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Abstract Given the growing number of deaths
due to the COVID-19 pandemic in Brazil, this
study presents an initial and exploratory descrip-
tive analysis of the excess mortality observed from
March to May 2020 in capitals and other muni-
cipalities. The data source was the death registers
from the Civil Registry Offices. The data were
disaggregated by gender and capitals and other
municipalities of the 26 federative units and the
Federal District. The standardized mortality ra-
tio for 2020 was calculated with the 2019 morta-
lity coefficients as standards. The results showed
39,146 excess deaths for the period studied and is
higher among men. This increase was more signi-
ficant among the capitals of the North, Northeast,
and Southeast regions. In the other municipalities
in these regions, the increase was observed in May,
indicating a possible inland-bound COVID-19
transmission. The need to improve the detection
and registration of cases is highlighted to enable
the efficient monitoring of the pandemic.
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Introduction

The COVID-19 pandemic is so far the most sig-
nificant health challenge of this century, causing
more than 9 million cases and 470,000 deaths
worldwide (June 22)!. The disease was first de-
scribed in China in late 2019 and quickly spread
worldwide?. Since then, many efforts have been
made in several countries to control the epidem-
ic, but global growth continues®.

In Brazil, the first case of COVID-19 was re-
corded on February 26 Since then, more than
one million cases and 50,000 deaths have been
reported, placing Brazil as the country with the
second-highest number of cases and deaths in
the world'”. However, the number of report-
ed cases and deaths is highly dependent on the
testing policy adopted. Some countries only test
patients in need of hospitalization, others recom-
mend testing all those with symptoms, regardless
of the need for hospital care, and some countries
still implement mass testing.

In Brazil, in particular, the outlook for mit-
igating the epidemic is not favorable due to
unfavorable political scenarios and the lack of
national planning integrated with states and mu-
nicipalities. Considering that a significant num-
ber of cases of the disease develop unfavorably,
understanding the burden of COVID-19 in the
country’s mortality profile should be among the
priorities in facing the various epidemics since
the first suspected case of the disease was record-
ed. The use of data from existing information
systems in Brazil can provide a good benchmark
to monitor the epidemic, define prevention and
control measures and assess the impact on the
weight that this new disease has caused in the
country’s morbimortality.

This study aimed to describe in an explorato-
ry way the relationship between deaths observed
in the months in which the COVID-19 epidem-
ic arrived in Brazil so far, compared with the
number of expected deaths concerning 2019 by
capital and inland in the federative units and the
Federal District by gender.

Methods

The data source for this study was the registry of
deaths from natural causes informed by the Civil
Registry of Natural Persons and made available
by the National Association of Natural Persons
Registrars (ARPEN) on its freely accessible web-
site®. The information on this website is updated

daily with the sending of the data registered by
the notary offices at the Civil Registry Informa-
tion Center (CRC). Considering the legal dead-
lines for sending information’, the set of deaths
between March 1 to May 31, 2019 and 2020 was
considered, with data obtained on June 30, 2020.
Municipal population projections by gender and
age range calculated by Freire et al.® were em-
ployed.

The number of deaths from all the natural
causes was analyzed monthly, broken down by
capitals and other municipalities in the 26 fed-
erative units and the Federal District by gender.
The standardized mortality ratio (SMR) for 10-
year age groups for 2020 was calculated using
the mortality coefficients of the corresponding
months and locations in 2019 as standards. The
95% confidence intervals for each SMR were cal-
culated assuming a Poisson distribution, as de-
scribed by Breslow and Day’.

The number of excess deaths was calculated
as the difference between the number of deaths
observed and the number of expected deaths,
from the mortality coefficients in the same
months of 2019, applied to the population pro-
jected for 2020 in the respective locations. The
negative monthly values were defined as zero
for the calculation of the total by location. States
with extreme values for SMR were excluded by
visual inspection for the graphical representation
of the data. The analyses were performed using
STATA/MP version 14.2'°.

Results

Tables 1 and 2 show the standardized mortality
ratios and the excess deaths calculated for March
through May 2020 in the Federal District, in the
capitals and other municipalities of the Brazilian
federative units, in men and women, respectively.
A total of 39,146 excess deaths were estimated in
Brazil for this period, of which 23,979 were men
and 15,167 women. For the capitals, excess of
deaths totaled 27,069, while 12,077 were record-
ed for the other municipalities.

