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Abstract

Background: Viral hepatitis is a major health problem in Brazil and worldwide. The state of Santa Catarina has high endemic areas, and
the disease burden is unknown.

Objectives: To estimate and analyze the burden of hepatitis B in the state of Santa Catarina, in 2005 - 2010.

Materials and Methods: A time-series analysis was conducted using notification data of incidence and mortality rates from hepatitis B.
The Disability-Adjusted Life Years (DALY) and the components Years of Life Lost (YLL) and Years Lived with Disability (YLD) were calculated.
The annual variation was estimated using segmented linear regression, identifying the points at which there were changes in the trend.
Results: The state of Santa Catarina showed an increase of 11.9% (95% CI 0.9, 24.2) per year in YLL rates. A significant increase was observed
for men and within the 70 - 79 age group. There was a significant decrease of -9.4% (95% CI -16.1,-2.2) in the YLD rates per year. The decline
was significant for women and within the 1534 age group. Regarding the DALY rates, the state of Santa Catarina showed a decline of -6.6%
(95% CI: -11.0, -2.0) per year. Significant decreases occurred for females and within the 15 - 29 and 45 - 59 age groups. However, there was a
significant increase within the 70 - 79 age range.

Conclusions: The state of Santa Catarina has reduced the disease burden rates attributed to disability from hepatitis B, but there has been
an increase in the burden of premature mortality from 2005 to 2010.
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1. Background

Viral hepatitis is a major health problem in Brazil and
worldwide. According to the World Health Organization,
about 600000 people die from the disease each year.
Most people infected with hepatitis B do not know their
carrier status and thus become an important link in the
chain of disease transmission (1).

Hepatitis B is endemic in China and other parts of Asia.
In Brazil, the disease is highly endemic in the Amazon re-
gion. In southern Brazil, there are highly endemic areas,
including the state of Santa Catarina (1-3). A study con-
ducted in this state showed two distinct and significant
trends in disease incidence in 2002 - 2009; an increase of
5.9% per year until 2006, followed by a drop of 6.4% per
year until the end of the follow-up period (4).

Several studies used the indicator Disability-Adjusted Life
Years (DALY) to estimate the burden of hepatitis B in differ-
ent countries or regions. According to the Global Burden of
Disease Study (5), there was a 25% worldwide increase in the
burden of acute hepatitis B rates per 100000 population,
and 62.5% in the total number of DALY in 1990 - 2010. In the
United Kingdom, the burden of disease was estimated as

follows; a decrease of 11.6% in total DALYs, a decrease of 18.3%
in rates for acute episodes of hepatitis B and an increase of
108.8%and 92.9%, respectively for hepatocellular carcinoma
secondary to hepatitis B. The increase in the rates of burden
of cirrhosis secondary to hepatitis B in the UK were 56.6%
and 44.7%, respectively for the same period and indicators
(6). Data from China (7) also showed an increase of 36.5%
in the burden of hepatocellular carcinoma on the total
number of DALYs secondary to hepatitis B and 25.8% in the
burden of acute hepatitis, although there was a decrease of
46.1% in the burden of liver cirrhosis. In Spain in 2006 (8),
there was an estimated rate of 20.4 DALY[100000 popula-
tion and in Germany (9), 9.4 DALYs[100000 population
in 2005 - 2007. In the Canadian province of Ontario 7004
HALY (health-adjusted life year) from hepatitis B were es-
timated in 2005 - 2007 (10). In Brazil, there are no specific
studies on the burden of hepatitis B.

2. Objectives

The aim of this study was to estimate the burden of hep-
atitis B and analyze trends in the Brazilian state of Santa
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Catarina from 2005 to 2010.

3. Materials and Methods

Ecological studies were conducted to estimate the bur-
den of hepatitis B in the state of Santa Catarina in each
year of the period under study.

3.1. Data Collection

The data collection consisted of confirmed hepatitis B
cases in Santa Catarina reported to the Information Sys-
tem for Notifiable Diseases (SINAN) of the Brazilian Na-
tional Health System (SUS). Data from individuals who
died from hepatitis B were obtained from the Mortality
Information System (SIM) of SUS. Deaths caused by hepa-
titis B were those classified by the ICD-10 as Bi6, B16.2,
B16.9 and B18.1. Population distributions by gender and
age groups were obtained from SUS Department of Infor-
matics (DATASUS) (11).

