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Abstract
Background: The clinical management of leprosy Type 1 (T1R) and Type 2 (T2R) reactions pose challenges
mainly because they can cause severe nerve injury and disability. No laboratory test or marker is available for the
diagnosis or prognosis of leprosy reactions. This study simultaneously screened plasma factors to identify
circulating biomarkers associated with leprosy T1R and T2R among patients recruited in Goiania, Central Brazil.

Methods: A nested case-control study evaluated T1R (n = 10) and TR2 (n = 10) compared to leprosy patients
without reactions (n = 29), matched by sex and age-group (+/- 5 years) and histopathological classification.
Multiplex bead based technique provided profiles of 27 plasma factors including 16 pro inflammatory cytokines:
tumor necrosis factor-α (TNF-α), Interferon-γ (IFN-γ), interleukin (IL)- IL12p70, IL2, IL17, IL1 β, IL6, IL15, IL5,
IL8, macrophage inflammatory protein (MIP)-1 alpha (MIP1α), 1 beta (MIP1β), regulated upon activation normal
T-cell expressed and secreted (RANTES), monocyte chemoattractrant protein 1 (MCP1), CC-chemokine 11
(CCL11/Eotaxin), CXC-chemokine 10 (CXCL10/IP10); 4 anti inflammatory interleukins: IL4, IL10, IL13, IL1Rα
and 7 growth factors: IL7, IL9, granulocyte-colony stimulating factor (G-CSF), granulocyte macrophage-colony
stimulating factor (GM-CSF), platelet-derived growth factor BB (PDGF BB), basic fibroblast growth factor (bFGF),
vascular endothelial growth factor (VEGF).

Results: Elevations of plasma CXCL10 (P = 0.004) and IL6 (p = 0.013) were observed in T1R patients compared
to controls without reaction. IL6 (p = 0.05), IL7 (p = 0.039), and PDGF-BB (p = 0.041) were elevated in T2R.
RANTES and GMCSF were excluded due to values above and below detection limit respectively in all samples.

Conclusion: Potential biomarkers of T1R identified were CXCL10 and IL6 whereas IL7, PDGF-BB and IL6, may
be laboratory markers of TR2. Additional studies on these biomarkers may help understand the
immunopathologic mechanisms of leprosy reactions and indicate their usefulness for the diagnosis and for the
clinical management of these events.
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Background
Leprosy reactions are major causes of hospitalization and
disability of patients with leprosy, a chronic granuloma-
tous disease of the skin and peripheral nerves caused by
the Mycobacterium leprae. These are understood to be con-
sequences of the dynamic nature of the immune response
to M. leprae, and they may occur before diagnosis, during
treatment or after multidrug therapy (MDT). Leprosy
"Type 1" reactions (T1R), also described as "reversal" reac-
tions, occur in 30–40% of borderline patients with cellu-
lar immune responses to M. leprae [1]. T1R usually
develops abruptly as exacerbations of pre-existing skin
and nerve lesions. Treatment with corticosteroids allevi-
ates symptoms, but often requires many weeks or months
of moderate to high doses.

"Type 2" reactions (T2R), also known as erythema nodosum
leprosum (ENL), occur only in lepromatous (LL) and bor-
derline lepromatous (BL) patients with a high bacterial
load and little or no cellular immunity to M. leprae [1].
T2R develop abruptly, with crops of red, tender nodules
on various parts of the body, and histological evidence of
acute inflammation. The natural course of T2R is typically
10 – 14 days, but without treatment severe tissue damage,
including nerves, often results. Corticosteroids and thalid-
omide reduce the inflammation in T2R, but many
patients have multiple, recurrent episodes.

Neuritis and cutaneous inflammation are prominent
symptoms of both types of reaction, but the systemic
nature of these reactions is evident from the patterns of
malaise, fever, and inflammation in other tissues that are
characteristic of both T1R and especially T2R reactions. In
leprosy reactions, peripheral immunological and inflam-
matory mechanisms are undoubtedly important, but
enhanced central immunological reactivity in spleen and
lymph nodes may contribute to the overall illness. In
human studies, plasma provides an appropriate sample of
the soluble mediators produced by central lymphoid
organs.

