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Background: Widespread respiratory infections with high morbidity rates caused by respiratory viruses represent 
a significant global public health problem. Our objective was to describe cases and deaths from severe acute 
respiratory infection (SARI) in Brazil over the past 8 y as well as changes in the distribution and risk of illness and 
death from SARI before and in the first year of the coronavirus disease 2019 (COVID-19) pandemic (FYP). 

Methods: We performed a descriptive epidemiological study of hospitalized SARI cases and deaths between 
2013 and 2020 in Brazil, separated into pre-pandemic (2013 to 2019) and FYP (2020). We estimate the increase 
in SARI cases and deaths in the FYP as well as the mortality and infection risks attributable to the FYP (MRAP and 
IRAP, respectively). 

Results: In 2020, an excess of 425 054 cases and 109 682 deaths was observed, with a significant increase in the 
risk of falling ill and dying from SARI, with an IRAP of 200.06 and an MRAP of 51.68 cases per 100 000 inhabitants. 
The increase in SARI cases and deaths was particularly prominent among patients with COVID-19, the elderly, 
males, those self-identifying as mixed race and patients with heart disease and diabetes. We conclude that an 
important increase in morbidity and mortality due to SARI was observed in the FYP. More vulnerable groups and 
those living in the Southeast, North and Center-West regions of the country suffered the most. 
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In Brazil, since the influenza A(H1N1)pdm09 pandemic of 
2009, the epidemiological surveillance system has reported hos- 
pitalizations due to severe acute respiratory infection (SARI) 
influenza-related cases and deaths. 5 The initial SARI surveillance 
protocol aimed to identify the influenza A and B viruses but 
expanded in 2012 to include other respiratory viruses such as RSV, 
adenovirus and parainfluenza 1, 2 and 3. 6 , 7 Since then, the Min- 
istry of Health has improved and strengthened the surveillance, 
recently incorporating coronavirus disease 2019 (COVID-19) into 
the scope of monitoring after identifying the first case in Brazil. 5 
The COVID-19 pandemic represents the world’s greatest pub- 

lic health challenge of the century and caused a severe pub- 
lic health crisis in Brazil, which deepened and highlighted the 
social problems already present in the country. 8–10 This reinforces 
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espiratory viral infections often evolve from mild to mod- 
rate or severe cases and can become critical global health 
roblems due to their high rates of spread and morbidity, 
specially in children, the elderly and immunocompromised 
eople. 1 In 2016 there were an estimated 336 million lower 
espiratory trac t infec tions worldwide, with approximately 2.3 
illion deaths. 2 , 3 The estimated annual global mortality from 

ower respiratory trac t infec tions includes 134 000 deaths from 

nfluenza (43%) and respiratory syncytial virus (RSV; 57%), 
xcluding other aetiological agents. 2 These figures are dwarfed 
y severe acute respiratory syndrome coronavirus 2 (SARS-CoV- 
), with 240 million cases and 4.8 million deaths reported by 
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Chart 1. Description of terms, measures and definitions used in the present study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the importance and challenges of public health surveillance, as
most diseases related to public health emergencies are caused
by viruses and are identified as zoonoses and/or depend on
vectors to be transmitted. 11 
In this context, considering the paramount importance of

SARI surveillance in our country and globally, we conducted an
unprecedented evaluation of epidemiological profile variations in
terms of morbidity and mortality due to SARI, independent of
aetiology. Our study summarizes cases and deaths from SARI in
Brazil over 8 y, exploring changes in the distribution and risk of ill-
ness and death from SARI before and during the first year of the
COVID-19 pandemic (FYP) in Brazil. 

Methods 
We performed a descriptive epidemiological study from records
of hospitalizations and deaths from SARI identified between
2013 and 2020. Data from 2013 to 2018 were obtained from
the Notifiable Disease Information System (SINAN) Influenza
Web and data from 2019 and 2020 were obtained from the
Influenza Epidemiological Surveillance Information System
(SIVEP-Gripe). These information systems were designed to
2 
support epidemiological surveillance, ensuring that the epidemi-
ological and laboratory profiles of hospitalized cases and deaths
from SARI could be recorded and monitored. It is noteworthy
that SIVEP-Gripe replaced the SINAN Influenza Web in 2019. 
The databases containing anonymous information were

obtained through the Open Data Portal of the Brazilian
healthcare system (OpenDATASUS) following the General
Data Protection Law (LGPD). In order to homogenize the
definition of SARI cases throughout the study period, given
changes introduced by the COVID-19 pandemic, we consid-
ered all cases that met the definition of SARI of the Brazil-
ian Ministry of Health (MoH) in a non-pandemic context 12 
(Chart 1 ). 
We excluded cases that did not meet the established def-

inition using a four-stage protocol. As a first step, cases with-
out fever were excluded. In the second stage, cases involving a
fever were excluded when no hospitalization or death occurred.
The third stage excluded cases with fever and hospitalization or
death but no cough or sore throat. In the fourth stage, cases with-
out dyspnea, oxygen saturation or respiratory discomfort were
excluded from the group of patients with a fever and a cough or
sore throat whose condition required hospitalization or resulted
in death (Figure 1 ). 
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Figure 1. Flow chart for identifying cases of SARI using the adopted definition for the full study period and separately for the pre-pandemic and 
the FYP. 
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After organizing the database, SARI cases and deaths were 
stimated and described according to their sociodemographic 
nd clinical characteristics. Incidence and mortality rates were 
stimated for pre-pandemic (2013–2019) and 2020, the FYP 
n Brazil. It is important to note that the pandemic quickly 
ncreased in Brazil from the first case of COVID-19, which was 
eported in February 2020, and that no vaccines were avail- 
ble in the country that year. The national vaccination cam- 
aign against COVID-19 in Brazil began on January 2021, after 
he Brazil National Health Surveillance Agency (ANVISA) autho- 
ized the emergency use of CoronaVac (Sinovac Life Sciences, 
eijing, China). 13 
The average number of annual cases and deaths, as well 

s incidence and mortality rates, were calculated for the pre- 
andemic period. For the FYP, these measures were described 
nd calculated considering all months of 2020 (Table 1 ). Based 
n both periods, to estimate the impact of all factors present 
n 2020, whether directly linked to COVID-19 or not, the fol- 
owing measures were estimated: excess cases, excess deaths, 
ortality risk attributable to the FYP (MRAP) and infection risk 
3 



de Carvalho et al. 

