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Introduction: The use of bacillus Calmette—Guérin (BCG) has long been considered a stimulus
for immune reactivity in leprosy household contacts. Probably, the combination of multidrug
therapy with BCG could facilitate the clearance of leprosy bacilli in the host, reduce relapse
rates, and shorten the duration of skin-smear positivity.

Methods: To investigate the mechanism of action of BCG, a study involving 19 leprosy
patients, eleven multibacillary (MB) and eight paucibacillary, was performed to assess the in
vitro production of interleukin (IL)-10, interferon (IFN)-y, tumor necrosis factor (TNF)-o, IL-6,
and IL-17 in the supernatant of peripheral blood mononuclear cells, before and 30 days after
inoculation with BCG intradermally (BCG-id). Peripheral blood mononuclear cells isolated by
Ficoll-Hypaque gradient were cultivated with Concanavalin-A (Con-A), lipopolysccharides
(LPS), or BCG. The supernatant was collected for ELISA quantification of cytokines. The
immunohistochemistry of IFN-y, IL-1, IL-10, IL-12, transforming growth factor (TGF)-f3, and
TNF-o was carried out in biopsies of skin lesions of leprosy patients before and 30 days after
inoculation of BCG-id. These patients were followed up for 5 years to assess the therapeutic
response to multidrug therapy, the occurrence of leprosy reactions, and the results of bacterial
index and anti-PGL-1 serology after the end of treatment.

Results: The results showed increased production of cytokines after BCG-id administration
in MB and paucibacillary leprosy patients. There was statistically higher levels of TNF-o
(P =0.017) in MB patients and of IL-17 (P = 0.008) and IFN-y (? = 0.037) in paucibacillary
patients. Immunohistochemical staining, especially for TNF-o,, was more intense in biopsies
of MB leprosy patients taken after BCG-id administration, probably for induction of innate
human immunity. The clinical evaluation suggests that BCG-id is able to induce a more effective
therapeutic response, with reduction of the number and the intensity of leprosy reactions.
Conclusion: These results suggest that BCG-id induces activation of the initial phase of
immunocellular activity: innate human immunity (increase in TNF-o, IL-12 and macrophage
activation). Therefore, we conclude that the use of BCG-id could be indicated as an adjuvant
to multidrug therapy in treatment of leprosy patients.
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Introduction

Leprosy is a chronic infectious disease caused by Mycobacterium leprae, which affects
the skin and peripheral nerves. Leprosy still remains an important public health prob-
lem in Brazil, with a prevalence of 1.56/10,000 inhabitants and detection of new cases
in 18.2/100,000 inhabitants in 2010."* Although prevalence has decreased, the new
cases of leprosy detected each year have remained relatively static, which impairs the
elimination of leprosy as a public health problem in the country. In addition, 2% of
the new cases present grade 2 physical disability, suggesting the considerable extent of
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the problem.? Thus, the current approaches to leprosy control
should be revised, and tools to be used as adjuvants in the
treatment and elimination of the infection should be explored.
Bacillus Calmette—Guérin (BCG) was the first vaccine to be
considered against leprosy, following the report of Fernandez®
in 1939 that showed the BCG ability to cause positivity in the
Mitsuda reaction (a skin test that uses killed bacilli to evalu-
ate the delayed type hypersensitivity to M. leprae). Later, four
large field trials were started in Uganda,* India,’ Burma,® and
Papua New Guinea’ to evaluate the efficacy of BCG in lep-
rosy prevention and showed large variation in the protective
effect of BCG vaccine, ranging from 20% to 80%. Despite
the controversial use of BCG in the world, there is sufficient
and convincing evidence of the protective effect of BCG
vaccine against leprosy, as shown by a meta-analysis and
overall review of 29 studies of BCG vaccination in leprosy.?
In leprosy, BCG was initially used for therapeutic pur-
poses and later for prophylaxis. Thus, there are two kinds of
vaccination: immunotherapy and immunoprophylaxis.
Even after multidrug therapy (MDT), multibacillary
patients with a high bacterial index continue to load dead
and viable, persistent bacilli, which leads to immunological
complications, such as recurrent reactions and late relapses.
To achieve faster killing of viable bacilli and clearance of
dead bacilli, immunotherapeutic agents (vaccines) are being
evaluated as an adjunct to MDT. The combination of MDT
with vaccination could facilitate the bacteriological clearance
in the host, improve the bacterial index, and shorten clinical
manifestations through unclear immunomodulatory activity,
which results in increased host immunity to M. leprae.’
The objective of this study was to evaluate the role of
BCG in combination with MDT in the immunotherapy of
leprosy and to investigate the mechanisms of action of the
vaccine.

