J Bras Pneumol. 2018;44(2):125-133
http://dx.doi.org/10.1590/S1806-37562017000000384 ORIGINAL ARTICLE

Who are the patients with tuberculosis who
are diagnosed in emergency facilities? An
analysis of treatment outcomes in the state
of Sao Paulo, Brazil

Otavio Tavares Ranzani"??, Laura Cunha Rodrigues?®, Eliseu Alves Waldman?~<,
Elena Prina’¢, Carlos Roberto Ribeiro Carvalho"¢

1. Divisao de Pneumologia, Instituto do ABSTRACT
Coracao - InCor - Hospital das Clinicas,

Faculdade de Medicina, Universidade Objective: Early tuberculosis diagnosis and treatment are determinants of better
de Sao Paulo, Sao Paulo (SP) Brasil. outcomes and effective disease control. Although tuberculosis should ideally be managed
2. London School of Hygiene & Tropical in a primary care setting, a proportion of patients are diagnosed in emergency facilities
Medicine, London, United Kingdom. (EFs). We sought to describe patient characteristics by place of tuberculosis diagnosis
3. Departamento de Epidemiologia, and determine whether the place of diagnosis is associated with treatment outcomes. A

mﬁggg%eag: 3:%%% I;,L;zl"ga' secondary objective was to determine whether municipal indicators are associated with

Sa0 Paulo (SP) Brasil. the probability of tuberculosis diagnosis in EFs. Methods: We analyzed data from the
http:/forcid.org/0000-0002-4677-6862 ~ Sao Paulo State Tuberculosis Control Program database for the period between January
http://orcid.org/0000-0001-0008-660X ~ ©f 2010 and December of 2013. Newly diagnosed patients over 15 years of age with
http://orcid.org/0000-0001-7807-6898 ~ pulmonary, extrapulmonary, or disseminated tuberculosis were included in the study.
http://orcid.org/0000-0002-6937-8613 ~ Multiple logistic regression models adjusted for potential confounders were used in
http://orcid.org/0000-0002-1618-8509  order to evaluate the association between place of diagnosis and treatment outcomes.

Results: Of a total of 50,295 patients, 12,696 (25%) were found to have been diagnosed

in EFs. In comparison with the patients who had been diagnosed in an outpatient setting,

those who had been diagnosed in EFs were younger and more socially vulnerable.

Study carried out in the Divisao de Patients diagnosed in EFs were more likely to have unsuccessful treatment outcomes

Preumologa, Instituto do Coracao - InCor (4 i sted OR: 1.54; 95% Cl: 1.42-1.66), including loss to follow-up and death. At the

- Hospital das Clinicas, Faculdade de . o L - . .

Medicina, Universidade de Sao Paulo, municipal level, the probability of tuberculosis diagnosis in EFs was associated with low

Sao Paulo (SP) Brasil. primary care coverage, inequality, and social vulnerability. In some municipalities, more

than 50% of the tuberculosis cases were diagnosed in EFs. Conclusions: In the state
of Sao Paulo, one in every four tuberculosis patients is diagnosed in EFs, a diagnosis of
tuberculosis in EFs being associated with poor treatment outcomes. At the municipal
level, an EF diagnosis of tuberculosis is associated with structural and socioeconomic
indicators, indicating areas for improvement.

o o0 oo

Submitted: 31 October 2017.
Accepted: 11 February 2018.

Keywords: Tuberculosis/diagnosis; Emergency treatment; Treatment outcome; Delivery
of health care.

INTRODUCTION cohesion, poverty, and education), and health care
system-related factors (e.g., access to primary care and

Tuberculosis remains a common disease and a . '
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patient outcomes and effective control, reducing the treaFment free.of charge.® Tuberculosis cgntrol in Brazil
period of transmissibility.(® has |mproved in rgcent years, the overall incidence and
associated mortality rate having decreased.(® However,
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diagnosis and treatment, including patient-related factors ~ million inhabitants distributed among 645 municipalities
(e.g., age, female sex, other reasons for chronic cough,  and accounts for nearly 20% of all tuberculosis cases
and self-perception), socioeconomic factors (e.g., social  in Brazil. Although the state of Sdo Paulo is one of the
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wealthiest in the country, it has yet to achieve the
goals related to treatment success. 13

