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Abstract 

Background:  Leprosy is a chronic infectious disease classified into two subgroups for therapeutic purposes: pauci‑
bacillary (PB) and multibacillary (MB), closely related to the host immune responses. In this context it is noteworthy 
looking for immunological biomarkers applicable as complementary diagnostic tools as well as a laboratorial strategy 
to follow-up leprosy household contacts.

Methods:  The cross-sectional study enrolled 49 participants, including 19 patients and 30 healthy controls. Periph‑
eral blood mononuclear cells (PBMC) were isolated and incubated in the presence of Mycobacterium leprae bacilli. 
The cells were prepared for surface (CD4+ and CD8+) and intracytoplasmic cytokine staining (IFN-γ, IL-4 and IL-10). 
Multiple comparisons amongst groups were carried out by ANOVA, Kruskal–Wallis, Student T or Mann–Whitney test. 
Comparative analysis of categorical variables was performed by Chi-square. Functional biomarker signature analysis 
was conducted using the global median values for each biomarker index as the cut-off edge to identify the propor‑
tion of subjects with high biomarker levels.

Results:  The cytokine signature analysis demonstrated that leprosy patients presented a polyfunctional profile of 
T-cells subsets, with increased frequency of IFN-γ+ T-cell subsets along with IL-10+ and IL-4+ from CD4+ T-cells, as 
compared to health Controls (Venn diagram report). Moreover, statistical analysis was carried out using parametric 
or non-parametric variance analysis followed by pairwise multiple comparisons, according to the data normality 
distribution. L(PB) displayed a polyfunctional profile characterized by enhanced percentage of IFN-γ+, IL-10+ and IL-4+ 
produced by most T-cell subsets, as compared to L(MB) that presented a more restricted cytokine functional profile 
mediated by IL-10+ and IL-4+ T-cells with minor contribution of IFN-γ produced by CD4+ T-cells. Noteworthy was that 
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Background
Leprosy is a chronic infectious disease caused by Myco-
bacterium leprae or Mycobacterium lepromatosis, that 
represents a serious public health problem with more 
than 200 000 cases reported worldwide [1, 2]. The disease 
is characterized by skin and peripheral nerves lesions 
leading to a broad range of clinical manifestations. Lep-
rosy patients can be classified based on the number of 
skin lesions as paucibacillary (PB) or multibacillary (MB) 
[3, 4].

The early diagnosis and prompt initiation of treatment 
are key strategies for leprosy control. Currently the diag-
nosis of leprosy is achieved essentially by clinical evalua-
tion. Laboratorial methods may also be used to support 
leprosy diagnosis. However, in general, the laboratorial 
test displays low sensitivity or low specificity and some 
methods are difficult to be used outside reference ser-
vices [5]. To improve leprosy diagnosis performance, it 
is still necessary to develop and integrate sensitive and 
specific approaches [6, 7]. In this sense, the search of 
complementary laboratorial biomarkers is relevant to 
identify novel targets for leprosy diagnosis. Besides that, 
the development of diagnostic tools to detect putative 
subclinical leprosy in household contacts is also crucial 
to control the transmission of M. leprae. It has been pro-
posed that leprosy patients and household contacts share 
similar profiles of several immunological biomarkers [7] 
and therefore, the frequency and the size of the daily 
antigenic exposure may play an important role in the 
development of leprosy.

The analysis of risk factors have demonstrated that ele-
vated bacillary load in the index case is a relevant vari-
able associated with the development of leprosy amongst 
the household contacts [8] Besides that, the host immune 
response may contribute to the clinical outcome of lep-
rosy [4]. It has been demonstrated that M. leprae anti-
gens can discriminate contacts and leprosy patients from 
healthy controls, especially when the controls come from 
an area non-endemic for leprosy [3, 9]. There are sev-
eral immunological events that seem to influence the 
outcome of leprosy, including mechanisms mediated 

by CD8+ and CD4+ T-cells [10, 11]. Evaluation of the 
cell-mediated immune response based on dichotomic 
cytokine profiles of T-cell subsets has been used to dis-
criminate leprosy clinical presentation [11]. Moreover, it 
has been proposed that the degree of activation of CD4+ 
and CD8+ T-lymphocytes can also allow the discrimina-
tion between leprosy patients and their household con-
tacts [7].

Strategies based on biomarkers have been extensively 
studied in recent years. The main goal of the present 
study was to characterize the global cytokine signatures 
of CD4+ and CD8+ T-cells from leprosy patients with 
distinct clinical forms and their respective household 
contacts (HHC) upon in vitro antigen-specific stimuli.

The panoramic cytokine profiles may offer additional 
insights into the immunological events that are relevant 
for future clinical studies and patient management.

Methods
Subjects, material and methods
Ethics statement
This study was approved by the Ethics Committee of the 
Vale do Rio Doce University (UNIVALE), filed under 
N˚ PQ 022/09-009. All participants signed a free and 
informed consent (IC) at the first evaluation. Parents/
guardians provided consent on behalf of participants 
who were minors.

Study design and participants
The cross-sectional study was carried out in Governa-
dor Valadares, eastern of Minas Gerais State, Brazil, 
that is considered a hyper endemic area for leprosy with 
approximately 1.9 cases/10 000 inhabitants compared 
to Minas Gerais (0.5/10 000) and Brazil (1.2/10 000) [1]. 
The study enrolled 49 participants of both genders (from 
11 to 77 years old), including 19 patients (12 males and 
7 females, median age = 37  years old, ranging from 11 
to 77  years old) and 30 healthy controls, including nine 
healthy non-house hold and 21 house-hold contacts (15 
males and 15 females, median age = 32  years old, rang-
ing from 13 to 58 years old). According to the Brazilian 

HHC(MB) exhibited enhanced frequency of IFN-γ+ T-cells, contrasting with HHC(PB) that presented a cytokine profile 
limited to IL-10 and IL-4.

