How to cite this article: Lima et al. Temporal
trend, spatial distribution and factors
associated with detection and mortality from
viral hepatitis B and C in Brazil (2010-2019).
ABCS Health Sci. 2025;50:€025204 https:/
doi.org/10.7322/abcshs.2023164.2735

Received: Jul 20, 2023
Revised: Jan 12, 2024
Approved: Feb 05, 2024

Corresponding author: Lucas Vinicius de
Lima — Universidade Estadual de Maringa
— Avenida Colombo, n.2 5.790, Zona 7 —
Campus Universitario (Bloco 02) —

CEP: 87020-900 — Maringa (PR), Brazil —
E-mail: Ivl.vinicius @ gmail.com

Funding: CAPES

Declaration of conflicts: nothing to declare

This is an open access article distributed
under the terms of the Creative Commons
Attribution License

©2025 The authors

ORIGINAL ARTICLE

OPEN aACCESS

Temporal trend, spatial
distribution and factors
associated with detection and
mortality from viral hepatitis
B and C in Brazil (2010-2019)

Lucas Vinicius de Lima'®, Gabriel Pavinati'®, Elton Carlos de Almeida2®,
Nelly Lopes de Moraes Gil' @, Vanessa Denardi Antoniassi Baldissera' ©,
Gabriela Tavares Magnabosco'

'Universidade Estadual de Maringa (UEM) — Maringa (PR), Brazil

2Ministerio da Saude (MS) — Brasilia (DF), Brazil

ABSTRACT

Introduction: The elimination of viral hepatitis is one of the goals of the 2030
agenda, particularly because it poses significant public health challenges. Objective:
To analyze the temporal trend, spatial distribution, and factors associated with
the detection and mortality of viral hepatitis B and C in Brazil from 2010 to 2019.
Methods: Ecological study on Brazilian regions and Federative Units. Annual
detection and mortality coeflicients were calculated. Trend analysis was performed
using polynomial regression models. Thematic maps were constructed to illustrate
spatial distribution. The Spearman correlation coefficient was employed to assess
the association with seven socioeconomic indicators. Results: Brazil exhibited a
decreasing trend in hepatitis detection and mortality. The South and North regions
had the highest rates of hepatitis B, with a decreasing and stable trend, respectively.
The South and Southeast regions had the highest rates of hepatitis C, both showing
a decreasing trend. Hepatitis B detection was more prevalent in Acre and Ronddnia,
while hepatitis C detection was higher in Rio Grande do Sul and Acre. There was an
increase in the detection of infections and a decline in mortality from hepatitis C
in Pard and Acre. Hepatitis detection was inversely related to the illiteracy rate and
related to the human development index, life expectancy, and per capita income.
Conclusion: Regional and state disparities in the behavior of viral hepatitis B and C
in Brazil were evident, with areas (states) of higher development indexes exhibiting
higher detection rates of the infections.

Keywords: hepatitis B; hepatitis C; diagnosis; mortality; ecological studies.

INTRODUCTION

The World Health Organization (WHO) has included the elimination of viral hepa-
titis as one of its goals in the sustainable development agenda for 2030'. Globally, viral
hepatitis caused over 1.34 million deaths in 2015, with 66% attributed to hepatitis B
virus (HBV) and 30% to hepatitis C virus (HCV)?>—primarily due to cirrhosis and he-
patocellular carcinoma’. Notably, in 2019, approximately 58 million people were living
with HCV and 296 million with HBV worldwide*.

https://doi.org/10.7322/abcshs.2023164.2735 Page 1 of 9


https://doi.org/10.7322/abcshs.2023164.2735
https://orcid.org/0000-0002-9582-9641
https://orcid.org/0000-0002-0289-8219
https://orcid.org/ 0000-0003-0217-8913
ttps://orcid.org/ 0000-0002-4790-8396
https://orcid.org/0000-0003-1680-9165
https://orcid.org/ 0000-0003-3318-6748
https://doi.org/10.7322/abcshs.2023164.2735
https://doi.org/10.7322/abcshs.2023164.2735
mailto:lvl.vinicius@gmail.com

Lima et al.

ABCS Health Sci. 2025;50:6025204

In Brazil, between 1999 and 2019, there were over 670,000 re-
ported cases of viral hepatitis, with a higher occurrence of cases
caused by HCV (37.6%) and HBV (36.8%)°. To address these dis-
eases at the national level, the Ministry of Health has commit-
ted to expanding diagnosis and treatment within the Brazilian
Unified Health System (SUS), aligning with international efforts
to eliminate these infections as public health concerns by the end
of this decade’.

Key actions targeted at early diagnosis, vaccination, rapid test-
ing, and antiviral therapy are indispensable measures for control-
ling hepatitis B and C**. Globally, by adopting these strategies,
important milestones were achieved for the reduction of morbid-
ity and mortality from these diseases, with emphasis on vaccina-
tion strategies against hepatitis B and the cure of hepatitis C cases,
through active search, treatment, and attachment to care®.

WHO advocates, as one of its strategies for the elimination of
viral hepatitis, the qualification, and the use of health information
to understand epidemiological scenarios, aiming at the logistical
direction of responses and interventions'. From this perspective,
we consider time series analyses as a relevant statistical method
to evaluate temporal trends of health data at regular intervals, al-
lowing the visualization of their probable behavior in the future’.

