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Abstract

Despite advances in reducing the burden and mortality of malaria in recent decades,
the disease remains relevant for population health in the Legal Amazon region of Brazil.
At the same time that rates have been decreasing from 18.4 cases per 1000 people to
only 5.4 cases per 1000, the brazilian population has experienced rapid changes age
structure. We combine data from National Household Surveys and the Malaria Epi-
demiological Surveillance System to estimate the contribution of age to malaria rate
schedules, using visualizations and decomposition to compare the years 2007 and 2019
for nine states in the Legal Amazon. Our preliminary findings show that although
malaria rates have fallen considerably from 2007 to 2019, changes in population struc-
ture have non-negligible contribution to changes in malaria rate schedules, especially
since states have had malaria rate reductions and population structure changes of
varying intensity. We tentatively conclude that the contribution of age structure to
malaria rate schedules will tend to increase as further reductions in rates become more
challenging in the next few years and trends in fertility and mortality in the country
will probably accelerate population aging.

Introduction

Worldwide, malaria is major health issue, with over 200 million cases every year and over
400,000 deaths each year("). Despite the progress made in the previous decades, it continues
to be a common disease in the Legal Amazon region of Brazil, where 157 thousand cases were
reported in 2019 and another 60 thousand in the first half of 2020(?). For this reason, one
of the goals of National Malaria Control Program (NCMP) is the eradication of the disease,
with current goals of eliminating P. falciparum malaria until 2030.

However, as the country has reduced disease incidence rapidly in the preceding decades, the
disease has become more focal and heterogeneously distributed in the territory ) and further
reductions in malaria rates will probably become more challenging® to achieve with wide-
ranging strategies, requiring tailored, local approaches. This is especially relevant considering
the complex nature of malaria risk, which involves ecological, demographic, socioeconomic
and institutional factors complexly intertwined (®).



From a demographic perspective, these successes in malaria control happen at a time where
Brazil is undergoing rapid population aging(® and also an expansion of education access.
This is relevant for malaria epidemiology because certain age and education profiles tend
to show higher levels of disease incidence(™® particularly in the Brazilian case, where the
pattern has shifted from younger towards adult, working-age populations. So, it is reasonable
to ask if demographic change has had an effect on the rate schedules of malaria and, if so,
to what extent.

In summary, the goal of this study is to compare the age structure of the population af-
flicted with malaria in Brazil in the years 2007 and 2019 and to estimate the contribution of
demographic and education changes to changes in malaria rates schedules in the context of
falling malaria incidence rates.

Methods

Data on population estimates for states in the LA region was obtained from the National
Household Sample Survey (PNAD) for 2007 and the Continuous National Household Sample
Survey (PNADC) for 2019. Data on number of cases by age and state was obtained from the
Malaria Epidemiological Surveillance System (SIVEP Malaria), maintained by the Ministry
of Health.

The study area is the Legal Amazon, a group of nine Brazilian States that contain, in full
or in part, the amazon rainforest biome and are, therefore, required by the Constitution
to help preserve it. It is composed by the States of Acre (AC), Amapd (AP), Amazonas
(AM), Maranhao (MA), Mato Grosso (MT), Pard (PA), Tocantins (TO), Rondénia (RO)
and Roraima (RR) and is located in the Northwestern part of Brazil, bordering several
countries in South America.

We define a malaria case as a positive slide test that corresponds to a new infection, by
discarding cases that were reported as “cure verification slides” happening in one of the
states in the Legal Amazon in the year 2007 or 2019. The study population is comprised of
the estimated population of these states according to the National Institute for Geography
and Statistics (IBGE). The malaria rate is the ratio between the number of cases in the
given year divided by the estimated midyear population.

We used data visualizations to compare the age structures of malaria cases for both periods
and decomposition(?) to estimate the contribution of age structure to malaria rate schedules.