Cytokines play important roles in both protection and
immunopathology of leprosy and are considered impor-
tant components of leprosy reactions: reviewed in [2].
T1R have been characterized by in situ Th1 type immunity
with spontaneous increase in cell mediated immunity
with infiltration of IFNγ and TNFα, secreting CD4+T cells
in skin lesions and nerves. The T2R is a systemic inflam-
matory response characterized by neutrophil infiltration,
activation of complement, extra-vascular immune com-
plexes and high levels of TNFα in tissue lesions and in the
circulation [3-5]. The presence of M. leprae DNA detected
by PCR in skin lesions has been demonstrated to be a
molecular marker of T1R among single skin lesion PB lep-
rosy [6]. Despite evidences of immunological and molec-

ular mediators of leprosy reactions, no individual marker
or combination of markers has been sufficiently associ-
ated with wither reaction to enable its use as a laboratory
test for the diagnosis or management of T1R or T2R.

The goal of this study was to screen potential plasma
markers in Type 1 and Type 2 leprosy reactions. Profiles of
27 markers including 16 circulating pro inflammatory, 4
anti inflammatory cytokines and 7 growth factors were
compared among T1R and T2R patients and leprosy
patients without reaction (matched for age, sex, and lep-
rosy type).

Methods
Patients
This study was designed as a nested case-control study
within a cohort of 349 newly detected untreated leprosy
patients recruited between February 2004 and October
2005 at a main outpatient clinic in Central Brazil (Refer-
ence Center for Diagnosis and Treatment, Goiania city).
Eligibility criteria were: newly diagnosed untreated lep-
rosy patients. Leprosy patients living outside the study
area or patients not willing to come for follow up were
excluded. At baseline, patients were given complete der-
matological and neurological evaluations by a dermatolo-
gist and a physiotherapist with expertise in leprosy
diagnosis. Slit skin smears and skin lesion biopsies were
collected at baseline and histhopathological readings
were classified according to Ridley-Jopling criteria [7]. All
patients received the standard WHO MDT regimen for PB
or MB disease and patients were followed-up during MDT
to monitor any episode of leprosy reaction. Leprosy reac-
tions were treated according to the guidelines from the
Brazilian Leprosy Control Program.

In this study, T1R cases were selected from untreated lep-
rosy patients clinically diagnosed with T1R (n = 10) the
time of their initial diagnosis. These patients had severely
indurated and erythematous lesions at the site of previ-
ously indolent macules, according to the medical history.
T2R cases (n = 10) were selected among patients who had
the T2R at diagnosis (n = 4) or during follow up (n = 6).
The following case definitions were employed: T1R was
defined as an acute clinical manifestation, usually charac-
terized by the exacerbation of pre-existing lesions, the
appearance of new lesions with or without neuritis. T2R
was characterized by the sudden appearance of tender ery-
thematous skin nodules mainly accompanied by fever
and other systemic symptoms such as joint pain, bone
tenderness, neuritis, edema, malaise, anorexia with or
without lymphadenopathy. Controls were selected
among leprosy patients with the same histopathological
classification as the reaction patients but did not have
reaction at the time of initial diagnosis or during follow-
up. These controls were also matched by sex and age-
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group (+/- 5 years). Ten controls were found suitable for
TR1 and 9 controls for TR2.

Data Collection and Ethical Issues
A standardized Case Report Form (CRF) was applied to all
patients to collect data on age, sex, duration of symptoms,
clinical characteristics, neurological impairment, onset of
reaction and final classification. This study was approved
by the institutional review board and all patients gave
written, informed consent.

Blood Collection and Cytokine Analysis
Blood was collected in EDTA, centrifuged immediately,
and plasma aliquots were stored at -80°C prior to assay.

Cytokine Array System
This study employed a commercially available premixed
human cytokine 27-plex panel of cytokines (Bio-Plex
Cytokine reagent kit, BIO RAD Laboratories, Hercules,
CA, USA). This system consists of multiplex beads and
detection antibodies designed to quantitate, in pg/ml,
multiple cytokines in plasma samples. This study
employed the premixed 27-plex panel of human
cytokines. For data analysis the 27 cytokines were strati-
fied into 3 functional categories: A. Pro-inflammatory
cytokines- TNFα, IFNγ, IL12, IL2, IL17, IL1 β, IL6, IL15,
IL5, IL8, CXCL10, MIP1α, MIP1β, RANTES, MCP1 and
CCL11; B. Anti- inflammatory cytokines- IL4, IL10, IL13
and IL1Rα; C. Growth Factors- IL7, IL9, GMCSF, GCSF,
PDGF-BB, FGF-Bas and VEGF.