Nevertheless, it is crucial to acknowledge the possible influence
of the geopolitical and spatial contexts on the occurrence of hepa-
titis B and C°, considering that social, economic, and program-
matic factors—among which we can mention the low education
level, the high prevalence of HBV or HCV, the higher population
density, and the lower gross domestic product (GDP) per capita—
have already been evidenced as important predictors for the high
occurrence of these aggravations® .

In this sense, it is pertinent to develop time series and geo-
spatial studies for the description of temporal trends and for the
prediction of disease behaviors, as well as for the identification of
priority territories and factors associated with their occurrence.
Therefore, this study aimed to analyze the temporal trend, spatial
distribution, and factors associated with the detection and mor-
tality of viral hepatitis B and C in Brazil from 2010 to 2019.

METHODS

This is a temporal and spatial ecological study, whose analytical
units were the Federative Units (FUs) and the Brazilian regions.
Brazil, located in South America, has more than 213 million
inhabitants, a territorial extension of 8,510,417,771 square ki-
lometers, and a per capita GDP of 35,935.74 BRL. The country
consists of 5,570 municipalities, distributed in 26 states and the
Federal District, which, in turn, are organized in regions: North,
Northeast, Midwest, South, and Southeast'.

We investigated covering the records of cases and deaths from
hepatitis B and C in the country, publicly available in national
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systems. The data came from the Information System of Notifiable
Diseases (SINAN) and the Brazilian Institute of Geography and
Statistics (IBGE), via the Department of Informatics of the
Unified Health System (DATASUS); the Panel of Indicators of
Viral Hepatitis (PIVH), from the Ministry of Health; and the Atlas
of Human Development of Brazil (AHD).

The period from 2010 to 2019 was considered given the avail-
ability of data on mortality until this year. In addition, we decided
to work with the pre-pandemic years due to the burden of care and
surveillance, preceded by the reorganization of actions and health
services to cope with coronavirus disease 2019 (COVID-19).
Thus, the detection data of 2020 were disregarded for the possibil-
ity of masking the epidemiological scenario, since there may have
been underdiagnosis and/or underreporting'>'c.

The data collection took place in the first half of September 2022
through the elaboration of an instrument in a Microsoft Excel®
2016 spreadsheet to assist in tabulating the data. Contingency
tables were created with the variables of interest of SINAN and
PIVH, considering the guidelines of the Ministry of Health®: con-
firmed cases (by laboratory or clinical-epidemiological criteria)
or deaths (as a basic cause), year of diagnosis or death, and place
of notification (Brazil, FUs, and regions).

From AHD, the following development indicators of the
Brazilian FUs were extracted from the Brazilian National
Household Sample Survey (PNAD) and administrative records of
DATASUS, 2017: (i) Human Development Index (HDI); (ii) il-
literacy rate among people aged 18 years or more; (iii) Gini index;
(iv) infant mortality rate; (v) life expectancy at birth; (vi) per cap-
ita income; and (vii) percentage of hospitalizations for primary
care sensitive conditions (PCSC).

The detection and mortality coefficients were calculated year
by year for each analytical unit. To this end, the formula rec-
ommended by the Ministry of Health was used, namely: the
numerator consisted of the number of confirmed cases or num-
ber of deaths due to HBV and HCV, according to the year of
diagnosis or death and place of notification; the denominator
referred to the population for the respective year, residing in
the same place; and the multiplication factor was 100,000 in-
habitants (inhab.)®.

In the calculations of the coeflicients, the denominator referred
to the IBGE census for the year 2010 and, for the intercensitar-
ian years, to the study of population estimates of the Ministry of
Health. With the annual coefficients, the arithmetic mean (ratio
of the sum of the coeflicients by the total of observations) was
calculated for the FUs. We used polynomial regression models for
trend analyses, which consisted of the use of a polynomial func-
tion to explain the behavior of a time series’.

The coefficients were considered as the dependent variable
(y) and the years of the series as the independent variable (x).

To avoid autocorrelation between polynomials, the year variable
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was transformed into the year-centered variable (year minus the
midpoint of the series). In addition, given random variations, the
detection, and mortality coefficients were smoothed by a three-
point moving average (arithmetic mean of the previous year, the
same year, and the following year)".

Scatter diagrams were constructed to check which function
best fits the data. First-order models (y=B0£p1x) and, when nec-
essary, second-order (y=B0+B1x+B2x*) and third-order models
(y=P0P1xtP2x>+P3x’) were tested, where PO represented the
average coeflicient (intercept), and B1, B2, and B3 configured the
regression coefficients (evolution), determining the annual varia-
tion/acceleration and, based on the sign, the increasing (+) or de-
creasing (-) trend"’.

The choice of the best polynomial model considered the signifi-
cance by the F test (observing, individually, the t-test for each re-
gression coefficient), the highest coeflicient of determination (r?)
(close to 1.00), and the analysis of residuals (true homoscedastic-
ity assumption), verifying them in scatter plots. When the criteria
were contemplated/similar for more than one model, the one with
the simplest polynomial order was chosen'.

Maps were constructed for the spatial distribution of the coef-
ficients and the trend for the FUs. The distribution of the coef-
ficients was given by the natural breaks'® on a scale of blue tones,
defining light and dark colors to the minimum and maximum
coefficients, respectively. The trend was presented in light blue if
decreasing; white, if stationary; and dark blue, if increasing. The
figures were constructed, from the shape file obtained in IBGE, by
QGIS® software, version 2.36.

