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Abstract

Effective anti TB vaccine is still an urgent requirement for global control of
tuberculosis. Thus far, the efforts have been made, mostly, targeting CD4* IFN-y * Th1
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cells to generate immunity for anti TB vaccine. However, efforts on this line have not

remained very encouraging. In the present communication, various views have been
discussed together in a concise manner pointing out that down modulation at the levels
of T regulatory cells (Tregs), intermittent generation of autophagy in antigen present-
ing cells (APCs) in the vaccinees and involving other immune cells for generation of
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immunity are worthwhile exploring to improve performance of existing vaccine BCG
and/or develop other better anti TB vaccine(s). It would be interesting to understand

the performance of anti TB vaccine considering these approaches in combination.
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Introduction

According to the latest report of World Health Or-
ganisation (WHO), around 9.6 new cases of tuberculosis (TB)
were detected and about 1.5 million died of TB during the year
20141, The major factor that would further worsen the global
TB situation is the emergence of drug resistant including multi
drug resistant (MDR) and extensively drug resistant (XDR) and
total drug resistant (TDR) strains of Mycobacterium tuberculo-
sis (MTB). Moreover, prevalence of human immunodeficiency
virus (HIV) infection in the general population also has added
to the TB problem as HIV infected individuals are more prone
to develop TB. In addition to human sufferings, TB causes a
great economic loss (billions of US dollars) as well which could
partially be due to expenses needed towards treatment of TB
patients and their care. Mortality and morbidity caused by TB
also lead to economic loss due to reduced work productivity as
patients are unable to work efficiently or not work at all due
to physical weakness. Consequently, patients have low or no
earnings to support livelihood for themselves and their families.
Thus, TB is considered to be severe global health problem and
needs its urgent control. Currently, chemotherapy is the only
strategy for cure of TB and thereby global TB control. However,
TB treatment requires multiple drugs for long duration which
involves cost and which could cause serious side effects in pa-

tients®. Also, MTB bacilli are vulnerable to develop drug re-
sistance. Hence, chemotherapy may not be sufficient for global
control of TB. Chemotherapy of TB involves about 8 - 10 billion
US dollars per year which is far costlier than developing a pre-
ventive anti TB vaccine which is estimated to involve about less
than one billion US dollars®#. Keeping all the foregoing facts in
view, developing an effective preventive vaccine has been given
priority in the field of TB research.

Hurdles and Worthwhile Solutions towards Develop-
ing anti TB Vaccine

Over the years extensive efforts have been made for
developing an effective anti TB vaccine. Most of the efforts have
been targeted on inducing the CD4* IFN-y* Thl cells®¢.Though
large majority of such vaccines have proved to be promising at
the experimental levels but failed in human trials. As yet, no
promising vaccine is available for its application and global ef-
forts in search of a successful anti TB vaccine are still continu-
ing. Viewing published literature dealing with: generation of T
regulatory cells (Tregs) by mycobacteria”#*! and interaction be-
tween MTB and APCs i.e. macrophage and dendritic cells!'®!!! it
appears that hurdles towards better efficacy of anti TB vaccine
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Views on anti tuberculosis vaccine

occurring at these levels need urgent attention. Here, an attempt
has been made to point out, briefly, the dampening effect (at
the levels of Tregs and APCs) on efficacy of anti TB vaccine.
Further, apprehensions at the level of multiplex approach for
vaccine development have also been discussed. Finally, worth-
while views to overcome such problems have been put forth to
stimulate further research for improving performance of existing
vaccine like BCG or developing other better anti TB vaccine(s).

(i) T regulatory cells and anti TB vaccine

Both, BCG and MTB are known to induce generation
of Treg cells which in turn are considered to be suppressive for
CDA4'TFN-y" Th1 cell mediated immune response. Pre exposure
of the host to environmental mycobacteria may lead to enhanced
generation of Treg cells on subsequent entry of Mycobacterial
antigens in the form of anti TB vaccine and MTB infection in
the host!”3°1, Probably, countering of the down modulating ef-
fect of Tregs may be carried out, minimising deleterious effects,
through blocking the suppressive effect at Treg levels or through
diverting out the accumulation of Tregs from the vaccination
site. On the other hand, eliminating Treg inducing antigens from
the Mycobacterial candidate vaccines may also enhance the per-
formance of the vaccines. All these approaches may be useful
for enhancing the performance of BCG, a poorly effective well
studied anti TB vaccine.

(ii) Failure to re-stimulate CD4*IFN-y* Th1 memory cells for
persistence of vaccine generated immunity

Antigen presenting cells are considered to be incapable
of killing engulfed MTB bacilli in susceptible host. Consequent-
ly, after MTB infection in the vaccinated individuals the MTB
derived antigen presentation may not occur to re-stimulate the
vaccine generated CD4'IFN-y" Thl memory cells for further
production of effector T cells to be involved in vaccine effica-
¢y, To overcome this hurdle, intermittent delivery of safe au-
tophagy inducing agent may help in maintaining/sustaining the
efficacy of TB vaccine in previously vaccinated individuals!!!]
through improving MTB killing capacity of APCs and thereby
MTB derived antigen presentation. This approach may be useful
in case of BCG and other CD4'IFN-y" Th1 inducing vaccines.

(iii) Multiplexing approach for anti TB vaccine and possible
apprehensions

It is well known that apart from CD4“IFN-y" Th1, other
immune cells like: Th17, CD8, natural killer (NK) cells, NKT
cells, yOT cells and B cells also contribute towards protection
against MTB infection!'>!3l. Hence, it is tempting to speculate
that, probably, multiplexed formulation of anti TB vaccines
involving more than one relevant MTB antigens to stimulate
CD4'TFN-y" Thlcells along with one or more of the aforemen-
tioned other immune cells may improve the protective effica-
cy of vaccine against TBI'*'Y, However, multiplexing is not
trivial rather it gives rise to several apprehensions, regarding
their immunological behaviour, while developing multiplexed
formulation of vaccine. Hence, each individual component for
formulation needs to be analysed, beforehand, in terms of (i)
optimal functional concentration at the antigen and cellular lev-
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els (i1) synergistic or additive effect in various combinations of
immunogens and immune cells to obtain safe and improved per-
formance of vaccine. Though it could be a challenging task to
develop multiplexed vaccine considering diversity at antigen as
well as immune response levels, such an approach may enable in
designing a more potential anti TB vaccine. Nonetheless, efforts
on these lines are called for.

Conclusions

The foregoing approaches may help either in enhancing
the immunogenicity of anti TB vaccine or in sustaining the vac-
cine generated immunity or in broadening the vaccine generated
immunity. While developing better anti TB vaccine it would be
interesting to unravel the performance of these approaches in
combination as well. Nonetheless, developing anti TB vaccine is
still a challenge and the same may be met by evolving effective
but safe strategy(ies).
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