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ABSTRACT
Objective: Correlate inflammatory mediators and biochemical parameters in patients with active pulmonary tubercu-
losis (TB) treated at a public hospital in São Luís, MA. Methods: This is a case-control study of patients with a positive 
diagnosis of active pulmonary TB. Serum samples from patients and the control group were collected for the clinical 
trials, and epidemiological data were collected through medical records and interviews. The control group consisted of 
healthy volunteers with no previous contact with TB cases, matched by age and sex to the clinical group. To measure 
inflammatory cytokines, we used the Human IL-6 ELISA Set and Human IFN-γ ELISA Set kits. Oxidative stress was 
measured by quantification of thiobarbituric acid reactive substances (TBARS) and nitric oxide (NO). In biochemistry, 
the levels of uric acid, anti-streptolysin “O” (AEO), alanine aminotransferase (ALT), amylase, aspartate aminotrans-
ferase (AST), calcium, total cholesterol, gamma-glutamyl transferase (Gamma GT), glucose, alkaline phosphatase, 
high-density lipoprotein (HDL), C-reactive protein (CRP) and triglycerides were measured. Results: The clinical group 
consisted of 53 patients. There was a substantial decrease in IFN-γ (p<0.0001) and a significant increase in IL-6 
(p<0.0001). TBARS production increased significantly (p= 0.0414). There was no significant difference in NO produc-
tion (p= 0.3194). In biochemistry, there was a significant increase in ALT (p= 0.0072), AST (p= 0.0016), Gamma GT 
(p= 0.0011), alkaline phosphatase (p<0.0001), CRP (p<0. .0001) and triglycerides (p= 0.0343), and a significant 
decrease in calcium (p<0.0001). A significant positive correlation was found between IL-6 and IFN-γ (p= 0.0448), as 
well as AST and ALT (p<0.0001); CRP and gamma GT (p<0.0001); Gamma GT and ALT (p= 0.0016); Gamma GT and 
AST (p=0.0004); triglycerides and cholesterol (p= 0.0002); alkaline phosphatase and gamma GT (p<0.0001); CRP 
and alkaline phosphatase (p<0.0001); triglycerides and calcium (p= 0.0121); cholesterol and calcium (p= 0.0261); 
glucose and cholesterol (p= 0.0373); and triglycerides and glucose (p= 0.0127) in biochemistry, with a significant 
negative correlation between glucose and uric acid (p= 0.0092); and CRP and HDL (p=0.0037). The correlation 
between inflammatory mediators and biochemical markers was positive between IL-6 and gamma GT (p= 0.0011); 
IL-6 and CRP (p<0.0001); IL-6 and alkaline phosphatase (p=0.0076); and NO and triglycerides (p= 0.0016), and 
significant negative correlation between IFN-γ and cholesterol (p= 0.0171) and TBARS and cholesterol (p= 0.0138). 
Conclusion: Immunosuppression of IFN-γ activity was observed. A correlation was found between IL-6 and inflam-
matory biochemical markers, indicating damage and injury caused by M. tuberculosis.
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INTRODUCTION

Tuberculosis (TB) is an infectious and con-
tagious disease that is the focus of concern for 
world health authorities. It is caused by bacte-
ria of the genus Mycobacterium spp., mainly My-
cobacterium tuberculosis, and, despite all the 
advances in terms of improvements in health 
systems and wide implementation of control 

programs, TB remains one of the greatest threats 
to public health1-2.

According to the World Health Organization 
(WHO), every year, about 10 million people are 
affected by TB, leading to approximately 1.6 mil-
lion deaths. A quarter of the world’s population 
is estimated to be infected with M. tuberculosis, 
and 5-15% of this estimate will develop active 
TB. In Brazil, in 2021, 88 thousand cases of TB 
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were reported, of which 29% were women and 
68% were men aged over 15 years. The incidence 
rate is 48 people per 100 thousand inhabitants, 
with mortality in 2.8 cases in 100 thousand in-
habitants. Universal health coverage and social 
protection for TB treatment in 2021 was 76% of 
cases2. In Maranhão, 2,885 cases were registered 
in the same period, with 1,364 notifications only 
in the capital São Luís3.

Belonging to a group called Mycobacterium 
tuberculosis Complex (MTBC), the mycobacteria 
that cause TB are bacteria of the Mycobacteriace-
ae family, non-spore-forming, aerobic, non-motile 
bacilli with a slightly curved shape, which presents 
ramifications in their complex cell wall of mycolic 
acids and makes it difficult to its permeability. This 
decrease in permeability characterizes these micro-
organisms as acid-alcohol resistant, identified by 
specific stainings, such as Ziehl-Neelsen since they 
cannot be classified according to Gram staining4.