Previous studies have shown that the proportions
of tuberculosis cases diagnosed in a hospital setting
or in emergency facilities (EFs) are high in Brazil,
which might indicate lack of access to health care and
delayed diagnosis.*'41% However, those studies were
either single-center studies or studies conducted at the
municipal level.?%21) To overcome these limitations,
we conducted the present population-based study, the
objective of which was to describe patient characteristics
by place of diagnosis and determine whether the place
of diagnosis is associated with treatment outcomes. A
secondary objective was to determine whether structural
and socioeconomic indicators are associated with the
likelihood of being diagnosed in EFs at the aggregate
level, in order to inform targeted public health strategies.

METHODS

Population and setting

The present study was a retrospective analysis of
data from the Sdo Paulo State Tuberculosis Control
Program database for the period between January of
2010 and December of 2013. Newly diagnosed patients
over 15 years of age with pulmonary, extrapulmonary,
or disseminated tuberculosis were included in the study.
Only new patients were included because patients with
recurrent tuberculosis (relapse or reinfection) are highly
expected to go through a different diagnostic process.
In addition, prison inmates were excluded, as were
patients diagnosed through active case finding, including
those who had been diagnosed after contact tracing
investigation, because of the specific circumstances
associated with place of diagnosis.

All of the tuberculosis cases included in the present
study were either bacteriologically confirmed or
clinically diagnosed cases, in accordance with the
WHO definitions. 2

Data sources

Patient-related data were collected from an electronic
health system (the TBweb database).(®?® Because
tuberculosis notification (including reporting of treatment
initiation) is compulsory, the TBweb database includes
data for all municipalities in the state of Sao Paulo.
In addition, the S&o Paulo State Tuberculosis Control
Program has been investing human and financial
resources in the TBweb database, data accuracy and
quality therefore being guaranteed.®?®

Data on the municipalities were collected from
the following databases: the Brazilian Institute of
Geography and Statistics database*; the Sao Paulo
Sistema Estadual de Anélise de Dados (SEADE, State
System of Data Analysis) Foundation database**; and
the Brazilian National Ministry of Health Department
of Primary Care database.*® The Sao Paulo SEADE
Foundation is an independent public agency, being a
national referral center for analysis of socioeconomic
and demographic data.®*

J Bras Pneumol. 2018;44(2):125-133

Indicators at the municipal level

The following indicators were used: population size,
population density, gross domestic product, per capita
gross domestic product, and level of urbanization.
Composite indicators were also used, including the
Indice de Desenvolvimento Humano (IDH, Human
Development Index)—which assesses education, life
expectancy, and economic development and ranges
from 0 to 1 (IDH values closer to 1 translating to greater
human development)—and the Gini coefficient, which
assesses inequality and ranges from 0 to 1 (a Gini
coefficient of 0 indicating perfect equality and a Gini
coefficient of 1 indicating maximal inequality), on the
basis of data from the 2010 Census. The 2010 version
of the Indice Paulista de Vulnerabilidade Social (IPVS,
Sao Paulo State Social Vulnerability Index), developed
by the S&do Paulo SEADE Foundation, was also used.
(26) The IPVS encompasses several demographic and
socioeconomic variables, such as level of education,
per capita household income, age, and sex distribution.
The population of each municipality was divided into
the seven categories of vulnerability defined by the
IPVS. In the present study, the indicator selected was
the proportion of the municipal population classified
as highly vulnerable (i.e., individuals in category 5,
6, or 7). Data from the Brazilian National Ministry
of Health were used in order to assess primary care
coverage (i.e., family health strategy program or
equivalent) in each municipality.®> Other Sdo Paulo
SEADE Foundation indicators used in the present study
included proportion of pregnancies with at least seven
antenatal visits and infant mortality rate per 1,000 live
births.(*> All primary care indicators were obtained
from mid-year values.

Outcomes

The 2013 WHO treatment outcome definitions were
used, being adapted to the TBweb database definitions.
(9.22) The outcomes are divided into desirable outcomes
(i.e., treatment success) and undesirable outcomes,
the latter including treatment failure, death, loss to
follow-up, and not evaluated.®2?