Ta
bl
e 
1.
 
Ri
sk
s 
at
tr
ib
ut
ab
le
 
to

 
th
e 
FY
P 
an
d 
ex
ce
ss

 
SA
RI

 
ca
se
s 
an
d 
de
at
hs

 
by

 
ae
tio
lo
gi
ca
l c
la
ss
ifi
ca
tio
n,
 
se
x 
an
d 
ag
e 
gr
ou
p,
 
Br
az
il 
20
13
–2
02
0 

Ca
se
s 

De
at
hs

 

Pr
e-
pa
nd
em

ic
 

FY
P a

 

Pr
e-
pa
nd
em

ic
 

FY
P a

 

SA
RI

 

Ca
se
s 

(m
ea
n)

 

M
ea
n 

in
ci
de
nc
e 

ra
te

 
Ca
se
s 

In
ci
de
nc
e 

ra
te

 b 
IR
AP

 
(9
5%

 
CI
) b
 

Ex
ce
ss

 

ca
se
s 

De
at
hs

 

(m
ea
n)

 

M
ea
n 

m
or
ta
lit
y 

ra
te

 b 
De
at
hs

 

M
or
ta
lit
y 

ra
te

 b 
M
RA
P 
(9
5%

 
CI
) b
 

Ex
ce
ss

 

de
at
hs

 

Ge
ne
ra
l 

26
 
49
9 

12
.8
6 

45
1 
55
3 

21
2.
92

 
20
0.
06

 
(1
99
.4
 
to

 

20
0.
7)

 

42
5 
05
4 

27
95

 
1.
36

 
11
2 
47
7 

53
.0
4 

51
.6
8 
(5
1.
37

 
to

 
51
.9
9)

 
10
9 
68
2 

Ac
co
rd
in
g 
to

 
ae
tio
lo
gy

 c 

In
flu
en
za

 
44
99

 
2.
18

 
17
56

 
0.
83

 
−1
.3
6 
( −
1.
43

 
to

 

−1
.2
8)

 

−2
74
3 

70
7 

0.
34

 
19
2 

0.
09

 
−0
.2
5 
( −
0.
28

 
to

 

−0
.2
2)

 

−5
15

 

O
th
er
 
re
sp
ira
to
ry
 
vi
ru
se
s 

40
00

 
1.
94

 
25
31

 
1.
19

 
−0
.7
5 
( −
0.
82

 
to

 

−0
.6
7)

 

−1
46
9 

20
1 

0.
10

 
14
3 

0.
07

 
0.
03

 
( −
0.
05

 
to

 
−0
.0
1)

 
−5
8 

O
th
er
 
ae
tio
lo
gi
ca
l a
ge
nt
s 

18
5 

0.
09

 
10
72

 
0.
51

 
0.
42

 
(0
.3
8 
to

 
0.
45
) 

88
7 

40
 

0.
02

 
23
4 

0.
11

 
0.
09

 
(0
.0
8 
to

 
0.
11
) 

19
4 

U
ns
pe
ci
fie
d 

17
 
30
2 

8.
40

 
13
0 
70
8 

61
.6
3 

53
.2
4 
(5
2.
88

 
to

 
53
.5
9)

 
11
3 
40
6 

18
23

 
0.
88

 
22

 
41
9 

10
.5
7 

9.
69

 
(9
.5
4 
to

 
9.
83
) 

20
 
59
6 

CO
VI
D-
19

 
–

0.
00

 
28
7 
96
6 

13
5.
78

 
13
5.
78

 
(1
35
.2
9 
to

 

13
6.
28
) 

28
7 
96
6 

–
0.
00

 
88

 
99
2 

41
.9
6 

41
.9
6 
(4
1.
69

 
to

 
42
.2
4)

 
88

 
99
2 

U
nd
er
 
in
ve
st
ig
at
io
n 

51
3 

0.
25

 
27

 
52
0 

12
.9
8 

12
.7
3 
(1
2.
57

 
to

 
12
.8
8)

 
27

 
00
7 

24
 

0.
01

 
49
7 

0.
23

 
0.
22

 
(0
.2
0 
to

 
0.
24
) 

47
3 

Se
x c
 
, d
 

Fe
m
al
e 

12
 
97
6 

12
.4
3 

19
1 
45
5 

17
8.
05

 
16
5.
61

 
(1
64
.7
9 
to

 

16
6.
44
) 

17
8 
47
9 

13
01

 
1.
25

 
44

 
86
3 

41
.7
2 

40
.4
7 
(4
0.
08

 
to

 
40
.8
7)

 
43

 
56
2 

M
al
e 

13
 
51
8 

13
.2
9 

26
0 
00
0 

24
8.
69

 
23
5.
40

 
(2
34
.4
2 
to

 

23
6.
38

 

24
6 
48
2 

14
94

 
1.
47

 
67

 
59
4 

64
.6
5 

63
.1
9 
(6
2.
69

 
to

 
63
.6
8)

 
66

 
10
0 

Ag
e 
gr
ou
p 
(y
ea
rs
) c
 
, d
 

≤4
 

12
 
44
8 

85
.5
8 

20
 
28
2 

14
6.
49

 
60
.9
1 
(5
8.
40

 
to

 
63
.4
3)

 
78
34

 
36
9 

2.
53

 
63
4 

4.
58

 
2.
04

 
(1
.6
0 
to

 
2.
48
) 

26
5 

5–
9 

13
99

 
8.
99

 
60
22

 
40
.9
4 

31
.9
5 
(3
0.
81

 
to

 
33
.0
9)

 
46
23

 
49

 
0.
31

 
10
0 

0.
68

 
0.
37

 
(0
.2
1 
to

 
0.
53
) 

