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Advances and hurdles on the way toward
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Prevalence rates for leprosy have declined sharply over
the past 20 y, with this decline generally attributed to the
WHO multi-drug therapy (MDT) campaign to provide free-
of-charge treatment to all diagnosed leprosy patients. The
success of this program appears to have reached its nadir,
however, as evidenced by the stalled decreases in both global
prevalence and new case detection rates of leprosy. Mass BCG
vaccination for the prevention of tuberculosis (TB) at national
levels has had a positive effect on leprosy decline and is often
overlooked as an important factor in current leprosy control
programs. Because BCG provides incomplete protection
against both TB and leprosy, newer more effective TB vaccines
are being developed. The impact that application of these
vaccines will have on current leprosy control programs is
unclear. In this review, we assess the need for vaccines within
leprosy control programs. We summarize and discuss leprosy
vaccine strategies that have been deployed previously and
discuss those strategies that are currently being developed to
augment recent breakthroughs in leprosy control.

Leprosy—The Current Situation

Leprosy (or Hansen’s disease) is one of the most renowned,
but least understood, diseases of man. Although 16 countries
reported more than 1,000 new cases during 2009, all but Brazil,
Democratic Republic of Congo and Mozambique have yet to
achieve the goal of eliminating leprosy as a public health problem
(a prevalence rate of <1 case per 10,000 persons).! Leprosy is not
evenly spread across populations, however, with close contacts
of patients known to be at significantly greater risk of contract-
ing disease and smaller regions of higher incidence rates located
within many countries.””

Leprosy is caused by infection with Mycobacterium leprae and
presents across a bacteriologic, clinical, immunologic and patho-
logic spectrum. Infection of peripheral nerves is a hallmark of
leprosy, but the mechanism(s) underlying nerve injury in leprosy
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is very poorly understood. Neuropathy begins as local anesthesia
that, if left untreated, can develop into paralysis and crippling
deformities. Neuropathy arises not only from the infection of
peripheral nerves by M. leprae, a unique trait among bacteria,
but also from the inflammatory and immunologic responses to
the infection. Acute inflammatory complications called reac-
tions often present during the course of treated or untreated lep-
rosy. Up to half of all patients may be affected by the two major
clinical types of leprosy reactions that occur. The inflammation
associated with reactions is a medical emergency often requiring
hospitalization, as severe nerve injury may rapidly develop, with
subsequent loss of sensation, paralysis and deformity.

Through the use of clinical, histopathological and immu-
nological diagnoses, the Ridley-Jopling scale characterizes five
forms of leprosy: lepromatous leprosy (LL), borderline leproma-
tous (BL), borderline-borderline (BB), borderline tuberculoid
(BT) and tuberculoid leprosy (TT).%” In practice, because of the
lack of available or dependable skin-smear or pathology services,
most field programs use clinical criteria for classifying individual
patients and selecting their treatment regimen. One such clini-
cal system suggested by WHO uses the number of skin lesions
and number of involved nerves to group leprosy patients into one
of two simplified categories; MB leprosy (typically 5 or more
lesions) and PB leprosy (less than 5 lesions). By more rigorous
histological analyses, MB patients, encompassing the BB, BL and
LL forms, are characterized as having multiple skin lesions largely
devoid of functional lymphocytes. At the extreme MB pole, LL
patients demonstrate high titers of anti-M. leprae antibodies but
an absence of specific cell-mediated immunity.® In the absence
of a strong cellular immune response, LL patients do not control
bacterial replication and have high bacterial indices (BI; a mea-
sure of the number of acid-fast bacilli in the dermis expressed
in a logarithmic scale). In marked contrast, PB leprosy patients,
encompassing the BT and TT forms, are characterized as hav-
ing one or few skin lesions and granulomatous dermatopathology
with a low or absent BI. At the extreme PB pole, TT patients
demonstrate a specific cell-mediated immunity against M. leprae
and have an absent, or low, BI.

Following diagnosis, patients should be provided antibiotic
treatments in the form of multidrug therapy (MDT). WHO has
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provided free MDT for all reported leprosy patients since 1995,
initially through a drug fund provided by the Nippon Foundation
and now through the MDT donation provided by Novartis and
the Novartis Foundation for Sustainable Development. For MB
patients, a combination employing rifampicin, dapsone and
clofazimine is provided over the course of 12 mo, while for PB
patients, only rifampicin and dapsone are provided over 6 mo.®
The MDT program has been the stimulus for markedly reduced
leprosy case numbers, with prevalence rates reduced to the cur-
rent level of ~250,000 cases per year from levels as high as 12
million cases per year only 20 y ago. Thus, at present the central
tenets for leprosy control are the timely detection of new cases
and the prompt treatment of patients with MDT.

Need for a Leprosy Vaccine

Despite the positive impact that WHO-MDT has had on the
global prevalence of leprosy, there are many indications that fur-
ther effort is required to prevent the re-emergence of leprosy and
continue efforts toward eradication. That effort should include
an effective vaccine with potential for both prophylactic and
therapeutic use.

While overall MDT has been a success, complications can
and do arise during its-use. Both MB- and PB-MDT treatments
are long (6-and 12'mo respectively) and there’is widespread skep-
ticism that efforts to provide truncated, standardized treatment
regimen will be effective. This skepticism is rooted in the fact
that MB patients who are misclassified receive the less rigor-
ous drug regime designed to treat PB disease and are often skin
smear positive at the end of treatment. Our own data indicate
that anti-M. leprae antibodies remain elevated in patients receiv-
ing inappropriate treatment, either through misdiagnosis or poor
treatment compliance, leaving these patients as potential sources
for continued transmission in the community."