Patients and methods

Patient selection

The study was approved by the Research Ethics Committee
of HCFMRP-USP and FMRP-USP (protocol number
11,183/2003).

Nineteen untreated (new cases) leprosy patients were
followed up by the Division of Dermatology and National
Leprosy Reference Center, University Hospital, Faculty of
Medicine of Ribeirdo Preto, University of Sao Paulo, Brazil.
They were classified according to the spectrum of the dis-
ease'’ and separated into multibacillary (MB) patients, all of
whom had a positive bacterial index (BI); and paucibacillary
(PB) patients, all of whom had a negative BI.

The inclusion criteria were: untreated leprosy patients (new
cases); without leprosy reactions; taking no anti-inflammatory
or immunosuppressive drugs; and age ranging from 12 to
69 years. All included patients agreed to participate and signed
the approved consent form to provide informed consent.

All patients received the BCG vaccination before the
beginning of MDT. The patients selected did not present any
other mycobacterial infection or have a scar from previous
BCG vaccination, since in Brazil it is accepted practice to
administer one dose of BCG in the first month after birth to
prevent severe forms of tuberculosis.

The patients were followed up for 5 years, and the post-
treatment therapeutic response to MDT, the occurrence of
leprosy reactions, and the results of Bl and anti-PGL-1 serol-
ogy were assessed.

Measurement of the Bl

A reasonably quantitative sample of M. leprae was obtained
from slit-skin smears for BI measurement. To determine BI,
the sample was first stained by the Ziehl-Neelsen method;
then, the count of acid-fast bacilli was determined on a
logarithmic scale ranging from 0—6+ after examining 25-100
fields, according to a standard method for determining the
number of bacilli/field. !

Detection and quantification of anti-

PGL-1 in the serum

Ninety-six-well polystyrene plates were coated with 2 pg/
mL antigen (PGL-1) in sodium carbonate buffer (pH 9.6)
and stored at 4°C overnight until use. Serum from each
patient was diluted 1:100 in 15 mM Tris-Tween (20 mM
Tris, 150 mM NaCl, and 0.1% Tween®) buffer containing
5% sheep serum and 10 UL was added to each well, and the
plate was incubated for 1 hour at 37°C in a humid chamber.
After 1 hour, the samples were washed with 15 mM Tris-
Tween buffer, and antihuman IgM B-galactosidase conjugate,
diluted 1:600 in 15 mM Tris-Tween buffer containing 5%
sheep serum, was added. The plates were then incubated
at 37°C for 1 hour. Then, 10 pL fluorogenic substrate
(4-methylumbelliferyl B-D-galactopyranoside) was added
to the samples, and the material was incubated at 37°C for
30 minutes. The plate was read with a multiscan ELISA
reader. Sera with an absorbance at 450 nm greater than 0.028
(the mean absorbance plus three standard deviations in 35
healthy Brazilian control subjects) were considered to be
positive. Each serum was tested in duplicate. The difference
between these duplicates was about 3% to 5%. All assays
were carried out at the same time.'?
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BCG vaccination
Leprosy patients were vaccinated intradermally with 0.1 mL
(0.1 mg) of BCG, in the right arm."

Culture of peripheral blood mononuclear

cells

Peripheral blood mononuclear cells (PBMC) were obtained
by Ficoll-Hypaque gradient from leprosy patients before and
30 days after vaccination with BCG intradermally (BCG-id).
The cell suspension was diluted with culture medium
(RPMI 1640) containing 10% fetal calf serum. The adher-
ent cells (enriched monocytes) (2.5 x 10¢ cells/mL) were
cultured in the presence of lipopolysaccharides (LPS) from
Salmonella typhymurium (L7261; Sigma-Aldrich, St Louis,
MO) (5 ug/mL), at 37°C and 5% CO,, in a humid incuba-
tor for 24 hours. Nonadherent cells (enriched lymphocytes)
(1.5 x 10° cells/mL) in the presence of Concanavalin-A
(Con-A C2631 111H7140; Sigma-Aldrich) (50 pg/mL) were
cultured under the same conditions as described above for
96 hours. The supernatants of these cultures were collected
and maintained at —20°C for cytokine measurement.'*

