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Abstract

Background: Tuberculosis (TB) elimination requires treatment of millions of persons with latent M. tuberculosis
infection (LTBI). LTBI treatment acceptance depends on population-wide TB knowledge and low stigma, but limited
data are available on the relationship between stigma and knowledge. We assessed knowledge of TB disease and
LTBI throughout Brazil and examined their association with TB stigma and incidence.

Methods: We performed a nationwide survey with multi-stage probability design through AmericasBarometer from
April–May 2017; the sample was representative of Brazil at regional and national levels. Knowledge of and stigma
toward TB were assessed by validated survey questions.

Results: Survey-weighted responses of 1532 individuals suggest that 57% of the population knew LTBI can occur,
and 90% would seek treatment for it. Regarding active TB, 85% knew TB symptoms, 70% reported they should
avoid contact with someone with active TB, and 24% had stigma toward persons with TB (i.e., thought persons
with tuberculosis should feel ashamed, or deserved their illness). In regression models adjusting for clinical and
demographic variables, knowledge of LTBI was associated with increased stigma toward persons with TB (adjusted
odds ratio [OR] = 2.13, 95% confidence interval [CI]: 1·25–3.63, for “should feel ashamed”; OR = 1·82, 95% CI: 1·15–
2·89, for “deserve illness”). Adjusting for regional TB incidence did not affect this association.

Conclusions: High proportions of this representative Brazilian population had knowledge of LTBI and were willing
to seek treatment for it. However, such knowledge was associated with TB-specific stigma. Strategies to educate
and implement treatment of latent tuberculosis must include efforts to decrease TB stigma.

Keywords: Tuberculosis, Latent tuberculosis infection, Stigma, Population-based survey, Nationally representative
survey, Brazil
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Background
The global burden of tuberculosis (TB) is enormous, with
more than 10 million new cases in 2017 [1]. An estimated
25% of the global population has latent M. tuberculosis in-
fection (LTBI) [2], and approximately 80% of active TB
cases are due to reactivation of LTBI [3]. Modeling studies
show that widespread treatment of LTBI, particularly
among those at increased risk of progressing to active TB,
could have a profound effect on decreasing global TB bur-
den [4]. Updated 2018 World Health Organization guide-
lines recommend treatment of LTBI in persons at high TB
risk, such as persons living with HIV, children (< 5 years
old), household contacts of persons with bacteriologically-
confirmed pulmonary TB, and persons with specific
underlying medical conditions [5]. Although recom-
mended, treatment rates of LTBI, particularly in countries
with high TB burden, have been low [6].
Despite recent advances in its health system [7], Brazil

remains among the 30 highest TB-burden countries in the
world, with a TB incidence of 33·5–44 cases per 100,000
in 2017 [1, 8]. More than 85% of the Brazilian population
lives in urban areas, where TB incidence exceeds the na-
tional rate. This high burden highlights the importance of
treatment of both active TB and LTBI to decrease TB inci-
dence. Treatment for LTBI has been recommended in
Brazil since 1995, however most patients do not start or
complete treatment [9] despite screening and treatment
being offered free of charge (minimizing the financial im-
pact of these crucial efforts on individuals) [10].
Though reasons for the low rates of diagnosis of LTBI,

treatment initiation, and successful completion are
multi-factorial [11], stigma associated with TB—includ-
ing fear of infection—plays an important role [12].
Stigma may reduce willingness to be tested for TB and it
may be a barrier to treatment compliance [12, 13]. No
universal recommendations for addressing TB stigma
exist, though two prior studies suggest improved foun-
dational knowledge may be a key component in reducing
stigma and accepting treatment [14].
While some studies have investigated perceptions and

experiences with stigma among TB patients and close
relatives, there is little research assessing the prevalence
of TB-related stigma, and its relationship to disease-
specific knowledge, in a general population [12, 15]. We
therefore assessed knowledge of TB disease and LTBI
throughout Brazil, and its association with TB stigma
and incidence. We hypothesized that greater knowledge
of active TB disease and LTBI would be associated with
lower levels of stigma.

