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ABSTRACT
Objectives  The emergence of SARS-CoV-2 and its 
pandemic spread generated serious concern about 
the impact of the infection on vulnerable indigenous 
populations of the Brazilian Amazon. Thus, this study 
aimed to perform a seroepidemiological survey of anti-
SARS-CoV-2 antibodies in those populations.
Setting  Six indigenous ethnic groups living in the State of 
Pará (Northern Brazil) were investigated. The villages of Xikrin 
do Bacajá, Assurini, Araweté, Parakanã, Munduruku and 
Kararaô were visited from October 2020 to January 2021.
Design and participants  We performed a cross-sectional 
study to investigate the prevalence of anti-spike (S1) IgG 
antibodies. Plasma was tested for the presence of anti-
SARS-CoV-2 IgM and IgG antibodies using two assays 
(a lateral flow rapid test and an ELISA). A total of 1185 
individuals of both sexes were enrolled in the study.
Results  The prevalences of IgM and IgG antibodies were 
6.9% and 68.1%, respectively, ranging from 0% to 79.6%, 
with significant differences (p<0.001) between age groups 
in three communities (Araweté, Xikrin and Munduruku) 
and a virulence rate of 0.86%. The overall IgG prevalence 
obtained by rapid tests and ELISAs were similar, and the 
agreement of the results between the two tests was 80%, 
which was classified as good (kappa=0.4987; p<0.001; 
sensitivity of 82.1% and specificity of 71.6%). Herd 
immunity was probably attained, similar to that found in 
other communities of the Amazon.
Conclusions  SARS-CoV-2 spread rapidly among the 
indigenous populations investigated, but it had a low mortality 
rate. It is necessary to expand serological investigations to 
other communities in the Amazon region of Brazil.

INTRODUCTION
Infection with novel SARS-CoV-2 and the first 
cases of COVID-19 were reported by November 
2019 in Wuhan, China.1 The rapid spread 
of the virus determined its classification as a 
pandemic by the WHO,2 and the high associ-
ated morbimortality highlighted the burden 
imposed on vulnerable populations, including 
native indigenous peoples living in the Brazilian 
Amazon who were susceptible to the virus and 
could be substantially affected due to their 

immunological vulnerablity.3–6 Three previous 
reports from our laboratory highlight the 
distinct cultural (sharing households) and 
health aspects (coinfections and malnutrition) 
and mode of infection among these Amazo-
nian populations, the impact of the virus 
among native people, and the importance of 
performing serosurveys among such popula-
tions to determine the spectrum of illness.5 7 8

Due to the vulnerability of indigenous people 
who inhabit the Brazilian Amazon region and 
their supposed inability to respond immuno-
logically to new pathogens that emerge in the 
community, the following question was asked: 
What was the impact of SARS-CoV-2 infection 
on indigenous people living in the Brazilian 
Amazon region? Assuming the possible nega-
tive impact that the COVID-19 pandemic may 
have had on these communities, in this study, 
we carried out a seroepidemiological investiga-
tion in indigenous populations located in the 
State of Pará by performing anti-SARS-CoV-2 
antibody screening.

METHODS
Type of study
In 2020, a large cross-sectional seroepidemio-
logical surveillance study among indigenous 
ethnic groups within Para State (Northern 
Brazil, Amazon) was initiated to investigate 
the prevalence of anti-SARS-CoV-2 IgM and 

Strengths and limitations of this study

	► The sample size of this study was high and repre-
sentative of the populations.

	► Serological tests of high sensitivity and specificity 
were used in this study.

	► Failure to assess infection by Real time polymerase 
chain reaction (RT-PCR) was a limitation of the study.
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IgG antibodies and the impact of the virus on the health of 
communities.

Study population
From October 2020 to January 2021, multiprofessional 
healthcare expeditions, composed of members of our 
team and staff of the Health Department of the State of 
Para (Secretaria de Saúde do Estado do Pará) and the 
Special Indigenous Health Districts of Altamira and 
Santarém (Distrito Sanitário Especial Indígena) of the 
Special Secretariat of Indigenous Health (Secretaria 
Especial de Saúde Indígena—SESAI-MS), were estab-
lished. Six ethnic groups with active cases of COVID-19 in 
members were visited before initiation of the vaccination 
campaign among indigenous communities. Indigenous 
individuals underwent a standard clinical examination 
that was performed under field conditions; the examina-
tion consisted of anamnesis and a physical examination 
(inspection, palpation, percussion and auscultation), 
with assessments of anthropometric, blood pressure, 
body temperature and digital oximetry data. Laboratory 
support was provided for blood counts and biochemical, 
microbiological and parasitological exams.

