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Abstract

Background: This study presents the malaria burden in Brazil from 1990 to 2017 using data from the Global
Burden of Diseases, Injuries, and Risk Factors Study 2017 (GBD 2017), by analyzing disease burden indicators in
federated units of the Legal Amazon and Extra-Amazon regions, as well as describing malaria cases according to
Plasmodiunpecies occurring in the country.

Methods: We used estimates from the GBD 2017 to report years of life lost due to premature death (YLLs), years
lived with disability (YLDs), and disability-adjusted life years (DALYs) for malaria in Brazil, grouped by gender, age
group, and Brazilian federated unit, from 1990 to 2017. Results are presented as absolute numbers and age-
standardized rates (per 100,000 inhabitants) with 95% uncertainty intervals (Ul).

Results: At the national level, the age-standardized DALYs rate due to malaria decreased by 92.0%, from 42.5 DALYs
per 100,000 inhabitants (95% Ul 16.6-56.9) in 1990 to 3.4 DALYs per 100,000 inhabitants (95% Ul 2.7-4.7) in 2017.
The YLLs were the main component of the total DALYs rate for malaria in 1990 (67.3%), and the YLDs were the
main component of the metric in 2017 (61.8%). In 2017, the highest sex—age DALYs rate was found among females
in the “< 1-year-old” age group, with a 6.4 DALYs per 100,000 inhabitants (95% Ul 1.8-14.7) and among males in
the age group of “20 to 24 years old”, with a 4.7 DALYs per 100,000 inhabitants (95% Ul 3.3-9.9). Within the Brazilian
Amazon region, the three federated units with the highest age-standardized DALYs rates in 2017 were Acre [28.4
(95% Ul 14.2—39.1)], Roraima [28.3 (95% Ul 13.5-40.2)], and Rondonia [24.7 (95% Ul 11.4-34.8)]. Concerning the
parasite species that caused malaria, 73.5% of the total of cases registered in the period had Plasmodium vivaas
the etiological agent.
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Conclusions: The results of the GBD 2017 show that despite the considerable reduction in the DALYs rates
between 1990 and 2017, malaria remains a relevant and preventable disease, which in recent years has generated
more years of life lost due to disability than deaths. The states endemic for malaria in the Amazon region require
constant evaluation of preventive and control measures. The present study will contribute to the direction of
current health policies aimed at reducing the burden of malaria in Brazil, as knowing the geographical and
temporal distribution of the risk of death and disability of this disease can facilitate the planning, implementation,
and improvement of control strategies aimed at eliminating the disease.
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Background

Malaria is an infectious disease with episodic acute man-
ifestations and is caused by protozoan parasites of the
genus Plasmodium [1, 2]. Five species of Plasmodium
can infect humans; however, P. vivax and P. falciparum
are the main responsible for causing the disease, with
the latter showing a high mortality rate and being pre-
dominant in African countries [1-4]. Despite being con-
sidered treatable and presenting a favorable evolution
when effective health actions are adopted, malaria re-
mains a relevant disease from a global health perspective
[5-7].

In 2017, the World Health Organization (WHO) esti-
mated that about 219 million [95% confidence interval
(CI) 203-262 million] new cases of malaria had occurred
worldwide, corresponding to an increase of two million
notifications in relation to the previous year (2016: 217
million, 95% CI 200—259 million) [8].

Regarding the malaria in the Americas, a total of 568,
283 confirmed cases were reported in 2016, an increase
of 116,000 in relation to the previous year. Between
2010 and 2016, 19 of the 21 endemic countries in the re-
gion reported autochthonous transmission of malaria.
Brazil, Colombia, Guyana, Haiti, Peru, and Venezuela
are responsible for the greatest disease burden, repre-
senting 94% of all the cases in the Americas [9, 10].

In Brazil, in the early 1940s, two thirds of the 40 mil-
lion inhabitants lived in areas endemic for malaria, and
between 6 and 8 million infections and around 80,000
malaria-related deaths occurred each year [11-15]. In
this context, the National Malaria Service was estab-
lished, and anti-malaria campaigns initiated
throughout the country [11, 12].

Later, the number of malaria cases increased consider-
ably in the Amazon region as a result of large develop-
ment projects, such as the construction of roads that
facilitated the implementation of ores and timber extrac-
tion, livestock, and agricultural settlements, as well as
the expansion of colonization and migration of workers
to the region [15—17]. Nowadays, malaria still represents
a major public health problem in Brazil, with the highest
number of cases being registered in the Brazilian
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Amazon region. In this area, 174,522 cases of malaria
have been reported from January to November 2017,
which represents an increase of 48% in relation to the
same period in 2016, when 117,832 cases of the disease
were reported. These have been caused mainly by P.
vivax, followed by P. falciparum, and, to a smaller ex-
tent, P. malariae [18].