The most significant excess deaths were ob-
served in capitals of the North Region: Manaus
(AM), Belém (PA); Northeast Region: Fortaleza
(CE) and Recife (PE), and Southeast Region: Rio
de Janeiro (RJ) and Séo Paulo (SP), for both gen-
ders, and were higher among men. For the other
municipalities, the most significant excess deaths
were observed in the Northeast (PE) and South-
east (RJ and SP) regions (Tables 1 and 2). Some



Table 1. Standardized Mortality Ratios (SMR) and number of excess deaths among men from capitals and inland
municipalities of the federal units and Federal District, Brazil, March to May 2020.

March April May
Region State Location Ratio Ratio Ratio Excess
OJE 95% CI OJE 95% CI OJE 95% CI deaths
North AC Capital 1.03  (0.84-1.24) 130 (1.06-1.57) 2.10 (1.81-2.41) 131
Inland 0.96  (0.76-1.20) 0.90 (0.71-1.13) 0.75 (0.58-0.96) 0
AM Capital 1.01  (0.93-1.10) 3.29 (3.14-3.44) 239 (2.26-2.53) 2,016
Inland 1.10  (0.87-1.37) 153 (1.27-1.82) 2.51 (2.16-2.88) 167
AP Capital 041  (0.30-0.55) 0.71 (0.56-0.89) 1.62 (1.39-1.88) 67
Inland 0.48 (0.27-0.80) 1.20 (0.86-1.63) 2.79 (2.22-3.46) 59
PA Capital 1.07  (0.98-1.16) 2.72 (2.57-2.88) 2.82 (2.66-2.97) 1,626
Inland 0.85  (0.79-0.92) 0.99 (0.92-1.07) 1.47 (1.39-1.56) 362
RO Capital ~ 26.11 (21.89-30.9) 1.10 (0.91-1.32) 3.05 (2.75-3.37) 394
Inland 1.08  (0.95-1.22) 0.77 (0.67-0.87) 0.91 (0.80-1.03) 17
RR Capital ~ 1.01  (0.82-1.23) 0.82 (0.66-1.01) 1.63 (1.39-1.90) 66
Inland 0.95 (0.43-1.79) 1.40 (0.52-3.06) 1.18 (0.67-1.91) 4
TO Capital 0.63  (0.46-0.85) 0.72 (0.53-0.96) 0.81 (0.61-1.06) 0
Inland 122 (1.04-1.41) 0.90 (0.76-1.06) 0.98 (0.84-1.14) 30
Northeast AL Capital  1.04  (0.91-1.18) 1.29 (1.14-1.45) 175 (1.60-1.92) 280
Inland 112 (1.02-1.22) 103 (0.94-1.13) 1.33 (1.23-1.43) 235
BA Capital  1.05  (0.96-1.14) 1.26 (1.17-1.36) 1.62 (1.51-1.72) 512
Inland 1.00  (0.96-1.05) 0.96 (0.91-1.00) 0.81 (0.77-0.85) 3
CE Capital 0.86 (0.80-0.92) 1.36 (1.28-1.43) 3.16 (3.04-3.29) 2,151
Inland 1.17  (1.10-1.24) 1.11 (1.05-1.18) 1.54 (1.47-1.62) 837
MA  Capital 097  (0.85-1.11) 2.02 (1.85-2.20) 2.19 (2.02-2.37) 616
Inland 1.09  (1.01-1.18) 121 (1.13-1.30) 1.90 (1.80-2.01) 773
PB Capital 0.81 (0.71-0.93) 0.85 (0.74-0.97) 1.54 (1.39-1.70) 132
Inland 0.96  (0.89-1.03) 0.89 (0.83-0.96) 1.17 (1.10-1.24) 162
PE Capital 091  (0.84-0.99) 1.63 (1.53-1.74) 237 (2.25-249) 1,217
Inland 1.06  (1.01-1.10) 1.08 (1.04-1.13) 1.50 (1.45-1.55) 1,296
PI Capital 054  (0.43-0.66) 0.67 (0.56-0.80) 0.62 (0.52-0.74) 0
Inland 1.00 (0.91-1.10) 0.88 (0.79-0.97) 0.86 (0.77-0.95) 0
RN Capital 0.85  (0.74-0.97) 0.75 (0.65-0.87) 1.10 (0.97-1.25) 23
Inland 1.00  (0.91-1.09) 0.92 (0.84-1.01) 1.15 (1.06-1.25) 73
SE Capital 0.90  (0.77-1.05) 0.87 (0.74-1.02) 0.96 (0.82-1.12) 0
Inland 1.04  (0.93-1.16) 0.87 (0.78-0.98) 1.06 (0.95-1.17) 32
Southeast ES Capital 1.04 (0.86-1.26) 1.11 (0.91-1.33) 1.37 (1.16-1.60) 56
Inland 0.95 (0.89-1.01) 0.94 (0.88-1.01) 1.20 (1.14-1.27) 206
MG Capital 1.38 (1.29-1.48) 1.28 (1.19-1.38) 1.34 (1.25-1.44) 555
Inland 1.02  (0.99-1.05) 0.90 (0.87-0.93) 0.88 (0.85-0.90) 103
R] Capital 1.02  (0.98-1.07) 1.51 (1.46-1.56) 1.66 (1.61-1.70) 3,089
Inland .06  (1.02-1.09) 1.11 (1.08-1.15) 136 (1.32-1.40) 1,830
SP Capital 1.11 (1.07 -1.14)  1.31 (1.27-1.34) 1.42 (1.38-1.46) 3,142
Inland 1.01 (0.99-1.03) 1.01 (0.99-1.03) 1.09 (1.07-1.11) 1.173
South PR Capital 1.04  (0.95-1.13) 0.99 (0.90-1.09) 0.96 (0.88-1.05) 18
Inland 1.05  (1.01-1.09) 1.01 (0.97-1.05) 0.89 (0.86-0.93) 139
RS Capital 1.00  (0.93-1.09) 0.93 (0.85-1.01) 0.78 (0.72-0.85) 3
Inland 0.98  (0.94-1.02) 0.94 (0.90-0.98) 0.96 (0.92-0.99) 0
SC Capital 0.85  (0.67-1.06) 1.13 (0.91-1.39) 0.79 (0.61-0.99) 10
Inland 1.0l (0.96-1.06) 0.96 (0.91-1.01) 0.92 (0.87-0.96) 17

