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EDITORIALS

Editorial opinions expressed are those of the writers.

Macrophages versus Lymphocytes in Leprosy

Our studies on the distribution of the Mit-
suda reaction in families free of leprosy'. 2 ' 3

and in those composed of couples including
at least one leprosy patient' have shown that
individuals born to Mitsuda-negative par-
ents are more prone to exhibit a negative
reaction to lepromin injection than persons
born to at least one Mitsuda-positive par-
ent. Additionally, the proportion of Mitsu-
da-negative individuals in the offspring of
couples composed of a Mitsuda-positive
person married to a Mitsuda-negative part-
ner is significantly larger than that observed
in the offspring of couples both of whom
are Mitsuda-positive.

Taking into account this familial associ-
ation, and considering that the Mitsuda re-
action evaluates, though not perfectly, the
macrophages' capacity to lyse phagocy-
tized leprosy bacilli, we advanced the hy-
pothesis that this lysogenic ability is inher-
ited autosomally. People could be classified

' Beiguelman, B. Hereditariedado da reacdo de Mit-
suda. Rev. Bras. Leprol. 30 (1962) 153-172.

Beiguelman, B. Lepromin reaction. Genetic stud-
ies including twin pair analysis. Acta Leprol. 44(1971)
5-65.

3 Beiguelman, B. and Quagliato, R. Nature and fa-
milial character of the lepromin reactions. Int. J. Lepr.
33 (1965) 800-807.

4 Beiguelman, B. The genetics of resistance to lep-
rosy. Int. J. Lepr. 33 (1965) 808-812.

as lysers or non-lysers according to their
macrophages' capacity to destroy Myco-
bacterium leprae: the lyser being dominant
over the non-lyser phenotype'. Obviously,
this would also mean that resistance to the
proliferation of leprosy bacilli and, in con-
sequence, resistance at least to leproma-
tous leprosy would occur as a dominant
trait. Conversely, the permanent incapacity
of macrophages to destroy phagocytized
leprosy bacilli, which would enable their in-
tracellular proliferation, would be inherited
recessively.

This monogenic hypothesis was not sup-
ported, however, by data from families in
which both parents were lepromatous pa-
tients. In fact, among 81 individuals born
to 24 lepromatous couples, 30.9% were
strong lepromin reactors' when, according
to the monogenic hypothesis, all of them
should have been Mitsuda-negative like their
parents. Therefore, the monogenic hypoth-
esis was submitted to criticism 3 '" and a more
elaborate hypothesis, which was named the
lysing threshold hypothesis, was proposed

' Beiguelman, B. Leprosy and genetics. A review
of past research with remarks concerning future in-
vestigations. Bull. WHO 37 (1967) 461-476.

Beiguelman, B. Some remarks on the genetics of
leprosy resistance. Acta Genet. Med. Gemellol. 17
(1968) 584-594.
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LYSING THRESHOLDS

Tim FIGURE. Hypothetical bimodal distribution of

a human population according to the degree of lyso-
genic ability of the macrophages towards M. leprae

(lysing thresholds).

to explain both the familial distribution of
the Mitsuda reaction and the manifestations
of the different forms of leprosy'.

According to the lysing threshold hy-
pothesis, both lyser and non-lyser pheno-
types are represented by individuals whose
macrophages exhibit different degrees of
lysogenic ability towards M. leprac (lysing
thresholds). Therefore, among the lysers
there are individuals whose macrophages
express their lysing capacity for leprosy ba-
cilli more strongly than the macrophages of
others. The non-lyser phenotype includes
individuals with macrophages exhibiting no
activity at all for phagocytized Q11. /cprac,
as well as persons whose macrophages
show, or can be stimulated to disclose, var-
ious degrees of an incipient lysing activity
against leprosy bacilli. This possibility was
later supported by the observations that the
macrophages of some lepromatous patients
(non-lysers) were able to destroy injected
heat-killed leprosy bacilli after 90-120 days,
while the macrophages of others conserved
the bacilli undestroyed after 120 days 7. In
contrast, the macrophages of Mitsuda-pos-
itive individuals completely destroy inject-
ed leprosy bacilli in 3-4 weeks.