EDTA plasma samples stored at -80°C were thawed, cen-
trifuged at 1,000 × g at 4°C for 10 min, supernatants were

filtered (sterile 0.22 um Millipore filters) and used imme-
diately. All samples were tested in duplicate at 1/3 dilu-
tion in species specific Bio-plex sample diluent, and blank
values (background) were subtracted from all readings.
Premixed lyophilized cytokine standards, premixed anti
cytokine conjugated beads, detection antibodies and
Streptavidin-PE were prepared according to manufacturer
instructions. All assays were read on the Luminex 100
Instrument (Austin, Texas) and data analysis performed
with the Bio-Plex-Manager software which includes deter-
mination of assay precision and determination of good-
ness of fit of the regression algorithm.

Statistical Analysis
The concentration of individual cytokines in pg/ml in
each patient was used for data analysis. Descriptive statis-
tics were applied to the patient's characteristics. Explora-
tory data analysis, including box-plot, medians and
standard deviation were calculated for the concentration
of each cytokine and results were stratified by groups of
cases (T1R and T2R) and compared to plasma concentra-
tions obtained in their respective control groups. Statisti-
cal significance was assessed by Kruskall-Wallis one way
analysis of variance for comparison of multiple groups
and Mann-Whitney for comparison between two groups.
P values < 0.05 were considered statistical significant
results.

Results
Patients' characteristics
The main baseline clinical characteristics of the 39 leprosy
patients tested during T1R (n = 10) and controls (n = 10)
or T2R (n = 10) and controls (n = 9) are shown in Table 1.

Table 1: Baseline clinical characteristics of patients with leprosy reactions and controls without reaction

Characteristics T1R1 Controls2 T2R3 Controls4

Patients n (%) 10 10 10 9
Sex

men 8 (80.0) 8 (80.0) 8 (80.0) 7 (77.8)
women 2 (20.0) 2 (20.0) 2 (20.0) 2 (20.0)

Age (median) 42.9 41.4 38.9 43.3
(min-max) (26–60) (26–59) (17–69) (13–68)

Classification
BT 10 10 - -
LL - - 10 9

Baciloscopic Index
(median) 0 0 3.25 2.75
(min-max) (-) (-) (2.5–5.0) (2.5–5.0)

Reaction at diagnosis 10 (100.0) - 04 (40.0) -
Duration of symptoms prior to diagnosis (days)

(median) 50 - 15 -
(min-max) (3–120) (3–60)

1 Type 1 Reaction
2 Paucibacillary leprosy patients without reaction
3 Type 2 Reaction
4 Multibacillary leprosy patients without reaction
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Adult males around 40 years of age predominated in all
groups. Patients with T1R and controls were classified by
clinical and histopathological criteria as BT and none had
acid-fast bacilli in skin smears (BI = 0). Patients with T2R
and controls had LL disease; all had acid-fast bacilli in
skin smears. For patients diagnosed during a reactional
episode (10/10 T1R and 4/10 T2R cases), a wide variation
in the duration of symptoms prior to diagnosis was
reported: median of 50 days for T1R and 15 days for T2R.
No clinical differences were identified between patients
who had T2R on diagnosis compared to those who devel-
oped the reaction after starting MDT. None of the leprosy
patients included in the study had neuritis. Prednisolone
was the treatment of choice for all T1R patients. T2R
patients were treated with steroid (n = 6) or thalidomide
(n = 3) or steroid and thalidomide combination (n = 1).