Conclusions:  Our data demonstrated that L(PB) displayed enhanced percentage of IFN-γ+, IL-10+ and IL-4+ as 
compared to L(MB) that presented functional profile mediated by IL-10+ and IL-4+ T-cells and HHC(MB) exhibited 
enhanced frequency of IFN-γ+ T-cells, contrasting with HHC(PB). Together, our findings provide additional immu‑
nological features associated with leprosy and household contacts. These data provide evidence that biomarkers 
of immune response can be useful complementary diagnostic/prognostic tools as well as insights that household 
contacts should be monitored to access putative subclinical infection.

Keywords:  Leprosy, Mycobacterium leprae, Cytokines, Household contacts
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Guidelines [12], the patients were further categorized 
into two subgroups referred as: L(PB), (n = 9)—patients 
with tuberculoid-tuberculoid (n = 8); borderline-tubercu-
loid clinical form (n = 1), including 5 males and 4 females, 
median age = 31  years old, ranging from 11 to 64  years 
old; and L(MB), (n = 10)—patients presenting borderline-
borderline (n = 3); borderline-lepromatous (n = 2); lepro-
matous-lepromatous clinical forms (n = 5), including 7 
males and 3 females, median age = 42 years old, ranging 
from 21 to 77 years old. The group of household contacts 
(HHC) comprised individuals who lives or has lived with 
a leprosy patient. The HHC group was further catego-
rized into two subgroups as they were exposed to L(PB) 
or L(MB) patients, and referred as: HHC(PB), (n = 11), 
including 4 males and 7 females, median age = 32  years 
old, ranging from 13 to 54  years old) and HHC(MB), 
(n = 10), comprising 5 males and 5 females, median 
age = 30  years old, ranging from 13 to 53  years old). 
Heparinized whole blood sample was collected from all 
leprosy patients before chemoterapy treatment and also 
from healthy controls and used to quantify the intracyto-
plasmic cytokine profile of lymphocytes upon short-term 
in vitro culture. Short-term culture in vitro of peripheral 
blood mononuclear cells.

Peripheral blood mononuclear cells (PBMC) were 
isolated from heparinized whole blood samples by 
Ficoll-Hypaque gradient centrifugation (Pharmacia 
Fine Chemicals, Piscataway, NJ, USA) and cultured as 
described previously by Antas [13]. Briefly, three ali-
quots of 1.0 × 106 PBMC/well were incubated in 24-well 
flat-bottom plates (Costar Corp., Cambridge, MA, USA) 
with 1 ml of culture medium (RPMI1640 supplemented) 
and incubated. In parallel batches, triplicates of 1.0 × 106 
PBMC/well were incubated in the presence of sonicated 
fraction of irradiated M. leprae bacilli (10 bacilli/PBMC). 
M. leprae-stimulated and non-stimulated cultures were 
pre-incubated prior the addition of 3  µg/ml of purified 
anti-human CD28 antibody (Pharmingen Inc., San Diego, 
CA, USA) for 1  h and the addition of 10  µg/ml of Bre-
feldin A (Sigma Immunochemical, St. Louis, MO, USA) 
4 h before the end of incubation achieved at 16, 20 and 
24  h. Positive control cultures were carried out using 
50 ng/ml PMA plus 1 µg/ml ionomycin (Sigma Immuno-
chemical, St. Louis, MO, USA) to confirm cell viability. 
After incubation, cells were harvested and prepared for 
surface and intracytoplasmic cytokine staining accord-
ing to Teixeira-Carvalho [14], modified as follows: cul-
tured PBMC suspensions were adjusted to 5.0 × 105 cells/
ml and incubated with anti-CD4/PercP and anti-CD8/
PercP-Cy5.5 (BD Bioscience, San Diego, CA, USA). Fol-
lowing, cells were washed fixed in 4% paraformaldehyde 
(PFA) and permeabilized with 0.3% saponin. After fix/
perm procedures the cells were stained with anti-IFN-γ, 

anti-IL-4 or anti-IL-10, labeled with PE (Pharmingen 
Inc., San Diego, CA, USA). After two wash steps, stained 
cells were suspended with 1% PFA and immediately 
analyzed in a EPICS MCL® flow cytometer (BD Biosci-
ence, San Jose, CA, USA) equipped with the CellQuest® 
software. A total of 50 000 events gated on lymphocyte 
regions were collected per sample. Distinct gating strat-
egies were employed to quantify the percentages of 
cytokine+ cells within CD4+ and CD8+ T-cells. The per-
centages of cytokine+ T-cells were estimated as the sum 
of cytokine-producing CD4+ and CD8+ cells. The results 
were expressed as mean frequency (‰) ± standard error 
of cytokine+ cells amongst gated lymphocyte subsets 
upon in vitro culture in the absence/presence of M. lep-
rae antigen.

Data analysis
Multiple comparisons amongst groups were carried out 
by ANOVA and Kruskal–Wallis test followed by Tuckey 
or Dunn’s post-test for sequential pairwise comparisons. 
Additionally, Student t or Mann–Whitney test were also 
employed for pairwise comparative analysis. Compara-
tive analysis of categorical variables was carried out by 
Chi-square. In all cases, significant differences were con-
sidered at P < 0.05. The Graph Pad Prism software (Ver-
sion 5.0, Graph Pad Software, San Diego, CA, USA) was 
employed to perform all statistical analyses and graphical 
arts.

Functional biomarker signature analysis was carried 
out as previously reported by Vitelli-Avelar et  al. [15]; 
Silva et al. [16] and Mota et al. [17], modified as follow. 
The global median values were used for each biomarker 
index (M. leprae-stimulated/non-stimulated culture) as 
the cut-off edge to identify the proportion of subjects 
with high biomarker levels, i.e. above the global median 
cut-off. The descriptive establishment of cut-offs are 
provided in the Additional file 1: Fig. S1. The cut-off val-
ues employed comprised: (IFN-γ+ T-cells = 1.0, IL-4+ 
T-cells = 0.9 and IL10+ T-cells = 1.1; IFN-γ+ CD4+ = 1.0, 
IL-4+ CD8+ -4 = 0.8 and IL-10+ CD4+ = 0.9; IFN-γ+ 
CD8+ = 1.0, IL-4+ CD8+ = 0.8 and IL-10+ CD8+ = 1.0). 
Those biomarkers with more than 50% of subjects above 
the cut-off were underscored and considered for com-
parative analysis amongst groups. Overlaid ascendant 
biomarker signatures were employed for comparative 
analysis amongst groups. The major advantages of using 
this approach to describe the cytokine signature is its 
ability to detect, with higher sensibility, putative minor 
changes not detectable by conventional statistical meth-
ods. Venn diagram analysis (https​://bioin​forma​tics.psb.
ugent​.be/webto​ols/Venn/) was employed to identify 
biomarkers selectively observed in Leprosy patients as 

https://bioinformatics.psb.ugent.be/webtools/Venn/
https://bioinformatics.psb.ugent.be/webtools/Venn/
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compared to Healthy Controls as well as in Household 
Contacts and Leprosy subgroups.