Finally, the Spearman correlation coeflicient (p) was used to
verify the relationship of development indicators with mean de-
tection and mortality coefficients, since they did not adhere to the
normal distribution. The p may represent an inverse (-) or di-
rect (+) correlation, classified as weak (£0.31 to 20.50), moderate
(£0.51 to +0.70), or strong (+0.71 to £1.00)*. The analyses were
performed in the software SPSS, version 20.1, adopting the statis-
tical significance of 5% (p<0.05).

In line with the research ethics guidelines recommended by
Resolution No. 466, 2012 of the Brazilian National Health Council,
this study, which is part of an institutional research project of the
authors, was approved by the Research Ethics Committee (REC),
under opinion No. 5.721.740/2022 and certificate of presentation
for ethical presentation (CAAE) No. 63981922.6.0000.0104; since
we used secondary data, this study was exempted from the in-

formed consent form.

RESULTS

Between 2010 and 2019, 124,966 cases of hepatitis B were report-
ed in Brazil, with an average detection coefficient of 6.20/100,000
inhab. The South (14.40/100,000 inhab.), North (11.31/100,000
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inhab.), and Midwest (6.83/100,000 inhab.) regions presented
coefficients above the country. The Southeast and Northeast re-
gions showed average rates of, respectively, 4.74/100,000 inhab.
and 2.41/100,000 inhab.

There was a decreasing trend in the detection of hepatitis B
in Brazil, with a deceleration at the end of the series (-0.23x-
0.03x?). The North and Northeast regions showed stationar-
ity, while the Southeast (-0.31x), South (-0.41x-0.14x?), and
Midwest (-0.38x) showed decline. In Acre (62.14/100,000 in-
hab.) and in Rondénia (35.39/100,000 inhab.) the highest coef-
ficients were observed (Table 1).

Among the FUs, 11 had a decreasing trend of HBV detection,
especially those belonging to the South, Southeast, and Midwest
regions. The highest falls were in Mato Grosso (-0.93x) and Santa
Catarina (-1.20x-0.25x?). Nine FUs showed a stationary trend
and seven showed increased detection of hepatitis B, of which
Acre (+0.74x) and Pard (+0.18x) stood out (Table 1).

Additionally, in the period analyzed, 4,589 deaths were record-
ed with hepatitis B as the cause, with an average mortality rate
of 0.23/100,000 inhab. The regions North (0.45/100,000 inhab.),
South (0.32/100,000 inhab.), and Midwest (0.36/100,000 inhab.)
presented the highest values. The Southeast and Northeast re-
gions showed coefficients of, respectively, 0.21/100,000 inhab. and
0.13/100,000 inhab.

There was a decreasing trend in hepatitis B mortality in
Brazil (r’=0.89) and in Southeast (r?=0.87), South (r?=0.92), and
Midwest (r?=0.91) regions, while North and Northeast showed
stationarity. Among the FUs, eight had a decreasing trend in
hepatitis B mortality. The highest falls were in Parand (r>=0.95)
and Tocantins (>=0.85). In addition, 16 FUs showed a stationary
trend and three showed increased mortality rates, of which the
state of Acre (r>=0.93) stood out (1).

Between 2010 and 2019, 168,205 cases of hepatitis C were report-
ed in Brazil, with an average detection coefficient of 8.33/100,000
inhab. The South and Southeast regions presented average coef-
ficients above the country, with, respectively, 19.83/100,000 inhab.
and 9.63/100,000 inhab. The North and Midwest regions had a
coefficient of 4.71/100,000 inhabitants. And the Northeast region
of 2.48/100,000 inhab.

There was a decreasing trend in the detection of hepatitis C in
Brazil, with a deceleration of the decrease at the end of the se-
ries (-0.13x-0.04x%). The North, Northeast, and Midwest regions
showed stationarity, while the Southeast (-0.39x) and South
(-0.21x) showed a decline. In Rio Grande do Sul (35.68/100,000
inhab.) and Acre (29.22/100,000 inhab.) the highest coefficients
were noted (Table 2).

Among the FUs, 13 showed a decreasing trend in the detec-
tion coefficient of hepatitis C, especially those located in the
South and Southeast regions. The largest falls were observed in
Rio de Janeiro (-0.68x) and Sao Paulo (-0.55x). Six states showed
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Table 1: Polynomial regression models of the temporal trend of hepatitis B detection coefficients (per 100 100,000 inhabitants), according
to Federative Units and regions of Brazil, from 2010 to 2019.

Location Initial coefficient Annual evolution “ p-value®

North Region y=11.47 —0.26x 0.27 0.18 Stationary
Rondoénia y=35.39 —2.10x-0.61x2+0.14x3 0.98 <0.01 Increasing
Acre y=62.14 —12.71x-1.02x?+0.74x° 0.97 0.00 Increasing
Amazonas y=13.96 +0.04x 0.00 0.90 Stationary
Roraima y=18.11 —0.19x 0.16 0.31 Stationary
Para y=2.83 +0.18x 0.95 <0.01 Increasing
Amapa y=3.53 +0.24x 0.46 0.06 Stationary
Tocantins y=5.41 —0.32x+0.06x? 0.92 0.00 Increasing

Northeast Region y=2.42 +0.01x 0.14 0.35 Stationary
Maranhao y=2.34 —0.05x+0.04x? 0.87 0.00 Increasing
Piaui y=1.38 +0.05x 0.31 0.15 Stationary
Ceara y=1.52 +0.01x 0.26 0.18 Stationary
Rio Grande do Norte y=1.36 —0.03x 0.31 0.14 Stationary
Paraiba y=2.32 —0.72x+0.04x2+0.04x3 0.95 0.00 Increasing
Pernambuco y=191 +0.04x 0.17 0.30 Stationary
Alagoas y=2.38 +0.24x+0.10x? 0.97 <0.01 Increasing
Sergipe y=4.91 +0.01x 0.20 0.73 Stationary
Bahia y=3.40 +0.05x—0.04x? 0.89 0.00 Decreasing

