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Introduction
Leprosy is the complex disease manifestation ofMycobacterium leprae infection. Although
prevalence has declined from 5.2 million globally in the 1980s, new annual case detection rates
(CDRs) remain high, at more than 200,000 new cases per year [1], indicating that additional
leprosy control strategies are required to halt transmission.

An Expert Meeting held in June 2013 in Geneva discussed strategies to transition from con-
trol to elimination and concluded that any viable programme would need to include: (i) early
diagnosis and prompt multidrug therapy (MDT) for all patients, (ii) tracing and postexposure
prophylaxis (PEP) for contacts of newly diagnosed patients, and (iii) strict epidemiological sur-
veillance and systems to monitor progress [2]. Improved diagnostic tools would be of great
value to achieve these goals.

A subsequent international Expert Panel met, with the goal to define the required attributes
of a diagnostic test for leprosy that would support and facilitate leprosy elimination efforts in
terms of complete interruption of transmission ofM. leprae. A tool for identifying leprosy
cases (asymptomatic and any symptomatic form of leprosy) was identified as a prerequisite to
elimination, thereby addressing the goals of the 2020 London Declaration on Neglected Tropi-
cal Diseases [3,4]. However, given the challenges of developing such a diagnostic test, a two-
step strategy, starting with a confirmatory test for clinical diagnosis among symptomatic
patients, was considered as a pragmatic approach. This article presents the considerations, tar-
get population, target profile, and current research activities for leprosy diagnostic tools from a
user’s perspective.
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Considerations for Development and Distribution of a Leprosy
Field Test
Currently, leprosy is mainly diagnosed by expert clinicians using defined criteria, along with
the use of slit-skin smears and biopsies [5]. As the prevalence of the disease is decreasing, clini-
cal expertise is diminishing, leading to extended delays between onset of clinical signs and diag-
nosis and consequent maintenance of transmission ofM. leprae. Hence, efforts to achieve
elimination are undermined. In recognition of the need to move from leprosy control to pre-
venting infection, an ideal test would identifyM. leprae-infected individuals at risk of develop-
ing disease and/or who contribute to transmission. However, given the challenge of developing
such a test in the absence of a gold standard, a two-step approach could prove to be a more
expeditious strategy: first, obtaining a test to help health care workers in their clinical diagnosis
and decision-making process for treatment while, over a longer term, another test to identify
infected individuals would be developed. As part of the requirements, two intended uses (IU)
for the tests were defined, based on end-user requirements (Table 1).

Additionally, diagnostic tests should respond to identified needs and consider: (1) endorse-
ment by stakeholders as a requirement to progress to elimination, (2) adding value to current
leprosy programmes, (3) providing direct benefit to the users through accuracy and perfor-
mance in the target population, and (4) being user-friendly to allow application at point of
health care or community levels.

Target Population for a Leprosy Diagnostic Test, Considering
Assay Specificity and the Positive Predictive Value of the Results
Receiving a leprosy diagnosis bears significant social implications related to stigma and medical
implications due to the long treatment duration. Therefore, deploying a diagnostic test (for
IU1 or IU2) that is not perfect requires a coherent strategy to manage positive results. An
example of recommendations for programme guidelines is defined in Table 2.

In low-prevalence settings, for any test not 100% predictive, it is likely that most positives
will be false positives. Therefore, to improve the predictive value, high-risk groups, such as skin
clinic attendees or household contacts, need to be identified and targeted for testing.

Table 3 estimates the positive predictive value (PPV) of true leprosy in high-risk settings,
although the proportion of false positives would depend on the proportion of people actually
infected.

Alternatively, a two-step approach could be considered, whereby an initially high sensitivity
test of at least 95% is followed by a highly specific test of�95%, targeting high-risk populations
to minimise false positives.

How Assay Sensitivity May Impact the Elimination Target
Based on SIMCOLEP (individual-based mathematical model), analyses targeting household
contacts have shown that the effects on disease incidence in the whole population vary with
type of intervention, such as contact tracing, provision of chemoprophylaxis, Bacillus Calm-
ette-Guerin (BCG) vaccination, and early (preclinical) diagnosis [6]. The model has been
developed to include the indirect effect of interventions targeting contacts on the transmission
ofM. leprae in the whole population [7].