If one accepts that either the lysers or the

Convit, J., Aranzazu, N., Pinardi, M. and Ulrich,
M. Immunological changes observed in indeterminate
and lepromatous leprosy patients and Mitsuda-nega-
tive contacts after the inoculation of a mixture of My-
cobacterium ((True and BCG. Clin. Exp. Immunol. 36
(1979) 214-220.

non-lysers are unimodally distributed ac-
cording to the lysing threshold, then one
can also accept that the lysing capacity of
human macrophages for phagocytized
leprae is a semi-discontinuous trait, being
represented by a bimodal curve. Therefore,
the lysers and non-lysers would be discrim-
inated by the threshold corresponding to the
antimodal area (The Figure). Individuals
falling at this critical threshold would, of
course, pose difficulties in their classifica-
tion, since they might he considered either
as lysers or as non-lysers. On the other
hand, they would be expected to be rare in
any population and, in any case, for prog-
nostic purposes it would be safer to include
them among the non-lysers.

The assumption that the non-lyser phe-
notype is an autosomal recessive trait is
maintained in the lysing threshold hypoth-
esis. It is implicit that the frequency of this
phenotype varies in different populations,
most probably due to selection pressure and/
or genetic drift. However, the non-lyser
phenotype may be determined by more than
one allelic pair of genes. This possibility is
easy to accept if, for example, one assumes
that the macrophages' incapacity to destroy

leprae might he a consequence of either
an overall genetic reduction of the func-
tional capacity of the macrophages or a de-
ficiency of any one of the several enzymes
that intervene in the lysis of phagocytized
leprosy bacilli.

According to the lysing threshold hy-
pothesis, some individuals are non-lysers
because they have a certain homozygous
genotype, say tt; while others have the
same phenotype, in spite of being AA or
Au, as a consequence of being homozygous
for a gene that belongs to another allelic
system (bb or cc or dd, and so on) but brings
about the same final effect on the macro-
phages (genocopy). If one of these geno-
types were more common than the others,
most marriages between non-lysers would
generate only non-lysers since both parents
would have the same, frequent genotype.
On the other hand, a fraction of these cou-
ples would be expected to generate lysers
since, for instance, one parent might have
genotype AAbb and the other genotype
aaBB.

At any rate, whatever the gene pair con-
sidered, the proposed bimodal distribution
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of human populations according to lysing
thresholds requires accepting that the al-
leles responsible for the dominant and re-
cessive phenotypes are major gene pairs,
that is to say, alleles with an expressivity
highly dependent upon both genetic and en-
vironmental modifying factors. The genetic
modifying factors would be represented by
the particular genetic constitution of each
individual, while the immunological expe-
riences with antigens found in M. leprae
and in other common mycobacteria would
play the most important role among the non-
genetic factors. Such experiences would
accelerate the contact and the engulfment
of leprosy bacilli by the macrophages, as
well as the release of hydrolytic enzymes
and antibacterial substances from the ly-
sosomes.

The influence of genetic variations of M.
leprae on the expression of the lyser or non-
lyser genotypes is not taken into account in
the lysing threshold hypothesis, since there
is no evidence that different strains of M.
leprae have different degrees of resistance
to biological destruction by human macro-
phages. This does not mean, of course, that
different antigens liberated by different
strains of M. /eprae might not play an im-
portant role for producing clinical variants
of leprosy. Moreover, different persons may
react differently to them and this variation,
if real, might be dependent upon another
genetic system.

The hypothesis that the non-lyser phe-
notype is inherited recessively does not
mean that, under special circumstances, in-
dividuals who are genetically determined to
be non-lysers could not be transformed into
lysers, particularly if their lysing threshold
is near the antimodal value. By analogy,
although the ability to taste phenylthiourea
and related compounds is undoubtedly de-
termined by a major allelic autosomal pair,
it is possible to change the individual
threshold by learning". In this regard, in-
determinate leprosy patients as well as
healthy contacts who were persistently
Mitsuda-negative individuals can be trans-
formed into Mitsuda-positive reactors after
being injected with a mixed suspension of
BCG and heat-killed Al. leprae'.

