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Strategy for Leprosy Control

The ability to control leprosy and to
maintain this control long term represents
the ultimate goal of all those working in the
fight against this disease!. This apparently
unattainable goal, with its numerous well-
known scientific, technological and logisti-
cal limitations, may now be one step nearer,
thanks to the accumulated efforts in, and
the results of, fundamental and applied lep-
rosy research. This has greatly benefitted
from the very active support of the Special
Program for Research and Training in
Tropical Diseases (TDR) supported by the
UNDP/World Bank and WHO. Published
results and those reported at the XII Inter-
national Leprosy Congress now enable us
to take stock of the situation and to envisage
a more coherent and integrated strategy for
the control of this disease.

Three complementary aspects must be
considered: is control theoretically possible,
is it practically attainable, and how could
such efforts be applied in the field?

Is leprosy control theoretically possible?

As for any transmissible infectious dis-
ease, the answer to this question depends
on our knowledge of its transmission and

! Bloom, B. R. and Godal, T. Selective primary health
care: Strategy for control of disease in the developing
world. V. Leprosy. Rev. Infect. Dis. 5 (1983) 763-780.
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of the reservoirs of the pathogenic agent.
Leprosy was described as being a strictly
human disease, and classically considered
as being transmissible experimentally in its
lepromatous form in healthy animals with
only the greatest difficulty®>. However, sev-
eral recent reports mention firstly, the cap-
ture in Louisiana, Mississippi and Texas of
wild armadillos carrying mycobacteria
which could not be cultured and with char-
acteristics making them indistinguishable
from Mycobacterium leprae®; and secondly,
the spontaneous appearance and transmis-
sion of M. leprae in a chimpanzee* and a
mangabey monkey?®.

2 Walsh, G. P., Meyers, W. M., Binford, C. H., Ger-
one, P. J., Wolf, R. H. and Leininger, J. R. Leprosy—
a zoonosis. Lepr. Rev. 52 Suppl. (1981) 77-83.

3 Smith, J. H., Folse, D. S., Long, E. G., Christie, J.
D., Crouse, D. T., Tewes, M. E., Gatson, A. M., Ehr-
hardt, R. L., File, S. K. and Kelly, M. T. Leprosy in
wild armadillos (Dasypus novemcinctus) of the Texas
Gulf Coast: Epidemiology and mycobiology. J. Retic-
uloendothel. Soc. 34 (1983) 75-88.

4 Donham, K. J. and Leininger, J. R. Spontaneous
leprosy-like disease in a chimpanzee. J. Infect. Dis. 136
(1977) 132-136.

s Meyers, W. M., Walsh, G. P., Brown, H. L, Fu-
kunishi, Y., Binford, C. H., Gerone, P. J. and Wolf,
R. H. Naturally acquired leprosy in a mangabey mon-
key (Cercocebus sp.). Abstract in Int. J. Lepr. 48 (1980)
495-496.
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Could these elements lead to a question-
ing of the theory of the absence of M. leprae
reservoirs other than in man?

A certain number of epidemiological ar-
guments indicate that this contamination
may in fact have been caused by previous
contact between human carriers and these
animals which are highly sensitive to any
mycobacterial infection?, rather than the a
priori existence of animals which sponta-
neously carry and transmit the bacilli®.
However, our epidemiological knowledge
of this situation is still only partial and, fur-
ther, more detailed and particularly sero-
epidemiological studies should be conduct-
ed in both populations concerned. It is
nonetheless logical to think that man is the
principal reservoir’; it is much more likely
for a healthy individual, at high risk, to have
the unfortunate experience of contact with
M. leprae in a given human population con-
taining an individual excreting infective ba-
cilli than to be in chance contact with these
potentially transmitting animals. However,
certain exceptional situations should be kept
in mind, such as that recently reported by
Lumpkin, et al.®, showing direct human
transmission from infected armadillos.

As has already been achieved for small-
pox, another infectious transmissible dis-
ease with a solely human reservoir, is there
a chance that leprosy might be controlled?
The history of the disease shows us that it
is possible’. Observation of its disappear-
ance and then non-reappearance in an en-
demic and/or epidemic form in certain re-
gions where it was previously present
endemically (Norway, France, Germany,
United Kingdom) shows us the reality of
this disappearance and also should indicate
the path to follow, by analysis of the factors
contributing to this situation. Unfortu-
nately, analysis of the different factors in-
volved in this natural success was until now
based on incomplete epidemiological data,
and we were thus reduced to speculation

s Filice, G. A., Greenberg, R. N. and Fraser, D. W.
Lack of observed association between armadillo con-
tact and leprosy in humans. Am. J. Trop. Med. Hyg.
26 (1977) 137-139.