Using the same model, different scenarios were explored for an IU2 test with a range of sen-
sitivities (specificity does not impact transmission) as a tool for achieving elimination, using
data based on a representative population [8]. Two different approaches to testing—total popu-
lation and contact surveys—were analysed with different endemicity levels (new case detection
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rate [NCDR]: 25, 5, and 1 per 100,000), and additionally, one or two surveys (with a two-year
interval) were modelled for the total population.

Comparing the impact of continuous contact testing with a one-time total population sur-
vey, along with the subsequent treatment of test-positive individuals, results suggested that
NCDR would be more quickly reduced by a one-time population survey. Increasing sensitivity
had an inverse relation to the NCDR. These preliminary results suggest that the optimal strat-
egy is to consecutively test and treat, and a single-survey approach with a test sensitivity of at
least 90% would be sufficient to reach elimination. After a single survey, elimination is reached
after about ten years, and after two surveys, elimination is reached between five and ten years;
in a two-survey approach, test sensitivities of 90%, 80%, and even 70% appear sufficient to
reach elimination. Because of the numbers needed to be tested, and not taking into consider-
ation the poor PPV for disease, a population survey approach is only favourable in a highly
endemic situation.

Programme Consideration and Different Diagnostic Test Devices
Suitable for Leprosy-Endemic Areas
High-risk populations have been identified as an optimal target for a diagnostic test. This
would require national leprosy programmes to intensify their surveillance systems in order to
trigger prompt and targeted testing of high-risk clusters. Individual geographic information
and spatial analysis have already been evaluated to define spatiotemporal patterns of leprosy
[9], but they would need to become integrated into systematic national surveillance systems,
requiring substantial investment. Introducing a new diagnostic test with IU2 could certainly
help to achieve leprosy elimination, but it would require a strong commitment from policy
makers and donors.

Point-of-care, noninvasive tests need to be considered for leprosy diagnostics—ideally, a
rapid lateral flow qualitative (positive or negative) test using capillary blood or urine and includ-
ing one or several test analytes. Other types of testing devices, depending on the selected diag-
nostic marker, could also be considered, such as the host nucleic acid amplification test (NAAT)
[10], which proved to be a promising diagnostic tool for tuberculosis [11,12]. However, such
tests would require further “engineering” research to develop testing platforms that provide an
accurate quantitative readout, e.g., devices to test skin sensitivity, hydration measurement

Table 2. Recommendations for the deployment of a diagnostic test that is not 100% specific.

• Target high-risk groups (for example, contacts of new cases)

• Define clear educational messages for those tested, including the meaning of test positivity

• Continue observation, clinical examination, and management for test-positive subjects

• Provide MDT for subjects who meet the diagnostic criteria based on clinical signs and symptoms

• Define optimal short-term treatment for test-positive, asymptomatic subjects

doi:10.1371/journal.pntd.0004331.t002

Table 1. Intended Use statements for a leprosy diagnostic test.

INTENDED USE I (IU1): A leprosy diagnostic test designed to act as an aid in the diagnosis of
symptomatic patients for whom the health care worker requires an
independent diagnostic assessment

INTENDED USE 2 (IU2):
Ideal test

An M. leprae test designed to diagnose individuals who have been infected
with M. leprae and are destined to have clinical symptoms (asymptomatic
person at risk of developing leprosy and sustaining transmission of M.
leprae)

doi:10.1371/journal.pntd.0004331.t001
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devices, or portable ultrasound devices to measure the size of nerves. Innovative methods of
combining different tests may allow higher sensitivity and specificity to be achieved.

As the diagnostic test will be novel, manufactured, and distributed, the tool and any related
instrumentation or software will require regulatory review in accordance with the country
where it will be used. A successful launch will need political commitment for test recommenda-
tion and integration into health care systems, and appropriate training of end users will be
vital, given the implications of a positive test result.

