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ABSTRACT
Introduction: Brazil is one of the epicenters of COVID-19 pandemic and faces several hindrances to make 
his COVID-19 vaccination plan efficient.
Methods: The Brazilian COVID-19 vaccination plan was evaluated and the hindrances to make the COVID- 
19 vaccination plan efficient were described and discussed.
Results: High territorial extension might contribute to a delay on the COVID-19 vaccination, due to 
difficulty in delivering vaccines to furthest Brazilian states and to all the interior cities. The choice among 
the vaccines should be done based on the type of storage and must consider the transport conditions 
necessary to maintain its effectiveness. The indigenous individuals were included with health-care work-
ers as the first group to be vaccinated, inflaming the number of vaccines doses distributed in states where 
the indigenous population have higher prevalence. The antivaccine movement and the politicization of 
the vaccine are also hindrances to be overcome in Brazil. The COVID-19 incidence or mortality rate and the 
distribution of intensive care units (ICUs) are not a criterion to distribute the vaccines, as we did not 
identify a correlation between these markers and the number of vaccines. However, a strong or very 
strong correlation occurred between the number of COVID-19 vaccines and the number of COVID-19 
cases, deaths by COVID-19, gross domestic product, as well as populational density. A total of 83,280,475 
doses of COVID-19 vaccines were distributed in Brazil. In the first dose, the Coronavac (Sinovac™), 
AZD1222 (AstraZeneca/Oxford™), and BNT162b (Pfizer/BioNTech™) vaccines were responsible to vacci-
nate, respectively, 9.61%, 6.69%, and 0.35% of the Brazilian population. In the second dose, the Coronavac, 
AZD1222, and BNT162b vaccines were responsible to vaccinate, respectively, 7.52%, 0.53%, and <0.01% of 
the Brazilian population.
Conclusions: The Federal Government must evaluate the hindrances and propose solutions to maximize 
the immunization against COVID-19 on Brazil.
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Introduction

On 11 March 2020, the World Health Organization determined 
the COVID-19 could be characterized as a pandemic,1 and since 
then, it became one of the deadliest pandemics of the century, 
with millions of deaths in the world.2 Several efforts have been 
taken in order to restrain, at least in part, the COVID-19 pan-
demic, such as the implementation of lockdown, home quarantine 
in regions with high number of cases, school vacation, a proper 
hand washing and the disinfection of surfaces,1,3,4 however, except 
clean water, vaccination is the main means to decrease the burden 
of infectious disease, such as SARS-CoV-2 infection.5,6 Normally, 
the development of a vaccine takes 10 to 15 years,7 but fortunately, 
by the end of December 2020 and early March 2021, that is, in less 
than one year, 14 vaccines have been approved for use or emer-
gency use in several countries and territories and several others are 
being tested in clinical trials.8,9 Several countries have started the 
COVID-19 vaccination still in December 2020 and have vacci-
nated more than half of their population, such as Israel and 
United States of America (USA); on the other hand, countries 
like Brazil and India started the vaccination on 2021, and have 
a low percentage of individuals vaccinated.10

In general, vaccines can be divided into 7 classes, according to 
its method of production and origin, being the immunological 
mechanism of vaccines classified as live attenuated organism, 
killed whole organism, toxoid/protein, polysaccharide, glyco-
conjugate, recombinant and blood cell infusion, and more 
recently, the synthetic vaccines, which are based on genetic 
material, such as DNA or RNA.11 Several COVID-19 vaccines 
have been or are being developed worldwide, being at least 6 of 
them with limited use, 8 full approved for use, 27 in phase III 
clinical trials, 37 in phase II clinical trials, 49 in phase I clinical 
trials and, finally, 4 vaccines were abandoned after clinical trials.9 

Two of them, the BNT162b2 (Pfizer/BioNtechTM) and mRNA- 
1273 (ModernaTM), are mRNA vaccines while the others 
approved have different immune mechanisms, such as non- 
viral replicating viral vector or inactivated virus.8,9

Most of the countries have their own regulatory agency, which 
determines the approval of a vaccine for use, for instance, in the 
USA, the Food and Drug Administration (FDA) was responsible 
for the emergency use authorization of BNT162b2 (Pfizer/ 
BioNtechTM), mRNA-1273 (Moderna’sTM) and Ad26.COV2.S 
(Johnson/JanssenTM) COVID-19 vaccines,12 meanwhile, the 
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Brazilian Health Regulatory Agency (ANVISA; acronym in 
Portuguese for “Agência Nacional de Vigilância Sanitária”) has 
approved the AZD1222 (AstraZeneca/Oxford’sTM) and 
BNT162b2 (Pfizer/BioNtechTM) and approved for emergency 
use the Ad26.COV2.S (Johnson/JanssenTM) and CoronaVac´s 
(SinovacTM) COVID-19 vaccines.13 The characteristics of the 
approved vaccines are synthetized in Table 1.9,14–22 

Unfortunately, only a few vaccines have a phase III clinical trial 
already published, such as BNT162b2 (Pfizer/BioNtechTM), fol-
lowed by mRNA-1273 (Moderna’sTM), AZD1222 (AstraZeneca/ 
Oxford’sTM), and Sputnik V (Gamaleya Research Institute), 
which showed 95%, 94.1%, 70.40% and 91.6% of efficacy, 
respectively.14–17 Curiously, the mRNA vaccines presented an 
excellent efficacy, mainly, to protect against the severe infection 
by SARS-CoV-2.14,15

Historically, Brazil is an example of how to manage 
a vaccination campaign, for example, in the 2009 H1N1 flu 
(swine flu) pandemic, the Brazilian Health System (SUS, 
acronym in Portuguese for “Sistema Único de Saúde”) was 
responsible for the vaccination of 93 million individuals (43% 
of the population) in only 3 months, in fact, Brazil was the 
country that most vaccinated against H1N1, even ahead of 
USA and México, which vaccinated 26% and 24% of their 
population, respectively.23 However, the Brazilian Federal 
government struggles to vaccinated the majority of the 
Brazilian population against SARS-CoV-2 infection, which 
can be demonstrated by the low index of vaccinated indivi-
duals (only 16% of the population), even after 4 months since 
the first vaccine was approved for emergency use in 
Brazil.10,24 Thus, the aim of this study is to evaluate the 
major hindrances, such as political and territorials, in the 
COVID-19 vaccination in Brazil.

Materials and methods

Our findings were discussed in different topics, such as: (a) 
Sociodemographic features and its influence to perform the 
vaccination plan on Brazil, in which we try to evaluate how 
the sociodemographic characteristics of the Brazilian popula-
tion and the size of the country (territorial extension) might 
influence on the vaccination campaign, also, we evaluated 
several neglected population, as indigenous ones, and how 
their vaccination is being done; (b) The anti-vaccine move-
ment and the politicization of the vaccine, in which we dis-
cuss how the anti-vaccine movement and the politicization of 
the vaccine could decrease the vaccination rate, mainly in 
places with low rate of vaccination, such as Brazil; (c) 
Vaccine quantities, transportation and government vaccine 
regulatory agency, in which we discuss how the amount of 
vaccines is distributed across the country considering the first 
and second doses and the immunological mechanism of vac-
cines used in Brazil and how the ANVISA and the transpor-
tation might be related to a vaccination barrier. Also, we 
demonstrated the decision making from the Brazilian regula-
tory agency and the Federal management regarding the 
COVID-19 vaccines, in which we discuss the necessary doc-
umentation needed by the ANVISA in order to approve 
a vaccine and how the Federal government acted in the 
purchase of the vaccines in Brazil.

The Brazilian COVID-19 vaccination plan was evaluated25 

and the hindrances to make the COVID-19 vaccination plan 
efficient in our country were described, such as the political 
issues associated with the COVID-19 vaccination, the choice of 
priority groups to be vaccinated, the epidemiologic data 
regarding the Brazilian population, the territorial extension of 
Brazil, and the anti-vaccine movement. The Brazilian COVID- 
19 vaccination plan was described for number of vaccines 
distributed by states and Federal District according to the 
priority groups such were individuals aged ≥60 years old or 
institutionalized; institutionalized disabled people; indigenous 
living at indigenous lands and health workers.25

The vaccination schedule, availability of vaccines and the 
kinds of vaccines were retrieved from the Ministry of Health in 
Brazil. The hindrances to perform the vaccination plan in 
Brazil were based on expertise opinions from Brazil according 
to media declarations and expertise from the authors, accord-
ing to the previous studies with COVID-19 and previous 
vaccinations campaigns regarding other diseases. Also, a data 
search was done in the PubMed about the clinical trials avail-
ability for each vaccine and the description of vaccines in use in 
the world as described in Table 1.