3.2. DALY Calculation

The indicator Disability Adjusted Life Years (DALY) was
calculated by adding the number of years of life lost (YLL)
to the number of years lived with disability (YLD).

3.3.YLL Calculation

The YLL was estimated by the difference between age at
death and life expectancy, standardized at 80 years for
men and 82.5 for women (12). A discount rate of 3% per
annum was applied with the objective to avoid excessive
weight given to deaths at very young ages (12).

3.4. YLD Calculation

The YLD was estimated by multiplying the weight fac-
tor, defined as a measure that assigns a numerical value
to the time lived in non-fatal health states, by the dura-
tion of disease (12). Hepatitis B can be characterized as
either acute or chronic. In this study, we assumed that
from all patients with chronic hepatitis B, 5% progress to
hepatocellular carcinoma, 25% to liver cirrhosis and 70%
to moderate chronic hepatitis (12). Of patients with liver
cirrhosis, 80% would develop compensated cirrhosis and
20% decompensated cirrhosis (8).

The average duration of disease and weight factors for cal-
culating YLD were the same as those proposed in Spain (8),
The Netherlands (13) and Australia (14), as shown in Figure 1.

Interpretation of serological tests from the SINAN data
was performed to determine whether the patients with
hepatitis B were in the acute or chronic phase of disease:
1) Acute Hepatitis B: HBsAg positive, Anti-HBc total posi-
tive, Anti-HBc IgM positive, HBeAGe positive or negative,
Anti-HBe positive or negative; 2) Chronic Hepatitis B: HB-
sAg positive, Anti-HBc total positive, Anti-HBc IgM nega-
tive, HBeAGe positive or negative, Anti-HBe positive or
negative.

Initially, the YLL, YLD and DALY crude rates were calcu-
lated. Then, specific rates by gender and age groups were
standardized using the direct method, considering the
population of Santa Catarina in 2010 as the standard.

3.5. Time Trends and Statistical Methods

Next, an ecological time-series study was conducted.
The average of three terms was used to reduce the oscilla-
tion due to the small number of cases for trend detection
through regression models. For the modeling process,
the standardized rates were considered as a dependent
variable (y), and the years of the study period were con-
sidered as an independent variable (x). The Jointpoint
software (Statistical Research and Applications Branch,
National Cancer Institute, Rockville, MD, USA) version
4.0.4 was used to calculate the annual variation of YLL,
YLD and DALY from 2005 to 2010. The software executes
a segmented linear regression (jointpont regression) to
estimate the annual percent variation (APV) and identify
points at which there is a modification of trend. Models
were successively adjusted to assume a different number
of points of trend modification, from 0 (in which the
trend is represented by a single-line segment) to 2 (maxi-
mum). The model chosen was the one with the highest
number of points in which the statistical significance of
p < 0.05 was maintained. The annual percent variation
(APV) was calculated from the estimated inclination for
each line segment (regression coefficient). Its statisti-
cal significance was estimated by the method of least
squares through a generalized linear model, assuming
that the rates follow a Poisson distribution and that the
variations of rates are not constant over the periods. For
each line segment with estimated inclination, 95% confi-
dence intervals (95% CI) were calculated (15).

4. Results

During the study period, 200 deaths registered in the
SIM were found. The lowest rate of YLL was observed in
2006 (7.2 YLL/100000 population) and the highest in
2007 (12.5 YLL/100000 population) as shown in Table 1.
The time-series study showed an increase of 11.9% per year
(95% CI: 0.9, 24.2) in the YLL rates in the state of Santa Ca-
tarina. YLL rates were higher among men than women
in all years of the study period. The temporal analysis
showed a statistically significant annual growth rate of
14.1% (95% CI: 2.8, 26.7) among men, whereas among wom-
en, the increase was not statistically significant (Figure
2). The 45 - 59 age range had the highest YLL rates, except
for the year 2010, in which the 30 - 44 age range had the
highest YLL rates. Nevertheless, the only age group that
showed a significant variation was the 70 - 79 age range,
which increased the YLL rates by 56.4% (95% CI: 30.8, 87.0)
in the study period (Table 1 and Figure 2).

