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Background
Leprosy is a chronic infectious disease caused by Mycobacterium leprae and
manifested by an immunological and clinical outcome, ranging from borderline
lepromatous and lepromatous infections to tuberculoid and borderline tuberculoid
infections. Cytokines such as interleukin (IL)-6, IL-10, interferon-γ (IFN-γ), and
tumor necrosis factor-α are associated with leprosy.
Objective
The aim was to assess IL-6 and IFN-γ in untreated patients with leprosy and
compare these levels with those in healthy controls and with different parts of the
disease spectrum.
Patients and methods
A case–control study was conducted on 90 untreated patients with leprosy and 30
healthy controls randomly selected from patients attending the Dermatology and
Leprosy Hospital, Qena Governorate, Egypt. The patients were classified into
tuberculoid, borderline tuberculoid, borderline-borderline, borderline lepromatous,
and lepromatous (LL). IFN-γ and IL-6 were measured by enzyme-linked
immunosorbent assay technique.
Results
IL-6 and INF-γwere significantly higher in the patients than in the control group, with
P value of 0.001 and 0.002, respectively. Regarding the serum level of INF-γ in all
types of leprosy, there was a statistically significantly increase in paucibacillary
leprosy and a nonsignificant increase in multibacillary leprosy; on the contrary, the
results showed that serum level of IL-6 was statistically significantly increased in
multibacillary leprosy and nonsignificantly increased in paucibacillary leprosy.
Conclusion
This study concluded that INF-γ and IL-6 may have a significant role in classifying
various forms of leprosy and can be used as leprosy disease markers to predict the
course and the prognosis of the disease.
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Introduction
Leprosy is a chronic granulomatous infection caused by
Mycobacterium leprae (M. leprae), with a predilection
primarily for peripheral nerves and secondarily for the
skin, mucous membrane, and internal organs. Its
clinical forms depend on specific host immunity [1].

M. leprae infects macrophages and Schwann cells,
causing peripheral nerve damage, which results in
sensory and motor losses, which ultimately cause
severe disability, the hallmark of leprosy. Leprosy
actually manifests across a bacteriologic, clinical,
immunologic, and pathologic spectrum that allows
classification into five forms according to the Ridley
and Jopling (R&J) scale [2].

The classification of R&J divides leprosy into
two polar forms: tuberculoid (TT) and lepromatous
(LL). An immunologically unstable intermediate
y | Published by Wolters Kl
group separates the two polar forms and is
divided into three subgroups: borderline tuberculoid
(BT), borderline-borderline (BB), and borderline
lepromatous (BL). These groups are classified
according to clinical characteristics, skin smear
bacillary index, and histopathological features
[3,4].

Cytokines are low-molecular-weight glycoproteins
produced by immune and nonimmune cells which act
as molecular signals for communication between cells of
the immune system [5]. Th1 cells secrete interferon-γ
(IFN-γ), interleukin (IL)-2, and tumor necrosis factor,
which activate macrophages, but Th2 cells secrete IL-6,
uwer - Medknow DOI: 10.4103/ejdv.ejdv_45_17
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IL-5, and IL-4, which are responsible for antibody
formation, macrophage inhibition, and cell–mediated
immunity (CMI) suppression [6].

Owing to the presence of controversial results on the
level of serum cytokines in various forms of
leprosy, we aimed in this study to assess serum
cytokine IL-6 and IFN-γ in untreated patients with
leprosy, and compare them with healthy controls
and co-relate the patterns with different parts of
leprosy spectrum. However, future large-scale
studies are also needed to clear the role of cytokines
in classifications, prognosis, and treatment of
leprosy.
Figure 1
Patients and methods
A case–control study was conducted on 90 untreated
patients with leprosy (new cases, age: 18–65 years) and
30 healthy controls. The participants were selected
randomly from patients attending the Dermatology
and Leprosy Hospital, Qena Governorate, Egypt from
April 2013 to April 2015. Patients, classifications were
performed according to clinical examination and slit skin
smear into subgroups (TT, BT, BB, BL, and LL). The
patients who received antileprotic treatment or steroid
and patients who had other systemic diseases that affect
the immune system were excluded from the study. The
studywas approved by theResearchEthicsCommittee of
Qena Faculty of Medicine, South Valley University. An
informed consent was obtained from all participants.
IFN-γ was chosen to represent Th1 cytokine pattern,
and IL-6 was chosen to represent Th2 cytokine. Both
cytokines were measured by enzyme-linked immuno-
sorbent assay technique (Bacton Dickinson Kit, USA)
for estimation of serum IFN-γ (Assay Max ELISA kit
suppliedby theAssayMax;CatalogNo.EI1023-1 (1X96
tests).Assay-proLLC-St.Charles,MO,USA) and IL-6
(Assay Max ELISA kit supplied by the Assay Max;
Catalog No. EI1006 (1X 96 test), Assay pro LLC- St.
Charles, MO, USA).
Leprosy types of patients according to presence of IL-6 in the serum
(ng/ml).
Statistical analysis
The Mann-Whitney U test was applied for comparison
between twogroups.Correlationsbetweencytokine levels
using raw data were measured by Spearman’s rank test.
Results were considered statistically significant when the
Table 1 Comparison of interleukin-6 levels (ng/ml) between patient