The villages of the indigenous people of the basin of 
the middle Xingu River (Asurini, Araweté and Parakanã), 

Iriri River (Kararaô) and Tapajós River (Munduruku) are 
usually accessed by the river, while the village of the Xikrin 
people, located in the Bacajá River channel, are accessed 
by road (figure 1). The indigenous people studied were 
as follows:

	► Araweté: a Tupi-Guarani-speaking population of 
589 inhabitants who are currently distributed in 22 
villages, with populations from 7 to 71 individuals. 
Villages are located on the banks of the Xingú River 
and the Ipixuna stream (–4.8853 to –52.4281) and the 
right bank tributary of the middle Xingu River, in the 
municipality of Altamira (PA). A total of 508 people 
from all villages were examined.

	► Asurini do Xingu: from the Tupi-Guarani family, with 
260 individuals distributed in five villages on the banks 
of the middle Xingu River (–4.2449 to –52.2380); 
eight people from the Kwatinemu village (n=139) 
were examined.

	► Parakanã: indigenous Tupi-Guarani people who live in 
the Apyterewa land, in the municipalities of Altamira 
and São Félix do Xingu, in the Xingu basin (–5.6904 
to –52.0037), Pará. The total population is 782 people 
distributed in 16 small villages, with populations 

Figure 1  Map showing the geographical location of the indigenous communities enrolled in this study.
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ranging from 17 to 94 individuals. Two hundred and 
ten people were examined.

	► Xikrin do Bacajá: people who speak the Kayapó (or 
Mebengokré) language, Jê linguistic family and live 
in 19 small villages (populations from 11 to 141 indi-
viduals; current population of 1051 inhabitants) in 
the middle Bacajá basin (−3.7160 to –53.0546) and 
municipalities of Senador José Porfírio and Anapú, 
PA. One hundred individuals from seven villages 
were examined: Kenkrô (39/61), Bakajá (23/109), 
Mrotdjam (1/128), Pykatum (4/59), Rapkô (7/60), 
Pytatko (1941) and Moinorô (13/77).

	► Kararaô: another Jê-speaking Kayapó subgroup distrib-
uted in four small villages (Kararaô, n=15; Kruakrô, 
n=15; Pidjôdjã, n=42 and Rikrekô, n=11) located in 
the lower Iriri River and in the middle Xingu River 
(–3.9112 to –52.8044), Altamira, PA. Forty-four indi-
viduals were examined among a total population of 
83 individuals.

	► Munduruku: an indigenous population belonging to 
the Munduruku linguistic family of the Tupi language 
trunk who lives in southwestern Pará in the Tapajós 
River channel and tributaries in the municipalities 
of Santarém, Itaituba and Jacareacanga (−3.9112 to 
–52.8044). The total population of 10 629 is distrib-
uted in 133 villages. A total of 317 individuals were 
examined: 213 from Nova Karapanatuba village 
(213/414) and 201 from smaller villages around Nova 
Karapanatuba in Jacareacanga, PA.

Anti-SARS-CoV-2 antibody assays
A blood sample (5 mL) was collected, and the plasma was 
tested for the presence of anti-SARS-CoV-2 IgM and IgG 
antibodies. Anti-SARS-CoV-2 IgM and IgG antibodies were 
detected using a rapid test (lateral flow method; Guang-
zhou Wondfo Biotech Co., China) and an ELISA (Anti-
SARS-CoV-2 S1 IgG, Euroimmun, Brazil), respectively, 
according to the manufacturers’ recommendations.

Data analysis
The kappa test was used to assess the agreement between 
the rapid test and ELISA results. G and χ2 tests were 
performed to assess difference in the prevalence of IgG 
among the villages in relation to sex and age.

We estimated the virulence rate as the number of 
deaths in each village divided by the number of individ-
uals who were infected with SARS-CoV-2, according to 
IgG seropositivity.

Patient and public involvement
The study subjects, parents of study subjects or the public 
had no involvement in the design, conduct or reporting 
of this research.

