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Acute inflammatory reactions represent the major cause of irreversible neuropathy in leprosy. These tissue-destroying episodes
have considerable overlap with acute immunological complications (flares) in several chronic (autoimmune) diseases that simi-
larly warrant early detection. However, the lack of diagnostic tests impedes early diagnosis of these reactions. Here, we evaluated
a user-friendly multiplex lateral flow assay for the simultaneous detection of IP-10 and anti-phenolic glycolipid I antibodies for
longitudinally monitoring early onset and treatment of leprosy reactions.

Leprosy, an infectious disease caused by Mycobacterium leprae,
still poses a major health threat in developing countries. Addi-

tionally, leprosy represents an intriguing model of human immu-
noregulatory disease, since its interindividual variability in clinical
manifestations closely parallels the ability of the host to establish
effective immunity to M. leprae (1, 2). This has resulted in leprosy
being the first disease for which researchers identified HLA-dis-
ease association (3), human regulatory cells (4), and the Th1/Th2
concept for human T cells (5).

Although leprosy can be treated effectively with multidrug
therapy (MDT), it can be complicated by acute inflammatory ep-
isodes, called leprosy reactions, that may occur before, during, and
after the completion of MDT (6). Two distinct types of reactions
are distinguished: reversal reactions (RRs) and erythema nodo-
sum leprosum (ENL). These immunological complications occur
in up to 50% of leprosy patients and represent the major cause of
irreversible neurological damage and consequent anatomical de-
formities. Prompt diagnosis and treatment aid recovery from in-
flammatory nerve damage and reduce the risk of permanent dis-
ability considerably (7). However, if diagnosis and treatment are
delayed for more than 6 months after symptom initiation, neu-
ropathy is likely to be permanent (8). Tests for the early detection
of leprosy reactions may make significant differences in clinical
outcomes, especially when the tests are user-friendly and robust.

Previous work has shown that gamma-interferon (IFN-�)-in-
ducible protein 10 (IP-10) is a useful biomarker for the detection
of M. tuberculosis infection (9) or to indicate M. leprae exposure
(10, 11). Moreover, increased IP-10 serum levels are part of the
biomarker profile characterizing the early onset of RRs (12, 13).
Levels of IP-10 decline again during antireactional therapy (13),
similar to what has been described during tuberculosis treatment
(14). With respect to the humoral immune response, IgM directed
against the M. leprae-specific phenolic glycolipid I (PGL-I), al-
though not informative for the identification of RR onset (13),
represents a useful biomarker for monitoring the efficacy of treat-
ment of leprosy (reactions), since IgM levels drop when reactions
are effectively subdued (13). More importantly, since a significant
percentage of new patients in many areas where leprosy is endemic
initially seek care because of reactions and only then are diagnosed

with leprosy, the detection of anti-PGL-I IgM serves as a confir-
mation of leprosy diagnosis.

Areas where leprosy is endemic are often short of sophisticated
laboratories, which makes it imperative to develop diagnostic tests
that are suitable for use in field settings. The combination of the
user-friendly rapid lateral flow assay (LFA) format with the fluo-
rescent quantitative up-converting phosphor (UCP) reporter
technology has previously demonstrated usefulness for detecting
and monitoring a variety of analytes (15–17). Additionally, be-
sides having high sensitivity due to the complete absence of back-
ground fluorescence, UCP-LF test strips can be stored as perma-
nent records, allowing reanalysis in a reference laboratory. To
develop diagnostic assays for application in resource-limited ar-
eas, we previously developed UCP-LFAs for single detection of
cytokines (IFN-�, IP-10, interleukin 10 [IL-10], CCL4) as well as
antibodies against M. leprae PGL-I for the diagnosis of nonreac-
tional leprosy and tuberculosis (18–20). Generally, the perfor-
mance of one biomarker can be significantly enhanced by using a
custom-made grouping of independent biomarkers called a bio-
marker profile or signature.

In this study, we combined previous findings to evaluate the
application of a multiplex UCP-LFA format for monitoring RR
onset and treatment in leprosy patients. For this purpose, a UCP-
LFA measuring IP-10 and anti-PGL-I IgM simultaneously was
used to analyze serum samples from patients with borderline lep-
romatous leprosy collected prospectively in Bangladesh (n � 4
[13]), Brazil (n � 3 [13]), Nepal (n � 2 [13, 21]), and The Neth-
erlands (n � 1 [22]). Newly diagnosed leprosy patients without
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reactions at recruitment were entered into the study after in-
formed consent was obtained. Ethical approval of the study pro-
tocol was obtained through appropriate ethics committees: the
Ethical Review Committee of ICDDR,B (no. PR-10032 and no.
PR-2007-069), the Brazilian National Council of Ethics in Re-
search (CONEP) and UFU Research Ethics Committee (no. 499/
2008), and the Nepal Health Research Council (NHR no. 751).
Leprosy was diagnosed based on clinical, bacteriological, and his-
tological observations and classified by skin biopsy specimens ac-
cording to Ridley and Jopling (23). For analysis by the UCP-LFA,
leprosy patients who developed reactions during MDT were tested
using samples obtained at three different time points: (i) without
clinical signs of reactions �3 months before RR, (ii) at RR diag-
nosis, before steroid treatment, and (iii) after RR, �1 month after
ending steroid treatment. Concentrations of antibodies against
PGL-I and IP-10 were measured in all sera using a single UCP-LFA

for either IP-10 or anti-PGL-I IgM and a multiplex UCP-LFA for
both markers. Simultaneous detection of IP-10 and anti-PGL-I
IgM was performed following a two-phase protocol described for
single analyte detection (18, 24, 25). The protocol included a pre-
flow incubation (60 min, 37°C, 900 rpm) of 10 �l 100-fold-diluted
sample with 90 �l LF assay buffer containing 100 ng of the
UCP�IP-10 conjugate and 100 ng of the UCP�IgM conjugate (18).

