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Although several cohort studies have raised the important association between
diabetes mellitus (DM) and latent tuberculosis infection (LTBI), evidences are
limited and controversial. Furthermore, it is well documented that the poor
glycemic control may exacerbate the risk for active TB. Thus, the monitoring of
diabetic patients living in high-incidence areas for TB is an important concern
in views of available diagnostic tests for LTBI. In this cross-sectional study, we
estimate the association of DM and LTBI among diabetic patients classified as
type-1 DM (T1D) or type-2 DM (T2D) living in Rio de Janeiro, RJ, Brazil —
considered a high TB burden region of these country. Non-DM volunteers
were included as endemic area healthy controls. All participants were screened
for DM using glycosylated-hemoglobin (HbA;.) and for LTBI using the
QuantiFERON-TB Gold in Tube (QFT-GIT). Demographic, socioeconomic,
clinical and laboratorial data were also assessed. Among 553 included
participants, 88 (15.9%) had QFT-GIT positive test, of which 18 (20.5%) were
non-DM, 30 (34.1%) T1D and 40 (45.4%) T2D. After adjustments for potential
baseline confounders, age, self-reported non-white skin color and an active TB
case in the family were significantly associated with LTBI among the studied
population by using a hierarchical multivariate logistic regression analysis.
Additionally, we verified that T2D patients were able to produce significant
increased interferon-gamma (IFN-y) plasma levels in response to
Mycobacterium tuberculosis-specific antigens, when compared to non-DM
individuals. Altogether, our data showed an increased prevalence of LTBI
among DM patients, albeit non-statistically significant, and point out to
important independent factors associated with LTBI, which deserve attention
in monitoring patients with DM. Moreover, QFT-GIT test seems to be a good
tool to screening LTBI in this population, even in a high TB burden area.
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Introduction

Diabetes Mellitus (DM) is a chronic disease with an
increasing worldwide prevalence. Nowadays, the disease can be
considered an epidemic clinical condition and a huge public
health problem because it may lead to a loss in quality of life and
early mortality (1, 2). Considering the increased life expectancy
reached in the last decades among people with diabetes, a rise in
the occurrence of diabetes-related chronic complications is also
expected, mainly due to long lasting exposure to hyperglycemia
(3). Such complications may include macroangiopathy and
microangiopathy (retinopathy, nephropathy and neuropathy)
that can compromise an individual’s health and imply in higher
expenditures by the public health system. A prompt diagnosis
and an adequate treatment can lead to higher chances of
obtaining a good glycemic control, which in turn has been
proven to reduce diabetes-related complications (4). In
addition to these diabetes-related complications, it is currently
known that high levels of blood glucose may result in altered
immune responses leading to higher susceptibility to several
infections, including tuberculosis (TB) (5, 6).

Tuberculosis (TB) is an infectious disease, caused by the
Mpycobacterium tuberculosis (Mtb), which affects primarily the
lungs, but can also reach other organs. According to the World
Health Organization (WHO), 10 million new cases are
diagnosed and 1.2 million of deaths worldwide are registered
every year, indicating that TB is a serious public health issue (7).
Brazil remains included in the 30 high TB/TB-HIV coinfection
burden countries, and in 2019 were registered 66,819 new cases
with an incidence rate of 31.6 per 100,000 inhabitants, and 4,500
deaths (mortality rate of 2.2 per 100,000), pointing out Acre,
Amazonas and Rio de Janeiro which have shown incidence
coefficients above of the national average (8). According WHO,
less than half of the cases are notified, which shows a weakness in
policies regarding the disease control. This serious condition is
due to an increase in poverty, poor distribution of family income
and increased urbanization. Many risk factors have been
associated to TB, such as male gender, smoking, alcoholism,
low body weight, renal diseases, contact with people who have
TB, social class and DM. In particular, Brazil has a high
prevalence of both diseases (DM and TB), being of paramount
importance to investigate reliable and practical diagnostic
methods (7).

It is estimated that around one-quarter of the world’s
population is asymptomatically infected by Mtb, a condition
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called latent tuberculosis infection (LTBI) and in which
individuals are in a high risk of active TB development.
Although in an intriguing and poorly understood way, only 5-
10% of the people with LTBI progress to the active form of the
disease (9), it is a consensus that cell immunity is the main
mechanism involved in the protection against Mtb, being
interferon-gamma (IFN-y) production and predominantly type
I immune response considered as biomarkers of the protection
against TB (10). In views of this last aspect, immunological tests
such as tuberculin skin test (TST) and interferon-gamma release
assays (IGRA) represent an indirect response to Mtb infection
currently used to LTBI diagnosis, even though they are not
considered as “gold standard”. Moreover, their performances are
limited or compromised due to immunological status and/or
populations from high TB burden areas (11).

The present study intended to determine the prevalence of
LTBI among type-1 (T1D) and type-2 DM (T2D) patients living
in Rio de Janeiro, a Brazilian State that occupies the 2 place in
number of TB cases in Brazil showing an incidence rate of 60 per
100,000 (8), by using the commercial IGRA QuantiFERON-TB
Gold in Tube (QFT-GIT). Demographic, socioeconomic, clinical
and laboratorial data were also assessed to analyze the
association with LTBI among study population.

Methods
Study design and participants

This was a cross-sectional study conducted with consecutive
patients classified as type-1 DM (T1D) and type-2 DM (T2D)
patients who were receiving health care from the Brazilian
National Health System (SUS), from June 2015 to June 2017 at
the Diabetes Unit in the Policlinica Piquet Carneiro, Rio de
Janeiro State University (PPC/UER]), Rio de Janeiro, R], Brazil.
DM patients were diagnosed according to American Diabetes
Association (ADA) criteria (12). All T1D patients have been in
continuous use of insulin since their diagnosis, and with at least
6 months of follow-up at this diabetes center. As control subjects,
healthy volunteers that were medical staff (administration,
nurses or physicians) or blood donors from the Herbert de
Souza Hemotherapy Center at Pedro Ernesto University
Hospital (HUPE/UER]) were included in the study and
attested/named as non-DM group. The exclusion criteria
consisted in HIV seropositive patients, pregnant women,
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lactating women, presence of acute or chronic infectious,
patients with diabetic ketoacidosis in the prior three months to
the assessment and patients that had difficulties in walking and
moving or to go to the hospital for medical care. Blood samples
were collected from all participants aiming to measure glycated
hemoglobin (HbA;.) and to detect LTBI by using
QuantiFERON-TB Gold in Tube (QFT-GIT) test. Individuals
with HbA . at 5.7 - 6.5% or indeterminate QFT-GIT were also
excluded. The protocols were approved by the Pedro Ernesto
University Hospital Ethics Committee (number 686.651) and all
participants signed a written informed consent for the study.