While MDT remains effective in the majority of cases, relapse
(or possibly re-infection) can occur. Although relapse rates are
generally low (-1%), relapse rates in some areas are unacceptably
high. The extent of relapse depends on several operational factors,
on the duration of follow-up, and can occur long after treatment
has ended.!'? Relapse may be related to poor MDT compliance.
For example, patients often neglect their treatments, because clo-
fazimine causes stigmatizing skin discoloration or they become
weary of the length of treatment.’ The largest reported study
is a 6-y follow up of 47,276 patients conducted in China, which
revealed an overall relapse rate of 0.73/1,000 person-years [with
the risk of PB patient relapse (1.04/1,000 person-years) signifi-
cantly greater than that for MB patients (0.61/1,000 person-
years)].">'® A 10-y prospective study in the Philippines observed
an overall relapse rate equivalent to 2.8/1,000 person-years.”
Significant differences were noted in the relapse rates of MB
patients followed at a referral center (9%) vs. field clinics (3%).
The rates observed in those studies are significantly better than
those achieved in Southern India, where a relapse rate equiva-
lent to 20/1,000 person—ryears was observed among MB patients
given 2 y MDT. This rate was reduced to 10/1,000 person-years
in patients that were treated until they became smear negative.'®
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Importantly, in both the Southern India and Philippine studies,
higher rates of relapse have been observed in patients with a high
BI at the time of diagnosis, indicating that these patients likely
require longer treatment.'""”

MDT efficacy will also disappear with the emergence of
drug resistance.?** Dapsone resistance is relatively widespread
and, when coupled with clofazimine noncompliance, the net
result is that patients are receiving rifampicin monotherapy. This
situation is regarded as highly conducive for the emergence of
resistance” and several investigators have reported multidrug-
resistant strains of M. leprae.****** The situation is concerning
enough that in 2008 WHO Global Leprosy Programme initiated
a Sentinel Surveillance Network to monitor drug resistance in
leprosy. In 2009, reports were received regarding 213 MB relapse
cases with a Bl of two and more who were recruited into the
surveillance system from six countries (Brazil, China, Colombia,
India, Myanmar and Vietnam).** Of these 213 relapse cases
tested for drug resistance, 12 were found to be dapsone resistant
and 9 were rifampicin resistant. Two relapse cases from Brazil
and Colombia were resistant to both dapsone and rifampicin.
While ofloxacin and minocycline have been added to the drug
arsenal for the treatment of leprosy in an attempt to attenuate
the spread of drug resistance and to provide secondary treat-

ments,?'»'3¢

ofloxacin resistance wasfound in two relapse cases
from India.*® The widespread emergence of drug resistant lep-
rosy could have catastrophic consequences, undoing the efforts
of the WHO-MDT campaign and causing a rebound of leprosy
incidence.

An additional concern with current control strategies is that
they suffer from reliance on passive case detection. Such strate-
gies have no provision for preventing leprosy other than attempt-
ing to reduce the number of cases carriers. Although educational
campaigns have reduced some of the stigma associated with lep-
rosy, stigma remains a major obstacle to self-reporting and early
treatment. It is estimated that the delay from the time of onset
of the first discernible symptom to clinical diagnosis is anywhere
from 1-3 y in more than 50% of patients.”** In countries where
leprosy is extremely rare, patients are typically misdiagnosed and
improperly treated before eventually being properly identified.*’
A recent study conducted in India found that inadequate moni-
toring of a policy of ‘new case validation,” in which treatment
was not initiated until primary diagnosis had been verified by
a leprosy expert, may have led to approximately 26% of suspect
cases awaiting confirmation of diagnosis 1-8 mo after their ini-
tial primary health care visit.”! Such delays can have a dramatic
and negative impact on nerve function impairment and response
to treatment. %

Finally, although integration into other aspects of the health
care system has occurred in many countries, the success of
WHO-MDT has unfortunately led to a corresponding erosion
of leprosy clinics, specialists and research. We would argue that
this decline is premature, particularly because transmission of
M. leprae still appears to be occurring at a relatively consistent
rate in many countries (Fig. 1).”*% Indeed, the level of leprosy
control that can be attributed to MDT may have reached a pla-
teau, with mathematical modeling suggesting that the disease
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Figure 1. New case detection rates in countries reporting over 1,000 annual leprosy cases since 2002.

will remain a major public health problem for at least several
more decades.”* These concerns, along with the current limita-
tions in control and treatment strategies, suggest that the devel-
opment of additional tools and strategies, such as development of
a sub-unit vaccine capable of promoting a long-lasting immune
response; are necessary for the elimination of leprosy.

The Leprosy Vaccine Experience

While detect-and-treat or chemoprophylactic strategies do pro-
vide protection against leprosy, the nature of drug activity dictates
that efficacy is limited to individuals who are already infected: Tt
is our belief that control of leprosy by vaccination has significant
advantages over control by drug treatment of patients. Foremost
among these is that by promoting an immune memory response
a vaccine, unlike drug treatment, could be used to provide active
and sustained protection.