Groups IL-6

Range

Patients 0.000010–1.000000 0.1

Control 0.000007–0.000900 0.0

IL-6, interleukin-6. P>0.05, nonsignificant. P<0.05, significant. P<0.001
P values were <0.05. The data was be analyzed using
SPSS for windows version 16 to compare patient groups
with control group. The correlation coefficient (r) was
applied between serum cytokine levels and different
variables in the patient groups.
Results
This study included 90 adult patients with confirmed
diagnosis of leprosy, with 53 males and 37 females.
Their ages ranged from 18 to 65 years, with a mean of
41.4±11.2 years. A total of 30 healthy participants were
included as a control group: 16 females and 14 males.
Their ages ranged from 30 to 39 years (mean: 33.9±3.2
years). The patients were classified according to R&J
classification as 27 having LL, 14 BL, 13 BB, 16 BT,
and 20 TT (Fig. 1). The patients and control were
classified into positive and negative according to the
serum level of IL-6 and INF-γ (ng/mg). The positive
group of IL-6 ranged from 0.5 to 0.004 ng/mg, and the
negative group less than 0.004 ng/ml. The positive
group of INF-γ ranged from 1 to 0.007 ng/mg, and
the negative less than 0.007 ng/mg.

The IL-6 level in patients and control groups was
0.1178±0.2493 and 0.0002±0.0003 ng/ml, respectively,
andPvaluewas0.001,withhighly statistically significant
difference (Table 1).

INF-γ level in the patients and controls was 0.0546±
0.1019 and 0.0055±0.0222 ng/ml, respectively, and
and control groups

t-Test P value

Mean±SD

178±0.2493 3.335 0.001

002±0.00003

, highly significant.



Table 2 Comparison of interferon-γ levels (ng/ml) between cases and control groups

Groups IFN-γ t-Test P value

Range Mean±SD

Patients 0.0000100–0.500000 0.0546±0.1019 3.220 0.002

Control 0.0000000–0.100000 0.0055±0.0222

IFN-γ, interferon-γ. P>0.05, nonsignificant. P<0.05, significant. P<0.001, highly significant.

Table 3 Patients with different types of leprosy according to
presence of interleukin-6 in the serum (ng/ml)

IL-6 (mean±SD) t-Test P value

Positive Negative

LL 0.195±0.296 0.002±0.010 3.758 0.000

BL 0.137±0.259 0.001±0.001 3.348 0.002

BB 0.133±0.269 0.028±0.082 2.155 0.037

BT 0.118±0.260 0.115±0.179 0.024 0.981

TT 0.021±0.068 0.018±0.041 0.048 0.721

BB, borderline-borderline; BL, borderline lepromatous; BT,
borderline tuberculoid; IL-6, interleukin-6; LL, lepromatous; TT,
tuberculoid. P>0.05, nonsignificant. P<0.05, significant. P<0.001,
highly significant.

Figure 2

Leprosy patients according to Ridley and JoplingWHOClassification.

Table 4 Patients with different types of leprosy according to
presence of interferon-γ in the serum (ng/ml)
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P value was 0.002, with highly statistically significant
difference. So in the patient group, the mean serum
levels of both cytokines (IL-6 and INF-γ) were
significantly higher than the control group (Table 2).

Regarding the total serum level of IL-6 in the patients
with different types of leprosy, there was a highly
statistically significant increase in serum level in
LL group (mean: 0.195±0.296 ng/ml; P=0.000),
significant increase in serum level in BL group (mean:
0.137±0.259 ng/ml; P=0.002) and BB group (mean:
0.133±0.269 ng/ml; P=0.037) (multibacillary leprosy),
and nonsignificant increase in serum level in BT group
(mean: 0118±0.269 ng/ml; P=0.981) and TT group
(mean: 0.018±0.041 ng/ml; P=0.721) (paucibacillary
leprosy), so patients with LL had the lowest
levels of IFN-γ and highest level of IL-6
(Table 3 and Fig. 2).