Methods
Study population and survey design
We used data from the 2017 AmericasBarometer national
survey of Brazil. The Latin American Public Opinion

Project (LAPOP) implements the AmericasBarometer
biennially, including in 2016–17 in 29 countries in the
Americas. In each Latin American country, face-to-face
interviews are conducted. The Brazil survey was con-
ducted April 5–May 11, 2017. The sample was generated
using a multi-stage probability design, stratified by the
country’s five principal regions (North, Northeast, South-
east, South, and Center West), and represents the entire
Brazilian population of non-institutionalized voting-age
adults. Within each region, the sample was further strati-
fied by municipality size and by urban and rural settings;
the probability design carried down to clusters of city
blocks, and the study team approached every other house
to interview six individuals per cluster.
The AmericasBarometer survey includes approxi-

mately 200 questions related to individuals’ experiences,
behaviors, and evaluations of their social, economic, and
political lives. In addition, the 2017 Brazil survey in-
cluded 14 questions about TB knowledge, TB health
seeking behavior, and stigma/avoidance toward people
with TB or Zika virus infection. Though all participants
received TB knowledge questions, participants were ran-
domized to receive stigma questions about either TB or
Zika, but not both (list of questions and allocation in
Supplemental Figure1). The module was designed to
capture expressed stigma toward individuals with TB
(Zika), with a focus on shame and deservingness due to
moral failings, two stigma components which are com-
mon [12]. The module also contained questions about
avoidance behavior, an effective means to avoid TB
transmission, but one often felt and reported by TB pa-
tients as stigmatizing [13]. A native Brazilian LAPOP af-
filiate translated the module into Brazilian Portuguese,
and cognitive pre-tests were performed in urban and
rural areas of Brazil to test and refine the module. Once
deemed valid, the module was programmed into the
AmericasBarometer survey, the study team trained, and
fieldwork initiated [16]. Further, TB incidence was de-
rived from incident TB cases reported by the National
Tuberculosis Programme and population per municipal-
ity from the Brazilian Institute of Geography and Statis-
tics (IBGE) website (https://www.ibge.gov.br/en/home-
eng.html).

Study definitions
Participant characteristics were collected with the sur-
vey: age (years), gender (interviewer-coded as male or
female), self-reported ethnicity (brown (Pardo), black,
white, indigenous, or Asian), urban vs. rural residence,
self-reported family economic situation (sufficiency of
family resources), and self-reported formal education
status (none, primary education only, secondary educa-
tion, or post-secondary education). Participants also re-
ported close friends or family members diagnosed with
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TB. Additionally, interviewers recorded the participant’s
facial skin tone on an 11-point scale (from very light [1]
to very dark [11]) [17].
Knowledge of TB symptoms was defined by responses

to: 1) knowledge that cough, fever, and chest pain are
symptoms of TB; or 2) knowledge that weight loss and
night sweats are symptoms of TB. Responses were coded
using two separate metrics: responses of “agree” to ≥1 of
the TB symptoms questions above, or categorized as
“none”, “weight loss/sweating only”, “cough/fever/chest
pain only”, or “both.”
Participants were categorized as believing in the effect-

iveness of non-medical TB treatment if they responded
with an incorrect belief (i.e., “very effective”, “effective”,
or “neither effective nor ineffective”) to a question re-
garding the efficacy of alternative/unconventional treat-
ment for TB (herbal or plant-based remedies, home rest,
and prayer). Participants who stated there was no cure
for TB (unprompted) were included as believing in alter-
native TB treatments in the analysis. This was due to
both responses implying verifiably false beliefs, based on
the preponderance of evidence, and therefore indicating
poorer TB knowledge.
Knowledge of LTBI was assessed by response to the

statement: a person can have TB without feeling or
appearing sick. Health-seeking behavior for TB and
LTBI were assessed by responses to: 1) If you suspected
you had TB, you would seek medical attention, rather
than wait for symptoms to disappear; 2) If a doctor or
medical professional told you that you may have TB but
you do not have symptoms, you would seek medical at-
tention, rather than wait for symptoms to appear. For
questions with correct answers (symptoms, health-
seeking behavior, treatment effectiveness), participants
answering “do not know” were included with the incor-
rect response, and participants not responding (< 2% for
each question) were excluded.
Questions about stigma and avoidance behavior to-

ward TB or Zika virus infection were assessed using two
metrics. “Any avoidance” was defined as “agree” to ≥1 of
the following: 1) it is important to avoid people who
have TB/Zika; 2) if I were on public transport, I would
not want to sit next to someone with TB/Zika; 3) If a
person were diagnosed with TB/Zika, and shared that
information with members of the community, people
would avoid contact, even if it means being unfriendly;
4) If a person were diagnosed with TB/Zika, and shared
that information with members of the community,
people would avoid the person, but be friendly as long
as contact was necessary. “Any stigma” was defined by
“agree” to ≥1 of the following: 1) people with TB/Zika
should feel ashamed of the disease; 2) people who have
TB/Zika deserve to be sick because of their immoral be-
havior [12]. As the avoidance and stigma questions were