Cytokine Analysis
Regardless of the study group and cytokine classification,
a wide variation was observed in the plasma concentra-
tion of cytokines tested (data not shown). Among pro-
inflammatory cytokines, IL-6 levels ranged from 31.81 to
724 pg/ml, median = 103.20 (SD = 129.42). For anti-
inflammatory cytokines IL1Rα values ranged from 44.24
pg/ml to 2642 pg/ml, median = 179.52 (SD = 529.63).
Among growth factors the widest variation was observed
fro PDGF BB concentration (median = 4264.47; SD =
3131.78). Two out of 27 cytokines tested, RANTES and
GMCSF were excluded from the analysis because their val-
ues were above and below detection limit respectively.
High RANTES levels were probably artifacts, since plate-
lets had not been removed from the plasma prior to freez-
ing.

Pro-inflammatory cytokines
Box plots distributions indicate differences in median
plasma concentrations for all of the 15 inflammatory
cytokines stratified by T1R cases and controls (Figure 1A)
and T2R and controls (Figure 2A). The difference of
CXCL10 median plasma concentration among T1R and
their matched controls was highly significant (p = 0.004)
(Fig 1A). IL6 also showed statistically significant differ-
ences between T1R patients and matched controls (p =
0.013) (Fig. 1A), while the difference for T2R patients and
matched controls did not reach statistical significance (P
= 0.05) (Fig. 2A). The differences between medians of
CCL11 concentrations among T2R (363.6 pg/ml) and
controls (218.6 pg/ml) were notable but not statistically
significant (p = 0.06) (Fig. 2A).

The differences between median values of TNFα, IFN γ,
IL1 β, IL12, IL15, IL2, IL5, IL8, MIP1α, MIP1β, IL17,
MCP1 were not statistically different (p > 0.05) for non-
reactional T1R-controls and T2R-controls (Figures 1A and
2A). For TNFα the median for T2R cases was 171.8 pg/ml

and for the control group without reaction the median
was 67.7 pg/ml (p = 0.297). The medians of IFNγ for T2R
and controls were 358.0 pg/ml and 315.4 pg/ml respec-
tively (Fig. 2A). No associations were observed between
cytokine and chemokine concentrations and the duration
of reaction symptoms (data not shown), although the
sample may be too small to reliably determine this.

Anti-Inflammatory cytokines
The difference between median values of IL10 plasma
concentrations among T2R patients (median = 56.9 pg/
ml) and controls (median = 39.4 pg/ml) was marginally
significant (p = 0.07) (Figure 2B). Regarding IL4, IL13 and
IL1Rα there was no statistically significant difference in
the plasma concentration medians between type 1 and
type 2 reactional groups and their respective control lep-
rosy groups without reaction (Figures 1B, 2B).

Growth Factors
Regarding IL7, IL9, GMCSF, GCSF, PDGF-BB, FGF-Bas
and VEGF, no difference was observed among T1R and
controls (Figure 1C). For T2R the difference of medians
between cases and controls was statistically significant for
IL-7 (p = 0.039) and PDGF-BB (p = 0.041) and marginally
significant for VEGF (p = 0.06) (Figure 2C).

Discussion
This is the first description of the plasma profiles of a rea-
sonably large panel of pro-inflammatory, anti-inflamma-
tory and growth factors assessed simultaneously by
multiplex technique among T1R and T2R patients com-
pared to well-matched leprosy patients without reaction.
The results indicate that CXCL10 is a promising biomar-
ker of T1R, at least in BT patients, since those with T1R
had a significant elevation of circulating CXCL10. This is
the first observation of high levels of circulating CXCL10
in leprosy.

CXCL10, one of the IFN-γ inducible chemokines that
recruits effector Th1 type cells to delayed type hypersensi-
tivity sites, has been previously identified in tuberculoid
lesions [8]. Although our study was not designed to inves-
tigate mechanisms, the higher levels of CXCL10 detected
in T1R suggest its involvement in the T1R immunopathol-
ogy probably by attracting Th1 type cells to the reactional
inflammatory sites in the skin, (reviewed in [1]).