Evaluation of whole mycobacteria vaccines. If as we believe,
a vaccine could have a positive impact, why is one (other than
BCG) not currently available? Several vaccines strategies centered
on the use of whole mycobacteria have been evaluated (Table 1).
As already mentioned, the most common vaccine strategy has
been to immunize individuals with M. bovis BCG. The use of
BCG is typically associated with the prevention of TB, but it
is worth noting that BCG was originally developed and widely
implemented for the control of both leprosy and tuberculosis.
The presence of a BCG scar has been recognized as a protective
factor for leprosy.* A huge benefit to the use of BCG has therefore
been its efficiency, provided by its ability to confer protection
against both diseases. The impact of BCG vaccination on leprosy
is often overlooked as widespread vaccination campaigns have
been coincident with the WHO-MDT campaign. The degree of
protection against leprosy afforded by BCG vaccination, how-
ever, has varied dramatically between studies. Systematic meta-
analyses indicate an overall protective efficacy of 26-41% in
experimental studies vs. 61% in observational studies.’®' The
reason for the wide-ranging protection reported across various
studies is unclear, but the use of different BCG strains may be
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a factor.’? As with tuberculosis, the protection afforded by BCG
vaccination against leprosy is highest in younger individuals and
wanes over time.>”* Perhaps the best and clearest indication that
BCG is not perfect is the indisputable fact that leprosy remains
endemic in countries where BCG immunization is widespread.

In an attempt to identify a leprosy vaccine that gives greater
and more consistent protection than BCG, the vaccine poten-
tial of killed M. Jeprae has been assessed in various trials. Many
researchers have demonstrated that inoculation of heat-killed
M. leprae provides a robust protection against subsequent infec-
tion in mice and this is commonly used as a positive control dur-
ing lab-experiments.”**” Convit and" colleagues compared the
efficacy of BCG with and without killed M. /eprae in human
trials in Venezuela.’® Between 1983 and 1991, 29,113 people
were vaccinated with BCG alone or BCG plus 6 x 10% irradi-
ated, autoclaved M. leprae purified from the tissues of infected
armadillos. By mid-1991, through annual clinical examinations
of the trial population, leprosy cases had been confirmed in com-
parable numbers of individuals in the BCG arm and in the BCG/
M. leprae arm during 150,026 person-years of follow-up. Thus,
no evidence was found in the first 5 y of follow-up that BCG plus
M. leprae offered better protection against leprosy than BCG
alone. Retrospective analysis of the number of BCG scars found
on each individual suggested that BCG alone conferred 56%
protection against leprosy in this study population, and there
was a suggestion that several doses of BCG offered additional
protection.

Between 1986 and 1989, the Karonga Prevention Trial Group
recruited individuals to a double-blind, randomized, controlled
trial to evaluate the protection afforded by repeated BCG vac-
cination, or by BCG/M. leprae vaccination.” This group had
previously reported that in Karonga (northern Malawi), a single
BCG vaccine administered by routine health services was found
to afford greater than 50% protection against leprosy.®® Over
60,000 individuals lacking a BCG scar were randomly assigned
treatment with BCG alone or BCG/killed M. leprae, while over
50,000 individuals with a BCG scar were randomly allocated
placebo, a second BCG, or BCG/killed M. leprae. By mid-1995
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Table 1. Summary of clinical trials to identify novel vaccines for leprosy

vaccine location

overall study

study follow-up

% protection reference

size (years)
BCG Venezuela 29,113 5 56 58
BCG + killed M. leprae 54
BCG Malawi 121,020 6-9 49 59
BCG + killed M. leprae 49
Whole bacteria BCG India 171,400 4-7 34 61
BCG + killed M. leprae 64
M.w 26
ICRC 66
M. w (killed) India 29,420 8-10 39 64
BCG Vietnam 432 8 58 65
M. vaccae 55
BCG + M. vaccae 66
BCG composite of multiple studies (meta-analysis) 26-412 (experimental) 50,51

Sub-unit None reported

61 (observational)

2Setia and colleagues selected all the studies (experimental and observational) that described the efficacy of BCG with prevention of clinical leprosy
(defined according to clinical and/or microscopic criteria) and excluded studies that measured the protective effect of BCG combined with other
therapies (e.g., chemotherapy, killed M leprae). Their meta-analysis was restricted to studies that measured the protective effect of BCG alone. Merle
and colleagues selected only controlled trials with a clearly defined placebo (or nonintervention) group. To be included in their analysis, case-control
studies had to define the criteria for selecting cases and controls, as well as the method for determining their BCG vaccination status.

(6-9 y after vaccination), 139 cases of leprosy had been identi-
fied, with 93 of those being diagnostically certain, definitely post-
vaccination cases. The incidence rate of all new leprosy cases,
across all ages, was significantly lower among the BCG recipients
than among those who received placebo. This benefit was appar-
ent in all subgroups, although the greatest effect was among chil-
dren vaccinated before 15 y of age. As in the Venezuelan trial,
the BCG/M. leprae vaccine was not found to improve the protec-
tion afforded by a primary BCG vaccination. Among BCG scar-
positive individuals, a second BCG vaccination provided further
protection against leprosy (about 50%) over a first BCG vaccina-
tion, again suggesting that a second BCG vaccination can add to
the protection against leprosy.