" Beiguelman, B. Taste sensitivity to phenylthiourea
and menstruation. Acta Genet. Med. Gemellol. 13
(1964) 197-200.

In the lysing threshold hypothesis there
can be transient and slight variations in the
lysing thresholds of human beings due to
exogenous and endogenous influences. For
instance, it is well known that hormonal in-
fluences and drugs may temporarily accel-
erate or depress the lysing capacity of
macrophages"• ". Il. Such slight varia-
tions would be insignificant in individuals
whose lysing threshold is far from the an-
timodal value, since their lyser or non-lyser
phenotype would not be modified. In con-
trast, the same variations might lead to dra-
matic changes when acting on people with
lysing thresholds near the antimodal value
since, under these circumstances, their
phenotypes could change from non-lyser to
lyser or vice versa.

In keeping with the lysing threshold hy-
pothesis, the following possibilities exist for
explaining the finding of a small proportion
of Mitsuda-positive reactors among individ-
uals born to lepromatous couples, both of
whom are undoubtedly non-lysers:

a) Some lepromatous couples could be
genocopies; that is to say, they would have
the same phenotype brought about by dif-
ferent genotypes with the same final effect.

b) Some Mitsuda-positive individuals born
to lepromatous couples would be pheno-
copies, i.e., in spite of having the non-lyser
genotype they could have been transformed
into lysers, e.g., because of being more in-
tensely exposed to BCG vaccination and
repeated lepromin injections'"' I•". This

" Hadler, W. A., Ferreira, A. L. and Ziti, L. M. An
attempt to stimulate and depress the functional activ-
ity of the inflammatory cells from lesions experimen-
tally induced by M. leprae and M. lepraemarium. Lep.
Rev. 36 (1965) 163-170.

" Lurie, M. B., Abramson, S. and Allison. M. J.
Constitutional factors in resistance to infection. I. The
effect of estrogen and chorionic gonadotropin on the
course of tuberculosis in highly inbred rabbits. Am.
Rev. Tuberc. 59 (1949) 168-185.

" Lurie, NI. B., Harris, T. N., Abramson. S. and
Allison, NI. J. Constitutional factors in resistance to
infection. II. The effect of estrogen on tuberculin skin
sensitivity and on the allergy of the internal tissues.
Am. Rev. Tuberc. 59 (1949) 186-197.

' 2 Lurie, M. B., Abramson, S., Heppleston, A. G.
and Allison, NI. J. Constitutional factors in resistance
to infection. III. On the mode of action of estrogen
and gonadotropin on the progress of tuberculosis. Am.
Rev. Tuherc. 59 (1949) 198-218.

" Beiguelman, B., Quagliato, R. and Carmargo, D.
P. Influence of repeated lepromin injections on the
Mitsuda skin reaction. Int. J. Lepr. 33 (1965) 795-799.
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transformation would be expected to be
more common among persons whose lysing
threshold is near the antimodal value.

c) Some Mitsuda-positive reactors would
not exhibit histological correspondence, i.e.,
the microscopical late reaction to lepromin
would have occurred without active partic-
ipation of the macrophages. This situation
can be observed in about 15% of positive
+ and ++ Mitsuda reactors". ' 7 ' 18 .

d) An appreciable fraction of Mitsuda-
positive reactors horn to lepromatous par-
'ents would be composed of illegitimate
children".

The lysing threshold hypothesis also of-
fers a simple but coherent explanation for
the occurrence of different forms of lepro-
sy. Thus, the non-lyser phenotype is the
source of the lepromatous cases, since M.
leprae are able to survive and to multiply
only within macrophages which are not ca-
pable of lysing the bacilli. When lysers are
infected with fl/. leprac they either do not
manifest leprosy at all or have the tuber-
culoid type of the disease, depending on en-
vironmental and/or endogenous variables.
People whose lysing threshold is near the
antimodal value have the tendency to man-
ifest borderline leprosy when infected with
M. leprae. This explains not only the insta-
bility of borderline patients, but also why
they are less frequently found among lep-
rosy cases in all populations.