51
 

10
–1
9 

12
22

 
3.
61

 
67
82

 
20
.8
0 

17
.1
9 
(1
6.
66

 
to

 
17
.7
3)

 
55
60

 
10
4 

0.
31

 
45
2 

1.
39

 
1.
08

 
(0
.9
4 
to

 
1.
22
) 

34
8 

20
–3
9 

35
02

 
5.
15

 
64

 
93
0 

94
.8
0 

89
.6
5 
(8
8.
90

 
to

 
90
.4
0)

 
61

 
42
8 

42
5 

0.
62

 
58
45

 
8.
53

 
7.
91

 
(7
.6
8 
to

 
8.
14
) 

54
20

 

40
–5
9 

38
25

 
7.
78

 
14
2 
56
0 

26
8.
29

 
26
0.
51

 
(2
59
.1
0 
to

 

26
1.
92
) 

13
8 
73
5 

83
2 

1.
69

 
24

 
25
2 

45
.6
4 

43
.9
5 
(4
3.
36

 
to

 
44
.5
3)

 
23

 
42
0 

≥6
0 

41
03

 
16
.4
6 

21
0 
97
7 

72
0.
29

 
70
3.
83

 
(7
00
.7
3 
to

 

70
6.
93
) 

20
6 
87
4 

10
17

 
4.
08

 
81

 
19
4 

27
7.
20

 
27
3.
12

 
(2
71
.1
0 
to

 

27
5.
04
) 

80
 
17
7 

a F
irs
t y
ea
r o
f t
he

 
CO
VI
D-
19

 
pa
nd
em

ic
. 

b P
er

 
10
0 
00
0 
in
ha
bi
ta
nt
s.
 

c T
he
di
ffe
re
nc
es
ex
pr
es
se
d
fo
rc
as
e
an
d
de
at
h
in
cr
em

en
ts
w
er
e
st
at
is
tic
al
ly
si
gn
ifi
ca
nt
(p

 <
 0.
00
1)
. 

d 
An

av
er
ag
e
of
5
ca
se
s
in
th
e
pr
e-
pa
nd
em

ic
pe
rio
d
an
d
98

ca
se
s
in
th
e
FY
P
w
er
e
w
ith
ou
ts
ex
in
fo
rm
at
io
n.
In
th
e
FY
P
pe
rio
d,
20

de
at
hs
w
er
e
w
ith
ou
ts
ex
in
fo
rm
at
io
n.
 

4 



Transactions of the Royal Society of Tropical Medicine and Hygiene 

a
u
a
(
w
d
o

a
b
l
B

d
F
S
2
a
t
c
c
M
w

R
D
(
2
p
e
c
c
a

t
a
w
t
t
m
t
i
t
o
r
2
r
(
a
d
f

n
i
fi
a
b

v
a
m
f
f
i

a  

c
w
i
1
2
p
o
1
d
r

e
v
d
7
a

d
p
d
p
i
i
S
4
t
r

d
d
t

a
t
t
i
a
5  

M
i
p
≤

f
r
i
i
o
t

s

ttributable to the FYP (IRAP; Table 1 ). The MRAP and IRAP fig- 
res were only calculated for the variables with population data 
vailable from the Brazilian Institute of Geography and Statistics 
IBGE). These included the state of residence, sex and age group, 
hich enabled the calculation of incidence and mortality rates for 
ifferent groups. 14 Chart 1 presents details about the calculation 
f these measures. 
We present crude incidence rates, crude mortality rates and 

ge-standardized mortality rates for all of Brazil and by state for 
oth parts of the study period. We use the direct method to calcu- 
ate the age-standardized mortality rate, adopting the estimated 
razilian population for 2020 as the base population. 
RStudio software (RStudio, Boston, MA, USA) was used to han- 

le the database, which consisted of more than a million reports. 
or the statistical analysis we used the Statistical Packages for 
ocial Sciences version 22 (IBM, Armonk, NY, USA) and Excel 
016 (Microsoft, Redmond, WA, USA) was used to produce graphs 
nd tables. Pearson’s χ2 test was used to verify the associa- 
ion between independent categorical variables using a signifi- 
ance level of 5% (p < 0.05). Confidence intervals (CIs) were cal- 
ulated for risks attributed to the FYP with a 95% confidence level. 
aps depicting the spatiotemporal distribution of SARI cases 
ere made using QGIS version 3.18.2. 

esults 
uring the study period, 1 434 911 reports were logged, 17.67% 

253 684) of which were from the pre-pandemic period (2013–
019). Of the total notifications, 26.87% (68 189) of the pre- 
andemic reports and 61.77% (729 674) of the FYP reports were 
xcluded because they did not meet the criteria defining SARI 
ases used in this study. As such, 637 048 reported cases were 
onsidered, with 29.11% belonging to the pre-pandemic period 
nd 70.88% reported during the FYP (Figure 1 ). 
Figure 2 shows the yearly figures of SARI cases, mortality and 

he case fatality rate. SARI incidence rates were lowest in 2014 
nd 2015 (7.03 and 5.28 per 100 000 inhabitants, respectively), 
ith the pre-pandemic peak of 19.28 cases per 100 000 inhabi- 
ants occurring in 2016. In 2020, the SARI incidence rate jumped 
o 212.92 per 100 000 inhabitants. The highest pre-pandemic 
ortality rate was also seen in 2016 (2.32 per 100 000 inhabi- 
ants), followed by 2018 and 2019 (1.64 and 1.84 per 100 000 
nhabitants, respectively). Meanwhile, the mortality rate during 
he FYP was 53.04 per 100 000 inhabitants. A similar trend was 
bserved for the SARI case fatality rate, with the pre-pandemic 
ate growing no higher than 12.03% in 2016 but increasing to 
4.91% in the FYP. The case fatality rate was 30.90% for sepa- 
ate cases due to COVID-19 and 14.36% for non-COVID-19 cases 
cases associated with other aetiological agents, an unspecified 
etiological agent and under investigation). Of all SARI cases and 
eaths, SARI due to COVID-19 predominated in 2020, accounting 
or 63.77% and 79.12%, respectively (Figure 2 ). 
During the pre-pandemic period in Brazil, the average annual 

