.com/the-americas/2020/06/11/does-jair-bolsonaro-threaten-brazilian-democracy
https://www.economist.com/the-americas/2020/06/11/does-jair-bolsonaro-threaten-brazilian-democracy
https://www.bbc.com/portuguese/brasil-56373367
https://www.press.umich.edu/11927713/coronavirus_politics


12

Vol:.(1234567890)

Scientific Reports |          (2022) 12:330  | https://doi.org/10.1038/s41598-021-03961-x

www.nature.com/scientificreports/

P.P. was in charge of implementing and double-checking all R scripts, in partnership with J.C.M and L.B L.V. 
was in charge of of double-checking all information respecting HCV diagnosis, molecular biology and clinical 
hepatology. R.N., L.B., J.C.M and F.I.B revised the final manuscript and all suplementary materials. All authors 
revised and approved the final manuscript P.M. was in charge of double-cheking for a second time all testing 
materials and procedures in partnership with L.V., as well as creating the brand new Web Appendix 4 F.I.B. wrote 
the original grant proposal and is the focal point of all communications with FGV-SP and LSE, London, UK.

Funding
This study was funded by Newton Fund (“Institutional Links” initiative) (Grant no. VPPCB-006-FIO-20-6).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 021- 03961-x.

Correspondence and requests for materials should be addressed to F.I.B.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.1038/s41598-021-03961-x
https://doi.org/10.1038/s41598-021-03961-x
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Persistently high hepatitis C rates in haemodialysis patients in Brazil [a systematic review and meta-analysis]
	Background
	Methods
	Inclusion criteria. 
	Exclusion criteria. 
	Steps and procedures. 
	Data analysis. 

	Results
	Discussion
	References
	Acknowledgements


