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Leprosy Vaccine—a Reappraisal

The rationale for an appropriate vaccine
for leprosy has been to seek an organism or
antigen which crossreacts with Alycobacte-
rium leprae and activates T cells but lacks
the suppressor epitope(s) which is consid-
ered to be responsible for the anergy in lep-
romatous leprosy. As a continuation of our
previous overview,' we submit that even if
such an antigen were available there may
be numerous reasons why it may be inef-
fectual when finally tested in vivo.

Entry of M. leprae into host cells. It is
generally assumed that degradation of com-
plex molecules following phagocytosis is a
prerequisite for major histocompatibility
complex (M HC)-restrictedantigen presen-
tation. With respect to Al. leprae, studies by
Mukherjee, et al., 2 Poulter, et al.,' and Mis-
try, et al.4 have shown that viable Al. leprae
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are capable of facilitative entry into cells
since they are detected in otherwise non-
phagocytic cells, such as dendritic cells and
Schwann cells, or in macrophages made non-
phagocytic by treatment with cytochalasin
B. Similar observations have been made in
leishmaniasis.5 Such aberrant entry would
result in the viable bacilli escaping lysoso-
mal degradation and lying free in the cy-
toplasm. Job and Verghese and Shetty, et
al.' have documented the presence of bacilli
lying free in the cytoplasm of Schwann cells
from lepromatous patients. Such bacilli, al-
though not significant in terms of numbers,
could have far-reaching consequences on the
final pathology of the disease." In vacci-
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nated individuals, the antigen(s) of Al. lep-
rae entering by this means would be un-
available for degradation and presentation
by the antigen-presenting cells (APC). Thus,
even the presence of antigen-specific lym-
phocytes would be ineffectual. The other
consequence of this would be that macro-
phages activated by agents such as interfer-
on (IFN) would not be able to kill these
organisms lying free in the cytoplasm.

In the event that the individual is infected
by Al. leprae which are phagocytosed, ef-
fective handling of the bacilli is still not
guaranteed. The defective regulation of Al.
leprae phagocytosis by macrophages from
susceptible individuals would result in ex-
cessive phagocytosis.4 This could neutralize
the bactericidal mechanisms available to the
host cell, thus allowing a proportion of the
Al. leprae to remain viable.

Antigen degradation. Let us assume that
the vaccinated "susceptible" individual does
not encounter these initial problems due to
an initial small dose of infection and/or by
an initial exposure to nonviable bacilli. The
latter possibility is not so remote, since it is
believed that the majority of bacilli in a
lepromatous patient are dead. The phago-
cytic APC is then allowed to function nor-
mally.

Various workers'"-'2 have documented
that the outer coat of M. leprae is rich in
lipids and carbohydrates. The studies of Sri-
tharan, et al.'3 also suggest that serum lipase
activity is significantly reduced in lepro-
matous patients. This is further substanti-
ated by the observations of Sibley, et al. 14
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that lysosomal contents stained with Thoria
Sol were often excluded from contact with
the bacteria by the electron transparent zone
of Al. leprae. How then is a cell, low in lipase
content, to degrade the outer coat to reach
the antigenic components within? This
question has been answered partly by ob-
servations that antibodies to the delipidified
cell wall of Al. leprac are present in sera of
lepromatous patients (Mahadevan, et al.,
submitted for publication). This could be
due to the enhancement of lipase activity
by the action of nonspecifically induced ac-
tivating agents. Alternatively, the individ-
ual may have been exposed to already de-
lipidified antigens from individuals with
normal lipase activity, i.e., tuberculoid pa-
tients. Numerous studies have indicated that
tuberculoid patients are also infectious.'5 '6
Thirdly, the possibility of crossreactivity
between M. leprae cell-wall proteins and
those of environmental mycobacteria also
exists."

Antigen presentation. Substantial evi-
dence has accumulated to support the "de-
terminant selection hypothesis" of antigen
presentation which states that the antigenic
determinants are selected by la molecules
which interact specifically with unique se-
quences of the antigen and bring about their
presentation.' s In macrophages from sus-
ceptible individuals, the la molecule may
not be able to combine with the relevant
antigenic determinant necessary for protec-
tion. These individuals would then be un-
able to benefit from any vaccine regimen
and may correspond approximately to the
4 0 % who do not show conversion in the
present in vivo vaccine trials or in vitro in
the presence of exogenous activating agents.
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Alternatively, the two antigens (native M.
leprac antigen and the vaccine candidate),
to which immune responsiveness is regu-
lated by the same immune response genes,
may compete for binding to the la molecule
and, hence, for presentation by the mac-
rophage. Such competition has been shown
to occur for various antigens." The out-
come of this competition might determine
whether or not the individual's immune
system on challenge with Al. leprac secs the
epitope which is crossreactive with the sen-
sitizing antigen. This may provide an ex-
planation for the differing regional response
to BCG vaccination. A protocol for testing
a potential vaccine must necessarily, by this
reasoning, demonstrate that the vaccinating
antigen has a higher affinity for the la mol-
ecule than the native Al. leprae antigens.