The Global Burden of Disease (GBD) is a descriptive
epidemiological study that, since the 1990s, has been
quantifying and comparing the magnitude of health losses
due to diseases and injuries and identifying risk factors as-
sociated with location, sex, age, and year [19, 20]. The
GBD study uses the disability-adjusted life year (DALYs),
a measure of the health loss due to fatal and nonfatal dis-
ease burden, as the population’s primary health metric.
The DALYs are estimated by the sum of years lived with
disabilities (YLDs) and years of life lost (YLLs) due to pre-
mature death for a given cause [19-25].

To the best of our knowledge, this is the first national
analysis of the malaria burden stratified by sex, age
group, and federated units in Brazil, one of the Ameri-
can countries most affected by the disease. Although the
burden of malaria in Brazil has been quantified at the
national level, there are clear disparities among different
regions, and subnational analyses are needed. Consider-
ing that most reports of malaria in Brazil result from P.
vivax infection, over the years, it is observed that, al-
though the disease does not have a high mortality rate, it
affects a significant number of cases with great social
and economic impact. The analysis of the burden of
malaria goes beyond the knowledge about the incidence
and mortality of the disease and can be considered an
additional tool for understanding this health problem.
Therefore, the results of the GDB will allow a better un-
derstanding of the country’s malaria burden, a key step
in policy implementation as it leads to the compression
of morbidity caused by the disease. Identifying levels and
trends of malaria burden can assist health authorities in
planning interventions, monitoring processes, and asses-
sing the impact and effectiveness of adopted disease con-
trol measures. In the present study, we analyzed the
malaria burden in Brazil and its 27 federated units using
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the data from the GBD 2017 study describing the main
disease burden metrics DALYs, YLDs, and YLLs, in fed-
erated units in the Legal Amazon and Extra-Amazon re-
gions, as well as describing malaria cases according to
Plasmodium species occurring in the country.

Methods

Study area

The Federative Republic of Brazil is the largest country
in South America and the fifth largest worldwide in ter-
ritorial area, with 8.5 million Km? (equivalent to 47% of
the South American territory) [26]. Regarding popula-
tion size, the country is the second largest in the
Americas and the sixth in the world, with approximately
210 million inhabitants in 2018 [26].

In this study, we present results for malaria burden at
the national level and for all the 27 federated units. The
data are presented considering the five geographic re-
gions (North, Northeast, Central-West, Southeast, and
South) [27], as well as the Legal Amazon (Acre—AC,
Amapd—AP, Amazonas—AM, Pardi—PA, Rondo6nia—
RO, Roraima—RR, Tocantins—TO, Maranhdo—MA,
and Mato Grosso—MT) and the non-endemic Extra-
Amazon (Alagoas—AL, Bahia—BA, Ceard—CE, Para-
iba—PB, Pernambuco—PE, Piaui—PI, Rio Grande do
Norte—RN, Sergipe—SE, Distrito Federal—DF, Goids—
GO, Mato Grosso do Sul—MS, Espirito Santo—ES,
Minas Gerais—MG, Rio de Janeiro—R]J, Sdo Paulo—SP,
Parand—PR, Rio Grande do Sul—RS, and Santa Catar-
ina—SC) [27, 28].

We compared the malaria estimates from the GBD
2017 study for 2017 with those generated in 1990. These
estimates are available on the GBD study platform at
http://vizhub.healthdata.org/gbd-compare and http://
ghdx.healthdata.org/gbd-results-tool.

GBD overview
The GBD study is coordinated by the Institute for
Health Metrics and Evaluation at the University of
Washington, USA [24] and consist of a systematic and
scientific effort to quantify the comparative magnitude
of health losses due to diseases, injuries, and risk factors
by sex, age, and location over time [25]. The general
methodological approaches used to estimate the metrics
in the GBD 2017 are detailed in previous publications
[19-23]. The GBD study uses the disability-adjusted life
years (DALYs) of a given population as the main health
metric. The DALYs results from the sum of the years of
disability (YLDs) and the years of life lost due to prema-
ture death (YLLs) [22]. A DALY represents 1year of
healthy life lost due to a specific illness or injury [22].
Herein, we used the data and estimates from the GBD
2017 to explore the malaria burden in Brazil from 1990 to
2017. The GBD 2017 provides a comprehensive annual
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assessment of mortality and morbidity estimates for more
than 300 diseases and injuries and 84 risk factors for 195
countries and territories from 1990 to 2017 [21, 22, 24, 25].
The GBD 2017 list of hierarchy of disease causes is orga-
nized into four levels, which are mutually exclusive and col-
lectively exhaustive [24, 25]. The cause of malaria was
defined and identified according to the International Classi-
fication of Diseases, 9th (ICD-9) and 10th (ICD-10) Revi-
sions: ICD-9 (Code 084), ICD-9 BTL (Code B052), and
ICD-10 (Codes B50-B54, P37.3, P37.4) [29].