A larger, but similar, trial was conducted by Gupte and col-
leagues in south India with enrollment of 171,400 volunteers
between early 1991 and mid-1993.¢ A double blind, random-
ized, prophylactic trial of four potential leprosy vaccines (BCG
alone; BCG/killed M. leprae; and the alternative mycobacteria
Mycobacterium w and ICRC, that have been demonstrated to

6263) were compared with a placebo

provide protection in mice
(saline) group. Although, in two surveys conducted in the 8 y fol-

lowing immunization, the observed leprosy incidence rates based
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on clinical examination of more than 70% of the original intake
population were not sufficiently high to ascertain the protective
efficacy of the candidate vaccines against the progressive and seri-
ous forms of leprosy, it was determined that BCG/M. leprae pro-
vided 64% protection, ICRC provided 65.5% protection, M. w
provided 25.7% protection and BCG alone provided 34.1% pro-
tection. Thus, unlike the earlier trials in Venezuela and Malawi,
the south India trial indicated that a BCG/M. leprae vaccine, and
also the ICRC vaccine, met the requirements of public health
utility and might be further deployed for control of leprosy.

Further development of a killed M. leprae-based strategy is,
however, enormously constrained by the difficulties associated
with scaling up production. Conditions with which to culture
M. leprae have still not been discovered, so production would be
limited to generating large numbers of bacteria in immune-com-
promised mice or armadillos. Reproducibly generating anything
resembling a consistent product in these systems would appear to
be extremely difficult, if not impossible, and this has motivated
the evaluation of alternate, cultivatable mycobacteria as leprosy
vaccines.

In 2005, Sharma and colleagues reported the results of a large
scale, double blind immunoprophylactic trial of a M. w vaccine
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in Kanpur Dehat, Uttar Pradesh, India conducted between 1992
and 2001.% The vaccine consisted of 1 x 10° heat killed M. w
bacilli for the first dose and a second, half dose given 6 mo later.
A total of 24,060 household contacts and index cases were immu-
nized with M. w or placebo (20,194 received two doses and 3866
received a single dose). The vaccine recipients were followed by
surveys conducted at 3, 6 and 9 y after the initial vaccination. As
with other studies, the vaccine efficacy was highest in children
when compared with adolescents and adults. When index cases,
and not the contacts, received the M. w vaccine, surveys at the
end of the first, second and third follow-up periods showed pro-
tective efficacies of 43%, 31% and 3%, respectively, were found.
When only contacts received the vaccine, protective efficacies of
69%, 59% and 39% were observed. When both patients and
contacts received the M. w vaccine, the protective efficacy was
68%, 60% and 28% at each follow-up time. Thus, the protective
effect of the M. w vaccine was sustained for a period of about 7-8
y, following which it is suggested a booster vaccination may be
needed. It is unclear, however, if the M. w vaccine can be boosted.

A trial was conducted in Vietnam involving vaccination with
killed M. vaccae alone (10% bacteria), BCG alone or BCG plus
107 killed M. vaccae.”® Children living in close contact with lep-
rosy were examined in the year before the vaccines were provided,
and it was found that 14 of 446 (3.1%) examined had leprosy.
Children were subsequently enrolled, vaccinated and incidence
rates compared with pre-trial rates through follow-up. Among
those children who were not vaccinated, 9 of 74 (12.2%) devel-
oped leprosy in the first 4 y of the study and 5 of 65 (7.7%)
developed leprosy in the second 4 y. In comparison, among those
vaccinated, 20 of 343 (5.8%) developed leprosy in the first 4 y
and 5 of 323 (1.5%) developed leprosy in the second 4 y. This
represents 53% protection in the first 4 y and 81% in the second
4 y. There were no significant differences in protection afforded
by each of the three vaccines, indicating that both live BCG and
killed M. vaccae provided protection in this trial, but the addi-
tion of killed preparation of M. vaccae to BCG did not enhance
protection afforded by either alone.

Vaccination with M. habana has also been proposed on the
basis of protection in mice and the induction of lepromin reac-
6667 M. habana vaccination induced stable lep-
romin conversion in 100% of LL cases and lepromin negative

tions in monkeys.

household contacts and augmentation of lepromin reactivity in
100% of lepromin positive household contacts.’® Overall, follow-
ing M. habana vaccination, individuals without prior BCG vacci-
nation scars showed higher augmentation of lepromin responses.
The authors argued that M. habana vaccine appeared to be useful
in stimulating specific cell-mediated immunity against M. leprae
as evidenced by increased lepromin reactivity, and was suggested
to be protective. There have, however, been no subsequent reports
regarding the protective efficacy of M. habana vaccination.

To date, although variable in its protective efficacy, BCG is
the best available vaccine for the prevention of leprosy. Although
some of the studies outlined above indicate that multiple BCG

vaccinations enhance protection®®>

and it is common practice
in some countries to re-immunize leprosy patients with BCG,

the efficacy of this secondary treatment is debated.”**7® Current
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WHO guidelines for tuberculosis do not support BCG revac-
cination for protection owing to limited efficacy in trials, and
studies in Brazil indicate no substantial benefit of BCG revac-
cination against tuberculosis.”'”? It is possible that the live BCG
vaccine is rapidly killed upon inoculation before it can adequately
potentiate existing responses, and new methods may be required
to allow boosting of the BCG response.

Advances toward defined vaccines. Experimental immuniza-
tions with crude antigens have been conducted, demonstrating
that proteins within the M. leprae cell wall, cell membrane and
cytosol all provide protection when administered with adjuvant
before infection.”*”> As with the use of killed M. leprae, major
constraints regarding the use of crude M. leprae antigens in a
vaccine are the prohibitive nature of cultivating large enough
numbers of M. leprae and the lack of consistency in production.
A defined sub-unit vaccine produced by standard methods could
circumvent the production and quality control issues surround-
ing live or purified whole cell or cell component vaccines, but
such a vaccine for leprosy is still lacking.

