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Challenges in the post genomic era for the development  
of tests for leprosy diagnosis

Desafios na era pós genômica para o desenvolvimento de  
testes laboratoriais para o diagnóstico da hanseníase 

Mariane Martins de Araújo Stefani1

ABSTRACT

Leprosy diagnosis is based mainly on clinical manifestations and no laboratory test is available to diagnose asymptomatic disease or to predict 
disease progression among exposed individuals. Novel comparative genomic in silico analyses and molecular biology tools have discovered unique 
Mycobacterium leprae proteins with potential diagnostic application. Tuberculoid paucibacillary leprosy (PB) shows low antibodies titers and 
strong Th1 type/ IFN-γ specific cell mediated immunity (CMI), while lepromatous multibacillary patients (MB) show high antibody titers and low 
CMI. Therefore, laboratory tests for PB and MB leprosy diagnosis will require CMI and antibody based assays. Serologically reactive recombinant 
Mycobacterium leprae proteins were identified and may be used in conjunction with PGL-I to improve MB patient diagnosis. Mycobacterium leprae 
recombinant proteins and synthetic peptides have been tested for CMI-interferon gamma based assays for PB diagnosis. Modified PGL-I serology 
incorporating new  Mycobacterium leprae antigens and CMI tests based on IFN-γ γ production may permit the detection of leprosy PB and MB forms 
in endemic countries.
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RESUMO

O diagnóstico da hanseníase se baseia em manifestações clínicas e não existe teste laboratorial para diagnosticar casos assintomáticos ou para prever 
progressão da doença entre indivíduos expostos. Novas análises genômicas comparativas in silico e ferramentas de biologia molecular têm sido 
empregadas para revelar proteínas exclusivas do Mycobacterium leprae que apresentem potencial aplicação diagnóstica. A hanseníase tuberculóide 
paucibacilar (PB) apresenta baixo nível de anticorpos e forte resposta imune celular (RIC) tipo Th1/interferon gamma (IFN-γ). A doença lepromatosa 
multibacilar (MB) apresenta sorologia positiva e fraca RIC. Portanto, testes laboratoriais para diagnosticar hanseníase PB e MB devem contemplar 
testes de RIC e sorologia. Proteínas recombinantes do Mycobacterium leprae sorologicamente reativas podem ser incorporadas ao antígeno PGLI para 
melhorar o diagnóstico sorológico de pacientes MB.  Proteínas recombinantes e peptídeos sintéticos do Mycobacterium leprae têm sido testados em 
ensaios de RIC/IFN-γ para diagnosticar casos PB. Sorologia anti-PGLI modificada incorporando novos antígenos do Mycobacterium leprae e ensaios 
baseados na RIC/produção de IFN-γ devem permitir a detecção precoce de casos MB e PB em países endêmicos.
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Leprosy, one of the oldest human diseases, is still a major 
public health problem in many endemic countries, such as Brazil. 
The causative agent of leprosy, Mycobacterium leprae, was the 
first bacterial pathogen to be identified as the cause of a human 
infectious disease more than 130 years ago. Nevertheless, up to 
the conclusion of its entire genome sequence published in 2001, 
Mycobacterium leprae has remained a puzzle, mainly due to 
its incompatibility with in vitro culture growth9. One exclusive 

feature of Mycobacterium leprae is its tropism to Schwann cells, 
which provides the basis of severe neuropathies that underlie the 
sensorimotor loss responsible for most of the deformities and 
disabilities associated with leprosy29.  

The World Health Organization’s effort to eliminate 
leprosy by the year 2000 was based on important advances in 
antimycobacterial therapy in the 1980s. Despite the dramatic 
decline in prevalence observed in most endemic countries over 
the last decade, detection of new cases has remained high34. Given 
that the disease has not been eliminated, the development of a 
field applicable diagnostic test is considered a research priority 
and is urgently needed. In this context, the IDEAL consortium 
Initiative for Diagnostic and Epidemiological Assays for 
Leprosy, established in 2004, represents an international 
task-force that brings together researchers from endemic and 
non-endemic countries aimed at the concerted development of 
diagnostic tests for the early diagnosis of leprosy (infection) and 
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for the identification of molecular markers to improve current 
understanding of the epidemiology and transmission of leprosy 
with the ultimate aim of designing rational interventions to prevent 
leprosy3. Our research group is part of the IDEAL consortium and, 
as such, has been involved in this leprosy diagnostic initiative.

