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Abstract

A preventive anti leprosy vaccine can contribute considerably towards
global control and even elimination of leprosy. However, there is no successful
vaccine available as yet. M.leprae is known to evade/subvert the antimicrobial
activity of the invaded antigen presenting cells (APCs; macrophages and
dendritic cells). Therefore, the cause for failure towards developing anti leprosy
vaccine could be lack of presentation of M leprae antigens to re-stimulate the
candidate vaccine generated CD4'Th1 type of memory cells against M.leprae.
Since, autophagy is known to kill M.leprae and present its antigens, intermittent
induction of autophagy might help in improving vaccine efficacy by re-stimulation
of vaccine induced memory cells and thereby persistence of vaccine generated
immunity. On the other hand, T cell subsets other than CD4*Th1 are also known
to be protective in leprosy. A strategy involving such immune cells towards
formulating anti leprosy vaccine may also prove to be advantageous. Hence,
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investigations on these aforementioned approaches are worthwhile exploring.
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Editorial

Leprosy is a chronic contagious disease caused by infection
with Mpycobacterium leprae (M.leprae), an obligate intracellular
microbe which harbours, primarily, macrophages and Schwann
cells. During this disease, mainly, skin and nerves are affected
where immunological complications can result in nerve damage
and thereby neuropathy leading to disabilities [1]. Over the years,
despite remarkable global decrease in leprosy cases the new case
detection rates have not changed much. The data from 106 countries
documented occurrence of 210758 new cases during 2015. Of these,
22 countries have been reported to be high burdened [2]. Though
Multi Drug Therapy (MDT) has brought down the global number of
leprosy patients, persistence of new cases could be due to limitations
of MDT and/or due to prevalence of undetected leprosy cases [2,3].
The existing scenario points-out that leprosy infection is still going on
in community and for many countries it is still an important public
health problem. Though, leprosy has been controlled significantly;
nevertheless, its further control and finally, elimination can be
boosted by anti M.leprae vaccine. As yet, no efficient anti leprosy
vaccine is available for its use for prevention of occurrence of leprosy.
Hence, efforts towards searching better vaccine are underway in
several laboratories [4]. Through this communication, an attempt has
been made to share views to further refine research on developing
anti leprosy vaccine.

During early stage of M.leprae infection, innate immunity acts
as a first checkpoint to defend the non-immune host. Individuals
who are resistant to leprosy eliminate invading M.leprae after
their destruction by Antigen Presenting Cells (APCs), particularly
macrophages. On evasion of this check point M.leprae persists in the
host and induces adaptive type of immunity [Humoral (HI) or Cell
Mediated Immunity (CMI)] which is considered to be the primary
determinant for manifestation of the disease as a spectrum where
two polar forms viz: Lepromatous Leprosy (LL) and Tuberculoid
Leprosy(TT) lie at two opposite ends of the spectrum [5]. Humoral

immunity to M.leprae antigens is highest in LL form and on the other
hand, CMI to M.leprae antigens is highest in TT. Likewise, M.leprae
load is highest in LL but lowest in TT type of leprosy. Other than these
two polar forms, there exist sub-polar but immunologically unstable
forms which are known as Borderline Lepromatous (BL), Borderline-
Borderline (BB) and Borderline Tuberculoid (BT) type of leprosy.
Among these sub-polar forms of leprosy HI to M.leprae antigens and
M.lepraeload arelower (in a graded manner from BL to BB to BT form)
when compared to LL form. Similarly, CMI to M.leprae antigens and
M.leprae load increases, again, in a graded manner from BL to BB to
BT leprosy. All these phenomena indicate that LL is most susceptible
(due to inadequate CMI to M.leprae antigens) type of leprosy which
has disseminated infection. Contrarily, TT is most resistant (due to
good CMI to M.leprae antigens) form of leprosy where infection with
M.leprae remains restricted. Thus, CMI is considered to be involved
in defending the host against M.leprae infection.