RESULTS
A total of 1187 subjects were investigated, including 552 
males (46.5%) and 635 females (53.5%). The ages ranged 
from 1 to 95 years old (mean of 26.2, SD of 19.9 years).

Anti-SARS-CoV-2 IgG was detected in 505 (68.1%) 
individuals by rapid tests and 815 (68.7%) individuals by 
ELISAs (table  1). Eight Asurini individuals were nega-
tive for antibodies, but among the other indigenous 
populations, antibody positivity (by ELISA) ranged from 
51.7% (Munduruku) to 79.5% (Araweté and Kararaô). 
The overall IgG prevalence obtained by rapid tests and 
ELISAs were similar, and the agreement of the results 
between the two tests was 80%, which was classified as 
good (kappa=0.4987; p<0.001; sensitivity of 82.1% and 
specificity of 71.6%). Thirty-three (2.8%) individuals had 
indeterminate anti-SARS-CoV-2 IgG antibody results by 
ELISA. Additionally, IgM antibodies were detected in 51 
(6.9%) individuals from three villages.

There was no significant difference in the IgG preva-
lence between the sexes (overall: χ2=0.001, p=0.9793; 
Xikrin: χ2=0.056, p=0.8129; Araweté: χ2=0.003, p=0.9554; 
Parakanã: χ2=1.022, p=0.3121; Munduruku: χ2=1.496, 
p=0.2213; Kararaô: χ2=0.0278, p=0.0642). Regarding 
age, in Araweté and Xikrin, the prevalences were signifi-
cantly lower among those  >31 years old (p=0.0065 and 
p=0.0198), and in Munduruku, the prevalence was lower 
among those aged <6 years (p<0.0001) and more than 31 
years (table 2).

The main clinical manifestations reported among 
infected individuals were coughing, dyspnoea, coryza, 
fever, fatigue, diarrhoea, ear pain, headache and chest 
and back pain. There were seven deaths among 815 
infected persons, resulting in a virulence rate of 0.86%.

DISCUSSION
The high prevalence of IgG anti-SARS-CoV-2 antibodies 
reported herein shows that novel coronavirus infection 
broadly impacted indigenous populations. The introduc-
tion of new infectious agents among vulnerable indige-
nous populations is thought to impose a heavy burden 
because of the low genetic variability among genes that 
control the immune response,9 an important selective 
pressure in indigenous people since the initial colonisa-
tion of the Amazon region of Brazil.

The pandemic raised the question of how SARS-CoV-2 
would affect native peoples. Despite theoretical argu-
ments for the possible devastation of indigenous groups,6 
there was no confirmed evidence of susceptibility to 
SARS-CoV-2 infection in the presence of coinfections or 
pre-existing conditions, including obesity and malnutri-
tion, as previously suggested.4 5

Most of the indigenous people of the Amazon region of 
Brazil, including some of those in this study, namely the 
Xikrin, Kararaô, Munduruku and Parakanã, are contin-
uously exposed to endemic diseases such as malaria, 
tuberculosis, virus hepatitis and HTLV-2 hyperendemic 
infections.10 Presently, there is no scientific evidence of 
host modulation of SARS-CoV-2 in the presence of these 
coinfections, but research to investigate these coinfec-
tions is of paramount importance to better understand 
of the outcomes of SARS-CoV-2 infection. Furthermore, 



4 Lima CNC, et al. BMJ Open 2022;12:e054271. doi:10.1136/bmjopen-2021-054271

Open access�

Ta
b

le
 1

 
P

re
va

le
nc

e 
of

 a
nt

i-
S

A
R

S
-C

oV
-2

 (S
1)

 Ig
G

 a
nt

ib
od

ie
s 

am
on

g 
in

d
ig

en
ou

s 
p

op
ul

at
io

ns
 b

y 
vi

lla
ge

P
o

p
ul

at
io

n
A

g
e 

ra
ng

e

S
ex

R
ap

id
 t

es
t 

re
su

lt
s

E
LI

S
A

 Ig
G

 a
nt

i-
sp

ik
e 

S
1 

re
su

lt
s

N
 d

ea
th

s
M

al
e

N
 (%

)
Fe

m
al

e
N

 (%
)

N
 t

es
te

d
N

eg
at

iv
e

N
 (%

)
Ig

M
N

 (%
)

Ig
G

N
 (%

)
N

 t
es

te
d

N
eg

at
iv

e
N

 (%
)