it continues
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Table 1. Standardized Mortality Ratios (SMR) and number of excess deaths among men from capitals and inland
municipalities of the federal units and Federal District, Brazil, March to May 2020. (continuation)

March April May
Region State Location Ratio Ratio Ratio Excess
OJE 95% CI OJE 95% CI O/E 95% CI deaths
Midwest DF Capital  1.03  (0.95-1.11) 092 (0.85-1.00) 1.05 (0.97-1.13) 49
GO Capital 0.84 (0.76-0.93)  0.90 (0.81-0.99) 0.90 (0.81-0.98) 0
Inland 1.11 (1.04-1.19) 0.83 (0.78-0.89) 1.02 (0.96-1.09) 115
MS Capital 1.27 (1.12-1.43) 098 (0.85-1.11) 1.02 (0.90-1.16) 63
Inland 1.18 (1.08-1.29) 1.07 (0.97-1.17) 0.91 (0.83-1.00) 96
MT  Capital 114 (1.01-1.28) 094 (0.82-1.08) 0.92 (0.80-1.06) 33
Inland 093  (0.84-1.02) 0.94 (0.85-1.05) 0.82 (0.74-0.91) 0
Brazil 1,03 (1,02-1,03) 1,10 (1,09-1,11) 1,24 (1,23-1,25) 23.979

Table 2. Standardized Mortality Ratios (SMR) and number of excess deaths among women from capitals and
inland municipalities of the federal units and Federal District, Brazil, March to May 2020.