Leprosy diagnosis is based mainly on clinical manifestations 
and the scarcity of symptoms in early disease can contribute to 
misdiagnosis or to underdiagnosis. Early diagnosis permits specific 
chemotherapy, which is important to reduce possible sources of 
transmission and to prevent more severe disease with disabilities 
and handicaps. Until the Mycobacterium leprae genome was 
deciphered, the availability of new antigens was impaired, mainly 
because the bacillus has never been cultivated in axenic culture. 

Comparisons of the genome and proteome of Mycobacterium 
tuberculosis and Mycobacterium leprae revealed that the latter 
has undergone reductive evolution with a genome of 3.3Mb 
compared with 4.4Mb for Mycobacterium tuberculosis8 9. The 
Mycobacterium leprae genome contains 1,133 pseudogenes and 
less than 50% of its genome encodes functional genes, whereas 
90% of the Mycobacterium tuberculosis genome is functional. 
Mycobacterium leprae annotated genome contains 1,614 open 
reading frames potentially encoding functional proteins compared 
with 3.993 for Mycobacterium tuberculosis. The reduction in 
the Mycobacterium leprae genome resulted in the elimination 
of several important metabolic pathways, which explains its 
intracellular habitat and its inability to be cultivated in vitro.   

Comparative genomics and proteomics indicated that among 
1,614 genes encoding proteins in Mycobacterium leprae, 1,439 
are common to Mycobacterium tuberculosis, leaving 165 genes/
proteins that appear to be Mycobacterium leprae-specific and 
potentially more suitable for laboratorial diagnosis of leprosy. 
Currently, novel mycobacterial genome information and molecular 
biology tools have renewed interest in new approaches to 
diagnostics based on comparative bioinformatic analysis for data 
mining to discover unique proteins of  Mycobacterium leprae with 
potential diagnostic application20 22. These antigens could provide 
improved diagnostic tools to aid classical clinical methods.

The immunological features of spectral forms of leprosy 
include tuberculoid paucibacillary (PB) patients, who present 
low Mycobacterium leprae antibodies titers and strong Th1 type 
specific cell mediated immunity (CMI) characterized by interferon 
gamma (IFN-g ) production. Lepromatous multibacillary disease 
(MB) presents high antibody titers and low or absent T cell specific 
immunity29. Therefore, laboratory tests for PB and MB leprosy 
diagnosis will most probably require both T cell and antibody based 
assays. Recently, several new Mycobacterium leprae antigens have 
been tested as diagnostic reagents1 2 11 12  14 15  16  17  28  31.

Laboratory tests for leprosy diagnosis

The state of the art of laboratory tests for leprosy include 
bacilloscopy, which relies on the detection of acid fast bacilli 
in skin slit smears and biopsies of skin lesions. The results 
are expressed as the bacilloscopic index (BI) but it lacks 
specificity and sensitivity, especially for PB forms of the disease. 

Histopathology of skin lesions can assist clinical diagnosis, 
especially if neural aggression and bacilli are identified. However, 
both these tests are not routine in public health services and are 
not part of most leprosy control programs in endemic countries. 
Currently, no specific and sensitive test is available for the diagnosis 
of asymptomatic Mycobacterium leprae infection or for predicting 
progression to leprosy among exposed individuals.

Serology

In the serodiagnosis field, detection of IgM antibodies against 
phenolic glicolipid-1 (PGL-I), an immunodominant Mycobacterium 
leprae antigen, remains the best standardized and most evaluated test 
in leprosy.  Several formats have been developed for the detection 
of anti PGL-I antibodies: ELISA, particle agglutination, dipstick and 
rapid lateral flow test. Anti PGL-I serology is highly specific and the 
presence of serum antibodies correlates with the bacterial index (BI) 
of MB patients. However, anti PGL-I serology has limited diagnostic 
value for PB leprosy, as this category has low or undetectable BI and 
is characterized by cellular rather than humoral immune response. 
Moreover, in endemic settings a significant proportion of healthy 
individuals may be anti-PGL-I positive25. The current consensus is 
that anti-PGL-I tests should be used together with clinical parameters 
to assist in the classification of MB and PB leprosy for treatment 
decisions, providing better specificity than lesion counts6 7. 