The epidemiologic data from Brazil for number of COVID- 
19 cases, number of deaths by COVID-19, COVID-19 inci-
dence by 100,000 inhabitants, COVID-19 mortality by 100,000 
inhabitants, gross domestic product (GDP), number of inha-
bitants, % of the population from Brazil, area (km2), popula-
tion density (persons per km2), number of intensive care units 
(ICUs) beds by 10,000 habitants, number of COVID-19 vac-
cines doses, number of COVID-19 vaccines by 1 M inhabi-
tants, number of vaccines adjusted by COVID-19 cases and 
deaths were also presented in the manuscript according the 
states and Federal District from Brazil.25–28

In our data, it was also included the number of vaccines 
according to the first and second doses distributed of the 
different COVID-19 vaccines [Coronavac (Sinovac™), 
AZD1222 (AstraZeneca/Oxford™), and BNT162b (Pfizer/ 
BioNTech™)] approved in Brazil. The calculation of number 
of vaccines per 1 M inhabitants was done based on the 
following formula: (number of vaccines by inhabitants) * 
1 M. The number of vaccines adjusted by number of 
COVID-19 cases was calculated using the following for-
mula: (number of COVID-19 cases by state or Federal 
District by all COVID-19 cases) * total number of vaccines 
doses. Also, the number of vaccines adjusted by number of 
deaths by COVID-19 was calculated using the following 
formula: (number of deaths by state or Federal District by 
all deaths by COVID-19) * total number of vaccines doses. 
In addition, it was calculated an estimative regarding the 
number of vaccines in each state and Federal District versus 
the number of vaccines after the adjustment for COVID-19 
cases and deaths. Finally, the percentage of vaccinated 
population was calculated using the following formula: 
(number of vaccine doses by number of individuals in 
each state and Federal District) * 100. The percentage of 
vaccinated people was also calculated for all the Brazilian 
population.

A Spearman correlation between COVID-19 vaccine doses 
[Coronavac (Sinovac™), AZD1222 (AstraZeneca/Oxford™), and 

3990 M. N. BOSCHIERO ET AL.



Ta
bl

e 
1.

 C
ha

ra
ct

er
iz

at
io

n 
of

 t
he

 a
pp

ro
ve

d 
CO

VI
D

-1
9 

va
cc

in
es

 w
or

ld
w

id
e.

9,
14

–2
2.

Va
cc

in
e

Ph
as

e 
III

 t
ria

l
D

ev
el

op
er

D
os

es
 

ne
ed

ed

Ti
m

e 
fr

om
 th

e 
fir

st
 

do
se

 t
o 

th
e 

se
co

nd
 o

ne
Effi

ca
cy

 
(%

)
Im

m
un

e 
m

ec
ha

ni
sm

M
ai

n 
ad

ve
rs

e 
eff

ec
ts

St
or

ag
e 

(o
C)

Ap
pr

ov
ed

 in
Em

er
ge

nc
y 

us
e

Co
st

 o
f t

he
 d

os
e 

(U
SD

 
$)

BN
T1

62
b2

Ye
s

Pfi
ze

r/
Bi

oN
Te

ch
TM

2
3 

w
ee

ks
91

m
RN

A
Pa

in
, s

w
el

lin
g 

an
d 

re
dn

es
s 

in
 t

he
 

in
je

ct
io

n 
si

te
, 

fa
tig

ue
, 

he
ad

ac
he

, 
fe

ve
r, 

an
d 

ch
ill

s

–2
5 

to
 –

 
15

°C
Br

az
il,

 
Ba

hr
ai

n,
 

N
ew

 
Ze

al
an

d,
 

Sa
ud

i 
Ar

ab
ia

, a
nd

 
Sw

itz
er

la
nd

Ar
ge

nt
in

a,
 A

us
tr

al
ia

, B
ot

sw
an

a,
 B

ru
ne

i, 
Ca

na
da

, C
hi

le
, C

ol
om

bi
a,

 C
os

ta
 R

ic
a,

 
Ec

ua
do

r, 
Eu

ro
pe

an
 U

ni
on

, G
re

en
la

nd
, 

G
ua

te
m

al
a,

 H
on

g 
Ko

ng
, I

ce
la

nd
, I

ra
q,

 Is
ra

el
, 

Ja
pa

n,
 J

or
da

n,
 K

uw
ai

t, 
Le

ba
no

n,
 

Li
ec

ht
en

st
ei

n,
 M

al
ay

si
a,

 M
al

di
ve

s,
 M

ex
ic

o,
 

M
ol

do
va

, M
on

ac
o,

 M
on

go
lia

, N
or

w
ay

, N
or

th
 

M
ac

ed
on

ia
, O

m
an

, P
an

am
a,

 P
er

u,
 

Ph
ili

pp
in

es
, Q

at
ar

, S
er

bi
a,

 S
in

ga
po

re
, S

ou
th

 
Af

ric
a,

 S
ou

th
 K

or
ea

, T
un

is
ia

, T
ur

ke
y,

 U
kr

ai
ne

, 
U

ni
te

d 
Ar

ab
 E

m
ira

te
s,

 U
ni

te
d 

Ki
ng

do
m

, 
U

ni
te

d 
St

at
es

, a
nd

 U
ru

gu
ay

14
.7

 t
o 

19
.5

m
RN

A-
12

73
Ye

s
M

od
er

na
TM

2
4 

w
ee

ks
94

.1
m

RN
A

Pa
in

, e
ry

th
em

a,
 

in
du

ra
tio

n,
 

te
nd

er
ne

ss
, 

he
ad

ac
he

, 
fa

tig
ue

, 
m

ya
lg

ia
, a

nd
 

ch
ill

s

–2
0°

C
Sw

itz
er

la
nd

Ca
na

da
, E

ur
op

ea
n 

U
ni

on
, G

re
en

la
nd

, 
G

ua
te

m
al

a,
 H

on
du

ra
s,

 Ic
el

an
d,

 Is
ra

el
, 

Ku
w

ai
t, 

M
on

go
lia

, N
or

w
ay

, Q
at

ar
, 

Si
ng

ap
or

e,
 U

ni
te

d 
Ki

ng
do

m
, U

ni
te

d 
St

at
es

, 
an

d 
Vi

et
na

m

25
 t

o 
37

Sp
ut

ni
k 

V
Ye

s
G

am
al

ey
a 

Re
se

ar
ch

 
In

st
itu

te
2

3 
w

ee
ks

91
.6

Vi
ra

l V
ec

to
r

Fl
u-

lik
e 

ill
ne

ss
, 

in
je

ct
io

n 
si

te
 

re
ac

tio
ns

, 
he

ad
ac

he
, a

nd
 

as
th

en
ia

2 
to

 8
°C

N
on

e
Ru

ss
ia

, A
lb

an
ia

, A
lg

er
ia

, A
ng

ol
a,

 A
nt

ig
ua

 a
nd

 
Ba

rb
ud

a,
 A

rg
en

tin
a,

 A
rm

en
ia

, A
ze

rb
ai

ja
n,

 
Ba

hr
ai

n,
 B

an
gl

ad
es

h,
 B

el
ar

us
, B

ol
iv

ia
, 

Bo
sn

ia
n 

Se
rb

 R
ep

ub
lic

, C
am

er
oo

n,
 C

on
go

 
Re

pu
bl

ic
, D

jib
ou

ti,
 E

gy
pt

, H
on

du
ra

s,
 G

ab
on

, 
G

ha
na

, G
ua

te
m

al
a,

 G
ui

ne
a,

 G
uy

an
a,

 
H

un
ga

ry
, I

nd
ia

, I
ra

n,
 Ir

aq
, J

or
da

n,
 

Ka
za

kh
st

an
, K

en
ya

, K
yr

gy
zs

ta
n,

 L
ao

s,
 

Le
ba

no
n,

 M
al

i, 
M

au
rit

iu
s,

 M
ex

ic
o,

 M
ol

do
va

, 
M

on
go

lia
, M

on
te

ne
gr

o,
 M

or
oc

co
, M

ya
nm

ar
, 

N
am

ib
ia

, N
ep

al
, N

ic
ar

ag
ua

, N
or

th
 

M
ac

ed
on

ia
, P

ak
is

ta
n,

 P
al

es
tin

ia
n 

Au
th

or
ity

, 
Pa

na
m

a,
 P

ar
ag

ua
y,

 P
hi

lip
pi

ne
s,

 S
an

 M
ar

in
o,

 
Sl

ov
ak

ia
, S

ri 
La

nk
a,

 S
t. 