Detection and quantification of interferon
(IFN)-y, tumor necrosis factor (TNF)-0,
interleukin (IL)-10, IL-6,and IL-17 in

the supernatant of peripheral blood

mononuclear cells

IFN-y, TNF-q,, IL-10, IL-6, and IL-17 were measured by
ELISA (sandwich or capture) according to the instructions of
the method. The antibodies used were from BD Biosciences
Pharmingen (San Diego, CA): IFN-y: Cat. 51-26131E clone
NIB42/Cat. 51-26132E clone 4SB3; TNF-o.: Cat. 51-26371E
clone MAb1/Cat. 51-26372E clone MAb11; IL-10: Cat.
51-26171E clone JES3-19F1/Cat. 51-26172E clone JES3-12G8;
IL-6: Cat. 554543 clone MQ2-13A5/Cat. 554546 clone MQ2-
39C3; IL-17A: Cat# 39-8179-60. The plate was read with a
multiscan ELISA reader using absorbance at 450 nm."

Histology and immunohistochemistry
The damaged-skin biopsies, obtained from patients before
and 30 days after vaccination with BCG-id, were submitted
to routine histopathological analysis, staining with
hematoxylin-eosin, and to immunohistochemistry.
Four-micrometer paraffin sections were subjected to
antigen retrieval using a pressure cooker, in sodium citrate
(pH 6.0), for 4 minutes for IL-1 (1:200), IL-12 (1:300), trans-
forming growth factor (TGF)- (1:1500), and TNF-o (1:150)
antibodies. Tris-EDTA was used for INFy (1:200) and IL-10

(1:150). Endogenous peroxidase was blocked with 3% hydrogen
peroxide (H,0,) in phosphate-buffered saline (PBS) and metha-
nol for 10 minutes followed by nonspecific blocking with 2%
PBS + bovine serum albumin (BSA) for 15 minutes. The sec-
tions were incubated with the primary antibody overnight at 4°C.
The antibodies used were all from Santa Cruz Biotechnology
Inc (Santa Cruz, CA). The sections were then incubated with
Novocastra Post Primary Block (Leica Biosystems, Wetzlar,
Germany) for 30 minutes followed by the Novocastra Novolink
Polymer (Leica Biosystems) for 30 minutes. The color reaction
was developed using DAB (3,3” diaminobenzidine tetrahydro-
choride (Sigma-Aldrich). The sections were counterstained with
Mayer’s hematoxylin (Sigma-Aldrich) and mounted in Entellan®
(Merck Millipore, Billerica, MA). The intensity of the reaction
observed on the slides was qualitatively analyzed.

Statistical analysis
Data were analyzed statistically by the paired #-test. A P value <
0.05 was considered to be statistically significant.

Results

Nineteen leprosy patients, most of them Caucasian (83%), with
mean age 45.7 years (range: 21 to 69 years), 63% male, were
classified into two groups: 1) PB (eight patients) who were
classified as having tuberculoid leprosy (TT) (three patients) or
borderline-tuberculoid leprosy (BT) (five patients); and 2) MB
(eleven patients) who were classified as having lepromatous lep-
rosy (LL) (six patients) or borderline-lepromatous leprosy (BL)
(five patients), using clinical, bacilloscopic, and histopathologi-
cal criteria from the Ridley and Jopling classification. All PB
patients presented negative BI, whereas the eleven MB patients
presented positive BI ranging from 1+ to 5+ (Table 1).

In the 5-year follow-up period, six (54%) MB patients
developed leprosy reactions, 18% with reverse reaction and
36% with erythema nodosum, during the beginning of the
MDT. Four (36%) patients developed neuritis without perma-
nent disability. Two (25%) PB patients developed reverse reac-
tion and one (12.5%) patient developed neuritis, also without
permanent disability (Table 1). Except for one patient, all the
others successfully completed the treatment with lower levels
ofanti-PGL-1 and BI (Table 1). One polar lepromatous patient
developed several episodes of erythema nodosum after the end
of MDT. This patient was prescribed an alternative scheme of
treatment with clofazimine, ofloxacin, and minocycline during
24 months, with control of the reactions.