Immunological and molecular markers of disease progression 
were investigated by our group among a Brazilian multicentric cohort of 
single skin lesion paucibacillary (SSL-PB) patients, who are considered 
the earliest diagnostic form of leprosy. In this cohort, around 30% 
had detectable IgM anti-PGL-I antibodies, corroborating the low 
sensitivity of anti-PGL-I serology for PB disease23  33. As part of the IDEAL 
activities, our group and the group from Anandaban Hospital (Nepal) 
recently compared two anti-PGL-I lateral flow rapid tests: ML-Flow test 
(KIT, Netherlands), which detects IgM antibodies anti-PGL-I natural 
disaccharide-octil-BSA (ND-O-BSA), and ML-ICA (Yonsei University, 
South Korea), which detects IgM, IgG and IgA antibodies against PGL-I 
antigens in the forms of natural trisaccharide- phenyl- BSA (NT-P-BSA), 
natural disaccharide-octil-human serum albumin (ND-O-HAS) and 
ND-O-BSA. Whole blood and serum from newly diagnosed, untreated 
MB and PB leprosy patients, MB household contacts (HHC) and healthy 
endemic controls (EC) were tested. In Brazil ML-Flow positivity in 
serum was higher than in whole blood and seropositivity of ML-Flow 
was higher than ML-ICA among PB, MB leprosy patients and HHC18. The 
results obtained in the Brazilian population indicate that in addition to 
IgM, the detection of IgG, IgA antibodies in anti-PGL-I rapid tests did 
not enhance the sensitivity or influenced the performance of the test 
for PB and MB leprosy. Comparative analysis of the results obtained in 
Brazil and Nepal are under way.

Recently, several studies based on genomic sequences have 
identified new Mycobacterium leprae-specific proteins or peptides 
that could be suitable for leprosy serodiagnosis. The rational is to 
find additional Mycobacterium leprae antigens that could be used 
with the PGL-I antigen to enhance its specificity and, particularly, 
its sensitivity for PB leprosy, providing an improved diagnostic tool 
for leprosy control programs. Different studies have evaluated the 
immunoreactivity of several Mycobacterium leprae recombinant 
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proteins in leprosy patients and controls. Mycobacterium leprae 
recombinant proteins ML0308, ML1553, ML2177, ML2498, 
ML0410, ML1053, ML1055 and ML1056 were tested with sera 
from Korean leprosy patients and healthy endemic controls and 
ML0308 showed the best reactivity5. A panel of Mycobacterium 
leprae recombinant proteins, including a fusion protein ML0050-
ML0049, ML0091, ML0317, ML0405, ML2028, ML0568, ML1213, 
ML2055, ML2655, ML0097, ML1812, ML2331 and ML2496 was 
tested among Filipino MB leprosy patients, tuberculosis patients 
(TB) and endemic controls (EC): ML0405 and ML2331 were 
the most reactive28. ML0678, ML0757, ML2177, ML2244 and 
ML2498 were demonstrated to be strong B cell epitopes, when 
tested among tuberculosis patients, household contacts and 
leprosy patients from Mali and Bangladesh1. 

In collaboration with IDRI-Infectious Disease Research 
Institute (Seattle, USA), our research group tested the 
seropositivity of ML0091, ML0405TR (without transmembrane 
region), ML1633, ML2055, ML2331, ML2346 and ML1556 
among PB and MB Brazilian leprosy patients, TB, HHC and EC. 
These antigens were also tested in Filipino leprosy patients and 
controls. ML2331, ML0405TR, ML2055 and ML0091 were the 
best immunoreactive antigens identified among Brazilian leprosy 
patients11. In general, the results indicated that MB leprosy 
showed the highest seropositivity and that few PB patients were 
seropositive. Different serological patterns were observed among 
patients from Brazil and the Philippines, suggesting that differences 
in HLA or in Mycobacterium leprae strain antigens may play a 
role in immunogenicity. However, independent of the geographical 
location, leprosy patients serologically recognized ML0405 and 
ML2331. LID-1, a new single fusion molecule with ML0405 and 
ML2331 constructed by IDRI, retained immunoreactivity, suggesting 
potential diagnostic application, especially for early disease11. In 
order to improve assessment of the diagnostic potential of new 
Mycobacterium leprae proteins, it will be necessary to test them 
in multicentric, multicountry studies. 

