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Studies of Mycobacterium leprae, Mycobacterium tuberculosis and Nocardia
caviae in comparison with each other and with other Mycobacterium and No-
cardia species were performed on the basis of antigen 21 intramolecular hetero-
geneity. Three different antisera were used: rabbit anti-Mycobacterium smeg-
matis antiserum, rabbit anti-Nocardia asteroides antiserum, and a lepromatous
serum pool. With reference to each ofthe three antiserum sources used the strains
were ranked in an order of relatedness or sharing of determinants. The three
antisera showed distinctly different antigen 21 antibody specificities reflecting the
species origin of the immunogen. The present investigations confirmed that
antigen 21 of N. caviae shares determinants with antigens from Mycobacterium
strains which were not present in corresponding antigens of all other Nocardia
strains tested. M. tuberculosis, as judged by antigen 21 analysis, occupies a
position separate from both the slow-growing and the fast-growing mycobacterial
clusters in accordance with accepted taxonomic relationships. An interesting
possibility of establishing a position for M. leprae in relation to other mycobac-
terial species was apparent. The order of relatedness among the strains studied
went from M. keprae to M. tuberculosis to N. caviae to Mycobacterium avium to
Mycobacterium fortuitum, the last two being representatives of the slow-growing
and fast-growing mycobacteria. It can therefore be concluded that evidence from
antigen 21 analysis indicates that M. leprae is more closely related to M.
tuberculosis than to the other strains investigated.

Based on absence of special staining affinities,
the presence of phenolase and its pyridin-ex-
tractable acid fastness, the leprosy bacillus dif-
fers from other bacterial species in the genes
Mycobacterium (5, 11, 14, 15, 34, 35). An exact
taxonomic classification of Mycobacterium lep-
rae has not yet been possible. This fact is largely
due to its noncultivable status in vitro which
precludes the use of metabolic tests. Another
mycobacterium, Mycobacterium lepraemurium,
has been referred to the Mycobacterium avium-
Mycobacterium intracellulare complex by im-
munological criteria (39). Similar studies of M.
keprae failed to reveal any definite relationship
to other mycobacterial species due to the fact
that only a limited number of antigen molecules
can be detected in M. leprae antigen prepara-
tions (19, 40). Conventional immunological pro-
cedures are therefore of limited value (9, 30, 39,
40; M. Ridell, Ph.D. thesis, University of Goth-
enburg, Gothenburg, Sweden, 1977). By using
intensive immunization procedures, rabbit anti-
sera have recently been obtained which are ca-

pable of detecting about 20 antigen components
(11).
An alternative approach to taxonomic studies

seemed possible by the detection of molecular
heterogeneity of one antigen component (23).
This antigen, called 21 in Mycobacterium smeg-
matis, cross-reacts with a similar component in
M. leprae. In addition to cross-reacting deter-
minants, antigen 21 of M. keprae contains deter-
minants which are species specific (24, 25). The
validity of antigen 21 analysis in mycobacterial
taxonomy was indicated in experiments using
M. lepraemurium (24). Results of M. leprae
studies indicated a position separate from other
mycobacteria (25). Some tests using cellular im-
mune recognition of various antigen prepara-
tions as well as chemical analysis seems to sup-
port such a view (6, 13, 38). Similar taxonomic
approaches have been used in other bacterial
species (16, 17, 22, 44).
Some recent findings of mycobacterial antigen

21 cross-reactivity with Nocardia caviae were
quite intriguing in view of earlier attempts to
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establish relationships with M. leprae (B. Bjor-
vatn and G. Kronvall, Int. J. Lepr., in press).
Mycobacterial antigen 21 of these two species,
N. caviae and M. leprae, showed partial identity
by using a lepromatous leprosy serum pool
(LSP) as antibody reagent in crossed immuno-
electrophoresis. All other Nocardia species
studies were completely negative in the system
used. This seemed to indicate a closer relation-
ship ofM. leprae with N. caviae than with other
Nocardia species.

In the present investigations, other antibody
sources have been included to study further
antigen 21 heterogeneity in Mycobacterium and
Nocardia strains. The results obtained reveal a
closer relationship of Nocardia caviae antigen
21 to that of mycobacterial species in general,
and not to antigen of M. leprae alone. In addi-
tion, several lines of evidence indicate that M.
leprae is closer to Mycobacterium tuberculosis
than to the slow-growing or the fast-growing
mycobacterial strain clusters.