Vaccination of mice with the Ag85 proteins purified from
BCG culture filtrate, in conjunction with Freund’s incomplete
adjuvant (FIA), provides protection by inhibiting M. leprae
growth.”® Alternatively, recombinant Ag85A/B were reported as
not providing protection when administered with either FIA or
monophosphoryl lipid A, but in those experiments, interpreta-
tion was difficult because control mice did not exhibit good bac-
terial growth.”” It has been suggested that glycosylation may be
important for antigenicity and this has been offered as a reason
for the previous failure of recombinant antigens to confer protec-
tion. We consider this reason-unlikely, however, because the 35
kD, Ag85B and hsp65 antigens have all been shown to confer
protection when expressed in a DNA vaccine.”*%° Both purified
and/or recombinant 10 kD, 25 kD and 65 kD proteins also pro-
vided protection when administered with FIA.*

In an attempt to make BCG more immunogenic and to
extend its protective lifespan, several investigators have geneti-
cally-refined the bacteria. This is a major area of interest in the
TB field, with several recombinant BCG (tBCG) being produced
and advancing toward clinical trial (Areas Global TB Vaccine
Foundation). The protection that these rBCG can afford against
leprosy, and therefore the impact that these could have on leprosy
control programs, is unclear.

Only some rBCG have been produced with leprosy in mind.
Based upon data that BCG culture filtrate proteins, and the Ag85
series, protected mice against M. leprae challenge,”*”*%* Ohara and
colleagues produced recombinant BCG strains that overexpress
Ag85 complex components. Immunization of mice with tBCG
which over-produce either the A or A/B components reduced the
multiplication of M. /leprae more than the vaccination with paren-
tal BCG.*%% As with the human trials outlined above, provision
of multiple doses of rBCG/85A to mice enhanced protection
over that observed with a single dose.® More recently, Maeda
and colleagues have created a tBCG that secretes M. leprae major
membrane protein (MMP)-II (also known as bacterioferritin;
ML2038). This protein was identified as an immunodominant
antigen using T cells from PB leprosy patients.®> Compared with
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parental BCG, the rBCG strain (BCG-SM) induces more potent
Thl immune responses®®®” and accordingly, this group recently
reported that rBCG-SM inhibits the multiplication of M. leprae
in the footpads of challenged mice more efficiently than control
BCG.*

A major and potentially prohibitive influence over the use of
any live IBCG vaccination is the apparent inability to boost the
antigen-specific responses of individuals who have successfully
been primed with current BCG strains. rBCG might therefore be
best deployed in previously non-BCG immunized populations
to prime the immune response, allowing heterologous boosting
of the response at a later date if necessary. Concerns also abound
regarding the use of live vaccines when the worldwide population
living with immune suppression, through malnutrition or infec-
tion, is rising. HIV positive infants in South Africa have been
found to be at a far higher risk of disseminated BCG infection
than HIV negative counterparts and a high prevalence of BCG
complications in children on HAART has also been reported.®-!

Toward a defined sub-unit vaccine for leprosy. The ideal
vaccine against leprosy would induce strong, long-lasting T-cell
responses directed against M. leprae that would both prevent dis-
ease and reduce bacterial transmission. A defined sub-unit vac-
cine would appear well suited to provide a long-lasting line of
protection but isstill lacking. Selection and preduction of recom-
binant antigens has been simplified by the completion and publi-
cation of the M. leprae genome in 2001, and we believe a sub-unit
vaccine for leprosy is attainable.”?

Control of bacterial growth by PB patients indicates that
these individuals mount a strong, but not necessarily curative,
immune response against M. leprae. M. leprae infection does not
always cause disease, and it is estimated that anywhere between
30-75% of infections are spontaneously cleared without causing
significant symptoms.””* It is our belief that identifying antigens
that are the targets of this response is the key to effective vac-
cination against leprosy. Within an American Leprosy Missions-
supported project Infectious Disease Research Institute (IDRI)
has identified numerous antigens that are recognized by PB lep-

996 \We are currently

rosy patients and stimulate IFNy secretion.
in the process of identifying additional antigens and assessing the
vaccine potential of several of these by experimental vaccination
and infection of mice.

The transition from pre-clinical evaluation in animals to
clinical trials in humans represents a hurdle for all vaccines.
Armadillos can be naturally and experimentally infected with
M. leprae, and develop a clinical and histopathological spectrum
of leprosy similar to that observed in man. National Hansen’s
Disease Program (NHDP) has pioneered the use of armadillos
to investigate M. leprae-induced nerve damage, and the ongo-
ing description of the armadillo genome and immune system.””!"!
Despite restrictions regarding reagent availability and time of
infection, the armadillo infection model appears well suited for
vaccine evaluations. The mouse footpad model supports M. lep-
rae growth but does not replicate the nerve damage that is a com-

mon feature in leprosy patients.'*

Regardless, the mouse footpad
model has been used extensively to evaluate drug regimen and

the emergence of drug resistance and does appear suitable for
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preliminary evaluation of vaccines. Thus, most vaccine testing
has been performed using the mouse footpad model of M. leprae
infection, using bacterial growth as the experimental endpoint.
These experiments can take considerable time to yield results due
to the remarkably slow growth of M. leprae. Over the last few
years our groups have endeavored to find more rapid methods to
identify potential vaccines (or exclude ineffective immunogens)
before embarking on long-term mouse footpad studies.