Microarray technology represents another strategy for identifying 
novel diagnostic antigens.  Arrays constructed with proteins isolated 
from either the cell wall or membrane of Mycobacterium leprae or 
with unique Mycobacterium leprae recombinant proteins (ML0008, 
ML0957, ML1419, ML1157, ML1877, ML1829, ML0126, ML0396, 
ML1915, ML0050) were constructed. This approach identified 
different humoral immune response patterns among tuberculoid 
and lepromatous patients19.   

Overall, the results of post-genomic serological studies with 
several Mycobacterium leprae recombinant proteins reflect 
the leprosy spectrum: high antibody levels at the lepromatous 
pole and low antibody levels at the tuberculoid pole. Moreover, 
new recombinant Mycobacterium leprae proteins have been 
identified and these antigens may be used in conjunction with 
PGL-I to improve the serological diagnosis of PB and MB patients. 
Additional constructs of new fusion proteins, including the most 
immunogenic Mycobacterium leprae antigens, such as the 
LID-1 antigen, open the possibility to produce new chimeric 
antigens that may have greater sensitivity for the detection of MB 
and possibly PB patients. In partnership with IDRI, our group 

is currently screening the immunoreactivity of Mycobacterium 
leprae proteins to identify new antigens to improve anti-PGL-I 
serology. The development of a new serological assay, ideally in 
a rapid test format, is considered a research priority2  11  28.

T cell based tests

Mycobacterial infections, such as tuberculosis and leprosy, 
are characterized by cell mediated immunity (CMI) and delayed 
type hypersensitivity is considered a manifestation of CMI. Since 
the description of the Mitsuda skin test in 1919, several attempts 
have been made to develop skin tests for leprosy5. Currently CMI to 
Mycobacterium leprae has been assessed by in vitro T cell based 
tests based on IFN-g production. The development of a simple, 
field-applicable T cell-based diagnostic test that can be used within 
large-scale leprosy monitoring and intervention programs may 
contribute to leprosy control in endemic countries. 

 Since PB patients develop strong CMI to Mycobacterium 
leprae and low antibody production, a laboratory diagnostic 
test for early PB disease needs to rely on the detection of T cell 
immunity. Several CMI Mycobacterium leprae immunogenic 
antigens and peptides have been described. However, T cell cross-
reactivity with  Mycobacterium tuberculosis, Mycobacterium 
bovis bacillus Calmette-Guerin (BCG) or with other nonpathogenic 
environmental mycobacteria has restricted the diagnostic 
application of new antigens, especially in countries with high TB 
incidence and routine BCG vaccination, like Brazil4 16  32.  

The Mycobacterium leprae genome is known to encode 
1.614 Mycobacterium leprae proteins and, in principle, all of 
them would need to be screened for diagnostic application. To 
avoid this, the selection of antigens with diagnostic potential has 
been based on bioinformatic in silico comparative genomic 
analyses with all currently available mycobacterial genome public 
databases. This approach aims to identify unique Mycobacterium 
leprae genes or proteins that may be selectively recognized by 
leprosy patients, thus reducing the chances of cross-reactivity. 
Antigen selection has also been guided by HLA based bioinformatic 
softwares to predict T cell immunodominant promiscuous 
epitopes capable of binding to various HLA class II alleles among 
Mycobacterium leprae proteins, favoring their recognition by 
genetically diverse populations21.