scalar, we conducted a Cronbach’s alpha analysis to as-
sess their combination or separation; the resulting alpha
(0.53) was poor, and their assessment as a singular meas-
ure was therefore not justified.
Political knowledge was rated based on the perception of

the interviewer on a scale spanning “very high knowledge”
to “very low knowledge.” Interviewers were explicitly asked
to assess respondents’ knowledge (“conocimiento”), not
their sophistication (“sofisticación”). Prior to fieldwork,
enumerators received extensive training, which included
specific criteria on which to gauge respondents’ political
knowledge. These included: their ability to quickly and
easily understand questions; their ease and eloquence in
discussing political issues; and correct understanding of
response scales and options.

Statistical analysis
All descriptive and regression model analyses were
survey-weighted to account for the survey sampling de-
sign (described above). Continuous variables were com-
pared by the Kruskal-Wallis test; categorical variables by
chi-square statistics. Multivariable and multi-level logis-
tic regression models included covariates determined a
priori as known potential confounders of knowledge-
stigma relationships in prior TB research, and assessed
adjusted individual-level associations between partici-
pant and community characteristics, stratified by region
[18–21]. Age was included in regression models as a
continuous covariate using restricted cubic splines with
4 knots, and 40 years (57th percentile) was used as the
reference age for ease of interpretation, as it was suitably
close to the median (37 years) and mean (38.6 years)
ages. Adjusted multi-level logistic models with an out-
come of stigma and including an interaction between
knowledge of TB symptoms and municipal TB incidence
were also fit. Odds ratios (OR) and 95% confidence in-
tervals (CI) or predictive margins were generated from
adjusted models to quantify these associations. All ana-
lyses were completed using Stata v. 15.1 (StataCorp,
LLC, College Station, TX).

Results
The AmericasBarometer survey and TB- and Zika-
specific questions were administered to 1532 persons in
Brazil: proportional to the population [22], 1322 respon-
dents in urban areas, and 210 in rural areas [23]. Survey-
weighted study population characteristics are in Table 1;
regions and states of Brazil are in Fig. 1. TB incidence
and sample proportions by geographic units of Brazil in
2016 are in Supplemental Table 1.
Knowledge of TB disease and related health-seeking

behavior are presented in Supplemental Table 2. Overall,
an estimated 85% (95% CI: 83–87) of the population
demonstrated knowledge of ≥1 TB symptom, and

Rebeiro et al. BMC Public Health          (2020) 20:897 Page 3 of 10



Ta
b
le

1
C
lin
ic
al
an
d
de

m
og

ra
ph

ic
ch
ar
ac
te
ris
tic
s
of

th
e
st
ud

y
po

pu
la
tio

n

C
ha
ra
ct
er
is
tic

N
or
th

(n
=
21
9)

N
or
th
ea
st
(n

=
34
6)

So
ut
he

as
t
(n

=
49
1)

So
ut
h
(n

=
25
9)

C
en

te
r
W
es
t
(n

=
21
7)

To
ta
l(
n
=
15
32
)

P-
va
lu
e

A
ge

,m
ed

ia
n
[IQ

R]
38
.0
[2
3.
0,
48
.0
]

36
.0
[2
6.
0,
51
.0
]

36
.0
[2
6.
0,
49
.0
]

38
.0
[2
5.
0,
53
.0
]

36
.0
[2
7.
0,
48
.0
]

37
.0
[2
5.
0,
49
.0
]

0.
90

M
al
e
ge

nd
er

11
0
(5
0.
2%

[4
9.
4,
51
.0
])

17
2
(4
9.
7%

[4
8.
7,
50
.7
])

24
3
(4
9.
5%

[4
8.
8,
50
.1
])

12
9
(4
9.
8%

[4
9.
1,
50
.5
])

10
6
(4
8.
8%

[4
7.
0,
50
.7
])

76
0
(4
9.
6%

[4
9.
2,
50
.0
])

0.
99

Se
lf-
re
po

rt
ed

et
hn

ic
ity

a
<
0.
00
1

Br
ow

n
(P
ar
do

)
12
3
(5
6.
9%

[4
9.
3,
64
.3
])

16
1
(4
6.
8%

[4
1.
5,
52
.2
])

19
1
(3
9.
7%

[3
5.
2,
44
.4
])

57
(2
2.
2%

[1
5.
6,
30
.6
])

11
0
(5
1.
2%

[4
4.
4,
57
.9
])