Vi
nc

en
t 

an
d 

th
e 

G
re

na
di

ne
s,

 S
er

bi
a,

 S
ey

ch
el

le
s,

 S
yr

ia
, 

Tu
ni

si
a,

 T
ur

ke
y,

 T
ur

km
en

is
ta

n,
 U

ni
te

d 
Ar

ab
 

Em
ira

te
s,

 U
zb

ek
is

ta
n,

 V
en

ez
ue

la
, V

ie
tn

am
, 

an
d 

Zi
m

ba
bw

e

<
10 (C

on
tin
ue
d)

HUMAN VACCINES & IMMUNOTHERAPEUTICS 3991



Ta
bl

e 
1.

 (C
on

tin
ue

d)
.

Va
cc

in
e

Ph
as

e 
III

 t
ria

l
D

ev
el

op
er

D
os

es
 

ne
ed

ed

Ti
m

e 
fr

om
 th

e 
fir

st
 

do
se

 t
o 

th
e 

se
co

nd
 o

ne
Effi

ca
cy

 
(%

)
Im

m
un

e 
m

ec
ha

ni
sm

M
ai

n 
ad

ve
rs

e 
eff

ec
ts

St
or

ag
e 

(o
C)

Ap
pr

ov
ed

 in
Em

er
ge

nc
y 

us
e

Co
st

 o
f t

he
 d

os
e 

(U
SD

 
$)

AZ
D

12
22

Ye
s

As
tr

aZ
en

ec
a/

O
xf

or
dTM

2
4 

m
on

th
s  

(r
ec

om
m

en
de

d)
70

.4
Vi

ra
l V

ec
to

r
Fa

tig
ue

, 
he

ad
ac

he
, 

re
ac

tio
ns

 a
t t

he
 

in
je

ct
io

n 
si

te
, 

fe
ve

r, 
na

us
ea

, 
vo

m
iti

ng
, a

nd
 

di
zz

in
es

s

2t
o 

8°
C

Br
az

il
Al

ge
ria

, A
rg

en
tin

a,
 A

us
tr

al
ia

, B
ah

am
as

, 
Ba

hr
ai

n,
 B

an
gl

ad
es

h,
 B

ar
ba

do
s,

 B
hu

ta
n,

 
Bo

ts
w

an
a,

 B
ru

ne
i, 

Ca
na

da
, C

hi
le

, C
ol

om
bi

a,
 

Co
st

a 
Ri

ca
, D

om
in

ic
an

 R
ep

ub
lic

, E
cu

ad
or

, 
Eg

yp
t, 

El
 S

al
va

do
r, 

Et
hi

op
ia

, E
ur

op
ea

n 
U

ni
on

, F
iji

, G
eo

rg
ia

, G
ha

na
, G

re
en

la
nd

, 
G

ua
te

m
al

a,
 H

on
du

ra
s,

 H
un

ga
ry

, I
ce

la
nd

, 
In

di
a,

 In
do

ne
si

a,
 Ir

an
, I

ra
q,

 J
am

ai
ca

, K
en

ya
, 

Ku
w

ai
t, 

Li
ec

ht
en

st
ei

n,
 M

al
ay

si
a,

 M
al

di
ve

s,
 

M
ex

ic
o,

 M
ol

do
va

, M
on

go
lia

, M
or

oc
co

, 
N

am
ib

ia
, N

ep
al

, N
ig

er
ia

, N
or

th
 M

ac
ed

on
ia

, 
N

or
w

ay
, P

ak
is

ta
n,

 P
ap

ua
 G

ui
ne

a,
 P

er
u,

 
Ph

ili
pp

in
es

, S
au

di
 A

ra
bi

a,
 S

ey
ch

el
le

s,
 S

ri 
La

nk
a,

 S
ou

th
 A

fr
ic

a,
 S

ou
th

 K
or

ea
, S

ud
an

, 
Ta

iw
an

, T
ha

ila
nd

, U
kr

ai
ne

, U
ni

te
d 

Ki
ng

do
m

, 
Vi

et
na

m
, a

nd
 Z

am
bi

a.
 E

m
er

ge
nc

y 
us

e 
va

lid
at

io
n 

fr
om

 t
he

 W
or

ld
 H

ea
lth

 
O

rg
an

iz
at

io
n.

 E
nd

or
se

d 
by

 t
he

 A
fr

ic
a 

Re
gu

la
to

ry
 T

as
kf

or
ce

. R
ec

om
m

en
de

d 
fo

r 
em

er
ge

nc
y 

us
e 

by
 th

e 
Ca

rib
be

an
 R

eg
ul

at
or

y 
Sy

st
em

2 
to

 1
0

Ad
5-

nC
ov

N
o

Ca
nS

in
oB

io
TM

1
N

A
65

.4
Vi

ra
l V

ec
to

r
Pa

in
 a

t 
in

je
ct

io
n 

si
te

, f
ev

er
, 

fa
tig

ue
, 

na
us

ea
, a

nd
 

vo
m

iti
ng

2 
to

 8
°C

Ch
in

a
Ch

ile
, H

un
ga

ry
, M

ex
ic

o,
 a

nd
 P

ak
is

ta
n

<
4

Ad
26

.C
O

V2
.S

Ye
s

Jo
hn

so
n/

Ja
ns

se
nTM

1
N

A
69

Vi
ra

l V
ec

to
r

Pa
in

 in
 t

he
 

in
je

ct
io

n 
si

te
, 

he
ad

ac
he

, 
fa

tig
ue

, 
m

ya
lg

ia
, a

nd
 

fe
ve

r

2 
to

 8
°C

D
en

m
ar

k
Ba

hr
ai

n,
 B

ra
zi

l, 
Ca

na
da

, C
ol

om
bi

a,
 E

ur
op

ea
n 

U
ni

on
, G

re
en

la
nd

, I
ce

la
nd

, L
ie

ch
te

ns
te

in
, 

N
or

w
ay

, P
hi

lip
pi

ne
s,

 S
ou

th
 A

fr
ic

a,
 S

ou
th

 
Ko

re
a,

 S
w

itz
er

la
nd

, T
ha

ila
nd

, U
ni

te
d 

St
at

es
, 

an
d 

Za
m

bi
a.

 E
m

er
ge

nc
y 

us
e 

va
lid

at
io

n 
fr

om
 

th
e 

W
or

ld
 H

ea
lth

 O
rg

an
iz

at
io

n.
 E

nd
or

se
d 

by
 

th
e 

Af
ric

a 
Re

gu
la

to
ry

 T
as

kf
or

ce

2.
80

 t
o 

9

Ep
iV

ac
Co

ro
na

N
o

Be
kt

op
TM

2
3 

w
ee

ks
N

A
Pr

ot
ei

n 
Ba

se
d

N
A

2 
to

 8
°C

Tu
rk

m
en

is
ta

n
Ru

ss
ia

N
A

ZF
20

01
N

o
ZF

SW
/In

st
itu

te
 o

f 
M

ed
ic

al
 B

io
lo

gy
3

4 
w

ee
ks

N
A

Pr
ot

ei
n 

Ba
se

d
Pa

in
 a

t 
in

je
ct

io
n 

si
te

, r
ed

ne
ss

, 
itc

h,
 c

ou
gh

, 
fe

ve
r, 

an
d 

he
ad

ac
he

2 
to

 8
°C

N
on

e
Ch

in
a

N
A

U
nn

am
ed

N
o

Si
no

ph
ar

m
TM

N
A

N
A

72
.5

In
ac

tiv
e 

or
  

at
te

nu
at

ed
 

vi
ru

s

N
ot

 in
fo

rm
ed

2 
to

 8
°C

Ch
in

a
U

ni
te

d 
Ar

ab
 E

m
ira

te
s

30
 t

o 
72

.5

BB
IB

P-
Co

rV
N

o
Si

no
ph

ar
m

TM
2

3 
w

ee
ks

78
.1

In
ac

tiv
e 

or
 

at
te

nu
at

ed
 

vi
ru

s

Pa
in

 a
t 

in
je

ct
io

n 
si

te
, f

ev
er

, 
fa

tig
ue

, 
na

us
ea

, a
nd

 
vo

m
iti

ng

2 
to

 8
°C

Ba
hr

ai
n,

 
Ch

in
a,

 a
nd

 
U

ni
te

d 
Ar

ab
 

Em
ira

te
s.