umber of SARI cases was 26 499, corresponding to an average 
ncidence rate of 12.86 cases per 100 000 inhabitants. Unspeci- 
ed SARI cases had the highest mean incidence rate in this period, 
t 8.40 cases per 100 000 inhabitants, followed by SARI caused 
y influenza (2.18 per 100 000 inhabitants) and other respiratory 
iruses (1.94 per 100 000 inhabitants). In the same period, the 
verage number of cases per 100 000 inhabitants was 13.29 for 
en and 12.43 for women. Children ≤4 y of age were the most 
requently infected, with 85.58 cases per 100 000 inhabitants, 
ollowed by elderly individuals ≥60 y of age (16.46 per 100 000 
nhabitants) (Table 1 ). 
In the FYP, the number of SARI cases increased significantly, 

s shown by an excess of 425 054 cases and an IRAP of 200.06
ases per 100 000 inhabitants. As expected, the highest incidence 
as that of SARI cases caused by COVID-19 (135.78 per 100 000 
nhabitants), followed by cases of unspecified SARI (61.63 per 
00 000 inhabitants). During the FYP, the incidence rate was 
48.69 cases per 100 000 inhabitants among men and 178.05 
er 100 000 for women. Findings of interest regarding the impact 
f the FYP include the higher IRAP among males (235.40 per 
00 000 inhabitants) and a considerable reduction in SARI cases 
ue to influenza ( −2743) and other respiratory viruses ( −1469) 
elative to the pre-pandemic period (Table 1 ). 
During the FYP, the SARI incidence rate was highest among the 

lderly (720.29 cases per 100 000 inhabitants), followed by indi- 
iduals 40–59 y of age (268.29 per 100 000 inhabitants). These 
ata represent an increase of 206 874 cases and an IRAP of 
03.83 per 100 000 inhabitants for the elderly, whom we define 
s those ≥60 y of age. 
The average mortality rate for SARI cases prior to the pan- 

emic was 1.36 per 100 000 inhabitants, increasing to 53.04 
er 100 000 during the FYP, representing an excess of 109 682 
eaths and an MRAP of 51.68 per 100 000 inhabitants. During the 
re-pandemic, the highest mean mortality rate was for unspec- 
fied SARI (0.88 per 100 000 inhabitants), followed by SARI from 

nfluenza (0.34 per 100 000 inhabitants). In 2020, deaths from 

ARI by COVID-19 were the largest group, with a mortality rate of 
1.96 per 100 000 inhabitants. The pandemic also saw a reduc- 
ion in deaths from SARI due to influenza ( −515) and other respi- 
atory viruses ( −58) relative to the pre-pandemic period (Table 1 ). 
The mortality rate among males grew from 1.47 to 64.65 

eaths per 100 000 inhabitants, reflecting an MRAP of 63.19 
eaths per 100 000 inhabitants. Males had a higher mortality rate 
han females during both periods (Table 1 ). 
In contrast to the trends observed for incidence rates, the 

verage mortality rate in the pre-pandemic period was higher in 
he elderly, at 4.08 deaths per 100 000 inhabitants, followed by 
hose ≤4 y of age, who accounted for 2.53 deaths per 100 000 
nhabitants. In 2020, it was observed that mortality was highest 
mong those ≥40 y of age: 45.64 per 100 000 among those 40–
9 y of age and 277.20 per 100 000 for those ≥60 y of age. The
RAP was highest for those ≥60 y of age (273.12 per 100 000 
nhabitants), followed by the population 40–59 y of age (43.95 
er 100 000). It is also noteworthy that the MRAP among children 
4 y of age was 2.04 per 100 000 inhabitants (Table 1 ). 
Table 2 shows the proportions and excess cases and deaths 

rom SARI according to sociodemographic characteristics and 
isk factors/comorbidities over the study period. The differences 
n proportions between the pre-pandemic and FYP were signif- 
cant for all groups analysed, with particularly large differences 
bserved due to race/skin colour, risk factor/comorbidity and ges- 
ational age. 
Comparing the studied periods, we observed that people who 

elf-identified as white had a decrease in the proportion of cases 
5 
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Figure 2. SARI incidence, mortality and case fatality rates, Brazil 2013–2020: (A) absolute number of cases and incidence rate, (B) absolute number 
of deaths and mortality rate and (C) case fatality rate. 

 

 

 

 

 

 

 

 

 

 

 

 

and deaths compared with those self-identifying as mixed race
( pardo ). The latter group had a total of 157 201 excess cases and
43 243 excess deaths (Table 2 ). 
Among individuals with one or more risk factors and/or

comorbidities, there was a particularly steep increase in
SARI cases and deaths in 2020 among cardiac and diabetic
patients, while these figures were lower among patients
6 
with pneumopathies. The increase in cases and deaths were
138 520 cases and 46 480 deaths among cardiac patients,
followed 99 945 cases and 34 886 deaths among diabetics
(Table 2 ). 
There was an increase in the proportion of cases and deaths

from SARI among pregnant women in the third trimester of preg-
nancy, with 1386 excess cases and 83 excess deaths (Table 2 ).
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Table 2. Increases in cases and deaths from SARI by race/skin colour, level of education, comorbidities and the gestational and post-partum 

periods, Brazil 2013–2020 

Cases Deaths 

Pre-pandemic FYP a Pre-pandemic FYP a 

SARI Cases (mean) % Cases % Excess cases Deaths (mean) % Deaths % Excess deaths 

General 26 499 100.00 451 553 100.00 425 054 2795 100.00 112 477 100.00 109 682 
Declared race/colour b 

White 13 623 51.41 166 358 36.84 152 735 1486 53.14 39 937 35.51 38 451 
Black 1043 3.94 21 536 4.77 20 493 130 4.67 5801 5.16 5671
Yellow 163 0.62 4855 1.08 4692 22 0.80 1324 1.18 1302
Mixed race ( pardo ) 7268 27.43 164 469 36.42 157 201 787 28.15 44 030 39.15 43 243 
Indigenous 186 0.70 1595 0.35 1409 16 0.57 504 0.45 488 
Ignored/blank 4216 15.91 92 740 20.54 88 524 354 12.67 20 881 18.56 20 527 
Education b 