Besides explaining the origin and low fre-
quency of borderline cases, the lysing

Beiguelman, B., Souza-Campos, N. and Pinto, W.,
Jr. Fatores genéticos e efeito da calmetização na rea-
ção de Mitsuda. Rev. Paul. Med. 71 (1967) 271-278.

' 5 Souza-Campos, N., Leser, W.. Bechelli, L. M..
Quagliato, R. and Rotberg, A. Viragem da lepromino-
reação em fuNdo de diferentes estimulos. Influacia
da idade, nessa viragem, no grupo etario de 6 a 43
meses. Rev. Bras. Leprol. 29 (1962) 3-20.

'" Andrade, L. M. C. Comparação entre os aspectos
mieroscópicos e macroscopicos do teste leprominico.
Bol. Serv. Nac. Lepra (Rio de Janeiro) 21 (1962) 95-
124.

17 Azulay. R. D., Andrade, L. M. C., Silva, C., Ra-
bello Neto, A. V., Azulay, J. D., Garrido Neves, R.
and Miguez Alonso, A. Comparison of the macro-
scopic readings and microscopic findings of the lep-
romin reaction. Int. J. Lepr. 28 (1960) 38-43.

1 " Bechelli, L. M., Rath de Souza, P. and Quagliato,
R. Correlação entre os resultados da leitura clinica e
do exame histopatólogico da reação de Mitsuda. Rev.
Bras. Leprol. 27 (1959) 172-182.

1 " Pinto, W.. Jr. and Beiguelman, B. Taxa de ilegi-
timidade e lepra. Rev. Paul. Med. 71 (1967) 267-270.

threshold hypothesis provides an explana-
tion for some intriguing epidemiologic data
concerning lepromatous and tuberculoid
leprosy cases. As will be seen, such data
can be explained if the source of leproma-
tous patients is circumscribed to a specific
and small fraction of the human population
composed of individuals whose macro-
phages are genetically unable to destroy M.
leprae (non-lyser phenotype). In that case,
in highly endemic areas the proportion of
lepromatous cases would tend to a limit,
that is to say, to a stable value. In contrast,
the tuberculoid cases would be positively
correlated to the global prevalence of lep-
rosy, since the lyser phenotype is consid-
ered to predominate in all human popula-
tions.

For a long time it has been known that
the lepromatous rates in areas where lep-
rosy is highly prevalent never surpass I per
1000 21 )• 2 '. Some epidemiologic data show
clearly that the proportion of lepromatous
cases decreases as the global prevalence of
leprosy increases, indicating that the pro-
portion of lepromatous patients tends to-
wards a stable value="."".

In spite of its coherence, the lysing
threshold hypothesis has not been generally
accepted. This has apparently been due to
the demonstration that peripheral blood
lymphocytes from lepromatous patients ex-
hibit an impaired in vitro blastoid reaction
towards M. leprae antigens which seems to
be specific to this bacillus 2-1 • 25 ' 2". 27, 28 ' 2". The

2" Doull, J. A., Guinto, R. S., Rodriguez, J. N. and
Bancroft, H. The incidence of leprosy in Cordova and
Talisay, Cebu, P.I. Int. J. Lepr. 10 (1942) 107-131.

2) Fonte, J. Epidemiologia e profilaxia da lepra. Bol.
Serv. Nac. Lepra (Rio de Janeiro) 26 (1967) 31-46.

22 Bechelli, L. M., Martinez-Dominguez, V. and
Patwary, K. M. WHO epidemiologic random sample
surveys of leprosy in Northern Nigeria (Katsima),
Cameroon and Thailand (Khon Kaen). Int. J. Lepr. 34
(1966) 223-243.

23 Kapoor, P. Epidemiological survey of leprosy in
Maharashtra State (India). Lepr. India 35 (1963) 83-
89.

" Bullock, W. E., Jr. and Fasal, P. Studies of im-
mune mechanisms in leprosy. III. The role of cellular
and Immoral factors in impairment of the in vitro im-
mune response. J. lmmunol. 106 (1971) 888-899.