Ar
ge

nt
in

a,
 B

an
gl

ad
es

h 
N

EW
, B

ru
ne

i, 
Ca

m
bo

di
a,

 E
gy

pt
, G

ab
on

, G
uy

an
a,

 H
un

ga
ry

, 
In

do
ne

si
a,

 Ir
an

, I
ra

q,
 J

or
da

n,
 L

eb
an

on
, 

M
al

di
ve

s,
 M

or
oc

co
, N

am
ib

ia
, N

ep
al

, N
or

th
 

M
ac

ed
on

ia
, P

ak
is

ta
n,

 P
er

u,
 V

en
ez

ue
la

, a
nd

 
Zi

m
ba

bw
e.

 E
m

er
ge

nc
y 

us
e 

va
lid

at
io

n 
fr

om
 

th
e 

W
or

ld
 H

ea
lth

 O
rg

an
iz

at
io

n

30
 t

o 
72

.5

(C
on
tin
ue
d)

3992 M. N. BOSCHIERO ET AL.



BNT162b (Pfizer/BioNTech™)], number of COVID-19 vac-
cines per 1 M inhabitants, number of vaccines after the adjust-
ment for COVID-19 cases and deaths, and the number and 
percentage of population vaccinated with the first and second 
doses with the number of COVID-19 cases, demographics data 
from Brazilian territory, GDP, ICUs availability in Brazil by 
states and Federal District was performed. It was considered 
the following categorization for the Spearman correlation: 
(very high positive/negative correlation) 0.9 to 1.0; (high posi-
tive/negative correlation) 0.7 to 0.9; (moderate positive/nega-
tive correlation) 0.5 to 0.7; (low positive/negative correlation) 
0.30 to 0.50; (negligible correlation) 0.00 to 0.30. The statistical 
analysis was done using the Statistical Package for the Social 
Sciences software (IBM SPSS Statistics for Macintosh, Version 
27.0) and the GraphPad Prism version 8.00 for Apple Mac, 
GraphPad Software, San Diego California USA, www.graph 
pad.com. An alpha of 0.05 was used in all statistical analysis.

Results

In Table 1, it was shown the characterization of the approved 
COVID-19 vaccines worldwide. A total of 14 vaccines were 
approved for emergency use in several countries, being 8 of 
them approved in at least one country. Only 5 vaccines had 
a phase III clinical trial published. Also, 2 vaccines had immu-
nological mechanism the mRNA, 5 viral vectors, 2 proteins 
based, and, finally, 6 inactive or attenuated virus. This last type 
is the mechanism of the Coronavac (Sinovac™), which is the most 
used vaccine used in Brazil. Besides having a great efficacy, both 
mRNA vaccines should be preserved at a low temperature, 
which is difficult for the transportation and conditioning, mainly 
in places of Brazil with limited access to potent refrigerators. The 
efficacy and the cost were different among all vaccines. The 
lowest cost was described for Covaxin (2–3 USD per dose; 
Bharat BiotechTM); and the three vaccines available in Brazil, 
Coronavac (Sinovac™), AZD1222 (AstraZeneca/Oxford™), and 
BNT162b (Pfizer/BioNTech™), presented respectively the costs 
of 30 USD, 2–10 USD and 14.7–19.5 USD per dose.8,9,14–22 Also, 
Table 1 describes the side-effects related to each vaccine and the 
countries or territories where the vaccines were authorized in the 
world.8,9,14–22

Table 2 presents the descriptive analysis of the COVID-19 
pandemic in Brazil, such as COVID-19 cases, deaths by 
COVID-19, COVID-19 prevalence by 100,000 inhabitants 
and COVID-19 mortality by 100,000 inhabitants. Also, it was 
demonstrated the demographics data from Brazilian territory, 
GDP, and ICUs availability.25–30

Table 3 presents the COVID-19 vaccination plan in Brazil and 
the number of vaccines applied according to the vaccine approved 
in Brazil and the first or second dose. The vaccines distribution is 
being done in phases and the proportion of people vaccinated 
with different kinds of vaccines is disproportionate in Brazil. The 
vaccines were applied first on people aged ≥60 or institutionalized; 
institutionalized disabled people; indigenous population living on 
indigenous lands and for 34% of health workers who act, mainly, 
in the first line to treat, the severe cases of individuals infected by 
the SARS-CoV-2. Also, a total of 83,280,475 doses of COVID-19 
vaccines were distributed in Brazil until 15 May 2021; being the 
major part Coronavac (Sinovac™; 20,204,265 doses as first dose Ta
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and 15,813,505 doses as second dose), followed by AZD1222 
(AstraZeneca/Oxford™,14,054,334 doses as first dose and 
1,105,835 as second dose) and in third place, the BNT162b 
(Pfizer/BioNTech™, 726,726 doses as first dose and 1,783 
as second dose) vaccines. The data presented in Tables 2 and 3 
were used to perform the Spearman correlation with the vaccine 
markers and to calculate the adjustments presented in Table 4. 
Also, the first dose of the Coronavac (Sinovac™), AZD1222 
(AstraZeneca/Oxford™), and BNT162b (Pfizer/BioNTech™) vac-
cines was responsible to vaccinate, respectively, 9.61%, 6.69%, and 
0.35% of the Brazilian population while the second dose was 
responsible to vaccinate 7.52%, 0.53% and <0.01% of the 
Brazilian population, respectively (Table 5).13,29 To date, on 
15 May 2021, only 16.64% and 8.04% of the Brazilian population 
was vaccinated, respectively, for the first and second doses (Table 
5) putting the Brazil ranked as the 56° country worldwide.13,29

Table 4 presents the COVID-19 vaccine [Coronavac 
(Sinovac™), AZD1222 (AstraZeneca/Oxford™), and BNT162b 
(Pfizer/BioNTech™)] doses status in Brazil by states and Federal 
District regarding the number of doses and the adjustment by 
number of COVID-19 cases and deaths, as well as the ratio per 
1 M of inhabitants. Moreover, the percentage of population vac-
cinated according the first and second doses by state and Federal 
District is shown in Figure 1. It was observed that the state with 
highest first dose applied was Tocantins (28.21%), followed by Rio 
Grande do Sul (23.52%) and Mato Grosso do Sul (18.70%) states, 

whereas the highest rate for the second dose was observed in 
Paraíba (17.42%) state, followed by Rio Grande do Sul (9.86%) 
and Paraná (9.10%) states. Curiously, in the Paraíba state, nearly 
all individuals who received the first dose of the vaccine received 
also the second dose, which is different from mostly of the states, 
in which only a small percentage of individuals who received the 
first dose received also the second one.

Also in our data, it was described a different number of 
vaccines according to the ratio per 1 M of inhabitants varying 
between 84,099 in Alagoas state and 487,888 in Amazonas state. 
In addition, both adjustments done using the number of COVID- 
19 cases and the number of deaths by COVID-19 showed a great 
difference for the number of vaccines really used to vaccinate the 
population. Maybe, the number of deaths by COVID-19, as well 
as the number of confirmed cases of COVID-19, should also be 
used as a criterion to distribute the COVID-19 vaccines in Brazil. 
Using our formula, some states prone to receive more COVID-19 
vaccines doses than others. We observed that the number of 
COVID-19 vaccines available minus the vaccines adjusted by 
number of cases in the Federal district was extremely high 
(1,010,106), whereas in others states, such as the Rio de Janeiro, 
this coefficient is extremely low (−3,834,709). Regarding the total 
of COVID-19 vaccines minus the vaccines adjusted by the num-
ber of deaths, it was observed the highest coefficient in the Espírito 
Santo state (2,006,089), whereas the lowest was observed in the 
Minas Gerais state (−2,007,472) (Table 4). Furthermore, the 

Table 2. Descriptive analysis of the COVID-19, demographics data from Brazilian territory, gross domestic product (GDP) and intensive care units (ICUs) availability.25–30.