CXCL10 has been associated with Th1 type responses in
several clinical systems recruiting CXCR3+ effector lym-
phocytes from the peripheral blood into lupus erythema-
tosus skin lesions [9], and into inflammatory lesions of
the central nervous system [10]. CXCL10 has been pro-
posed to be an immune marker of disease progression in
HIV and tuberculosis patients [11] and was increased in
sarcoidosis patients' serum. High levels of CXCL10 were
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Distribution of cytokines among Type 1 reaction leprosy patients (traced boxes) and controls without reaction (white boxes)Figure 1
Distribution of cytokines among Type 1 reaction leprosy patients (traced boxes) and controls without reaction 
(white boxes). (A) Pro inflammatory Cytokines, CXCL10 and IL-6 median values were statistically higher for TR1 than con-
trols (B) Anti Inflammatory cytokines (C) Growth Factors. Boxes encompass 25th and 75th percentiles of each cytokine distri-
bution. Black lines within boxes refer to the median values.
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Distribution of cytokines among Type 2 reaction leprosy patients (traced boxes) and controls without reaction (white boxes)Figure 2
Distribution of cytokines among Type 2 reaction leprosy patients (traced boxes) and controls without reaction 
(white boxes). (A) Pro inflammatory Cytokines (B) Anti Inflammatory cytokines (C) Growth Factors, IL-7 and PDGF-BB 
median values were statistically higher among cases than in the control group. Boxes encompass 25th and 75th percentiles of 
each cytokine distribution. Black lines within boxes refer to the median values.
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found in the cerebrospinal fluid of multiple sclerosis
patients' during intense inflammatory process [12-14].
CXCL10 has not been associated with inflammation of
peripheral nerves but its possible involvement in the neu-
ropathy associated with T1R deserves further study.

Another promising systemic marker of T1R is the inflam-
matory cytokine IL6, which promotes cell mediated
immune reactions notably by stimulating IL17, and by
inhibiting regulatory T cells. IL6 stimulates the synthesis
of acute-phase proteins and is elevated in stressful inflam-
matory or infectious conditions [15]. Increased serum IL-
6 has recently also been reported in T2R, and in leproma-
tous versus tuberculoid disease [16].

Greater IL7 was observed in LL patients with T2R com-
pared to non-reacting LL patients. We did not observe
greater circulating levels of IL7 in tuberculoid patients
compared to lepromatous ones, unlike earlier skin biopsy
studies which found greater IL7 mRNA expression in
tuberculoid lesions versus lepromatous ones, and T2R
lesions showed the weakest IL7 expression [17]. Different
immunological activity in the central lymphoid system
(reflected in the circulation) versus sites of inflammation
in tissue may explain this. IL7 is a key regulator of B cell
development and proliferation [18], and is essential for
the survival of naïve and memory T cells, especially CD4
memory cells [19]. Elevated circulating levels of IL7 in
T2R thus support a role for both B-cell and T-cell medi-
ated mechanisms in this reaction.

CCL11 previously named eotaxin, a chemokine induced
by interferon-γ and produced by monocytes, was identi-
fied as a potential plasma marker of T2R. Recently, greater
plasma concentrations of CCL11 have been shown in Bra-
zilian MB leprosy patients, when compared to non
infected individuals [20]. CCL11 is a potent chemo
attractant for eosinophils and probably other cell types
such as Th2 lymphocytes, to inflammatory sites [21,22]. It
is possible that CCL11 participates in attracting inflam-
matory cells to T2R sites.

Anti-inflammatory cytokines down-modulate inflamma-
tory responses and reduce immunopathology. Among
anti-inflammatory cytokines (IL4, IL10, IL13 and IL1RA)
only IL10 showed marginally significant difference for
T2R. This finding is in agreement with previous studies in
plasma, IL10 mRNA in T2R skin lesions, and after in vitro
stimulation of peripheral blood mononuclear cells of T2R
patients [4,23-26].

Significant differences were observed between T2R and
controls for the growth factors PDFG-BB and VEGF, both
of them known to promote angiogenesis. This is an inter-

esting finding as T2R are often associated with vasculitis
[27,28].

While several studies indicate an important role for TNFα
in reactional states, especially T2R [29-32], this finding
has not always been confirmed [33,34]. Our results indi-
cated that TNFα levels among reactional patients were not
statistically different from the non-reactional patients.
Previous studies with T2R patients have reported undetec-
table or low levels of TNFα [35] or have not found
increased circulating TNFα [31,36]. This study evaluated
levels of TNFα in plasma and used a multiplex bead assay,
unlike most prior work that has used ELISA technology to
assess cytokines in serum.