7 Fine, P. E. M. Leprosy: The epidemiology of a slow
bacterium. Epidemiol. Rev. 4 (1982) 161-188.

8 Lumpkin, L. R., Cox, G. F. and Wolf, J. L. Leprosy
in five armadillo handlers. J. Am. Acad. Dermatol. 9
(1983) 899-903.
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and hypothesis. Because of the socio-geo-
graphical predominance of the disease, cer-
tain classic hypotheses brought into play dif-
ferent climatic or nutritional factors which
have in fact been easily refuted'-°. Varia-
tions in living standards or hygiene which
enabled a certain limitation of transmission
do not in fact seem to have intervened at
the time of the disease’s disappearance. The
role attributed to the drastic, obligatory iso-
lation of leprosy patients also now seems to
have been limited, as several documented
studies have shown®. On the other hand, as
emphasized by Chaussinand'?, the occur-
rence of mortal epidemics (plague, cholera,
etc.) may have led to the sudden disap-
pearance of transmitting individuals be-
cause of their confinement to colonies. The
importance of this differential effect with
regard to the non-affected population should
thus have been associated with the efficacy
of segregation of the transmitters in a given
population. In the knowledge of the theo-
retical and practical imperfections of such
measures, this action of selective mortal ep-
idemics should be considered as cofactorial
to the same degree as the previous factors.
To explain both the disappearance and non-
reappearance of the disease, the hypothesis
of the natural selection of individuals re-
sistant to leprosy, as emphasized by
Chaussinand'' and others'?, is attractive.

Apart from epidemiological arguments'!,
which are not without apparent contradic-
tions and may indicate an antagonism be-
tween leprosy and tuberculosis, are there
other, more convincing arguments in favor
of this last hypothesis? Present published
data enable us to put forward both direct
experimental and indirect arguments in man
in its favor.

? Irgens, L. M. Epidemiological aspect and impli-
cations of the disappearance of leprosy from Norway;
some factors contributing to the decline. Lepr. Rev. 52
Suppl. (1981) 147-165.

19 Chaussinand, R. La Lépre. Paris: Expansion
Scientifique Frangaise, 1955, pp. 13-20.

'I Chaussinand, R. Tuberculose et lépre, maladies
antagonistes. Eviction de la lépre par la tuberculose.
Int. J. Lepr. 16 (1948) 431-438.

'2 Long, E. R. Tuberculosis, leprosy and allied my-
cobacterial diseases. In: Tuberculosis and Leprosy.
Moulton, F. R., ed. Lancaster, Pennsylvania, U.S.A.:
American Association for the Advancement of Sci-
ence, 1938, pp. 123-133.
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Experimental data have demonstrated the
similitude between immune responses to the
different mycobacteria tested in animals'?
and also the existence of a common genetic
control which commands the natural resis-
tance of animals against pathogenic
mycobacteria'4. Analysis of the immune re-
sponses during experimental infections pro-
voked by different mycobacteria such as M.
tuberculosis, M. leprae, M. lepraemurium
or M. avium-intracellulare has highlighted
the major role played by cell-mediated im-
munity (CMI), where phenomena of coop-
eration between thymus-dependent lym-
phocytes and macrophages intervene's. A
parallel has been demonstrated between the
production of a state of delayed hypersen-
sitivity (DTH) and acquired post-infection
protection'é. A certain amount of experi-
mental evidence has shown the existence of
crossreactivity, not only in measurements
of DTH!'” '® but also, and above all, in the
study of acquired protection'®. It has thus
been demonstrated that immunization with
M. tuberculosis Ri Ra protected against M.
tuberculosis R1 Rv, and also against the H37
Rv strain?°. In the same way, the BCG strain

13 Charapas, S. D. The immunology of mycobacterial
infections. CRC Crit. Rev. Microbiol. 9 (1982) 139-
197.

4 Skamene, E., Gros, P., Forget, A., Kongshavn, P.
A. L., St. Charles, C. and Taylor, B. A. Genetic regu-
lation of resistance to intracellular pathogens. Nature
297 (1982) 506-509.

'3 Sansonetti, P. and Lagrange, P. H. The immu-
nology of leprosy: speculations of the leprosy spectrum.
Rev. Infect. Dis. 3 (1981) 422-469.

'¢ Collins, F. M. and Mackaness, G. B. The rela-
tionship of delayed-type hypersensitivity to acquired
antituberculous immunity. I. Tuberculin sensitivity and
resistance to reinfection in BCG vaccinated mice. Cell.
Immunol. 1 (1970) 253-265.

7 Haslev, K., Closs, O., Moller, S. and Bentzon, M.
W. Studies on the development of tuberculin sensitiv-
ity in immunized guinea pigs with demonstration of a
close relationship between results of skin tests and the
lymphocyte transformation technique. Int. Arch. Al-
lergy Appl. Immunol. 73 (1984) 114-122.

'8 Chaparas, S. D. and Maloney, C. J. An analysis
of cross reactions among mycobacteria by in vivo and
in vitro assays of cellular hypersensitivity. Am. Rev.
Respir. Dis. 117 (1978) 897-906.

19 Gupta, H. P., Singh, N. B., Mathur, I. S. and Gup-
ta, S. K. Mycobacterium habana, a new immunogenic
strain in experimental tuberculosis in mice. Indian J.
Exp. Biol. 17 (1979) 1190-1193.

20 [ efford, M. J., McGregor, D. D. and Mackaness,
G. B. Immune response to Mycobacterium tuberculosis
in rats. Infect. Immun. 8 (1973) 182-189.
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of M. bovis protected against M. tubercu-
losis H37 Rv and R1 Rv'62! M. leprae??,
M. lepraemurium?*?*25 and M. avium-
intracellulare®®.