The pathophysiology of human TB caused 
by MTBC, especially M. tuberculosis, is a complex 
interaction process between the host’s immune 
system and bacterial factors. The pathogenesis of 
M. tuberculosis derives from its ability to manipu-
late macrophages, granulomas, and host cell me-
tabolism, with evolutionary adaptations of trans-
missibility and evasion of the immune system5.

Pathogenesis begins with inhaling airborne 
infectious particles containing droplets of Myco-
bacterium sp. bacilli from an individual with ac-
tive TB. Once in the lung alveoli, mycobacteria 
are phagocytosed by phagocytes, which serve as 
a primary niche favorable for the multiplication of 
M. tuberculosis, which has immunoevasion mech-
anisms to resist the action of microbicidal agents 
produced in the phagolysosome, such as reactive 
oxygen species (ROS)6.

The innate and adaptive immune systems 
work together to contain and eliminate mycobac-
teria. In the innate response, different signaling 
pathways, such as the STING pathway (stimulator 
of IFN genes), induce the production of signaling 
interleukins from Natural Killer (NK) cells such 
as interleukin 12 (IL-12) and interleukin 23 (IL-
23). Activated NK cells produce interferon-gam-
ma (IFN-γ), which induces the superactivation of 
phagocytes for the killing of phagocytosed my-
cobacteria. In adaptive immunity, the cellular 

response mediated by T cells acts by inducing: a) 
bacterial killing by the secretion of IFN-γ by CD4+ 
T cells differentiated into Th1 effectors, under the 
influence of IL-12/IL-23, resulting in the activa-
tion of phagocytes; b) cell killing by cytotoxic T 
CD8+ cells, eliminating mycobacteria that escape 
phagocytic vesicle5-7.

Intracellular bacteria resistant to phago-
cytic killing can cause chronic and persistent ac-
tivation of macrophages and T cells, leading to 
tissue damage and the formation of granulomas 
surrounding the mycobacteria. This granuloma 
can contain the infection but can cause loss of 
function associated with tissue necrosis and fibro-
sis, clinical characteristics of TB. A failure in this 
containment system, mainly associated with im-
munosuppression, can cause the release of M. tu-
berculosis into the extracellular environment with 
primary activation/reactivation of TB8-9.

The high incidence, morbidity, and mortality 
rates portray the enormous impact of human TB 
infection. Thus, understanding the factors associ-
ated with the immune response against M. tuber-
culosis is essential for creating a patient profile 
and, consequently, developing control and treat-
ment strategies. Therefore, this study aimed to 
correlate inflammatory mediators and biochemi-
cal parameters in patients with active pulmonary 
TB treated at a public hospital in São Luís, MA.

METHODS

Study population and data collection

This case-control study collects clinical 
samples from patients with a positive diagnosis 
of active pulmonary TB. The sampling was for 
convenience, collected at a referral hospital for 
the diagnosis of TB in São Luís, MA, from January 
2021 to August 2022, upon approval and signing 
of the free informed consent form by the volun-
teers (CEP No. 4.657.164).

Clinical-epidemiological data were collect-
ed through interviews and patients’ medical re-
cords. The variables analyzed to characterize the 
clinical group were sex, age, the form of diag-
nosis, signs, and symptoms, previous vaccina-
tion with BCG vaccine (Bacillus Calmette-Guérin), 
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comorbidities, co-infection with the human immu-
nodeficiency virus (HIV), alcoholism, smoking, in 
addition to of weight and height to stipulate the 
body mass index (BMI). For serum assessments, 
serum samples were collected.

As inclusion criteria, patients diagnosed 
with active pulmonary TB, who had not yet start-
ed treatment, with characteristic symptoms, sug-
gestive chest X-ray, positive bacilloscopy, and/
or rapid molecular test for TB (TRM-TB) were se-
lected. Patients under treatment with incomplete 
clinical-epidemiological data, who did not allow 
the collection of serum samples for analysis and/
or refused to sign the free informed consent form, 
were excluded.

For the formation of the control group, 
healthy volunteers were recruited if they had 
no previous contact with TB cases, without any 
clinical manifestation, in addition to meeting the 
criteria of age and sex-matched to the clinical 
group. Volunteers who used immunosuppressants 
or pregnant women were excluded.

Serum processing of clinical samples 
and control group

The blood samples were collected from pa-
tients and healthy volunteers in vacuum blood 
collection tubes without anticoagulant and with 
separator gel VACUETTE® (Greiner Bio-one, 
Kremsmuster, Austria). The material was sent to 
the Laboratory of Microbial Pathogenicity at CE-
UMA University. The tubes with the coagulated 
samples were centrifuged at 1,500 rpm for 10 
minutes to separate the serum. Aliquots of ap-
proximately 500 µL were prepared in microtubes 
(KASVI, PR, Brazil) and stored at -80 ºC for con-
servation and future analysis.