Data analysis

Continuous variables were expressed as mean +
standard deviation or median (interquartile range),
depending on their distribution. Categorical variables
were expressed as absolute numbers and proportions,
being compared by Fisher’s exact test or the chi-square
test, as appropriate.

A multiple logistic regression model was used in
order to evaluate the association between place
of diagnosis and unsuccessful treatment outcome.
Adjusted ORs were calculated, allowing for potential
confounding factors defined a priori. Patient-related
factors, as well as disease- and treatment-related
factors, were selected on the basis of the literature.
Patient-related factors included age, sex, country of
birth, self-reported ethnicity, homelessness, level of
education, alcohol use, drug use, diabetes mellitus,



mental disorder, HIV status, and immunosuppression
from etiologies other than HIV infection. Disease- and
treatment-related factors included place of diagnosis,
chest X-ray findings at diagnosis, microbiological status
at diagnosis, initial drug regimen, and directly observed
treatment. Given its importance among unsuccessful
treatment outcomes, death was used as the dependent
variable in a second multiple logistic regression model.

An additional analysis was performed at the municipal
level. Initially, the number of cases and place of
diagnosis were grouped by municipality. Subsequently,
each indicator was tested in a univariate analysis as
a predictor of diagnosis in EFs, the most important
variables being retained in order to explain the variance
in the outcome. When the same dimension was assessed
by two different indicators, composite indicators were
preferred over single indicators, multicollinearity being
dealt with in the final model. In order to include the
IPVS, which was available for all of the municipalities in
the state of Sdo Paulo, two final models were selected.
All analyses were performed with the Stata statistical
software package, version 13.1 (StataCorp LP, College
Station, TX, USA), and the blogit command was used
in order to run logistic models for grouped data at the
municipal level.

RESULTS

Of a total of 62,178 patients who were diagnosed
with tuberculosis between January of 2010 and January
of 2013, 7,027 (11.3%) were excluded because they
were prison inmates, 3,374 (5.4%) were excluded
because they had been diagnosed through active case
finding or contact tracing investigation, 696 (1.1%)
were excluded because they had been diagnosed at
autopsy, and 786 (1.3%) were excluded because
there was no information regarding place of diagnosis.
Therefore, the final sample consisted of 50,295 patients
spontaneously seeking medical attention at health care
units in the state of Sao Paulo.

The general characteristics of the patients analyzed
in the present study are shown in Table 1. Most of the
patients were young males. Of the sample as a whole,
55% had been diagnosed in an outpatient setting, 25%
had been diagnosed in EFs, and 20% had been diagnosed
in a hospital setting. In comparison with the patients
who had been diagnosed in an outpatient or hospital
setting, those who had been diagnosed in EFs were
notably younger, the following being more common in
the latter than in the former: being male, self-reporting
mixed ethnicity, being homeless, using alcohol, using
drugs, and having a low level of education. A diagnosis
of tuberculosis during hospitalization was more common
in patients with chronic disease (e.g., diabetes mellitus,
HIV infection, and immunosuppression from etiologies
other than HIV infection) than in those without it.

Table 2 shows the characteristics of tuberculosis and
tuberculosis treatment, by place of diagnosis, among
the patients analyzed in the present study. Of the
patients who had been diagnosed in EFs, approximately
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80% had pulmonary tuberculosis, the prevalence of
positive sputum smears and cultures being higher
in those patients than in those who were diagnosed
in an outpatient or hospital setting. Other forms of
tuberculosis, including extrapulmonary tuberculosis
and disseminated/miliary tuberculosis, were more
frequently diagnosed in a hospital setting than in an
outpatient setting or in EFs.

As can be seen in Table 3 and Figure 1, the place of
diagnosis was associated with tuberculosis treatment
outcomes (p < 0.001), which were worse in the patients
who had been diagnosed in EFs or in a hospital setting
than in those who had been diagnosed in an outpatient
setting. In addition, the proportion of loss to follow-up
was higher among the patients who had been diagnosed
in EFs. After adjustment for potential confounders, the
likelihood of treatment failure and death was higher
in the patients who had been diagnosed in EFs or in a
hospital setting than in those who had been diagnosed
in an outpatient setting, results that were consistent
with those of a sensitivity analysis in the subgroups
of HIV-positive and HIV-negative patients.