The reverse was also demonstrated?’.
However, infection with M. kansasii was
ineffective and did not modify the protec-
tive value of BCG against infection with M.
tuberculosis®®, thus invalidating the modu-
latory hypothesis put forward by Rook, et
al. concerning a negative interference of
atypical mycobacteria on the action of
BCG?°. This acquired resistance was dem-
onstrated in actively immunized animals
and also after the passive cellular transfer
of thymus-dependent lymphocytes3®: 3! 32

2! Blanden, R. V., Lefford, M. J. and Mackaness, G.
B. Host response to Calmette-Guerin bacillus in mice.
J. Exp. Med. 129 (1969) 1079-1107.

22 Shepard, C. C. Vaccination against human leprosy
bacillus infection of mice: Protection by BCG given
during the incubation period. J. Immunol. 96 (1966)
279-283.

23 Hanks, J. H. and Fernandez, J. M. M. Enhance-
ment of resistance to murine leprosy by BCG plus spe-
cific antigen. Int. J. Lepr. 24 (1956) 65-73.

24 Lagrange, P. H. and Hurtrel, B. The influence of
BCG vaccination on murine leprosy in C57BL/6 and
C3H mice. Ann. Immunol. (Paris) 130C (1979) 687—-
709.

23 Lovik, M. and Closs, O. Effect of BCG vaccination
on Mycobacterium lepraemurium infection in a highly
susceptible inbred mouse strain. Acta Pathol. Micro-
biol. Scand. [C] 89 (1981) 133-138.

26 Edwards, M. L., Goodrich, J. M., Muller, D., Pol-
lack, A., Ziegler, J. E. and Smith, D. W. Infection with
Mycobacterium avium-intracellulare and the protec-
tive effect of bacillus Calmette-Guerin. J. Infect. Dis.
145 (1982) 733-741.

27 Patel, P. J. and Lefford, M. J. Specific and non-
specific resistance in mice immunized with irradiated
Mpycobacterium leprae. Infect. Immun. 20 (1978) 692—-
697.

2 Orme, I. M. and Collins, F. M. Infection with
Mycobacterium kansasii and efficacy of vaccination
against tuberculosis. Immunology 50 (1980) 581-586.

29 Rook, G. A. W., Bahr, G. M. and Stanford, J. L.
The effect of two distinct forms of cell-mediated re-
sponse to mycobacteria on the protective efficacy of
BCG. Tubercule 62 (1981) 63-68.

3 Lefford, M. J., McGregor, D. D. and Mackaness,
G. B. Properties of lymphocytes which confer adoptive
immunity to tuberculosis in rats. Immunology 26 (1973)
703-715.

31 Lagrange, P. H. Active and passive acquired re-
sistance after Mycobacterium lepraemurium infection
in C57BL/6 and C3H/HeN mice. Ann. Immunol.
(Paris) 130C (1979) 561-579.

32 Orme, I. M. and Collins, F. M. Protection against
Mycobacterium tuberculosis infection by adaptive im-
munotherapy. J. Exp. Med. 158 (1983) 74-83.
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from actively immunized animals to naive
syngenic recipients, thus excluding any par-
ticipation of nonspecific residual macro-
phagic activation which could explain the
crossreactivity. However, this did not ex-
clude the presence in transferred cells of a
mixture of different T-cell clones, recogniz-
ing the antigens of each mycobacterial va-
riety. This possibility was recently tested by
the use of T-cell clones produced in vitro
against M. leprae®* 3% 33, It was demonstrat-
ed that these clones, in the presence of ac-
cessory cells and specific antigens, in vitro,
were capable of producing interleukin-2 (IL-
2), and gamma interferon (IFN %), of
activating macrophages*?, and of inhibiting
the growth of M. tuberculosis in these
macrophages?*. Also, the in vivo subcuta-
neous injection of these cloned T cells with
the antigen led to the activation of macro-
phages which had acquired a bactericidal
activity?’. These different parameters for the
in vivo and in vitro measurement of CMI
demonstrate the responsibility of homoge-
neous cloned T cells in the acquisition of
an acquired resistance. However, it should
be emphasized that these activations oc-
curred both when using the inductor antigen
(irradiated M. leprae) and when using
another mycobacterium such as heat-inac-
tivated BCG?2. On the other hand, no ac-
tivation occurred with another bacterium
such as Listeria monocytogenes. Crossreac-
tivity, tested with cloned T cells, indicates
that these cells were selected for an antigen
common to these two mycobacteria*®, and
that this antigen is immunodominant since
the frequency of proliferation of this clone
predominates (Kaufmann, S., personal
communication). This enables a definite
conclusion regarding the capacity of my-

33 Kaufmann, S. H. E. Biological activities of a mu-
rine T-cell clone with reactivity to Mycobacterium lep-
rae. Cell. Immunol. 83 (1984) 215-220.

34 Kingston, A. E. and Colston, M. J. Characteriza-
tion of T-cell clones to M. leprae. Abstract in Int. J.
Lepr. 52 Suppl. (1984) 694-695.

35 Haregewoin, A. and Louis, J. Characterization and
functional studies of the murine T-lymphocyte re-
sponse to Mycobacterium leprae antigen. Scand. J. Im-
munol. 18 (1983) 225-233.

3 Stanford, J. L. Mycobacteria—an overview. In:
Immunological Aspects of Leprosy, Tuberculosis and
Leishmaniasis. Humber, D. P., ed. Amsterdam: El-
sevier North Holland, 1981, pp. 39-45.
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cobacteria to induce active protection
against other mycobacteria: for example,
BCG against tuberculosis and leprosy. We
will consider below the apparent contradic-
tions of these results with regard to obser-
vations made in man.