Southeast Region y=4.83 -0.31x 0.97 <0.01 Decreasing
Minas Gerais y=3.31 —0.05x 0.24 0.21 Stationary
Espirito Santo y=9.63 —0.89x 0.86 0.00 Decreasing
Rio de Janeiro y=2.98 —0.35x 0.87 0.00 Decreasing
Séao Paulo y=5.83 —0.37x 0.96 <0.01 Decreasing

South Region y=15.40 —-0.41x-0.14x? 0.95 <0.01 Decreasing
Parana y=15.96 —0.38x-0.11x2 0.96 <0.01 Decreasing
Santa Catarina y=21.19 —1.20x-0.25x2 0.96 <0.01 Decreasing
Rio Grande do Sul y=11.33 +0.01x-0.10x? 0.84 0.00 Decreasing

Midwest region y=6.91 —0.38x 0.95 <0.01 Decreasing
Mato Grosso do Sul y=4.50 —0.48x 0.93 <0.01 Decreasing
Mato Grosso y=15.38 —0.93x 0.94 <0.01 Decreasing
Goias y=4.24 —0.14x 0.76 0.00 Decreasing
Federal District y=6.30 +0.25x—0.15x2-0.04x3 0.92 0.01 Decreasing

Brazil y=6.50 —0.23x-0.03x? 0.96 <0.01 Decreasing

a) determination coefficient; b) regarding the F test.

Figure 1: Spatial distribution of the initial coefficients (per 100,000 inhabitants) (A) and the temporal trend (B) of mortality from hepatitis B,
according to Brazilian Federative Units, in the period from 2010 to 2019.
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a stationary trend and eight showed increased detection, of which
Acre (+0.55x) and Para (+0.30x) stood out (Table 2).

In addition, in the period analyzed, 18,861 deaths were recorded
with hepatitis C as the underlying cause, with a mean mortality rate of
0.94/100,000 inhab. The South (1.58/100,000 inhab.) and Southeast
(1.21/100,000 inhab.) presented values above the country. The North
and Midwest regions had an average coefficient of 0.60/100,000 in-
hab. And the Northeast region of 0.38/100,000 inhab.

There was a decreasing trend in hepatitis C mortality in Brazil,
with a deceleration of the decrease at the end of the series (r?=0.98).

All regions showed a decline in mortality, especially in the South

(r’=0.96) and Southeast (r’=0.96). Among the FUs, 15 had a de-
creasing trend. The largest falls were observed in Acre (r*=0.51)
and Santa Catarina (r?=0.88). In addition, 11 units showed a sta-
tionary trend and only Alagoas showed a slight increase at the end
of the series (r*=0.95) (Figure 2).

There was a weak inverse correlation between the hepatitis B de-
tection coefficient and illiteracy rate among people aged 18 years or
older (p=0.04). Regarding the diagnosis of hepatitis C, there was a
weak direct correlation with HDI (p=0.01) and life expectancy at birth
(p=0.01), moderate direct correlation with per capita income (p=0.00),

and moderate inverse correlation with illiteracy rate (p<0.01) (Table 3).

Table 2: Polynomial regression models of the temporal trend of hepatitis C detection coefficients (per 100,000 inhabitants), according to

Federative Units and regions of Brazil, from 2010 to 2019.

North Region y=4.87 +0.05x 0.06 0.55 Stationary
Rondénia y=9.36 +0.14x-0.18x 0.99 <0.01 Decreasing
Acre y=29.22 —7.15x—1.10x2+0.55x° 0.94 0.00 Increasing
Amazonas y=6.96 —0.52x—0.08x2+0.04x3 0.88 0.02 Increasing
Roraima y=2.40 —0.03x 0.05 0.57 Stationary
Para y=2.22 +0.30x 0.93 <0.01 Increasing
Amapa y=3.41 +0.04x 0.13 0.37 Stationary
Tocantins y=2.54 +0.02x 0.08 0.48 Stationary

Northeast Region y=2.52 +0.00x 0.00 0.95 Stationary
Maranhao y=1.52 —0.15x+0.06x? 0.95 <0.01 Increasing
Piaui y=1.55 —0.05x—0.02x? 0.86 0.00 Decreasing
Ceara y=2.01 +0.08x—0.01x2—0.00x® 0.92 0.01 Decreasing
Rio Grande do Norte y=2.29 —0.04x 0.53 0.03 Decreasing
Paraiba y=2.12 +0.03x 0.15 0.33 Stationary
Pernambuco y=2.61 —0.54x-0.02x2+0.04x3 0.96 0.00 Increasing
Alagoas y=2.12 +0.26x 0.87 0.00 Increasing
Sergipe y=3.12 —0.00x 0.00 0.83 Stationary
Bahia y=3.60 +0.11x 0.60 0.02 Increasing

Southeast Region y=9.79 -0.39x 0.89 <0.01 Decreasing
Minas Gerais y=4.87 +0.06x 0.16 0.32 Stationary
Espirito Santo y=5.43 +0.10x—0.10x? 0.91 0.00 Decreasing
Rio de Janeiro y=8.61 —0.68x 0.94 <0.01 Decreasing
Séao Paulo y=12.97 —0.55x 0.87 0.00 Decreasing