Results
Analysis of cytokine+ cells amongst peripheral blood 
mononuclear cells upon in vitro culture in the presence/
absence of M. leprae antigen
Short-term cultures in  vitro of peripheral blood mono-
nuclear cells from leprosy patients and healthy Con-
trols were carried out to quantify the percentages of 
cytokine+ cells (IFN-γ, IL-4 and IL-10) amongst T-cells, 

CD4+ T-cells and CD8+ T-cells. The results presented in 
Fig. 1 and Fig. 2. The Additional file 2: Table S1 presented 
detailed analysis of these findings.

Data analysis was carried out by variance analysis fol-
lowed by post-test for sequential pairwise comparisons 
and the results demonstrated that Leprosy patients pre-
sented higher frequency of IFN-γ+ CD8+ T-cells as 
compared to healthy controls (P = 0.02; P = 0.04, respec-
tively), for non-stimulated (Fig. 1) and M. leprae-stimu-
lated culture (Fig.  2). Moreover, HHC (MB) exhibited 
higher frequency of IFN-γ+, IL-4+ and IL-10+ events 

Fig. 1  Frequency of cytokine+ cells in Leprosy patients, Household Contacts and Healthy Controls upon in vitro non-stimulated culture. The 
frequency (‰) of cytokine+ cells (IFN-γ, IL-4 and IL-10) amongst gated lymphocyte subsets including: T-cells, CD4+ T-cells and CD8+ T-cells 
were calculated upon in vitro culture in the absence of exogenous stimuli (non-stimulated culture). The results are presented in boxplot format, 
indicating the median values (min–max) and the outliers underscored by dots, based on Tuckey analysis for Healthy Controls = ; Leprosy 
patients = ; HHC(PB) = —Household Contacts of Paucibacillary Leprosy patients; HHC(MB) = —Household Contacts of Multibacillary 
Leprosy patients; L(PB) = —Paucibacillary Leprosy patients; L(MB) = —Multibacillary Leprosy patients. Multiple comparisons amongst groups 
were carried out by Kruskal–Wallis test followed by Dunn’s post-test for sequential pairwise comparisons. Additionally, Man-Whitney Test were 
also employed for pairwise comparative analysis. Significant differences, using the above-mentioned statistical methods are underscored by * for 
differences at P < 0.05 and ** for differences at P < 0.01
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amongst T-cells in both non-stimulated (P = 0.008; 
P = 0.009; P = 0.05, respectively) or M. leprae-stimulated 
culture (P = 0.003; P = 0.02; P = 0.05, respectively) as 
compared to HHC(PB). The frequencies of IFN-γ+, IL-4+ 
and IL-10+ CD4+ T-cells in non-stimulated culture were 
higher in HHC (MB) (P = 0.01; P = 0.02; P = 0.05, respec-
tively) as compared to HHC (PB) (Fig.  1, Additional 
file  2: Table  S1). Furthermore, in M. leprae-stimulated 
culture, the HHC (MB) showed high frequency of IFN-
γ+ and IL-4+ amongst CD4+ T-cells (P = 0.007; P = 0.03, 

respectively) as compared to HHC (PB) (Fig.  2, Addi-
tional file  2: Table  S1). Additionally, L (MB) displayed a 
decreased frequency of IL-10+ T-cells (P = 0.05; P = 0.01), 
in the non-stimulated (Fig. 1, Additional file 2: Table S1) 
and M. leprae-stimulated culture (Fig. 2, Additional file 2: 
Table S1), respectively, as compared to L(PB).

Complementary analysis of biomarker indexes (M. lep-
rae-stimulated/non-stimulated culture) further demon-
strated that L(MB) showed lower levels of IL-10+ CD8+ 
T-cells as compared to L(PB) (P = 0.05) (Table 1).

Fig. 2  Frequency of cytokine+ cells in Leprosy patients, Household Contacts and Healthy Controls upon in vitro M. leprae-stimulated culture. 
The frequency (‰) of cytokine+ cells (IFN-γ, IL-4 and IL-10) amongst gated lymphocyte subsets including: T-cells, CD4+ T-cells and CD8+ T-cells 
were calculated upon in vitro culture in the absence of exogenous stimuli (non-stimulated culture). The results are presented in boxplot format, 
indicating the median values (min–max) and the outliers underscored by dots, based on Tuckey analysis for Healthy Controls = ; Leprosy 
patients = ; HHC(PB) = —Household Contacts of Paucibacillary Leprosy patients; HHC(MB) = —Household Contacts of Multibacillary 
Leprosy patients; L(PB) = —Paucibacillary Leprosy patients; L(MB) = —Multibacillary Leprosy patients. Multiple comparisons amongst groups 
were carried out by Kruskal–Wallis test followed by Dunn’s post-test for sequential pairwise comparisons. Additionally, Man-Whitney Test were also 
employed for pairwise comparative analysis. Significant differences, using the above-mentioned methods, are underscored by * for differences at 
P < 0.05 and ** for differences at P < 0.01
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Antigen‑specific cytokine signature of peripheral blood 
mononuclear cells upon in vitro culture in the presence/
absence of M. leprae antigen
The antigen-specific cytokine signature was assembled 
for each parameter, including IFN-γ, IL-4 and IL-10-pro-
ducing T-cells, CD4+ T-cells and CD8+ T-cells. Cat-
egorical transformation was carried out using the global 
median values for each biomarker as the cut-off to iden-
tify subjects with high biomarker indexes. The results 
presented in Table 2.