Production of IFN-g has been considered a marker of specific 
memory or effector T cell response. Two commercially available 
IFN-g based assays using Mycobacterium tuberculosis specific 
antigens have been developed for the diagnosis of  Mycobacterium 
tuberculosis infection13. We hope that T cell assays with a similar 
format may be available to contribute to the diagnosis and research 
of leprosy12 16. Based on IFN-g response, new Mycobacterium 
leprae specific proteins and peptides have been tested for the 
laboratory diagnosis of PB leprosy. Candidate antigens for a leprosy 
T cell based assay have been tested as recombinant proteins, 
individual 15mer, 9mer and combined 20mer overlapping 
synthetic peptides12 16 17 31.  

Evaluation of immunogenicity has been based on IFN-g 
responses in 24 hours diluted or undiluted heparinized whole 
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blood assays (WBA) and peripheral blood mononuclear cells 
(PBMC) usually including control responses to medium alone, 
phytohemaglutinin (PHA), Mycobacterium leprae cell wall 
antigens and PPD. In general, the screening tests have been 
conducted in following study groups: PB and MB leprosy patients 
(usually untreated), household contacts of MB leprosy patients 
(HHC), healthy endemic (EC) and non-endemic controls (NEC) 
and tuberculosis patients (TB). IFN-g production to recombinant 
proteins or peptides has been estimated in WBA plasma and 
culture supernatant from stimulated PBMCs. Although IFN-g has 
been broadly used as an indicator of protective immunity, the 
identification of other surrogate markers of protective immunity 
is another important research area and is one of our group’s and 
IDEAL’s current research activities. 

The list of Mycobacterium leprae recombinant proteins 
shown by different groups to induce CMI/ IFN-g production in PB 
leprosy patients and HHC is increasing. CMI to 17 M.leprae unique 
recombinant proteins, among which ML1989, ML1990, ML2283, 
ML2567, ML0576 recombinant proteins were assessed in PB, MB 
leprosy patients and controls (HHC, TB, EC) from Rio de Janeiro 
and non-endemic Dutch controls17. ML2244c, ML1553, ML2177, 
ML2498, ML0410, ML1053, ML1829, ML0410, ML1057, ML1056 
and ML0308 were shown to be reactive among leprosy patients 
and controls recruited in Mali and Bangladesh and non-endemic 
controls from Paris2. ML2177, ML2498, ML0410 and ML1053 
were identified as Mycobacterium leprae CMI stimulators among 
Korean leprosy patients1.    

CMI to Mycobacterium leprae recombinant proteins ML0091, 
ML0276, ML0398, ML0541, ML0543, ML0840, ML0953, ML1011, 
ML1213, ML1623, ML2044, ML46f, ML56f were assessed by 
our group, in partnership with IDRI, among PB and MB leprosy 
patients, TB, HHC, EC and NEC and ML0276, ML1623, ML0840, 
ML2044 e ML46f were identified as the best candidates12. In this 
study, some Mycobacterium leprae proteins with high homology 
with Mycobacterium tuberculosis proteins showed specific 
responses in leprosy patients without cross-reaction. On the other 
hand, proteins showing no known homologue in Mycobacterium 
tuberculosis and other mycobacterial genomes/proteomes 
were recognized by leprosy and tuberculosis patients, HHC and 
EC. These results, together with other studies, indicate that the 
prediction of so called unique Mycobacterium leprae antigens by 
comparative genomic bioinformatic analyses requires validation 
by field investigations in endemic and non-endemic settings.

Besides recombinant proteins, several synthetic peptides 
derived from the most immunogenic and specific Mycobacterium 
leprae proteins were also tested in leprosy patients and  
controls16 17  31. The peptide strategy is based on the finding 
that recombinant proteins induce higher levels of IFN-g, while 
increasing the chances of T cell cross-reactive responses even 
within low homology sequences14. Therefore, more specific 
CMI responses were observed when peptides derived from most 
immunogenic Mycobacterium leprae proteins were tested17  31.  As 
part of the T cell studies for leprosy diagnostics conducted by the 
IDEAL consortium, our group participated in the study that tested 
IFN-g production to Mycobacterium leprae recombinant proteins 

and several selected peptides using whole blood and PBMC from 
leprosy patients and controls. Besides Brazil, the experiments 
using the same, standardized research protocol was conducted 
in Ethiopia, Bangladesh, Pakistan and Nepal. In this study, T cell 
responses specific for leprosy patients and healthy household 
contacts were observed for ML2283 and ML0126 derived peptides, 
indicating their potential as diagnostic tools 16.