Analysis of serum levels of inflamma-
tory cytokines (IFN-γ and IL-6)

To measure serum levels of inflammatory 
cytokines, the Human IFN-γ ELISA Set and Hu-
man IL-6 ELISA Set kits (BD Biosciences, Ox-
ford, UK) were used, following the manufactur-
er’s protocols.

Analysis of markers for oxidative stress

Quantification of thiobarbituric acid reactive 
species – TBARS

For the assessment of TBARS, the method-
ology by Chaves et al.10 was used, with modifi-
cations. In microtubes of 2 mL (KASVI, PR, Bra-
zil), 50 µL of serum from the clinical or control 
group, 500 µl of thiobarbituric acid 1% (v/v), 5 
µl of sodium hydroxide 10 M (w/v), and 250 µl of 
phosphoric acid 20% (v/v) were added. The solu-
tions were incubated in a boiling water bath for 15 
minutes. After this period, the tubes were cooled 
to room temperature. 1 mL of absolute butyl al-
cohol was added, and the tubes were vortexed 
for 1 minute. Samples were centrifuged at 1,500 
rpm for 15 to 20 minutes. Finally, 200 µL of the 
supernatant was removed and added to a 96-well 
microplate (KASVI, PR, Brazil) and read in a spec-
trophotometer at 535 nm. To measure the TBARS 
concentration value, the methodology according 
to Buege and Aust11 was used, with an extinction 
coefficient (molar absorptivity) of 1.53 mM-1cm-1.

Quantification of nitric oxide (NO)
For the NO assessment, the methodology 

by Griess12 and Wang et al.13 was used with mod-
ifications. The Griess reagent was used, prepared 
in equal parts of 1% sulfanilamide (reagent A) 
(w/v) and 0.1% N-1-naphthyl-ethylenediamine 
(reagent B) (w/v), diluted in acid 2.5% phosphor-
ic (v/v). In a 96-well plate (KASVI, PR, Brazil), 50 
µL of clinical and control group serum and 50 µL 
of Griess reagent were added. The standard curve 
was created from the microdilution (1:2) of 1 nM/
mL sodium nitrite. The microplate was left to rest 
for 15 minutes in a dark environment. After rest-
ing, the result was read in a spectrophotometer 
at 535 nm.

Analysis of biochemical markers

The programmed automatic analyzer LAB-
MAX Plenno (Labtest, MG, Brazil) was used to 
evaluate all biochemical markers. Serum levels 
of uric acid, anti-streptolysin-O (AEO), alanine 
aminotransferase (ALT), amylase, aspartate ami-
notransferase (AST), calcium, total cholester-
ol, gamma-glutamyl transferase (Gamma GT), 
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glucose, alkaline phosphatase, high-density lipo-
protein (HDL), C-reactive protein (CRP) and tri-
glycerides were measured. The protocol followed 
the manufacturer’s recommendations.

Statistical analysis

The GraphPad Prism 8 software (San Di-
ego, CA, USA) was used for statistical analysis. 
The characterization of the standard curve and 
concentration of parameters was performed using 
linear regression. A comparison of study markers 
between the case group and the control group was 
performed using Student’s t-test. The analysis of 
the correlation between the evaluated parame-
ters was performed using the Pearson correlation 
r, classified as positive (r > 0), negative (r < 0), 
or null (r = 0), in addition to weak (0 < r ≤ 0 .39), 
moderate (0.4 ≤ r ≤ 0.69) and strong (r ≥ 0.7), 
following the classification proposed by Baba, Vaz 
and da Costa14, with adaptations. The result was 
considered statistically significant when p<0.05.

RESULTS

Clinical-epidemiological aspects of the 
study group

The clinical study group consisted of 53 pa-
tients, 40 male (75.47%), and 13 female (24.53%), 
with a mean age of 37±13.36 years. The most com-
mon diagnostic test was imaging, performed by 51 
patients (96.23%). The main symptoms presented 
were cough [47 cases (88.68%)], weight loss [46 
cases (86.79%)], and fever [42 cases (79.25%)]. Re-
garding the BCG vaccine, 45 patients (84.91%) had a 
positive sign for previous vaccination (Table 1).

Addressing the risk factors of the pa-
tients treated, 12 people had some comorbidity 
(22.64%), with diabetes mellitus being the most 
reported [9 cases (16.98%)]. None of the ana-
lyzed patients tested positive for HIV co-infection. 
It was that written 24 patients (45.28%) declared 
themselves alcoholics (active and frequent con-
sumption of alcoholic beverages), while 18 pa-
tients (33.96%) reported the habit of smoking. 