Uneducated/illiterate 561 2.12 14 474 3.21 13 913 97 3.48 5270 4.69 5173
Elementary or fundamental 1 3237 12.21 46 124 10.21 42 887 577 20.64 14 918 13.26 14 341 
Elementary 2 280 1.06 30 497 6.75 30 217 53 1.90 8584 7.63 8531
High school 2440 9.21 50 950 11.28 48 510 336 12.02 10 417 9.26 10 081 
Higher education 1084 4.09 23 664 5.24 22 580 116 4.15 3952 3.51 3836
Not applicable 12 748 48.11 14 112 3.13 1364 380 13.60 504 0.45 124 
Ignored/blank 6149 23.21 271 732 60.18 265 583 1236 44.20 68 832 61.20 67 596 
Presenting at least one 
comorbidity b 

Hearth disease 2587 32.75 141 107 59.60 138 520 591 41.24 47 071 63.70 46 480 
Chronic hematologic disease 55 0.69 3810 1.61 3755 11 0.76 1245 1.68 1234 
Down syndrome 332 4.20 1582 0.67 1250 46 3.19 447 0.60 401 
Chronic liver disease 194 2.45 3902 1.65 3708 55 3.85 1514 2.05 1459 
Asthma 322 4.08 17 921 7.57 17 599 23 1.61 2824 3.82 2801 
Diabetics 1626 20.58 101 571 42.90 99 945 406 28.32 35 292 47.76 34 886 
Chronic neurological disease 1224 15.50 19 567 8.26 18 343 209 14.60 7733 10.46 7524
Lung disease 3170 40.12 20 953 8.85 17 783 459 32.05 7400 10.01 6941
Immunosuppression 1128 14.28 13 787 5.82 12 659 277 19.36 4603 6.23 4326
Chronic kidney disease 576 7.29 15 913 6.72 15 337 139 9.69 6928 9.37 6789 
Obesity 735 9.30 24 845 10.49 24 110 194 13.52 7199 9.74 7005 
Pregnancy b 

1st gestational trimester 114 17.26 404 11.98 290 6 17.87 9 5.20 3 
2nd gestational trimester 263 39.74 1079 31.99 816 13 39.15 59 34.10 46 
3rd gestational trimester 270 40.80 1656 49.10 1386 13 39.15 96 55.49 83 
Unknown gestational age 15 2.20 234 6.94 219 1 3.83 9 5.20 8 

Post-partum 

b 

Yes 123 0.47 1110 0.25 987 14 0.51 164 0.15 150 
No 22 021 83.10 177 612 39.33 155 591 2423 86.67 52 739 46.89 50 316 
Ignored/blank 4355 16.43 272 831 60.42 268 476 358 12.82 59 574 52.97 59 216 

a First year of the COVID-19 pandemic. 
b The differences expressed for case and death increments were statistically significant (p < 0.001). 
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n contrast, we observed a reduction in cases for women in the 
econd trimester. 
The Southern Region of Brazil had the highest mean SARI inci- 

ence rate prior to the pandemic (26.2 per 100 000 inhabitants), 
specially in the states of Paraná (32.5 per 100 000 inhabitants) 
nd Rio Grande do Sul (23.3 per 100 000 inhabitants), followed 
y the Center-West Region (15.6 per 100 000 inhabitants). In the 
enter-West Region, Mato Grosso do Sul state had the highest 
verage incidence rate (32.4 per 100 000 inhabitants), followed 
y the Federal District (19.4 per 100 000 inhabitants) and Goiás 
12.3 per 100 000 inhabitants). However, during the FYP, the 
ighest SARI incidence rate was observed in the Southeastern 
7 
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Figure 3. Distribution of (A) SARI incidence rates and IRAP, (B) mortality rates and MRAP and (C) standardized mortality rates and MRAP. Figures 
calculated by state of residence for pre-pandemic and FYP in Brazil. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Region (246.7 per 100 000 inhabitants), especially São Paulo
(288.5 per 100 000 inhabitants) and Rio de Janeiro (245.5 per
100 000 inhabitants), followed by the Northern Region (241.4
per 100 000 inhabitants), with particular increases in the states
of Amazonas (328.7 per 100 000 inhabitants) and Pará (277.4
per 100 000 inhabitants). The IRAP in the Northern Region was
particularly high (233.4 per 100 000 inhabitants), especially in
Amazonas (373.2 per 100 000 inhabitants) and Pará (219.8
per 100 000 inhabitants), with considerable increases observed
in the southeastern states of São Paulo (271.5 per 100 000
8 
inhabitants) and Rio de Janeiro (239.5 per 100 000 inhabitants)
(Figure 3 ). 
In the pre-pandemic period, a higher average mortality rate

from SARI was observed in the southern region (2.5 per 100 000
inhabitants), with the highest mortality rate in the state of Paraná
(3.5 per 100 000 inhabitants), followed by the Central-West
Region (2.1 per 100 000 inhabitants), while Mato Grosso do Sul
(4.2 per 100 000 inhabitants) and Goiás (2.1 per 100 000 inhab-
itants) had the highest average mortality rates. Meanwhile, the
highest MRAP figures were observed in the Northern Region, with
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Table 3. Increase in cases and deaths from SARI by ICU treatment, mechanical ventilation use and diagnostic criteria, Brazil 2013–2020 

Cases Deaths 

Pre-pandemic FYP a Pre-pandemic FYP a 

SARI Cases (mean) % Cases % Excess cases Deaths (mean) % Deaths % Excess deaths 

General 26 499 100.00 451 553 100.00 425 054 2795 100.00 112 477 100.00 109 682 
ICU b 

Yes 8483 32.01 129 715 28.73 121 232 1908 68.26 57 864 51.45 55 956 
No 17 153 64.73 267 072 59.15 249 919 790 28.27 38 095 33.87 37 305 
Unknown/blank 864 3.26 54 766 12.13 53 902 97 3.48 16 518 14.69 16 421 
Mechanical ventilation b 