Measures and definitions

Glycemic control in patients with DM were determined by
HbA1. levels measured in whole blood collected in
ethylenediamine tetra-acetic acid (EDTA) tubes and processed
using high-performance liquid chromatographic method
(HPLC, Bio-Rad Laboratories, Hercules, California, USA).
Adequate glycemic control was defined as the presence of
HbA;. levels < 7.0% (58 mmol/mol) (12), and inadequate
glycemic control was defined as HbA;. levels > 7.0% (58
mmol/mol). All non-DM participants had HbA, levels < 5.6%.

The presence of LTBI was determined using the QFT-GIT
test (Cellestis Limited, Australia) according to the
manufacturer’s instructions. Briefly, 1 mL of whole blood was
draw into the three QFT-GIT tubes pre-coated with saline (Nil,
negative control), Mtb-specific antigens (ESAT-6, CFP-10 and
TB 7.7), or mitogen (positive control) and incubated for 18-24 h
at 37°C. After centrifugation, the supernatant was collected and
stored frozen at -20°C until IFN-y measurement, which was
done by an enzyme-linked immunosorbent assay (ELISA) from
QFT-GIT kit. IFN-y-Mtb-specific levels were calculated by
subtracting of the values obtained from Mtb antigen tubes
minus Nil/control tube. QFT-GIT result was defined as
positive when IFN-v in response to Mtb-specific antigens were
> 0.35 IU/ml and IFN-y levels in response to mitogen (mitogen
tube minus Nil/control tube) > 0.5 IU/mL. Indeterminate result
was defined as IFN-y of Nil/control > 8.0 IU/mL or positive
control value < 0.5 IU/mL. Results were calculated using the
manufacturer’s QFT-GIT software.

Questionnaire

Gender, current age, age at diagnosis, DM time duration,
presence of comorbidities, self-reported skin color (according to
the Instituto Brasileiro de Geografia e Estatistica, IBGE) (13),
employment status and years of formal education provided
verbally as well as housing conditions and TB exposure history
were assessed using medical records or a questionnaire applied
by individual interviews during a clinical visit.
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Economic status was defined according to the Brazilian
Economic Classification Criteria (14), which is based on
educational status and house-income and possession of certain
house appliances. The following classes of economic status were
considered for this analysis: high, middle, low and very low.
Regions of housing was defined based on pragmatic areas at Rio
de Janeiro State, Brazil.

Body mass index (BMI) was classified as normal, overweight,
and obese according to WHO criteria: underweight BMI <18.5
kg/m?, normal weight > 18.5 to < 25 kg/m?, overweight > 25 to <
30kg/m> and obese as BMI > 30 k/gm* (15). Excess use of
alcoholic beverages and current smoking status were defined by
self-reported (daily or occasional current user).

Statistical analysis

A Mann-Whitney or Kruskal-Wallis followed by Dunn’s
correction tests were used to compare variables with
nonparametric distribution. A T-test or ANOVA (with Sidak
correction) was used for parametric distribution. We used
Pearson’s univariate correlation when applicable. Categorical
variables were reported as percentage and Chi-square tests were
used for comparison.

To further explore the association between LTBI (QFT-GIT
positivity) and DM status a multivariable hierarchical logistic
regression (Backward Wald model) was performed to determine
which variables could be associated with the presence of QFT-GIT
positivity as dependent variable. To select the independent
variables, we chose those with statistical significance in an
exploratory analysis or those with clinical plausibility.
Afterwards, the order of entry into the model was initially
demographic and social data [age, gender, self-reported color-
race (stratified as white and non-white), economic classes, years
of study] followed by clinical data (DM status, use of statin and
antihypertensive drugs and finally data related to TB, such as
familiar case of TB). DM status entered in the model first as yes/
no and secondly stratified as controls (non-DM), T1D and T2D
patients. The model fit was assessed through a Hosmer and
Lemeshow and Omnibus test. The calculated Nagelkerke R* and
the odds ratio (OR) with a 95% confidence interval (CI) were
expressed as indicated. All statistical analyzes were performed with
a 95% confidence interval (CI) and the significance level was P <
0.05. Statistical Package for Social Sciences (SPSS) version 16.0.
GraphPad Prism version 9 was used for graphic illustrations.

Results
Overview of the study population

Figure 1 shows the flow chart of the study design. A total of
615 volunteers was recruited at the Health Complex of Rio de
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Health Complex of the Rio de Janeiro State University (UERJ):
Policlinica Piguet Carneiro (PPC) and Pedro Ernesto University Hospital (HUPE)

Total of participants (N = 615):

- Signature of consent form;
- Survey response;
- QFT-GIT assay;

- HbA,. measurement.

Excluded (n = 62):

- HbA 5.7 —6.5%,n =52

- Infectious diseases, n =7;
- Not administered QFT-GIT, n = 1;
- Indeterminate QFT-GIT, n = 2.

| Final study population (N = 553) |

Non-Diabetic
(N = 154)

Type-1 DM
(N =201)

Type-2 DM
(N =198)

FIGURE 1

Flow chart of the study design. A total of 615 individuals were recruited for the study. Of these, 553 represented the final study population based
on the eligible criteria and were categorized as follow, non-DM subjects (N = 154), type-1 DM (N = 201) and type-2 DM (N = 198). DM, diabetes
mellitus; HbA:., glycosylated hemoglobin; QFT-GIT, QuantiFERON-TB Gold in Tube; n, sample number.

Janeiro State University (UER]), Rio de Janeiro, RJ, Brazil. We
excluded participants presenting HIV, syphilis and hepatitis B or
C (n = 7), those who had an indeterminate QFT-GIT (n = 2) or
who did not take this test (n = 1). Also, all non-DM subjects
showing HbA, levels among 5.7 - 6.5% were excluded (n = 52).
Therefore, a final study population consisted of 553 participants,
categorized as follow: i) non-DM (n = 154); ii) TID (n = 201)
and iii) T2D (n = 198).