During the study period, 591 (92%) of the municipalities
in the state of Sdo Paulo reported cases of tuberculosis.
In 96 (16%) of all municipalities in the state of Sdo
Paulo, more than 30% of all tuberculosis cases were
diagnosed in the EFs; in 15 (2.5%), more than 50%
of all cases were diagnosed in EFs.

Table 4 shows the variables that remained in the
models at the municipal level. Municipalities in which
primary care coverage was higher were less likely to
have tuberculosis cases diagnosed in EFs, whereas
municipalities in which inequality and vulnerability
were high were more likely to have tuberculosis cases
diagnosed in EFs. Figure 2 shows the relationship of the
IDH, the Gini coefficient, and primary care coverage
with the probability of being diagnosed in EFs, as
estimated from adjusted model 1.

For illustrative purposes, we selected four municipalities.
Municipality A notified 1,138 cases, being the third
leading contributor to the burden of tuberculosis in
the state (in absolute numbers). Of those cases,
53% had been diagnosed in EFs. Municipality A has a
high IDH (i.e., 0.768), and 21% of its population are
highly vulnerable; however, primary care coverage is
only 34%. In municipality B, the proportion of cases
diagnosed in EFs was 41%. Although the IDH is very
high (i.e., 0.814) and primary care coverage is 48%
in that municipality, inequality is very high (Gini
coefficient, 0.6858) and 36% of its population are
highly vulnerable. In municipality C, inequality is high
(Gini coefficient, 0.5971) and 33% of the population
are highly vulnerable; however, primary care coverage
is 99%, and the proportion of cases diagnosed in EFs
was 21%. Finally, in municipality D, the proportion of
cases diagnosed in EFs was 7%, primary care coverage
is 89%, the IDH is high (i.e., 0.798), and only 8% of
the population are highly vulnerable.
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Table 1. General characteristics of patients newly diagnosed with tuberculosis, by place of diagnosis, in the state of
Sé&o Paulo, Brazil, in the period between January of 2010 and December of 2013.?

Variable Primary care/ EFs During
outpatient setting hospitalization
(n = 27,415) (n = 12,696) (n = 10,184)

Age, years®

15.0-25.0 5,009 (18.3) 2,676 (21.1) 1,500 (14.7)

25.1-35.0 6,458 (23.6) 3,285 (25.9) 2,284 (22.4)

35.1-45.0 5,565 (20.3) 2,614 (20.6) 2,264 (22.2)

45.1-55.0 5,047 (18.4) 2,123 (16.7) 1,906 (18.7) < 0.001

55.1-65.0 3,122 (11.4) 1,239 (9.8) 1,200 (11.8)

65.1-75.0 1,470 (5.4) 499 (3.9) 614 (6.0)

75.1-85.0 605 (2.2) 207 (1.6) 333 (3.3)

85.1-105 125 (0.5) 41 (0.3) 78 (0.8)
Sex

Female 9,615 (35.1) 3,785 (29.8) 3,236 (31.8) < 0.001

Male 17,800 (64.9) 8,911 (70.2) 6,948 (68.2)
Country of birthe

Brazil 22,802 (96.6) 10,285 (96.8) 8,500 (98.5) < 0.001

Other 805 (3.4) 334 (3.2) 129 (1.5)
Self-reported ethnicity?

White 13,157 (55.1) 5,296 (47.9) 5,087 (56.6)

Black 2,645 (11.1) 1,392 (12.6) 1,012 (11.3) < 0.001

Mixed 7,441 (31.2) 4,208 (38.1) 2,756 (30.7)

Asian 356 (1.5) 102 (0.9) 107 (1.2)

Indigenous 270 (1.1) 55 (0.5) 23 (0.3)
Level of education, number of years of
schooling®

0 (illiterate) 838 (3.7) 360 (3.6) 339 (4.3)

1-3 2,639 (11.5) 1,119 (11.3) 817 (10.5)

47 7,049 (34.6) 3,519 (35.5) D pam o

8-11 8,668 (37.7) 4,041 (40.8) 3,077 (39.4)

12-14 1,923 (8.4) 602 (6.1) 572 (7.3)