Analysis of the cytokine levels in the supernatants of
PBMC cultures from MB patients revealed the results shown
in Table 2.
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Table | Clinical and laboratory data of leprosy patients before, during, and 5 years after MDT

N° ID Age! Sex Race Bl-b APGL-1-b"%* HP MDT-MB/PB (dosesy RE NE Bla APGL-l-a#*
MBI  LCN 55 M CAU 5+ 135 LL  MB(24) EN - I+ 1.6
MB2 LSS 50 F CAU 3+ 1.8 BL  MB(I2) RR  Yes Neg 03
MB3  JSA 33 M CAU 4+ 15 BL  MB(I2) - - Neg 0.l
MB4 CAL 39 F CAU 4+ 22 LL  MB(24) - - Neg 05
MB5  AAR 38 M CAU 4+ 48 LL  MB(24) EN - Neg 09
MB6  CAL 39 F CAU 5+ 55 LL  MB(I2) - Yes Neg 10
MB7  DCS 5l M CAU 3+ 26 LL  MB(24) - Yes Neg 04
MBS Rl 69 M CAU 3+ 44 BL  MB(24) RR  Yes Neg 04
MB9  LARV 53 M CAU 3+ 6.5 BL  MB(I2) EN - Neg 05
MBIO  APS 43 M BLA I+ Il BL MB(4) - - NP NP
MBIl MU 45 F BLA 3+ 42 LL  MB(24) EN - 2+ 4.
PBI RDM 43 M CAU Neg 06 TT  PB(6) - - Neg 03
PB2  SLS 35 M CAU Neg 03 BT  PB(6) - Yes Neg 03
PB3  JES 44 M CAU Neg 0 BT  PB(6) - - Neg O
PB4 cMO 6l F CAU Neg 03 TT  PB(6) - - Neg 03
PBS SR 5 M CAU Neg 07 TT  PB(6) - - Neg 02
PB6  JPS ) F CAU Neg 05 BT  MB(I2) RR - Neg Il
PB7  AFAS 2l M CAU Neg 09 BT  MB(I2) RR - Neg 08
PBS MBSA 58 F BLA  Neg |5 BT  PB(6) - - Neg 08

Notes: Expressed as years; fexpressed as pg/mL; *cut-off: 1.0/positive result: =1.0.

Abbreviations: MDT, multidrug therapy; N°, number; ID, identification; Bl-b, bacterial index before MDT; APGL-1-b, anti-PGL-| before MDT; HP, histopathologic
classification; MB, multibacillary; PB, paucibacillary; RE, reactional episodes; NE, neuritis; Bl-a, bacterial index after MDT; APGL-|-a, anti-PGL- | after MDT; M, male; F, female;
CAU, caucasian; BLA, black; Neg, negative; LL, lepromatous; BL, borderline-lepromatous; TT, tuberculoid; BT, borderline-tuberculoid; EN, erythema nodosum; RR, reverse

reaction; NP, not performed.

In cultures of enriched lymphocytes developed in the
presence of Con-A (50 pug/mL), IL-10 levels measured
before and after BCG-id were similar: 1047.35 pg/mL and
1296.05 pg/mL, respectively (P = 0.339) (Figure 1). IFN-y
levels tended to be reduced after BCG-id: 7896.50 pg/mL
and 3385.30 pg/mL, respectively (P = 0.789) (Figure 1).

In cultures of enriched monocytes developed in the
presence of LPS (5 ug/mL), TNF-o levels were higher after

inoculation of BCG-id (1631.75 pg/mL) than before BCG-id
(565.60 pg/mL) (P=0.017) (Figure 1). IL-6 levels increased
after BCG-id (3043.70 pg/mL) when compared with levels
before BCG-id (2669.10 pg/mL), although the difference was
not statistically significant (P = 0.056) (Figure 1).

Analysis of the cytokine levels in the supernatants of
PBMC cultures from PB patients revealed the results shown
in Table 3.

Table 2 Quantification of IL-10, IFN-y, TNF-0, and IL-6 (pg/mL) in PBMC supernatants from leprosy MB patients before and 30 days

after BCG-id
Patients Nonadherent cells - Con-A (50 pg/mL) Adherent cells - LPS (5 mg/mL)