Baseline characteristics including demographics,
socioeconomic, clinical and laboratorial features of the study
population are shown in Table 1. T1D patients had higher levels
of fasting glycemia (197.89 + 105.58 mg/dL) and HbA,. levels
(9.0 £ 2.1%) than patients with T2D (154.29 + 66.08 mg/dL; 8.33
+ 1.93%, respectively). Patients with T2D were more likely to be
older (58.5 + 9.79 years) and have overweight (35.9%) or obesity
(47%) compared to those T1D or non-DM participants. Also,
among T2D, 66.7% reported as non-white, 16.7% as current
users of cigarettes and 30.8% of the patients were retired. Most of
the participants reported not being a current smoker (89.3%) or
alcohol user (70.5%).

Regarding the origin of residence and some housing
conditions, we verified that the majority of the study
population were from very low or low socioeconomic classes’
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mainly patients with T2D (89.8%). The most common areas of
origin were from Rio de Janeiro districts/Metropolitan area
(99.3%). Around one third of all DM patients reported to have
a TB case in the family. However, individuals who were in
household contact with TB case were not statistically significant
among the groups (Table 1).

Prevalence of latent tuberculosis
infection among study population

Based on the QFT-GIT positivity, the overall prevalence of
LTBI among study population was 15.9% (n = 88), of which 18
(20.5%) were non-DM, 30 (34.1%) T1D and 40 (45.5%) T2D
(Table 2). However, we did not observe a significant association
of QFT-GIT positivity with DM status. As shown in Figure 2, an
increasing prevalence of LTBI, albeit non-statistically significant,
was observed in all DM (17.5% [n = 70]) or when DM group was
stratified at T1D (15%) and T2D (20.2%) in comparison to non-
DM group (11.7%) (Figures 2A, B).

As depicted in Table 2, among all analyzed variables, LTBI
was significantly associated with individuals more likely to be
older (mean age = 47.8 + 17.0 years; p < 0.001), non-white self-
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TABLE 1 Baseline characteristics of study population.

Variable Non-DM Type-1 DM Type-2 DM P value
(n = 154) (n =201) (n =198)

Demographic characteristics

Age, y 34.6 +12.9 32.5+15.0 57.70 £ 10.7 < 0.001

Gender, (%)

Male 86 (55.8) 97 (50.0) 103 (50.2) 0.580

Self-reported skin color, n (%)

White 95 (61.7) 79 (40.7) 67 (32.7) < 0.001

Non-white 59 (38.3) 115 (59.3) 138 (67.3)

Socioeconomic characteristics

Years of study®, n (%)

0<12 18 (11.7) 75 (38.7) 133 (64.9) < 0.001
> 12 136 (88.3) 119 (61.3) 72 (35.1)

Occupation, n (%)

Unemployed 7 (4.4) 26 (13.4) 51 (24.9) < 0.001
Employed 120(75) 99 (51.0) 90(43.9)

Student 32 (20.0) 60 (30.9) 3 (1.5)

Retired 1 (0.6) 9 (4.5) 61 (29.8)

Economic class®, n (%)

Very low 12 (7.8) 22 (11.3) 41 (20.0) < 0.001
Low 107 (69.5) 135 (69.6) 143 (69.8)

Middle 35 (22.7) 37 (19.1) 21 (10.2)

Regions/Housing, n (%) 0.142
RJ city/Metropolitan 152 (98.7) 199 (99.0) 204 (99.5)

Clinical characteristics

Duration of diabetes, y NA 145+ 103 120+ 7.7 < 0.001
Fasting glycemia (mg/dL)

Mean + SD NA 197.89 + 105.58 154.29 = 66.08 < 0.001
HbA,,, (%)

Mean + SD 5.18 £ 0.34 9.1 £2.10 83+19 < 0.001
<70 NA 37 (18.4) 50 (25.30) < 0.001
HbA ., (mmmol/mol) 333 +21 76.0 £ 10.2 67.2 +10.0 < 0.001
BMI (kg/mz) 262 +43 239+ 43 267 £ 4.3

Underweight (< 18.5) 0 21 (10.8) 2 (1.0) < 0.001
Normal weight (18.5 - 24.9) 68 (44.2) 97 (50.0) 33 (16.1)

Overweight (25 - 29.9) 62 (40.3) 59 (30.4) 74 (36.1)

Obesity (> 30.0) 24 (15.6) 17 (8.8) 96 (46.8)

Current smoker, yes, n (%) 12 (7.8) 15 (7.7) 33 (16.1) 0.001
Alcohol use, yes, n (%) 51 (33.1) 35 (18.0) 46 (22.4) < 0.001
Medicine/drugs, yes, n (%)

Hypoglycemicagents 0 43 (22.2) 165 (80.5) < 0.001
Antihypertensives 12 (7.8) 57 (29.4) 146 (71.2) < 0.001
Insulin 0 194 (100.0) 82 (40.0) < 0.001
Corticoid 1 (0.6) 7 (3.6) 11 (5.4) 0.052
Statin 1 (0.6) 42 (21.6) 141 (69.8) < 0.001
BCG vaccine, yes, n (%) 142 (92.2) 186 (95.9) 184 (89.8) 0.01
Family TB Case, yes, n (%) 26 (16.9) 43 (22.2) 69 (33.8) 0.001
TB Household contact, yes, n (%) 9 (5.8) 15 (7.7) 23 (11.2) 0.2

Y, year; data are presented as number (percentage), mean + SD (standard deviation); DM, Diabetes Mellitus; R], Rio de Janeiro, Brazil; HbA,, glycosylated hemoglobin; BCG, Bacillus
Calmette-Gueérin vaccine; NA, not applied; TB, tuberculosis; BMI, body mass index; n, sample number. P value < 0.05 were considered significant.

*Years of study, 0-5 years, Illiterate and/or Incomplete Elementary School; 6-12 years, Complete Elementar School and/or Complete High School; > 12 years, Complete/Incomplete Higher
Education and/or Post-graduation.

*Economic class, Very low, social class D and E; Low, social class C1 and C2; Middle-High, A, B1 and B2 classes.
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TABLE 2 Characteristics of participants with LTBl among study population.

Variable

Demographic characteristics
Age, y

Gender, male, n (%)
Self-reported skin color, n (%)
White

Non-white

Socioeconomic characteristics
Years of study®, n (%)

0-12

> 12

Occupation, n (%)
Unemployed

Student

Employed

Economic class®, n (%)

Very low

Low

Middle-high
Regions/Housing, n (%)

RJ city and metropolitan regions
Clinical characteristics
Clinical status, yes, n (%)
Non-DM

Type-1 DM

Type-2 DM

BMI (kg/m?)