In
d

N
 (%

)
Ig

G
N

 (%
)

X
ik

rin
 d

o 
B

ac
aj

á7
2–

84
 y

ea
rs

51
 (5

1.
0)

49
 (4

9.
0)

10
0

42
 (4

2)
nt

58
 (5

8)
10

0
27

 (2
7)

0 
(0

)
73

 (7
3)

01

A
su

rin
i

17
–4

2 
ye

ar
s

0 
(0

)
8 

(1
00

)
0

nt
nt

nt
08

7 
(8

7.
5)

1 
(1

2.
5)

0 
(0

)
0

A
ra

w
et

é
8 

m
on

th
s 

to
 

84
 y

ea
rs

25
8 

(5
0.

8)
25

0 
(4

9.
2)

23
6

29
 (1

2.
3)

11
 (4

.7
)

19
6 

(8
3)

50
8

92
 (1

8.
1)

12
 (2

.4
)

40
4 

(7
9.

5)
0

P
ar

ak
an

ã
7 

m
on

th
s 

to
 9

5 
ye

ar
s

10
6 

(5
0.

5)
10

4 
(4

9.
5)

19
5

06
 (3

.1
)

39
 (2

0)
15

0 
(7

6.
9)

21
0

65
 (3

0.
9)

06
 (2

.8
)

13
9 

(6
6.

2)
01

M
un

d
ur

uk
u

7 
m

on
th

s 
to

 8
9 

ye
ar

s
11

6 
(3

6.
6)

20
1 

(6
3.

4)
16

6
96

 (5
7.

8)
nt

70
 (4

2.
2)

31
7

13
9 

(4
3.

9)
14

 (4
.4

)
16

4 
(5

1.
7)

05

K
ar

ar
aô

1–
94

 y
ea

rs
21

 (4
7.

7)
23

 (5
2.

3)
44

13
 (2

9.
5)

1 
(2

.3
)

30
 (6

8.
2)

44
9 

(2
0.

4)
0 

(0
)

35
 (7

9.
5)

0

To
ta

l
7 

m
on

th
s 

to
 9

5 
ye

ar
s

55
2 

(4
6.

5)
63

5 
(5

3.
5)

74
1

18
5 

(2
5.

0)
51

 (6
.9

)
50

5 
(6

8.
1)

1.
18

7
33

9 
(2

8.
5)

33
 (2

.8
)

81
5 

(6
8.

7)
07

In
d

, i
nd

et
er

m
in

at
e;

 n
t,

 n
ot

 t
es

te
d

.

Ta
b

le
 2

 
A

nt
i-

S
A

R
S

-C
oV

-2
 (S

1)
 Ig

G
 a

nt
ib

od
ie

s 
am

on
g 

in
d

ig
en

ou
s 

vi
lla

ge
s 

b
y 

ag
e 

an
d

 s
ex

A
g

e 
(y

ea
rs

)

X
ik

ri
n7

A
su

ri
ni

A
ra

w
et

é
P

ar
ak

an
ã

M
un

d
ur

uk
u

K
ar

ar
aô

To
ta

l

M
al

e
Fe

m
al

e
M

al
e

Fe
m

al
e

M
al

e
Fe

m
al

e
M

al
e

Fe
m

al
e

M
al

e
Fe

m
al

e
M

al
e

Fe
m

al
e

N
/t

o
ta

l (
%

)

0–
6

5
2

0
0

44
27

10
6

6
5

3
1

10
9/

11
87

 (9
.2

)

>
6 

to
 1

6
15

11
0

0
61

56
18

18
8

17
6

8
21

8/
11

87
 (1

8.
4)

>
16

 to
 3

1
9

13
0

0
56

66
12

21
14

44
2

6
24

3/
11

87
 (2

0.
5)

>
31

10
8

0
0

45
49

27
27

26
42

3
6

24
3/

11
87

 (2
0.

5)

N
ot

 in
fo

rm
ed

0
0

0
0

0
0

0
0

1
1

0
0

2/
11

87
 (0

.2
)

To
ta

l
39

34
0

0
20

6
19

8
67

72
55

10
9

14
21

81
5/

11
87

 (6
8.

7)

A
ge

 d
is

tr
ib

ut
io

n:
 (o

ve
ra

ll:
 χ

2 =
8.

2;
 p

=
0.