March April May
Region  State Location Ratio Ratio Ratio Excess
OJE 95% CI OJE 95% CI OJE 95% CI deaths
North AC Capital 1.26 (1.00-1.55) 0.99 (0.77-1.25) 2.25 (1.87-2.68) 87
Inland 0.83 (0.60-1.12) 0.64 (0.45-0.88) 0.96 (0.72-1.26) 0
AM Capital 0.85 (0.77-0.94) 2.65 (2.50-2.81) 1.96 (1.83-2.10) 1,080
Inland 0.84 (0.60-1.14) 1.23 (0.92-1.61) 2.71 (2.22-3.26) 78
AP Capital 0.42 (0.28-0.59) 0.54 (0.39-0.73) 1.18 (0.94-1.45) 13
Inland 0.86 (0.53-1.34) 075 (0.47-1.13) 125 (0.88-1.74) 7
PA Capital 1.09 (0.99-1.19) 222 (2.07-2.37) 245 (2.29-2.62) 994
Inland 0.78 (0.71-0.86) 0.82 (0.74-0.90) 1.22 (1.13-1.31) 118

RO Capital 96.16 (78.15-117.07) 0.83 (0.67-1.03) 2.74 (2.40-3.12) 245

Inland 1.18 (1.07 -1.30
SE Capital 1.08 (0.93-1.25
Inland 0.96 (0.85-1.08

091 (0.82-1.00) 1.00 (0.91-1.10) 65
0.77 (0.64-0.92) 1.01 (0.87-1.18) 15
091 (0.80-1.03) 0.91 (0.80-1.02) 0

it continues

Inland 0.85 (0.72-1.00) 0.74 (0.63-0.87) 0.85 (0.72-0.99) 0
RR Capital 1.12 (0.87-1.43) 1.10 (0.85-1.39) 1.43 (1.18-1.73) 47
Inland 2.86 (1.60-4.72) 1.64 (0.66-3.37) 2.49 (1.07-4.90) 17
TO Capital 0.66 (0.46-0.92) 0.65 (0.45-0.92) 0.86 (0.55-1.28) 0
Inland 1.49 (1.26-1.74) 0.83 (0.68-1.00) 0.91 (0.76 -1.08) 49
Northeast AL Capital 0.90 (0.78-1.03) 1.05 (0.92-1.19) 1.47 (1.33-1.62) 145
Inland 1.01 (0.90-1.12) 0.90 (0.81-1.00) 1.38 (1.27-1.50) 153
BA Capital 0.89 (0.81-0.97) 137 (1.27-1.48) 152 (1.43-1.63) 486
Inland 0.94 (0.89-0.99) 0.89 (0.84-0.94) 0.73 (0.69-0.77) 0
CE Capital 0.94 (0.87-1.00) 1.39 (1.31-1.47) 250 (2.40-2.61) 1,571
Inland 1.01 (0.94-1.08) 1.02 (0.95-1.09) 1.34 (1.27-1.42) 325
MA  Capital 0.83 (0.72-0.95) 1.65 (1.49-1.82) 1.55 (1.41-1.70) 307
Inland 1.02 (093-1.12) 1.07 (0.98-1.18) 1.43 (1.33-1.54) 251
PB Capital 0.77 (0.66 -0.90) 0.80 (0.69-0.92) 0.91 (0.80-1.03) 0
Inland 0.96 (0.89-1.03) 0.85 (0.79-0.92) 1.09 (1.02-1.16) 75
PE Capital 1.02 (0.95-1.10) 1.54 (1.44-1.64) 2.02 (1.91-2.12) 1,062
Inland 1.05 (1.00-1.10) 1.10 (L.05-1.15) 1.38 (1.33-1.44) 948
PI Capital 0.71 (0.58-0.85) 0.76 (0.63-0.91) 0.45 (0.36-0.55) 0
Inland 1.03 (0.93-1.14) 0.80 (0.72-0.90) 0.71 (0.62 -0.80) 10
RN Capital 0.80 (0.69-0.93) 0.63 (0.53-0.74) 0.94 (0.83-1.08) 0
)
)
)




Table 2. Standardized Mortality Ratios (SMR) and number of excess deaths among women from capitals and
inland municipalities of the federal units and Federal District, Brazil, March to May 2020. (continuation)