Depending upon the route of infection,
M. lei)rae may encounter a variety of ac-
cessory cells with recurring capacities for
processing and presentation of mycobacte-
rial antigen, such as Langerhans' cells of the
skin,3 dendritic cells of the spleen,2" Schwann
cells of the peripheral nerve,2' and B cells
of the lymph node.22 Examples may be cited
in the case of splenic cells, where splenec-
tomy in mice resulted in increased resis-
tance to mycobacterial infection due to a
reduced generation of T-suppressor cells.23
Dendritic cells, on the other hand, are better
presentors of soluble versus particulate
matter and would be ineffectual in the han-
dling of integral M. leprae. A faulty, com-
bination between "inappropriately" pro-
cessed antigen and class II molecules in light
of recent knowledge may well serve to ii-
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tiate the deletion of clones of T cells re-
sponsive to A/. /c,prae. 24

Schwalm cells, on the other hand, are the
prime hosts for Al. leprac in an environment
which is innately secured against immu-
nological attack. It is probable that fresh
infection of Al. leprae into nerves may es-
cape vaccine-dependent surveillance pro-
cesses.25 Alternatively, if inflammatory pro-
cesses are initiated within the nerve, they
would probably give rise to nerve damage.

Development and screening of vaccines.
The 65 kDa protein is one of the immu-
nodominant antigens of Al. leprae and is
also present in a diverse range of bacteria.26
Priming of an individual by vaccination to
M. leprae may affect the balance of their
responses to pathogenic and nonpathogenic
environmental mycobacteria. This may re-
sult in a potentially harmful response in the
vaccinated individual. Thorns and Morris27
have demonstrated crossreactivity between
the antigens of Al. leprae and host tissue. It
is likely, by this line of reasoning, that vac-
cination procedures carry a risk of inducing
some form of autoimmunity. In view of
these possibilities, it is imperative that vac-
cines should initially be tested not only for
efficacy, but more importantly, for poten-
tially harmful long-term side effects.

A vaccine would be a welcome additional
tool for the control of leprosy even if it were
active only in a proportion of the individ-
uals at risk, provided one accepted this lim-
itation and incorporated vaccinations into
the overall study of the control program of
this disease. With our increasing knowledge
of the immune system, we have still failed
to employ suitable methods to determine
the efficacy of various vaccine preparations
for leprosy. We continue to employ skin-
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test conversion as the only indicator, ar-
guing that no other method is available de-
spite numerous reports stating that delayed-
type hypersensitivity and protection are not
synonymous:28' 2') screening is continued
using this parameter, the selection bias will
be toward antigens generating hypersensi-
tivity and protective antigens may go un-
detected. Vaccines selected under these con-
ditions may fail to provide any protection
or may exacerbate an even stronger hyper-
sensitivity reaction in tuberculoid patients.

We propose, therefore, that basic infor-
mation should first be obtained on suitable
methods to determine protection before
large-scale field trials of various vaccines are
initiated. These trials require a waiting pe-
riod of 5-10 years and enormous expendi-
ture. At the end of 10 years, the leprosy
scientist may again be faced with a similar
situation as that experienced after the BCG
trials in Uganda and Burma. All vaccine
trials have reported the inability of 40% of
lepromatous patients to give a positive lep-
romin reaction. An important question
which has remained unanswered is whether
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an individual not responding to a vacci-
nation with one mycobacterial species would
respond to another.

Meanwhile, the enthusiasm of the sci-
entist and the associated wide publicity giv-
en to the vaccine as the final solution for
leprosy should be tempered with caution
since, unfortunately, it has tended to divert
and dilute the attention from other priority
areas such as early detection, drug research,
and ensuring regularity of treatment. It
should also be remembered that even if a
vaccine was available, its delivery, espe-
cially if it requires repeated injections, may
prove an insurmountable problem with the
existing machinery for delivery of health
services. This has been well demonstrated
in the case of tetanus,3° where an effective
vaccine has been available for over half a
century yet tetanus continues to be the sec-
ond largest killer in India today.

—Noshir H. Antia, F.R.C.S.,
F.A.C.S.(Hon.)

—Tannaz J. Birdi, Ph.D.
The Foundation for Medical Research
84-A R. G. Thadani Marg
Worli
Bombay 400018, India

3" Dastur, F. D. Response to single dose of tetanus
vaccine in subjects with naturally acquired tetanus anti-
toxin. Lancet 2 (1981) 219-221.


	Page 1
	Page 2
	Page 3
	Page 4