South Region y=21.35 +0.19x-0.21x? 0.94 0.00 Decreasing
Parana y=10.49 +0.51x—-0.11x2-0.04x3 0.92 0.01 Decreasing
Santa Catarina y=15.45 —0.37x-0.10x? 0.96 <0.01 Decreasing
Rio Grande do Sul y=35.68 +0.69x—0.38x? 0.96 <0.01 Decreasing

Midwest region y=4.85 —-0.03x 0.07 0.51 Stationary
Mato Grosso do Sul y=6.30 —0.43x 0.78 0.00 Decreasing
Mato Grosso y=5.71 —0.39x—-0.04x2+0.02x3 0.92 0.01 Increasing
Goias y=3.44 +0.54x—0.05x>-0.03x® 0.99 <0.01 Decreasing
Federal District y=7.25 +0.57-0.12x>-0.08x3 0.87 0.02 Decreasing

Brazil y=8.73 —0.13x-0.04x2? 0.88 0.00 Decreasing

a) determination coefficient; b) regarding the F test.
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Figure 2: Spatial distribution of the initial coefficients (per 100,000
inhabitants) (A) and the temporal trend (B) of mortality from
hepatitis C, according to Brazilian Federative Units, in the period
from 2010 to 2019.

DISCUSSION

Brazil showed a decreasing trend of detection and mortality
from hepatitis B and C in the period from 2010 to 2019. The South
and North regions presented the highest rates of diagnosis and
deaths from HBYV, with a decreasing and stationary trend, respec-
tively. Regarding hepatitis C, the highest rates were for the South
and Southeast regions, both decreasing in the series. In Acre and
Par4, there was increased detection of both viral infections.

The decreasing trend of detection and mortality of hepatitis
B and C, as well as national and international disparities around
spatial distribution, were observed in other studies®'>?*?!. Sousa
and collaborators pointed to the expansion of screening through
more effective rapid tests—including in chemotherapy services,
the universalization of the HBV vaccine, and the offer of new anti-
HCV therapeutic regimes as possible explainers for such fact?.

Specifically, about hepatitis B, a retrospective cohort study de-
veloped in Iran identified that the rate of HBV infection among
the vaccinated group was significantly lower than in the non-vac-
cinated group, protecting approximately 29% in the occurrence
of cases®. This situation could explain the decreasing trends in
detection and mortality observed for hepatitis B when consider-
ing the potential impact of vaccination in Brazilian states.

Regarding hepatitis C, the decreasing trend of mortality, for
example, may be associated with therapy with direct-acting an-
tivirals, established by the Ministry of Health in SUS in 2015°
These drugs are more effective in treating the infection and, in
contrast, are associated with a lower occurrence of adverse drug
effects?’. This context could promote better adherence to the ther-
apeutic regime, leading, therefore, to a reduction in the number
of deaths.

Table 3: Correlation between the average detection and mortality coefficients of hepatitis B and C (per 100,000 inhabitants) with the
development indicators of the Brazilian Federative Units, in the period from 2010 to 2019.

HDI¢
llliteracy rate
Gini index

Child mortality rate

Detection

Life expectancy at birth
Per capita income
Percentage of hospitalizations due to PCSC*
HDIe
llliteracy rate
Gini index

Child mortality rate

Mortality

Life expectancy at birth
Per capita income

Percentage of hospitalizations due to PCSC*

Hepatitis B Hepatitis C
I T T

0.19 0.32 0.46 0.01
-0.38 0.04 -0.64 <0.01
-0.23 0.24 -0.22 0.25
—-0.02 0.89 -0.32 0.10

0.02 0.90 0.47 0.01

0.27 0.17 0.50 0.00

0.04 0.82 -0.19 0.32

0.09 0.65 -0.15 0.43
-0.16 0.40 0.04 0.81

0.15 0.43 -0.07 0.72

0.07 0.71 0.21 0.28

0.01 0.92 -0.11 0.57

0.09 0.40 -0.12 0.54
—-0.34 0.07 -0.21 0.28

a) Spearman correlation coefficient; b) referring to the Spearman correlation test; c) Human Development Index; d) primary care sensitive conditions.
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On the other hand, there was a growing trend in the detection
of HBV and HCV in some states of the North and Northeast re-
gions, possibly due to greater access to rapid testing actions®¥’.
The expansion of diagnostic actions and campaigns aimed at pri-
ority regions and populations may lead to substantial increases
in the number of reported cases of viral hepatitis". This would
explain, in part, the growing trends observed in some areas of
the country.

The WHO estimates that, worldwide, about 80% of the popula-
tion living with HBV or HCV remains without access to diagno-
sis and/or adequate treatment®. Thus, it is understood that, in
the short term, health education strategies, encouraging vaccina-
tion, testing of the population, and use of treatment can cause
increases in cases of viral hepatitis, as a possible consequence of
the discovery of serological status among people who, until then,
were not aware.

However, these actions, in the medium and long term, may be
responsible for reducing detection and mortality from viral hepa-
titis?. Therefore, such initiatives should guide the organization of
health services at various levels of care, from the perspective of
comprehensiveness. In addition, it is relevant to consider the intra
and inter-region health articulation within the care network, to
encourage rearrangements to favor access and follow-up to care
for affected people.

In Brazil, despite the role of primary health care (PHC) in the
promotion of health to people with chronic conditions®, there is
still a timid performance in viral hepatitis. In the North region,
for example, Almeida and collaborators showed that 90% of PHC
units have rapid testing for infections; however, treatment remains
centralized in outpatient clinics and hospitals, which may com-
promise access to medicines and monitoring of affected people®.