Several recent reviews have analyzed the
influence of genetic factors in susceptibility
to pathogenic mycobacteria without any def-
inite conclusions being reached!-!3 !5.37,
However, the existence of an autosomal and
dominant gene has recently been demon-
strated which is localized in chromosome 1
of the mouse and expressed in two allelic
forms, enabling segregation of mouse strains
with respect to their sensitivity (NS) or their
natural resistance (NR) to infection by M.
bovis (BCG)'4. This gene, called the BCG
gene, is phenotypically expressed in mono-
nuclear phagocytic cells*® and is associated
with the metabolism of oxygen derivatives,
and particularly the spontaneous and spe-
cific production of hydrogen peroxide
(H,0,)*. It intervenes initially in the nat-
ural resistance of mice in the absence of T
cells*® by permitting or not permitting the
growth of mycobacteria in macrophages. It
also seems to be associated, probably in-
directly, with the induction of an acquired
cellular response*!:*2, After immunization
with BCG, the types of delayed hypersen-
sitivity to tuberculin, classified according to
their kinetic of expression, with either a

3 Fine, P. E. M. Immunogenetics of susceptibility
to leprosy, tuberculosis and leishmaniasis. An epide-
miological perspective. Int. J. Lepr. 49 (1981) 437-
454,

38 Stach, J. L., Gros, P., Forget, A. and Skamene, E.
Phenotypic expression of genetically controlled natural
resistance to Mycobacterium bovis (BCG). J. Immunol.
132 (1984) 888-892.

3 Stach, J. L., Delgado, G., Tchibozo, V., Strobel,
M. and Lagrange, P. H. Natural resistance to myco-
bacteria: Antimicrobacterial activity and reactive oxy-
gen intermediate releasing functions of murine mac-
rophages. Ann. Immunol. (Paris) 135D (1984) 25-37.

4 Sharp, A. K. and Banerjee, D. K. Macrophage
function in mycobacterial infections. Abstract in Int.
J. Lepr. 52 (1984) 694.

41 Pelletier, M., Forget, A., Bourrassa, D., Gros, P.
and Skamene, E. Immunopathology of BCG infection
in genetically resistant and susceptible mouse strains.
J. Immunol. 129 (1982) 2179-2185.

42 Hurtrel, B., Hurtrel, M. and Lagrange, P. H. Time
course and histological differences between sheep red
blood cells and tuberculin DTH reactions in mice. Ann.
Immunol. (Paris) 135C (1984) 219-230.
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maximum at 18 hours (DTH 18) or at 42
hours (DTH 42), seem in fact to be directly
related to the expression of nonspecific nat-
ural resistance: NR strains present a DTH
18, while the majority of NS strains have a
DTH 42 response (Hurtrel, B., et al.,, manu-
script in preparation). At the same time, NS
strains presenting a DTH 42 after active
immunization possess acquired resistance,
while NR strains with DTH 18 do not*'.
From this we can suppose the determining
influence of the BCG gene in natural resis-
tance and also its relative influence in CMI.
It has been demonstrated elsewhere that
other genes (in particular those linked with
H2) may intervene in the intensity of DTH
expression in the mouse** and in man** after
BCG vaccination, without this being di-
rectly associated with the intensity of sec-
ondary acquired resistance.

The influence of the BCG gene in resis-
tance to M. lepraemurium*:* has been
demonstrated independently. This pheno-
typic expression characterizing the differ-
ences between strains in their reaction to
these mycobacteria, particularly when the
C57BL/6 (NS) and C3H (NR) mouse strains
are considered, was found in the study of
mortality produced by experimental infec-
tion with M. tuberculosis*’. It was also seen
in the analysis of the efficacy of antituber-
culosis chemotherapy (Lecoeur, et al.,
manuscript in preparation), the C57BL/6
strain presenting a level of post-therapy re-
lapses which was significantly lower than

43 Lagrange, P. H., Hurtrel, B., Brandely, M. and
Thickstun, P. M. Immunological mechanisms con-
trolling mycobacterial infections. Bull. Eur. Physio-
pathol. Respir. 19 (1983) 163-172.

44 van Eden, W., de Vries, R. R. P., Stanford, J. L.
and Rook, G. A. W. HLA-DR? associated genetic con-
trol of response to multiple skin test with new tuber-
culin. Clin. Exp. Immunol. 52 (1983) 287-292.

4 Brown, I. N., Glynn, A. A. and Plant, J. Inbred
mouse strain resistance to Mycobacterium lepraemu-
rium follows the Ity/Lsh pattern. Immunology 47 (1982)
149-156.

4 Skamene, E., Gros, P. M., Forget, A., Patel, P. J.
and Nesbitt, M. N. Regulation of resistance to leprosy
by chromosome 1 locus in the mouse. Immunogenetics
19 (1984) 117-124.