During the study period, 8241 cases of hepatitis B were
reported in the state of Santa Catarina. The YLD rates
ranged from 46.4 YLD[/100000 population in 2006 to
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25.2 YLD[100000 population in 2008. The time-series
study showed a statistically significant decrease of -9.4%
per year (95% CI: -16.1, -2.2). During 2005 - 2007, women
had higher YLD rates than men, whereas in 2008 - 2010,
men had higher YLD rates than women (Figure 2). How-
ever, there was a significant decrease of -14.7% (95%
CI: -22.2, -6.5) in the indicator among women. The age
groups 15-29 and 30-44 years had statistically signifi-
cant reductions in the YLD rates in the study period as
-16.5% (95% Cl: -25.7, -6.1) and -5.3% (95% CI: -8.6, -2.0), re-
spectively (Table 2).

The highest rate of disability-adjusted life years (DALY)
was observed in 2006, with 53.6 DALY[/100000 people and
the lowest rate occurred in 2008, with 36.4 DALY/100000
people. The variation in rates over the period showed a
significant drop of -6.6% (95% CI: -11.0, -2.0) per year. Re-
garding gender, women showed a significant reduction
of -13.6% (95% CI: -20.3,-6.3) per year (Figure 2). Statistically
significant changes were observed in the 15-29 age range
with a drop of -15.9% (95% CI: -25.3,-5.5) per year, and in the
45-59 age range with a drop of -5.7% (95% CI: -8.1, -3.2) per
year (Table 3)
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Figure 1. Summarization of Weight Factors and Duration of Hepatitis B

>

Women

35

30

N N\
20 A

] N ——

Rates per 100,000 population

10
5
0 T T T T T
2005 2006 2007 2008 2009 2010
=@=YLL YLD  ===DALY

=~

Men

w
o

N N
S O
)

(
|

Rates per 100,000 population
—
(%}

o

2005 2006 2007 2008 2009 2010

===YLL YLD  e=te=DALY

Figure 2. Trend in Rates of YLL, YLD and DALYs From Hepatitis B per 100000 Population, by Gender, in the State of Santa Catarina, Brazil From 2005 - 2010;

A, Women and B, Men

Hepat Mon. 2015;15(11):e31906



Marcon CEM et al.

Table 1. Distribution of YLL From Hepatitis B and Rates/100000 Population, Standardized by Gender and Age Group in the State of Santa Catarina, Brazil in 2005 - 2010

2005 2006 2007 2008 2009 2010
Variables Annual Percent
Variation (95% CI)
No. (%) Rate No. (%) Rate No. (%) Rate No. (%) Rate No. (%) Rate No. (%) Rate
Gender
Male 365.6(78.9) 6.2  326.2(75.7) 5.4 604.6(80.0) 10.0  568.0(84.0) 9.4 429.7(81.3) 7.0 536.2 (81.0) 8.6 14.1(2.8;26.7)*
Female 97.9 (21.1) 17 104.9(243) 1.8 151.6 (20.0) 25 108.0 (16.0) 18 98.8 (18.7) 1.6 126.0 (19.0) 2.0 43(-7.5;17.7)
Age group, y
<1 - - - - - - - - 30.67(5.8) 0.5 - - -
1-4 - - - - - - - - - - - - -
5-14 - - - - - - - - - - - - -
15-29 - - - - 27.1(3.7) 0.5 27.5(4.1) 0.4 - - 263(4.0) 0.4 -15.0 (-62.4; 92.4)
30-44 120.7 (26.0) 21 192.1(44.6) 3.2 217.1(28.7) 3.7 190.7(28.2) 3.2 69.8 (13.2) 1.2 293.4(44.3) 4.7 4.7(-13.6;26.8)
45-59 251.1(54.2) 55  187.9(43.6) 41  397.7(52.6) 7.0 337.4(49.9) 5.8 303.2(57.4) 5.1 247.5(37.4) 4.0 6.7(-1.0;15.1)
60-69 86.8(18.7) 19 41.0 (9.5) 0.9 93.9 (12.4) 17 109.5(16.2) 1.9 78.1(14.8) 13 50.5(7.6) 0.8 4.8(-0.2;10.1)
70-79 - - 10.2(2.4) 0.2 19.6 (2.6) 03 10.9 (1.6) 0.2 46.8(8.8) 0.8 44.6 (6.7) 0.7 56.4(30.8;87.0)2
>80 4.9 (1.1) 0.1 - - - - - - - - - - -
Santa Catarina 463.5(100.0) 7.9  4311(100.0) 7.2  756.1(100.0) 125  676.0(100.0) 1.2 528.44(100.0) 8.6  6623(100.0) 10.6 11.9 (0.9;24.2)