25 Faber, W. R., Leiker, D. L., Nengerman, I. M.,
Zeijlemaker, W. P. and Schellekens, P. T. Lympho-
cyte transformation test in leprosy; decreased lym-
phocyte reactivity in Mycobacterium leprae in lep-
romatous leprosy, with no evidence for a generalized
impairment. Infect. Immun. 22 (1978) 649-656.
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specificity of this impairment is indicated
by the fact that the impaired reactivity to
nonspecific mitogens, which is shown in vi-
tro by the lymphocytes of some leproma-
toils patients, is usually associated with lep-
rosy activity or can be attributed to the
effect of dapsone (DDS); 1 ." 1 •" 2 . In contrast
to the concordant results seen in these lym-
phocyte transformation tests, the in vitro
reaction of blood-derived macrophages from
leprosy patients and healthy individuals
has given controversial results, probably as
a consequence of technical differen-
ces r, 6. 33. 3-1. 31. 30i, 37. 39. 39. 40.

2" Coda!, T.. Myklestad, B., Samuel, D. R. and
Myrvang, B. Characterization of the cellular immune
defect in lepromatous leprosy: A specific lack of cir-
culating Mycobacterium leprae reactive lymphocytes.
Clin. Exp. Immunol. 9 (1971) 821-831.

27 Ilan, S. II., Weiser, R. S. and Fin, Y. C. Trans-
formation of leprous lymphocytes by leprolin, tuber-
culin and phytohemagglutinin. Int. J. Lepr. 39 (1971)
789-795.

2" Job, C. K., Chacko, C. J. G., "Faylor, P. NI., Dan-
iel, M. and Jesuclian, G. Evaluation of cell mediated
immunity in the histopathologic spectrum of leprosy
using lymphocyte transformation test. Int. J. Lepr. 44
(1976) 256-266.

2" Price, NI. A., Anders, E. M., Anders, R. F., Rus-
sell, D. A. and Dennis, E. S. Cell-mediated immuno-
logic status of healthy members of families with a his-
tory of leprosy. Int. J. Lepr. 43 ( 1975) 307-313.

3" Beiguelman, B. and Pisani, R. C. B. Effect of
DDS on phytohemagglutinin-induced lymphocyte
transformation. Int. J. Lepr. 42 (1974) 412115.

"' Beiguelman, B., Pinto, W., Jr., Pisani, R. C. B.,
Krieger, H., Vozza, J. A. and EI-Guindy, M. M. Lym-
phocyte transformation and lepromatous leprosy.
Ciência e Cultura 27 (1975) 217-220.

32 Ulrich, NI., Salas, B. I). and Convit, J. Lympho-
cyte transformation with phytohemagglutinin in lep-
rosy. Int. J. Lepr. 40 (1972) 4-9.

33 Barbieri, T. A. and Correa, W. M. Human mac-
rophage culture. The leprosy prognostic test (LPT).
Int. J. Lepr. 35 (1967) 377-381.

Delville, J. In vitro behavior of macrophages from
healthy persons against M. Ieprae and other myco-
bacteria. Int. J. Lepr. 39 (1971) 329-339.

" Drutz• D. J. and Cline, NI. J. Polymorphonuclear
leukocyte and macrophage function in leprosy. Int. J.
Lepr. 38 (1970) 352-353.

"" Godal, 'I'. and Rees. R. J. W. Fate of Mycobac-
terium leprae in macrophages of patients with lep-
romatous or tuberculoid leprosy. Int. J. Lepr. 38 (1970)
439-442.

37 Parmaswaran, NI., Girdhar, B. K., Deo. M. G.,
Kandhari, K. C. and Bhutani, L. K. Macrophage func-
tion in leprosy. Int. J. Lepr. 44 (1976) 340-345.

3" Pisani, R. C. B., Beiguelman, B. and Opromolla,
D. V. A. In vitro behavior of blood derived macro-
phages against killed M. lcprae. Int. J. Lepr. 41 (1973)
14-24.