A large body of literature has described that the CMI generated
by CD4* Thl cells provides protection against M.leprae infection.
However, for induction of this type of immunity, M.leprae antigens
need to be presented (in combination with MHC-II) by antigen
presenting cells viz. Macrophages, Dendritic cells and Langerhan’s
cells [6]. A CD4*Th1 based anti leprosy vaccine could be successful if
vaccine generated CD4* Th1 type of memory cells are re-stimulated,
by invading M.leprae, to give rise to effecter cells to protect the
vaccinees. Occurrence of such a phenomenon can take place only
when antigens derived from infecting M.leprae are processed and
presented by APCs. However, M.leprae has been reported to impair
antigen presenting process in APCs from leprosy patients [6-9]. This
reflects that, probably, APCs from leprosy prone individuals may also
fail in presentation of M.leprae antigens. This in turn may result in
failure to re-stimulate vaccine generated CD4* Thl memory cells and
thereby towards maintaining the persistence of vaccine generated
immunity. Hence, it may give rise to an apprehension about the
efficacy of anti leprosy vaccine [10], particularly in M.leprae infected
individuals who are prone to progress towards lepromatous type of
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leprosy. This all could be due to inability to generate sufficient CMI
against M.leprae antigens. Taking stock of the forging discussion, it
is worthwhile to improve the performance of anti leprosy vaccine by
focusing on (i) modulation at the level of APCs to improve M.leprae
antigen presentation and/or (ii) broadening of vaccine generated
immunity by multiplexed formulation of vaccine.

Primary goal of a vaccine remains generation of immune response
to contain growth of invading pathogen at the initial step of the insult
(when bacterial number per invading cell may be scant) leading to
prevention of development of disease and thereby spread to other
members in the community. Among various APCs, for induction
of Thl mediated CMI, macrophages are found in abundant. To
overcome hurdle at the level of antigen presentation for developing
effective anti leprosy vaccine, probably, induction of autophagy
in macrophages may help in improving the vaccine performance.
Normally, M.leprae is known to be destroyed by autophagy [11],
however, in leprosy prone individuals it may evade/subvert this line
of defence [12] leading to progressive growth of leprosy bacilli and
thereby disease. Autophagy is also known to be involved in antigen
presentation in combination with MHC-II to stimulate CD4* Thl
mediated CMI. Moreover, autophagy may also contribute towards
generation of CMI through production of ILI1-B [13,14]. Hence,
intermittent induction of autophagy might prove to be a promising
platform for re-stimulation of vaccine induced memory cells in
M.leprae encountering leprosy prone individuals and thereby for
maintenance and persistence of vaccine generated CMI. Otherwise,
vaccination without coupling with intermittent induction of
autophagy may not protect individuals on their exposure to M.leprae
[10]. Feasibility of such an approach has already been described in
context of anti TB vaccine [14,15]. Hence, investigations on suitable
autophagy inducing agents/strategies need to be explored keeping
their safety and optimal frequency in view for intermittent induction
of autophagy. Hopefully, this strategy may improve vaccine efficacy.

Multiplexing approach involving more than one immune
components as well as potent antigens might also help in improving
the vaccine efficacy. Thus far, various types of immune cells including
CD4 (Thl and Th17), CD8, natural killer (NK) cells, yoT cells [6,16-
18] and several M.leprae antigens [4] have been reported to be
involved in protective immune response against M.leprae infection.
Over the years, efforts on developing anti leprosy vaccine have, largely,
remained focused on inducing CD4* Thl cell mediated immunity
against M.leprae [4]. Keeping in view the diversity at the levels of
protective immune components as well as M.leprae antigens, it is
worth suggesting thata multiplex vaccine considering various relevant
immune cells and potent M.leprae derived antigens may prove to be
more effective. This all could be due to enhanced immunogenicity and
broadening of vaccine generated immunity against M.leprae. Though
tempting (but challenging) such a formulation needs to be well
analyzed in terms of immunological behaviors of candidate immune
cells and M.leprae antigens in combination. Only those combinations
which would show additive effects regarding protection could be
considered as desirable candidates for anti leprosy vaccine. It would
be interesting to combine this approach with autophagy enhancing

platform to further improve the vaccine efficacy. Though promising
for developing a potential vaccine, making efforts on these lines are
worthwhile.
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