3The values are statistically significant.
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Table 2. Distribution of YLD From Hepatitis B and Rates/100000 Population, Standardized by Gender and Age Group in the State of Santa Catarina, Brazil in 2005 - 2010

15(11):€31906

’

2005 2006 2007 2008 2009 2010
Variables Annual Percent
Variation (95% CI)
No. (%) Rate No. (%) Rate No. (%) Rate No. (%) Rate No. (%) Rate No. (%) Rate

Gender
Male 843.5 (42.1) 143 1,109.0(40.1) 185 983.7(471) 162  759.7(49.8) 125  9263(50.4) 151  1,112.0(54.7) 17.8 3.0 (-9.1;3.5)
Female 159.7(57.9)  19.8  1656.1(59.9) 279  1105.7(52.9) 183  765.8(50.2) 127  910.2(49.6) 14.9 919.3(453) 14.7  -14.7(-22.2;-6.5)°

Age group, y
<1 6.7(0.3) 0.1 6.7(0.2) 0.0 6.7(03) 0.1 6.7(0.4) 0.1 19.9 (1.1) 03 6.7(03) 0.1 29.7(-10.3; 87.5)
1-4 6.6(0.3) 0.0 6.6(0.2) 0.0 6.7(0.3) 0.1 6.7(0.4) 0.1 6.6 (0.4) 0.1 6.6 (0.3) 0.1 7.9 (-1.2;17.8)
5-14 46.8(2.4) 0.6 79.6 (2.9) 11 40.1(1.9) 0.6 333(2.2) 0.5 13.5(0.7) 0.2 20.0 (1.0) 03 -23.8 (-42.7;1.1)
15-29 868.0(43.4) 14.6  13083(473) 21.6  847.8(40.6) 1.9  557.6(36.6) 9.2 615.2(33.5) 101  686.6(33.8) 110 -16.5(-25.7;-6.1) @
30-44 629.4 (31.4) 10.8  845.0(30.6) 143  727.6(34.8) 123  590.9(38.7) 10.0 683.0(372) 1.4 666.6(32.8) 10.7 -5.3(-8.6;-2.0) @
45-59 378.3(18.9) 83 428.7(15.5) 9.3 372.8(17.9) 6.6 275.8 (18.1) 4.7 399.2(21.7) 6.7  4875(24.0) 7.8 -8.2(-21.4;7.3)
60-69 50.6 (2.5) 11 66.9(2.5) 1.5 81.0 (3.9) 1.5 34.4(2.3) 0.6 80.9 (4.4) 1.4 137.1(6.8) 2.2 0.4 (-19.0; 24.5)
70-79 10.1(0.5) 0.2 16.7(0.6) 0.4 6.9(0.3) 0.1 20.2(1.3) 03 18.3(1.0) 03 13.5(0.7) 0.2 6.3(-7.7; 22.5)

>80 6.6(0.3) 0.2 6.6(0.2) 0.2 - - - - - - 6.7(0.3) 0.1 -
Santa Catarina 2,003.2(100.0) 341  2765.1(100.0) 46.4 2089.4(100.0) 34.5 1525.5(100.0) 252 1836.6(100.0) 30.0 20313(100.0) 325 -9.4 (-16.1;-2.2) @

The values are statistically significant.
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Table 3. Distribution of DALY From Hepatitis B and Rates/100000 Population, Standardized by Gender and Age Group in the State of Santa Catarina, Brazil in 2005 - 2010

2005 2006 2007 2008 2009 2010
Variables Annual Percent
Variation (95% CI)
No. (%) Rate No. (%) Rate No. (%) Rate No. (%) Rate No. (%) Rate No. (%) Rate

Gender
Male 1209.1(49.0) 20.5  1435.2(44.9) 24.0 1588.3(55.8) 26.2 1327.7(60.3) 21.9  1356.0(57.3) 221  1648.2(61.2) 26.4 -0.4(2.2;-0.7)
Female 1257.6 (51.0) 215 1761.0 (55.1) 29.7  1257.3(44.2) 208 873.8(39.7) 14.4 1009.0(42.7) 165 1045.4(38.8) 167  -13.6(-203;-6.3)°