Before BCG-id After BCG-id Before BCG-id After BCG-id

IL-10 IFN-y IL-10 IFN-y TNF-o, IL-6 TNF-o IL-6
MBI 1089.3 257.3 1130 6964.4 NP NP NP NP
MB2 402.7 74,395 256 71,602.8 NP NP NP NP
MB3 746 89,475.6 1746 99,475.2 7472 23475 1756.9 33417
MB4 2778 12,207 2430.1 788.4 NP NP NP NP
MB5 1402.1 35,2286 1471.4 696.3 32777 3554.1 6337.6 6669.3
MB6 1005.4 903.7 2005.4 1902.5 2151.6 20,262.3 4151.3 30,262.3
MB7 517.1 27,358.9 1038.5 2329.5 175 498.9 331.9 2739.9
MB8 ND 27,005.9 ND 37,015.6 697.3 1536 1696.5 2536
MB9 706.5 683.1 1443.7 592 264.7 1127 245.6 1968.2
MBI0 1592.6 3586 7285 4441.1 420.4 4727.1 181.7 930.2
MBI | 218l 819.7 1148.4 5959.4 433.9 2990.7 1566.2 10,407.3
Median 1047.3 7896.5 1296.0 33853 565.6 2669.1 1631.7 3043.7
P-value 0.339 0.789 0.017 0.056

Abbreviations: IL, interleukin; IFN-y, interferon-gamma; TNF-0,, tumor necrosis factor-alpha; PBMC, peripheral blood mononuclear cells; MB, multibacillary; BCG-id,
bacillus Calmette—Guérin — intradermal; Con-A, Concanavalin-A; LPS, lipopolysaccharides; ND, not detected; NP, not performed.
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Figure | Graphs representing the median levels of IL-10, IFN-y, TNF-o. and IL-6 (pg/mL) in PBMC supernatants from leprosy patients before and after BCG-id.
Abbreviations: IL, interleukin; IFN-y, interferon-gamma; TNF-0, tumor necrosis factor-alpha; PBMC, peripheral blood mononuclear cells; BCG-id, bacillus Calmette—
Guérin — intradermal; MB, multibacillary; Con-A, Concanavalin-A; PB, paucibacillary; LPS, lipopolysaccharides.

In cultures of enriched lymphocytes developed in
the presence of Con-A (50 pug/mL), IL-10 levels before
(1617.05 pg/mL) and after BCG-id (1933.90 pg/mL) were
similar (P = 0.513) (Figure 1). IFN-y levels before BCG-id
(15,986.35 pg/mL) were lower than after BCG-id (27,967.25
pg/mL) (P = 0.037) (Figure 1).

In cultures of enriched monocytes developed in the
presence of LPS (5 nwg/mL), TNF-o levels increased after
BCG-id (1516.75 pg/mL) compared to levels before BCG-id
(711.20 pg/mL), but the difference was not significant
(P=0.076) (Figure 1). IL-6 levels, similar to TNF-a. levels,
were higher after than before BCG-id (9357.85 pg/mL and

3330.30 pg/mL, respectively), but the difference was not
significant (P = 0.051) (Figure 1).

In cultures of enriched lymphocytes, where there was
no stimulus of Con-A or LPS, developed in the presence of
BCG (20 pg/mL) as a specific stimulus, IL-17 levels mea-
sured before BCG-id were lower than after BCG-id (MB:
4.6 and 21.6 pg/mL, respectively; PB: 11.6 and 38.7 pg/mL,
respectively), but the difference was significant only in PB
patients (P = 0.008) (Table 4).

Histopathological analysis of skin biopsies of PB patients,
before and after BCG-id, showed increased numbers of epi-
thelioid cells that were present together with Langhans giant
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Table 3 Quantification of IL-10, IFN-y, TNF-a, and IL-6 (pg/mL) in PBMC supernatants from leprosy PB patients before and 30 days

after BCG-id
Patients Nonadherent cells - Con-A (50 ug/mL) Adherent cells — LPS (5 mg/mL)

Before BCG-id After BCG-id Before BCG-id After BCG-id

IL-10 IFN-y IL-10 IFN-y TNF-a IL-6 TNF-a IL-6
PBI 1005.4 16,355.1 2099 15,790.5 NP NP NP NP
PB2 1709.9 14,119.7 2259.2 8542.2 NP NP NP NP
PB3 8774 37,348.7 1871.3 47,3475 1499.5 7837.3 2450.6 17,836.5
PB4 1750.5 15,617.6 169.4 29,082.6 302.5 609.9 125.7 150.7
PB5 15242 27,566.3 2134 29,3443 1102.8 6629.5 8339 4765.7
PB6 2561.8 11,469.6 1880.2 26,851.9 154.9 342.8 4182 1049.8
PB7 987.6 1910.7 1978.5 2911.9 1199.6 4823.6 21984 14,822.4
PB8 2176.1 16,761.9 2012.5 42,502.7 319.6 1837 2844.1 13,950
Median 1617.0 15,986.3 1933.9 27,967.2 711.2 33303 1516.7 9357.8
P-value 0513 0.037 0.076 0.051

