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According to the statistics, the World Health Orga-
nization (WHO)-directed leprosy elimination program 
based upon the provision of multi-drug therapy (MDT) 
was a major success. Leprosy was targeted for a reduction 
in prevalence to less than one case per 10,000 people by 
the year 2000 and 90% of the countries where leprosy was 
considered to be a public health problem reported num-
bers below this threshold (WHO 2005). Worldwide, a 98% 
reduction (12 million to less than 0.25 million) in active 
cases was achieved between 1991-2006 (WHO 2007). 

By removing a major source of transmission (person 
to person), it was believed that these dramatic reductions 
would allow the downward trend to continue beyond the 
elimination goal. Since 2000, the worldwide rate of new 
case detection for leprosy has, however, remained stable 
at approximately 250,000 new cases each year (Meima 
et al. 2004a, Lockwood & Suneetha 2005, WHO 2005, 
2007). In some countries, these rates are actually in-
creasing and localised regions with high endemicity re-
main (Lockwood 2002, Penna et al. 2009, WHO 2010). 
Leprosy is a slow-onset disease, as the time from infec-
tion to symptom emergence is estimated to be, on aver-
age, seven years. Given the stability of case reporting 
over the last decade, we now appear to have moved be-
yond the timeframe in which residual effects on patient/
contact transmission would be observed. Indeed, math-
ematical modelling suggests that the disease will remain 
a major public health problem for at least several more 
decades (Meima et al. 2004a).

The WHO directive for 2011-2015 outlined a strategy 
of early detection and treatment to retain leprosy control 
(Pannikar 2009). This consistent message indicates that 
continuing earlier treatment will interrupt transmission, 
reduce the number of new cases and facilitate elimina-
tion. The implementation of rigorous case detection to 
provide early detection is, however, problematic. With-
out the development of improved monitoring strategies, 
therapies and interventions, further reduction of leprosy 
cases seems unlikely. 

MATERIALS AND METHODS

Infectious Disease Research Institute (IDRI)/Ameri-
can Leprosy Missions (ALM) leprosy eradication cam-
paign - Over the last decade, the ALM and the IDRI have 
embarked on an ambitious research program to develop 
new tools to aid in leprosy control efforts. The ultimate 
goal of this program is to provide a vaccine to prevent 
leprosy, but we also recognise a need for diagnostic 
screening to permit targeted interventions to assist in 
the control of the disease. Thus, our strategy centres on 
three key developments: (i) validating and implementing 
tests that can identify leprosy patients and asymptomatic 
Mycobacterium leprae-infected individuals (permitting 
detection prior to the emergence of clinical signs), (ii) 
providing post-exposure prophylaxis through interven-
tion measures in asymptomatic individuals and at-risk 
populations (short-term protection by chemoprophylaxis 
accompanied by long-term vaccine-induced protection) 
and (iii) integrating preventative measures with diagnos-
tic tests (allowing targeted and efficient intervention). 

Stage 1 - Diagnosis - There is currently no single, 
widely used diagnostic laboratory test for leprosy and 
diagnosis continues to be based most frequently on clini-
cal assessments. Clinical diagnosis of leprosy is depen-
dent upon the recognition of disease signs and symp-
toms and is therefore only possible once the disease has 
become manifest. WHO experts have listed diagnostic 
criteria as one or more of the following: hypo-pigmented 
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or reddish skin patches with definite loss of sensation, 
thickened peripheral nerves with loss of sensation and 
acid-fast bacilli on skin smears/biopsies (WHO 1998). 
The clinical system suggested by the WHO then uses the 
number of skin lesions and number of involved nerves to 
group leprosy patients into one of two simplified catego-
ries: multibacillary (MB) leprosy (more than 5 lesions) 
and paucibacillary (PB) leprosy (up to 5 lesions).

A short detection delay is key to the success of the 
current MDT-based leprosy control strategy (Meima et 
al. 2004b), although epidemiological and clinical evi-
dence suggest that current detection times are unaccept-
ably long. The success of prior efforts has led to many 
countries integrating specialised leprosy control per-
sonnel into routine health service systems. In situations 
with limited resources, this should be acknowledged as 
an inevitable (and acceptable) outcome. From the view-
point of leprosy control, however, this means that fewer 
individuals are capable of confidently diagnosing and 
treating the disease at the primary point of care (Pandey 
& Rathod 2010). In addition, the likelihood that clinical 
diagnosis is delayed or even missed, especially in regions 
where leprosy has been “controlled”, has increased (Van 
Buynder et al. 1999, Lockwood & Reid 2001, Anderson 
et al. 2007, Flower et al. 2007, Shen et al. 2010). Even in 
countries reporting large numbers of patients, diagnosis 
is delayed. For example, the frequency of MB forms and 
cases within family members indicates delayed diagno-
ses in the state of Maranhão (MA), Brazil (Correa et al. 
2012). A policy of “new case validation” in the state of 
Orissa, India, in which MDT was not initiated until the 
initial diagnosis by a primary health care provider was 
verified by a  leprosy  expert, may have led to approxi-