Statistical analysis was carried out using parametric or 
non-parametric variance analysis followed by pairwise 
multiple comparisons, according to the data normal-
ity distribution. It was demonstrated that the Leprosy 
group comprises a higher proportion of subjects with 
enhanced levels of IL-4+ CD4+ T-cells (P = 0.05) as com-
pared to health Controls. Conversely, the Leprosy group 
exhibited a decrease proportion of subjects with IL-4+ 
CD8+ T-cells (P = 0.02) above the global median cut-off 
as compared to health Controls. No significant differ-
ences were observed between subgroups of Household 
contacts. Comparative analysis between subgroups of 
Leprosy patients showed that L(PB) presented a higher 
proportion of IFN-γ+ CD8+ T-cells (P = 0.046) and lower 
proportion of IL-4+ CD8+ T-cells (P = 0.02) as compared 
to L(MB). On the other hand, L(MB) group presented 
higher proportion of IL-4+ CD4+ T-cells (P = 0.043) and 

lower frequency of IL-10+ CD8+ T-cells (P = 0.05) as 
compared to L(PB) (Table 2).

Functional biomarker signatures in leprosy patients 
and healthy controls
The comparative analysis of ascendant biomarker signa-
tures between leprosy patients and healthy controls is 
presented in Fig.  3. Overlaid biomarker signatures were 
assembled to select biomarkers with proportion of sub-
jects above the global median cut-off higher than the 50% 
in each group. These attributes were tagged for further 
analysis (Fig. 3a).

Venn diagram report was employed to identify the set 
of biomarkers selectively increased in leprosy patients as 
compared to healthy controls. The analysis of Venn dia-
gram report allowed the selection of IFN-γ+ T-cells, IFN-
γ+ CD4+ T-cells, IFN-γ+ CD8+ T-cells, IL-10+ T-cells, 
IL-4+ CD4+ T-cells and IL-10+ CD4+ T-cells as Leprosy-
selective biomarkers. Moreover, the attributes IL-4+ 
T-cells and IL-4+ CD8+ T-cells were identified as healthy 
Controls-selective biomarkers (Fig. 3b).

Functional biomarker signatures in subgroups 
of household contacts and leprosy patients with distinct 
clinical forms
Comparative analyses of ascendant biomarker signa-
tures between subgroups of Household contacts and 

Table 1  Cytokine profile amongst  peripheral blood mononuclear cells from  leprosy patients, household contacts 
and healthy controls upon in vitro culture

HHC(PB) household contacts of paucibacillary leprosy patients, HHC(MB) household contacts of multibacillary leprosy patients, L(PB) paucibacillary leprosy patients, 
L(MB) multibacillary leprosy patients

*Data are expressed as mean INDEX (‰) ± standard error of cytokine+ cells (IFN-γ, IL-4 and IL-10) amongst gated lymphocyte subsets upon in vitro culture in the 
presence/absence of M. leprae antigen, including: T-cells, CD4+ T-cells and CD8+ T-cells. Multiple comparisons amongst groups were carried out by ANOVA test 
followed by Tuckey post-test for sequential pairwise comparisons. Additionally, Student t test were also employed for pairwise comparative analysis. Significant 
differences at P < 0.05, using the above-mentioned statistical methods is underscored by the letter “e” for comparison with L(PB)

Parameters Groups Subgroups

Healthy Controls Leprosy HHC Leprosy

HHC(PB) HHC(MB) L(PB) L(MB)

Mycobacterium leprae-stimulated /Non-stimulated Culture INDEX*

T-cells

 IFN-γ+ 1.4 ± 0.2 1.1 ± 0.2 1.3 ± 0.2 1.3 ± 0.4 1.3 ± 0.2 0.8 ± 0.2

 IL-4+ 1.3 ± 0.2 1.0 ± 0.2 1.6 ± 0.6 0.8 ± 0.1 1.0 ± 0.2 1.0 ± 0.2

 IL-10+ 2.3 ± 0.7 2.3 ± 0.8 2.1 ± 0.7 3.6 ± 2.0 2.2 ± 0.9 2.5 ± 1.6

CD4+T-cells

 IFN-γ+ 1.3 ± 0.2 1.0 ± 0.2 1.3 ± 0.3 1.5 ± 0.3 1.1 ± 0.2 0.9 ± 0.3

 IL-4+ 0.8 ± 0.1 1.2 ± 0.3 0.7 ± 0.1 0.7 ± 0.1 0.9 ± 0.2 1.4 ± 0.5

 IL-10+ 1.1 ± 0.2 1.5 ± 0.5 1.1 ± 0.2 1.1 ± 0.3 1.2 ± 0.2 1.9 ± 1.4

CD8+T-cells

 IFN-γ+ 1.2 ± 0.2 0.9 ± 0.2 1.0 ± 0.2 1.2 ± 0.4 1.3 ± 0.1 0.8 ± 0.2

 IL-4+ 0.8 ± 0.1 0.7 ± 0.1 0.8 ± 0.0 1.0 ± 0.2 0.6 ± 0.1 0.8 ± 0.2

 IL-10+ 1.1 ± 0.2 1.1 ± 0.1 1.1 ± 0.1 0.9 ± 0.2 1.2 ± 0.1 0.8 ± 0.1e
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subgroups of Leprosy patients presented in Fig.  4. 
Overlaid biomarker signatures were assembled to 
select biomarkers with proportion of subjects above 
the global median cut-off higher than the 50% in each 
group. Data analysis demonstrate that the attributes 
IL-10+ CD4+ T-cells, IL-10+ T-cells and IL-4+ CD8+ 
T-cells were increased in HHC (PB), whereas IFN-γ+ 
T-cells, IL-10+ T-cells, IFN-γ+ CD4+ T-cells and IL-4+ 
CD8+ T-cells were highlighted in HHC (MB). Fur-
thermore, the attributes IFN-γ+ CD4+ T-cells, IL-10+ 
CD8+ T-cells, IL-4+ T-cells, IL-4+ CD4+ T-cells, IL-10+ 
T-cells, IFN-γ+ T-cells, IL-10+ CD4+ T-cells and IFN-
γ+ CD8+ T-cells were tagged in L (PB), while IFN-γ+ 
CD4+ T-cells, IL-10+ T-cells, IL-10+ CD4+ T-cells 
and IL-4+ CD4+ T-cells were underscored in L (MB) 
(Fig. 4a).