MATERIALS AND METHODS
Mycobacterial antigen preparations. The prep-

aration of soluble antigens from mycobacteria followed
procedures described earlier (23, 25). Strains of both
slow-growing and fast-growing mycobacterial species
were cultured on Sauton medium solidified with 1.5%
agar (Table 1). Harvested bacteria were washed three
times in phosphate-buffered saline (0.12 M NaCl, 0.03
M phosphate, pH 7.3) and suspended in 10 ml of
phosphate-buffered saline per g (wet weight). Soluble
antigens were prepared by ultrasonication for 30 min
(6x 5 min), using a Branson Sonifier B-12 (Branson
Instruments Co., Stamford, Conn.). The antigen-con-
taining supernatant was recovered by centrifugation
and stored at -20'C until use. Purified armadillo-
grown M. leprae bacilli were kindly supplied by the
Immunology of Leprosy component of the UNDP/
TABLE 1. Mycobacterium and Nocardia strains

studied
Strain Source

M. keprae World Health
Organization

M. tuberculosis H37Ra, TMC A.L., Gbga
201

M. avium NCTC 8551 J.S., London'
M. smegmatis NCTC 10265 J.S., London
Mycobacterium NCTC 10266 J.S., London
phlei

M. fortuitum NCTC 2891 J.S., London
N. caviae R. Gordon N93, A.L., Gbg

1370
N. caviae R. Gordon 606 M.M., Cphn'
N. brasiliensis ATCC 19296 M.M., Cphn
N. brasiliensis R. Gordon 605 A.L., Gbg
N. asteroides Emmons 9935 M.M., Cphn
N. asteroides ATCC 19247 A.L., Gbg
Nocardia rubra McClung 784 M.M., Cphn

" Arne Lind, Gothenburg.
'John Stanford, London.
" Mogens Magnusson, Copenhagen.
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World Bank/World Health Organization Special Pro-
gramme for Research and Training in Tropical Dis-
eases, and antigens were extracted as described above.
An alternative procedure was used for M. tuberculosis
as bacterial extracts contained only trace amounts of
antigen 21. Four-week-old cultures on liquid Sauton
medium of M. tuberculosis strain H37Ra were har-
vested and centrifuged, and the supernatant was fil-
tered through membrane filters (5-ILm pore size; Mil-
lipore Corp., Bedford, Mass.). The filtrate was concen-
trated 10-fold by using an Amicon B15 concentrator
(Amicon Corp., Lexington, Mass.). No qualitative dif-
ferences have been noted between antigen 21 prepared
from cells and from culture filtrates in experiments
using strains from several species. Antigen prepara-
tions were stored in small samples at -20°C until use.
Protein determinations were performed by the modi-
fied Folin method (29). The antiserum used was ob-
tained from a rabbit immunized with M. smegmatis-
soluble antigens (4 mg of protein in Freund incomplete
adjuvant given subcutaneously every third week for 4
months) (23). The rabbit was bled twice weekly, and
the serum samples were pooled. The rabbit was se-
lected from among eight rabbits immunized at the
same time because of its high titer against M. smeg-
matis antigen 21. The third antibody source was a
rabbit anti-Nocardia asteroides antiserum specific for
antigen 10 of strain N81 corresponding to antigen 21
in the M. smegmatis numbering system (19). The
rabbit was immunized with precipitates cut out of gels
after crossed immunoelectrophoresis and mixed with
Freund incomplete adjuvant as described in detail
elsewhere (19-21). Serum samples and pools were
stored at -20°C.
Crossed immunoelectrophoresis. The method

of crossed immunoelectrophoresis as described by
Laurell (27) was used, with modifications (3, 4, 28). A
reference system consisting of the LSP and an M.
leprae antigen preparation identified antigens 1 and
21 (25). The intermediate gel technique was used to
define antibody activities of serum samples in the M.
smegmatis and N. asteroides reference systems. For
comparisons with other antigens, the tandem crossed
immunoelectrophoretic technique was used, including
alternating arrangements for the confirmation of true
spur formation (31).

RESULTS
Detection of mycobacterial antigen 21

analogs in Nocardia species. Antigen prepa-
rations of most mycobacterial strains regularly
give rise to two precipitation lines in crossed
immunoelectrophoretic analysis using an anti-
M. smegmatis rabbit antiserum (24, 25). The
antigens are identified as 1 and 21 according to
a reference numbering system for M. smegmatis
(23). In the present studies, we have retained
these numbers to denote the corresponding an-
tigens in other mycobacterial species as well.
Antigen 21 corresponds to M. leprae antigen 4
in the reference system of Harboe et al. (19).
Fig. 1A shows crossed immunoelectrophoresis of
Mycobacterium fortuitum antigens against anti-
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FIG. 1. Crossed immunoelectrophoreticprecipitationpatterns ofantigenpreparations from (A) M. fortuitum
(M.f.) and (B) M. fortuitum in tandem with N. asteroides (N.a) using rabbit anti-M. smegmatis antiserum (a-
Ms). Arrows indicate antigen 21 ofM. fortuitum.