Regarding BMI, an average of 20.42±3.54 kg/m² 
was found, with the majority being classified as 
having normal weight [34 cases (64.15%)], while 
13 cases were underweighted (24 .53%) and 6 
cases were overweight (11.32%) (Table 1).

Analysis of serum levels of inflamma-
tory cytokines (IFN-γ and IL-6)

Regarding the levels of inflammatory medi-
ators in the clinical group, when compared to the 
control group, there was a significant decrease 
(p<0.0001) in the production of the cytokine 
IFN-γ (Figure 1A). In contrast, the production of 
IL-6 increased significantly (p<0.0001) compared 
to healthy volunteers (Figure 1B).

Analysis of markers for oxidative stress

When analyzing the quantification of TBARS 
production, a significant increase in oxidative stress 
was observed in patients with active TB compared 
to the control group (p= 0.0414) (Figure 2A). How-
ever, when evaluated using the NO quantification 
method, there was no significant difference be-
tween groups (p= 0.3194) (Figure 2B).

Analysis of biochemical markers

When biochemical parameters were evaluated 
and compared to the control group (Figure 3), the 
markers that showed a significant increase in pro-
duction were ALT (p= 0.0072) (Figure 3C), AST (p= 
0.0016) (Figure 3E), gamma GT (p= 0.0011) (Fig-
ure 3H), alkaline phosphatase (p<0.0001) (Figure 
3J), CRP (p<0.0001) (Figure 3L) and triglycerides 
(p= 0.0343) (Figure 3M). Furthermore, a significant 
decrease (p<0.0001) in serum calcium levels was 
observed in the clinical group (Figure 3F).

Correlation between the different groups 
of parameters analyzed

Correlation analysis allows checking the 
degree of linear statistical dependence between 
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Variables n % Mean±SD
Sex

Male 40 75,47
Female 13 24,53

Age 37±13,36
18-25 11 20,75
26-33 13 24,53
34-41 9 16,98
42-49 8 15,09
≥50 12 22,64

Form of diagnosis
Imaging exam 51 96,23
Baciloscopy 29 54,72
TRM-TB 24 45,28
Culture 1 1,89

Signs and symptoms
Cough 47 88,68
Weight loss 46 86,79
Fever 42 79,25
Weakness 29 54,72
Loss of appetite 27 50,94
Malaise 23 43,40
Inappetence 13 24,53
Hemoptysis 12 22,64
Allergy 2 3,77

BCG vaccination
Vaccinated 45 84,91
Not vaccinated 8 15,09

Comorbidities
With comorbidity 12 22,64

Diabetes mellitus 9 16,98
COPD 1 1,89
Hypertension 1 1,89
Colitis 1 1,89
Rhinitis 1 1,89
Gastritis 1 1,89

No comorbidity 41 77,36
HIV

Negative 53 100
Positive - -

Alcoholism
Yes 24 45,28
No 29 54,72

Smoking
Yes 18 33,96
No 35 66,04

BMI (kg/m²) 20,42±3,54
Normal weight 34 64,15
Underweight 13 24,53
Overweight 6 11,32

Table 1
Clinical and epidemiological aspects of patients with active pulmonary tuberculosis treated at a public hospital, 
São Luís, Maranhão, Brazil (2022).

Legend - TB: Tuberculosis; n: Absolute count; %: Percent count; BCG: Bacillus Calmette-Guérin; SD: Standard Deviation; TRM-TB: 
Rapid molecular test for tuberculosis; COPD: Chronic Obstructive Pulmonary Disease.
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different variables, that is, the affinity between 
different types of parameters. Inflammatory, bio-
chemical, and oxidative stress mediators were 
contrasted to assess this correlation of parame-
ters in the clinical group, with the results shown 
below in Figure 4.

When analyzing the correlation between cy-
tokine measurements, a weak positive correlation 
(r= 0.2767) is observed between IL-6 and IFN-γ, 
that is, the increase in IL-6 production may be 
related to the increase of IFN-γ production, being 
directly proportional, even though it is a weak but 
significant relationship (p= 0.0448).