Venn diagram report was employed to identify the set 
of biomarkers selectively increased in each subgroup of 
Household contacts and subgroups of Leprosy patients. 
Using this approach, the attribute IL-10+ T-cells was 
identified as a universal biomarker observed in all sub-
groups. The attribute IL-4+ CD8+ T-cells was a general 
biomarker to identify both Household contacts, whereas 
IL-4+ CD4+ T-cells was a general biomarker for both 
subgroups of Leprosy patients. L(PB) selective biomark-
ers comprise IFN-γ+ CD8+ T-cells, IL-4+ T-cells and 
IL-10+ CD8+ T-cells (Fig. 4b).

Discussion
Leprosy still persists as a relevant public health problem 
in several countries in Asia, Africa, and Latin America 
[1]. The host immune response plays a critical role in the 
pathophysiology of Leprosy, that together with genetic 
factors influence the clinical course of disease [18].

The use of immunological biomarkers as diagnostic/
prognostic tools is a relevant complementary strategy 
to classify leprosy patients into distinct clinical forms 
and support early clinical interventions, prompt ini-
tiation of treatment and effective leprosy control. It has 
been proposed that immunological biomarkers can 
also be a useful laboratorial strategy to monitor house-
hold contacts [7]. Queiroz et  al. have compared several 
immunological features of leprosy index cases and their 
household contacts aiming at identifying biomarkers to 
monitor household contacts. Although, several immuno-
logical parameters displayed similar profile index cases 
and household contacts, suggesting the lack of immuno-
logical distance between them, some biomarkers could 
be used as laboratorial tools to monitor household con-
tacts. Specifically, increased antibody response, higher 
levels of lymphocyte activation (expression of CD25 by 
CD4+ and CD8+ T-cells) along with enhanced frequency 
of monocytes circulating in the peripheral blood were 
observed in leprosy patients as compared to contacts 
[7]. On the other hand, it has been proposed by Bernard 

Table 2  Antigen-specific cytokine profile of  peripheral blood mononuclear cells from  leprosy patients, household 
contacts and healthy controls

#  Data are expressed as proportion (%) of subjects with biomarker INDEX (M. leprae-stimulated/non-stimulated culture) above the Global Median cut-off, established 
for each cytokine+ cells (IFN-γ, IL-4 and IL-10) amongst gated lymphocyte subsets upon in vitro culture in the presence/absence of M. leprae antigen, including: 
T-cells, CD4+ T-cells and CD8+ T-cells. Comparative analysis of was carried out by Chi-square. Significant differences at P < 0.05, using the above-mentioned statistical 
methods is underscored by letters “a”, “d”, “e” and “f” in comparisons to Controls, HHC(MB), L(PB) and L(MB), respectively

HHC(PB) household contacts of paucibacillary leprosy patients, HHC(MB) household contacts of multibacillary leprosy patients, L(PB) paucibacillary leprosy patients, 
L(MB) multibacillary leprosy patients

Parameters Groups Subgroups

Healthy controls Leprosy HHC Leprosy

HHC(PB) HHC(MB) L(PB) L(MB)

Proportion of subjects with biomarker INDEX above the global median cut-off#

T-cells

 IFN-γ+ 46 (11/24) 50 (05/10) 44 (04/09) 50 (03/06) 67 (04/06) 25 (01/04)

 IL-4+ 50 (12/24) 47 (08/17) 44 (04/09) 33 (02/06) 57 (04/07) 40 (04/10)

 IL-10+ 47 (14/30) 55 (06/11) 64 (07/11) 50 (05/10) 57 (04/07) 50 (02/04)

CD4+T-cells

 IFN-γ+ 42 (10/24) 50 (05/10) 44 (04/09) 67 (04/06) 50 (03/06) 50 (02/04)

 IL-4+ 39 (09/23) 69 (11/16)a 33 (03/09) 20 (01/05) 57 (04/07) 78 (07/09)e

 IL-10+ 47 (14/30) 73 (08/11) 55 (06/11) 40 (04/10) 86 (06/07) 50 (02/04)

CD8+T-cells

 IFN-γ+ 39 (07/18) 50 (03/06) 33 (01/03) 33 (02/06) 100 (02/02)f 25 (01/04)

 IL-4+ 78 (07/09) 17 (01/06)a 100 (01/01) 75 (03/04) 0 (00/03)d 33 (01/03)

 IL-10+ 31 (05/16) 30 (03/10) 25 (01/04) 29 (02/07) 50 (03/06) 0 (00/04)e
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Naafs [19] that there is no specific test to predict who will 
develop leprosy after exposure. Indeed, the observation 
that super exposure to M. leprae can lead to a decrease 
in host resistance was first described in 1973 [20]. These 
authors showed that contacts of lepromatous patients 
with active disease, displayed lower in  vitro responses 
to M. leprae when compared with contacts of leproma-
tous patients treated for more than six months. In this 
sense, it has been stated that regardless of the improve-
ments in understanding of the immune responses in lep-
rosy, to date, most studies failed to provide effective and 
robust methods with predictive applicability. Currently, 

attempts are still necessary to increase the limited clus-
ters of immune parameters already available for predic-
tive diagnosis and laboratorial monitoring.