States and 
the Federal 
District

COVID-19 
cases

Deaths by 
COVID-19

Prevalence by 
100,000 

inhabitants

Mortality by 
100,000 

inhabitants
GDP  

(R$) x 103
Number of 
inhabitants

% Of the 
population 
from Brazil Area (km2)

Population 
density  

(persons 
per km2)

ICUs bed by 
10,000 

habitants

Acre 80,177 1,608 9,091 182 13,751 881,935 0.4 164,123.74 5.37 1.60
Alagoas 182,969 4,462 5,482 133 49,456 3,337,357 1.6 27,843.30 119.86 1.60
Amapá 108,719 1,610 12,855 190 14,339 845,731 0.4 142,470.76 5.94 0.99
Amazonas 378,138 12,808 19,124 309 89,017 4,144,597 2.0 1,559,168.12 2.66 1.29
Bahia 948,753 19,739 6,379 133 258,649 14,873,064 7.1 564,722.61 26.34 1.85
Ceará 734,766 18,995 8,046 208 138,379 9,132,078 4.3 148,894.76 61.33 1.74
Federal 

district
390,805 8,275 12,961 274 235,497 3,015,268 1.4 5,760.78 523.41 4.33

Espírito Santo 456,999 19,151 11,372 253 109,227 4,018,650 1.9 46,074.44 87.22 3.63
Goiás 577,347 16,027 8,226 228 181,692 7,018,354 3.3 340,125.72 20.63 2.49
Maranhão 278,137 7,674 3,931 108 85,286 7,075,181 3.4 329,642.17 21.46 1.37
Mato Grosso 378,708 10,189 10,868 292 123,834 3,484,466 1.7 903,207.00 3.86 2.95
Mato Grosso 

do Sul
262,551 6,163 9,448 222 91,866 2,778,986 1.3 357,145.54 7.78 3.16

Minas Gerais 1,451,836 37,005 6,858 175 544,634 21,168,791 10.1 586,521.12 36.09 2.55
Paraná 1,012,015 24,330 8,851 213 401,662 11,433,957 4.1 199,305.24 57.37 2.59
Paraíba 307,542 7,178 7,654 179 59,089 4,018,127 1.9 56,467.24 71.16 1.86
Pará 494,328 13,828 5,746 161 138,068 8,602,865 5.4 1,245,759.31 6.91 1.41
Pernambuco 437,783 14,841 4,581 155 167,290 9,557,071 4.5 98,068.02 97.45 2.56
Piauí 255,372 5,469 7,802 167 41,406 3,273,227 1.6 251,616.82 13.01 1.76
Rio Grande 

do Norte
247,512 5,785 7,058 165 59,661 3,506,853 1.7 52,809.60 66.41 2.30

Rio Grande 
do Sul

1,026,998 26,550 9,027 233 408,645 11,377,239 5.4 281,707.15 40.39 2.32

Rio de 
Janeiro

809,971 47,699 4,691 276 640,186 17,264,943 8.2 43,750.42 394.62 3.73

Rondônia 220,719 5,457 12,419 307 39,451 1,777,225 0.8 237,765.23 7.47 2.56
Roraima 99,459 1,568 16,419 259 11,011 605,761 0.3 224,273.83 2.70 1.29
Santa 

Catarina
924,602 14,351 12,905 200 256,661 7,164,788 3.4 95,730.92 74.84 2.53

Sergipe 215,831 4,669 9,389 203 38,867 2,298,696 1.1 21,926.91 104.83 1.80
São Paulo 3,069,804 103,493 6,685 225 2,038,005 45,919,049 21.9 248,219.48 184.99 2.43
Tocantins 167,684 2,704 10,661 172 31,576 1,572,866 0.7 277,720.40 5.66 1.80

The Brazilian GDP for 2017 was used. The number of Brazilian inhabitants, % of the population in each state or the Federal District and population density were 
estimated in 2019.
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number for vaccines per 1 M inhabitants is high in states where 
the number of indigenous population or elderly individuals are 
high, such as Amazonas and Minas Gerais states. The number of 
COVID-19 vaccines doses were distributed without consideration 
of the number of cases, deaths, incidence, mortality and/or the 
presence of healthcare support, such as, ICUs to treat the patients 
with severe SARS-CoV-2 infection.

Finally, we included a Spearman correlation between the 
number of COVID-19 vaccines by inhabitants, number of vac-
cines per 1 M of inhabitants, number of vaccines adjusted by 
COVID-19 cases and deaths by COVID-19, number and per-
centage of population vaccinated with the first and second doses 
with number of individuals with COVID-19, number of deaths 
by COVID-19, incidence by 100,000 inhabitants, mortality by 
100,000 inhabitants, GDP, the number of inhabitants by states 
and Federal District, populational density and the number of 
ICUs beds to prove our hypothesis previously demonstrated in 

the last paragraph (Figure 2). In our statistical analysis, the 
number of deaths did not show any significant P-value. Also, 
the incidence by 100,000 inhabitants, mortality by 100,000 inha-
bitants, populational density and the number of ICUs beds did 
not present any correlation with the vaccine’s markers above 0.7 
as correlation coefficient, indicating a non-strong correlation. 
The same was observed for vaccines per 1 M inhabitants, and 
percentage of population vaccinated with the first and second 
doses with the other markers evaluated.

Curiously, a strong or very strong correlation (P-value<0.001) 
between the number of COVID-19 vaccines, number of COVID- 
19 vaccines adjusted by COVID-19 cases and deaths, number of 
the Brazilian population vaccinated with the first and second doses 
with other markers, such as number of COVID-19 cases, number 
of deaths by COVID-19, GDP, number of Brazilian inhabitants 
and % of the population was observed (Figure 2). However, it was 
evident that these correlations are spurious ones, which indicated 

Table 4. COVID-19 vaccine [Coronavac (Sinovac™), AZD1222 (AstraZeneca/Oxford™), and BNT162b (Pfizer/BioNTech™)] doses status in Brazil by states and Federal 
District.13,29.

States and 
Federal District

COVID-19 vaccines 
available (A)

Vaccines by 1 M 
inhabitants

Vaccines adjusted by 
number of cases (B)

Difference between 
(B) and (A)

Vaccines adjusted by 
number of deaths (C)

Difference between 
(C) and (A)

Acre 298,320 338,256 425,570 127,250 299,936 1,616
Alagoas 280,668 84,099 971,178 690,510 832,286 551,618
Amapá 229,880 271,812 577,068 347,188 300,309 70,429
Amazonas 2,022,100 487,888 2,007,112 −14,988 2,389,045 366,945
Bahia 5,683,440 382,130 5,035,868 −647,572 3,681,867 −2,001,573
Ceará 3,212,360 351,767 3,900,051 687,691 3,543,091 330,731
Federal district 1,064,240 352,950 2,074,346 1,010,106 1,543,516 479,276
Espírito Santo 1,566,100 389,708 2,425,696 859,596 3,572,189 2,006,089
Goiás 2,435,120 346,965 3,064,489 629,369 2,989,477 554,357
Maranhão 2,394,810 338,480 1,476,318 −918,492 1,431,412 −963,398
Mato Grosso 1,109,830 318,508 2,010,137 900,307 1,900,529 790,699
Mato Grosso do 

Sul
1,057,320 380,470 1,393,589 336,269 1,149,569 92,249

Minas Gerais 8,909,924 420,899 7,706,173 −1,203,751 6,902,452 −2,007,472
Paraná 4,491,120 392,788 5,371,655 880,535 4,538,216 47,096
Paraíba 1,548,360 385,344 1,632,396 84,036 1,338,895 −209,465
Pará 2,687,220 312,363 2,623,834 −63,386 2,579,303 −107,917
Pernambuco 2,451,830 256,546 2,323,700 −128,130 2,768,256 316,426
Piauí 1,159,860 354,348 1,355,484 195,624 1,020,119 −139,741
Rio Grande do 