The serum levels of IP-10 measured with the multiplex UCP-
LFA at RR onset differed between the patients but were all signif-
icantly higher than those in the absence of reactions (P � 0.045
[Fig. 1]). Similarly, IP-10 concentrations were significantly re-
duced after treatment (P � 0.027). On the other hand, the anti-
PGL-I IgM levels detected with the multiplex UCP-LFA did not
identify the onset of RRs, which is in agreement with our previous
findings (13). Seven patients were positive for anti-PGL-I IgM
(range, 0.5 to 1.87) at diagnosis, but at RR onset, only two patients,

FIG 1 Comparison between single and multiplex IP-10 UCP-LFAs. UCP-LFAs for detection of IP-10 were performed in a single (A) or multiplex (B) format as
described previously (18) using sera from 10 leprosy patients at leprosy diagnosis before MDT in the absence of any clinical sign of reactions and at least 3 months
before reaction (before RR), at diagnosis of reaction before steroids (RR), or after MDT and reactional treatment, at least 1 month after the end of steroid use
(after RR) (13). Differences in cytokine concentrations between test groups were analyzed with the Wilcoxon matched-pairs signed-rank test for nonparametric
distribution using GraphPad Prism version 5.01 for Windows (GraphPad Software, San Diego, CA, USA). The dotted line indicates the limit of detection (LOD)
(0.17). The y axis indicates the ratio of the relative fluorescence units (RFUs) measured at the respective test and flow-control lines. The statistical significance
level used was P � 0.05. (C) For correlations, the Spearman r was calculated using GraphPad Prism version 5.01.
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TABLE 1 Clinical parameters of leprosy patients with RRa

Country Symbolb BIc Type Sex Age (yrs)

Before RRd At RR After RR

PGL-I IP-10 PGL-I IP-10 PGL-I IP-10

Bangladesh � 2� BL Male 36 0.86 0.03 0.53 0.23 0.14 0.13
Bangladesh � 2� BL Female 39 0.09 0.07 0.15 0.20 0.09 0.03
Bangladesh O 0 BL Male 36 0.84 0.12 0.64 0.87 0.50 0.15
Bangladesh � 2� BL Male 32 1.18 0.10 1.70 0.22 0.38 0.04
Brazil � 3.2� BL Male 25 1.17 0.14 1.85 0.67 0.57 0.19
Brazil � 2.42� BL Male 40 0.50 0.00 0.15 0.40 0.07 0.31
Brazil * 4.28� BL Male 68 1.87 0.18 0.89 0.61 0.14 0.21
Nepal J 0.25� BL Female 40 0.07 0.05 0.05 0.12 0.03 0.00
Nepal � 0 BL Male 33 0.10 0.14 0.07 0.49 0.03 0.07
Netherlands v 5� BL Male 17 1.72 0.07 1.09 0.45 0.78 0.06
a Values for the ratio of the relative fluorescence units (RFUs) measured at the respective test and flow-control lines of single UCP-LFA for anti-PGL-I IgM and IP-10 are shown.
b Symbols used correspond to the symbols used for each individual in Fig. 1 and 2.
c BI, bacterial index.
d RR, reversal reaction.

FIG 2 Comparison between single and multiplex PGL-I UCP-LFAs. UCP-LFAs for detection of anti-PGL-I IgM antibodies were performed in a single (A) or
multiplex (B) format as described previously (18) using sera from 10 leprosy patients (see Fig. 1). Differences in IgM levels between test groups were analyzed with
the Wilcoxon matched-pairs signed-rank test for nonparametric distribution using GraphPad Prism version 5.01 for Windows (GraphPad Software). The dotted
line indicates the LOD (0.11). The y axis indicates the ratio of the relative fluorescence units (RFUs) measured at test and flow-control lines. The statistical
significance level used was P � 0.05. (C) For correlations, the Spearman r was calculated using GraphPad Prism version 5.01.
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males from Bangladesh (aged 32 years; bacterial index [BI], �2)
and Brazil (aged 25 years; BI, �3.2), showed increased antibody
levels. These patients were not different from the others in BI or
age (Table 1). However, serology clearly allowed monitoring of
treatment efficacy for patients who were seropositive at RR onset,
since levels were significantly reduced after treatment (P �
0.0195). Our data show that single and multiplex UCP-LFAs cor-
related well for IP-10 (r � 0.91 [Fig. 1C]) and anti-PGL-I IgM (r �
0.96 [Fig. 2C]), demonstrating no relevant interference between
the two biomarkers.

Biomarkers as reliable correlates of disease complications and
response to therapy represent essential tools for early diagnosis of
disease states in chronic infections. In areas where leprosy is en-
demic, leprosy reactions are frequently misdiagnosed due to a lack
of expertise. The evaluation of this multiplex UCP-LFA shows that
this quantitative test, when used for intraindividual monitoring,
can aid health care workers in the early diagnosis of reactional
episodes, allowing timely treatment. In view of the frequent recur-
rence of these episodes, this test is particularly useful for monitor-
ing treatment efficacy.

Since acute inflammatory (delayed hypersensitivity) reactions
are a frequently occurring, tissue-destroying phenomenon in
chronic (infectious) diseases as well as in autoimmune diseases,
similar multiplex IP-10 UCP-LFAs adapted, e.g., for the detection
of antibodies against tumor necrosis factor alpha (TNF-�) (25)
could also be applied to diagnose similar episodes in other dis-
eases, such as rheumatoid arthritis (26), psoriasis (27), and
Crohn’s disease, (28) for which conscientious, personalized treat-
ment monitoring is also vital.
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