47 Pierce, C., Dubos, R. J. and Middlebrook, G. An
infection of mice with mammalian tubercle bacilli grown
in Tween albumin liquid medium. J. Exp. Med. 89
(1947) 159-173.
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that seen in C3H (these relapse levels were
evaluated from the number of mice carrying
mycobacteria and the number of mycobac-
teria per mouse). Finally, the efficacy of ir-
radiated M. leprae as a vaccine, studied in
NS and NR strains, showed an identical
variation, the former acquiring resistance
and DTH 42, the latter a DTH 18 without
the acquisition of transferable protection*®,

All of this experimental evidence enables
the confirmation of a strong similarity; first-
ly, in the type of immune responses induced
and secondly, in the genetic control of these
responses*’. Thus, phenotypic expression,
linked to the BCG gene, directly and indi-
rectly controls later cellular responses, which
themselves can be modulated according to
other regulatory mechanisms which are
controlled genetically by H2. Early experi-
mental evidence indicates the possibility of
mouse strain classification according to an
immunological spectrum, depending on
linked genetic factors and those which de-
pend on mycobacterial infection (dose, vir-
ulence, inoculation route)'’-3°. Individuals
could also be classified by their acquired
responses to mycobacteria: at the extremes
of the spectrum we find the stable dominant
“responders” and “‘non-responders” and in
the middle, those weak responders who, ac-
cording to the mode and intensity of the
infection and also additional regulatory fac-
tors, may vary within the spectrum with a
preference for the non-responder pole. These
latter would be “variable non-responders”
but mimicking in the overall expression of
the disease the form of ‘stable non-re-
sponders.” This approach also enables a
better understanding of imperfections in the
observations made in the study of genetic
control of human leprosy, among twins®!,

48 Lagrange, P. H., Hurtrel, B., Ravisse, P. and Gros-
set, J. A single subcutaneous inoculation of 107 ar-
madillo-derived irradiated Mycobacterium leprae
evokes different immunological behaviours in C57BL/6
and C3H mice. Ann. Microbiol. (Paris) 133B (1982)
167-168.

4 Lagrange, P. H. BCG et lépre. Bull. Soc. Pathol.
Exot. Filliales 76 (1983) 236-242.

50 Lagrange, P. H. and Closs, O. Protective immunity
to chronic bacterial infection. Scand. J. Immunol. 10
(1979) 285-290.

5! Chakravartti, M. R. and Vogel, F. A twin study
in leprosy. In: Topics in Human Genetics. Stuttgart:
Thiemes, 1973, vol. 1, pp. 1-123.
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and in the analysis of associations with HLA
markers®’, the global definition of lepro-
matous leprosy (LL) individuals being in-
complete.

This reinforces the epidemiological ap-
proach of a possible interference between
tuberculosis and leprosy, and the existence
of non-responding subjects, with natural re-
sistance to mycobacteria, who are not re-
sponsive to M. tuberculosis and probably to
M. leprae as well. In tuberculosis, non-re-
sponsiveness leads to dominant selection by
early death’? 33; while in the case of leprosy,
no selective action can be observed because
of a long incubation period and the lack of
likely mortality. The apparently higher fre-
quency of mortality caused by tuberculosis
in LL subjects as opposed to subjects pre-
senting another form of leprosy, reported
by different authors'?, is insufficiently doc-
umented to constitute a formal argument.
Further, mortality in tuberculosis can be
caused in several different ways®*, thus no
definitive conclusion can presently be put
forward. However, this may be linked to
the higher frequency of mycobacterial in-
fection other than M. leprae in the
armadillo®. Further, the modes and fre-
quency of mycobacterial transmission may
be different in each patient>s. It is possible
that the frequency of transmission in lep-
rosy is caused more by multibacilliary LL
subjects (non-responders) than by pauci-
bacilliary TT responders!. This is certainly
not the case in tuberculosis, where the in-
tensity of the cellular immune response is
associated in particular with pulmonary cel-
lular destruction’® which allows local bac-
terial multiplication and increased trans-
mission. This would also partially explain
the increase in tuberculosis morbidity

52 Frost, W. H. The age selection of mortality from
tuberculosis in successive decades. Am. J. Hyg. 30
(1939) 91-96.

33 Bates, J. H. Tuberculosis, susceptibility and resis-
tance. Am. Rev. Respir. Dis. 125 (1982) 20-24.

34 Lenzini, L., Rottoli, P. and Rottoli, L. The spec-
trum of human tuberculosis. Clin. Exp. Immunol. 27
(1977) 230-237.

55 Pattyn, S. R. Tuberculosis and leprosy, a com-
parison. Acta Leprol. (Genéve) 73 (1978) 3-11.

s6 Canetti, G. The Tubercle Bacilli in the Pulmonary
Lesions of Man. New York: Springer Publishing Co.,
1955.
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among populations previously selected for
their resistance to mortality*’.