Norte
1,291,880 368,387 1,313,764 21,884 1,079,062 −212,818

Rio Grande do 
Sul

5,481,310 481,779 5,451,183 −30,127 4,952,307 −529,003

Rio de Janeiro 8,133,939 471,125 4,299,230 −3,834,709 8,897,178 763,239
Rondônia 527,758 296,956 1,171,550 643,792 1,017,881 490,123
Roraima 221,620 365,854 527,917 306,297 292,475 70,855
Santa Catarina 2,752,720 384,201 4,907,677 2,154,957 2,676,857 −75,863
Sergipe 792,790 344,887 1,145,605 352,815 870,897 78,107
São Paulo 20,067,074 437,010 16,294,155 −3,772,919 19,304,297 −762,777
Tocantins 504,200 320,561 890,047 385,847 504,371 171

1 M, one million. The number of number of Brazilian inhabitants, % of the population in each state or the Federal District and population density were estimated in 2019. 
(A) Vaccines available in each state and federal district; Vaccines by 1 M inhabitants were calculated using the following formula: (number of vaccines by inhabitants) * 
1 M; (B) Vaccines adjusted by the number of COVID-19 cases were calculated using the following formula: (number of COVID-19 cases by state or Federal District by all 
COVID-19 cases) * total number of vaccine dosages; (C) Vaccines adjusted by number of deaths by COVID-19 was calculated using the following formula: (number of 
deaths by state or Federal District by all deaths by COVID-19) * total number of vaccine dosages.

Table 5. Number of vaccines and percentage of the population that received each COVID-19 vaccine in Brazil.13,29.

Vaccines

Number of COVID-19 vaccines
Percentage of the population that  

received each COVID-19 vaccine

First dose Second Dose First dose Second Dose

Coronavac (Sinovac™) 20,204,265 15,813,505 9.61 7.52
AZD1222 (AstraZeneca/Oxford™) 14,054,334 1,105,835 6.69 0.53
BNT162b (Pfizer/BioNTech™) 726,726 1,783 0.35 <0.01
Total 34,985,325 16,921,123 16.64 8.04
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that the higher number of vaccines are dispensed to places with 
a higher number of individuals and, respectively, higher absolute 
number of cases and deaths related with the COVID-19. This 
correlation also did not correspond to the COVID-19 severity, 
due to a negative correlation that occurs between number of 
vaccines and other markers. Also, the no significant correlation 
between number of vaccines and, (i) incidence per 100,000 habi-
tants, (ii) mortality per 100,000 habitants and (iii) ICUs bed per 
10,000 habitants can demonstrate that the impact of the vaccina-
tion cannot cause the reduction in the mortality where the mor-
tality rate is high and a reduction in the impact of health system in 
places where the ICUs bed availability is low.

Discussion

Hindrances toward the COVID-19 vaccination in Brazil

(A) Sociodemographic features an its influence to perform 
the vaccination plan in Brazil
Brazil is one of the most territorially extensive countries in the 
world, with 8,510,295.914 km2, only behind Russia, Canada, 
USA, and China.26,31 In order to facilitate the management, 
Brazil was divided into 26 states and 1 Federal District, where 
the headquarters of the federal government is located; however, 
these states and Federal District are neither similar in extension 
nor sociodemographic characteristics.27 For instance, the 
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Figure 1. Percentage of population vaccinated according the first and second doses by states and Federal District.
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territorial extension among the states and Federal District can 
range between 1,559,167.889 km2, for Amazonas, to 
5,760.783 km2, for the Federal District,27 in addition, the 
GDP also has a very wide variation, ranging from R$ 
2,210,562 × 106 in São Paulo state to R$ 13,370 × 106 in 
Roraima state.28 The same scenario occurs for the number of 
inhabitants, demographic density, the number of ICUs beds 
and health care workers that have a huge variability among the 
states and Federal District (Table 2).26,30

The high territorial extension might contribute to a delay on 
the COVID-19 vaccination, due to difficulty in delivering vac-
cines to furthest states and to all the interior cities, since the 
bigger the state the farther the cities are from each other. 
Several others complications should be attributed to the high 
territorial extension, such as the difficulty to reach some cities, 
mainly, from the North region, especially in Amazonas state, 
which can only be reachable by boat and the transportation to 
cities provide a vaccine wastage. Finally, not all states have 
a proper storage system for the vaccine, which can also lead 
to vaccine wastage.

The Brazilian population is mostly descendant from the 
Portuguese, since its discovery in the 1500´s, however, several 
individuals from others countries, such as France, Germany, 
Netherlands and countries from Africa, also settled in different 
regions of Brazil, leading to an extremely mixed population,32 

even nowadays, there are quite cultural and sociodemographic 
differences between all the 5 Brazilian regions. This fact can 
corroborate with a social hindrance to deal with the pandemic, 
because unfortunately, the access to the SUS is different in each 
region and it is also different for several populations. For instance, 
it was observed a higher concentration of high or medium com-
plexity equipment’s in only a few cities, which makes the displace-
ment of patients who need high complex treatment necessary,33,34 

also, several populations have low access to the health system, 
such as the black and indigenous population35,36 which demon-
strates how heterogeneous the country is in access to health and 
might impose a difficulty to the COVID-19 vaccination campaign. 
Furthermore, according to the Ministry of Education, in 2014, 
Brazil accounted for a total of 8.7% of illiterate, however, this 
illiteracy is not uniform, the Northeast accounts for 16.6%, 
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Figure 2. Spearman correlation matrix between the number of COVID-19 vaccines by Brazilian inhabitants, number of COVID-19 vaccines per 1 M of inhabitants, number 
of COVID-19 vaccines adjusted by COVID-19 cases and deaths by COVID-19, number and percentage of Brazilian population vaccinated with the first and second doses 
with number of individuals with COVID-19, number of deaths by COVID-19, incidence by 100,000 inhabitants, mortality by 100,000 inhabitants, gross domestic product 
(GDP), the number of Brazilian inhabitants by states and Federal District, % of the population and populational density and the number of intensive care units (ICUs) 
beds in Brazil. The calculation of number of vaccines per 1 M inhabitants was done based on the following formula: (number of vaccines by inhabitants) * 1 M. The 
number of vaccines adjusted by number of COVID-19 cases was calculated using the following formula: (number of COVID-19 cases by state or Federal District by all 
COVID-19 cases) * total number of vaccine doses. The number of vaccines adjusted by number of deaths by COVID-19 was calculated using the following formula: 
(number of deaths by state or Federal District by all deaths by COVID-19) * total number of vaccine doses. The percentage of vaccinated population was calculated using 
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whereas the South region accounts for 4.4%,37 which can lead to 
a different perception, in each region, regarding the necessity of 
vaccination, since higher years of study were associated with 
higher vaccination rate.38

Also, the Brazilian people, as discussed before, is mixed. For 
example, among all citizens, Brazil has more than 572,000 indi-
genous that are considered as risk population for pandemics. 
Indigenous comprises a rich culture with several languages and 
behaviors that are passed down from generation to generation. 
Part of the customs are transmitted mainly by the older indivi-
duals, and these are part of the main population affected by 
COVID-19.35,39 In addition, historically, indigenous have low 
access healthcare system35 regardless of whether they live at the 
city or forests, recognized as indigenous lands where the local 
community is namely as “tribe.” Obviously, the restrictions for 
the healthcare are greater for indigenous that live under social 
isolation, into the “tribes.” Besides, into the “tribes,” the indi-
genous live-in community, sharing environments and house-
hold utensils, including those used for food.40–42

The forests devastation to create pasture, to get wood, to raise 
livestock and to mine ores raise an approximation between the 
indigenous and the other ethnic groups from Brazil that increase 
the disease dispersion such as the COVID-19.40 Simultaneously, 
during the COVID-19 pandemic the action from people who 
devastated the forests increased with no Federal policy to 
restrain its activities.43 Then, the COVID-19 spread among the 
indigenous and the SARS-CoV-2 infected more than 48,000 
indigenous and caused the death of at least 672 individuals, 
mainly elderly ones.44

The indigenous peoples were included with healthcare 
workers as the first group to be vaccinated in Brazil, which 
probably occurred due to a poor management of environmen-
tal protection, which increases contact with the non- 
indigenous individuals, increasing the COVID-19 cases 
among indigenous peoples.40,45 There are no studies about 
the COVID-19 vaccine efficacy and its side effects in this 
population. It is important to determine both, the types of side- 
effects and the efficacy in this group, considering that the 
indigenous have a distinct genetic background46 that could 
influence the response to the vaccine. Moreover, historically, 
the contact with pathogens in indigenous population were 
restricted for some microorganisms and, maybe, due to high 
genetic homozygosity, the indigenous immune system is not as 
efficient as non-indigenous,47 which could alter the efficacy of 
the vaccine.