Thus, the apparent specificity of the im-
paired blastoid reaction of lymphocytes
from lepromatous patients to M. Ieprae an-
tigens, together with the discrepant results
concerning the in vitro reaction of blood
macrophages with leprosy bacilli, was con-
sidered by most immunologists as sufficient
evidence for assuming that the primary de-
fect in lepromatous leprosy lies with the
lymphocytes. Consequently, the lysing
threshold hypothesis, which considers the
primary defect in lepromatous leprosy as
inherited and located within the macro-
phages, was neglected. The hypothesis was
not generally accepted despite the argu-
ments that:

a) In vitro systems may not reflect in vivo
reactions. The discordant results concern-
ing the in vitro macrophage behavior to-
ward M. Ieprae are not essential for prov-
ing or disproving the hypothesis.

b) The most striking difference between
the lepromatous and the tuberculoid lesions
results from the difference in their macro-
phage function: the former being infiltrates
where Virchow cells predominate, the lat-
ter being granulomata of epithelioid cells.

c) The lysing incapacity of macrophages
of lepromatous patients is specific for M.
leprae, since other mycobacteria are de-
stroyed by them after phagocytosis in
vii .0 42.43. 41,15. 40. 47. 48..19 or in

" Treo, M. M. and Silva, C. O. Comportamento do
MycyboNerium leprae in vitro em sangue total ou
plasma de leprosos de diferentes formal clinicas. Ann.
VIII Cong. Int. Lepr. (Rio de Janeiro) 3 (1963) 484-
494.

Veliath, A. J., Bedi, B. M. S. and Balasubrah-
manyan, M. Behaviour of macrophages to Mycobac-
terium leprae. A tissue culture study. Lepr. India 51
(1979) 330-335.

1 ' Villalba-Freire-Maia, D. Amilise familial do coin-
portamento in vitro dos marrólago.s humanos frente
no Mycobacterium leprae, thesis, Campinas, Brazil,
1972.

32 Convit, J., Avila, J. L., Goihman-Yahr, M. and
Pinardi, M. E. A test for the determination of com-
petency: in clearing bacilli in leprosy patients. Bull.
WHO 46 (1972) 821-826.

Convit, J., Pinardi, M. E., Rodriguez-Ochoa, G.,
Ulrich, M., Avila, J. L. and Goihman-Yahr, M. Elim-
ination of Mycobacterium leprae subsequent to local
in vivo activation of macrophages in lepromatous lep-
rosy and other mycobacteria. Clin. Exp. Immunol. 17
(1974) 261-265.

1 Floch, H. Reaction de Mitsuda et intradermo-ré-
action au BCG tue dans la lèpre. Conclusions then-
dynes et pratiques. Ann. Inst. Pasteur 82 (1952) 517-
527.
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d) The Mitsuda reaction which evaluates,
though not perfectly, the lysing ability of
the macrophages for leprosy bacilli has a
prognostic value. A positive reaction indi-
cates resistance at least to the lepromatous
type of leprosy''".''.

e) The Mitsuda reaction is a familial
tra i t !, :2.3.

Time has provided more elements in fa-
vor of the lysing threshold hypothesis. One
of thein was the demonstration that the lack
of in vitro response of lepromatous pa-
tients' lymphocytes to M. leprue antigens
is secondary, and due to failure of their
macrophages to present these antigens in
an immunogenic form to the lymphocytes.
Hirschberg'' has shown that when lympho-
cytes of lepromatous patients were incu-
bated with macrophages from leprosy or
healthy contacts whose lymphocytes re-
spond well to Al. /eprae antigens, they also
respond well to those antigens. In contrast,
when lymphocytes of leprosy patients or
healthy contacts who respond well to these

Leiker, D. L. Studies on the lepromin test. I. The
influence of the bacillary and tissue components to
dilutions of the lepromin. Int. J. Lepr. 29 (1961) 157-
167.

"' Leiker, D. L. Studies on the lepromin test. IV.
Influence of leprosy on the reaction to lepromin, tu-
berculin and the "875 bacillus" suspension. Int. J.
Lepr. 29 (1961) 496-501.

Yanagisawa. K., Asami, N., Maeda, NI., Ishi-
hara, S., Goto, S., Kobayashi, S. and Tashikawa, N.
Comparative study of intradermal reactions provoked
by Dharmendra antigen and the antigens of various
acid fast bacilli. La Lepro 29 (1960) 226-231.