Finally, another apparent contradiction
concerns variable efficacy in the apprecia-
tion of BCG activity in the fight against
leprosy®® 3°. Reported results refer to pro-
tection varying from 20-80%, and have
meant that BCG has been rejected as a po-
tential vaccine against leprosy. The latest
results obtained in the Chingleput trial in
India also tend toward the same
conclusion®. However, two major obser-
vations made during this trial should be em-
phasized. The first concerned the very weak
efficacy apparent in tuberculosis prevention
in a group of children previously non-sen-
sitized by atypical mycobacteria®'. Second-
ly, there was greater efficacy in the protec-
tion of reactogenic forms (BT and TT) when
compared with other nonreactive forms (BL
and LL), although the figures were too low
to be statistically significant®®,

Thus, from results in man, how can these
apparent contradictions by analyzed? Stan-
ford, et al. have suggested that the impact
of atypical mycobacteria leads to a previous
sensitization which raises the level of resis-
tance of subjects, and makes it no longer
possible to judge the protective effect of
BCG®? which in any case is inhibited. For
several years we have suggested®® that
another cause be considered for this appar-
ent failure of BCG in the fight against
tuberculosis and leprosy, that being a

57 Grigg, E. R. N. The arcana to tuberculosis. Am.
Rev. Tuberc. 78 (1958) 151-172.

8 Noordeen, S. K. Effect of BCG vaccination in lep-
rosy. In: Immunological Aspects of Leprosy, Tuber-
culosis and Leishmaniasis. Humber, D. P., ed. Am-
sterdam: Elsevier North Holland, 1981, pp. 239-246.

% Price, J. E. BCG vaccination in leprosy. Int. J.
Lepr. 50 (1982) 205-212.

60 Tripathy, S. P. Cited as personal communication
in footnote *.

¢! Baily, G. V. J. Tuberculosis prevention trial, Ma-
dras. Trial of BCG vaccines in South India for tuber-
culosis prevention. Indian J. Med. Res. 72 Suppl. (1980)
1-74.

62 Stanford, J. L., Shield, M. J. and Rook, G. A. W.
How environmental mycobacteria may predetermine
the protective efficacy of BCG. Tubercle 61 (1981) 55-
62.

63 Lagrange, P. H., Hurtrel, B. and Thickstun, P. M.
Immunological behaviour after mycobacterial infec-
tion in selected lines of mice with high and low anti-
body responses. Infect. Immun. 25 (1979) 39-47.
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non-response to pathogenic or atypical my-
cobacteria linked to genetic control, as has
clearly been shown in experimental
models*}. Thus, because of their genetic
polymorphism, individuals do not present
a uniform immune response to mycobac-
teria. As shown experimentally by G. Bioz-
zi, et al®®, independent genetic selection
affecting the metabolic activity of macro-
phages has enabled a clear separation of in-
dividuals into responders and non-re-
sponders with regard to their immune
responses. It is also possible that the com-
bined pressure of independent (major en-
demia) and specific (tuberculosis) selection
has led in certain regions to the control of
leprosy, leaving alive only the large pro-
portion of subjects able to produce a pro-
tective cellular immune response, after the
exclusion of those incapable of producing
this response but who were privileged car-
riers. With a decrease in transmission, and
subjects acquiring a specific antituberculo-
sis and thus antileprosy resistance (compare
number of Mitsuda-positive individuals
among PPD-positive subjects)®®, leprosy has
died out in these regions.

Why however does this not seem to have
occurred in all regions where at present tu-
berculosis and leprosy exist side by side? A
striking example can be given concerning
the Chingleput region, where the levels of
incidence of these two diseases are both
high®'. In our view, two main arguments
provide the answer to this problem. Firstly,
the mycobacteria responsible for tubercu-
losis in this region is a Madras variant of
M. tuberculosis which has been shown to be
non-virulent in the guinea pig®®, and which
is responsible for the uncharacteristically
long period (8~10 years) between primary
infection and the appearance of the tuber-

64 Biozzi, G., Siquiera, M., Stiffel, C., Ibanez, O. M.,
Mouton, D., and Ferreira, V. A. C. Genetic selection
for relevant immunological function. In: Immunology
80. Dausset, J. and Fougereau, M., eds. New York:
Academic Press, 1980, pp. 432-457.

¢ Lowe, J. and McNulty, F. Tuberculosis and lep-
rosy, immunological study. Lepr. Rev. 24 (1953) 61—
90.

6¢ Mitchison, D. A., Selkon, J. B. and Lloyd, J. Vir-
ulence in the guinea pig, susceptibility to hydrogen
peroxide, and catalase activity in isoniazid-sensitive
tubercle bacilli from South Indian and British patients.
J. Pathol. Bacteriol. 86 (1963) 377-386.
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culosis disease®!. Secondly, an epidemio-
logical argument clearly shows the absence
of post-primary infection acquired protec-
tion in this population, where the incidence
of bacteriologically active tuberculosis dis-
ease is correlated in a linear way with the
age of sick individuals. In contrast, in neigh-
boring populations, with acquired resis-
tance, incidence is slowed up between 15
and 55 years, as demonstrated by a char-
acteristic plateau®3.

Several limiting elements which do not
allow a definitive conclusion should be con-
sidered in this increase. Firstly, our lack of
exact knowledge of the different forms of
tuberculosis expression and secondly, the
type of immune response presented by these
individuals. Is this a homogeneous popu-
lation? An indication may be given by the
analysis of cutaneous responses to tuber-
culin after BCG vaccination. In infants who
were previously not sensitized by mycobac-
teria (PPDS and PPB negative), two clear
categories were seen—one presenting classic
persistant positive reactions and the other
apparently paradoxical, whose positivity
lasted only a short time, being present at the
fourth month but absent after 2'2 years,
whatever the dose and the BCG strain used®'.