The GBD data sources for Brazil have been described
elsewhere [30—-34]. The mortality data and the data used
to generate the YLLs estimates came from the Brazilian
Mortality Information System (Sistema de Informagies
sobre Mortalidade—SIM) and were adjusted by other na-
tional and international sources. The main sources of
morbidity data, used for the estimation of the YLDs,
were the Information System of Diseases Notification
(Sistema de Informagdo de Agravos de Notificagdo—
SINAN), the Epidemiological Surveillance Information
System—Case Report (Sistema de Informagdo de Vigi-
lancia Epidemioldgica - Notificagdo de casos—SIVEP/
Maldria), the Hospital Information System of the Unified
Health System (Sistema de Informagées Hospitalares do
Sistema Unico de Satide—SIH/SUS), and the Outpatient
Information System of the Unified Health System (Sis-
tema de Informacoes Ambulatoriais do Sistema Unico de
Satide—SIA/SUS) [30-32]. Additional data on the preva-
lence of diseases from published Brazilian population-
based studies and databases from control programs were
also used in the GBD study [30-32].

In the GBD study, each death is attributed to a single
underlying cause, which is the cause that initiated the
series of events that led to death, in accordance with the
ICD principles [20]. In the GBD 2017, mortality sub-
registration and the redistribution of “garbage codes”
were corrected based on the GBD 2017 redistribution al-
gorithms [20]. “Garbage codes” are the assignment of
causes of death that could not or should not be classified
as the underlying cause of death [20]. The GBD 2017
used the Cause of Death Ensemble model (CODEm),
negative binomial regression, and natural history models
to estimate the number of causes of deaths for neglected
tropical diseases (NTDs) by location, sex, age, and year.
The modeling strategy that they used for morbidity esti-
mation and validation has been published elsewhere
[22]. All available data that the GBD study uses is re-
quired to meet a minimum standard of acceptable qual-
ity for each disease. The GBD 2017 used the Bayesian
regression analytic tool DisMod-MR 2.1 to synthesize
consistent estimates of prevalence and incidence of non-
fatal outcomes by sex, age, year, and location using a
wide range of updated and standardized analytical proce-
dures [22].


http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool

Bezerraet al. Population Health Metri@920,18(Suppl 1):5

Page 10 of 15

Fig. 4 Age-standardized rates per 100,000 inhabitants of disability-adjusted life years (DALYs) due to malaria according to federated unit in the
Legal Amazon and the Extra-Amazon regions in the years of 1990 (a) and 2017 (b). The contributions of the years of life lost due to premature
death (YLLs) and the years lived with disability (YLDs) rates are presented. Brazil, 19902017

Altogether, the DALYs, YLLs, and YLDs gather infor-
mation on mortality and morbidity and allow the estima-
tion of the impact of each disease or injury on the health
status of the population. Therefore, these indicators con-
stitute remarkable tools for policy making aimed at re-
ducing the burden of a disease [19-25].

The fact that Brazil is among the countries with the
highest DALYs rates due to malaria in South America
[40] highlights a situation that deserves attention. Des-
pite the decrease in all the disease burden indicators be-
tween 1990 and 2017 (and particularly in the YLLs rate,
which decreased by 95.4% in the period), we noted that
the years of life lost due to disability (YLDs) currently
constitute the most representative contribution to the
DALYs estimates. This scenario may also be a reflex of
the decrease in incidence and mortality rates due to the
disease observed in the country over the years of study.

We observed that the DALYs, YLLs, and YLDs values
over the years were comparable between genders.

However, in some geographic regions, men are at a higher
occupational risk of contracting malaria as they frequently
work in mines, fields, or forests at times of intense activity
of the vectors—mosquitoes of the genus Anopheles that
transmit the parasites to humans [15, 41, 42].
Nevertheless, we observed differences when the age
groups were analyzed according to gender. The reasons
underlying the high rates of DALYs, YLLs, and YLDs ob-
served among children in 1990 are still poorly under-
stood. However, it should be noted that their immune
systems are more susceptible to infections, which is
likely one of the reasons why children are more affected
than other age groups [43]. On the other hand, the
higher DALYs rate observed in 2017 among males in the
age group of “20 to 24 years old” may be related to the
occupational exposure or to the migration of individuals
from this age group to high-risk areas [43, 44].
Noteworthy, the large contribution of the YLDs to the
DALYs rate due to malaria in recent years in Brazil
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Fig. 5 Age-standardized rates per 100,000 inhabitants of disability-adjusted life years (DALYs), years of life lost (YLLs), and years lived with
disability (YLDs) due to malaria according to the federated unit. Brazil, 1990-2017

reflects the fact that this disease incapacitates those af-
fected to carry out their routine activities (work and
school, among others). Studies have shown that most
cases of malaria in Brazil affect the economically pro-
ductive age groups (individuals between 15 and 45 years
old), thus indicating that the disease has an economic
impact on the affected families due to the loss of

productive hours of the patient. Therefore, greater in-
vestments are needed to control malaria, not only to re-
duce its impacts on individuals’ health but also to
minimize the economic pressure that it exerts on the
population [45-47].