mately one-quarter of suspected cases waiting one-eight 
months for confirmation of their diagnosis (Siddiqui et al. 
2009). In many cases, leprosy patients are only registered 
when irreversible nerve damage has already occurred and 
these individuals have a much greater risk of developing 
further and more severe nerve impairment (Croft et al. 
2000, Nicholls et al. 2003). Thus, the goal of identifying 
subclinical M. leprae infections/asymptomatic individu-
als before the emergence of fulminant leprosy appears to 
be beyond the scope of current control measures.

Simple and objective tests to detect infection would 
not only alleviate the pressure on clinicians to recognise 
very early signs of leprosy, but could provide the possi-
bility of detecting infection before any clinical signs can 
be distinguished. Rapid diagnostic tests (RDT) based on 
antibody responses to the M. leprae phenolic glycolipid 
(PGL)-I, which are effective for detecting infection in 
MB patients, have been created (Cho et al. 1983, Young 
& Buchanan 1983, Roche et al. 1990, 1999, Buhrer et 
al. 1998, Oskam et al. 2003, Bührer-Sékula et al. 2003). 
Commercial availability of such tests has, however, been 
restricted. The Leprosy SD test (Standard Diagnostics, 
Seoul, South Korea) is a single lateral flow test based on 
the detection of antibodies to PGL-I in plasma, but it is 
no longer listed in the Standard Diagnostics catalogue. 
The ML flow test (KIT Biomedical Research, Royal 
Tropical Institute, Amsterdam, Netherlands) was devel-
oped to analyse blood and serum samples; however, this 
test has not been widely implemented in field situations 
and has mainly been used in support of clinical exami-
nation as a means to direct the treatment of PB and MB 
patients (Bührer-Sékula et al. 2003, 2009, Oskam et al. 
2003, Contin et al. 2011).

Fig. 1: predictive values of serological and cellular assays. A: the anti-Leprosy Infectious Disease Research Institute Diagnostic (LID)-1 anti-
body responses of contacts who developed multibacillary (MB) leprosy during the course of a five year surveillance study in the Philippines 
were monitored over time and contrasted against the time at which clinical diagnosis was achieved [both datasets were first reported in Duthie 
et al. (2007)]; B: from the same study, the antibody responses against natural disaccharide octyl-bovine serum albumin (NDO-BSA) and LID-1 
of healthy household contacts (HHC) that either did or did not develop leprosy [reported in Duthie et al. (2007)]; C: the differential antigen-
specific cytokine response of MB, paucibacillary (PB) and HHC are shown [1st reported in Sampaio et al. (2011a)]. Blood was incubated with 
recombinant ML0405 protein and cytokines secreted into the plasma analyzed. PB patients responded by secreting IFN-γ and MB patients 
responded by secreting interleukin (IL)-4, while the majority of HHC demonstrated a PB-like profile; one HHC, however, responded similarly 
to MB patients and therefore may not be protected against Mycobacterium leprae replication; OD: optical density.
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RESULTS

Our diagnostic strategy - Stage 1 of our campaign 
will evaluate the performance of both lab-based tests 
and RDT, which we are currently developing and estab-
lish if strong responses to the Leprosy IDRI Diagnostic 
(LID)-1 protein are predictive of advancement to leprosy 
(Fig. 1A, B). The introduction of a simple serological 
surveillance program will provide an objective measure-
ment that can be made by non-specialised personnel and 
be used to provide referrals or instruction to clinicians.

Contact tracing has been suggested as a major com-
ponent of any control or intervention program, as indi-
cated by various epidemiological surveys. For example, 
nearly one-half (44.7%) of the patients described in a 
cross-sectional study conducted at a referral service in 
São Luis, MA, were contacts (Correa et al. 2012). In 
addition, the presence of antibodies against PGL-I in 
contacts was associated with a relative risk factor of six 
times that of negative contacts in Uberlândia (Goulart et 
al. 2008). An examination of serum samples collected 
from patient contacts in the Philippines also indicated 
that elevated or rising antibody levels against PGL-I and 
LID-1, a chimeric fusion protein comprising ML2331 
and ML0405, were predictive of the clinical onset of lep-
rosy (Douglas et al. 2004, Duthie et al. 2007). The time 
benefit over clinical diagnosis provided by recognising 
elevated anti-LID-1 IgG levels was estimated to be ap-
proximately nine months (Fig. 1A). Real-time confirma-
tion of these findings, through the treatment (or not) of 
individuals with elevated responses, could represent a 
major breakthrough within leprosy control programs. 