''' Yanagisawa. K.. Asami, N., Maeda, M., Muro-
hashi. T., Abe, M.. Nakayama. T., Goto, S., Kobay-
ashi. S. and Ishihara, S. Comparative studies of in-
tradermal reactions provoked by Kedrowsky bacillus
antigen and Dharinendra antigen. La Lepro 29 (1960)
232-238.

1 " Yokota, T. The histopathological study of Mit-
suda reaction in the case of lepromatous leprosy. La
Lepro 22 (1953) 232-235.

Dharmendra and Chatterjee. K. R. Prognostic
value of the lepromin test in contacts of leprosy cases.
Lepr. India 271195>) 149-152.

5 ' Quagliato, R. Interpretação das reaçOes limitrofes
ou duvidosas do teste leprominico. Bol. Serv. Nac.
Lepra (Rio de Janeiro) 21 (1962) 13-34.

52 Saha. K. and Agarwal, S. K. Immune deficit in
patients with lepromatous leprosy: Its nature and re-
lation to genetic factors. spectrum. and duration of the
illness. Int. J. Lepr. 47 (1978) 1-6.

3 Hirschberg. H. The role of macrophages in the
lymphoproliferative response to Mycobacterium lep-
roe irr vitro. Clin. Exp. Immunol. 34 (1978) 46-51.

antigens are incubated with macrophages
from lepromatous patients, they fail to react
to Al. hp/we antigens.

The vaccination experiments developed
in Venezuela by Convit and co-
workers 7 - 1"•'" have given additional sup-
port to the hypothesis which considers the
primary defect in lepromatous leprosy to lie
with the macrophages. These authors were
able to show that persistent Mitsuda-nega-
tive contacts as well as Mitsuda-negative
indeterminate leprosy patients became im-
munologically reactive to leprosy bacilli
when they received intradermal injections
of a mixture of heat-killed M. Ieprae and
viable BCG. Such individuals gave positive
early and late reactions to standard and
concentrated integral lepromin, as well as
to soluble antigen extract of Al. fern -tie'''.
Their lymphocytes showed blastoid reac-
tions in vitro in the presence of M. leprae.
Moreover, the indeterminate patients de-
veloped inflammatory reactivity in the hy-
pochromic lesions, and a popular rash with
a tuberculoid structure was often observed
at the sites where leprosy bacilli were pres-
ent. The same vaccination procedure pro-
voked less dramatic changes in leproma-
tous patients, but it was able to also induce
their macrophages to lyse both mycobac-
terial species and enabled them to develop
positive early and late reactions to standard
lepromin.

The experiments of Convit and co-
1,vorkers 7 . 4". 54 have shown that individuals
who are destined to he permanently non-
lysers of Al. leprae can be transformed into
lysers of this bacillus by allowing their mac-
rophages to phagocytize a mixed suspen-
sion of mycobacteria containing a species
which they are unable to destroy (M. lep-
roe) together with another which they are
able to lyse (BCG). These authors have also
shown that in special cases, which cannot
be sensitized by BCG, a mixed suspension
of M. va•cae and heat-killed M. leprae may
be used.

It seems, therefore, that when macro-

54 Co nvi t • J.. Ulrich. M. and Aranzazu, N. Vacci-
nation in leprosy—observations and interpretations.
Int. J. Lepr. 48 (1980) 62-65.

Convit, J., Pinardi, M. E.. Avila, J. L. and Ar-
anzazu. N. Specificity of the 48-hours reaction to Mit-
suda antigen. Bull. WHO 52 (1975) 187-191.
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phages of non-lyser individuals phagocytize
simultaneously M. hp/we and another my-
cobacterial species they are able to lyre,
such macrophages can become activated by
the mycobacteria they can lyre. As a con-
sequence. these macrophages also destroy
the phagocytized A/. /eprae. Thus, the pri-
mary and inborn error of the macrophages
of non-lyser individuals can be corrected,
and the antigens of the leprosy bacillus can

be presented to lymphocytes in an immu-
nogenic form.

—Bernardo Beiguelman, M.D.
Chairman
Department Of Medical Genetics
State University of Campinas (UNICAMP)
C.P. 1/70
13100 Campinas
Sao Paulo, 13razil
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