PHC must strengthen its role in the detection of cases, espe-
cially focusing on early diagnosis. Additionally, it is necessary to
increase vaccination coverage rates for hepatitis B through actions
in PHC. Nevertheless, only the decentralization of diagnosis and
the development of preventive strategies may not be sufficient for
the elimination of hepatitis, since difficulty in access and follow-
up of treatment impairs the effective control of these infections®*'.

In this perspective, the Ministry of Health, through Ordinance
No. 1,537 of June 12, 2020, promoted the reformulation of the
strategy of dispensing medicines, hitherto centralized at the sec-
ondary level; this document aims to encourage the role of PHC
in actions of promotion and prevention, screening and universal
access to the treatment of viral hepatitis®*?. This decentralization is
expected to accelerate the elimination of infections, as agreed in
the 2030 agenda.

In this study, high rates of hepatitis diagnosis were associated
with localities with lower illiteracy rates in the adult population. In
addition, the increased detection rate of hepatitis C was linked to
states with higher values of human development, life expectancy
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at birth, and per capita income. These findings confirm the factors
already described in the literature®"*, prompting reflections about
the aspects that cause and sustain the occurrence of infections in
the country.

The better organization and accessibility of health services, with
the possibility of offering diagnostic tests, can boost the highest
detection rates, whether by active or passive search for cases.
This more favored scenario may be responsible for the higher bur-
den of viral hepatitis in states with better socioeconomic indica-
tors”. These conditions shape the local elimination responses and
imply the different epidemiological behaviors evidenced.

Thus, it is essential to face the programmatic disparities, com-
bined with the strengthening of permanent and continuing edu-
cation actions in health, to overcome cultural and stigmatizing
barriers and qualify the performance of health professionals®?!.
This response may provide opportunities for the dissemination of
vaccination and prevention strategies, early access to diagnosis,
and the provision of antiviral therapies promptly to the popula-
tion at all points of the care network™.

Finally, it should be noted that the interruption of health ser-
vices due to the COVID-19 pandemic affected the diagnosis and
treatment of hepatitis B and C in Latin American and Caribbean
countries®, resulting in a decline in the detection and notification
of infections between 2020 and 2021'>°. Thus, it is suggested the
strengthening of actions aimed at combating the burden of viral
hepatitis in Brazil, with a focus on increasing testing and ensuring
access to referral services™.

Still, some limitations of this research are listed: (i) secondary
data may include filling errors, duplication, and/or underreport-
ing of cases; (ii) the non-adjustment in trends for interventions,
such as implementation of tests or therapies; (iii) the impossibility
of distinguishing whether there was an increase/decrease in the
occurrence or notification of injuries; (iv) the exclusion of cases
from the COVID-19 pandemic period; and (v) the grouping of
data at the state level for the analyses.

In short, this study revealed disparities in the spatial and tempo-
ral behavior of hepatitis B and C in Brazil from 2010 to 2019. The
South, Southeast, and Midwest regions presented decreases, while
the North and Northeast regions presented stationarity of detection
and decline of mortality, with some states on the rise. It was also
visualized that locations (states) with better socioeconomic and de-
velopment indexes had higher rates of viral hepatitis detection.

These findings may support the development and/or imple-
mentation of assertive strategies that aim to break the trans-
mission chain and promote linkage to care. In addition, it is
necessary to emphasize the role of PHC, which needs to be in-
strumentalized to act in the perspective of integrality along with
secondary and tertiary services - especially the early testing of
cases, the provision and referral to treatment, and the vaccina-
tion of the adjacent population.

Page 7 of 9


https://doi.org/10.7322/abcshs.2023164.2735

Lima et al.

ABCS Health Sci. 2025;50:6025204

REFERENCES

World Health Organization (WHO). Global health sector strategy on
viral hepatitis 2016-2021: towards ending viral hepatitis. Available
from: https://apps.who.int/iris/bitstream/handle/10665/246177/
WHO-HIV-2016.06-eng.pdf

World Health Organization (WHO). Global hepatitis report.
Available from: https://www.who.int/hepatitis/publications/global-
hepatitis-report2017/en/

Thomas DL. Global elimination of chronic hepatitis. N Engl J Med.
2019;380(21):2041-50.
https://doi.org/10.1056/NEJMra1810477

World Health Organization (WHO). Interim guidance for country
validation of viral hepatitis elimination. Available from: https://www.
who.int/publications/i/item/9789240028395

Brasil. Ministério da Saude. Hepatites virais: 2020. Bol Epidemiol.
2020;(1):1-79.

Torre P, Aglitti A, Masarone M, Persico M. Viral hepatitis: milestones,
unresolved issues, and future goals. World J Gastroenterol.
2021;27(28):4603-38.

https://doi.org/ 10.3748/wjg.v27.i28.4603

Beard E, Masden J, Brown J, Tombor |, Stapleton J, Michie S,
et al. Understanding and using time series analyses in addiction
research. Addiction. 2019;114(10):1866-84.
https://doi.org/10.1111/add. 14643

Pavinati G, Lima LV, Palmieri IGS, Magnabosco GT. Distribution
and spatial autocorrelation of viral hepatitis B and C in Parana,
Brazil: an ecological study, 2011-2019. Epidemiol Serv Saude.
2023;32(2):2022888.
https://doi.org/10.1590/S2237-96222023000200015

Qian J, Yue M, Huang P, Ai L, Zhu C, Wang C, et al. Spatiotemporal
heterogeneity and impact factors of hepatitis B and C in China
from 2010 to 2018: Bayesian space-time hierarchy model. Front
Cell Infect Microbiol. 2023;13:1115087.
https://doi.org/10.3389/fcimb.2023.1115087

. Xu CD, Xiao GX, Li JM, Cao HX. Spatiotemporal patterns and

risk factors concerning hepatitis B virus infections in the Beijing—
Tianjin-Hebei area of China. Epidemiol Infect. 2019;147:e110.
https://doi.org/10.1017/509502688 18003412

. Israr M, Ali F, Nawaz A, Idrees M, Khattak A, Rehman SU, et al.