Fasting glycemia (mg/dL)
HbA,. > 7,0, (%)

HbA . (mmol)

Smoking, Yes (%)
Alcoholism, yes, n (%)
Drugs, yes, n (%)
Hypoglycemicagents
Antihypertensives

Insulin

Corticoid

Statin

BCG vaccine, yes, n (%)
Family TB Case, yes, n (%)

TB Household contact, yes, n (%)

QFT-positive
(n = 88; 15.9%)

47.8 +17.0
46 (52.3)

24 (27.3)
64 (72.7)

41 (46.6)
47 (53.4)

13 (14.8)
8 (9.1)
51 (58.0)

17 (22.4)
62 (15.9)
10 (10.6)

87 (98.9)

18 (20.5)
30 (34.1)
40 (45.4)
268 +52
156.82 + 92.01
78 +19
26.82 + 5.17
6 (6.8)
18 (13.8)

(38.6)
(51.1)
(59.1)
(3.4)

(42.7)
(932)
31 (35.2)
11 (12.5)

34
45
52

3
37
82

10.3389/fcdhc.2022.914574

QFT-negative P value
(n = 465; 84.1%)

4140 + 174 <0.001
225 (48.4) 0.9
0.001
217 (46.7)
248 (53.3)
0.1
185 (39.8)
280 (60.2)
0.09
71 (15.3)
87 (18.7)
252 (54.2)
0.115
59 (77.6)
327 (84.1)
84 (89.4)
0.9
461 (99.1)
0.1
136 (29.2)
164 (35.3)
165 (35.5)
26.6% 5.5 0.8
151.63 + 105.81 0.7
7.6 + 2.40 0.6
26.66 + 5.43 0.6
29 (6.3) 0.9
114 (24.5) 0.3
174 (36.6) 09
170 (36.6) 0.01
265 (57.0) 0.7
16 (3.4) 0.9
147 (31.6) 0.06
430 (92.5) 0.8
107 (23.0) 0.04
36 (7.7) 0.3

Y, year; data are presented as number (percentage), mean + SD (standard deviation); DM, Diabetes Mellitus; RJ: Rio de Janeiro, Brazil, HbA,, glycosylated hemoglobin, BCG: Bacillus
Calmette-Guérin vaccine, TB: tuberculosis, BMI: body mass index, n: sample number. P value < 0.05 were considered significant.
*Years of study: 0-5 years: Illiterate and/or Incomplete Elementary School; 6-12 years: Complete Elementar School and/or Complete High School; > 12 years: Complete/Incomplete Higher

Education and/or Post-graduation.

*Economic class: Very low: social class D and E; Low: social class C1 and C2; Middle-High: A, B1 and B2 classes.

P value < 0.05 were considered significant.

report skin color (72.7%; p = 0.001), use of antihypertensive
drugs (51.1%; p = 0.01) and the presence of TB case (35.2%; p =
0.04). In the hierarchical multivariable logistic model examining

all selected independent variables, we observed that there was a
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significant association between LTBI prevalence and age
(adjusted odds ratio [aOR] 1.018, 95% confidence interval [CI]
1.004 - 1.033; p = 0.01), self-reported skin color non-white (aOR
2.38,95% CI 1.427 - 3.999; p = 0.001) and a TB case in family
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FIGURE 2

QFT-GIT results between non-diabetic and diabetic patients. The QuantiFERON-TB Gold in Tube results in subjects with Diabetes Mellitus or
not were provided by the stimulation of whole blood with Mtb-specific antigens (ESAT-6, CFP-10 and TB7.7) or mitogen (positive control). (A)
QFT-GIT results (%) from non-DM and pooled MD (T1D and T2D patients) were compared. (B) QFT-GIT results (%) from non-DM, T1D and T2D
were compared. DM, Diabetes Mellitus; T1D, type-1 DM; T2D, type-2 DM

(aOR 1.638, 95% CI 0.999 - 2.710; p = 0.05). No association was
noted concerning the other variables, including status of DM
(Table 3). All the independent variables which entered in the
model could explain 7.6% (Nagelkerke R-squared) of a given
patient having QFT-GIT positivity.

Additionally, based on the survey response, we observed that
among non-DM participants who were QFT-GIT-positives,
22.2% (4/18) reported a TB case in the family. Among T1D
patients QFT-GIT-positive, 40% (12/30) reported a TB case in
the family and 13.3% (4/30) had a household contact with a TB
index case. Finally, in the T2D group who were positive for QFT-
GIT, 40.0% (16/40) individuals reported a TB case in the family
and 17.5% (7/40) of them had a household contact with a TB
index case (data not shown).
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Interferon-gamma-Mtb-specific plasma
levels among diabetic patients

As a last exploratory analysis, we investigated the IFN-y
levels produced in response to Mtb specific-antigens in plasma
supernatants from QFT-GIT. Significant increased IFN-y levels
were observed in DM patients in comparison to non-DM
subjects (0.37 IU/mL versus 0.20 IU/mL, respectively; p =
0.0026) (Figure 3A). However, when DM group was stratified,
only T2D showed significant IFN-y-Mtb-specific levels in
comparison to non-DM (0.50 IU/mL; p = 0.0019) (Figure 3B).

In conclusion, our data have shown an increased prevalence
of LTBI among DM patients by using IGRA test QFT-GIT, and
it points to a significant association with sociodemographic and
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TABLE 3 Characteristics associated with QFT-GIT positivity among study population.

Variable aOR (95% CI) P value
Age 1.018 (1.004 - 1.033) 0.01
Self-reported skin color, non-white 2.389 (1.427 - 3.999) 0.001
Family TB case, Yes 1.638 (0.999- 2.710) 0.05

QFT-GIT, QuantiFERON TB Gold in Tube; aOR, adjusted Odds Ratio; CI, confidence interval.

P value < 0.05 were considered significant.

status of exposition to TB cases as important risk factors for
LTBI. Moreover, a quantitative analysis from QFT-GIT revealed
that T2D patients produced significant high levels of IFN-y in
response to Mtb-specific antigens.

Discussion

Despite of DM is a well-recognized risk factor for active
tuberculosis, there are heterogeneous and limited evidences in
the literature for their association with latent TB infection, LTBI
(16, 17). To our best knowledge, the present study is the first one
to compare the prevalence of LTBI in individuals with and
without DM from a high endemic area in Brazil, the Rio de
Janeiro State. Our data showed that albeit non-significant, the
prevalence of LTBI among T1D and T2D individuals was
increased in comparison to non-DM individual. QFT-GIT
positivity was associated with sociodemographic determinants
such as age and self-reported skin color (non-white). As
expected, having an active TB case in the family was also an
important significant variable associated with LTBI.
Interestingly, IFN-y Mtb-specific levels were significantly
increased in patients with T2D. Altogether, these results
revealed important variables to take into account in the
management of DM patients in the screening of LTBL.