Among the Brazilian federated units, Acre, Rondonia,
and Roraima, situated in the Amazon region (in the

Fig. 6 Percentages of change calculated for the disability-adjusted life years (DALYs), years of life lost (YLLs), and years lived with disability (YLDs)
rates per 100,000 inhabitants due to malaria according to the federated unit. Brazil, 1990-2017
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data classification

Fig. 7 Number of confirmed cases of malaria according to Plasmodiunspecies. Brazil, 1990-2017. Sources: Brazilian Ministry of Health [37-39],
National Health Foundation (Fundagéo Nacional de Sat&d@NASA), and Epidemiological Surveillance Information System—Case Report (Sistema
de Informagao de Vigilancia Epidemiolégitatificacdo de cases|VEP/Malaria). *Others = co-infections with P. vivaxend P. falciparum
infections caused by P. malariaend P. ovaleand infections caused by non P. falciparunaccording to the Brazilian Ministry of Health

North of Brazil) had the highest incidence and DALYs
rates in 1990 and 2017. The Brazilian Amazon, so-called
Legal Amazon (Amazdnia Legal) since 1953, is formed
by the states of Acre, Amapd, Amazonas, Pard, Rondo-
nia, Roraima, Tocantins, and part of the states of Maran-
hdo and Mato Grosso). It presents environments that
are favorable to malaria transmission, with risk factors
that include poor demographic and socioeconomic con-
ditions, and areas of expansion of the agricultural fron-
tier, logging, road construction, and hydroelectric plants
(11, 48-51].

The estimates of the GBD 2017 showed that in the
1990s the highest DALYs rates were observed in the
states of Goids (Central-West Brazil, in the Extra-
Amazon region) and Mato Grosso (Central-West Brazil,
within the Legal Amazon region). Both these regions re-
ceived the highest proportion of cases from the North
region of the country [16]. In non-endemic areas, the
constant presence of infected individuals, along with the
persistence of the vector, represents a continuous risk
for the reintroduction of the natural transmission [50].
As observed in other states of the Legal Amazon region,
Maranhéo (which politically belongs to the Northeast re-
gion) has been undergoing a process of expansion of its
agricultural frontiers since the 1970s and 1980s. This ex-
pansion is occurring particularly in the west and north
frontiers of the state, in the pre-Amazonian region in
the border with the state of Pard. These conditions
helped exacerbate malaria transmission in 1986 and
1987 [52].

In the Extra-Amazon region, the state of Piaui (North-
east Brazil) presented the highest incidence rate of

malaria in both 1990 and 2017. With the exception of
Maranhéo, which has part of its territory in the Legal
Amazon, the sates in the Northeast of Brazil are consid-
ered non-endemic and generally report only sporadic
imported cases of malaria. Piaui state records an average
of 40 cases of malaria per year, half of which are prob-
ably autochthonous. These autochthonous cases are pos-
sibly from regions bordering the state of Maranhéao [53].

Some authors have pointed out that the spread of mal-
aria to areas outside the Amazon region in Brazil, and
particularly to urbanized and industrialized states, is of
major concern since these highly populated areas
present favorable conditions for the spread of parasites
and vectors [13, 54, 55].

In American countries, P. vivax is the predominant
parasite species and accounted for 74.1% of the cases of
malaria in 2017. P. falciparum is generally considered
the most important etiological agent of malaria in terms
of mortality, while P. vivax is responsible for the major-
ity of the infections, causing the disease in large areas of
the world, including Brazil. An increasing number of re-
ports has argued that the number of deaths due to infec-
tions by P. vivax is underestimated [7, 56, 57]. It is
important to consider the parasite species when estimat-
ing disease burden because each species lead to different
clinical manifestations of the disease [43, 58]. In this
sense, indicators of YLLs due to incapacity and prema-
ture death may greatly vary depending on the region
evaluated and the predominant parasite species.

Three species of the genus Plasmodium were respon-
sible for the 11,327,462 cases of malaria in Brazil be-
tween 1990 and 2017. P. vivax accounted for 73.5% of