M. smegmatis rabbit antiserum. With the tan-
dem crossed immunoelectrophoretic technique,
different bacterial species can be analyzed for
the presence of shared determinants. Antigen 21
in M. fortuitum cross-reacted with the corre-

sponding antigen of Nocardia strains using this
antiserum (Fig. 1B). N. asteroides gave only one
precipitation line in this system. The spurring
phenomenon means that the antiserum detects
antigenic determinants on M. fortuitum antigen
21 which are not present on the same antigen of
N. asteroides.
Comparisons of antigen 21 in Mycobacte-

rium and Nocardia species. Crossed immu-
noelectrophoretic studies were performed on
strains of mycobacteria in tandem with Nocar-
dia strains using the anti-M. smegmatis antise-
rum. The various patterns of partial identities
are summarized in Table 2. M. tuberculosis, M.
avium, and M. fortuitum showed partial identity
with spurring over N. asteroides and Nocardia
brasiliensis. N. asteroides and N. brasiliensis,
on the other hand, showed spurring over M.
leprae. These results indicate thatM. smegmatis
antigen 21 has more determinants in common
with antigens ofM. avium, M. fortuitum and M.
tuberculosis than it has with those of N. aster-
oides and N. brasiliensis. M. leprae is in a
different position, since it has fewer antigen 21
determinants in common with M. smegmatis
than all the others, including N. brasiliensis, as

judged by the anti-M. smegmatis antiserum
used.
Comparisons were also made by using a rabbit

anti-N. asteroides (strain N81) antiserum raised
against antigen 10, e.g. its antigen 21 equivalent.
The autologous system with N. asteroides strain
N81 gave only one precipitation line in crossed
immunoelectrophoresis against the antiserum

TABLE 2. Crossed immunoelectrophoretic
comparisons of determinants on antigen 21 in

various Mycobacterium and Nocardia strains using
anti-M. smegmatis and anti-N. asteroides antisera"

anti-M. smegmatis se- anti-N. as-
rum teroides se-

Species rum
N. aster- N. brasi- N. aster-
oides liensis oides

M. leprae +_ +
M. tuberculosis 1 T
M. avium I T
M. fortuitum T 1

" Partial identity reactions are indicated by arrows
showing direction of spurring.

(Fig. 2A). The antigen 21 was compared in tan-
dem electrophoresis with N. brasiliensis and M.
leprae, respectively (Fig. 2B and C). In both
cases, there was a reaction of partial identity
with N. asteroides antigen 21 spurring over N.
brasiliensis and M. leprae. The same is also true
for N. asteroides strain N81 in tandem with N.
asteroides strain N100 (Fig. 2D). This indicates
that the serum contains antibodies both against
cross-reacting determinants and determinants
specific for antigen 21 of N. asteroides strain
N81. It also illustrates both the variability of
antigen 21 among different species and the im-
portance of selecting antisera for comparative
studies.
N. caviae antigen 21 studies. In previous

investigations of antigen 21 heterogeneity, N.
caviae was found to be different from other
Nocardia strains (Bjorvatn and Kronvall, in
press). N. caviae was therefore compared in the
present studies with M. leprae, M. avium, M.
fortuitum, M. tuberculosis and N. asteroides in
tandem crossed immunoelectrophoresis. Both
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anti-M. smegmatis antiserum and an LSP were
used. The present investigations showed com-
plete identity between antigen 21 determinants
of N. caviae and M. tuberculosis, by using the
anti-M. smegmatis antiserum (Fig. 3A). There
was partial identity between antigen 21 of N.
caviae and that of M. leprae, M. avium, M.
fortuitum, and N. asteroides. M. avium and M.
fortuitum spurred over N. caviae, but N. caviae
spurred over N. asteroides and M. leprae. This
indicates that M. avium and M. fortuitum have
more antigen 21 determinants in common with
M. smegmatis than has N. caviae. M. leprae and
N. asteroides, on the other hand, share fewer
antigen 21 determinants with M. smegmatis
than with N. caviae. When the LSP was used,
antigen 21 determinants of N. caviae and M.
tuberculosis were similar. Determinants of M.