Regarding the biochemical parameters, it 
is estimated that the correlation can be observed 
in a strong positive way between AST and ALT 
(r= 0.7608; p<0.0001); and CRP and gamma GT 
(r=0.7029; p<0.0001). The moderate positive cor-
relations were: gamma GT and ALT (r= 0.4232, 
p= 0.0016); gamma GT and AST (r= 0.4698, p= 
0.0004); triglycerides and cholesterol (r= 0.4838; 
p= 0.0002); alkaline phosphatase and gamma GT 
(r= 0.6737; p<0.0001); and CPR and alkaline phos-
phatase (r=0.5578, p<0.0001). Of the weak positive 
correlations, the significant ones were: triglycerides 
and calcium (r= 0.3422, p= 0.0121); cholesterol and 

Figure 1: Analysis of inflammatory cytokines in patients with active pulmonary TB treated at a public hospital, São Luís, Mara-
nhão, Brazil (2022). A - Comparison of IFN-γ serum levels between the active TB group and the control group (*p<0.0001); B - 
Comparison of IL-6 serum levels between the active TB group and the control group (*p<0.0001). Analysis performed using the 
Student’s t-test. IFN-γ: Interferon gamma; IL-6: Interleukin 6; TB: Tuberculosis; *: Significance (p<0.05).
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calcium (r= 0.3055; p= 0.0261); glucose and choles-
terol (r= 0.2868; p= 0.0373); and triglycerides and 
glucose (r= 0.3402; p= 0.0127). Regarding weak 
negative correlations, the following was detected: 
glucose and uric acid (r= -0.3543; p= 0.0092); and 
CRP and HDL (r= -0.3918; p= 0.0037).

Exposing the correlation between inflamma-
tory mediators and biochemical markers evaluat-
ed, different results are found. Serum IL-6 levels 
demonstrate a significant moderate positive cor-
relation with GT gamma (r= 0.4373; p= 0.0011) 
and CRP (r= 0.6893; p<0.0001), in addition of 

Figure 3: Analysis of biochemical markers of patients with active pulmonary TB treated at a public hospital, São Luís, Mara-
nhão, Brazil (2022). A - Comparison of uric acid serum levels between the active TB group and the control group (p= 0.1382); 
B - Comparison of AEO serum levels between the active TB group and the control group (p= 0.1438); C - Comparison of 
ALT serum levels between the active TB group and the control group (*p= 0.0072); D - Comparison of amylase serum levels 
between the active TB group and the control group (p= 0.3542); E - Comparison of AST serum levels between the active TB 
group and the control group (*p= 0.0016); F - Comparison of calcium serum levels between the active TB group and the control 
group (*p<0.0001); G - Comparison of cholesterol serum levels between the active TB group and the control group (p= 0.5326); 
H - Comparison of GT gamma serum levels between the active TB group and the control group (*p= 0.0011); I - Comparison of 
glucose serum levels between the active TB group and the control group (p= 0.0761); J - Comparison of alkaline phosphatase 
serum levels between the active TB group and the control group (*p<0.0001); K - Comparison of HDL serum levels between 
the active TB group and the control group (p= 0.1057); L - Comparison of CRP serum levels between the active TB group and 
the control group (p<0.0001); M - Comparison of triglyceride serum levels between the active TB group and the control group 
(*p= 0.0343). Analysis performed using the Student’s t-test. TB: Tuberculosis; AEO: Anti-streptolysin-O; ALT: Alanine amino-
transferase; AST: Aspartate aminotransferase; Gamma GT: Gamma glutamyl transferase; HDL: High Density Lipoprotein; CRP: 
C-reactive protein; *: Significance (p<0.05).
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between the active TB group and the control group (p= 0.0761); J - Comparison of alkaline phosphatase serum levels between 
the active TB group and the control group (*p<0.0001); K - Comparison of HDL serum levels between the active TB group and the 
control group (p= 0.1057); L - Comparison of CRP serum levels between the active TB group and the control group (p<0.0001); M 
- Comparison of triglyceride serum levels between the active TB group and the control group (*p= 0.0343). Analysis performed 
using the Student’s t-test. TB: Tuberculosis; AEO: Anti-streptolysin-O; ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase; Gamma GT: Gamma glutamyl transferase; HDL: High Density Lipoprotein; CRP: C-reactive protein; *: 
Significance (p<0.05). 
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Figure 4: Analysis of the correlation between inflammatory mediators and biochemical markers in the group of patients 
with active pulmonary TB treated at a public hospital, São Luís, Maranhão, Brazil (2022). IL-6 and IFN-γ: weak positi-
ve (r= 0.2767; *p= 0.0448); TBARS and NO: weak negative (r= -0.0873; p= 0.5426); IL-6 and TBARS: weak negative 
(r= -0.2228; p= 0.1161); IFN-γ and TBARS: weak positive (r= 0.1378; p= 0.3350); IL-6 and NO: weak negative (r= 
-0.1533; p= 0.2730); IFN-γ and NO: weak negative (r= -0.2502; p= 0.0708); AST and ALT: strong positive (r= 0.7608; 
*p<0.0001); CRP and Gamma GT: strong positive (r= 0.7029; *p<0.0001); Gamma GT and ALT: moderate positive (r= 
0.4232, *p= 0.0016); Gamma GT and AST: moderate positive (r= 0.4698, *p= 0.0004); Triglycerides and cholesterol: 
moderately positive (r= 0.4838; *p= 0.0002); Alkaline phosphatase and Gamma GT: moderate positive (r= 0.6737; 
*p<0.0001); CRP and alkaline phosphatase: moderate positive (r= 0.5578; *p<0.0001); Triglycerides and calcium: weak 
positive (r= 0.3422; *p= 0.0121); Cholesterol and calcium: weak positive (r= 0.3055; *p= 0.0261); Glucose and choles-
terol: weak positive (r= 0.2868; *p= 0.0373); Triglycerides and glucose: weak positive (r= 0.3402; *p= 0.0127); Glucose 
and uric acid: weak negative (r= -0.3543; *p= 0.0092); CRP and HDL: weak negative (r= -0.3918; *p= 0.0037); IL-6 and 
Gamma GT: moderate positive (r= 0.4373; *p= 0.0011); IL-6 and CRP: moderately positive (r= 0.6893; *p<0.0001); IL-6 
and alkaline phosphatase: weak positive (r= 0.3629; *p= 0.0076); IFN-γ and cholesterol: weak negative (r= -0.3262; *p= 
0.0171); TBARS and cholesterol: weak negative (r= -0.3427; *p= 0.0138); NO and triglycerides: moderately positive (r= 
0.4239; *p= 0.0016). Analysis performed using the Pearson Correlation r. IL-6: Interleukin 6; IFN-γ: Interferon-gamma; 
TBARS: Thiobarbituric acid reactive substances; NO: Nitric Oxide; AEO: Anti-streptolysin-O; ALT: Alanine aminotrans-
ferase; AST: Aspartate aminotransferase; Gamma GT: Gamma glutamyl transferase; HDL: High Density Lipoprotein; 
CRP: C-Reactive Protein; *: significance (p<0.05). 
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a significant weak positive correlation with alka-
line phosphatase (r= 0.3629; p= 0.0076).. Mean-
while, serum IFN-γ levels showed a weakly signif-
icant negative correlation with cholesterol levels 
(r= -0.3262; p= 0.0171), with no further inflam-
matory associations.