Investigators at NHDP have employed a modified lepromin
test to evaluate potential vaccines. Results demonstrate that, when
compared with non-vaccinated mice, a significant influx of CD4*
cells occurs in the footpads of heat-killed M. leprae (HKML)
vaccinated mice 4 weeks after M. leprae challenge. More recent
studies have identified antigens that can also support this influx
upon challenge (unpublished observations). When results from
these short-term experiments are compared with results obtained
from long-term M. leprae growth experiments involving a low
dose challenge, antigens that support early cell infiltrations also
reduce M. leprae growth. An additional breakthrough that could
expedite vaccine testing in mice is the use of sensitive real-time
PCR methods to determine bacterial burden rather than micro-
scopic detection which has poor sensitivity.'®

Investigators at IDRI have reduced the amount of time
required to evaluate treatments by performing M. leprae infec-
tions in the ear and using the surrogate read out of draining
lymph node (DLN) cellularity to determine the status of infec-
tion. We determined that following M. leprae infection there is
a progressive infiltration of T cells at the infection site and that
this infiltration is supported by a concomitant increase in DLN
cellularity. These alterations did not occur when killed M. Jep-
rae was inoculated and were prevented by rifampicin treatment,
indicating that the changes are driven by actual infection and
can be used to assess vaccines.'” We were surprised by our recent
experiments to find that despite experimental vaccination induc-
ing strong and transferable antigen-specific Thl responses that
could limit inflammation at the infection site, it did not reduce
bacterial burden in the mouse footpad system.'

Although we do not currently know how to reconcile these
differences, these data indicate that, despite the absence of con-
trol of bacterial burden, local inflammation can be controlled.
This outcome would be highly beneficial to individual patients,
as a common complication of leprosy is uncontrolled inflamma-
tory reactions (reversal reactions and ENL) that cause significant
distress and can occasionally result in hospitalization. At a popu-
lation level, this outcome would likely not impact M. leprae trans-
mission and would have a limited effect on new case numbers.

Where and How?

The largest number of leprosy cases are currently found in Brazil
and India.” With respective populations of 200 and 1,150 million,
it is difficult to perceive the implementation of widespread pro-
phylactic vaccination campaigns solely for the prevention of lep-
rosy. Leprosy is not evenly spread across populations and regions
of higher incidence rates have been identified.’ It is conceivable
that localized vaccination campaigns could be implemented. To
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date, most leprosy vaccine trials have been conducted in leprosy
hyperendemic regions, have recruited large numbers (more than
150,000 in the south India trail, for example) or have used con-
tacts of recognized patients. Targeting of vaccination to at-risk
individuals could be performed on the basis of known risk fac-
tors. It is well documented that contacts of MB patients have the
highest risk of developing leprosy themselves.* The selection of
close contacts of patients for clinical trials appears to be the most
tenable strategy to provide the power required to interpret inci-
dence rates in vaccine vs. placebo groups.

Both experimental and observational studies generally find
leprosy incidence rates above historic levels, an affect that can
be attributed to active case finding and increased awareness of
leprosy within the study population. For example, a recent large
scale active case finding study involving clinical exam of 17,862
residents in northwest Bangladesh indicates that true preva-
lence rates in the region may be six-fold higher than those being
reported by traditional methods.'® Those findings are consis-
tent with previous reports in which active case finding returned
much higher prevalence rates than those being reported.>'"”
Discrepancies in the degree of protection afforded by BCG vac-
cination between experimental and observational studies suggest
that, due to variance in year to year leprosy incidence rates, exper-
imental studies are better suited to distinguish protective vac-
cines.”® That said, observational studies yield results more quickly
and do not deprive subjects of what could be protective measures,
and chemoprophylaxis trials have been shown to reduce new lep-
rosy incidence rates in the short-term.'*8!!

An alternative to current protracted MDT regimens would be
to include a therapeutic vaccine, or immune therapy, in parallel
with antibiotics. Provision of potent memory immune responses
by a vaccine could confer active, long-term protection and reduce
relapse rates even if short, non-sterilizing MDT regimen are
provided. Applying a vaccine as part of a therapeutic treatment
may represent an attractive development strategy, requiring fewer
recruits and providing a well-defined population in which to
track effects.

Potential complications due to vaccination. Approximately
50% of leprosy patients naturally develop acute inflammatory
processes known as either type 1 (“reversal reactions”) or type 2
(“erythema nodosum leprosum”; ENL) reactions. Reactions
often require hospitalization to prevent severe injury or in rare
instances death."? Although the factors that trigger type 1 rever-
sal reactions remain unknown, some clinicians and researchers
fear that immunization to boost inflammatory T-cell responses
will induce reactions. Various environmental factors may, but
have not yet been confirmed to, be associated with the onset of
type 1 reactions. Type 1 reversal reactions have, in some circum-
stances, been observed to follow immunization with other myco-
bacteria."*" Direct injection of IL-2 and IFNYy into leprosy

115,116 Reversal reactions

lesions does not induce type 1 reactions.
are ameliorated using either corticosteroids or thalidomide.'” For
type 2 reactions, other infections or viral illness, fever, immu-
nization, and psychological stress have all been invoked, but
no convincing evidence has supported any of these as definitive

triggers. Prolonged intradermal IFN7y treatment of LL patients
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does increase the risk of type 2 reactions."™!"® The T-cell inhibi-
tor, cyclosporine, has been used to treat ENL with varied results
and generally with success only in treatment of severe cases.!'s!?
These data suggest that T-cell functions may not be a major fea-
ture of most type 2 reactions, and that immunization with T
cell-based vaccines should not induce type 2 reactions. Taken
together, these observations suggest that vaccination of unin-
fected individuals, individuals with sub-clinical infection or even
patients with low BI, is likely to be safe and manageable. Indeed,
it is common practice in some countries to re-immunize leprosy
patients and their close contacts with BCG, even though the effi-
cacy of this BCG re-immunization is debated.’**”® Vaccination
of MB patients, particularly those with high BI, may be better
considered as a dual therapy, with close observation, in conjunc-
tion with MDT.