Target Product Profile of a Leprosy Diagnostic Test
The required attributes for the two IUs of a leprosy diagnostic test, derived mainly from the
results of the discussion in the meeting, are summarised in Table 4. The test would diagnose
both Multi-bacillary (MB) and Pauci-bacillary (PB) forms of leprosy [5].

Biomarkers for Leprosy
A review of leprosy biomarkers reveals that the ideal diagnostic biomarker is not currently
available to fulfill the requirements of the target product profile [13]. Past and ongoing research

Table 3. Example of positive predictive values (PPV) of a leprosy diagnostic test.

Sensitivity 75% Reference clinic attendees Household contacts

Specificity 95% (2% with leprosy) (<1% with leprosy [5])

Leprosy No. leprosy PPV Leprosy No. leprosy PPV

Diagnostic test results

Pos 150 490 23.4% (95% CI 20.2, 26.9%) 15 100 13.4% (95% CI 7.5, 20.6%)

Neg 50 9,310 5 1,900

TOTAL 200 9,800 20 2,000

doi:10.1371/journal.pntd.0004331.t003

Table 4. Target product profile of a leprosy diagnostic test.

Requirement
category

Optimal Minimum

Intended Use 1

Target population: Patients with any skin lesion or peripheral
neurologic defect

Leprosy suspects

Sensitivity %: 90 75

Specificity %: 95 80

Sample: Whole blood capillary sample Skin, image, whole blood, or serum
sample

Results: Qualitative Quantitative

Device: Lateral flow rapid diagnostic test (RDT) Portable point of care device

Intended Use 2: Ideal

Target population: Total population in endemic areas (high-
risk population)

At-risk individuals (i.e., contacts of
leprosy patients)

Sensitivity %: � 90 70

Specificity %: > 95 90

Sample: Whole blood capillary sample; urine Whole blood, serum, or other body
fluid

Results Qualitative Quantitative

Device: Lateral flow (RDT) Portable point of care device

doi:10.1371/journal.pntd.0004331.t004
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is covering markers for different ends of the leprosy spectrum. Lepromatous Leprosy (LL/BL)
is characterised by a very robust antibody response, whereas Tuberculoid Leprosy (TT/BT) is
characterised by hardly any humoral immunity but much stronger cellular immunity. In addi-
tion,M. leprae-infected individuals without disease symptoms may vary in their biomarker
profile [14,15]. Both cellular and humoral immunity againstM. leprae determine the outcome
of infection. Thus, tests that simultaneously detect biomarkers specific for both types of
immune responses are the targets for a test for detection of asymptomaticM. leprae infection
and hence progression of infection to clinical disease [16].

Two previously characterisedM. leprae antigens, leprosy IDRI diagnostic-1 (LID-1) and
ND-O-BSA, appear to have utility and have been combined as a possible biomarker for LL/BL
leprosy (NDO-LID) [17]. Serum antibody responses in leprosy patients correlated with the
bacteriological index and Ridley–Jopling categorisation. LL/BL leprosy patients were distin-
guished with a high degree of sensitivity (95.7%) and specificity (93.2%). Additionally, the
NDO-LID serological test has been shown to detect slightly larger proportions of BL/LL and
TT/BT leprosy than the serology leprosy test detecting Immunoglobulin M (IgM) antibodies to
M. leprae-specific phenolic glycolipid (PGL-I) (87.0% versus 81.7% and 32.3% versus 6.5%,
respectively), and it also demonstrated improved specificity [18]. Use of these antigens in rapid
test formats, coupled with a simple test reader platform, can provide consistent, objective, and
quantifiable assessment, potentially facilitating wider use in nonspecialised settings. However,
this assay does not or only weakly detects TT/BT individuals, similar to the anti-PGL-1 IgM
antibodies, which is usually around 20%–40%.

In addition to humoral immunity, severalM. leprae proteins and peptides have been identi-
fied as specific targets for cellular immunity againstM. leprae [19, 20, reviewed in 21], some of
which are currently used to measure the level of exposure toM. leprae [14] and thus the risk of
infection and subsequent disease. Furthermore, extended investigations on cellular immune
response [14] as well as genetic host biomarkers [9] are under investigation in current field tri-
als [22], allowing future development of improved immunodiagnostic assays in terms of sensi-
tivity and operational and sampling requirements [23,24].