A non-significant weak negative relation-
ship (r= -0.0873, p= 0.5426) between TBARS 
production and NO levels was observed when 
evaluating the correlation between oxidative 
stress markers. Contrasting with biochemical me-
diators, a significant weak negative correlation 
was found between TBARS and cholesterol levels 
(r= -0.3427; p= 0.0138). Compared to NO levels, 
only triglyceride serum levels showed a moder-
ately significant positive correlation (r= 0.4239; 
p= 0.0016).

Evaluating a correlation between inflamma-
tory mediators and markers of oxidative stress, 
no significant correlation was observed between 
IL-6 and TBARS quantification (r= -0.2228; p= 
0.1161), being classified as weak negative, where-
as, contrasted with IFN-γ, showed a non-signifi-
cant weak positive correlation (r= 0.1378; p= 
0.3350). The same non-significant weak nega-
tive correlation was found between IL-6 and NO 
(r= -0.1533; p= 0.2730) and IFN-γ and NO (r= 
-0.2502; p= 0.0708).

DISCUSSION

The IFN-γ and interleukin 6 (IL-6) are ex-
amples of cytokines active during establishing the 
immune response against TB. The IFN-γ, belong-
ing to the type II interferon class, is one of the 
mediators of macrophage activation for the bacte-
rial killing of phagocytosed mycobacteria and the 
fight against intracellular infections. Meanwhile, 
IL-6 is an essential acute-phase immune inducer, 
produced by tissue stimuli in response to damage 
or stress, such as irradiation, ROS, infections, and 
other pro-inflammatory cytokines7.

During the bacterial killing process, cyto-
kines, especially IFN-γ, induce increased produc-
tion of ROS by phagocytes, such as NO, for mi-
crobicidal activity within the phagolysosome and 
consequent inhibition of respiration and growth of 
M. tuberculosis. This increase in the production of 

free radicals, if uncontrolled, favors cellular dam-
age both in the mycobacteria and the host cell 
through different processes of oxidative stress, 
promoting tissue injury, inflammation, increased 
intracellular calcium ions, and lipid peroxidation 
of the membranes, which can be measured by 
quantification of TBARS15-18.

By understanding this cycle of cytokine pro-
duction and the promotion of oxidative stress, it 
is possible to evaluate the results of this study on 
the expression of each marker in patients with ac-
tive pulmonary TB, in addition to the correlation 
between them.

The patients evaluated with active pulmo-
nary TB had low production of IFN-γ and high 
production of IL-6, with a weak positive correla-
tion between these cytokines. Furthermore, the 
results on oxidative stress were divergent: there 
was an increase in the estimated quantification 
of TBARS, indicating lipid peroxidation of mem-
branes, while NO levels remained at the baseline 
level, contradicting the expected increase during 
infection by mycobacteria. 