March April May
Region State  Location Ratio Ratio Ratio Excess
OJE 95% CI OJE 95% CI OJE 95% CI deaths
Southeast ES Capital 1.03 (0.84-1.25) 1.05 (0.85-1.27) 1.00 (0.84-1.19) 7
Inland 0.95 (0.89-1.02) 1.04 (0.96-1.11) 1.20 (1.13-1.28) 189
MG Capital 1.51 (1.40 -1.61 1.23  (1.14-1.33) 1.15 (1.06-1.24) 484
Inland 1.02 (0.99-1.06) 0.89 (0.86-0.92) 0.88 (0.85-0.90) 97
RJ Capital 1.00 (0.96-1.04) 1.25 (1.20-1.29) 1.38 (1.33-1.42) 1,782
Inland 1.02 (0.98-1.06) 1.03 (1.00-1.07) 1.23 (1.20-1.27) 939
SP Capital 1.08 (1.05-1.12) 1.27 (1.23-1.31) 133 (1.29-1.37) 2,385
Inland 1.03 (1.01-1.05) 0.96 (0.94-0.98) 1.05 (1.03-1.07) 698
South PR Capital 0.97 (0.88-1.07) 1.05 (0.95-1.16) 0.91 (0.82-1.00) 21
Inland 1.10 (1.06 -1.15) 0.94 (0.90-0.99) 0.86 (0.83-0.90) 186
RS Capital 0.97 (0.90-1.05) 0.96 (0.88-1.04) 0.78 (0.72-0.85) 0
Inland 1.02 (0.98-1.06) 0.92 (0.88-0.95) 0.97 (0.94-1.01) 43
SC Capital 0.92 (0.73-1.14) 1.04 (0.83-1.30) 1.03 (0.82-1.27) 5
Inland 0.96 (0.91-1.01) 092 (0.87-0.98) 0.88 (0.83-0.92) 0

Midwest DF Capital 1.06 (0.97 -1.15

GO Capital 0.99 (0.89 -1.09

Inland 1.05 (0.97 -1.13

MS Capital 1.06 (0.93-1.21

Inland 1.22 (1.10 -1.35

MT Capital 1.22 (1.07 -1.40

Inland 0.99 (0.88 -1.13

Brazil 1,02 (1,01 -1,03

0.93 (0.86-1.02) 0.94 (0.86-1.02) 29

0.90 (0.80-1.00) 0.94 (0.84-1.04) 0
0.89 (0.82-0.96) 0.96 (0.89 -1.04) 32
0.69 (0.59-0.81) 0.78 (0.67 -0.90) 13

0.88 (0.78-0.98) 0.81 (0.72-0.91) 67
0.74 (0.63-0.87) 1.01 (0.86-1.18) 41
0.87 (0.75-0.99) 0.67 (0.58-0.77) 0
1,04 (1,03-1,05) 1,14 (1,13-1,15) 15.167

Brazilian capitals recorded no excess deaths for
both genders, namely Palmas (TO), Teresina
(PI), and Goiania (GO) (Figures 1 and 2).

Incremental and statistically significant stan-
dardized mortality ratios were observed for most
capitals in the Northeast and Southeast regions
for men and Southeast for women in April. In
May, most capitals in the North region followed
the same pattern. For the other municipalities,
the standardized mortality ratios indicated a sig-
nificant increase in May, highlighting the inland
region of the states of the North, Northeast, and
Southeast regions (Tables 1 and 2, Figures 1 and
2).

Discussion
The total of excess deaths estimated in this study

between March and May 2020 (39,146) across
the country was 33.5% higher than the number

of deaths accumulated by COVID-19 as of May
31, as reported by the Ministry of Health (29,314
deaths)'’. In the state capitals, the excess deaths
for the period studied were 124% higher than in
the other municipalities in the country, ranging
from 3 in Porto Alegre to 5,527 in Sao Paulo.

A continued increase was observed in the
standardized mortality ratios for each month an-
alyzed in 2020 in the places where increased mor-
tality was noted compared to the same months
of the previous year. This increase coincided with
the escalating epidemic in the country. The com-
pared standardized mortality ratios for the states,
separating capitals from other municipalities,
allows observing a great regional variation with
higher magnitude in the capitals and more sig-
nificant excess among men from March to May
2020.

However, in May, the inland region’s stan-
dardized mortality ratios became more ex-
pressive, which may be associated with the in-
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State
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Figure 1. Standardized Mortality Ratios (SMR) and 95% confidence intervals among men from capitals and inland

municipalities of the federal units and Federal District, Brazil, March to May 2020.

land-bound transmission of COVID-19. This is
consistent with the introduction of SARS-COV-2
that started in the capitals but has been spread-
ing inland. The mortality profile changed ini-
tially in the capitals of the Southeast, North, and
Northeast regions. The epidemic shift allowed
perceiving excess deaths in municipalities out-
side the capitals, which may reflect the arrival of
COVID-19.