Invasive 7796 29.42 67 421 14.93 59 625 1698 60.74 44 841 39.87 43 143 
Non-invasive 6859 25.88 214 901 47.59 208 042 677 24.20 39 174 34.83 38 497 
No 10 766 40.63 102 812 22.77 92 046 324 11.59 11 111 9.88 10 787 
Unknown/blank 1077 4.07 66 419 14.71 65 342 97 3.46 17 351 15.43 17 254 
Diagnostic criteria b 

Laboratory 22 092 83.37 384 014 85.04 361 922 2371 84.83 101 918 90.61 99 547 
Epidemiological 593 2.24 3788 0.84 3195 71 2.52 1211 1.08 1140
Clinical 3104 11.71 15 727 3.48 12 623 308 11.02 4406 3.92 4098
Medical imaging 0 0.00 9321 2.06 9321 0 0.00 2548 2.27 2548
Unknown/blank 710 2.68 38 703 8.57 37 993 45 1.62 2394 2.13 2349

a First year of the COVID-19 pandemic. 
b The differences expressed for case and death increments were statistically significant (p < 0.001). 
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9.9 per 100 000 inhabitants, with the highest rates found once 
gain in Amazonas (141.8 per 100 000 inhabitants). The MRAP 
gure was 54.1 per 100 000 inhabitants in southeastern Brazil, 
ith high values in Rio de Janeiro (66.6 per 100 000 inhabitants) 
nd São Paulo (59.5 per 100 000 inhabitants) (Figure 3 ). When 
he mortality rate is standardized by age group and state of res- 
dence, the state of Acre had the highest average pre-pandemic 
ate (10.6 per 100 000 inhabitants), followed by Mato Grosso 
o Sul and Paraná, with 4.6 and 3.5 per 100 000 inhabitants, 
espectively. In 2020, the highest standardized mortality rate 
as observed in the northern states of Amazonas (237.1 per 
00 000 inhabitants), Roraima (165.2 per 100 000 inhabitants), 
ará (101.5 per 100 000 inhabitants) and Amapá (126.8 per 
00 000 inhabitants), with standardized MRAP rates of 236.2 per 
00 000 inhabitants in Amazonas, followed by 164.9 per 100 000 
nhabitants for Roraima (Figure 3 ). 
Table 3 shows a breakdown of SARI cases and deaths by 

reatment characteristics during hospitalization, medical imag- 
ng, type of biological sample and diagnostic criteria. The propor- 
ions of cases and deaths for each variable changed significantly 
uring the FYP, highlighting the importance of some of the cate- 
ories discussed below. 
A considerable proportion of patients with SARI required hos- 

italization in an intensive care unit (ICU) both before and 
n 2020: 32.01% in the pre-pandemic period and 28.73% in 
020. There was also a large increase in SARI cases requir- 
ng ICU treatment attributed to the FYP (121 232 cases), with 
5 956 excess deaths among those admitted to an ICU 

Table 3 ). 
We observed an increase in the proportions of SARI cases 
nd deaths during the FYP among patients requiring non- 
nvasive mechanical ventilation techniques, with a correspond- 
ng decrease among those requiring invasive ventilation relative 
o the pre-pandemic period. In absolute numbers, an additional 
67 667 patients required some form of mechanical ventilation 
uring the FYP. 
Table 3 shows an increase in the proportion of SARI cases and 

eaths among patients with laboratory diagnostics and a reduc- 
ion in all other groups during the FYP, except for the medical 
maging group. The increase in cases and deaths for patients with 
aboratory diagnostics amounted to 361 922 cases and 99 547 
eaths (Table 3 ). 

iscussion 

he pandemic caused by SARS-CoV-2 triggered catastrophic 
ocial and economic impacts all over the world, constituting one 
f the biggest health challenges ever faced. 8 In Brazil, the expo- 
ential growth of COVID-19 cases in 2020 increased the num- 
er of SARI cases, substantially surpassing the average number 
f cases observed in the last 10 y, as evidenced by the increased 
umber of hospitalizations in 2020. 15 
Our study showed a large increase in cases and deaths due to 

ARI, with most of them associated with COVID-19, followed by 
ases and deaths with no identification of the aetiological agent. 
upek 16 found similar results in Brazil when adjusting underre- 
orted data (21.62%) for 2020. He estimated that approximately 
9 
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three of four SARI deaths were caused by COVID-19, correspond-
ing to a mortality rate of 115 deaths per 100 000 inhabitants.
Another study analysing 500 patients hospitalized due to SARI
in India showed a higher mortality rate among cases associated
with COVID-19 (34.1%) compared with those not associated with
COVID-19 (20.6%). 17 
According to Bastos et al., 15 before the introduction of SARS-

CoV-2 in Brazil, the highest frequency of hospitalizations for SARI
was associated with the influenza A virus until 2018, with hos-
pitalizations peaking in 2016 (34.5% of all SARI hospitalizations
in 2016). Between 2018 and 2019 there was an increase in SARI
associated with RSV. In 2019, RSV was detected in 23.3% of cases
and influenza A in only 4.9%. Influenza B, parainfluenza and ade-
novirus did not exceed frequencies of 3%, 2% and 1%, respec-
tively, during the 10 y preceding the pandemic. 
Considering the cases in which an aetiological agent was iden-

tified, we found a predominance of cases and deaths of SARI due
to influenza followed by those caused by other respiratory viruses
in the pre-pandemic period. This situation was modified in 2020,
with a decrease in cases and deaths of SARI due to the referred
causes. A study on excess mortality associated with COVID-19 in
Brazil also detected reduced mortality due to influenza. 18 
There are high incidence and mortality rates due to unspeci-

fied SARI in the study period, highlighting their growth during the
FYP. The lack of aetiological characterization can result from prob-
lems with the samples, such as low quality, inadequate handling,
improper storage, inadequate transport and delays in updating
processes, impairing the diagnosis. 7 The increase in the rate of
unspecified SARI in 2020 is probably due to the increased demand
for diagnosis during the COVID-19 pandemic. 
The Health Surveillance Office 19 highlights the high proportion