64
2
(4
1.
0%

[3
8.
2,
43
.8
])

Bl
ac
k

17
(7
.9
%

[4
.5
,1
3.
4]
)

80
(2
3.
3%

[1
7.
8,
29
.7
])

79
(1
6.
4%

[1
2.
8,
20
.8
])

37
(1
4.
4%

[9
.7
,2
0.
8]
)

35
(1
6.
3%

[1
2.
0,
21
.7
])

24
8
(1
7.
4%

[1
5.
0,
20
.1
])

W
hi
te

43
(1
9.
9%

[1
5.
3,
25
.5
])

57
(1
6.
6%

[1
2.
4,
21
.8
])

15
5
(3
2.
2%

[2
7.
8,
37
.0
])

15
6
(6
0.
7%

[5
2.
9,
68
.0
])

42
(1
9.
5%

[1
4.
8,
25
.3
])

45
3
(3
0.
5%

[2
7.
9,
33
.3
])

In
di
ge

no
us

15
(6
.9
%

[4
.3
,1
1.
1]
)

9
(2
.6
%

[1
.3
,5
.2
])

17
(3
.5
%

[1
.9
,6
.4
])

1
(0
.4
%

[0
.1
,2
.8
])

6
(2
.8
%

[1
.4
,5
.5
])

48
(3
.0
%

[2
.1
,4
.3
])

A
si
an

17
(7
.9
%

[5
.1
,1
2.
0]
)

27
(7
.8
%

[6
.0
,1
0.
2]
)

35
(7
.3
%

[5
.1
,1
0.
3]
)

6
(2
.3
%

[1
.2
,4
.7
])

19
(8
.8
%

[5
.0
,1
5.
2]
)

10
4
(6
.8
%

[5
.6
,8
.3
])

U
rb
an

re
si
de

nc
e

16
9
(7
7.
2%

[5
1.
6,
91
.5
])

27
2
(7
8.
6%

[5
9.
1,
90
.3
])

45
3
(9
2.
3%

[7
8.
1,
97
.5
])

23
5
(9
0.
7%

[6
8.
4,
97
.8
])

19
3
(8
8.
9%

[6
3.
6,
97
.4
])

13
22

(8
7.
1%

[7
9.
4,
92
.1
])

<
0.
00
1

Po
or

Fa
m
ily

Ec
on

om
ic
Si
tu
at
io
nb

12
2
(5
6.
0%

[4
8.
0,
63
.6
])

21
5
(6
3.
2%

[5
8.
2,
68
.0
])

25
0
(5
1.
7%

[4
6.
4,
56
.8
])

11
3
(4
4.
0%

[3
9.
2,
48
.9
])

97
(4
6.
4%

[4
0.
1,
52
.8
])

79
7
(5
3.
6%

[5
0.
7,
56
.4
])

<
0.
00
1

Ed
uc
at
io
n

0.
00
2

N
on

e
2
(0
.9
%

[0
.2
,3
.5
])

12
(3
.6
%

[2
.0
,6
.5
])

10
(2
.1
%

[1
.1
,3
.8
])

0
(0
.0
)

4
(1
.9
%

[0
.8
,4
.7
])

28
(2
.1
%

[1
.4
,3
.1
])

Pr
im

ar
y

42
(1
9.
3%

[1
4.
4,
25
.3
])

10
3
(3
0.
9%

[2
6.
4,
35
.8
])

11
0
(2
2.
7%

[1
8.
3,
27
.9
])

56
(2
1.
8%

[1
6.
0,
28
.9
])

50
(2
4.
3%

[1
7.
4,
32
.7
])

36
1
(2
4.
6%

[2
2.
0,
27
.5
])

Se
co
nd

ar
y

15
5
(7
1.
1%

[6
5.
5,
76
.1
])

20
1
(6
0.
4%

[5
5.
5,
65
.1
])

31
9
(6
5.
9%

[6
1.
5,
70
.1
])

17
2
(6
6.
9%

[5
9.
9,
73
.3
])

13
2
(6
4.
1%

[5
5.
8,
71
.6
])

97
9
(6
4.
8%

[6
2.
2,
67
.4
])

Po
st
-s
ec
on

da
ry

19
(8
.7
%

[5
.0
,1
4.
7]
)

17
(5
.1
%

[3
.1
,8
.4
])

45
(9
.3
%

[6
.9
,1
2.
5]
)

29
(1
1.
3%

[7
.7
,1
6.
2]
)