IL17, produced by pro-inflammatory TH17 lineage of
effector CD4+ T helper lymphocytes, induces the produc-
tion of chemokines and antimicrobial peptides by tissue
cells leading to the recruitment of neutrophils and inflam-
mation [37]. In this study IL17 did not show significant
difference between reactional and non reactional leprosy
patients.

Conclusion
This survey of circulating cytokines has identified eleva-
tions in CXCL10 and IL6 as promising markers for leprosy
T1R. These findings are consistent with T1R cell-mediated
immunolopathologic basis. IL7 and PDGF-BB represent
potential markers of T2R. Additional studies may deter-
mine the sensitivity and specificity of these cytokines as
leprosy reactions markers. The identification of T1R and
T2R markers can contribute to their clinical diagnosis and
for monitoring their resolution during treatment. In addi-
tion, these findings may provide new clues to the patho-
genesis of leprosy reactions.

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

Authors' contributions
MMS and DMS conceived of the study, carried out the
immunoassay, participated in its design, coordination
and drafted the manuscript; JGG and ALS were responsi-
ble for patients' diagnosis, recruitment, treatment and
participated in the data analysis; MBC was in charge of the
histopathological analysis; MLO participated in the
design of the study; CMT participated in the design of the
study, coordination and performed the statistical analysis.
All authors read and approved the final manuscript.

Acknowledgements
This work was supported by grants from the Brazilian Research Council 
CNPq (grant # 401276/2005-8) and from the American Leprosy Missions. 
We are grateful to the patients and staff of the Reference Center for Diag-
nosis and Treatment, Goiania city for their cooperation.
Page 7 of 8
(page number not for citation purposes)



BMC Infectious Diseases 2009, 9:75 http://www.biomedcentral.com/1471-2334/9/75
References
1. Scollard DM, Smith T, Bhoopat L, Theetranont C, Rangdaeng S,

Morens DM: Epidemiologic characteristics of leprosy reac-
tions.  Int J Lepr Other Mycobact Dis 1994, 62(4):559-567.

2. Scollard DM, Adams LB, Gillis TP, Krahenbuhl JL, Truman RT, Wil-
liams DL: The Continuing Challenges of Leprosy.  Clin Microbiol
Rev 2006, 19:339-381.

3. Modlin RL, Melancon-Kaplan J, Young SMM, Pirmez C, Kino H, Convit
J, Rea TH, Bloom BR: Learning from lesions: Patterns of tissue
inflammation in leprosy.  Proc Nat Acad Sci USA 1988,
85:1213-1217.

4. Moraes MO, Sarno EN, Almeida AS, Saraiva BC, Nery JA, Martins RC,
Sampaio EP: Cytokine mRNA expression in leprosy: a possible
role for interferon-gamma and interleukin-12 in reactions
(RR and ENL).  Scand J Immunol 1999, 50:541-549.

5. Stefani MM, Martelli CM, Gillis TP, Krahenbuhl JL, Brazilian Leprosy
Study Group: In situ type 1 cytokine gene expression and
mechanisms associated with early leprosy progression.  J
Infect Dis 2003, 188:1024-1031.

6. Sousa AL, Stefani MM, Pereira GA, Costa MB, Rebello PF, Gomes MK,
Narahashi K, Gillis TP, Krahenbuhl JL, Martelli CM: Mycobacterium
leprae DNA associated with type 1 reactions in single lesion
paucibacillary leprosy treated with single dose rifampin,
ofloxacin, and minocycline.  Am J Trop Med Hyg 2007, 77:829-833.

7. Ridley DS, Jopling WH: Classification of leprosy according to
immunity – a five-group system.  Int J Lepr Other Mycobact Dis
1966, 34:255-273.

8. Kaplan G, Nathan CF, Gandhi R, Horwitz MA, Levis WR, Cohn ZA:
Effect of recombinant interferon-g on hydrogen peroxide-
releasing capacity of monocyte-derived macrophages from
patients with lepromatous leprosy.  J Immunol 1986,
137:983-987.

9. Wenzel J, Zahn S, Mikus S, Wiechert A, Bieber T, Tuting T: The
expression pattern of interferon-inducible proteins reflects
the characteristic histological distribution of infiltrating
immune cells in different cutaneous lupus erythematosus
subsets.  Br J Dermatol 2007, 157:752-757.