In general, T cell based studies for leprosy have shown 
that whole blood and PBMCs stimulated with selected antigens 
induce higher IFN-g production among household contacts of 
MB and tuberculoid leprosy patients. The lowest production was 
observed among healthy non-endemic controls and MB patients, 
whereas variable results were observed among TB patients 
and healthy endemic controls, which may indicate exposure to 
Mycobacterium leprae in endemic areas12 16 17 31. The high IFN-g 
responses among household contacts of MB patients may indicate 
protective immunity upon exposure or subclinical infection. 
Further follow-up studies are needed to clarify the meaning of 
CMI reactivity among household contacts of MB patients. 

In conclusion, T cell based studies for leprosy have determined 
several candidate antigens, either recombinant proteins or 
peptides, with potential application for a T cell diagnostic test 
based on IFN-g detection. Although the number of recombinant 
Mycobacterium leprae proteins tested has increased, a long 
list of untested candidate proteins needs to be evaluated before 
choosing the best antigen and its best presentation for a T cell 
based diagnostic test for PB leprosy. Both PBMCs and whole blood 
have been successfully used, however simple 24 hours whole 
blood assays may be a preferable, cost effective and field friendly 
format for a T cell based assay for endemic countries.

Mycobacterium leprae PCR

The revelation of species-specific nucleotide sequences in the 
Mycobacterium leprae genome has introduced DNA and RNA based 
detection methods, such as polymerase chain reaction (PCR) for the 
sensitive and specific detection of the bacilli. Several target antigens 
have been used and the reported sensitivity of Mycobacterium 
leprae PCR for PB leprosy has increased, but is still below 80%. 
The study on Brazilian single skin lesion leprosy cases showed 
44.4% Mycobacterium leprae DNA-PCR positivity in skin biopsies 
and this positivity was associated with a higher frequency of type 1 
reaction30. Even the relatively low sensitivity of ML- PCR among PB 
patients can already be considered an advance when compared to 
the very low detection rate of bacilli in tissue sections and with the 
inability to cultivate the bacilli in vitro. 

TaqMan real-time PCR assay was shown to be more sensitive 
than conventional real-time PCR to detect Mycobacterium 
leprae DNA in clinical specimens with undetectable bacilli by 
conventional histological staining24. A reverse transcriptase PCR 
RNA-based assay method, based on Mycobacterium leprae 
ribosomal RNA genes was proposed for the molecular diagnosis 
of leprosy and to determine the viability of leprosy bacilli27. Despite 
the amount of new information regarding Mycobacterium leprae-
PCR, this methodology remains a research and not a diagnostic 
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tool. Up to now, Mycobacterium leprae-PCR has not had much 
impact on routine diagnostic practice, as it remains dependent on 
specialized equipment, is not yet cost-effective and still presents 
relative limited sensitivity for PB cases. 

Final considerations

Ideally the use of Mycobacterium leprae peptide or 
recombinant protein in T cell- IFN-g assays in combination with 
a modified version of anti-PGL-I serology tests would permit the 
detection of most PB and MB forms of leprosy. T cell based tests 
may enable the detection of subclinical infection and the introduction 
of multidrug therapy at an early stage. In this context, the 
development of simple and rapid field tests, such as agglutination 
tests, that could be applied directly on a drop of blood or saliva 
would be of enormous value for leprosy diagnosis and control. A 
sensitive, specific, simple, field and user friendly test, heat stable, 
with a long shelf life and that is affordable is likely to promote 
a significant impact on leprosy control programs in endemic 
countries10 26. New Mycobacterium leprae antigens discovered 
in the post genomic era may provide diagnostic tests for early 
infection, tests with potential prognostic value or tests suitable for 
leprosy classification10. In addition to the possibility of identifying 
subclinical infection, new laboratory tests could improve current 
understanding regarding transmission patterns and surveillance 
at the population level. 
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