And, in the same way, is the leprosy pop-
ulation homogeneous in its non-responsive
mechanisms? No data presently available
enables a firm conclusion on a local level.
However, this may be the case, as was clear-
ly seen from the discussions at the XII In-
ternational Leprosy Congress, based on two
recent studies conducted by Convit, et al.®’
and Nogueira, ef al.%®. The first clearly dem-
onstrated the existence of heterogeneity in
the efficacy of immunotherapy achieved us-
ing multiple injections of BCG and M. lep-
rae: *“‘a core of patients (around 30%) exists
who do not show clinical or immunological

¢7 Convit, J., Aranzazu, N., Ulrich, M., Pinardi, M.
E., Reyes, O. and Alvarado, J. Immunotherapy with a
mixture of Mycobacterium leprae and BCG in different
forms of leprosy and in Mitsuda negative contacts. Int.
J. Lepr. 50 (1982) 415-424.

%8 Nogueira, N., Kaplan, G., Levy, E., Sarno, E. N.,
Kushner, P., Granelli-Piperno, A., Viera, L., Colomer-
Gould,V., Levis, W., Steinman, R., Yip, Y. K. and
Cohn, Z. A. Defective interferon production in leprosy.
Reversal with antigen and interleukin 2. J. Exp. Med.
158 (1983) 2165-2170.
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changes after a series of 8 to 10 injections
during a period of two years; also prelimi-
nary data suggest that a similar irreductible
core exists in the healthy contacts of patients
with leprosy.” The second study, carried out
in vitro on Brazilian leprosy subjects, clearly
showed the deficit in INF v production
among LL and BL subjects. For certain in-
dividuals (about two thirds), this deficit was
corrected by the addition of purified IL-2
and antigen (M. leprae), the remaining third
never being corrected. During the study it
was thus possible to note the existence of
heterogeneity with regard to local lesions as
well as the non-response mechanisms of
specific blood cells of LL-classified subjects.
This test would thus enable the prediction
among LL anergic forms of those who are
primary nonreactive subjects and those who
would become so secondarily through an
acquired suppressive mechanism, which
could at least be corrected in vitro. How-
ever, this test was not predictive in contact
subjects who are non-responders and not
previously infected®®. It should also be not-
ed that anergy and a deficit in IL-2 were
recently found in murine leprosy®® and in
BCG parenteral infection, the latter being
corrected by the injection of purified IL-27°.
It thus seems there is a clear consensus,
presently based on immunogenetic evi-
dence, regarding the heterogeneity of LL
forms in man and experimental models.
These data should lead us to fundamentally
modify our concept of vaccine potential (us-
ing M. leprae alone or associated with BCG)
in prophylactic and immunotherapeutic
methods for the control of leprosy based on
the wholesale vaccination and chemother-
apy of leprosy patients.

Is it possible to control leprosy? The an-
swer will come from the clear-cut strategy
to be adopted, which should have simple
application methods enabling its use in all

69 Hoffenbach, A., Lagrange, P. H. and Bach, M.-A.
Deficit of interleukin 2 production associated with im-
paired T cell proliferative response in Mycobacterium
lepraemurium infection. Infect. Immun. 30 (1983) 109-
116.

70 Colizzi, V., Ferluga, J., Garreau, F., Malkovsky,
M. and Asherson, G. L. Suppressor cells induced by
BCG release non-specific factors in vitro which inhibit
DNA synthesis and interleukin 2 production. Immu-
nology 51 (1984) 65-71.
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regions and under all sanitary conditions.
With our knowledge of the heterogeneity of
anergic forms, a clear strategy can be
planned. In contrast with that successfully
applied in the fight against smallpox, where
an insurmountable immunological barrier
was raised against smallpox virus transmis-
sion, the plan for leprosy must build a solid
chemotherapeutic wall around true high-risk
subjects, that is to say, primary nonreactive
subjects and secondary carriers. The strat-
egy must therefore have two main aims:
firstly, to detect these primary nonreactive
subjects and secondly, working from them,
to detect active carriers so that they can be
given effective and controlled chemother-
apy. This strategy has the advantage of being
directional and preventive and working from
a previously clearly defined aim.

What means do we have at present to
detect these individuals on a large scale?
They have evolved from already known data
and recent progress concerning both the rec-
ognition of the M. leprae-specific phenolic
glycolipid I antigen’! and the determination
of the capacity to inhibit intracellular BCG
macrophages’?. The first enables the pro-
duction of a highly specific immunoassay
for the early detection of the humoral im-
mune response of subclinical leprosy
infection’?- 7475 and the detection of an an-
tigen soluble both in the tissues and perhaps
the urine of infected subjects. The second
would confirm nonspecific natural resis-
tance to mycobacteria before any contact.

7t Hunter, S. W. and Brennan, P. J. A novel phenolic
glycolipid from Mycobacterium leprae possibly in-
volved in immunogenicity and pathogenicity. J. Bac-
teriol. 147 (1981) 728-735.

72 Stach, J. L., Delgado, G., Strobel, M., Millan, J.
and Lagrange, P. H. Preliminary evidence of natural
resistance to Mycobacterium bovis (BCG) in lepro-
matous leprosy. Int. J. Lepr. 52 (1984) 140-146.

73 Brett, S. J., Draper, P., Payne, S. N. and Rees, R.
J. W. Serological activity of a characteristic phenolic
glycolipid I from Mycobacterium leprae in sera from
patients with leprosy and tuberculosis. Clin. Exp. Im-
munol. 52 (1983) 271-279.