10. Carter SL, Muller M, Manders PM, Campbell IL: Induction of the
genes for Cxcl9 and Cxcl10 is dependent on IFN-gamma but
shows differential cellular expression in experimental
autoimmune encephalomyelitis and by astrocytes and
microglia in vitro.  Glia 2007, 55:1728-1739.

11. Djoba Siawaya JF, Ruhwald M, Eugen-Olsen J, Walzl G: Correlates
for disease progression and prognosis during concurrent
HIV/TB infection.  Int J Infect Dis 2007, 11:289-299.

12. Scarpini E, Galimberti D, Baron P, Clerici R, Ronzoni M, Conti G,
Scarlato G: IP-10 and MCP-1 levels in CSF and serum from
multiple sclerosis patients with different clinical subtypes of
the disease.  J Neurol Sci 2002, 195:41-46.

13. Mahad DJ, Howell SJ, Woodroofe MN: Expression of chemokines
in the CSF and correlation with clinical disease activity in
patients with multiple sclerosis.  J Neurol Neurosurg Psychiatry
2002, 72:498-502.

14. Tanuma N, Sakuma H, Sasaki A, Matsumoto Y: Chemokine expres-
sion by astrocytes plays a role in microglia/macrophage acti-
vation and subsequent neurodegeneration in secondary
progressive multiple sclerosis.  Acta Neuropathol 2006,
112:195-204.

15. Mastorakos G, Ilias I: Interleukin-6: a cytokine and/or a major
modulator of the response to somatic stress.  Ann N Y Acad Sci
2006, 1088:373-381.

16. Belgaumkar VA, Gokhale NR, Mahajan PM, Bharadwaj R, Pandit DP,
Deshpande S: Circulating cytokine profiles in leprosy patients.
Lepr Rev 2007, 78:223-230.

17. Sieling PA, Sakimura L, Uyemura K, Yamamura M, Oliveros J, Nick-
oloff BJ, Rea TH, Modlin RL: IL-7 in the cell-mediated immune
response to a human pathogen.  J Immunol 1995, 154:2775-2783.

18. Milne CD, Paige CJ: IL-7: a key regulator of B lymphopoiesis.
Semin Immunol 2006, 18:20-30.

19. Surh CD, Boyman O, Purton JF, Sprent J: Homeostasis of memory
T cells.  Immunol Rev 2006, 211:154-163.

20. Mendonca VA, Malaquias LC, Brito-Melo GE, Castelo-Branco A,
Antunes CM, Ribeiro AL, Teixeira MM, Teixeira AL: Differentiation
of patients with leprosy from non-infected individuals by the
chemokine eotaxin/CCL11.  Am J Trop Med Hyg 2007,
77:547-550.

21. Bandeira-Melo C, Herbst A, Weller PF: Eotaxins. Contributing to
the diversity of eosinophil recruitment and activation.  Am J
Respir Cell Mol Biol 2001, 24:653-657.

22. Gutierrez-Ramos JC, Lloyd C, Gonzalo JA: Eotaxin: from an eosi-
nophilic chemokine to a major regulator of allergic reac-
tions.  Immunol Today 1999, 20:500-504.

23. Moubasher AD, Kamel NA, Zedan H, Raheem DD: Cytokines in
leprosy, I. Serum cytokine profile in leprosy.  Int J Dermatol
1998, 37:733-740.

24. Sreenivasan P, Misra RS, Wilfred D, Nath I: Lepromatous leprosy
patients show T helper 1-like cytokine profile with differen-
tial expression of interleukin-10 during type 1 and 2 reac-
tions.  Immunol 1998, 95:529-536.

25. Yamamura M, Wang XH, Ohmen JD, Uyemura K, Rea TH, Bloom BR,
Modlin RL: Cytokine patterns of immunologically mediated
tissue damage.  J Immunol 1992, 149:1470-1475.

26. Nath I, Vemuri N, Reddi AL, Bharadwaj M, Brooks P, Colston MJ,
Misra RS, Ramesh V: Dysregulation of IL-4 expression in lepro-
matous leprosy patients with and without erythema nodo-
sum leprosum.  Lepr Rev 2000, 71 Suppl:S130-S137.