of cases classed as unspecified SARI in Brazil. In 2019, 59.7% of
the year’s 40 294 SARI cases were classified as unspecified. This
figure represented 66% of cases in 2017 and 56% in 2018. 20 , 21 
In the pre-pandemic period, children up to 4 y of age were

the most susceptible to SARI, while elderly patients (those ≥60 y
of age) had the highest risk of progression to death. In 2020, the
elderly had the highest mortality and incidence rates. This echoes
the findings of Bastos et al., 15 who noted that SARI was more fre-
quent in children up to 2 y of age before the COVID-19 pandemic
and in the elderly during the FYP, with the elderly having the high-
est risk of dying from SARI in both periods. 
The increased risk of dying from SARI among the elderly pop-

ulation in Brazil may be due to the deleterious consequences
of the pandemic’s impacts on society, the economy and health
services, in addition to the characteristics of the novel aetiolog-
ical agent itself. Several studies indicate advanced age as an
important prognostic factor associated with death from COVID-
19. According to Barbosa et al., 22 the highest proportion of deaths
due to COVID-19 have been observed among the elderly, who
also have higher mortality rates than those of the general popu-
lation. Studies report high case fatality rates for COVID-19 among
elderly patients or those with comorbidities, 23–25 with more than
one-fifth of deaths occurring among those > 80 y of age in China
(21.9%) and Italy (20.2%). 25 Barbosa et al. 22 also noted the influ-
ence of sociodemographic factors related to race/colour and
income on mortality rates among the elderly. 
The increased risk due to COVID-19 among the elderly

amounts to a risk of mortality 2.87 times greater among those
10 
ages 60–79 y relative to those ≤59 y, while the risk is 7.06 times
among those ≥80 y. Several clinical studies have found an asso-
ciation between older age and severe COVID-19 symptoms. 26–28 
Liu et al. 28 compared patients with SARI due to COVID-19 with
patients without SARI and reported that elderly patients devel-
oped the most severe symptoms, with most of these patients
also exhibiting one or more comorbidities. They also reported high
mortality rates among patients who had previously undergone
moderate or severe SARI. 
It is also noteworthy that although the increased risk of con-

tracting or dying from SARI was significant among the elderly, we
detected an increased risk during the pandemic in all age groups.
This result is consistent with evidence from Quast and Andel, 29
who also identified high mortality in patients 20–49 y of age in the
pandemic period, while Vestergaard et al. 30 observed a significant
increase in mortality from SARI among those 15–64 y of age dur-
ing the pandemic. These findings indicate that the COVID-19 pan-
demic has changed the age profile of SARI cases in 2020, a fact
also evidenced by Pannu et al. 31 in India. The authors found that
COVID-19 patients were, on average, 6 y older than non-COVID-
19 patients. 
In addition to age, comorbidities such as hypertension, dia-

betes, cardiovascular disease, cerebrovascular disease, chronic
obstructive pulmonary disease and chronic kidney disease are
also considered factors strongly associated with the worsening
of the clinical picture of patients with COVID-19, 32 which is the
predominant aetiological cause in the pandemic. In our study,
we found that heart disease and diabetes were the comorbidi-
ties with the greatest increases in cases and deaths from SARI
between the pre-pandemic period and FYP. 
A recent meta-analysis combining data from studies on the

association between diabetes and the severity and mortality of
COVID-19 indicates that diabetic COVID-19 patients have a sig-
nificant probability of developing severe symptoms (pooled odds
ratio [OR] 2.75 [95% CI 2.09 to 3.62]; I 2 = 63%) or death (pooled
OR 1.90 [95% CI 1.37 to 2.64]; I 2 = 32%). 33 
Uncontrolled blood pressure is associated with COVID-19

infection and a high case fatality rate. A study carried out in China
found a case fatality rate of 6% among hypertensive patients
with COVID-19. 34 According to the meta-analysis carried out by
Gold et al., 35 there is evidence of a disproportionate prevalence
of comorbidities among patients who die from COVID-19. Hyper-
tension was significantly more prevalent in patients with severe
symptoms (47.65% [95% CI 35.04 to 60.26]) as well as among
fatalities (47.90% [95% CI 40.33 to 55.48]). Diabetes and respira-
tory diseases also had a high frequency among severe cases and
deaths. 
Our study corroborates the findings of Onder et al., 36 who

point out that men are more susceptible to severe COVID-19
cases and death from the disease. In Brazil, men were more fre-
quently hospitalized than women for COVID-19, 37 a trend also
observed in studies from China and the USA. 38 , 39 A greater excess
of deaths from natural causes among men was also identified
in Brazil in 2020. 40 Hunt et al. 41 and Krieger et al. 42 associate
these results with the lower demand from men for health ser-
vices and their low adherence to healthy habits. For example,
compared with women, men smoke more and do not regularly
wash their hands. In contrast, no differences were found in mor-
tality between males and females in a study conducted in the
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Brazil. 
SA. According to Kim, 43 the risk of death from COVID-19 in South 
orea may be higher in females, a phenomenon linked to issues 
f gender inequality. 
We did not find conclusive published evidence to justify, from 

 biological perspective, a higher risk of hospitalization and death 
or SARI related to race or skin colour. 44 However, we did observe 
 greater excess of cases and deaths from SARI during the FYP 
mong those self-identifying as mixed race ( pardo ). These out- 
omes may be due to the vulnerability brought about by historical 
acial inequality in Brazil. However, as hypothesized by Chaudhary 
t al., 45 the differences in mortality and thromboembolic events 
n COVID-19 may be partially explained by race-related disparities 
n intrinsic thrombogenicity. 
In this regard, Teixeira et al. 40 analysed the excess mortality 

ue to natural causes according to race/skin colour during the 
OVID-19 pandemic in Brazil. They found that the black popula- 
ion (considering the sum of black and mixed race people) had 
igher rates of deaths above the expected (27.8%; n = 153 284) 
han the white population (17.6%; n = 117 037). 
Certain factors have been recognized as increasing susceptibil- 