DM and TB can affect each other by many mechanisms
including monocyte traffic modulation, phagocytosis, cytokine
production as well as altered functions of the innate and
adaptative immune cells (18). DM increases the risk of TB as
well as its severity in case of active disease and has a negative
impact on public health, especially in countries where both
conditions are strongly predominant (19). The hyperglycemic
state is strongly related to the alteration in the expression of
receptors of activation and recognition, also for the phagocytic
and microbicidal activity of cells of the innate immune system,
as well as in the production of cytokines/chemokines and
mechanisms of activation of cells of adaptive immunity,
mainly in cellular response that are determinant for the
response to Mtb (20).

There are no gold standard tests for the diagnosis of LTBI,
and those available consist of indirect measures of the cellular
immune response to Mtb antigens as the tuberculin skin test
(TST) and the IGRAs (T-SPOT and QFT-GIT). It is well
documented that prior BCG vaccination, nontuberculous
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mycobacterium (NMT) or others mycobacteria such as M.
leprae (etiological agent of leprosy) infection are important
causes of false-positive TST results (11). However, TST is
widely used in Brazil and other countries due to be considered
an inexpensive and accessible method for LTBI detection in
adults and active disease in children (21). In the other hand,
IGRAs offers numerous advantages over TST, such as reducing
professional interference, measuring the specific response to Mtb
antigens that are not shared with BCG or most species of NMT
(22), in addition to requiring only one visit to the laboratory to
be performed. However, it consists of a high-cost test and needs
a laboratory structure to be performed (11). In this study, we
decided to evaluate the QFT-GIT, the only commercial IGRA
available in Brazil, based on their advantages over the TST. All
individuals in the present study showed higher levels of IFN-y in
response to mitogen stimuli, which guarantee the validation of
the QFT-GIT (data not shown).

Patients with DM recruited for this study were from the
Diabetes Outpatient Clinic of the PPC/UER], which receives
patients from all over the State of Rio de Janeiro, but mostly
residents in Rio de Janeiro city, followed by metropolitan regions
including Baixada Fluminense and other regions. A
predominance of active TB in young adult men (24-35 years)
is well established (7, 23). However, studies aiming to establish
the predominance of this age range regarding LTBI are scarce
and the majority of these studies have been performed in
individuals with risk factors such as HIV positivity, health care
professionals, people that have close contact with infected
patients, use of TNF blockers (24-29). Although some of these
studies have identified male gender risk factor for LTBI (29, 30),
in our study gender was not related to LTBI (Table 2). Further
studies are necessary to establish the relationship between LTBI
and gender in Brazilian population. Interestingly, Brazilian
cross-sectional studies have demonstrated an age transition of
TB disease incidence as well as LTBI prevalence among healthy
individuals to over forty-fifty years (30, 31). Our results are
consistent with these particular studies since that QFT-GIT
positive individuals identified in the present study presented a
mean age of 47.8 (Table 2).

The increased risk of LTBI infection among patients with
DM in TB-endemic areas is recognized, but yet displaying
limited and controversial evidences regarding several aspects,
such as the choice or available LTBI diagnostic test, analytical
methods employed, study population and TB setting (32). Some
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evidences from literature support this affirmative, as well as our
data which have shown increased proportion of LTBI among
DM patients, although not statistically significant. An
epidemiological study carried out in Malaysia, a Southeast Asian
country with a high incidence of TB (92/100,000 population)
observed a similar prevalence of LTBI among diabetic (28.5%) and
non-diabetic subjects (29.2%) (33). In addition, even in a high
endemic setting, no significant differences were observed in the
proportion of LTBI between TB household contacts and
individuals without previous TB exposure. A systematic review
and metanalysis including 13 observational studies, which were
conducted in high-risk populations, such as household contacts of
active pulmonary TB, immigrants and immunocompromised
patients, revealed a small statistically significant association
between DM and risk for LTBI (34). It is worth to note that the
studies included in this metanalysis not necessarily show a specific
cohort composed by DM patients, as addressed in the present one.
Moreover, DM diagnosis was self-reported in the majority of the
studies and LTBI investigation was based on different
immunological methods, such as TST, QFT-GIT and T.SPOT.
Also, status or type of DM is not mentioned. Thus, we emphasize
that there are few studies addressing this subject in regions with
high incidence of TB. The present study suggests that in Brazil,
and particularly in the Rio de Janeiro where there is a high
incidence of TB (8), the presence of DM may not represent an
isolated risk factor for LTBI and other variables, probably related
to social determinants such as those described below, should
be investigated.
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There is substantial evidence that social variables such as
being illiterate, unemployed and belonging to low income
stratum are strongly associated with TB (35). TB, poverty and
poor access to health care services are strongly linked, which
could be of great concern when TB is associated with DM.
Nevertheless, a previous study has shown that the prevalence of
the TB-DM association was quite similar in both developing and
developed countries (36, 37). We have shown that the majority
of patients with DM in this study presented 6-12 years of study,
considered a medium degree of school attendance, which
showed a significant association with LTBL

Our findings showed a strong association of LTBI among
individuals who reported the presence of TB cases in the family.
This highlights the need of effective and low cost LTBI screening
in those who were known to be exposed to a major risk factor for
early LTBI and also active cases detection in this population (38).
As we know, patients in contact with TB are included in the high
risk group for developing the active form of the disease (17). TB
is acquired not only where people live but also where they work
or socialize and poverty seems to influence the risk of
progression to the disease as well as the risk of infection (37).
Socioeconomic characteristics and less favorable neighborhoods
where patients reside are independent risk factors for TB (38).
Although, the prevalence of TB in metropolitan areas in RJ is
higher, we did not observe significant differences regarding the
QFT-GIT positivity among different regions of RJ.

In agreement with our data, which points out an increased
prevalence of LTBI among T2D patients (Table 2 and Figure 2),
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some recent studies also have been reported the association of
T2D patients and risk factors of LTBI (39, 40). Also, we have
observed that T2D patients have produced significant high
levels of IFN-y in response to Mtb-specific antigens from QFT-
GIT when compared to non-DM individuals (Figure 3B).
Active TB patients with DM display higher levels of
circulating type-1 (Thl) cytokines such as IFN-y and tumor
necrosis factor (TNF) in comparison to TB patients without DM
(41), while LTBI in the presence of DM or pre-DM were associated
with reduced levels of these important mediators which are
involved in the control of Mtb (42). A recent study conducted in
Brazil have shown altered surface molecules (HLA-DR, CD80 and
CD86), cytokine/chemokine production and diminished bacterial
clearance in monocyte-derived macrophages from T2D infected
with Mtb clinical isolates in comparison to healthy individuals (43),
suggesting that this group of DM patient may failure in the control
of Mtb infection. Alternatively, the Mtb infection may influence the
adipose tissue toward to pro-inflammatory cytokines production
which in turn impact host metabolic homeostasis (44), adding new
views of TB-DM interaction.