Age group, y
<1 6.7(0.3) 0.1 6.65(0.2) 0.1 6.7(0.2) 0.1 6.7(0.3) 0.1 50.6 (2.1) 0.8 6.8(0.2) 0.1 63.8(-29.7; 281.6)
1-4 6.7(0.3) 0.1 6.63(0.2) 0.1 6.7(0.2) 0.1 6.7(0.3) 0.1 6.6 (0.3) 0.1 6.6(0.2) 0.1 7.9 (-1.2;17.8)
5-14 46.8(1.9) 0.6 79.58 (2.5) 1.7 40.1(1.4) 0.0 333(15) 0.5 13.5(0.6) 0.2 19.98 (0.7) 03 -19.2 (-51.0;33.2)
15-29 868.0(35.2)  14.6  1308.3(40.9) 216 875.6(30.8)  14.4 585.1(26.6) 9.7 615.2(26.0) 101  712.91(26.5) 114 -15.9(-25.3;-5.5)2
30-44 750.1(30.4) 12.9 1037.2 (32.5) 17.5 944.7(332)  16.0 781.6 (35.5) 13.2 752.8(31.8) 125 959.96(35.6) 15.4 -4.7 (11.0; 2.2)
45-59 629.4 (25.5) 13.8 616.5(19.3) 13.4 770.5 (27.1) 13.6 613.2(27.9) 10.6  702.4(29.7) 1.7  735.03(273) 1.8 -5.7(-8.1;-3.2) 2
60-69 137.4 (5.6) 3.1 107.9 (3.4) 2.4 174.9 (6.2) 3.2 143.8 (6.5) 2.5 158.9 (6.7) 2.7 187.57(7.0) 3.0 1.3(-6.6; 4.4)
70-79 10.1(0.3) 0.2 26.9(0.8) 0.6 26.5(0.9) 0.5 31(1.4) 0.5 65.1(2.8) 11 58.09 (2.2) 0.9 26.5(20.2;33.2)2
>80 11.5(0.5) 0.1 6.6(0.2) 0.2 -(-) - -(-) - -(-) - 6.68(0.2) 0.1 -

wwﬁm Cata 5 166.6(100.0) 42.0 319619(100.0) 536 2845.6(100.0) 47.0 22015(100.0) 364 2365.0(100.0) 38.6 2693.6(100.0) 431  -6.6(10;-2.0)

3The values are statistically significant.
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5. Discussion

According to the World Health Organization, viral hepa-
titis makes a substantial contribution to the burden of
chronic diseases. Infections with hepatitis B and C viruses
cause an estimated 57% of cases of liver cirrhosis and 78%
of cases of primary liver cancer worldwide annually (16).

This study estimated rates ranging between 36.4 and
53.6 DALY/100000 people. In Spain, the estimated rates
were 20.4 DALY[100000 people (8) and in Germany, 9.4
DALY[100000 people (9). Substantially higher rates found
in the state of Santa Catarina indicate the need for inten-
sified prevention and surveillance. Particularly, the west
region of Santa Catarina is considered an endemic area
for hepatitis B (3), which certainly contributes to increase
the studied indicators.

In the time-series analysis, significant declines were ob-
served in YLD and DALY rates, which may represent better
public policies and care in the treatment and prevention
of new cases of hepatitis B in the state of Santa Catarina.
On the other hand, increased YLL rates were observed,
especially among men and in older age groups that may
represent advanced cases of disease (cases of liver cir-
rhosis or hepatocellular carcinoma) that may represent
late diagnosis, which reinforces the need for population-
based serological screening and enhancing immunopro-
phylaxis of hepatitis B in males and the elderly.

Astudy of trends in the hepatitis B incidence in the state
of Santa Catarina showed a 5.9% increase in incidence
rates from 2002 to 2006, and a significant drop of 6.4%
from 2006 to 2009 (4). Although neither the above-men-
tioned study nor the current one has a method approach
with an explanatory design; it can be hypothesized that
reduction in rates may be a reflection of immunization
programs and surveillance activities aimed at preven-
tion. This can also be seen in the analysis by age group,
since there are few cases among children and adoles-
cents. This could be attributed to the vaccination cam-
paign that began in 1992 in the state of Santa Catarina
for children under five and presented 98.8% coverage
rate during 2005 and 2010 (17). Furthermore, the increase
found in the YLL rates could evidence improvements in
health information systems in Brazil (18).