PB patients with low bacterial burdens are not read-
ily detected by antibody responses, which suggest that, 
in addition to serological tests, a sensitive and specific T 
cell diagnostic test would be useful. Detection of a cell-
mediated response against Mycobacterium tuberculosis 
(Mtb) antigens is the preferred evidence for diagnosis 
of tuberculosis, either through intradermal injection 
of purified protein derivative testing or more recently, 
by ex vivo recall (QuantiFERON tests, Cellestis, Mel-
bourne, Australia) (Mazurek & Villarino 2003, Connell 
et al. 2006). We and others have identified various M. 
leprae antigens that elicit interferon (IFN)-γ secretion 
from T-cells of tuberculoid leprosy patients, but do not 
cross react with cells from individuals exposed to BCG 
or Mtb (Spencer et al. 2005, Duthie et al. 2008, Geluk et 
al. 2008, 2011, Sampaio et al. 2011a, b). The majority of 
healthy household contacts (HHC) of MB patients re-
spond in a manner quantitatively and qualitatively com-
parable to PB patients; however, this is likely indicative 
of exposure or asymptomatic infection and is a poor di-
agnostic method for PB disease. Recently, we observed 
that these same antigens promote interleukin (IL)-4 or 
IL-5 secretion in whole blood assays using leproma-
tous patient blood. Furthermore, we identified an HHC 
who responded similarly to MB patients (Sampaio et al. 
2011a) (Fig. 1C), although it remains unclear whether 
this individual is developing clinical signs. In addition, 
evaluation of additional contacts has the potential to re-
veal antigen-specific responses that can serve as early 
predictors of disease progression.

Stage 2 - Intervention - Previous chemoprevention 
strategies - Hailed by Science magazine as the “break-
through of the year” (Cohen 2011), the concept of pre-
ventive chemotherapy for human immunodeficiency 
virus has followed in the footsteps of years of similar 
approaches for leprosy. Various chemoprophylaxis trials 
have been conducted to determine whether pre-emptive 
“treatment” can interrupt leprosy transmission and re-
duce disease prevalence. These studies have demonstrat-
ed a significant benefit to treating non-diseased individu-
als, although each has reported a different magnitude and 
length of protection (Daulako 1999, Tin 1999, Diletto et 
al. 2000, Nguyen et al. 2000, Smith & Smith 2000, Vijaya-
kumaran et al. 2000, Moet et al. 2004, Bakker et al. 2005, 
Smith 2008). The findings of the heralded COLEP trial, 
which was conducted on approximately 20,000 contacts 
of new cases in north-west Bangladesh, showed a protec-
tive effect associated with single-dose rifampicin (RIF) 
treatment of 57% in household and other contacts (Moet 
et al. 2008a). An earlier Indonesian study found that RIF 
treatment had a significant effect in communities where 
all individuals were provided prophylaxis, but no effect 
in communities where only household contacts and di-
rect neighbours were provided RIF prophylaxis (Bakker 
et al. 2005, Moet et al. 2008b). These findings were con-
sistent with dapsone prophylaxis programs, which were 
also more effective when given as a blanket treatment to 
affected communities (Smith & Smith 2000). One sug-
gested reason for the relative failure of this approach in 
contacts of MB patients (physical and related) or seropos-
itive contacts is that by the time the chemoprophylaxis is 
given, their bacillary load may be too high to be elimi-
nated by a single dose (or as in Indonesia, 2 doses) of RIF. 

Fig. 2: prediction of the impact of chemoprophylaxis on leprosy devel-
opment. Various thresholds are plotted on the y-axis; weak seroposi-
tivity (serodetection) progressing to elevated seropositivity (permit-
ting serodiagnosis) and subsequently the emergence of skin lesions 
and neurological damage (permitting clinical diagnosis), against time 
on the x-axis. As seropositive individuals are at an increased risk of 
developing leprosy, in a no-treatment scenario, the expectation is that 
patients will emerge from this group in advance of individuals who 
are seronegative. In the scenario where chemoprophylaxis is provid-
ed, seropositive individuals will effectively be given post-exposure 
prophylaxis (treatment before the emergence of symptoms) and will 
not progress, but a minimal affect will be made on the seronegative 
population. If serodiagnosis is the only additional parameter provid-
ed, disease progression could be prevented by the prompt provision of 
rifampicin (RIF) or multi-drug therapy (MDT). 
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Thus, a more extensive chemoprophylaxis regimen may 
be needed for those at highest risk. The major restriction 
of chemoprophylaxis, however, is that drugs can only 
provide protection in individuals already harbouring 
M. leprae; those infected after the chemoprophylaxis is 
given have no protection. This restriction is clearly seen 
in practice, as new case detection rates return to pre-trial 
levels over a relatively short period of time (Fig. 2). An 
additional and, in our opinion, more ideal strategy would 
be to induce a potent and elongated immune response in 
these individuals that could control and limit the infec-
tion long after the treatment period.