Particular strengths of our study are the population of
diabetes cases in a large sample of Brazilian patients with T1D
and T2D from a wide range of ethnic groups according to self-
reported color-race, diagnosed in a community setting. All
participating individuals followed a uniform and standardized
protocol and similar to other population studies, we used a
clinical definition of T1D and T2D assigned by healthcare
providers and supported by the quantification of fasting
plasma glucose and HbA,.. There are some limitations in our
study that must be mentioned such as the low availability of TST
test during the recruitment period of the study, which is widely
distributed by the Health Ministry in Brazil. This fact did not
allow us to perform additional comparisons with QFT-GIT in
the studied population. Moreover, we could not associate the
QFT-GIT findings with clinical evaluation and chest x-ray
performance in order to obtain a greater follow-up of the
studied population.

In conclusion, although we did not find a statistically
significant association between DM and LTBI, this study
revealed increased proportion of LTBI prevalence among DM
patients from a high-endemic area in Brazil. Sociodemographic
variables such as age, self-reported non-white skin color and the
presence of TB index case in the family were highlighted as
independent risk factors for LTBI. Overall, our data provide
important evidences for guide LTBI screening programs among
diabetic patients in high-burden TB setting.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Frontiers in Clinical Diabetes and Healthcare

10

10.3389/fcdhc.2022.914574

Ethics statement

The studies involving human participants were reviewed and
approved by Hospital Universitario Pedro Ernesto, Universidade
do Estado do Rio de Janeiro. The patients/participants provided
their written informed consent to participate in this study.

Author contributions

AT, RS, MB and LF contributed with sample collection and
processing, experiments, rationale for the study and manuscript
preparation. LR and MB designed the study. Project supervision
was performed by LR and MB. LR and MB were responsible for
funding acquisition. AT, FG, RS, LF were responsible for
participants’ recruitment. AT, RS, LR and MB contributed for
data analysis and graph generation. AT, LR and MB analyzed the
results. LR and MB were responsible for manuscript revision. AT,
RS, LR and MB were responsible for writing the original manuscript
draft of the manuscript while MB, LF and FG were in charge of
revising it. All authors contributed to the article and approved the
submitted version.

Funding

This work was supported by grants awarded by the
Fundagdo Carlos Chagas Filho de Amparo Pesquisa do Estado
do Rio de Janeiro to MBG (FAPERJ; E-26/010.001534/2014). AT
was a recipient of a fellowship from CNPq.

Acknowledgments

The authors are grateful to physicians and nursing staff from
Diabetes Unit, PPC/HUPE/UER]J and also to Dr. Walter Costa
and Dr. Ana Paula Gomes from TB outpatient at HUPE/UER],
and Carlos Antonio Negrato for editing the text.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fcdhc.2022.914574
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare
https://www.frontiersin.org

Torres et al.

References

1. World Health Organization. Global report on diabetes (2016). Available at:
http://www.who.int/about/licensing/%5Cnhttp://apps.who.int/iris/bitstream/
10665/204871/1/9789241565257 _eng.pdf.

2. Deshpande AD, Harris-Hayes M, Schootman M. Epidemiology of diabetes
and diabetes-related complications. Phys. Ther. (2008) 88(11):1254-64. doi:
10.2522/ptj.20080020

3. W Todd Cade. Diabetes-related microvascular and macrovascular diseases in
the physical therapy setting. Phys. Ther. (2088) 88(11):1322-35. doi: 10.2522/
Ptj.20080008

4. Hasan R, Firwana B, Elraiyah T, Domecq JP, Prutsky G, Nabhan M, et al. A
systematic review and meta-analysis of glycemic control for the prevention of
diabetic foot syndrome. J. Vasc. Surgery. (2016) 63:225-28S.e2. doi: 10.1016/
jjvs.2015.10.005

5. Berbudi A, Rahmadika N, Tjahjadi AI, Ruslami R. Type 2 diabetes and its
impact on the immune system. Curr. Diabetes Rev. (2019) 16(5):442-9.
doi: 10.2174/1573399815666191024085838

6. Clement CC, Nanaware PP, Yamazaki T, Negroni MP, Ramesh K, Morozova
K, et al. Pleiotropic consequences of metabolic stress for the major
histocompatibility complex class II molecule antigen processing and presentation
machinery. Immunity. (2021) 54(4):721-736.e10. doi: 10.1016/
jimmuni.2021.02.019

7. World Health Organization. GLOBAL TUBERCULOSIS REPORT 2021
(2021). Available at: http://apps.who.int/bookorders.

8. Epidemiologico B. Tuberculose, Vol. 2022 Ministerio da Saiide, Brazil:
Ministério da Saiide, Brazil. (2022). Secretaria de Vigilancia em Satde -
Ministerio da Satde, Brazil.

9. Organization GWH. Latent tuberculosis infection: updated and consolidated
guidelines for programmatic management. Switzerland:World Health Organization
- Global TB Programme (2018). pp. 1-78 p

10. Nunes-Alves Claudio, Booty MG, Carpenter SM, Jayaraman P, Rothchild
AC, Behar SM. In search of a new paradigm for protective immunity to TB. Nat.
Rev. Microbiol. (2014) 12(4):289-99. doi: 10.1038/nrmicro3230

11. Pai M, Denkinger CM, Kik SV, Rangaka MX, Zwerling A, Oxlade O,
et al. Gamma interferon release assays for detection of mycobacterium
tuberculosis infection. Clin. Microbiol. Rev. (2014) 27(1):3-20. doi: 10.1128/
CMR.00034-13

12. National Diabetes Data Group - Bethesda, Maryland (USA). Classification
and Diagnosis of Diabetes Mellitus and Other Categories of Glucose Intolerance.
Diabetes. (1979) 28(12):1039-57. doi: 10.2337/diab.28.12.1039

13. (IBGE). IBGE censo 2010 (2010). Available at: https://censo2010.ibge.
gov.br/.