No significant correlations were observed 
between the measurement of cytokines and oxi-
dative stress as an effect of the low level of IFN-γ 
production, the main cytokine active in the in-
duction of ROS production. These results may 
be associated with immunosuppression of the 
IFN-γ-mediated response, an essential factor for 
establishing TB in its active form.

It has already been reported that IFN-γ 
plasma levels are higher in patients with advanced 
TB, with a higher intracellular bacterial load and 
recurrent macrophage activation, and that they 
decrease after starting treatment. Furthermore, 
a high burden of IFN-γ is associated with an in-
creased risk of progression to active TB due to the 
exacerbated inflammatory process. A failure in 
mediation by this cytokine may favor resistance 
to infection by M. tuberculosis19-20.

Studies indicate that the susceptibility to 
the development of TB in its active form is linked 
to genetic predisposition. Mendelian susceptibility 
to mycobacterial disease (MSMD) is a rare immu-
nodeficiency of the response mediated by IFN-γ 
or complementary factors, leading to increased 
susceptibility to infections caused by mycobac-
teria with different degrees of virulence – from 
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non-tuberculous mycobacteria (BCG, for exam-
ple) to the classic tuberculosis agent, M. tuber-
culosis. MSMD patients may be predisposed to 
infections by other intracellular agents such as 
Salmonella spp. and virus20-21.

The severity of the disease and the onset of 
clinical signs depend on the degree of impairment 
in the IFN-γ pathway, which can be classified as 
complete when the patient has disseminated in-
fections in early childhood; or partial, when only 
mild to moderate infections may occur in adoles-
cence or adulthood22.

Of the nine genetic factors already associ-
ated with MSMD, seven are autosomal hereditary, 
in the genes for IFN-γ receptor chain 1 (IFNGR1), 
IFN-γ receptor chain 2 (IFNGR2), signal transduc-
ers and transcription activation 1 (STAT1), p40 
subunit common to IL-12 and IL-23 (IL12B), β1 
chain common to IL-12 and IL-23 receptors (IL-
12RB1), IFN-γ inducing molecule in synergism 
with IL -12 (ISG15), and IFN-γ-inducible tran-
scription factor (IRF8). The other two mutations 
are linked to the X chromosome, being in the nu-
clear factor kappa B (NEMO) and cytochrome B 
(CYBB) modulator gene20,23.

In addition to predisposition, the patho-
physiology of M. tuberculosis is mainly character-
ized by immunosuppression of the IFN-γ response 
based on the genetic factors of MSMD5. There is 
evidence that M. tuberculosis can hinder the re-
sponse of macrophages to IFN-γ by increasing the 
secretion of IL-6 by infected macrophages, which 
inhibits the expression of a subset of IFN-γ-re-
sponsive genes, at the transcriptional level, with-
out inhibiting activation or function of STAT1. The 
IL-6 is a cytokine responsible for suppressing the 
Th1 response, which IFN-γ is associated with. 
This process results in the inability of the immune 
system to eradicate the infection24-25.

Thus, it is possible to notice several mech-
anisms linked directly or indirectly to the activi-
ty of IFN-γ, such as the production of NO, which 
can hinder the immune response against intracel-
lular bacteria, favoring immunosuppression and 
corroborating the low expression of IFN-γ by pa-
tients of the study.

Furthermore, this study aims to evalu-
ate the correlation between these inflammatory 
markers and the biochemical markers of patients 

with active pulmonary TB. A positive correlation 
was found between IL-6 levels and inflammato-
ry biochemical markers, particularly gamma GT, 
CRP, and alkaline phosphatase. IFN-γ immuno-
suppression did not allow a correlation of this 
cytokine with biochemical markers of interest for 
the research.

In the literature, few studies assess the 
correlation of immunological and biochemical 
markers in patients with TB. In vitro studies in-
dicate that mononuclear phagocytes potentiate 
IL-6 secretion in the face of M. tuberculosis in-
fection and its virulence components. This in-
crease in the pro-inflammatory cytokine direct-
ly influences many inflammatory biochemical 
markers, especially those in the acute phase of 
the liver, such as CRP, gamma GT, and alkaline 
phosphatase26-27.

It was possible to observe that the group of 
patients with active pulmonary TB showed signif-
icant alterations in inflammatory markers, in the 
case of ALT, AST, gamma GT, alkaline phospha-
tase, and, mainly, CRP, in addition to significant 
alterations of a nutritional nature, demonstrated 
by the increase in the triglycerides level and de-
crease in calcium level.