The vaccines should be distributed equally to all individuals, 
regardless ethnicity and wealthier, however, the indigenous 
peoples might be neglected, due to low access to the SUS, 
which can result in a low immunization rate, thus the govern-
ment has a duty to provide equal access to the vaccination. This 
fact inflames the number of vaccines doses to be distributed in 
states where the Indigenous population has a great prevalence.

(B) The antivaccine movement and the politicization of the 
vaccine
The vaccine opposition is not new, reports exist since the 18th 

with Reverend Edmund Massey in England, who judged the 
vaccine as “diabolical operations,”48,49 however since the pub-
lication by Andrew Wakefield on The Lancet associating the 

measles, mumps and rubella vaccine to autism in children50 the 
movement became stronger, even after the retraction of the 
paper and the publication of several others studies which did 
not find any association between the vaccine and autism.51–53

The antivaccine movement is present in Brazil and affects all 
the immunization programs. For instance, the dropout rate in 
any free national immunization plan in 2018 was 15.34%, and 
in 2020 it increased to 18.88%, being more intense in states 
from the North and Northeast region,54 in part, due to the 
antivaccine movement. Even President Jair Bolsonaro appears 
to be a part of this movement, due to several declarations 
against the vaccine, such as these in which he admitted lack 
of interest in COVID-19 vaccination, or even worse, when the 
first report of the Coronavac (Sinovac™) was available, he 
celebrated a death which occurred in the study, stating the 
vaccine does not work, even though the overall efficacy was 
prove to be 50.38%.55 The leader of the executive should be the 
first one to encourage the vaccination, and not invent adverse 
effects such as a transformation into crocodile,56 since a great 
number of individuals see him as an example to be followed.57

Another important aspect which can affect the vaccination 
is its politicization. Since the beginning of the pandemic, the 
governor of São Paulo State, Mr. João Doria, invested in the 
Coronavac (Sinovac™) vaccine, claiming it was the São Paulo 
vaccine, using it to promote himself for the 2022 presidential 
election, in contrast, President Jair Bolsonaro demoralized this 
vaccine in every way possible, and even did not finance it with 
Federal budget. Nevertheless, after the approval of ANVISA, 
the President Jair Bolsonaro and his sons, who are also politi-
cians, claimed it was a Brazilian vaccine developed with Federal 
budget, in order to benefit himself in the 2022 election. This 
politicization makes individuals who votes for Bolsonaro to be 
less willing to take the vaccines.

Unfortunately, the Brazilian congress approved the law 
project 948/21 in which private companies can purchase vac-
cines, donating half of them to the Brazilian public health 
system, and to use the other half on the company employees, 
however, the law project allows the companies to purchase 
vaccines that are not approved by the ANVISA. In that sce-
nario, the Brazilian public health system is not allowed to use 
these vaccines, since it was not approved by the ANVISA. 
Another aspect of this law project causes SUS and private 
companies to compete for vaccines, which can cause prices to 
rise.56,58

Even though several studies showed limited results 
regarding children vaccination using communication strate-
gies, such as pamphlets or brochures,59,60 the Federal gov-
ernment should invest in propaganda, especially on social 
media, to explain how important the vaccination is and to 
clarify all the possible doubts the population has, demystify-
ing the untruths of the anti-vaccine movement. Allied to 
that, the physicians should listen61 to their patients doubts 
about the COVID-19 vaccine and try to help them in the 
best possible way, in order to increase the vaccine adhesion. 
The vaccine politicization only polarizes even more the 
population, so that individuals with a certain political pro-
pensity will not vaccinate, in order to maximize the immu-
nization, the vaccination must be seen as a scientific and 
nonpolitical issue.
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The COVID-19 vaccination started at 18 January 2021 in 
Brazil as described in Table 3. However, after three days, in 
some cases described in social media people did not follow the 
recommendation and used their status to get ahead in the 
priority line for vaccination. For example, mayors, medical doc-
tors, and other health care workers who were not on the front 
line to treat, mainly, the severe cases of SARS-CoV-2 infection 
were vaccinated even though they are not the group to be 
included in phase I. The Amazonas state is lacking in oxygen 
and with 100% capacity of ICUs, with patients under treatment 
and, at this moment, the vaccination is impareid62 due to bad 
indole of people who did not follow the immunization rules. 
Finally, the patients from Amazonas state were transferred to 
other states to be treat; but it is worrisome because in this state 
a new variant from the SARS-CoV-2 were identified, such as the 
P.1 and P.2 lineage.63–65 In both these variants, the E484K and 
N501K mutations were observed, and in vitro reports show that 
the E484K mutation is associated with low neutralization by 
polyclonal antibodies.64–66

(C) Vaccine quantities, transportation, and government 
vaccine regulatory agency
To date, Brazil started its vaccine plan for COVID-19 vaccina-
tion using the Coronavac (Sinovac™), AZD1222 (AstraZeneca/ 
Oxford™), and BNT162b (Pfizer/BioNTech™) (Table 3); and the 
distribution of these vaccines will be done in phases. The 
vaccines were applied first in people aged ≥60 or institutiona-
lized; institutionalized disabled people; indigenous population 
living on indigenous lands and for 34% of health workers who 
act, mainly, in the first line to treat the COVID-19 patients, that 
is, those considered to be a part of the first phase of the Federal 
plan of vaccination against COVID-19 (Table 3).25

Brazil, on 15 May 2021, accounts for a total of 84,355,357 
vaccines available, however, only 51,906,448 (61.5%) were 
applied, being 34,985,325 corresponding to the first dose and 
16,921,123 to the second dose (Table 3).13,29 Unfortunately, 
nearly one third of the vaccinated individuals did not receive 
the second dose of the vaccine, which shows that most people 
who have already been vaccinated are not fully immunized, as 
a dose is still missing. Furthermore, several media outlets stated 
a great number of individuals received the wrong vaccine as 
a second dose, even though it has been demonstrated that 
mixing vaccines could enhance the immune response and 
boost the immunization campaign, it has not yet been demon-
strated for COVID-19 vaccines, since the trial have not yet 
been published.67–69

Several others studies also observed that the first phase of 
the vaccination should be directed to health-care workers who 
are acting in the COVID-19 frontline and to institutionalized 
patients,70,71 it is unquestionable that the vaccination of these 
groups is essential, however, we observed a mismatch in the 
relation of the total confirmed cases of COVID-19, total deaths 
by COVID-19 and the availability of vaccines. Our data suggest 
that several regions with a relatively lower index of confirmed 
COVID-19 cases, such as the Federal District, and lower index 
of deaths by COVID-19, such as Espírito Santo, received pro-
portionally more vaccines than states with high index of con-
firmed COVID-19 cases, such as Minas Gerais state, and the 
index of deaths by COVID-19, such as Rio de Janeiro. The 

number of cases and deaths related to COVID-19, as well as the 
incidence, mortality, and ICUs availability (Table 2) should 
also be considered in the distribution of the COVID-19 vac-
cine, since one of the pillars of the SUS is equity,72 that is, there 
should an inequality between the doses distributed to the 
states, in order to achieve the equality. Also, in our data, 
curiously, the number for vaccines per 1 M inhabitants was 
high in states where the number of indigenous population or 
elderly individuals are also high (Tables 2 and 4).

The Brazilian National Immunization plan is 48 years old, 
and collects several achievements in the field of vaccination in 
Brazil.73,74 Since its creation, the prevalence of several conta-
gious infectious diseases that can be prevented, such as 
measles, rubella, meningococcal disease decreased.73,75 

However, perhaps one of the most impressive vaccination 
campaign in Brazil was accomplished in the 2009 H1N1 pan-
demic, in which Brazil vaccinated 93 million individuals (43% 
of the population) in nearly 3 months, whereas countries like 
USA and Mexico vaccinated, respectively, only 26% and 24% of 
their population.23 It is clear that Brazil is extremely efficient in 
vaccination campaigns, however, this is not being demon-
strated in vaccination against COVID-19. It is imperative to 
Brazil to make the most of your ability and experience in 
vaccination, in order to try to increase the rate of individuals 
vaccinated against COVID-19.