Seroepidemiology and associated risk factors of hepatitis B and
C virus infections among pregnant women attending maternity
wards at two hospitals in Swabi, Khyber Pakhtunkhwa, Pakistan.
PLoS One. 2021;16(8):0255189.
https://doi.org/10.1371/journal.pone.0255189

. Maria RC, Camara JT, Moura MES, Silva FS, Ximenes JC. Analysis of

space and epidemiological distribution of hepatitis B and C cases in
municipal Maranh&o. Rev Pesqg Cuid Fundam Online. 2021;13:1421-7.
https://doi.org/10.9789/2175-5361.rpcfo.v13.9 702

. Gongalves NV, Miranda CSC, Guedes JA, Silva LCT, Barros EM,

Tavares CGM, et al. Hepatites B e C nas areas de trés Centros
Regionais de Saude do Estado do Para, Brasil: uma andlise
espacial, epidemiolégica e socioeconémica. Cad Saude Coletiva.
2019;27(1):1-10.
https://doi.org/10.1590/1414-462X201900010394

. Instituto Brasileiro de Geografia e Estatistica (IBGE). Cidades e

estados: Brasil. Available from: https://www.ibge.gov.br/cidades-
e-estados.html?view=municipio.

. Ismail Z, Aborode AT, Oyeyemi AA, Khan H, Hasan MH, Saha A,

et al. Impact of COVID-19 pandemic on viral hepatitis in Africa:

https://doi.org/10.7322/abcshs.2023164.2735

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

challenges and the way forward. Int J Health Plann Manage.
2022;37(1):547-52.
https://doi.org/10.1002/hpm.3317

Fernandez-Lépez L, Simbes D, Casabona J; EuroTEST COVID-19
Impact Assessment Consortium of Partners. Impact of the COVID-19
pandemic on community-based testing for HIV, viral hepatitis, and
sexually transmitted infections in the WHO European Region, March
to August 2020. Eur J Public Health. 2023;33(3):528-35.
https://doi.org/10.1093/eurpub/ckad010

Latorre MRDO, Cardoso MRA. Andlise de séries temporais em
epidemiologia: uma introdug&o sobre os aspectos metodoldgicos.
Rev Bras Epidemiol. 2001;4(3):145-52.
https://doi.org/10.1590/S1415-790X2001000300002

Mello JAVB. Policentralidade e mobilidade na Regido Metropolitana
do Rio de Janeiro. Bitacora Urbano Territorial. 2019;29(3):11-20.
https://doi.org/10.15446/bitacora.v29n3.62420

Miot HA. Andlise de correlagdo em estudos clinicos e
experimentais. J Vasc Bras. 2018;17(4):275-9.
https://doi.org/10.1590/1677-5449.174118

Pinto CS, Costa GB, Allaman IB, Gadelha SR. Clinical,
epidemiological aspects, and trends of hepatitis B in Brazil from
2007 to 2018. Sci Rep. 2021;11(1):13986.
https://doi.org/10.1038/s41598-021-93434-y

Sato APS, Koizumi IK, Farias NOS, Silva CRC, Cardoso MRA,
Figueiredo GM. Mortality trend due to hepatitis B and C in the city
of Sao Paulo, 2002-2016. Rev Saude Publica. 2020;54:124.
https://doi.org/10.11606/s1518-8787.2020054002231

Sousa LFO, Santos ERS, Oliveira RM, Andrade RLB, Batista
JFC, Lima SO. Hepatitis mortality in Brazil and regions, 2001-
2020: temporal trend and spatial analysis. Rev Bras Epidemiol.
2023;26:e230029.

https://doi.org/10.1590/1980-549720230029

Moghadami M, Dadashpour N, Mokhtari AM, Ebrahimi M,
Mirahmadizadeh A. The effectiveness of the national hepatitis
B vaccination program 25 years after its introduction in Iran: a
historical cohort study. Braz J Infect Dis. 2019;23(6):419-26.
https://doi.org/10.1016/j.bjid.2019.10.001

Tanaka J, Kurisu A, Ohara M, Ouoba S, Ohisa M, Sugiyama A,
et al. The burden of chronic hepatitis B and C infections in 2015
and future trends in Japan: a simulation study. Lancet Reg Health
West Pac. 2022;22:100428.
https://doi.org/10.1016/j.lanwpc.2022.100428

Almeida EC, Gleriano JS, Pinto FKA, Coelho RA, Vivaldini SM,
Gomes JNN, et al. Access to viral hepatitis care: distribution
of health services in the Northern region of Brazil. Rev Bras
Epidemiol. 2019;22(Suppl 1):E190008.supl.1.
https://doi.org/10.1590/1980-549720190008.supl.1