14. Associagdo Brasileira de Empresas de Pesquisa. Criterio brasil 2015 (2013).
Available at: http://www.abep.org/novo/Content.aspex?ContentID=301.

15. World Health Organization. Obesity : preventing and managing the global
epidemic. Switzerland:World Health Organization - Global TB Programme
(2000).Vol. p256 p

16. Jeon CY, Murray MB. Diabetes mellitus increases the risk of active
tuberculosis: A systematic review of 13 observational studies. PLoS Med. (2008)
5(7):1091-101. doi: 10.1371/journal.pmed.0050152

17. Getahun H, Matteelli A, Abubakar I, Abdel Aziz M, Baddeley A, Barreira D,
et al. Management of latent mycobacterium tuberculosis infection: WHO
guidelines for low tuberculosis burden countries. Eur. Respir. J (2015) 46
(6):1563-76. doi: 10.1183/13993003.01245-2015

18. Kumar Nathella P, Babu S. Influence of diabetes mellitus on immunity to
human tuberculosis. Immunology. (2017) 152(1):13-24. doi: 10.1111/
imm.12762

19. Lacerda SNB, da Silva TC, de Araajo PPC, Pinto ML, de Figueiredo TMRM.
The comorbidity tuberculosis and diabetes mellitus. Revista de Enfermagem UFPE.
(2016) 10:239-47. doi: 10.5205/reuol.7901-80479-1-SP.1001sup201607

20. Martinez N, Kornfeld H. Diabetes and immunity to tuberculosis. Eur J
Immunol. (2014) 44(3):617-26. doi: 10.1002/eji.201344301

21. WHO. Guidelines on the management of latent tuberculosis infection
(2015). Available at: http://www.who.int/tb/publications/Itbi_document_page/en/.

22. Andersen P, ME Munk MD, Pollock JM, Doherty TM. Specific immune-
based diagnosis of tuberculosis. Lancet (2000) 356:1099-104. doi: 10.1016/S0140-
6736(00)02742-2

23. Lin C-Y, Chen T-C, Lu P-L, Lai C-C, Yang Y-H, Lin W-R, et al. Effects of
gender and age on development of concurrent extrapulmonary tuberculosis in
patients with pulmonary tuberculosis: A population based study. PLoS One (2013)
8(5):¢63936. doi: 10.1371/journal.pone.0063936

Frontiers in Clinical Diabetes and Healthcare

11

10.3389/fcdhc.2022.914574

24, Zhang X, Jia H, Liu F, Pan L, Xing A, Gu S, et al. Prevalence and risk factors
for latent tuberculosis infection among health care workers in China: A cross-
sectional study. PLoS One (2013) 8(6):¢66412. doi: 10.1371/journal.pone.0066412

25. Yung-Feng Y, Bor-Shen Hu, Yu-Shiuan L, Lan-Huei Li, Lien-Wen Su, Peing
C, et al. Latent tuberculosis among injection drug users in a methadone
maintenance treatment program, Taipei, Taiwan: TSPOT.TB versus tuberculin
skin test. Scand ] Infect. Dis. (2013) 45(7):504-11. doi: 10.3109/
00365548.2013.7683542scroll=top&need Access=true

26. Ting W-Y, Huang S-F, Lee M-C, Lin Y-Y, Lee Y-C, Feng J-Y, et al. Gender
disparities in latent tuberculosis infection in high-risk individuals: A cross-sectional
study. PLoS One (2014) 9(11):e110104. doi: 10.1371/journal.pone.0110104

27. Shim TS. Diagnosis and treatment of latent tuberculosis infection in patients
with inflammatory bowel diseases due to initiation of anti-tumor necrosis factor
therapy. Intest Res. (2014) 12(1):12-9. doi: 10.5217/ir.2014.12.1.12

28. Chen C, Zhu T, Wang Z, Peng H, Kong W, Zhou Y, et al. High latent TB
infection rate and associated risk factors in the Eastern China of low TB incidence.
PLoS One (2015) 10(10):1-9. doi: 10.1371/journal.pone.0141511

29. Lee SJ, Lee SH, Kim YE, Cho Y], Jeong YY, Kim HC, et al. Risk factors for
latent tuberculosis infection in close contacts of active tuberculosis patients in
South Korea : A prospective cohort study. BMC Infect Dis (2014) 14:566, 1-7.
doi: 10.1186/512879-014-0566-4

30. Chaimowicz F. Age transition of tuberculosis incidence and mortality in
Brazil. Rev. Saude Publica. (2001) 35(1):81-7. doi: 10.1590/S0034-
89102001000100012

31. Prado NT, Riley LW, Sanchez M, Fregona G, Zandonade E, Locatelli RL,
et al. Prevalence and risk factors for latent tuberculosis infection among primary
health care workers in Brazil. Repos in Public Health (2017) 33 (12):¢00154916.
doi: 10.1590/0102-311X00154916

32. Lee PH, Fu H, Lee MR, Magee M, Lin HH. Tuberculosis and diabetes in low
and moderate tuberculosis incidence countries. Int | Tuberc Lung Dis. (2018) 22
(1):7-16. doi: 10.5588/ijtld.17.0329

33. Nantha YS, Puri A, Ali SZM, Suppiah P, Ali SAC, Ramasamy B, et al.
Epidemiology of latent tuberculosis infection among patients with and without
diabetes mellitus. Oxford Acad. (2017) 34(5):532-8. doi: 10.1093/fampra/cmx017

34. Lee MR, Huang YP, Kuo YT, Luo CH, Shih YJ, Shu CC, et al. Diabetes
mellitus and latent tuberculosis infection: A systemic review and metaanalysis.
Clin. Infect. Dis. (2017) 64(6):719-27. doi: 10.1093/cid/ciw836

35. Alisjahbana B, van Crevel R, Sahiratmadja E, den Heijer M, Maya A, Istriana
E, et al. Diabetes mellitus is strongly associated with tuberculosis in Indonesia. Int J.
Tuberc Lung Dis. (2006) 10(6):696-700.