20
(9
.7
%

[6
.4
,1
4.
5]
)

13
0
(8
.5
%

[7
.0
,1
0.
2]
)

Re
ce
iv
ed

TB
st
ig
m
a
qu

es
tio

ns
12
1
(5
5.
3%

[4
7.
6,
62
.7
])

18
2
(5
2.
6%

[4
7.
3,
57
.8
])

24
3
(4
9.
5%

[4
5.
1,
53
.9
])

13
1
(5
0.
6%

[4
4.
9,
56
.2
])

11
1
(5
1.
2%

[4
3.
3,
59
.0
])

78
8
(5
1.
0%

[4
8.
4,
53
.7
])

0.
68

N
um

be
rs

pr
es
en

te
d
as

“f
re
qu

en
cy

(w
ei
gh

te
d
co
lu
m
n
pe

rc
en

t
w
ith

in
re
gi
on

[9
5%

co
nf
id
en

ce
in
te
rv
al

fo
r
pe

rc
en

t]
)”
un

le
ss

ot
he

rw
is
e
in
di
ca
te
d

C
ol
um

n
pe

rc
en

ts
m
ay

no
t
su
m

to
10

0
du

e
to

ro
un

di
ng

a
Ex
cl
ud

es
“o
th
er
”
ra
ce

(n
=
18

)
b
Re

sp
on

se
s
of

“N
ot

en
ou

gh
,a
nd

ha
vi
ng

a
ha

rd
tim

e”
or

“N
ot

en
ou

gh
,a
nd

ar
e
st
re
tc
he

d
”

Rebeiro et al. BMC Public Health          (2020) 20:897 Page 4 of 10



differences by region were not large. In the sample, 30%
(95% CI: 27–33) had a family member or close friend
with TB and 52% (95% CI: 49–56) believed in the effect-
iveness of non-medical TB treatment.
Most of the sample (57, 95% CI: 54–60) knew that LTBI

can occur, and such knowledge was somewhat similar by
region (Supplemental Table 2). Knowledge of LTBI
increased with increasing TB incidence (Supplemental
Figure 2). Among the sample, 90% (95% CI: 88–92) would
seek healthcare for LTBI. Although most of the sample
demonstrated awareness of TB infectiousness, fewer had
stigma towards a person with TB (i.e., thought that per-
sons with TB should feel ashamed or deserve their illness;
approximately 16% each, and 23% expressed either)

(Supplemental Table 3). The prevalence of avoidance be-
haviors and stigma toward persons with Zika was lower:
the percentage of people who would avoid someone with
Zika was approximately half that of TB, while the percent-
age expressing any stigma toward Zika was 16% (95% CI:
14–19) (Supplemental Table 4).
Examining relationships between stigmatizing attitudes

for TB, no individual associations were observed (data
not shown). Further, neither stigmatizing attitudes, nor
advocacy of avoidance of individuals with TB (either by
individuals or the community), were associated with TB
incidence (data not shown).
In fully adjusted regression models, knowledge of LTBI

was associated with an increased risk of stigma towards

Fig. 1 Geography of Brazil, Regions and States
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individuals with TB (i.e., that such persons should feel
ashamed, or deserve their illness; OR = 2.13, 95% CI:
1·25–3.63 and OR = 1·82, 95% CI: 1·15–2·89, respectively;
Table 2). Such stigma was also independently associated
with living in the North region (OR = 2·29, 95% CI:
1·22–4·32 and OR = 2·24, 95% CI: 1·19–4·25, vs. the
Southeast, respectively), and having lower education
level (OR = 0·56, 95% CI: 0·36–0·87 and OR = 0·60, 95%
CI: 0·37–0·96, per unit increase, respectively). In con-
trast, knowledge of TB symptoms, including fever, chest
pain, weight loss, and night sweats (OR = 2.83, 95% CI:
1·61–4.95 vs. no knowledge of symptoms), age of 50
years (OR = 1·30, 95% CI: 1·03–1·65, vs. age 40), and de-
creased political knowledge (OR = 0·79, 95% CI: 0·67–
0·93 per unit increase) were associated with general

awareness of TB infectiousness. Though it did not meet
a p < 0·05 threshold, the association between knowledge
of TB symptoms, including fever, chest pain, weight loss,
and night sweats, and the expressed stigmatizing attitude
that people infected with TB should feel ashamed was
noteworthy (OR = 1·71, 95% CI: 0·97–3·02 vs. no know-
ledge of symptoms).
In contrast, when examining the relationship between

knowledge of TB symptoms and stigmatizing attitudes
toward those with Zika virus, similar models exhibited
few strong associations (Supplemental Table 5).
In models adjusting for clinical and demographic fac-

tors, including region of Brazil, there were no differences
in avoiding contact or stigmatizing attitudes (i.e. TB
patients should feel ashamed or deserve their illness),