Regarding the total serum level of INF-γ in patients
with all types of leprosy, there was a highly statistically
significant increase in serum level in TT group (mean:
0.071±0.111 ng/ml; P<0.000), a significant increase
in serum in BT group (mean: 0.062±0.107 ng/ml;
P=0.005) (paucibacillary leprosy), and nonsignificant
increase in the serum level in BB group (mean: 0.057±
0.105 ng/ml; P=0.511) and in BL group (mean: 0.044±
0.097 ng/ml; P=0.152) and in LL group (0.037±
0.101 ng/ml; P=0.127) (multibacillary leprosy), so
patients with TT had the lowest levels of IL-6 and
highest levels of IFN-γ (Table 4 and Fig. 3).
IFN-γ (mean±SD)

Positive Negative t-Test P value

LL 0.037±0.101 0.008±0.098 1.554 0.127

BL 0.044±0.097 0.007±0.116 1.455 0.152

BB 0.057±0.105 0.005±0.055 0.663 0.511

BT 0.062±0.107 0.004±0.021 2.948 0.005

TT 0.071±0.111 0.001±0.003 3.846 0.000

BB, borderline-borderline; BL, borderline lepromatous; BT,
borderline tuberculoid; IFN-γ, interferon-γ; LL, lepromatous; TT,
tuberculoid. P>0.05, nonsignificant. P<0.05, significant. P<0.001,
highly significant.
Discussion
In our study, the mean serum levels of both cytokines
(IL-6 and INF-γ) were significantly higher in the
patients than in the control group. Patients with TT
had highly statistically significant increased levels of
IFN-γ and lowest levels of IL-6, indicating that there
could be maximum stimulation of CMI and activation
of Th1 cells, and LL group had significantly higher
levels of IL-6 as compared with other groups.
Regarding the serum level of INF-γ in all types of
leprosy, there was a statistically significant increase in
paucibacillary leprosy and nonsignificant increase in
multibacillary leprosy, which is in contrast to the results
of serum level of IL-6, where there was a statistically
significant increase in multibacillary leprosy and
nonsignificant increase in paucbacillary leprosy.

Patients with paucibacillary leprosy show a pattern of
CMI of the Th1 type, which is characterized by the



 

Figure 3

Leprosy types of patients according to presence of IF-γ in the serum
(ng/ml).
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production of IFN-γ, IL-2, IL-7, IL-12, IL-15, and
IL-18 in skin lesions. Conversely, patients with
multibacillary leprosy present a Th2 response with
production of TGF-β1, IL-4, IL-5, IL-6, and IL-10
in skin lesions with high antibody production, but
insufficient CMI [7].

There are conflicting reports about the status of Th1/
Th2 subsets in patients with leprosy. Th1 cytokines
was evident in TT, whereas Th2 cytokines were
predominant in LL skin lesions, indicating that
resistance and susceptibility could be co-related with
cytokine patterns [8]. Combination of Th1 and Th2
cytokines was also reported in circulation and in skin
lesions [9], so cytokine profiling and clinical forms of
leprosy are debatable and need more clearance.

Moubasher et al. [10] reported higher levels of IFN-γ
in BT compared with BB, BL, and LL. Thus, the main
actions of IFN-γ are amplification of–T-cell response
and marked alteration in the behavior of infected
macrophages [11].

Th1 cytokines cause activation of macrophages by
bringing about biochemical, phenotypic, and functional
changes, which can increase their microbicidal activity
[12].

The protective function of IFN-γ was demonstrated
by the reduction of viable M. leprae at the site
of intradermal injection of IFN-γ, as shown
independently by Kaplan et al. [13] and Siva Sai
et al. [14].

Some authors reported that 91% of patients with LL
produced IL-6 in comparison with only 33% of patients
with tuberculoid leprosy in their study. These Th2
cytokines are reported to inhibit Th1 cytokine
production (particularly IFN-γ) and vice versa [15].
Seghal [16] have reported that IL-6 is known to 
promote antibody production, so the high level of 
this cytokine may have some bearing on the 
hypergamma globulinemia that characterizes the 
lepromatous part of the spectrum.A predictive study 
of antigen-induced and mitogen-induced IFN-γ 
production was studied in peripheral blood 
mononuclear cells from 34 patients with leprosy. 
Overall, 17 of the 18 patients with LL and BL 
failed to release IFN-γ in response to specific 
antigen (M. leprae) and displayed reduced responses 
to mitogen (concanavalin A) stimulation [17].

In contrast, cells from six patients with TT and BT 
produced considerable levels of IFN-γ under the same 
experimental conditions.

A case–control study observed a correlation between 
plasma levels of IL-6 and IL-6 genotypes in patients 
with type-2 reactions in leprosy and also showed that 
the use of IL-6 as a biomarker in several diseases has 
been widely discussed based on the multiple effects of 
this cytokine on the control of innate and adaptive 
immunity [18].

Aggarwal et al. [19] observed that a multifunctional 
cytokine, IL-6, has suppressive effects on macrophages, 
astrocytes, and fibroblasts and suppresses the expression 
of IL-12, IFN-γ, tumor necrosis factor-α, adhesion
molecules, and proteases both in vitro and in vivo. 
The overall role of IL-6 in an inflammatory process is 
determined by the balance between its proinflammatory 
and anti-inflammatory actions on different cell types. 
Therefore, future larger scale studies are needed to 
clear the role of cytokines in classification, prognosis, 
and treatment of leprosy.
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