It is common for tuberculous inflammation 
to cause biochemical changes in biological flu-
ids, and it is expected that the immune response 
would trigger an increase in biochemical markers 
of inflammation, such as CRP. Alteration in liver 
markers may show pre-existing pathologies, even 
considering the possibility of having alcoholic and 
smoking habits by the patients treated28-29.

Hepatotoxicity alters important biochemi-
cal indicators before an injury, such as ALT, AST, 
gamma GT, and alkaline phosphatase, indicating 
various clinical effects and directly reflecting on 
patient adherence to drug treatment and its side 
effects. Many studies have evaluated the hepa-
totoxic effects of available therapies for TB, such 
as isoniazid, rifampicin, and pyrazinamide. How-
ever, few perform this assessment in patients 
before treatment and generally do not show sig-
nificant changes30-31.

The serum CRP level is a marker for sever-
al inflammatory diseases, such as active TB. The 
increase in this index in this study can be asso-
ciated with the condition of the pathophysiology 
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of Mycobacterium spp., together with the action 
of the immune system to fight the infection5. 
High CRP concentrations can be associated with 
the severity of TB and poor prognosis, especially 
among patients who have cavitation compared to 
patients who do not32.

In addition, TB is a disease mainly affect-
ing underprivileged individuals, often without ac-
cess to basic health and good nutrition. It was 
also noted that several patients treated in this 
study had symptoms of loss of appetite and, con-
sequently, weight loss because of the infection. 
Therefore, it is necessary to observe that these 
aspects influence biochemical parameters directly 
or indirectly linked to the nutritional status of pa-
tients with active pulmonary TB33.

The lipid profile is related to the metabo-
lism of lipoproteins, which can be evaluated in the 
laboratory by measuring total serum cholesterol, 
HDL, low-density lipoprotein (LDL), very low-den-
sity lipoprotein (VLDL), and triglycerides34. Some 
evaluations do not indicate significant differences 
in the levels of these parameters in patients with 
active TB, while other studies show low concen-
trations, associating them with nutritional defi-
ciencies35-36. It is suggested that this deficiency 
may be related to the severity of the disease and 
the promotion of immunosuppression of the im-
mune system37.

Calcium is a mineral that performs sev-
eral functions in the body as a component of 
bone formation, transmission of nerve impuls-
es, muscle contraction, and blood clotting re-
actions, among others38. Abnormalities involv-
ing calcium levels have already been reported 
in several studies associated with TB, including 
hypocalcemia, considered a predisposing cause 
of the disease with a significant decrease in its 
concentration33, corroborating the results found 
in this study.

This decrease in calcium levels can be 
caused by factors such as nutritional deficien-
cy and the malabsorption associated with TB. 
Studies also indicate that hypocalcemia can be 
attributed to impaired intestinal absorption or 
poor intake due to eating disorders, in addition 
to decreased albumin serum levels or active 
vitamin D metabolites, which are essential for 
calcium absorption39-40.

Because of the results of the biochemical 
analysis and the correlation with the inflammato-
ry markers, it is highlighted how the immunosup-
pression of the response by IFN-γ and, mainly, 
the increase in the production of IL-6 interfere 
with different factors, which can exacerbate the 
inflammatory process and favor the infection.

The need to monitor these parameters be-
fore, during, and after the establishment of ther-
apy to know the inflammatory profile of patients, 
together with all the associated factors, allows 
for a more specific targeting of treatment, better 
guidance for patients, and a reduction in evasion 
of them to therapy.

FINAL CONSIDERATIONS

When evaluating the inflammation mark-
ers, a low expression of IFN-γ was observed. At 
the same time, there was an increase in the pro-
duction of IL-6, indicating a process of immuno-
suppression with possible genetic susceptibility of 
patients treated in the public health network of 
the city of São Luís. Thus, NO levels, essential 
for combating mycobacteria, were also low due to 
IFN-γ suppression. Even so, lipid peroxidation of 
cell membranes by TBARS levels was observed. 
The alteration of biochemical markers, especially 
those of inflammation and liver damage, allows 
knowing the inflammatory profile of patients be-
fore starting treatment and, thus, directing more 
specific therapies that aim to avoid the evasion of 
patients due to the adverse effects of medication 
throughout the treatment.

The correlation between these factors 
points to the simultaneous activity of inflam-
matory markers and biochemical markers to 
damage and injury stimuli caused by M. tuber-
culosis, although not very evident due to the 
immunosuppression of the main response by 
IFN-γ. The relatively small sample size of the 
case-control study, as they are convenience 
samples, limits the discussion on the correlation 
between inflammatory and biochemical mark-
ers. However, the results found in this study 
serve as a basis for further evaluation and de-
velopment of control and treatment strategies 
for these patients.
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