In the present study, we have characterized the func-
tional cytokine signatures of CD4+ and CD8+ T-cells 
from leprosy patients with distinct clinical forms and 
their respective household contacts (HHC), using a 
model of in  vitro antigen-specific stimuli for peripheral 
blood mononuclear cells. Our data demonstrated that 
leprosy patients presented an overall polyfunctional pro-
file of T-cells subsets, with increased frequency of IFN-γ+ 
T-cell subsets along with IL-10+ and IL-4+ from CD4+ 
T-cells. According to Queiroz [7] the highest degree of 
activation of T CD4+ and CD8+ T-lymphocytes in the 
index cases, could be, a response to antigenic stimula-
tion by the bacillus, with consequent increased CD86 
expression by the monocytes that activate these lympho-
cytes, generating effector and/or memory T-cells. Dif-
ferential costimulatory molecule expression by T-cells 
was also verified by Shibuya et  al. [21], among lepro-
matous and tuberculoid patients and contacts. Mole-
cules that either signal for (CD86 and CD28) or reduce 
(CD152 and PD-1) T-cell activation were evaluated. 
Probably as a consequence of defective APC function, 
T-cells from lepromatous patients were driven to an 
anergic state and exhibited reduced expression of both 
CD86 and CD28, especially when compared with tuber-
culoid patients. Additionally, our results demonstrated 
that L(PB) displayed a polyfunctional profile charac-
terized by enhanced percentage of IFN-γ+, IL-10+ and 
IL-4+ produced by most T-cell subsets, as compared to 
L(MB) that presented a more restricted cytokine func-
tional profile mediated by IL-10+ and IL-4+ T-cells with 
minor contribution of IFN-γ produced by CD4+ T-cells. 
Since the multibacillary household contacts are exposed 
to a larger antigenic stimulus, it may determine together 
with their adaptive immunity, this overall cytokine profile 
observed. There is a predominance of a type-2 lympho-
cytes response in the lepromatous form, which induces 
the production of cytokines such as IL-4, IL-10, and 
TGF-β that inactivate the microbicidal response of mac-
rophages, thereby facilitating the survival of the bacillus 
[22]. Considering the minor contribution of IFN-γ among 
L(MB), our results corroborate previous studies [23, 24]. 
Noteworthy was that HHC(MB) exhibited enhanced 
frequency of IFN-γ+ T-cells, contrasting with HHC(PB) 
that presented a cytokine profile limited to IL-10 and 
IL-4. The precise relationship between IFN-γ produc-
tion and M. leprae exposure is still controversial. Martins 
et al. [23] have proposed a direct correlation between the 
levels of IFN-γ and the degree of exposure to M. leprae. 
According to Sampaio et al., [24] the M. leprae-induced 
IFN-γ production was higher in multibacillary contacts 

a

b

Fig. 3  Functional biomarker signatures in Leprosy patients and 
Healthy Controls. a Overlaid biomarker signatures of Leprosy patients 
( ) and Controls ( ) were assembled to select biomarkers with 
proportion of subjects above the global median cut-off higher than 
the 50% in each group (black/white background rectangles). b Venn 
diagram report was employed to identify the set of biomarkers 
selectively increased in Leprosy patients as compared to Healthy 
Controls. These attributes were tagged in bold format
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a

b

Fig. 4  Functional biomarker signatures in subgroups of Leprosy patients and Household contacts. a Overlaid biomarker signatures of subgroups 
of Household contacts (HHC(PB) =  and HHC(MB) = ) and subgroups of Leprosy patients (L(PB) =  and L(MB) = ) were assembled to 
select biomarkers above the global median cut-off with proportion higher than the 50% in each group (black/white background rectangles). 
These attributes were tagged in bold format. b Venn diagram report was employed to identify the set of biomarkers selectively increased in each 
subgroup of Household contacts and subgroups of Leprosy patients. These attributes were highlighted in bold underline format
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as compared to those paucibacillary contacts. Moreover, 
the percentage of individuals showing IFN-γ produc-
tion in response to M. leprae antigen stimuli in vitro was 
higher amongst household and occupational contacts 
suggesting a high frequency of sensitization. On the other 
hand, Martins et al. [23], showed that the levels of IFN-γ+ 
production in response to M. leprae antigen or M. leprae-
specific peptides is progressively reduced with increasing 
exposure to M. leprae and further diminished in leprosy 
patients. It is possible that, the extent of response to M. 
leprae antigen among the contacts primarily depended 
on the length of contact and degree of infectiousness of 
the index cases rather than the degree of consanguinity 
with the index patients [24]. Moreover, it is possible that 
a balance between IFN-γ and IL-10 may play a role in this 
scenario. In this sense, Geluk et al. [25], showed that ratio 
IFN-γ/IL-10 was higher for asymptomatic individuals 
compared to either leprosy patient. Together, our find-
ings supply additional immunological features associated 
with leprosy and household contacts. These data pro-
vide evidence that biomarkers of immune response can 
be useful complementary diagnostic/prognostic tools. 
According to Geluk et al. [25], IFN-γ production induced 
by M. leprae-unique proteins can identify individuals 
highly exposed to M. leprae and therefore more at risk for 
developing disease and/or transmitting the bacterium.

Previous reports from our group have also demon-
strated the presence of M. leprae  DNA in scrapes and 
blood samples as well as high levels of antibodies to M. 
leprae recombinant proteins in household contacts [26, 
27]. These findings suggest that household contact should 
be monitored for putative subclinical infection. This 
hypothesis was further confirmed in a 6 years’ follow-up 
study demonstrating that a long time some household 
contacts developed leprosy disease [28]. Therefore, the 
significant level of antigen-specific cytokine secretion by 
peripheral blood cells of household contacts, especially 
those HHC(MB), described in the present investigation, 
provides reliable evidence of their higher susceptibility 
to leprosy disease. However, the present study may have 
some limitations regarding the number of samples evalu-
ated. Further studies are still required to validate these 
findings in a larger number of samples. Overall, our data 
support the relevance of investigating elements of the 
cell-mediated immune response as potential biomarker 
to monitor household contacts.

Conclusion
Our data demonstrated that L(PB) displayed enhanced 
percentage of IFN-γ+, IL-10+ and IL-4+ as compared 
to L(MB) that presented functional profile mediated 
by IL-10+ and IL-4+ T-cells and HHC(MB) exhibited 
enhanced frequency of IFN-γ+ T-cells, contrasting with 

HHC(PB). Our findings provide evidence that biomark-
ers of the immune response can be useful complemen-
tary diagnostic/prognostic tools as well as insights that 
household contacts should be closely monitored, espe-
cially those HHC (MB), that showed a significant level of 
antigen-specific cytokine secretion by peripheral blood 
cells.