7 Cho, S. N., Yanagihara, D. L., Hunter, S.W., Gel-
ber, R. H. and Brennan, P. J. Serological specificity of
phenolic glycolipid I from Mycobacterium leprae and
use in serodiagnosis of leprosy. Infect. Immun. 41 (1983)
1077-1083.

7* Young, D. B. and Buchanan, T. M. Serological test
for leprosy with a glycolipid specific for Mycobacterium
leprae. Science 221 (1983) 1057-1059.
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Although many studies are required to con-
firm these results, the way is now open to a
coherent strategy for implementation in en-
demic zones (The Figure).

Two complementary approaches could
also be pursued: a) that concerning subjects
who are totally naive with regard to my-
cobacteria (pathogenic or not), e.g., neo-
nates and babies, and b) that concerning
individuals who, after birth, might have been
in contact with mycobacteria.

The first approach would envisage the use
of BCG vaccination at birth, both as a direct
prophylactic method and as a means for
characterizing the immune response, the
vaccine strains being strictly controlled. Af-
ter a year, vaccine efficacy and immunolog-
ical analyses would be evaluated by the study
of cutaneous reactions to both tuberculin
and lepromin (Mitsuda reaction: no other
test available at present has been shown to
be equivalent to this reaction for its prog-
nostic value). Analysis of the latter would
make it possible to classify subjects into re-
sponders and non-responders. Responders
have a high probability of being unaffected
in the future by lepromatous infection; while,
in contrast, non-responders might consti-
tute a part of the primary nonreactive pop-
ulation. How can the size of this population
be judged? In our view, only one test pres-
ently available would be suitable, that being
the measurement of the ability of their mac-
rophages-monocytes to inhibit or not the in
vitro growth of BCG as has recently been
demonstrated. LL subjects having a natural
capacity to significantly inhibit this growth
are then classed NR, while TT subjects only
weakly inhibiting growth are classified as
NS72, Two types of response may be ob-
served among these non-responders after
BCG vaccination. With this test, subjects
might be classified as NS individuals (the
first BCG vaccination being ineffective), in
which case they are given a second vacci-
nation of BCG alone or BCG + M. leprae,
according to their reaction to tuberculin.
Their conversion then would classify them
as NS weak responders but with a favorable
prognosis. On the other hand, using this test,
certain individuals will be classified as NR
and, in our view, they constitute the true,
primary nonreactive subjects. It is from these
subjects that the second part of the antilep-
rosy strategy must be evolved, that of a
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systematic and constant detection, working
from them in an excentric circle toward ac-
tive and potential carriers. These would be
tracked down by clinical, bacteriological
and, above all, immunological screening
(anti-phenolic glycolipid serology). Each ac-
tive or potential carrier would then, ac-
cording to the probability of potential trans-
mission, be isolated and effectively treated
by polychemotherapy until the disappear-
ance of the risk. According to the degree of
risk for these primary nonreactive subjects,
chemoprophylaxis using rifampin could be
envisaged for these individuals after a sys-
tematic check of their specific antibody ti-
ters. Any abnormal increases in antibody
titers over the period would lead to a suit-
ably adapted therapy.

The second approach concerns those sub-
jects in endemic zones who are not naive
with regard to mycobacteria. If, because of
age, BCG vaccination has or has not been
undertaken, the key examination remains
that of the Mitsuda skin test, associated with
reactivity to PPDS. Here again, these two
tests will permit a prognostic differentiation
of responders and non-responders. Among
non-responders, the first analysis would then
be a serological study to evaluate the level
of M. leprae infection, rather than a test for
BCG growth in macrophages. Those with a
negative serology, probably belonging to a
population without previous contact with
M. leprae, should then be vaccinated or re-
vaccinated with BCG and rechecked a year
later using the same cutaneous and serolog-
ical tests, and we would then return to the
previous analysis of subjects who are naive
against mycobacteria. Those with a positive
serology, whose levels should be deter-
mined by a broad range of sero-epidemio-
logical studies, would then be examined us-
ing the test for BCG growth in their
macrophages so as to classify them as NS
or NR individuals. NS subjects would then
be systematically examined for their in vitro
lymphocyte responses by IFN v production
in the presence of M. leprae and IL-2. Pre-
or post-chemotherapy correction would be
undertaken according to their bacteriolog-
ical levels, using BCG and M. leprae. NR
subjects would correspond to primary non-
reactive subjects, and their levels of bacte-
riological infection evaluated (antibodies,
soluble antigen) in order to pursue a suitably
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adapted therapy. And, once again, using
these subjects, active carriers could be de-
tected and then treated.

Thus, by using effective chemotherapeu-
tic weapons, high performance immunolog-
ical assays, and a clearly defined strategy,
we might hope to achieve the long-awaited
control of leprosy. But two major obstacles
must still be overcome. Firstly, the feasi-
bility of such a plan, which is logistically so
complicated, and secondly, its true reli-
ability. However, these points could be
evaluated immediately under suitable field

International Journal of Leprosy

1985

conditions, particularly in certain endemic
regions where the necessary scientific and
sanitary infrastructures are already opera-
tional.

—P. H. Lagrange, M.D.
—J. L. Stach, M.D.

BCG Immunobiology Laboratory

Cellular Immunophysiology Unit
Experimental Physiopathology Department
Institut Pasteur

25 rue du Dr. Roux

75724 Paris, France
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