A a
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avium and M. fortuitum showed complete iden-
tity with N. caviae. M. leprae showed partial
identity with spurring over N. caviae. Antigen
21 of N. asteroides did not give a precipitin
reaction with this antiserum, as described earlier
(Bjorvatn and Kronvall, in press). Thus, with
respect to similarity to M. leprae antigen 21, N.
caviae and M. tuberculosis behaved like several
other mycobacteria studied earlier.

Additional studies of N. caviae using the anti-
N. asteroides antiserum were also performed.
This antiserum shows a high species specificity
but still gives a strong precipitin reaction with
most other Nocardia species. The one excep-
tion, N. caviae, indicates that the antigen 21 of
this species is only distantly related to the cor-
responding antigen in all other Nocardia species
studied. The mycobacterial species included in

c D

FIG. 2. Tandem crossed immunoelectrophoretic comparisons of antigen 21 with rabbit anti-N. asteroides
N81 antiserum (a-Na); (A), N. asteroides N81; (B), N. asteroides N81 and N. brasiliensis (N.b.); (C), N.
asteroides N81 and M. leprae, and (D), N. asteroides N81 and N. asteroides N100.

a- MAS+±+

00 0 0 0+

M. tb. ev. M. am. M. tb. M. fort. M. tb.

A C

FIG. 3. Tandem crossed immunoelectrophoretic analyses of antigen 21 in mycobacterial strains using a

rabbit anti-M. smegmatis antiserum (a-Ms). (A) Complete identity between antigen 21 of M. tuberculosis
(M.tb.) and N. caviae (N. cav.); (B and C) reactions ofpartial identity between antigen 21 ofM. tuberculosis
and M. avium (M.av.) and M. fortuitum (M. fort.), respectively.

a-NM + + + +

o + 0 0 + 00 + 00 +
I
NUI NEn .b. Nin PMpa IN8i N 100
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the present investigations all show the same low
degree of cross-reactivity as N. caviae, further
emphasizing the closer relationship between an-
tigen 21 of this species and that of the mycobac-
teria.
M. tuberculosis antigen 21 studies. Inter-

actions of M. tuberculosis with the other bacte-
rial species was tested further. M. tuberculosis
antigen 21 was compared in tandem crossed
immunoelectrophoresis with M. leprae, M. av-
ium, M. fortuitum, and N. asteroides against
anti-M. smegmatis antiserum and LSP (Table 3,
Fig. 3B and C). When using the anti-M. smeg-
matis antiserum there was a reaction of partial
identity in all cases. M. avium and M. fortuitum
spurred over M. tuberculosis, whereas M. tuber-
culosis spurred over M. leprae and N. aster-
oides. This means that M. avium and M. fortui-
tum have more antigen 21 determinants in com-
mon with M. smegmatis than has M. tubercu-
losis, but M. tuberculosis has more antigen 21
determinants in common with M. smegmatis
than have M. leprae and N. asteroides. Figure
3 shows some examples of the tandem crossed
immunoelectrophoresis experiments using this
antiserum. Alternate-well arrangements (31)
confirmed the true spurring phenomena.
Tandem crossed immunoelectrophoresis

against LSP gave a different picture. M. tuber-
culosis antigen 21 showed partial identity with
spurring over M. fortuitum. The determinants of
antigen 21 ofM. tuberculosis that were detected
using this antiserum were identical to those of
M. avium and M. leprae. N. asteroides gave no
antigen 21 precipitation with this antiserum.

DISCUSSION
In species of higher organisms the type and

extent of amino acid sequence differences be-

TABLE 3. Summary of tandem crossed
immunoelectrophoretic comparisons of antigen 21

using rabbit anti-M. smegmatis antiserum and LSP
as antibody reagents

N. caviae M. tuberculosis

Species anti-M. anti-M.
smeg- LSP smegma- LSP
matis tis

M. leprae a ta NPb IC

M. tuberculosis I I I I
M. avium T I T I
M. fortuitum T I T +
N. caviae I I I I
N. ateroides +- NP +_ NP

" Partial identity reactions indicated by arrows
showing direction of spurring.

h NP, No precipitation between anti-M. smegmatis
and M. leprae and between LSP and N. asteroides.