Early detection of leprosy cases and effective chemo-
therapy are the best strategies to reduce the incidence of 
new cases of leprosy and prevent transmission. Consider-
ing that HHCs comprise a group of subjects with a high 
risk of disease, we suggest that, as a prevention strategy, 
detection of antigen-specific cytokine secretion should 
be used to follow-up with leprosy HHCs to confirm or 
rule out subclinical infection.

Supplementary information
Supplementary information accompanies this paper at https​://doi.
org/10.1186/s4024​9-020-00763​-7.

Additional file 1: Supplementary figure 1. Establishment of Cut-offs to 
segregate subjects with low or high Biomarker INDEX.

Additional file 2: Supplementary table 1. Frequency of cytokine+ 
cells amongst peripheral blood mononuclear cells from leprosy patients, 
household contacts and healthy controls upon in vitro culture.

Abbreviations
BI: Bacilloscopy index; L(PB): Leprosy (paucibacillary); L(MB): Leprosy multibacil‑
lary; HHC(PB): Household contacts of paucibacillary; HHC(MB): Household 
contacts of multibacillary; CREDENPES: Center for endemic diseases and 
special programs; IC: Informed consent; M. leprae: Mycobacterium leprae; N: 
Number of patients.

Acknowledgements
The authors thank the Programa Multicêntrico de Bioquímica e Biologia 
Molecular at Universidade Federal de Juiz de Fora Campus Gov. Valadares 
e Universidade Vale do Rio Doce. We are very thankful to Maria de Fatima 
Silva, Marlucy Rodrigues Lima, Lilia Cardoso Pires, and Wallace Olimpio for 
their technical support. We are also thankful to all members of CREDEN-PES, 
especially Dr. Alexandre Castelo Branco for the diagnostics of the patients and 
Regina L.B. Cipriano for the administrative support.

Authors’ contributions
PHFM and LAOF developed and standardized the protocol and wrote the 
manuscript. RSG and LBOP collected the samples. ROP, MOM and ENS contrib‑
uted reagents/materials/analysis tools. OAMF analyzed the data and helped to 
write the manuscript. All of the authors read and approved the manuscript.

Funding
This study received financial support from the Conselho de Desenvolvimento 
Tecnológico e Científico/CNPq/BRAZIL, DECIT 2008, DECIT 2012, FAPEMIG, TC 
304/2013/FNS/MS and Coordenação de Aperfeiçoamento de Pessoal de Nível 
Superior (CAPES). OAMF received PQ fellowships from CNPq. These fundings 
sources had no role in the design of the study and collection, analysis, imple‑
mentation, and interpretation of data and in writing the manuscript.

Availability of data and materials
All data generated or analysed during this study are included in this published 
article and its supplementary information files (Additional files 1, 2).

https://doi.org/10.1186/s40249-020-00763-7
https://doi.org/10.1186/s40249-020-00763-7


Page 11 of 11Marçal et al. Infect Dis Poverty           (2020) 9:167 	

Ethics approval and consent to participate
We hereby declare that this study was approved by the Ethics Committee of 
the Vale do Rio Doce University—Univale, filed under N° PQ 022/09–009. All 
participants signed a free and informed consent at the first evaluation.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Universidade Vale do Rio Doce – Univale, Governador Valadares, MG, Brazil. 
2 Grupo Integrado de Pesquisas em Biomarcadores, Instituto René Rachou, 
FIOCRUZ-Minas, Belo Horizonte, MG, Brazil. 3 Laboratório de Hanseníase, 
Instituto Oswaldo Cruz, Fundação Oswaldo Cruz –FIOCRUZ-RJ, Rio de Janeiro, 
RJ, Brazil. 4 Núcleo de Pesquisa em Hansenologia, Universidade Federal de Juiz 
de Fora, Instituto de Ciências da Vida, Campus Governador Valadares, Rua São 
Paulo, 582 – Centro, Governador Valadares, MG 30190‑002, Brazil. 

Received: 16 April 2020   Accepted: 14 October 2020

References
	1.	 WHO. Global leprosy update, 2017: accelerating reduction of disease 

burden. Wkly Epidemiol Rec. 2017;2018(93):445.
	2.	 Ahuja M, Lavania M, Singh I, et al. Detection of Mycobacterium lepromato-

sis in patients with leprosy in India. Infect Drug Resist. 2018;1677:1683.
	3.	 Pinheiro RO, de Souza SJ, Sarno EN, Sampaio EP. Mycobacterium leprae-

host-cell interactions and genetic determinants in leprosy: an overview. 
Future Microbiol. 2011;217:230.

	4.	 Bhat RM, Prakash C. Leprosy: an overview of pathophysiology. Interdiscip 
Perspect Infect Dis. 2012;1:6.

	5.	 Contin LA, Alves CJ, Fogagnolo L, Nassif PW, Barreto JA, Lauris JR, 
Nogueira ME. Use of the ML-Flow test as a tool in classifying and treating 
leprosy. An Bras Dermatol. 2011;91:95.

	6.	 Blok DJ, de Vlas SJ, Geluk A, Richardus JH. Minimum requirements 
and optimal testing strategies of a diagnostic test for leprosy as a 
tool towards zero transmission: a modeling study. PLoS Negl Trop Dis. 
2018;12(5):e0006529.

	7.	 Queiroz EA, Medeiros NI, Mattos RT, Carvalho APM, Rodrigues-Alves 
ML, Dutra WO, Félix-Lana FC, Gomes JAS, Correa-Oliveira R. Immuno‑
logical biomarkers of subclinical infection in household contacts of 
leprosy patients. Immunobiology. 2019. https​://doi.org/10.1016/j.imbio​
.2019.05.002.

	8.	 Sales AM, Ponce de Leon A, Duppre NC, Hacker MA, Nery JAC, Sarno EN, 
Penna MLF. Leprosy among patient contacts: a multilevel study of risk 
factors. PLoS Negl Trop Dis. 2011;1:6.

	9.	 Bobosha K, van der Ploeg-van Schip JJ, Esquenazi DA, Guimarães MM, 
Martins MV, et al. Peptides derived from Mycobacterium leprae ML1601c 
discriminate between leprosy patients and healthy endemic controls. J 
Trop Med. 2012;1:11.