Abbreviations: IL, interleukin; IFN-y, interferon-gamma; TNF-c, tumor necrosis factor-alpha; PBMC, peripheral blood mononuclear cells; PB, paucibacillary; BCG-id, bacillus
Calmette—Guérin — intradermal; Con-A, Concanavalin-A; LPS, lipopolysaccharides; ND, not detected; NP, not performed.

cells and lymphocytes in the granuloma. After BCG-id, the
granuloma formation became better structured, with epithe-
lioid cells in the center and lymphocytes in the periphery.
In MB patients, we also observed increase in number of
epithelioid cells after BCG-id and the tendency towards
granuloma formation (Figure 2).

The immunohistochemical (IHC) staining for IL-1, IL-10,
IL-12, and TGF-f were higher after BCG-id in the MB group;
the IHC staining for TNF-o was increased after BCG-id in
both MB and PB groups; the IHC staining for [IFN-y presented
no increase after BCG-id (Figures 2 and 3).

Discussion
The intensive use of BCG in some countries has led us to
conclude that this vaccination must have had an important
role in the decline of leprosy incidence. Several studies
obtained reasonable results with use of BCG in leprosy
therapeutics, however the side effects, such as leprosy reac-
tions and neuritis, has led to disagreement.'®

In this study, we observed a favorable evolution during
the treatment in the majority of the patients. Thirty-six
percent of MB patients developed erythema nodosum,
which is lower than the expected rates described in the
literature (50%-60%).!” Considering the seriousness
and the morbidity of type 2 leprosy reactions, BCG-id
could have an application in patients, in agreement with
other reports.' Thirty-six percent of MB patients developed
neuritis, which was easily controlled, without permanent
disability, in agreement with the literature."” Two (25%)
PB patients presented type 1 reaction and one (12.5%)
patient presented neuritis. All PB patients have completed

treatment without skin or nerve lesions and with negative
BI and anti-PGL-1 levels.

The species-specific antigen for M. leprae (PGL-1) could
be a serological marker for the bacterial load of leprosy
patients and so could be used for the classification of patients
and for treatment monitoring. Leprosy patients at the lep-
romatous end of the spectrum produce large quantities of [gM
immunoglobulin in response to this antigen (seropositivity
of 80%—100%), while patients at the tuberculosis end show
much lower levels (seropositivity of 30%—-60%).2

Table 4 Quantification of IL-17 (pg/mL) in PBMC supernatants
from leprosy patients before and 30 days after BCG-id

Patients Before BCG-id After BCG-id
Nonadherent cells - BCG (20 pg/mL)

MBI 7.0 10.5
MB2 1.4 2.9
MB3 14.1 NP
MB4 5.4 10.0
MB5 4.4 62.6
MB6 3.9 NP
MB7 4.9 NP
PBI 7.0 36.9
PB2 3.4 24.6
PB3 0.4 NP
PB4 14.1 15.7
PB5 8.1 42.5
PB6 36.4 70.8
Median MB 4.6 21.6
Median PB 1.6 387
P-value MB 0.153
P-value PB 0.008

Abbreviations: IL, interleukin; PBMC, peripheral blood mononuclear cells; BCG,
bacillus Calmette-Guérin intradermal; MB, multibacillary; PB, paucibacillary; NP,
not performed.
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Figure 2 Photomicrograph of a skin biopsy. (A) Infiltrate of histiocytes surrounded by lymphocytes in the dermis in a case of MB leprosy before the BCG-id (HE, x100).
(B) Tendency towards granuloma formation in a case of MB leprosy after the BCG-id (HE, x100). (C) Immunoreactivity for INFy in a case of MB leprosy before the
BCG-id (Novolink staining with hematoxylin counterstaining, x50). (D) Immunoreactivity for INFy in a case of MB leprosy after the BCG-id (Novolink staining with
hematoxylin counterstaining, x50). (E) Immunoreactivity for IL-1 in a case of MB leprosy before the BCG-id (NovoLink staining with hematoxylin counterstaining, x100).
(F) Immunoreactivity for IL-1 in a case of MB leprosy after the BCG-id (NovoLink staining with hematoxylin counterstaining, x100). (G) Immunoreactivity for IL-10 in a
case of MB leprosy before the BCG-id (NovoLink staining with hematoxylin counterstaining, x100). (H) Immunoreactivity for IL-10 in a case of MB leprosy after the BCG-id

(Novolink staining with hematoxylin counterstaining, x100).