The concept of using a vaccine in conjunction with chemo-
therapy for treatment of leprosy is not unique and has already
been studied, albeit with vaccines of limited efficacy. Talwar
and colleagues conducted a trial in which, in addition to che-
motherapy of MB patients, immunotherapy was provided every
3 mo with an autoclaved M. w vaccine and contrasted with
placebo injections.'? More rapid bacterial clearance occurred
in the M. w group and was accompanied by distinct signs of
clinical improvement. One hundred percent of BB, 85.7% of BL
patients and 61.5% of LL patients converted to lepromin positiv-
ity after four doses of the vaccine and a significant number of
vaccinated patients demonstrated an upgrading in skin lesions
histopathologically.

Katoch and colleagues conducted a study involving 36 previ-
ously untreated, high BIBL/LL cases who were allocated to three
treatment groups.'?’ All individuals received a modified MDT
regimen, but in addition, one control group received distilled
water, one group received BCG 0.1 mg per dose and one group
received 2 x 108 killed M. w per dose, every 6 mo, until negative
smears were obtained. The vaccines were well tolerated and the
incidence of reactions was the same in all the groups during the
first 2 y. Patients of the control group, however, continued to have
reactions up to 3 y. While the patients in the control group took
5 y to become smear negative, all the patients in BCG group
were smear negative by 3.5 y and those in the M. w group by
3 y. Viable bacteria (assessed by outgrowth in mouse footpads)
were detected in patients on MDT alone up to 24 mo of therapy,
whereas viable bacilli could not be detected in the two immuno-
therapy groups after 12 mo. Patients in both the immunotherapy
groups showed accelerated granuloma clearance, histological
upgrading and non-specific healing without granuloma forma-
tion compared with the control group. Thus, rather than causing
reactions, the addition of immunotherapy actually reduced the
time period of reactions by 33% and reduced the effective treat-
ment period of achieving bacterial clearance by about 40%.

A similar study conducted was conducted in Chandigarh,
India, with the distinction that MDT was provided for only 12
mo."?* Sixty untreated leprosy patients with a Bl = 2 were ran-
domly allocated to three treatment groups. Vaccine was either
saline, intradermal BCG (10° live bacilli/per dose), or M.
w killed bacilli (1 x 10® as the first dose and 0.5 x 10%/dose in

Volume 7 Issue 11



subsequent doses) and was administered at three monthly inter-
vals for 4 total doses. By 12 and 24 mo, the patients in BCG
group demonstrated a significantly greater reduction in clinical
score compared with those in the M. w group, with both the
BCG and M. w groups showing reduced clinical scores compared
with the saline control group. BI declined by 2.40 units/year in
patients receiving BCG, 2.05 units/year in the M. w group and
0.85 units/year in the control group. Although the incidence of
type 1 reactions was marginally increased (although not signifi-
cantly) in the BCG and M. w vaccinated groups, the incidence
of type 2 reactions, neuritis and development of new deformities
was decreased compared with the controls.

The safety of M. habana vaccination was assessed by Wakhlu
and colleagues by carrying out intradermal vaccination of 31
LL leprosy cases (each received 1.5 mg = 6.27 x 108 M. habana
bacilli) and 36 household contacts, who randomly received esca-
lating doses of 1.5, 2.0, 2.5 mg vaccine.®® Despite stimulating
specific cell-mediated immunity against M. leprae, as evidenced
by increased lepromin reactivity, M. habana vaccination did not
cause any additional adverse reactions in patients. Systemic side-
effects were not observed at greater frequency than reported in
other vaccine trials and systemic side-effects were easily con-
trolled and were not accompanied by clinically detectable nerve
or ocular’damage.

These studies indicate that in leprosy patients with high BI
cellular responses can be induced without exacerbating disease.
While these trials provide some solace for the testing of new vac-
cines in MB patients, they do not provide any guarantees that sub-
unit vaccines will not induce reactions. Pre-clinical evaluation of
leprosy vaccines in animal models that present with inflamma-
tion at the infection site, such as the ear infection model, suggest
that these vaccines may alleviate inflammation.'** Unfortunately,
mice do not develop nerve damage during experimental M. leprae
infection and therefore do not lend themselves to resolving con-
cerns over potential nerve damage. It may be that vaccine testing
in M. leprae-infected armadillos, which can develop perturba-
tions in nerve function and nerve damage, could resolve these
ongoing safety concerns.