36. Coelho D, Viana R, Madeira C, Ferreira LO, Campelo V. Perfil
epidemiologico da tuberculose no municipio de teresina-PI, no periodo de 1999
a 2005. Rev. Epidemiol. e Servigos Saide (2005) 19(1):33-42. doi: 10.5123/S1679-
49742010000100005

37. de Lima LM, Schwartz E, Gonzales RIC, Harter ], de Lima JF. O Programa
de controle da tuberculose em Pelotas/RS, brasil: Investigagdo de contatos
intradomiciliares. Rev. Gaiicha Enferm (2013) 34(2):102-10. doi: 10.1590/S1983-
14472013000200013

38. Ximenes RA de A, de Albuquerque M de FPM, Souza WV, Montarroyos
UR, Diniz GTN, Luna CF, et al. Is it better to be rich in a poor area or poor in a rich
area? A multilevel analysis of a case-control study of social determinants of
tuberculosis. Int Epidemiol. (2009) 38(5):1285-94. doi: 10.1093/ije/dyp224

39. Salindri AD, Haw JS, Amere GA, Alese JT, Umpierrez GE, Magee M]J. Latent
tuberculosis infection among patients with and without type-2 diabetes mellitus:
results from a hospital case-control study in Atlanta. BMC Res Notes (2021) 14
(1):252. doi: 10.1186/s13104-021-05662-0

40. Ping PA, Zakaria R, Islam A, Yaacob LH, Muhamad R, Zahiruddin WM,
et al. Prevalence and risk factors of latent tuberculosis infection (LTBI) in patients
with type 2 diabetes mellitus (T2DM). Public Health (2021) 18:305. doi: 10.3390/
ijerph18010305

41. Kumar NP, Sridhar R, Banurekha VV, Jawahar MS, Fay MP, Nutman TB,
et al. Type 2 diabetes mellitus coincident with pulmonary tuberculosis is associated
with heightened systemic type 1, type 17, and other proinflammatory cytokines.
Ann. Am. Thorac. Soc (2013) 10(5):441-9. doi: 10.1513/AnnalsATS.201305-1120C

42. Kumar NP, George PJ, Kumaran P, Dolla CK, Nutman TB, Babu S.
Diminished systemic and antigen-specific type 1, type 17, and other
proinflammatory cytokines in diabetic and prediabetic individuals with latent
mycobacterium tuberculosis infection. J. Infect. Dis. (2014) 210(10):1670-8. doi:
10.1093/infdis/jiu329

43. Lopez-Lopez N, Martinez AGR, Garcia-Hernandez MH, Hernandez-Pando
R, Castafieda-Delgado JE, Lugo-Villarino G, et al. Type-2 diabetes alters the basal

frontiersin.org


http://www.who.int/about/licensing/%5Cnhttp://apps.who.int/iris/bitstream/10665/204871/1/9789241565257_eng.pdf
http://www.who.int/about/licensing/%5Cnhttp://apps.who.int/iris/bitstream/10665/204871/1/9789241565257_eng.pdf
https://doi.org/10.2522/ptj.20080020
https://doi.org/10.2522/ptj.20080008
https://doi.org/10.2522/ptj.20080008
https://doi.org/10.1016/j.jvs.2015.10.005
https://doi.org/10.1016/j.jvs.2015.10.005
https://doi.org/10.2174/1573399815666191024085838
https://doi.org/10.1016/j.immuni.2021.02.019
https://doi.org/10.1016/j.immuni.2021.02.019
http://apps.who.int/bookorders
https://doi.org/10.1038/nrmicro3230
https://doi.org/10.1128/CMR.00034-13
https://doi.org/10.1128/CMR.00034-13
https://doi.org/10.2337/diab.28.12.1039
https://censo2010.ibge.gov.br/
https://censo2010.ibge.gov.br/
http://www.abep.org/novo/Content.aspex?ContentID=301
https://doi.org/10.1371/journal.pmed.0050152
https://doi.org/10.1183/13993003.01245-2015
https://doi.org/10.1111/imm.12762
https://doi.org/10.1111/imm.12762
https://doi.org/10.5205/reuol.7901-80479-1-SP.1001sup201607
https://doi.org/10.1002/eji.201344301
http://www.who.int/tb/publications/ltbi_document_page/en/
https://doi.org/10.1016/S0140-6736(00)02742-2
https://doi.org/10.1016/S0140-6736(00)02742-2
https://doi.org/10.1371/journal.pone.0063936
https://doi.org/10.1371/journal.pone.0066412
https://doi.org/10.3109/00365548.2013.768354?scroll=top&needAccess=true
https://doi.org/10.3109/00365548.2013.768354?scroll=top&needAccess=true
https://doi.org/10.1371/journal.pone.0110104
https://doi.org/10.5217/ir.2014.12.1.12
https://doi.org/10.1371/journal.pone.0141511
https://doi.org/10.1186/s12879-014-0566-4
https://doi.org/10.1590/S0034-89102001000100012
https://doi.org/10.1590/S0034-89102001000100012
https://doi.org/10.1590/0102-311X00154916
https://doi.org/10.5588/ijtld.17.0329
https://doi.org/10.1093/fampra/cmx017
https://doi.org/10.1093/cid/ciw836
https://doi.org/10.5123/S1679-49742010000100005
https://doi.org/10.5123/S1679-49742010000100005
https://doi.org/10.1590/S1983-14472013000200013
https://doi.org/10.1590/S1983-14472013000200013
https://doi.org/10.1093/ije/dyp224
https://doi.org/10.1186/s13104-021-05662-0
https://doi.org/10.3390/ijerph18010305
https://doi.org/10.3390/ijerph18010305
https://doi.org/10.1513/AnnalsATS.201305-112OC
https://doi.org/10.1093/infdis/jiu329
https://doi.org/10.3389/fcdhc.2022.914574
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare
https://www.frontiersin.org

Torres et al. 10.3389/fcdhc.2022.914574

phenotype of human macrophages and diminishes their capacity to respond, 44. Martinez N, Cheng CY, Ketheesan N, Cullen A, Tang Y, Lum J, et al.
internalise, and control mycobacterium tuberculosis. Mem Inst Oswaldo Cruz. mTORC2/Akt activation in adipocytes is required for adipose tissue inflammation
(2018) 113(4):1-11. doi: 10.1590/0074-02760170326 in tuberculosis. EBioMedicine (2019) 45:314-27. doi: 10.1016/j.ebiom.2019.06.052

Frontiers in Clinical Diabetes and Healthcare 12 frontiersin.org


https://doi.org/10.1590/0074-02760170326
https://doi.org/10.1016/j.ebiom.2019.06.052
https://doi.org/10.3389/fcdhc.2022.914574
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare
https://www.frontiersin.org

	Screening of latent tuberculosis infection among patients with diabetes mellitus from a high-burden area in Brazil
	Introduction
	Methods
	Study design and participants
	Measures and definitions
	Questionnaire
	Statistical analysis

	Results
	Overview of the study population
	Prevalence of latent tuberculosis infection among study population
	Interferon-gamma-Mtb-specific plasma levels among diabetic patients

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