Although COVID-19 is less lethal than SARS,
it has a higher transmissibility power and affects
mainly elderly individuals, men, and those with
comorbidities'?. However, compared to the influ-
enza virus, SARS-CoV-2 is more transmissible,
with an approximate lethality of 1.4% and is 14
times higher. In China, the general ratio of fatal
cases was 1.38% (1.23-1.53), with higher pro-
portions in older groups (above 60 years: 6.4%,
95% CI: 5.7-7.2; and above 80 years: 13.4%, 95%
CL: 11.2-15.9)".

The findings of this study identify excess
deaths among men, compared to what was ob-
served among women, which agrees with what
has been reported in the literature'*. However,
attention is drawn to the need to analyze more
robust estimates, assessing the absolute and rel-
ative differences to understand this issue better'.

The data made available by ARPEN, derived
from information from Civil Registry Offices for
Natural Persons, do not allow a reliable analysis
of the underlying causes of death, and, therefore,
it was not possible to group data by cause. They
do, however, have the advantage of accessing in-
formation from 2019 and 2020. The excess of
33.5% found between the estimated deaths in
2020 compared to deaths officially reported by
COVID-19 may be, in part, explained by indi-
rect causes. In the context of the pandemic, the
conditions of health of persons with comorbid-
ities, or even difficulties in accessing health ser-
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Figure 2. Standardized Mortality Ratios (SMR) and 95% confidence intervals among women from capitals and inland

municipalities of the federal units and Federal District, Brazil, March to May 2020.

vices that are primarily treating COVID-19 cases,
can explain deaths from other causes which are
indirectly caused by the pandemic. A study that
analyzed mortality in the first weeks of the pan-
demic (between March 1 and April 25, 2020) and
the contribution of COVID-19 and other causes
in the U.S. showed 87,001 excess deaths against
the total of 505,059 deaths, 56,246 (65%) of
which were attributed to COVID-19. This study
identified that, in the five states with the highest
number of deaths due to COVID-19, there was
also a substantial increase in mortality from oth-
er non-respiratory causes such as diabetes and
heart disease'.

The World Health Organization draws at-
tention to the Situation Report (the final part
with the update of data and errata of specific
countries, territories or areas) about the signifi-
cant increase observed in Brazil on June 21 due
to the case report lag in three states (Bahia, Rio
de Janeiro, and Sao Paulo). Brazil ranks second

regarding the number of deaths in the table of
this report, behind the U.S. (Brazil: 48,954 and
the U.S.: 118,895). However, the number of new
cases and deaths confirmed in the last 24 hours
is, by far, much higher than in any other coun-
try (54,771 new cases and 1,206 deaths), ranking
first in this regard, followed by the U.S. (36,617
new cases in the last 24 hours). These data are
alarming and the burden of COVID-19 in the
country should be much higher if we take into
account the considerable underreporting due to
the disarticulated control and the lack of testing
on a larger scale.

The analysis presented here has several rele-
vant limitations. Estimates are based on incom-
plete, provisional data. The exclusion of data
from the last 14 days of the time series may not
be enough to consider the delay in some mu-
nicipalities or states. For example, in the state of
Rondonia, the delays in notification or system
update appear to be longer and more unstable
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and, therefore, the count may still be underesti-
mated. The estimates can be an early indication
of the disease burden, but they must be interpret-
ed with caution until confirmed by other official
data sources, such as the Mortality Information
System (SIM)'®. However, with all the limitations,
the results point to excess deaths between March
and May, precisely after the epidemic arrives in
Brazil, and, therefore, can be associated with
COVID-19.

The need to improve the detection and regis-
tration of cases is urgent, and health authorities
are responsible for providing conditions for this
to be done with regularity, daily updating, and
transparency to ensure the pandemic’s monitor-
ing. The maintenance and constant improvement
of our health information systems must be seen
as a priority in all spheres of government, lest we
lose what has been built for several decades with
so much effort and has been the most consistent
pillar for disease control in the country.
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