Abbreviations: MB, multibacillary; BCG-id, bacillus Calmette-Guérin — intradermal; HE, hematoxilin eosin; INF-y, interferon-gamma; IL, interleukin.

In this study there was no control group (MDT without
BCG-id) and the conclusions are based on comparison with
the literature.

The clinical forms of leprosy constitute a spectrum that
correlates closely with the degree of cell-mediated immunity.
Patients with the PB forms develop strong cell-mediated
response and have only a few, localized lesions, whereas

patients with the MB forms are specifically unresponsive to
M. leprae and have a large number of disseminated lesions.
So, MB patients have not a favorable long-term prognosis.
It is known that the MDT is potent in killing M. leprae and
in cure of the disease. However, the inflammatory process
may persist for a long time after the end of the treatment,
causing the leprosy reactions, which are important causes of
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Figure 3 Photomicrograph ofa skin biopsy. (A) Immunoreactivity for IL- 12 ina case of MB leprosy before the BCG-id (NovoLink staining with hematoxylin counterstaining, X 100).
(B) Immunoreactivity for IL-12 in a case of MB leprosy after the BCG-id (NovoLink staining with hematoxylin counterstaining, x100). (C) Immunoreactivity for TGF- in
a case of MB leprosy before the BCG-id (NovoLink staining with hematoxylin counterstaining, x100). (D) Immunoreactivity for TGF-B in a case of MB leprosy after the
BCG-id (Novolink staining with hematoxylin counterstaining, x100). (E) Immunoreactivity for TNF-o in a case of MB leprosy before the BCG-id (NovoLink staining with
hematoxylin counterstaining, x100). (F) Immunoreactivity for TNF-o. in a case of MB leprosy after the BCG-id (NovoLink staining with hematoxylin counterstaining, x100).
(G) Immunoreactivity for TNF-o. in a case of PB leprosy before the BCG-id (NovoLink staining with hematoxylin counterstaining, x100). (H) Immunoreactivity for TNF-o in
a case of PB leprosy after the BCG-id (NovoLink staining with hematoxylin counterstaining, x100).

Abbreviations: IL, interleukin; MB, multibacillary; BCG-id, bacillus Calmette-Guérin — intradermal; TGF-B, transforming growth factor beta; TNF-ct, tumor necrosis factor-alpha.

morbidity in leprosy patients. In this study, lower rates of
erythema nodosum were observed in the patients after the
vaccination, minimizing the symptoms of the patients.
Therefore, the clinical evaluation suggests that BCG-id
is able to induce a more effective therapeutic response, with
reduction of the number and the intensity of leprosy reactions.

BCG protection is described as an improvement of the
immunological Th1 response, due especially to its improve-
ment of IFN-y production, which is necessary for the
control of mycobacterial infections.?! IFN-y is associated
with macrophage cell activation, increase of cell mediated
immunity, and M. leprae destruction and achieves this by
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increasing the production of intermediate reactive oxygen
and nitrogen inside the macrophages.?

In this study, we observed that the production of IFNy
by PBMC of MB patients, in the presence of Con-A, tended
to be reduced after BCG-id. These apparently contradic-
tory data could be related to the modulation of the immune
response induced by BCG-id, leading to local IFN-y action
that could have increased the pathogen recognition, resulting
in macrophage stimulation in peripheral lesions. Probably,
Thl-lymphocytes concentrated in peripheral lesions and
were reduced in peripheral blood.?>?* Also, the interaction
of the Con-A with the monocyte favors its differentiation to
the M2 phenotype, with higher production of IL-10, which
downregulated the IFN-y production in this culture.?>* In skin
biopsies, the IHC staining for IFN-y wasn’t augmented after
BCG-id, probably because this cytokine had been consumed
by the previously established lesions.

Comparing the values of IFN-y before and after BCG-id
in PB patients, we observed that the production of IFN-y by
PBMC increased after the vaccination (P =0.037). These data
agree with those reported by Marchant et al,?! who showed
the development of a Th1-cell response in vaccinated children
with an increase in the production of IFN-y, and support the
described protection by BCG-id.

In this study, we observed increased production of IL-17 in
the supernatants of PBMC cultures from MB and PB patients
after BCG-id, but the difference was significant only in PB
patients (P = 0.008). Gopal et al*’ demonstrated that BCG
was capable of inducing IL-23 and Th-17-cell differentiation.
Umemura et al?® showed that IL-17 was an important
cytokine in the induction of optimal Thl response and
protective immunity against mycobacterial infection. These
data suggest that BCG induces Th1-cell responses, which is
required for immunity against intracellular bacteria.