Table 2 Associations between knowledge of TB and avoidance behavior and stigmatizing attitudes toward TB. Survey-weighted
odds ratios (and 95% confidence intervals), after adjusting for clinical and demographic factors, including region of Brazil, and
stratified by municipality

Characteristic Avoidance Behavior Stigmatizing Attitudes

Avoid Contactc Any avoidanced Community avoidancee Should Feel Ashamed Deserve Illness

TB symptom knowledge (vs. none)

Cough/fever/chest pain only 1.57 (0.88, 2.77) 1.58 (0.91, 2.74) 1.72 (1.00, 2.95) 0.82 (0.42, 1.61) 0.99 (0.46, 2.12)

Weight loss/night sweats only 1.57 (0.65, 3.81) 1.97 (0.74, 5.2) 2.42 (1.13, 5.20) 0.61 (0.21, 1.77) 0.32 (0.09, 1.11)

Cough/fever/chest pain and
weight loss/night sweats

2.83 (1.61, 4.95) 2.19 (1.28, 3.74) 1.89 (1.12, 3.17) 1.71 (0.97, 3.02) 1.20 (0.59, 2.46)

Knows TB may be latent 1.13 (0.78, 1.62) 1.01 (0.67, 1.54) 1.03 (0.75, 1.42) 2.13 (1.25, 3.63) 1.82 (1.15, 2.89)

Political knowledge (per unit increase) 0.79 (0.67, 0.93) 0.93 (0.75, 1.15) 1.11 (0.91, 1.34) 0.67 (0.52, 0.86) 0.75 (0.59, 0.94)

Age (vs. 40 years)a

20 0.99 (0.64, 1.54) 0.93 (0.57, 1.54) 0.87 (0.59, 1.28) 1.05 (0.62, 1.80) 1.90 (1.23, 2.95)

30 0.78 (0.58, 1.05) 0.85 (0.61, 1.18) 0.82 (0.60, 1.11) 0.84 (0.56, 1.24) 1.08 (0.72, 1.62)

50 1.30 (1.03, 1.65) 1.10 (0.84, 1.44) 0.99 (0.78, 1.26) 1.19 (0.86, 1.65) 1.32 (0.91, 1.92)

60 1.38 (0.96, 1.98) 0.97 (0.61, 1.53) 0.68 (0.44, 1.06) 1.17 (0.73, 1.89) 2.09 (1.28, 3.41)

Female Gender (vs. Male) 0.70 (0.51, 0.97) 0.94 (0.56, 1.55) 1.15 (0.83, 1.60) 0.76 (0.48, 1.20) 0.86 (0.53, 1.41)

Skin tone (per 1-unit increase) 0.91 (0.83, 1.00) 0.95 (0.85, 1.06) 0.99 (0.90, 1.09) 1.08 (0.97, 1.22) 1.04 (0.91, 1.18)

Urban residence 1.42 (0.75, 2.66) 0.79 (0.37, 1.69) 2.35 (1.50, 3.68) 1.01 (0.56, 1.83) 0.87 (0.48, 1.57)

Family Income (per quintile increase) 1.07 (0.93, 1.23) 1.12 (0.95, 1.33) 1.04 (0.90, 1.20) 0.84 (0.69, 1.02) 0.97 (0.82, 1.16)

Education (per level)b 1.09 (0.79, 1.50) 0.77 (0.45, 1.29) 1.43 (0.99, 2.07) 0.56 (0.36, 0.87) 0.60 (0.37, 0.96)

Region (vs. Southeast)

North 1.10 (0.71, 1.70) 0.90 (0.55, 1.50) 1.21 (0.79, 1.86) 2.29 (1.22, 4.32) 2.24 (1.19, 4.25)

Northeast 1.16 (0.73, 1.85) 0.90 (0.54, 1.50) 0.95 (0.62, 1.46) 1.32 (0.68, 2.56) 1.72 (0.95, 3.09)

South 1.49 (0.95, 2.34) 0.65 (0.36, 1.19) 1.09 (0.64, 1.88) 0.95 (0.40, 2.24) 1.08 (0.55, 2.10)

Central-West 1.22 (0.78, 1.93) 1.92 (0.96, 3.87) 1.17 (0.65, 2.11) 1.64 (0.83, 3.24) 1.27 (0.63, 2.55)