Promising results have been obtained using different approaches such as serological meta-
bolomics to unravel the biological pathways involved in the immunomodulation of leprosy
[25]. Also, pathogen-based approaches have been explored, aimed at the development of assays
forM. leprae detection [26]. Besides their use for diagnostic purposes, it is of note that new bio-
marker discovery approaches for leprosy also contribute to our understanding of its immune-
pathologic mechanisms and will aid in the identification of therapeutic interventions.

Conclusion
In conclusion, in the absence of a perfect test to detect allM.leprae-infected individuals, a diag-
nostic test to confirm leprosy disease at an early stage among symptomatic patients would be
an acceptable and certainly useful shorter-term compromise. In parallel, it is critical that stake-
holders continue promoting the concept that zero transmission is only attainable ifM.leprae
infection can be measured, and correspondingly invest in longitudinal research to identify bio-
markers for the diagnosis of asymptomatic infection as well as for the risk of developing
disease.

Acknowledgments
Sarah Benns (freelance writer for Novartis Foundation) is acknowledged for her editorial
assistance.

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004331 February 11, 2016 5 / 7



References
1. World Health Organisation. Global leprosy: update on the 2012 situation. Weekly Epidemiological

Record No. 35. 2013; 88:365–380.

2. Smith CS, Noordeen SK, Richardus JH, Sansarricq H, Cole ST, Soares RC, et al. A strategy to halt lep-
rosy transmission. Lancet Infect Dis. 2014; 14:96–8. doi: 10.1016/S1473-3099(13)70365-7 PMID:
24457165

3. London Declaration on Neglected Tropical Diseases; 2012. http://unitingtocombatntds.org/resource/
london-declaration.

4. World Health Organisation. Accelerating work to overcome the global impact of Neglected Tropical Dis-
eases: A roadmap for implementation. World Health Organisation, 2012, Geneva.

5. World Health Organisation. WHO Expert Committee on Leprosy, 8th Report. World Health Organisation
2012, Geeva.

6. Douglas JT, Cellona RV, Fajardo TT, Abalos RM, Balagon MVF, Klatser PR. Prospective study of sero-
logical conversion as a risk factor for development of leprosy among household contacts. Clin Diagn
Lab Immunol. 2004; 11(5):897–900. PMID: 15358649

7. Fischer EA, de Vlas SJ, Habbema JD, Richardus JH. The long-term effect of current and new interven-
tions on the new case detection of leprosy: a modelling study. PloS Negl Trop Dis. 2011; 5(9):e1330.
doi: 10.1371/journal.pntd.0001330 PMID: 21949895

8. Moet FJ, Pahan D, Oskam L, Richardus JH. Effectiveness of single dose rifampicin in preventing lep-
rosy in close contacts of patients with newly diagnosed leprosy: cluster randomised controlled trial.
BMJ. 2008; 336:761–764. doi: 10.1136/bmj.39500.885752.BE PMID: 18332051

9. Barreto JG, Bisanzio D, Guimarães Lde S, Spencer JS, Vazquez-Prokopec GM, Kitron U, et al. Spatial
analysis spotlighting early childhood leprosy transmission in a hyperendemic municipality of the Brazil-
ian Amazon region. PLoS Negl Trop Dis. 2014; 8(2):e2665. doi: 10.1371/journal.pntd.0002665 PMID:
24516679

10. Geluk A, van Meijgaarden KE, Wilson L, Bobosha K, van der Ploeg-van Schip JJ, van den Eeden SJ,
et al. Longitudinal immune responses and gene expression profiles associated with type 1 leprosy reac-
tions. J Clin Immunol. 2004; 34:245–255.