The THC staining for IL-12 was higher in the MB group
after BCG-id. IL-12 and IL-23 are pivotal cytokines in the
generation of protective Th1/Th17-type immune responses
upon infection with intracellular pathogen, which support
the described protection by BCG-id.

Both IL-12/TFN-y and IL-23/IL-17 pathways should be
activated in response to BCG-id inoculation. The resident
macrophages initiate the immune response by secreting
IL-12 and IL-23. The macrophages activate the natural
killer cells. IL-12 mediates natural killer cell activation
and IFN-y production, which further stimulates neutrophil
IFN-y production and infiltration of polymorphonuclear
leukocytes and other immune cells (CD4+). IL-23 is also
involved in natural killer cell activation. IL-23 with TGF-3

and IL-6 is known to induce Th17 cell differentiation
and proinflammatory cytokine production (IL-6, IL-1,
TNF-0).%

Additionally, increased production of TNF-o. by PBMC
from MB patients was observed in the presence of LPS
after the application of BCG-id (P = 0.017), suggesting a
nonspecific immune stimulatory action of BCG on the innate
immunity response.’ This is a very interesting response in
multibacillary leprosy, where TNF-. acts by inducing mac-
rophage activation, thus favoring destruction of the parasite
and the maintenance of IFN-y production.’! The results for
PB patients under the same culture conditions were similar,
with no statistical significance, probably due to the smaller
number of patients. It is suggested that the use of BCG-id
in leprosy, especially in MB patients, could improve the
immunological response, and this is reinforced by the IHC
results that showed higher staining levels for TNF-o in both
MB and PB groups after BCG-id.

The production of IL-10 by PBMC of MB patients in the
presence of Con-A was similar before and after BCG-id, as
also observed in PB patients, with no statistical significance.
The explanation of these results could be related to the fact
that purified T cells were not used in this study and so the
monocytes may also have produced IL-10, resulting in
elevated levels of this cytokine.’? Also, the interaction of
the Con-A with the monocyte favors its differentiation to the
M2 phenotype, with higher production of IL-10.2>2¢ BCG-id
could not stimulate the production of IL-10 in the cultures.
The induction of IL-10 production should be avoided by
vaccines since the production of this cytokine is induced
by the M. leprae and is involved in the inhibition of T cell
production and in the liberation of antibacterial cytokines,
downregulating the Th1 response.?

The IHC staining for IL-10 was higher in the MB group
after BCG-id. Gopal et al?’” showed that BCG promotes the
production of IL-10, which limits Th1-cell responses, while
simultaneously inducing IL-23 and Th-17-cell differentiation.
The ability of IL-17 to downregulate IL-10 and induce IL-12
production allows the generation of subsequent Thl-cell
responses.

The production of IL-6 in PBMC of leprosy patients in
the presence of LPS after the application of BCG-id was
higher than that before vaccination in both MB and PB
patients, but the difference was not statistically significant.
Taking into account the function described for IL-6 of
increasing the specific destructive capacity of phagocyte
cells (NK cells and cytotoxic T cells),* it is possible that
increased IL-6 levels may induce greater destruction of
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the parasite and control of the infection, as observed by
Rada et al.3*3¢

The clinical forms of leprosy constitute a spectrum that
correlates closely with the degree of cell-mediated immunity.
Patients with the PB forms develop strong cell-mediated
response whereas patients with the MB forms are specifically
unresponsive to M. leprae. The effect of BCG in this study
was analyzed in the spectrum of leprosy, in the PB group and
MB group. The cellular response presents large variability
from individual to individual, ranging from a marginal to a
strong response, even between individuals within the PB and
MB groups. The results were not analyzed individually, but
in the group. The results are indicative and not conclusive,
because certainly, this would necessitate a larger group of
patients.

Indeed, taken together, these results indicate that it is
possible to suggest that BCG-id improves the immunological
response of leprosy patients by inducing the activation of
the initial phase of immunocellular activity, innate human
immunity (increase in TNF-o, IL-12 and macrophage
activation), and probably also increases the efficacy of the
multidrug therapy (especially in multibacillary leprosy),
possibly favoring the reduction of reaction episodes and
relapse of the disease. The results suggest a potential for
BCG as an adjuvant in the treatment of multibacillary lep-
rosy patients.
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