Previous immunisation strategies - The principles 
of prophylactic immunisation may be applied in pre or 
post-exposure settings, with the aim of preventing infec-
tion, disease progression or both. Several attempts have 
been made to develop a vaccine specifically for leprosy 
but, at present, BCG is the only vaccine administered 
for the prevention of leprosy (reviewed in Duthie et al. 
2011a). It is noteworthy, however, that leprosy remains 
prevalent in countries with widespread BCG vaccination 
programs and, as is the case for TB, protection afforded 
by BCG vaccination against leprosy appears to wane 
over time. Regardless, systematic meta-analyses indi-
cate that BCG vaccination has a protective efficacy of 
approximately 50% (Setia et al. 2006, Merle et al. 2010). 
In addition, protection appears to be better against the 
MB than PB forms. However, although experimental 
studies demonstrated a protective effect of 31% for in-
determinate leprosy, observational studies showed an 
increased risk (Setia et al. 2006) and this difference was 
likely related to the increased numbers of cases found 
during active case detection vs. previous periods of pas-
sive case detection. Computer modelling based on the 
2003 leprosy status in the districts of Nilphamari and 
Rangpur, Bangladesh, indicated that leprosy  incidence 
would be substantially reduced by effective BCG vac-
cine coverage of infants and the combined strategies of 
contact tracing, early diagnosis and treatment of infec-
tion and/or chemoprophylaxis among HHC (Fischer et 
al. 2011). Models including a second BCG vaccination 
were not generated and the efficacy of this approach has 
been debated (Setia et al. 2006, Cunha et al. 2008, Dup-
pre et al. 2008, van Brakel et al. 2010).

Moreover, significant efforts are ongoing to improve 
vaccination against TB (either through modifications to 
the BCG vaccine or development of an entirely new vac-
cine), although alterations to TB vaccine strategies could 
potentially be deleterious for leprosy control (Richardus 
et al. 2011). We consider it unlikely, however, that the 
current BCG regimen will be supplanted in the foresee-
able future. The best vaccination strategy appears to be 
the development of a vaccine that could be used in addi-
tion to, or instead of, the BCG vaccine.

Our intervention strategy - Drug treatment and im-
munisation - Stage 2 of our program will integrate pre-
ventative strategies with active case finding measures. 
As in previous chemoprevention schemes, we propose 
to administer a single RIF treatment to cohorts of at-
risk individuals (HHC) in highly endemic regions at the 

time of study intake (Fig. 3). An important question is 
whether LID-1 can identify contacts whose incubation 
of M. leprae is too advanced to be stopped by single-
dose RIF treatment and the answer to this question could 
lead to the recommendation that contacts who are LID-1 
seropositive be treated with a full course of MDT. 

It is estimated that chemoprophylaxis alone provides 
a two-year protective window, but it is believed that ef-
fective immunisation would provide a much broader 
protective window. Thus, adapting control strategies 
to provide both chemoprophylaxis for immediate and 
short-term protection, along with immunisation to pro-
vide longer-term protection, have distinct appeal. Given 
the anti-mycobacterial properties of RIF and MDT, the 
BCG vaccine cannot, however, be administered at the 
same time as any other chemoprophylaxis or therapy. 
Conversely, immunisation with a defined sub-unit vac-
cine could be implemented on days 0 and 30 of drug 
treatment to allow for a short course of chemotherapy 
(e.g., 30 days) in infected individuals, in addition to pro-
viding a secondary layer of protection (Fig. 3).