> 15 951 (4.1) 275 (2.8) 342 (4.4)
Homelessness 524 (1.9) 514 (4.1) 220 (2.2) < 0.001
Alcohol use 3,720 (13.6) 2,375 (18.7) 1,771 (17.4) < 0.001
Diabetes mellitus 1,708 (6.2) 863 (6.8) 755 (7.4) < 0.001
Drug use 2,136 (7.8) 1,535 (12.1) 1,042 (10.2) < 0.001
Mental disorder 407 (1.5) 252 (2.0) 290 (2.9) < 0.001
HIV status

Negative 21,353 (77.9) 9,591 (75.5) 6,682 (65.6) < 0-001

Positive 2,417 (8.8) 1,281 (10.1) 2,187 (21.5)

Unknown 3,645 (13.3) 1,824 (14.4) 1,315 (12.9)
Immunosuppression from etiologies other 169 (0.6) 113 (0.9) 284 (2.8) < 0.001

than HIV infection

EFs: emergency facilities. ?Values expressed as n (%). "Missing data: n = 31 (0.1%). °Missing data: n = 7,440
(14.8%). 9Missing data: n = 6,388 (12.7%). eMissing data: n = 9,591 (19.1%).

DISCUSSION Our study shows that tuberculosis remains a
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In the present population-based study of data
regarding the state of Sdo Paulo, one in every four
tuberculosis patients was found to have been diagnosed
in EFs. The likelihood of poor outcomes, including death
and loss to follow-up, was found to be higher in the
patients diagnosed in EFs than in those diagnosed in
an outpatient setting. At the municipal level, structural
and socioeconomic factors were found to be associated
with a higher probability of being diagnosed in EFs.
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public health challenge and that there is a need for
improving the process of diagnosing tuberculosis in the
public health system.(**¥) The proportion of patients
diagnosed with tuberculosis in EFs was found to be
high, despite the fact that the state of Sdo Paulo is
one of the wealthiest in the country and the fact that
tuberculosis treatment is provided free of charge in
Brazil. This might be due to difficult access to health
care, which results in delayed diagnosis and affects
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Table 2. Characteristics of tuberculosis and tuberculosis treatment, by place of diagnosis, among patients newly diagnosed
with tuberculosis in the state of Sdo Paulo, Brazil, in the period between January of 2010 and December of 2013.2
Variable Primary care/ EFs During
hospitalization
(n = 12,696) (n = 10,184)

outpatient setting
(n = 27,415)

Anatomical classification

PTB 22,758 (83.0) 10,314 (81.2) 5,895 (57.9)
PTB + EPTB 524 (1.9) 371 (2.9) 653 (6.4) < 0.001
EPTB 3,754 (13.7) 1,684 (13.3) 3,015 (29.6)
Miliary/disseminated TB 379 (1.4) 327 (2.6) 621 (6.1)
Microbiological status
A positive microbiological test result 19,018 (69.4) 9,578 (75.4) 5,674 (55.7) < 0.001
’: gﬁfr‘]:‘;’nea:;“fzg‘;z"(g’%c/a#ﬁt E’EST‘EI; for 18,289 (78.6) 9,103 (85.2) 4,873 (74.4)  <0.001
Positive sputum smear at diagnosis® 16,162 (74.2) 8,548 (84.4) 4,097 (70.5) < 0.001
Positive sputum culture at diagnosis® 6,017 (63.5) 2,411 (65.7) 1,525 (61.1) < 0.001
Chest X-ray*
Not performed 2,998 (11.4) 848 (6.9) 957 (9.9)
Normal 2,134 (8.1) 602 (4.9) 1,066 (11.0) <0.001
Additional pathology 177 (0.7) 118 (1.0) 192 (2.0)
Suspected TB 15,829 (60.4) 8,344 (68.1) 6,211 (64.1)
Suspected TB + cavitation 5,087 (19.4) 2,336 (19.1) 1,263 (13.0)
Initial drug regimen
Other 848 (3.1) 373 (2.9) 406 (4.0) < 0.001
RHZE 26,567 (96.9) 12,323 (97.1) 9,778 (96.0)
Directly observed treatment® 18,872 (69.1) 9,120 (72.4) 6,466 (64.0) < 0.001