04
2)

; (
X

ik
rin

: G
=

8.
15

; p
=

0,
01

98
); 

(A
ra

w
et

é:
 χ

2 =
12

.3
; p

=
0.

00
65

); 
(P

ar
ak

an
ã:

 χ
2 =

3.
9;

 p
=

0.
27

53
); 

(M
un

d
ur

uk
u:

 χ
2 =

23
.8

; p
<

0.
00

01
); 

(K
ar

ar
aô

: G
=

4.
4;

 
p

=
0.

22
13

). 
G

-G
 t

es
t;

 χ
2 .



5Lima CNC, et al. BMJ Open 2022;12:e054271. doi:10.1136/bmjopen-2021-054271

Open access

environmental and social conditions, including a lack of 
drinking water and malnutrition, are important factors 
that could impact COVID-19 dynamics among indige-
nous communities,3 4 and these factors might have been 
potentiated after prophylactic isolation measures.

In our previous report, the quality of tests to measure 
the presence of antibodies was analysed.7 It is important 
that antibodies to SARS-CoV-2 are detected using tests 
with good sensitivity and specificity to obtain accurate 
prevalence rates. Rapid tests usually have low sensitivity 
and yield false-negative or false-positive results due to 
cross-reactions. In this study, two methodologies were 
used; the agreement of the results between the rapid test 
and ELISA was good, and the IgG prevalence values were 
similar.

The results showed that SARS-CoV-2 infections were 
evenly distributed, with a high viral prevalence but few 
reported deaths, despite genetic and socioenviron-
mental vulnerability, confirming the official results of 
the COVID-19 Epidemiological Bulletin published by the 
Special Secretariat of Indigenous Health (SESAI).11

The prevalence of anti-SARS-CoV-2 IgG antibodies indi-
cated wide dissemination of the virus, caused by inherent 
social and cultural challenges in social distancing, house-
hold isolation and mask wearing.

The detection of IgM antibodies in three villages might 
suggest recent infection in these villages. However, IgM 
positivity can be confirmed by only antigen or nucleic acid 
tests, which were not available at the time of the study. 
Additionally, a recent report showed IgM persistence for 
up to 8 months post-SARS-CoV-2 infection, suggesting 
that IgM positivity should no longer be considered a diag-
nostic criterion to confirm acute or recent SARS-CoV-2 
infection.12

Notably, three villages are located more than 100 km 
away from each other, and there is no simple method 
of communication among them. This raises another 
important question regarding herd immunity. Appar-
ently, the communities achieved herd immunity when 
at least 60% IgG seropositivity was reached,13 similar 
to that in Manaus, the capital of Amazonas State.14 
However, unlike in urban areas,15 in rural areas, virgin 
soil epidemics generally affect most susceptible indi-
viduals before the epidemic ends,16 and the dynamics 
of the present epidemic are still not completely under-
stood. The high seroprevalence of IgG anti-SARS-CoV-2 
antibodies reported herein among vulnerable Amazon 
indigenous peoples is comparable to our recent finding 
among Venezuelan indigenous Warao refugees residing 
in Belem city, the capital of Para state, where infection 
was detected in 83% of the subjects.17 Similar results 
were reported among indigenous people living in the 
surrounding area of Manaus, where the number of indi-
viduals sharing households was a risk for virus infection.18

The main limitation of our study was that it was not 
possible to assess the presence of SARS-CoV-2 infection 
by RT-qPCR at the time of visits to the villages, but the 
results provide new information about the SARS-CoV-2 

epidemic among indigenous peoples and can provide 
the Brazilian government with information to establish 
adequate epidemic control measures among Brazilian 
indigenous communities in the Amazon region.

CONCLUSION
SARS-CoV-2 infection rapidly spread among indigenous 
populations in the state of Para in the Amazon region, 
supporting our previous call for serological surveillance 
studies to minimise the of burden the epidemic and 
promote indigenous health policies.5

Despite the suggestion of high mortality and morbidity 
among Amerindian populations,6 the majority of cases 
were asymptomatic or mild, with a low fatality rate, 
supporting the suggestion that mortality associated 
with epidemics that spread from urban communities to 
Amazonian indigenous communities has decreased in 
recent years.19

Finally, continuing seroepidemiological surveys is of 
paramount importance in monitoring the outcome of the 
national contingency plan for the prevention and control 
of the epidemic, which includes a mass vaccination 
programme for indigenous peoples, started in February 
2021.
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