Assessing vaccine safety. A primary concern when establish-
ing any vaccine is safety. If it is to be used as an adjunct to MDT,
which appears to be the simplest way of developing and adopt-
ing any leprosy vaccine, it is possible that patients will undergo
reversal reactions. The identification of surrogate biomarkers that
could predict adverse events would be highly beneficial. Stefani
recently assessed 27 plasma factors in multiplex assays to deter-
mine if any were indicators of onset of reactions.'”® Compared
with control patients who had no reactional episodes, in reversal
reaction patients significant elevations of CXCL10 (IP-10) and
IL-6 were observed, and in ENL patients significant elevations
of IL-6, IL-7 and PDGEF-BB were observed. Some of these mark-
ers were also found during an independent study conducted in
India.”** Although it remains unclear how rapidly these cytokines
become elevated before a reaction becomes clinically relevant,
regular analysis of plasma for perturbations of these cytokines
following immunotherapy may be prudent to provide optimal
patient care.
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How to interpret protective vaccination—correlates of pro-
tection? Interpreting the protective efficacy of a vaccine against
leprosy is likely to represent a further hurdle before widespread
implementation. Although it should be relatively simple to
demonstrate that vaccinated individuals have been primed and
boosted, what this actually means in the context of infection/
disease is far more difficult to determine. Past studies have relied
either on long-term follow-up and comparison of new case detec-
tion between unvaccinated and vaccinated groups, or on skin
slit smears and biopsy to determine how vaccines have affected
bacterial burden and histological responses. These techniques
are invasive for the patient, decreasing willingness to participate.
Furthermore, these techniques require a significant degree of skill
and are time consuming for both the clinician and the patholo-
gist. Changes in viable bacterial burden are most likely the best
indicator of treatment outcome, but surrogate endpoints predic-
tive of response could significantly shorten trials and expedite the
adoption of new vaccines. The identification of simple biomark-
ers that could replace, reduce or negate the need for such invasive
procedures would also make vaccine trials more tractable over
larger populations.

The identification of potential correlates of protection for use
in vaccine trials is hampered somewhat due to the relative pau-
city of publications regarding the immune response-of leprosy
patients during treatment. The IgM response against M. leprae
PGL-I correlates with bacterial burden at time of diagnosis and
the response declines during treatment.!>%° The IgG responses
to_the 35 kD, Ag85A and Ag85B proteins similarly decline dur-
ing treatment.”’"'¥ We have endeavored to identify additional
biomarkers that can be used objectively within trails to determine
outcome. We have reported waxing and waning IgG responses
against multiple protein antigens, with an indication that the
anti-protein IgG responses may provide improved discrimination
in comparison with anti-PGL-I antibodies.'*'% Circulating levels
of the human enzyme B-glucuronidase were found to be signifi-
cantly higher in BB/BL children compared with healthy children
and children with other skin diseases, and MDT resulted in a
significant fall in the leprosy cases.'?* Similarly, nitrite concentra-
tions, which are found at high serum concentrations in untreated
MB leprosy patients, drop drastically with treatment.!? We have
also identified multiple antigens that are recognized by leprosy
patient T cells, although it is currently unclear how or if their
responses are affected during treatment.”*'?3

While there has been relatively little effort to identify markers
of cure for leprosy, this is an area of great interest for tuberculosis
researchers in their quest for new and improved treatments.'*1%
To date, the optimum markers for tuberculosis remain undefined,
but several promising candidates have been indicated. It is note-
worthy that as with leprosy patients having reversal reactions,
tuberculosis patients have elevated circulating levels of CXCL10,
with treatment leading to a reduction of CXCL10." While
antibodies against ESAT-6, FdxA, LAM, Rv2626¢ and 38 kD
antigen were more abundant in untreated tuberculosis patients
than in controls, serial plasma samples obtained after initiation
of chemotherapy indicates that antibody levels against ESAT-6
and Rv2626¢ decrease during therapy whereas antibody levels to
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the 38 kD antigen and LAM increase."”® Cell-based assays with
short incubation periods (termed IFNv release assays; IGRAs)
have tended to demonstrate high antigen-specific IFNy levels
at diagnosis that decline with treatment. In one study, ESAT-6-
specific IGRA responses were shown to have declined by 3 mo of
treatment in all of 13 patients demonstrating an adequate clini-
cal response to treatment, but to remain elevated in 5 patients
with treatment failure."! A more recent study demonstrated an
overall decline in the IFNy response to ESAT-6, but not typi-
cally a conversion to negativity, of latently infected tuberculosis
patients treated with isoniazid.'*? In another study, examining
a group of recently tuberculosis-exposed schoolchildren, isonia-
zid preventive therapy reduced the frequency of IFNy-producing
T cells responding to ESAT-6 or CFP-10 by an average of 68%

within a year.'3

It seems likely that active tuberculosis gives rise
to increased numbers of primed or partially activated T cells in
the circulation, and that these cells are preferentially detected by
short incubation IGRAs. As infection is cleared, these cells, and
the response in IGRA, appear to decline."™ These studies indi-
cate that assessment of T-cell responses are used as a biomarker,
quantitative assessments should be made on an individual basis.
Thus, an improved understanding of how successful, and even
unsuccessful, treatment affects antigen-specific responses of lep-

rosy patients could help identify markers that could be used to

Summary

The current global leprosy control program, based on passive case
detection and chemotherapy, suffers from common pitfalls inher-
ent in controlling most infectious diseases. Passive case detection
with slow, chronic diseases like leprosy allows for continued trans-
mission during the preclinical stages of the disease and any treat-
ment strategy short of directly observed chemotherapy is likely
destined to yield incomplete treatment leaving it susceptible to
the selection of drug resistant mutants. New tools are needed to
close this gap in our strategy to continue to improve leprosy con-
trol and build upon recent breakthroughs. Among these are the
deployment of simplified diagnostic tests that could improve and
facilitate integration of leprosy control programs within general
health services, allowing for active case finding and the devel-
opment of methods to track and evaluate drug resistance. It is
our belief that the introduction of a more effective vaccine (one
with the ability to limit the spread of M. leprae infection, perhaps
in combination with pro-active chemotherapy) would have the
greatest impact.
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