EFs: emergency facilities; TB: tuberculosis; PTB: pulmonary TB; EPTB: extrapulmonary TB; and RHZE: rifampin,
isoniazid, pyrazinamide, and ethambutol. 2Values expressed as n (%).?Proportions calculated among patients
undergoing sputum collection (n = 37,717/40,515; 93%). “Proportions calculated among patients undergoing sputum
collection and culture (n = 15,638/40,515; 39%). ¢Missing data: n = 2,133 (4.2%). ¢Missing data: n = 290; (0.6%).

treatment outcomes, as well as increasing the risk of
transmission in the population and costs to the health
care system.(1419.21,27)

A diagnosis of tuberculosis in EFs is associated with
a variety of problems.#27-30) First, there is a risk of
transmission to other patients, given the high prevalence
of patients with pulmonary tuberculosis and positive
sputum smears in contact with ill patients in a crowded
area.% Second, given the intrinsic characteristics of
the care delivered in EFs, the possibility of tuberculosis
is unlikely to be raised, thus increasing the delay in
initiating appropriate treatment.® Third, tuberculosis
patients who are diagnosed in EFs are at a high risk of
loss to follow-up because EF patients must be referred
to primary care clinics. In addition, the underlying
reasons for an EF diagnosis of tuberculosis—including
patient vulnerability, lack of access to health care,
and lack of self-awareness—potentiate the risk of loss
to follow-up.?V Health care systems should develop
strategies to facilitate the retention of tuberculosis
patients diagnosed in the EFs, including internet-based
scheduling of visits, mobile reminders, and direct
communication between hospitals and primary care
clinics.

Given that tuberculosis is a chronic disease, early
diagnosis and treatment (in an outpatient setting) are
preferred over a diagnosis in EFs. This reinforces the
importance of improving the screening of individuals
with respiratory symptoms, as well as reinforcing

the importance of active case finding and contact
tracing. 1431-33) In addition, the level of population
awareness of tuberculosis should be raised. A
Brazilian soccer player has recently participated in
a Brazilian national campaign against tuberculosis,
the campaign being an example of how to increase
population awareness and knowledge of tuberculosis
and, consequently, reduce the stigma associated with
the disease.**) However, at the municipal level, low
primary care coverage was found to be associated with
a higher likelihood of being diagnosed in EFs. Therefore,
it is imperative to improve primary care coverage.*®
In addition, primary care clinics must have adequate
infrastructure and trained staff for tuberculosis diagnosis
and treatment, the lack of adequate infrastructure
and trained staff having been reported as problems
in studies investigating the pathway to tuberculosis
diagnosis in Brazil.?7:2°3%) Although we have no data as
to whether EFs are equipped to diagnose tuberculosis,
we speculate that a large proportion of EFs in the
country have a laboratory and an X-ray machine,
either on site or elsewhere (i.e., at a referral site).

In the present study, treatment outcomes were
found to be worse in the patients who had been
diagnosed in EFs or in a hospital setting than in those
who had been diagnosed in an outpatient setting.?®
We found that it was possible to divide the patients
who had been diagnosed in EFs into three groups:
socially vulnerable patients, patients with known

J Bras Pneumol. 2018;44(2):125-133

129



4pp

130

Who are the patients with tuberculosis who are diagnosed in emergency facilities?
An analysis of treatment outcomes in the state of Sao Paulo, Brazil

Table 3. Logistic regression models for the association between place of diagnosis and tuberculosis treatment outcomes.

Unsuccessful treatment Death

Sample as a whole

Primary care/outpatient setting

EFs

During hospitalization

HIV-negative patients

Primary care/outpatient setting

EFs

During hospitalization

HIV-positive patients

Primary care/outpatient setting

EFs

During hospitalization

Crude OR
(95% ClI)

1 (Reference)
1.87 (1.77-1.97)
p < 0.001
2.26 (2.14-2.39)
p < 0.001

Crude OR
(95% ClI)

1 (Reference)
1.60 (1.49-1.72)
p < 0.001
1.75 (1.61-1.89)
p < 0.001

Crude OR
(95% ClI)

1 (Reference)
2.43 (2.11-2.80)
p < 0.001
2.05 (1.83-2.34)
p<0.001

Adjusted OR®
(95% Cl)

1 (Reference)
1.54 (1.42-1.66)
p < 0.001
1.78 (1.63-1.94)
p < 0.001

Adjusted OR®
(95% Cl)