' Indicates immunological identity.

tween similar protein molecules correlates well
with what is known about their phylogeny. This
is often true also for procaryotic cells (1, 2, 16,
44). Conventional taxonomic criteria separate
the mycobacteria into several clusters (18, 26,
41, 43). In previous studies of mycobacterial
antigen 21 heterogeneity the results were found
to correlate with known taxonomic relationships
in this group of organisms, including the non-
cultivable species M. lepraemurium (8, 23-25).
In the present extension of these investigations,
it was found that antigen 21 analogous proteins
were present in all Mycobacterium and Nocar-
dia strains tested. Comparative studies were
therefore possible to perform. With reference to
each one of the three antiserum sources used
the strains can be ranked in an order of relat-
edness or sharing of determinants (Fig. 4 and 5).

In previous studies, antigen 21 of N. caviae
was shown to share determinants with mycobac-
teria. No other Nocardia strains tested showed
presence of antigen determinants found on my-
cobacterial antigen 21 components (Bjorvatn
and Kronvall, in press). This closer relationship
to antigen 21 of mycobacteria is confirmed in
the present investigations. N. caviae showed
complete identity with M. tuberculosis by using
both anti-M. smegmatis antiserum and the LSP.
N. caviae also gave a reaction of identity with
antigen 21 determinants of M. avium and M.
fortuitum using LSP. M. leprae and N. aster-
oides, however, showed only partial identity
with N. caviae with respect to antigen 21 by
using both antisera. The results suggest a posi-
tion of relatedness of N. caviae antigen 21 be-
tween M. tuberculosis and M. avium (Fig. 4).
The relationships revealed by using LSP as the
antibody source are summarized in Fig. 5, which
clearly shows the gradual increase in cross-reac-
tivity of antigen 21 from more distant strains.
The unexpected position of antigen 21 from N.
caviae among the mycobacteria and different
from all other Nocardia strains is difficult to
reconcile with current concepts of taxonomy (42,
43). The possibilities of genetic transfer among
procaryotic cells during evolution must be con-
sidered as one possible explanation for such ir-
regularities in patterns obtained (1).
M. tuberculosis antigen 21 was included in the

present studies as a representative for a separate
and, in the human context, important mycobac-
terial cluster (26, 41, 43). M. tuberculosis antigen
21 showed complete identity with M. leprae by
using LSP. This suggests that M. tuberculosis
might be closely related to M. leprae. Since M.
tuberculosis also shows identity with M. avium
by using LPS and with N. caviae by using both
anti-M. smegmatis antiserum and LSP, addi-
tional information is required for their exact
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A. Anti - M. smeagmati

M. leprae M.tuberculosis N.caviae M.avium [ -7|e] N. asteroides
M. epraernuium M fortuitum N. brasiliensts

B. Anti - N. ateroids-

M. leprae M. tubercubsis N. caviae M. avium M phleN
M. lepraemurium M. fortuitum

N. asteroids N 100

N. brasiliensis

C. Anti -M.Iopra (LSP)

[ .ler ] M. tubercuass N. caviae M. avium M. phlei Nocmd species
M. Iepraemurium M. fortuitum

FIG. 4. Antigen 21 relationships among Mycobacterium and Nocardia species. Boxes enclose strains
showing complete immunological identity with the antiserum used as indicated. Data include results from
previous studies (8, 24, 25).

M. Mpe M tubercubsis N.caviae M. avium M. fortuiturn Nocardia

1 1 -I 4 if S I J

l jK >
NX

I I I
N

I
x

FIG. 5. Summary of antigen 21 comparisons using
an LSP as antibody reagent. Complete identity (i)
and reactions of partial identity (x) with spurring
(arrows) are indicated with strains arranged in an
order compatible with results obtained.

location in the comparative analysis. This is
provided by experiments showing that M. tuber-
culosis spurred over M. fortuitum with LSP and
that when anti-M. smegmatis antiserum was
used, M. fortuitum spurred overM. tuberculosis.
Also, M. leprae antigen 21 gave a reaction of
partial identity with N. caviae by using LSP.
This indicates that M. tuberculosis as judged by
antigen 21 analysis occupies a position separate
from both the slow-growing and the fast-growing
mycobacterial clusters in accordance with ac-

cepted taxonomic relationships (26, 41, 43; Ri-
dell, thesis). These results lend further support
to the possible taxonomic value of antigen 21
comparisons (24, 25; Bjorvatn and Kronvall, in
press).

