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New Diagnostic Tools for Leprosy

Geluk A.

Leprosy has been one of the very first human diseases in which HLA-genes were shown to codetermine disease outcome.  Jon van Rood was among the earliest researchers to recognise the potential of this ancient disease as a human model to dissect the role of HLA in disease.  Decades later, it is now clear that HLA molecules display highly allele-specific peptide binding capacity.  This restricts antigen presentation to Mycobacterium leprae reactive T cells, and controls the magnitude of the ensuing immune response.  Furthermore, specific peptide-HLA class II complexes can also determine the quality of the immune response by selectively activating regulatory (suppressor) T cells.  All these factors are believed to contribute to leprosy disease susceptibility.

Although the global coverage of the MDT program in leprosy has reduced disease prevalence by ~90% since 1992, new case detection has remained alarmingly high.  This stable incidence suggests that transmission of infection is still continuing.  Diagnosis and classification of leprosy in the field is classically based on clinical assessment and detection of acid-fast bacilli in skin slit smears or biopsies of suspected cases.  There is no specific and sensitive test available that can detect asymptomatic M. leprae infection, or predict progression of infection to clinical disease, whereas these asymptomatic infectious cases are the likely sources of transmission. 

A test that is able to detect M. leprae infection in most multibacillary (LL/BL) leprosy patients is based on the detection of IgM antibodies against phenolic glycolipid-1 (PGL-I), an M. leprae specific cellsurface antigen.  However, this test has limited value in identifying paucibacillary (TT/BT) leprosy patients, since these typically develop cellular rather than humoral immunity.  Furthermore, MB leprosy is hard to detect at early, pre-clinical stages, when the patient is already an active source of infection.

Alternative tests that measure cellular rather than humoral immunity, such as skin tests, have been developed in various forms since Mitsuda.  Analogous to the tuberculin skin test (TST) which is commonly used for detection of infection with M. tuberculosis, these tests have relied on the use of complex and often incompletely defined mixtures of M. leprae components or extracts.  Such skin tests have limited value due to their inherent high cross reactivity with other mycobacteria, resulting in low specificity.  For leprosy, such cross reactivity is particularly problematic in countries with high incidence rates of tuberculosis, routine BCG vaccination practice, and high levels of exposure to non-pathogenic environmental mycobacteria.  

Thus, an important goal is the development of improved diagnostic tools that are able to detect M. leprae infection before clinical manifestations arise and to distinguish M. leprae infection from infection with other mycobacteria.

In the 1990s many different groups have identified allele specific peptide binding motifs for various HLA class II and class I molecules.  Since HLA binding is a first prerequisite for a bonafide T cell epitope, the subsequent elucidation of allele-specific HLA class I/II binding algorithms provided new tools to predict immunogenic T cell epitopes.  Many HLA-peptide binding motifs have now been integrated in online programs, allowing the screening of large protein sequence data bases for potential T cell epitopes in silico (e.g. http://www.syfpeithi.de, www.epitope-informatics.com) without the necessity of synthesizing all overlapping peptides encoding a certain protein.  These newly developed HLA based bioinformatic tools now provide novel opportunities to help combating this disease.

The recent publication of the genome sequences of M. leprae, M. tuberculosis, M. bovis, M. smegmatis and genome sequences of several other mycobacterial species provided an unprecedented opportunity to identify proteins that are unique to M. leprae.  By using both comparative genomics and HLA-based bioinformatics several groups have now identified genes encoding potential proteins unique to the M. leprae genome that lack homologues in any of the available (myco)bacterial databases and contain predicted T cell epitopes restricted via several major HLA alleles.  Systematic screening of recombinant proteins encoded by these genes for their ability to activate T cells showed that indeed some of these M. leprae antigens are only recognized by T cells in M. leprae infected individuals (paucibacillary patients and healthy household contacts of multibacillary patients) and not in TB patients or healthy endemic controls.

These findings provide a first set of postgenomic tools that may contribute to our understanding of M. leprae transmission in affected populations, and help diagnosing infection at early stages before immunopathological sequelae occur.
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