1 (Reference)
1.33 (1.20-1.46)
p < 0.001
1.60 (1.43-1.79)
p < 0.001

Adjusted OR®
(95% Cl)

1 (Reference)
1.97 (1.59-2.44)
p < 0.001
1.78 (1.48-2.15)
p<0.001

Crude OR
(95% Cl)

1 (Reference)
2.88 (2.65-3.14)
p < 0.001
5.12 (4.72-5.56)
p < 0.001

Crude OR
(95% Cl)

1 (Reference)
2.44 (2.15-2.78)
p < 0.001
4.27 (3.77-4.84)
p < 0.001

Crude OR
(95% Cl)

1 (Reference)
3.52 (2.94-4.20)
p < 0.001
3.48 (2.97-4.09)
p<0.001

Adjusted OR?
(95% ClI)

1 (Reference)
2.75 (2.40-3.16)
p < 0.001
3.88 (3.40-4.43)
p < 0.001

Adjusted OR®
(95% ClI)

1 (Reference)
2.36 (1.95-2.85)
p < 0.001
3.34 (2.86-4.16)
p < 0.001

Adjusted OR®
(95% ClI)

1 (Reference)
3.45 (2.58-4.61)
p < 0.001
3.63 (2.80-4.71)
p<0.001

EFs: emergency facilities. 2Adjusted for age, sex, country of birth, self-reported ethnicity, level of education,
homelessness, alcohol use, drug use, diabetes mellitus, mental disorder, HIV status, immunosuppression from
etiologies other than HIV infection, anatomical classification, microbiological diagnosis, chest X-ray findings at
diagnosis, initial drug treatment, and directly observed treatment. "Adjusted for age, sex, country of birth, self-
reported skin color/ethnicity, level of education, homelessness, alcohol use, drug use, diabetes mellitus, mental
disorder, immunosuppression from etiologies other than HIV infection, anatomical classification, microbiological
diagnosis, chest X-ray findings at diagnosis, initial drug treatment, and directly observed treatment.

Table 4. Structural and socioeconomic indicators aggregated at the municipal level and associated with tuberculosis

diagnosis in emergency facilities.
Indicator Model 1
OR (95% CI) p

Primary care coverage

ooy o 0.997 (0.995-0.998) < 0.001
IDH

(1% increase) 0.936 (0.926-0.947) < 0.001
(il 2 e 1.036 (1.030-1.041) < 0.001
(1% increase)

Lirselriptitom 1.032 (1.026-1.037) < 0.001
(1% increase)

Population density 4 404 (1.000-1.002)  0.036

(100/km? increase)

Model 2
OR (95% Cl) p

Indicator

Primary care coverage

(1% increase) 0.998 (0.997-0.999) 0.002

Highly vulnerable population? 1,018 (1.016-1.020) < 0.001
(1% increase)

e G 1,005 (1.005-1.006) < 0.001

(100/km? increase)

IDH: Indice de Desenvolvimento Humano (Human Development Index). *As determined by the 2010 version of the
Indice Paulista de Vulnerabilidade Social (IPVS, Sdo Paulo State Social Vulnerability Index), developed by the Sao
Paulo Sistema Estadual de Anélise de Dados (SEADE, State System of Data Analysis) Foundation.@®

chronic diseases, and patients who are young and
“healthy”. For each group of patients, a different
set of interventions is required in order to improve
their outcomes. Socially vulnerable patients usually
have limited access to primary care because of their
marginalization and weak social capital.(®*® Recent
studies have shown that homeless individuals commonly
seek EF treatment for diseases at an advanced stage.”
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To tackle this group of patients, the health community
should focus on specific goals, including mobile health
care clinics,33® active case finding in shelters,3?
and, fundamentally, a multidisciplinary political and
societal approach.®3 There is a need for improving
socioeconomic indicators and advocating government
actions that have been shown to be effective, such as
conditional cash transfers.(®



100%
90%
80%
70%
60% . 77% 73%
50%

40%

30% 0.9% 0.7%

0:3%
20% . - 0.5%
10% i 0.4 o s
0% o d d

Primary care/ Emergency/ During
outpatient setting urgency facilities  hospitalization

m Treatment failure
m Death
u Loss to follow-up

Treatment sucess
Not evaluated

Figure 1. Tuberculosis treatment outcomes stratified by
place of diagnosis.