The most interesting result from the present
investigations is the possibility of establishing a
position for M. leprae in relation to other my-
cobacterial species. As can be seen from Fig. 4
and as based on comparative considerations
summarized in Fig. 5, there is a definite order of
relatedness among the strains studied. This or-
der goes from M. leprae to M. tuberculosis to
M. avium to M. fortuitum, the last two being
representatives of the slow-growing and the fast-
growing mycobacteria studied earlier. It can
therefore be concluded that evidence from anti-
gen 21 analysis indicates that M. leprae is most
closely related to M. tuberculosis ofthe fourteen
mycobacterial strains studied so far (20,25; Bjor-
vatn and Kronvall, in press). In spite of the
noncultivable status of the leprosy bacillus and
the low number of components detected in an-
tigen extracts, the present approach using the
intramolecular heterogeneity of one single anti-
gen component as the basis for a comparative
analysis has enabled us to add new information
to answer to the question of the taxonomy ofM.
leprae.

Three different antisera were used in the pres-
ent investigations. Anti-N. asteroides antiserum
10 was largely species specific and therefore was
of no use in the present comparative studies. It
even detected differences between the two N.

INFECT. IMMUN.
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asteroides strains used, N81 and N100. Such a
difference is in line with other reports which
indicate that N. asteroides includes a large and
heterogenous group of strains (42). The anti-M.
smegmatis antiserum and the LSP showed
broader reactivity patterns suitable for the stud-
ies. Further studies of antigen 21 heterogeneity
aiming at a closer definition of M. leprae-M.
tuberculosis-M. avium relationships require
other antisera raised against these three myco-
bacterial species. A wider spectrum of antisera
would also be of great value for further taxo-
nomic studies.

False spurs are sometimes formed in tandem
crossed immunoelectrophoretic analysis when
immunologically identical antigens of different
electrophoretic mobilities are compared. Rear-
rangement of the position of the antigen wells in
tandem crossed immunoelectrophoresis has ap-
peared to be a useful principle for distinguishing
between such false spurs and true spurs due to
partial antigenic identity (31). In these investi-
gations each tandem crossed immunoelectro-
phoresis was repeated several times in different
arrangements to avoid false interpretations of
spurring phenomena.
The importance of utilizing LSP as a reagent

in our studies is apparent from Fig. 4 and Fig. 5
showing its decisive role in establishing a se-
quential order of relatedness among the myco-
bacteria studied. The potential use of serum
samples from lepromatous leprosy patients with
high antibody titers needs to be emphasized.
Such sera can be obtained in large quantities.
They can be selected for their titer against single
antigen components or for their degree of spec-
ificity. In addition, with the availability of M.
leprae antigen preparations from the World
Health Organization it is possible for more lab-
oratories to set up reference systems in crossed
immunoelectrophoresis. An LSP set up against
an M. leprae antigen preparation will easily
define antigens 1 and 21 (19, 24). These possibil-
ities might also be further utilized for compari-
sons with antigen preparations from strains
claimed to be identical to M. leprae.
The immunological relationship between an-

tigen 21 of M. leprae and M. tuberculosis and
its possible taxonomic significance is of consid-
erable interest in view of cross-reactivities and
cross-protective effects between the two as re-
ported by several others. Closs found cross-reac-
tivity between M. leprae and BCG and between
M. leprae and M. tuberculosis when skin-testing
apparently healthy people in a nonendemic
country (10). Several investigations concerning
immunization with Mycobacterium bovis strain
BCG and irradiation-killed M. leprae showed
cross-reactive effects on infection of M. bovis,

M. tuberculosis, and M. leprae (31, 33, 37). Mice
which were immunized with irradiation-killed
M. leprae gave rise to significant resistant to
BCG and M. tuberculosis strain RlRv (32). Vac-
cination ofmice with irradiation-killed M. leprae
protects them against M. leprae infections (33).
Mice have also been successfully immunized
against M. leprae with Mycobacterium bovis
BCG both before and up to 56 days after the M.
leprae challenge (37). The vaccine-induced im-
munity persisted unchanged over a long period
of time. Although the degree of efficiency of
BCG vaccination in humans to protect against
leprosy is still debated because of differences in
the results obtained in three large well-con-
ducted field trials, the existence of cross-protec-
tive effects cannot be disputed (7, 8, 36). All of
the studies cited indicate a relationship between
M. leprae and M. tuberculosis antigens in line
with the results of the present investigations.
Their close association on the intramolecular
level of antigen 21 analysis might therefore have
a bearing not only on taxonomic considerations
of the strains but also on studies aiming at
finding cultivable mycobacterial strains of po-
tential use for immunoprophylactic measures in
leprosy. Avirulent variants in the M. tuberculo-
sis cluster might provide candidates for such
purposes.
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