DISCUSSION

Measuring the efficacy of interventions - Previous 
intervention studies have used leprosy incidence as an 
endpoint to determine efficacy. Although this is the ob-
vious goal of any intervention, given both the relatively 
low incidence rates even in hyper-endemic regions and 
the slow development of the disease, this strategy poses 
logistical problems in that it necessitates the inclusion of 
large numbers of people and monitoring over long peri-
ods of time. While our over-arching strategy is similar 
to previous efforts [examine person-to-person transmis-
sion and associated risk factors (i.e., the proximity and 

Fig. 3: flow chart of major activities and critical groups in the proposed 
Infectious Disease Research Institute/American Leprosy Missions in-
tervention program. Healthy household contacts (HHC) would under-
go clinical exam at entry and would be evaluated by diagnostic tests. 
Those with negative results, as well as a subset of individuals with 
weak results would be selected to receive either single-dose rifampi-
cin (RIF), immunization or RIF in combination with immunization. 
Those with strong positive results, as well as a subset of individuals 
with weak results, would be selected to receive either single-dose RIF 
in combination with immunization or multi-drug therapy (MDT). Re-
sponses of these groups would be tracked over time and clinical exams 
would be performed at regular intervals. This structure will permit the 
determination of diagnostic capacity of tests, prognostic utility of tests 
and efficacy of post-exposure intervention(s). MB: multibacillary. 
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contact-relationships of known leprosy patients with 
new leprosy cases), determine the impact of chemopro-
phylaxis (i.e., measure incidence rates within treated and 
untreated populations) and determine the additional im-
pact of vaccination (i.e., measure incidence rates within 
treated and untreated populations)], we aim to further 
include the validation of tools that can simplify and ex-
pedite intervention trials. 

At a time when primary prevention of M. leprae in-
fection is lacking, the application of immunological and 
molecular markers that can be used by public health 
workers to investigate predictive factors of infection and 
illness is highly pertinent. We believe that we now have 
the appropriate tools with which to rapidly and objec-
tively assess any interventions, thus limiting the need to 
wait until the appearance of fulminant leprosy. The find-
ings of localised projects, such as that described in the 
accompanying article by Rada et al. (2012) that outlines 
the annual monitoring of leprosy in Mamaria Village 
and the early identification of patients using simple sero-
logical assays, indicate an operational utility that could 
be implemented on a larger scale.

The immunological responses of those enrolled in our 
studies will be monitored to assess the effects of preventa-
tive drug treatment and vaccination on M. leprae antigen-
specific responses. Antigen-specific antibody responses 
are known to correlate with bacterial burdens and MB 
patients can be readily detected using serologic assays. In 
leprosy-endemic regions, significantly more individuals 
are expected to be seropositive, indicating subclinical in-
fection, than those who actually develop the disease. This 
is a reasonable assumption given that substantial pro-
portions of individuals in leprosy-endemic regions have 
antibody responses to PGL-I and that there are reports 
of individuals who have self-cured. Indeed, the accom-
panying article by Mariane Stefani’s group (Hungria et 
al. 2012) indicates that a slightly increased proportion of 
HHC are seropositive to M. leprae antigens in compari-
son to endemic controls. Seropositive but asymptomatic 
individuals may either (i) clear the infection, (ii) contain 
the infection at consistent levels or (iii) propagate M. lep-
rae and ultimately produce clinical signs of leprosy. This 
seropositive but asymptomatic group is perhaps the most 
interesting to analyse from the viewpoint of reducing 
infectious reservoirs and the transmission cycle, but has 
been largely included only serendipitously in prior stud-
ies by virtue of being enriched for HHC (i.e., more HHC 
are seropositive than the general population, although 
they have typically been included in studies because they 
are contacts and not because they are seropositive). Al-
though antibody responses in asymptomatic individuals 
will likely be lower than in patients with high M. leprae 
burdens, elevated antibody responses appear to indicate 
an increased risk of developing leprosy, particularly with 
responses that increase over time (Douglas et al. 2004, 
Duthie et al. 2007) (Fig. 1A). Our data indicate that anti-
body responses in patients decline during MDT (Duthie 
et al. 2011b) and we predict that responses in seropositive 
but asymptomatic individuals will similarly decline upon 
effective intervention. We are currently examining the ef-
fects of treatment on antigen-specific cellular responses 

to determine if qualitative changes occur and if they could 
be used as biomarkers to indicate disruption of leprosy.

Centred on simplified and objective screening, our 
program will facilitate earlier treatment of leprosy pa-
tients and intervention in asymptomatic individuals. By 
establishing easy-to-use diagnostic tests (lab-based and 
RDT) and read-outs of treatment/intervention efficacy, 
the outlined studies will provide validated markers that 
can be used in additional intervention campaigns target-
ing leprosy-endemic sites. Earlier treatment with drugs 
will lead to the immediate interruption of infection in 
the majority of asymptomatic individuals and reduce the 
potential person-to-person transmission of M. leprae, 
while immunisation will provide an improved response 
to treatment and a long-term control measure.
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