Bold estimates are statistically significant (p < 0.05)
aAge was modeled using a restricted cubic spline with 4 knots. The median age of the study population was 37 years and the mean age was 38.6, so 40 years
(57th percentile) was used as a reference for ease of interpretation
bPer increase in level from none, to primary, to secondary, to post-secondary
cResponse of “agree” to the following statement: If I were on public transport, I would not want to sit next to someone with tuberculosis"
dResponse of “agree” to at least one of the following statements: 1) it is important to avoid people who have tuberculosis; 2) if I were on public transport, I would
not want to sit next to someone with tuberculosis; 3) If a person were diagnosed with tuberculosis, and shared that information with members of the community,
people would avoid contact, even if it means being unfriendly; 4) If a person were diagnosed with tuberculosis, and shared that information with members of the
community, people would avoid the person, but be friendly as long as contact was necessary
e Response of “people would avoid contact, even if it means being unfriendly” or “people would avoid the person, but be friendly as long as contact was
necessary” to the following statement: if a person were diagnosed with tuberculosis, and shared that information with members of the community
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according to TB incidence (Supplemental Table 6). Fur-
ther, the inclusion of TB symptom knowledge as a po-
tential mediator between incidence and stigma generally
exaggerated the strength of association for the attitude
that TB patients should feel ashamed and attenuated the
association for the attitude that TB patients deserve their
illness, but did not alter the results of hypothesis tests.
In adjusted multi-level models accounting for cluster-

ing of individuals within region and including an inter-
action between knowledge of TB symptoms and
municipal TB incidence, belief that one should avoid
contact with persons with active TB was more likely in
persons who had knowledge of TB symptoms than those
who did not, and this difference was most pronounced
in areas with the highest TB incidence (Fig. 2a). The
stigmatizing attitude that persons with TB should feel
ashamed was also more likely in persons who had more
knowledge of TB (Fig. 2b). However, the stigmatizing at-
titude that persons with TB deserved their illness was
generally not more likely among persons with more
knowledge of TB symptoms, particularly in high TB inci-
dence settings (Fig. 2c). Likewise, there was no condi-
tioning relationship for the avoidance measures (Fig. 2d).

Discussion
In a nationally and regionally representative sample of
the population of Brazil, the country with the highest TB
burden in the Americas [24], knowledge of TB and LTBI
was high. In addition, 90% of the sample said they would
seek treatment for LTBI. This bodes well for Brazilian
and global efforts to increase the number of persons
treated for LTBI [5]. However, contrary to our hypoth-
esis, increased knowledge of LTBI was associated with
increased rates of expressed stigma, which could limit
TB prevention efforts. To our knowledge, this is one of
the first studies to assess awareness of LTBI, knowledge
of active TB symptoms, and the relationship among
these measures and stigma toward TB in a general, rep-
resentative population in a high-burden country.
As expected, there was higher knowledge of LTBI

among persons living in areas of elevated TB incidence,
and living in such areas might decrease belief in the effi-
cacy of alternative (non-traditional) anti-TB treatments.
In areas of higher TB incidence, aversion to persons with
TB also increased with greater knowledge of TB, which
is reasonable given that familiarity with the nature of TB
transmission may increase with experience of the disease
in everyday life. This did run counter to our initial hy-
pothesis, wherein we assumed that TB-related stigma
may be due to a lack of knowledge about TB, and there-
fore that knowledge of TB would be associated with a
decrease in stigma. This was supported by recent work
from Datiko, et al., in which persons with higher educa-
tional levels, and those with high scores for TB

knowledge, had lower stigma scores [25]. However, these
findings run contrary to our own, which were derived
from a representative population of Brazil, as opposed to
a cluster-sampled population in Ethiopia. We also found
increased knowledge of TB, whether involving specific
symptoms of TB or general knowledge about LTBI, ex-
hibited no association with stigmatizing attitudes toward
Zika. This indicates the relationship between TB know-
ledge and stigma is likely disease-specific, and therefore,
interventions for stigma reduction should be specific to
TB. In addition, increasing knowledge of TB through
education should not increase stigma towards persons
with other infectious diseases.
Though the models excluding TB knowledge demon-

strated no significant associations between incidence and
stigma, our results indicate that knowledge of TB symp-
toms may partially mediate this relationship in the
source and/or target populations.
Our findings may be of particular importance in high-