Results

The population age structure for all nine states can be seen in figure 1. These results show
that falling fertility can be seen in all states in LA. Even if the effects are not very pronounced
in Roraima and Mato Grosso. The population up to 20 years old is smaller in proportion
than it was 14 years ago, and the relative contribution of adults over 30 is increasing.

The age distribution of malaria cases in 2007 and 2019 can be seen in figure 2. With the
exception of Roraima (RR), where the levels of malaria infection have not changed substan-
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Figure 1: Age and sex structure by State in the Legal Amazon in 2007 and 2019
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Figure 2: Age specific malaria rate by sex and State in Legal Amazon in 2007 and 2019



tially between the two comparison years, all other states have shown marked reductions in
the overall rates of infection. With these also came a reduction in the sex difference between
rates, which can be seen by the reduction of the gap between the lines for men and women.
Another relevant feature is that in most states the proportion younger than 15 has been
reduced in relation to the working age population, which can be seen by a decrease of the
relative slope of the line for young in relation to working age people, becoming positive for
young people in states where the rates are lowest.

Table 1: Age and rate decomposition by State in the Legal Amazon, 2007 and 2019

State Age Rate Age Rate
Contribution  Contribution

Men
RO 0.0006 0.0284 1.9% 98.1%
AC 0.0025 0.0295 7.7% 92.3%
AM 0.0006 0.0243 2.2% 97.8%
RR 0.0006 -0.0044 -16.8% 116.8%
PA 0.0003 0.0040 6.5% 93.5%
AP 0.0005 0.0133 3.8% 96.2%
TO 0.0000 0.0001 -5.5% 105.5%
MA 0.0000 0.0007 -0.3% 100.3%
MT 0.0000 0.0012 2.5% 97.5%

‘Women
RO 0.0004 0.0150 2.8% 97.2%
AC 0.0012 0.0241 4.9% 95.1%
AM 0.0009 0.0154 5.3% 94.7%
RR 0.0002 -0.0026 -6.3% 106.3%
PA 0.0002 0.0019 9.9% 90.1%
AP 0.0000 0.0077 0.3% 99.7%
TO 0.0000 0.0000 -6.0% 106.0%
MA 0.0000 0.0003 3.5% 96.5%
MT 0.0000 0.0005 2.6% 97.4%

Source: Brazilian Institute of Geography and Statistics and Ministry of Health.

The results of age decomposition by state can be seen in table 1. The contribution of age
structure change to malaria rate schedules is very modest in most states. For men for instance,
Roraima, Tocantins and Maranhao show no contribution at all; Rondénia, Amapéa and Mato
Grosso, less than 2.5%; and Amap4, Pard and Acre had 3.8, 6.5 and 7.7% respectively. For
women, Roraima and Tocantins showed no contribution; Ronddénia, Maranhao and Mato
Grosso were below 3.5%; while Acre, Amazonas and Para showed slightly larger contributions
of 4.9, 5.3 and 9.9%, respectively.



Discussion and conclusions

At first glance, the small proportions of age contribution to changes in rates would seem
negligible, however, they must be considered in light of the enormous reduction in malaria
incidence observed over the period. Rates decreased on average 67%, with states like Rondo-
nia, Tocantins and Maranhao reducing their rates by nearly 90%. In a scenario such as this
one, the mere existence of age structure contributions is remarkable.

Moreover, the trends for the future are the most relevant aspect of this analysis. Currently,
the NMCP is pursuing P. falciparum malaria elimination and continuing efforts to reduce
the overall burden, but further reductions in the rates will be more challenging (“'9). At the
same time, current trends in declining fertility and longevity improvements — however timid
they may be will probably accelerate the process of population aging. As a result of this, it
is likely that future changes in the age distribution of malaria cases will become more and
more influenced by changes in age structure.

In summary, as the country makes progress in the struggle against malaria, the relevance of
the demographic perspective increases, both because the disease becomes more localized and
heterogeneous ), but also because the structure of the population at risk is changing as well.
We hope that future studies can take this dimension into consideration, since population
vulnerability is already recognized as one of the determinants of malaria risk.
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