The male usually has a higher prevalence of HBV infec-
tion (2,19, 20) possibly due to occupational exposure, drug
use and promiscuous habits compared to women. In ad-
dition, the vaccine schedule was initially aimed to reduce
mother to child transmission. The present study showed
a significant increase in men’s mortality burden, which
can indicate that they may not have access to early diag-
nosis and treatment in a timely manner. This situation
highlights the necessity for effective prevention policies
aimed at men’s health. Regarding disability, there was a
significant decrease among women, a phenomenon oc-
curred in DALY rates as well. Similar results were found in
Spain in both early mortality and disability components
(8). A study conducted in the Canadian province of Ontar-

Hepat Mon. 2015;15(11):e31906

io found that the impact on the burden of hepatitis B was
higher among men than women (10). The present study
demonstrated that DALY rates had a significant increase
in the 70-79 age range during the study period. These fig-
ures highlight the necessity for preventive actions aimed
atelderly people, such as expansion of vaccination against
hepatitis B for all age groups and campaigns that encour-
age immunization, since Brazil does not provide hepatitis
B vaccination for elderly populations, except in high-risk
groups. There is no record in the Brazilian database of hep-
atitis B vaccination for this age group (21, 22). The Brazilian
national immunization program provides the vaccination
against hepatitis B for people younger than 50 years. The
vaccine was gradually introduced nationally since 1989
due to the high prevalence in the western Amazon region.
The Brazilian Ministry of Health guidelines state that vacci-
nation against hepatitis B should be guaranteed primarily
to high-risk groups, even if they are outside the age range
and to every individual above 50 years who seek vaccina-
tion against hepatitis B (22). In some European countries,
especially in the south of the continent, the burden of
chronic liver disease due to hepatitis B is increasing be-
cause of the unvaccinated aging population (21). A study
conducted in China showed an increased burden of liver
cancer in patients with an average age of 55 years, due to
hepatitis B (7).

Hepatitis B is considered a global problem with high inci-
dence in different countries, including Brazil. Thus, taking
preventive measures to control viral hepatitis is of utmost
importance. Vaccination against hepatitis B is safe and ef-
fective. In many countries where 8% to 15% of children
used to become chronically infected with hepatitis B virus,
vaccination reduced the rate of chronic infection to less
than 1% among immunized children (23). Some measures
recommended by the World Health Organization tend to
change the current scenario of hepatitis B. These actions
include increased resource mobilization for disease pre-
vention, with efforts to improve vaccination coverage, ac-
tions to prevent transmission of the virus, guidelines for
screening, diagnosis and treatment of the disease and pur-
poseful actions to reduce treatment costs (16).

Brazilian national public policies encompass vaccination
of healthcare workers, safety of injections using dispos-
able syringes and needles in all health services, rigorous
screening of all donated blood, prevention of viral hepa-
titis among drug users and referral network for patients
with viral hepatitis (23). These policies help reduce the
overall rates of hepatitis B in the country and can show a
decline in the disease rates in the coming years (23).

Limitations of this study include possible underreport-
ing of hepatitis B cases, considering the long-term asymp-
tomatic phase and underreporting of cases in SINAN and
registration of SIM deaths due to undetermined causes.
An example is seroepidemiologic population surveys or
in groups with greater vulnerability with high rates of
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HBV infection (24-27). Therefore, the findings should be
interpreted with caution, since underreporting of cases
can interfere with disease burden presented in this study.

There is an urgent need to raise awareness of healthcare
workers to investigate and report all cases of hepatitis B.
This measure would allow access to more comprehen-
sive data about the disease, and can help plan actions to
improve early diagnosis and treatment of the disease.
Moreover, considering the natural history of the disease,
it is estimated that only cases with greater severity and
presence of signs and symptoms are investigated and re-
ported.

Asignificant decrease in the burden of hepatitis B rates
and disability components in the state of Santa Catarina
between 2005 and 2010 was observed. However, there
was a significant increase in the early mortality compo-
nent rate in the same period.
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