27. Pfaltzgraff RE, Bryceson A: Clinical Leprosy.  In Leprosy Edited by:
Hastings RC. New York: Churchill Livingstone; 1985:134-176. 

28. Requena L, Sanchez Yus E: Panniculitis. Part II. Mostly lobular
panniculitis.  J Am Acad Dermatol 2001, 45(3):325-361. 62-4.

29. Sarno EN, Grau GE, Vieira LMM, Nery JA: Serum levels of tumour
necrosis factor-alpha and interleukin-1B during leprosy reac-
tional states.  Clin Exp Immunol 1991, 84:103-108.

30. Sampaio EP, Kaplan G, Miranda A, Nery JA, Miguel CP, Viana SM,
Sarno EM: The influence of thalidomide on the clinical and
immunologic manifestation of erythema nodosum lepro-
sum.  J Infect Dis 1993, 168:408-414.

31. Barnes PF, Chatterjee D, Brennan PJ, Rea TH, Modlin RL: Tumor
necrosis factor production in patients with leprosy.  Infect
Immun 1992, 60:1441-1446.

32. Foss NT, de Oliveira EB, Silva CL: Correlation between TNF pro-
duction, increase of plasma C-reactive protein level and sup-
pression of T lymphocyte response to concanavalin A during
erythema nodosum leprosum.  Int J Lepr Other Mycobact Dis 1993,
61:218-226.

33. Bhattacharya SN, Chattopadhaya D, Saha K: Tumor necrosis fac-
tor: status in reactions in leprosy before and after treatment.
Int J Dermatol 1993, 32:436-439.

34. Villahermosa LG, Fajardo TT Jr, Abalos RM, Balagon MV, Tan EV, Cel-
lona RV, Palmer JP, Wittes J, Thomas SD, Kook KA, Walsh GP, Walsh
DS: A randomized, double-blind, double-dummy, controlled
dose comparison of thalidomide for treatment of erythema
nodosum leprosum.  Am J Trop Med Hyg 2005, 72:518-526.

35. Haslett PA, Roche P, Butlin CR, Macdonald M, Shrestha N, Manandhar
R, Lemaster J, Hawksworth R, Shah M, Lubisnky AS, Albert M, Worley
J, Kaplan G: Effective treatment of erythema nodosum lepro-
sum with thalidomide is associated with immune stimula-
tion.  J Infect Dis 2005, 192(12):2045-2053.

36. Andersson AK, Chaduvula M, Atkinson SE, Khanolkar-Young S, Jain S,
Suneetha L, Lockwood DN: Effects of prednisolone treatment
on cytokine expression in patients with leprosy type 1 reac-
tions.  Infect Immun 2005, 73(6):3725-3733.

37. Weaver CT, Hatton RD, Mangan PR, Harrington LE: IL-17 family
cytokines and the expanding diversity of effector T cell line-
ages.  Annu Rev Immunol 2007, 25:821-852.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2334/9/75/prepub
Page 8 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7868954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7868954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3257577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3257577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10564558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10564558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10564558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14513423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14513423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17984336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17984336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17984336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5950347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5950347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3088117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3088117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3088117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17714558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17714558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17714558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17902170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17902170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17902170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17446108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17446108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17446108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11867072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11867072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11867072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11909910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11909910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11909910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16733654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16733654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16733654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17192581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17192581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18035773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7876548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7876548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16303314
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16824125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16824125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17827376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17827376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17827376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11415928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11415928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10529777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10529777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10529777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9802682
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9802682
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1500726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1500726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11201870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11201870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11201870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11511831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11511831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2015700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2015700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2015700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8335978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8335978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8335978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1548069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1548069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8371031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8371031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8371031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8320025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8320025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15891124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15891124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15891124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16288366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16288366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16288366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15908402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15908402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15908402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17201677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17201677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17201677
http://www.biomedcentral.com/1471-2334/9/75/prepub

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients
	Data Collection and Ethical Issues
	Blood Collection and Cytokine Analysis
	Cytokine Array System
	Statistical Analysis

	Results
	Patients' characteristics
	Cytokine Analysis
	Pro-inflammatory cytokines
	Anti-Inflammatory cytokines
	Growth Factors

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