TB burden settings, where social stigma adversely affects
persons with TB and the health systems that treat them
[12, 26]. In addition, TB often results in poor quality of
life, due to both poor physical and mental health [27, 28].
This also affects the perceptions of TB in the general
population. It may be the case that improved TB treat-
ment and community knowledge could support each
other in a virtuous cycle of diminished stigma and im-
proved individual and population health outcomes. Inter-
ventions may not necessarily focus on TB disease
education per se, as we found increased probability of stig-
matizing attitudes with increasing TB symptom know-
ledge, but perhaps they should focus on empathy and
knowledge of common risk factors for TB.
This study had several limitations. First, stigmatizing

attitudes were assessed among individuals who may or
may not have been infected with LTBI—in other words,
secondary (or expressed) stigma. As there are limited
data on valid measures for secondary as opposed to pri-
mary (or experienced) TB stigma outside of occupational
and household settings, and there are no recognized
scales to measure structural or community TB stigma,
our own measures of stigmatizing attitudes were not
specific to LTBI [29]. However, questions regarding atti-
tudes of community avoidance, shame, and deserving-
ness correspond to expressed stigma scales used for
populations living with HIV, which may overlap with
TB-affected populations in this setting. Second, though
our data were derived from detailed questionnaires,
combining rich individual-level data on demographics,
socioeconomic status, and knowledge and attitudes re-
garding TB with population-level data on TB incidence,
the potential for unmeasured or residual confounding
remains. Finally, we focused on knowledge of TB symp-
toms as a crucial link between TB incidence and stigma;
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however, it is possible that knowledge of TB transmis-
sion routes and contact patterns may also be related to
TB incidence and affect expressed stigma; the elucida-
tion of such relationships remains for future work.
There were several strengths of the study. The Americas-

Barometer sampling was broad and regionally representative

across the entire nation of Brazil, and survey data covering
political, social, economic, and health-specific attitudes were
paired with TB incidence data, to allow interpretation of
findings alongside TB rates and social context. The focus on
knowledge and stigma pertaining to LTBI was also novel in
this population. Our findings may have increased relevance

a. d.

b.

c.

Fig. 2 Associations between Avoidance and Stigmatizing Attitudes and Incidence of TB. Stratified by Knowledge of TB Symptoms, from adjusted
mixed effects models accounting for clustering at the region level. a. Belief that those with TB should avoid contact with others; b. Belief that
those with TB should feel ashamed; c. Belief that those with TB deserve their sickness; d. Belief that either the community or the interviewee
would avoid contact with someone with TB. The TB incidence scale is the municipal incidence (per 100,000 persons in 2016); minimum value was
0, maximum value was 176.57, median value was 28.33
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and help direct future interventions to improve stigmatizing
attitudes toward persons with TB and accelerate treatment
of LTBI. We assert that TB programs should take
note of these findings as they educate the public, pro-
viding education about TB as well as stigma at the
same time while exercising care to avoid conveying
stigmatizing messages in the process. This founda-
tional knowledge relating political and social aware-
ness to TB knowledge and stigma could also inform
the implementation of reforms to improve TB care
and outcomes in the Unified Health System in Brazil,
which has been historically driven by a politically-
engaged civil society and may converge toward uni-
versal healthcare [7].

Conclusions
Patients stigmatized due to public knowledge of their TB
diagnosis often become socially isolated, which can sub-
stantially reduce quality of life and contribute to negative
public health outcomes [12, 27]. Clinics may also struggle
to retain patients confronting consequences of social
stigmatization. High patient attrition among those receiving
treatment for TB in turn increases the risk of drug-resistant
TB, which is associated with less favorable outcomes and
transmission of drug-resistant TB [12, 26, 28]. The distinc-
tion between expressed and experienced stigma may also
be of particular importance for policy makers, program fun-
ders, and public health officials: education and increased
disease-specific knowledge must be provided in ways that
mitigate experienced stigma. Expressed stigma itself,
however, may not be the major barrier to acceptance of
treatment for LTBI in populations similar to Brazil [14],
and therefore barriers to treatment acceptance beyond
expressed stigma by the general population may need to be
addressed simultaneously. Communities across Brazil were
knowledgeable about and accepting of treatment for TB
and LTBI. However, stigmatizing attitudes toward those
with TB disease, and their presence even in settings with
high levels of TB knowledge and high TB incidence were
also present. This demonstrates that work remains in for-
mulating, funding, and implementing effective education ef-
forts that also mitigate stigma. This is necessary for
improving TB and LTBI outcomes, which are key for TB
control in Brazil and globally.
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