11. Joosten SA, Goeman JJ, Sutherland JS, Opmeer L, de Boer KG, JacobsenM, et al. Identification of bio-
markers for tuberculosis disease using a novel dual-color RT-MLPA assay. Genes Immun. 2012;
13:71–82. doi: 10.1038/gene.2011.64 PMID: 21956656

12. Kaforou M, Wright VJ, Oni T, French N, Anderson ST, Bangani N, et al. Detection of tuberculosis in
HIV-infected and -uninfected African adults using whole blood RNA expression signatures: a case-con-
trol study. PLoS Med. 2013; 10:e1001538. doi: 10.1371/journal.pmed.1001538 PMID: 24167453

13. Geluk A. Challenges in immunodiagnostic tests for leprosy. Expert Opin Med Diagn. 2013; 7(3):265–
74. doi: 10.1517/17530059.2013.786039 PMID: 23537134

14. Geluk A, Bobosha K, van der Ploeg-van Schip JJ, Spencer JS, Banu S, Martins MV, et al. New bio-
markers with relevance to leprosy diagnosis applicable in areas hyperendemic for leprosy. J Immunol.
2012; 188:4782–4791. doi: 10.4049/jimmunol.1103452 PMID: 22504648

15. Martins MV, Guimarães MM, Spencer JS, Hacker MA, Costa LS, Carvalho FM, et al. Pathogen-specific
epitopes as epidemiological tools for defining the magnitude of Mycobacterium leprae transmission in
areas endemic for leprosy. PLoS Negl Trop Dis. 2012; 6(4):e1616. doi: 10.1371/journal.pntd.0001616
PMID: 22545169

16. Corstjens PL, de Dood CJ, van der Ploeg-van Schip JJ, Wiesmeijer KC, Riuttamäki T, van Meijgaarden
KE, et al. Lateral flow assay for simultaneous detection of cellular- and humoral immune responses.
Clin Biochem. 2011; 44:1241–1246. doi: 10.1016/j.clinbiochem.2011.06.983 PMID: 21763300

17. Duthie MS, Raychaudhuri R, Tutterrow YL, Misquith A, Bowman J, Casey A, et al. Rapid ELISA for the
diagnosis of MB leprosy based on complementary detection of antibodies against a novel protein-glyco-
lipid conjugate. Diagn Microbiol Infect Dis. 2014; 79(2):233–9. doi: 10.1016/j.diagmicrobio.2014.02.006
PMID: 24666703

18. Duthie MS, Balagon MF, Maghanoy A, Orcullo FM, Cang M, Dias RF, et al. Rapid quantitative serologi-
cal test for detection of infection with Mycobacterium leprae, the causative agent of leprosy. J Clin
Microbiol. 2014; 52(2):613–9. doi: 10.1128/JCM.02085-13 PMID: 24478496

19. Geluk A, Klein MR, Franken KL, van Meijgaarden KE, Wieles B, Pereira KC, et al. Postgenomic
approach to identify novel Mycobacterium leprae antigens with potential to improve immunodiagnosis
of infection. Infect Immun. 2005; 73:5636–5644. PMID: 16113281

20. Spencer JS, Dockrell HM, Kim HJ, Marques MA, Williams DL, Martins MV, et al. Identification of specific
proteins and peptides in mycobacterium leprae suitable for the selective diagnosis of leprosy. J Immu-
nol. 2005; 175:7930–7938. PMID: 16339528

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004331 February 11, 2016 6 / 7

http://dx.doi.org/10.1016/S1473-3099(13)70365-7
http://www.ncbi.nlm.nih.gov/pubmed/24457165
http://unitingtocombatntds.org/resource/london-declaration
http://unitingtocombatntds.org/resource/london-declaration
http://www.ncbi.nlm.nih.gov/pubmed/15358649
http://dx.doi.org/10.1371/journal.pntd.0001330
http://www.ncbi.nlm.nih.gov/pubmed/21949895
http://dx.doi.org/10.1136/bmj.39500.885752.BE
http://www.ncbi.nlm.nih.gov/pubmed/18332051
http://dx.doi.org/10.1371/journal.pntd.0002665
http://www.ncbi.nlm.nih.gov/pubmed/24516679
http://dx.doi.org/10.1038/gene.2011.64
http://www.ncbi.nlm.nih.gov/pubmed/21956656
http://dx.doi.org/10.1371/journal.pmed.1001538
http://www.ncbi.nlm.nih.gov/pubmed/24167453
http://dx.doi.org/10.1517/17530059.2013.786039
http://www.ncbi.nlm.nih.gov/pubmed/23537134
http://dx.doi.org/10.4049/jimmunol.1103452
http://www.ncbi.nlm.nih.gov/pubmed/22504648
http://dx.doi.org/10.1371/journal.pntd.0001616
http://www.ncbi.nlm.nih.gov/pubmed/22545169
http://dx.doi.org/10.1016/j.clinbiochem.2011.06.983
http://www.ncbi.nlm.nih.gov/pubmed/21763300
http://dx.doi.org/10.1016/j.diagmicrobio.2014.02.006
http://www.ncbi.nlm.nih.gov/pubmed/24666703
http://dx.doi.org/10.1128/JCM.02085-13
http://www.ncbi.nlm.nih.gov/pubmed/24478496
http://www.ncbi.nlm.nih.gov/pubmed/16113281
http://www.ncbi.nlm.nih.gov/pubmed/16339528