Veracruz N, Gish RG, Cheung R, Chitnis AS, Wong RJ. Global
trends and the impact of chronic hepatitis B and C on disability-
adjusted life years. Liver Int. 2022;42(10):2145-53.
https://doi.org/10.1111/liv.156347

Grandi G, Lopez LF, Burattini MN. Regional differences and
temporal trend analysis of hepatitis B in Brazil. BMC Public Health.
2022;22(1):1931.

https://doi.org/ 10.1186/s12889-022-14296-1

World Health Organization (WHO). Global health sector strategies
on, respectively, HIV, viral hepatitis, and sexually transmitted
infections for the period 2022-2030. Available from: https://www.
who.int/publications/i/item/9789240053779

Page 8 of 9


https://doi.org/10.7322/abcshs.2023164.2735
https://apps.who.int/iris/bitstream/handle/10665/246177/WHO-HIV-2016.06-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/246177/WHO-HIV-2016.06-eng.pdf
https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/
https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/
https://doi.org/10.1056/NEJMra1810477
https://www.who.int/publications/i/item/9789240028395
https://www.who.int/publications/i/item/9789240028395
https://doi.org/
https://doi.org/10.1111/add.14643
https://doi.org/10.1590/S2237-96222023000200015
https://doi.org/10.3389/fcimb.2023.1115087
https://doi.org/10.1017/S0950268818003412
https://doi.org/10.1371/journal.pone.0255189
https://doi.org/10.9789/2175-5361.rpcfo.v13.9
https://doi.org/10.1590/1414-462X201900010394
https://www.ibge.gov.br/cidades-e-estados.html?view=municipio
https://www.ibge.gov.br/cidades-e-estados.html?view=municipio
https://doi.org/10.1002/hpm.3317
https://doi.org/10.1093/eurpub/ckad010
https://doi.org/10.1590/S1415-790X2001000300002
https://doi.org/10.15446/bitacora.v29n3.62420
https://doi.org/10.1590/1677-5449.174118
https://doi.org/10.1038/s41598-021-93434-y
https://doi.org/10.11606/s1518-8787.2020054002231
https://doi.org/10.1590/1980-549720230029
https://doi.org/10.1016/j.bjid.2019.10.001
https://doi.org/10.1016/j.lanwpc.2022.100428
https://doi.org/10.1590/1980-549720190008.supl.1
https://doi.org/10.1111/liv.15347
https://doi.org/
https://www.who.int/publications/i/item/9789240053779
https://www.who.int/publications/i/item/9789240053779

Lima et al.

ABCS Health Sci. 2025;50:6025204

29.

30.

31.

32.

Oliveira CM, Marques JPC, Machado WD, Gomes DM, Freitas
CASL, Silva MAM, et al. Care for families with people with chronic
conditions in primary health care: integrative review. Cienc Cuid
Saude. 2021;20:e544083.
https://doi.org/10.4025/ciencuidsaude.v20i0.54403

Nguyen MH, Wong G, Gane E, Kao JH, Dusheiko G. Hepatitis
B virus: advances in prevention, diagnosis, and therapy. Clin
Microbiol Rev. 2020;33(2):e00046-19.
https://doi.org/10.1128/CMR.00046-19

Lombardi A, Mondelli MU; ESCMID Study Group for Viral
Hepatitis (ESGVH). Hepatitis C: is eradication possible? Liver Int.
2019;39(3):416-26.

https://doi.org/10.1111/liv.14011

Brasil. Ministério da Saude. Portaria n° 1.537/2020. Altera a
Portaria de Consolidag&o n° 5, de 28 de setembro de 2017, para
dispor sobre o Programa Nacional para a Prevencéo e o Controle
das Hepatites Virais e a Portaria de Consolidagéo n° 6, de 28 de

https://doi.org/10.7322/abcshs.2023164.2735

33.

34.

35.

setembro de 2017, para incluir os medicamentos do Programa
Nacional para a Prevencéo e o Controle das Hepatites Virais no
Componente Estratégico da Assisténcia Farmacéutica. Available
from: https://bvsms.saude.gov.br/bvs/saudelegis/gm/2020/
prt1537_15_06_2020.html

Santos DAS, Oliveira JS, Benevenuto VCF, Goulart LS, Olinda RA.
Trend of viral hepatitis cases notified in the state of Mato Grosso -
Brazil. Cogitare Enferm. 2023;28:¢86762.
https://doi.org/10.1590/ce.v28i0.86762

World Health Organization (WHO). Second round of the national
pulse survey on continuity of essential health services during
the COVID-19 pandemic: January-March 2021. Available from:
https://apps.who.int/iris/rest/bitstreams/1343409/retrieve.

Gleriano JS, Chaves LDP, Ferreira JBB. Repercussions of the
COVID-19 pandemic on referral services for viral hepatitis care.
Physis. 2022;32(4):320404.
https://doi.org/10.1590/S0103-73312022320404

Page 9 of 9


https://doi.org/10.7322/abcshs.2023164.2735
https://doi.org/10.4025/ciencuidsaude.v20i0.54403
https://doi.org/10.1128/CMR.00046-19
https://doi.org/10.1111/liv.14011
https://bvsms.saude.gov.br/bvs/saudelegis/gm/2020/prt1537_15_06_2020.html
https://bvsms.saude.gov.br/bvs/saudelegis/gm/2020/prt1537_15_06_2020.html
https://doi.org/10.1590/ce.v28i0.86762
https://apps.who.int/iris/rest/bitstreams/1343409/retrieve
https://doi.org/10.1590/S0103-73312022320404