	10.	 Palermo ML, Trindade MÂ, Duarte AJ, Cacere CR, Benard G. Differential 
expression of the costimulatory molecules CD86, CD28, CD152 and PD-1 
correlates with the host-parasite outcome in leprosy. Mem Inst Oswaldo 
Cruz. 2012;167:173.

	11.	 Cassirer-Costa F, Medeiros NI, Chaves AT, Lyon S, Coelho-Dos-Reis JGA, 
Ribeiro-Junior AF, Correa-Oliveira R, Rocha MOC, Gomes JAS. Cytokines 
as biomarkers to monitoring the impact of multidrug therapy in immune 
response of leprosy patients. Cytokine. 2017;42:48.

	12.	 Brasil Ministério da Saúde, Secretaria de Vigilância em Saúde, Departa‑
mento de Vigilância das Doenças Transmissíveis. Diretrizes para vigilância, 
atenção e eliminação da Hanseníase como problema de saúde pública: 
manual técnico-operacional. 2016;1:59.

	13.	 Antas PR, Sales JS, Pereira KC, Oliveira EB, Cunha KS, Sarno EN, Sampaio 
EP. Patterns of intracellular cytokines in CD4 and CD8 T cells from patients 
with mycobacterial infections. Braz J Med Biol Res. 2004;1119:1129.

	14.	 Teixeira-Carvalho A, Martins-Filho OA, Peruhype-Magalhães V, 
Silveira-Lemos D, Malaquias LC, et al. Cytokines, chemokine receptors, 
CD4+CD25HIGH+ T-cells and clinical forms of human schistosomiasis. 
Acta Trop. 2008;139:149.

	15.	 Vitelli-Avelar DM, Sathler-Avelar R, Teixeira-Carvalho A, et al. Strategy 
to assess the overall cytokine profile of circulating leukocytes and its 
association with distinct clinical forms of human Chagas disease. Scand J 
Immunol. 2008;516:525.

	16.	 Silva ML, Martins MA, Espirito-Santo LR, Campi-Azevedo AC, Silveira-
Lemos D, Ribeiro JGL, et al. Characterization of main cytokine sources 
from the innate and adaptive immune responses following primary 
17DD yellow fever vaccination in adults. Vaccine. 2011;583:592.

	17.	 Mota APL, Vilaca SS, das Merces FL, de Barros Pinheiro M, Teixeira-
Carvalho A, et al. Cytokines signatures in short and long-term stable renal 
transplanted patients. Cytokine. 2013;302:309.

	18.	 Alter A, Grant A, Abel L, Alcaïs A, Schurr E. Leprosy as a genetic disease. 
Mamm Genome. 2011;19:31.

	19.	 Naafs B. How forward respecting the past? Indian J Med Res. 2018;1:3.
	20.	 Godal T, Negassi K. Subclinical infection in leprosy. Br Med J. 1973;557:559.
	21.	 Shibuya M, Bergheme G, Passos S, Queiroz I, Rêgo J, et al. Evaluation 

of monocyte subsets and markers of activation in leprosy reactions. 
Microbes Infect. 2019;94:98.

	22.	 de Sousa JR, Sotto MN, Simões Quaresma JA. Leprosy as a complex infec‑
tion: breakdown of the Th1 and Th2 immune paradigm in the immu‑
nopathogenesis of the disease. Front Immunol. 2012;1:8.

	23.	 Martins MV, Guimarães MM, Spencer JS, Hacker MA, Costa LS, et al. 
Pathogen-specific epitopes as epidemiological tools for defining the 
magnitude of Mycobacterium leprae transmission in areas endemic for 
leprosy. PLoS Negl Trop Dis. 2012;1:12.

	24.	 Sampaio EP, Moreira AL, Kaplan G, Alvim MF, Duppre NC, et al. Myco-
bacterium leprae-induced interferon-gamma production by household 
contacts of leprosy patients: association with the development of active 
disease. J Infect Dis. 1991;990:993.

	25.	 Geluk A, Bobosha K, van der Ploeg-van Schip JJ, et al. New biomarkers 
with relevance to leprosy diagnosis applicable in areas hyperendemic for 
leprosy. J Immunol. 2012;4782:4791.

	26.	 Gama RS, Gomides TAR, Gama CFM, Moreira SJM, de Neves Manta FS, 
et al. High frequency of M. leprae DNA detection in asymptomatic house‑
hold contacts. BMC Infect Dis. 2018;1:6. https​://doi.org/10.1186/s1287​
9-018-3056-2.

	27.	 Marçal PHF, Fraga LAO, Mattos AMM, Menegati L, Coelho ADCO, et al. 
Utility of immunoglobulin isotypes against LID-1 and NDO-LID for, 
particularly IgG1, confirming the diagnosis of multibacillary leprosy. Mem 
Inst Oswaldo Cruz. 2018;1:8.

	28.	 Gama RS, Souza MLM, Sarno EN, Moraes MO, Gonçalves A, et al. A novel 
integrated molecular and serological analysis method to predict new 
cases of leprosy amongst household contacts. PLoS Negl Trop Dis. 
2019;1:22.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/j.imbio.2019.05.002
https://doi.org/10.1016/j.imbio.2019.05.002
https://doi.org/10.1186/s12879-018-3056-2
https://doi.org/10.1186/s12879-018-3056-2

	Functional biomarker signatures of circulating T-cells and its association with distinct clinical status of leprosy patients and their respective household contacts
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Subjects, material and methods
	Ethics statement
	Study design and participants

	Data analysis

	Results
	Analysis of cytokine+ cells amongst peripheral blood mononuclear cells upon in vitro culture in the presenceabsence of M. leprae antigen
	Antigen-specific cytokine signature of peripheral blood mononuclear cells upon in vitro culture in the presenceabsence of M. leprae antigen
	Functional biomarker signatures in leprosy patients and healthy controls
	Functional biomarker signatures in subgroups of household contacts and leprosy patients with distinct clinical forms

	Discussion
	Conclusion
	Acknowledgements
	References