Even though the acceptable wastage for vaccines is 1%,76 the 
minimum waste implicates in less individuals vaccinated, 
which in a pandemic era, can bring countless consequences. 
As observed in our data for the Brazilian territorial extension 
and the immunological mechanism of COVID-19 vaccine, the 
choice among the vaccines should be done based in the type of 
storage and must consider the transport conditions necessary 
to maintain the effectiveness of the vaccine, as well as the cost 
to purchase them. Then, the vaccines based on non-viral repli-
cating viral vector and inactivated virus can be the best choice 
to be used on Brazil. Another aspect which contributes to 
a delay in a homogenously vaccination is the high variation 
of GDP in the states and Federal District, which could lead to 
a concentration of vaccines in the wealthiest states (Table 2).

For the vaccination campaign against a COVID-19 to be 
more effective in Brazil and overcome these adversities, Brazil’s 
Federal government ought to invest more in states with the 
lowest GDP and also invest in means of transport that can 
deliver the vaccines to most part of the Brazilian cities. 
Investment in education is more than necessary to vaccination 
adhesion, however, it is a long-term solution. In the short term, 
the Federal government should focus on mass media report 
about COVID-19 including the vaccination, mainly on social 
media and television channel, and how it is beneficial to get 
vaccinated, since it elevates the vaccination rates for Influenza 
virus.77

The ANVISA is the Brazilian regulatory agency, responsible 
to evaluate the vaccines and to approve or disapprove its use in 
national territory. In order for the ANVISA to evaluate the 
emergency use of a vaccine, the company that developed the 
vaccine ought to submit several documents, such as the vaccine 
description, the interaction history, the international status 
approval, justification for the emergency use considering the 
Brazilian public health context, evaluation of risks with a high 
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benefit/risk ratio, reports of safety and immunogenicity pre 
clinic studies, immunogenicity report containing the results 
of the immunological parameters evaluated in the clinical 
studies, reports of the phase III clinical trials, validation reports 
of bioanalytical assays used to assess study outcomes phase III 
clinician, safety data of phase III trial with a median follow up 
of 2 months after de last immunization, data of efficacy and 
safety of the subgroup analysis, a report with all the locations 
where the vaccine are being or will be fabricated, information 
of expiration date and how to storage the vaccine, information 
on forecasting the quantity of finished product available for 
import and/or availability, bull text, plan of risk management 
and, finally, the informed consent form to be signed by the 
patient.78,79

The first two vaccines approved by the ANVISA to be used 
in emergency character were the Coronavac (Sinovac™) and 
AZD1222 (AstraZeneca/Oxford™), on January 2021, followed 
by the Ad26.COV2-S (Johnson/JanssenTM), on March 2021,24 

however, even though this last vaccine was approved, there is 
no record in the ministry of health that it was distributed to the 
states.29 The ANVISA has only approved and registered the 
first vaccine on February 2021, being the BNT162b (Pfizer/ 
BioNTech™) the first one, followed by the AZD1222 
(AstraZeneca/Oxford™), registered on March 2021.80 

Unfortunately, Brazil was extremely slow in approving the 
COVID-19 if compared to others countries, such as, the 
USA, which approved the first two vaccines [BNT162b 
(Pfizer/BioNTech™) and mRNA-1273 (ModernaTM) already 
on December 2020, and the United Kingdom, which also 
approved the vaccines on December 2020.12,81 The delay to 
approved the vaccines might have contributed, at least in part, 
for the low number of individuals vaccinated. Two more vac-
cines, Sputnik-V (Gamaleya Research Institute) and Covaxin 
(Bharat BiotechTM), are being analyzed for emergency use by 
the ANVISA, however they were not approved yet.13

Another important aspect that may have delayed the vacci-
nation in Brazil is the refusal of the Federal government in the 
purchased of vaccines in 2020.82 In fact, the Brazilian govern-
ment is being investigated for misconduct in the pandemic by 
a parliamentary inquiry committee (PIC), which demonstrated 
the Government refused to purchase nearly 70 million doses of 
the Pfizer/BioNtechTM vaccine in 2020,82 in fact, according to 
the PIC, the company, which tried to contact the Brazilian 
government six times, did not receive an answer regarding 
the purchase of the vaccines for at least 2 months.83

It is unquestionable the crucial role of the ANVISA and the 
Federal government in the management of the COVID-19 pan-
demic, however, several aspects might have contributed to 
a delay in the vaccination of the Brazilian population, such as 
the delay in the approval of the emergency use of the vaccines by 
the regulatory agency and the fact that only two vaccines have 
been approved so far, exemplifying the high rigor, perhaps 
unnecessary in this case, of the ANVISA. Others countries, 
such as USA and United Kingdom, have at least 3 vaccines 
totally approved, which can enhance the vaccination.12,84 

Several decisions of the Federal government might have con-
tributed to a more intense COVID-19 pandemic in Brazil85 

however the lack of investment and interest in the acquisition 
of the 70 million doses of the vaccine, perhaps is one of the most 

important factor that contributed to the Brazilian low vaccina-
tion index since these vaccines could have been used to immu-
nize a part of the Brazilian population.

Final considerations

As discussed, several factors might be associated with the poor 
COVID-19 vaccination campaign in Brazil, however, quite can 
be done to attenuate the impact of these hindrances. The 
investment of proper storage and proper transportation is 
crucial, in order to minimize the waste, to enable purchased 
of vaccines that need more rigorous storage, such as the Pfizer/ 
BioNtechTM and ModernaTM and perhaps the most important 
to deliver the vaccines in cities be difficult to do. For the 
indigenous people, the Ministry of Health should consider 
the low access of this people to the SUS, which could decrease 
the immunization campaign for the indigenous, measures like 
vaccinations in the tribes and the active search for individuals 
that need vaccination and are a priority might mitigate the 
impact of low access to the health care system faced the indi-
genous. Regarding the anti-vaccine and the polarization of the 
vaccine, the Federal government should invest in publicity and 
how benefits of the vaccination can be, in order to disprove the 
antivaccine movement, also, the Federal government should 
not treat the vaccine as a social demand based on scientific 
evidence, since several lives depends on the vaccination. 
Another important aspect is the availability of the vaccines, 
more vaccines should be purchased and distributed, with 
equity based on the COVID-19 incidence and mortality, as 
well as ICUs availability, to the states, in order to attenuate 
the particularly pandemic effects of each state and Federal 
District. Finally, the ANVISA should be more dynamic and 
responsive in the analysis of a vaccine approval, since we are 
facing a pandemic, and the safer vaccines we have, the more 
lives we can protect and save.

Limitations

Our study has several limitations, for instance, (i) we were 
unable to summarize all the potential hindrances related to 
the COVID-19 vaccination in Brazil, we only discussed the 
main ones; (ii) the number of COVID-19 cases and deaths 
are underestimated in Brazil. The difficulty is the analysis of 
the real impact of the pandemic; (iii) the information about the 
loss of vaccines regarding distribution is scarce; (iv) the access 
of information about the analysis of new vaccines for the 
ANVISA is limited; (v) daily, the number of vaccines and 
other COVID-19 features change, which is a difficulty for the 
analysis of how to overcome the obstacles associates with the 
COVID-19 vaccination in Brazil.

Conclusions

Brazil faces hindrances to make his COVID-19 vaccination 
plan efficient, from geographical and sociodemographic char-
acteristics to antivaccine movement and poorly management 
of the vaccines. The Federal Government must evaluate all the 
hindrances and propose solutions to maximize the immuniza-
tion against COVID-19, because whether the immunization 
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rate does not increase, individuals will continue to die due to 
this disease. In brief, Brazil started the COVID-19 vaccination 
on January 16, 2021, however, on May 17, 2021 only 17 million 
individuals were vaccinated (~8.0% of the population for 
the second dose), what puts Brazil behind several other coun-
tries, such as Israel, United Kingdom and USA.
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