Patients with known chronic diseases have a close
relationship with the health care system. Our hypothesis
is that such patients commonly have severe clinical
presentations of tuberculosis or present with chronic
disease exacerbations caused by tuberculosis, posing
additional challenges for the diagnosis of tuberculosis
and requiring a different approach (e.g., invasive
procedures).® One expected limitation of studies
such as ours (i.e., studies of secondary data) is the
lack of detailed information on the degree of disease
severity and the diagnostic process in such patients to
determine whether they could have been diagnosed
outside the hospital setting. Further studies are
needed in order to gain a better understanding of this
group of patients and provide data to inform potential
interventions. Nevertheless, it is clear that we should
focus on continuing tuberculosis education for health
care workers at all levels of care and act to bridge the
“knowledge-do gap”, thus facilitating the implementation
of tuberculosis guidelines in real practice.“®

Of particular interest is the third group, which comprises
young and “healthy” patients. The likely reason why
such patients are diagnosed in EFs is that they live in
areas where access to primary care is limited or where
primary care clinics lack adequate infrastructure. 41921
The stigma surrounding tuberculosis management at
a health care clinic in the community likely leads such
patients to seek medical assistance only when the
disease is at an advanced stage or to expect a rapid
solution in EFs.G-2D

In the present study, traditional structural and
socioeconomic indicators were found to be associated
with a high probability of being diagnosed in EFs.
We selected four municipalities to illustrate how the
aforementioned indicators can influence the place of
diagnosis. The most important message is that it is
not enough to assess only one indicator. Many of the
municipalities in the state of Sdo Paulo are wealthy (as
evidenced by a high IDH) but have a high proportion
of socially vulnerable individuals (as evidenced by
a high IPVS), as well as inadequate primary care
coverage. In these municipalities, we can assume that
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Figure 2. Relationship between municipal indicators and the
probability of tuberculosis diagnosis in emergency facilities.*
*The probability of tuberculosis diagnosis in emergency facilities
was estimated from adjusted model 1, on the basis of the
Indice de Desenvolvimento Humano (IDH, Human Development
Index), the Gini coefficient, primary care coverage, population
density, and urbanization. A, B, C, and D represent the four
municipalities discussed in the manuscript, the proportions
of patients diagnosed in emergency facilities being 53% for
A, 41% for B, 21% for C, and 7% for D.

the richest are treated at private hospitals whereas the
poorest have limited access to primary care, a factor
that plays a major role in delaying the diagnosis of
tuberculosis. Therefore, in order to improve tuberculosis
care, it is essential to perform further analysis of
each metropolitan area, municipality, and region for
a tailored multifaceted intervention.

Our study has limitations that should be acknowledged.
First, we analyzed data regarding one Brazilian state
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rather than the entire country. However, we do not
expect to observe a different pattern at the country
level regarding place of tuberculosis diagnosis.%2%
Second, we have no data regarding the number of
health care visits before tuberculosis diagnosis or
the time elapsed from symptom onset to diagnosis
and treatment initiation. Third, data regarding large
cities and smaller municipalities in the state were not
analyzed separately, because our objective was to
characterize the state of Sdo Paulo as a whole. However,
we speculate that our findings are also applicable to
the large cities of the state. Finally, tuberculosis was
microbiologically confirmed in 68% of all cases and in
85% of the patients who had pulmonary tuberculosis
and valid sputum samples, proportions that are higher
than the global average.® The TBweb database has
a dedicated team of professionals who continuously
check for consistency, and cases of patients whose
initial diagnosis was changed or who were diagnosed
with nontuberculous mycobacterial infection were
excluded. However, we cannot exclude the possibility

of misclassification. Nevertheless, this would have
introduced only a minimal bias toward the null rather
than a differential bias across places of diagnosis.

Although there has been a major improvement
in tuberculosis control, there is a need for further
improvement. In the state of Sdo Paulo, 25% of all
tuberculosis patients are diagnosed in EFs, a factor
that is associated with poor treatment outcomes. At
the municipal level, an EF diagnosis of tuberculosis
is associated with inequality, social vulnerability, and
inadequate primary care coverage, indicating areas
for improvement.
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