21. Geluk A, Duthie MS, Spencer JS. Postgenomic Mycobacterium leprae antigens for cellular and serolog-
ical diagnosis of M. leprae exposure, infection and leprosy disease. Lepr Rev. 2011; 82:402–421.
PMID: 22439280

22. Richardus RA, Alam K, Pahan D, Feenstra SG, Geluk A, Richardus JH. The combined effect of chemo-
prophylaxis with single dose rifampicin and immunoprophylaxis with BCG to prevent leprosy in contacts
of newly diagnosed leprosy cases: a cluster randomized controlled trial (MALTALEP study). BMC Infect
Dis. 2013; 13:456. doi: 10.1186/1471-2334-13-456 PMID: 24088534

23. Corstjens PL, Zuiderwijk M, Tanke HJ, van der Ploeg-van Schip JJ, Ottenhoff TH, Geluk A. A user-
friendly, highly sensitive assay to detect the IFN-gamma secretion by T cells. Clin Biochem. 2008;
41:440–444. doi: 10.1016/j.clinbiochem.2007.12.015 PMID: 18201564

24. Bobosha K, Tjon Kon Fat EM, van den Eeden SJ, Bekele Y, van der Ploeg-van Schip JJ, de Dood CJ,
et al. Field-evaluation of a new lateral flow assay for detection of cellular and humoral immunity against
Mycobacterium leprae. PLoS Negl Trop Dis. 2014; 8(5):e2845. doi: 10.1371/journal.pntd.0002845
PMID: 24810599

25. Al-Mubarak R, Vander Heiden J, Broeckling CD, Balagon M, Brennan PJ, Vissa VD. Serummetabolo-
mics reveals higher levels of polyunsaturated fatty acids in lepromatous leprosy: potential markers for
susceptibility and pathogenesis. PLoS Negl Trop Dis. 2011; 5(9):e1303. doi: 10.1371/journal.pntd.
0001303 PMID: 21909445

26. Davis GL, Ray NA, Lahiri R, Gillis TP, Krahenbuhl JL, Williams DL, et al. Molecular assays for determin-
ing Mycobacterium leprae viability in tissues of experimentally infected mice. PLoS Negl Trop Dis.
2013; 7(8):e2404. doi: 10.1371/journal.pntd.0002404 PMID: 24179562

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004331 February 11, 2016 7 / 7

http://www.ncbi.nlm.nih.gov/pubmed/22439280
http://dx.doi.org/10.1186/1471-2334-13-456
http://www.ncbi.nlm.nih.gov/pubmed/24088534
http://dx.doi.org/10.1016/j.clinbiochem.2007.12.015
http://www.ncbi.nlm.nih.gov/pubmed/18201564
http://dx.doi.org/10.1371/journal.pntd.0002845
http://www.ncbi.nlm.nih.gov/pubmed/24810599
http://dx.doi.org/10.1371/journal.pntd.0001303
http://dx.doi.org/10.1371/journal.pntd.0001303
http://www.ncbi.nlm.nih.gov/pubmed/21909445
http://dx.doi.org/10.1371/journal.pntd.0002404
http://www.ncbi.nlm.nih.gov/pubmed/24179562