ty to infection and death, including socio-economic, ethnic and 
acial determinants, a country’s level of economic development 
nd demographics. These have exacerbated health inequities 
n the pandemic context, regardless of the country and region, 
esulting in disproportionate impacts on the most economically 
ulnerable populations. 46–48 
The present study identified an excess of SARI cases and 

eaths among women in advanced stages of pregnancy, cor- 
oborating results presented by Mosby et al., 49 who report that 
regnancy was significantly associated with the severity of infec- 
ion during the influenza A(H1N1)pdm09 pandemic. According to 
ndings by Novoa et al., 50 a considerable proportion of women 
equired ICU hospitalization due to complications related to SARS- 
oV-2 infection and reported high levels of adverse obstetric out- 
omes related to iatrogenic preterm birth, labour induction or 
aesarean delivery due to worsening of the patients’ clinical or 
bstetric condition. 
All regions of the country showed a significant increase in 

ARI-related incidence and mortality rates in 2020, with the high- 
st IRAP and MRAP found in the Southeast, North and Center- 
est Regions. The large increase in cases and regional differences 
eed to be studied in greater depth. However, future studies may 
dentify several causes, including health system overload, deep- 
ning social inequalities, demographics and the adoption of dif- 
erent strategies against the COVID-19 pandemic. 
The health system collapse in Manaus, the capital of the north- 

rn state of Amazonas, is a typical example of the regional impact 
f the pandemic on the health system. Manaus had high COVID- 
9 incidence and mortality rates in May 2020, causing an over- 
oad of the health system and a collapse of the funeral system. 51 
 second wave of cases at the end of 2020 deepened the crisis 
ven further, this time with the collapse of the municipal health 
ystem, marked by a lack of nursing and ICU beds and a limited 
xygen supply. 51 
It is also emphasized that the increase in the mortality rate 

s not restricted to underdeveloped countries, as it has also been 
bserved in places with a high economic and social development, 
uch as New York, USA, and the provinces of Bergamo and Bres- 
ia in northern Italy. 36 , 52 , 53 However, this increase was probably 
nfluenced by different socio-economic and behavioural factors 
f each different locality. 
This study shows that people in the Southeast Region have 

he most significant increase in the risk of contracting and dying 
rom SARI. The results also indicate that the Southern Region 
ad the highest SARI incidence and mortality rates in the pre- 
andemic, however, in spite of a substantial increase in cases 
nd deaths during the pandemic, it had the fourth-highest num- 
er of cases and the lowest mortality rates of any region. Niquini 
t al. 54 reported that the Southern Region had the highest per- 
entage of influenza-related SARI records between 2019 and 
020. The predominance of these records may be related to 
he region’s subtropical climate, which leads to a higher inci- 
ence and circulation of respiratory viruses such as influenza, 55 
hile the region also has a greater proportion of elderly 
nhabitants. 14 
The standardized MRAP values are highest in the Amazonian 

tates of Amazonas, Roraima, Pará and Amapá and the north- 
astern states of Ceará, Alagoas and Pernambuco. This rein- 
orces the hypothesis that the most socio-economically vulnera- 
le regions were most impacted by the pandemic. According to a 
eport by the Pan-American Health Organization, the states of the 
ountry’s North and Northeast Regions are among those with the 
owest human development levels in Brazil, in addition to experi- 
ncing greater difficulties in accessing healthcare, such as having 
 number of ventilators per inhabitant below the national aver- 
ge. 56 
Regarding the case fatality rate due to SARI in Brazil, there 
as a substantial increase in 2020 (21.90%), surpassing the 
ighest case fatality rate recorded in the pre-pandemic period 
n 2016 (12.00%). Although case fatality rates should be inter- 
reted carefully, as they reflect hospitalized cases and deaths 
aptured by the SARI surveillance system, which is continuously 
mproving its sensitivity (unpublished information), the increased 
ase fatality rate may be due to factors associated with the 
andemic. 
When comparing the periods, the increase in the proportions 

f cases and deaths during the pandemic was demonstrated by 
ccurrences diagnosed using laboratory methods, demonstrat- 
ng the significance of laboratory surveillance in identifying the 
etiological agent, especially SARS-CoV-2. This fact is also shown 
n a study by Ribeiro et al. 57 that reports the SARI surveillance 
ystem’s capacity to fulfil the function of monitoring respiratory 
iruses circulating in the country. 
Our study has limitations regarding the change in the case 

efinition over the analysed period, which highlights the need 
o adjust the data bank’s analysis, which adopts a single 
ase definition to maintain comparability throughout the study 
eriod. Therefore we adopted the definition of SARI used in 
razil in a non-pandemic context and kept only the records 
hat met that definition (Figure 1 ), leading to a high num- 
er of exclusions. In addition, the possibility of notification 
elays is a particular concern during the pandemic, mainly 
ue to the high healthcare demand, despite improvement of 
he Brazilian SARI surveillance system’s sensitivity over time. 
ven considering these limitations, the magnitude of our results 
trongly indicates that the pandemic period showed a signifi- 
ant increase in illness risk, cases and deaths related to SARI in 
11 
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Conclusions 
We concluded that the substantial increase in SARI cases and
deaths observed between 2013 to 2019 and 2020 in Brazil is
attributable to the FYP, as evidenced by the increase in cases and
deaths and the high risk during the pandemic period of falling
ill and dying from SARI. The most vulnerable groups, such as
the elderly, patients with comorbidities, pregnant women and
people who declare themselves as mixed race, in addition to
those living in the country’s Southeast, North and Center-West
Regions, suffered the greatest impact. We suggest that the fac-
tors potentially associated with that impact must be addressed
by a research program that considers potential factors such as
overload of the health system, social inequities and regional
differences regarding the adoption of coping strategies of the
COVID-19 pandemic in addition to characteristics of the aetiolog-
ical agent itself. Therefore we highlight the need for public policies
that strengthen the Unified Health System, its assistance network
and health surveillance, particularly the surveillance of respira-
tory viruses. 
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