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Serological techniques can be used to
identify and to characterize pathogenic or-
ganisms, including mycobacteria, directly
from clinical specimens even without in-
vitro isolation of the organisms ('*). Such
tests mainly depend on the reaction of single
or multiple antigenic components of bac-
teria with antibodies against them. De-
pending upon the amino-acid sequence and
structural configuration, the antigenicity of
proteins (bacterial components) differs from
species to species. These changes in the ami-
no-acid sequences of enzymes (protein) are
measurable by immunological crossreactiv-
ity and have been observed to reflect evo-
lutionary relatedness or divergence (> 2¢).

A number of indirect immunological
techniques/assays have been developed to
measure the difference in the amino-acid
sequences of the polypeptide chain of a sin-
gle protein/enzyme. Among these methods,
complement fixation, precipitation, and im-
munodiffusion techniques have been used
to study the phylogenetic and evolutionary
divergences among various species of dif-
ferent genera (7% 2'-39). In mycobacteria,
catalases have been analyzed for the mea-
surement of the immunological distances
(ImDs) by using techniques such as macro-
or micro-immunoprecipitation (!4 !3-31.32),
While these techniques have various tech-
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nical limitations on the stability of enzy-
matic activity and the quantities required,
the major problem for Mycobacterium lep-
rae was the absence of any demonstrable
immunoreactive catalase in the cell-free ex-
tracts of M. leprae derived from armadillos
(*3). To overcome these difliculties, another
widely distributed molecule, superoxide
dismutase (SOD) (*'- '7- ¥ #%), was chosen and
preliminary results showed its potential
(IJ. :x).

This communication describes the de-
velopment of an ELISA-based system to de-
termine the immunological relatedness
among different mycobacterial SODs and
also to compare the trends discerned by this
technique and conventional immunopre-
cipitation methods.

MATERIALS AND METHODS

Mycobacterial strains. Mycobacteria in-
cluded in this study were M. vaccae (Stan-
ford 877R), M. phlei (NCTC 8156), M.
smegmatis (TMC 1546), M. tuberculosis
H37Ra (NCTC strain), M. tuberculosis
H37Rv (TMC 102), M. bovis BCG (Glaxo),
M. avium (TMC 706), M. scrofulaceum
(TMC 1302) and M. leprae (armadillo-de-
rived). The cultivable mycobacterial strains
included in this study were initially ob-
tained from Dr. J. Stanford, London; Na-
tional Institutes of Health, Bethesda, Mary-
land, U.S.A., and Central Drug Research
Institute, Lucknow, India, and are being
maintained in the Microbiology Laboratory
at our Institute. M. leprae was obtained from
the livers and spleens of armadillos infected
at this Institute with human leproma and
stored at —70°C.

Growth and medium. Initially, all the
cultivable mycobacterial strains were grown
on Lowenstein-Jensen (LJ) medium (*?),
then subcultured into the liquid Sauton’s
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medium (*7), and incubated at 37°C until
luxurient growth was obtained. The log-
phase growths were collected by centrifu-
gation and washed with 0.01 M phosphate
buffer (pH 7.2) and stored at —20°C until
used. M. leprae were purified from the in-
fected armadillo liver and spleen by the per-
coll density gradient centrifugation-biphas-
ic separation method of Draper (°) and were
checked for any cultivable mycobacteria.

Preparation of cell-free extract (CFE) and
purification of SOD enzyme. The CFEs
from cultivable mycobacterial species were
prepared by passing the growth suspended
in phosphate buffer (1:5) through the pre-
chilled French pressure cell press at 28,000
psi (AMINCO, SLM Instruments, Inc., Ur-
bana, Illinois, U.S.A.) or by sonication (Lu-
cas Dawe Ultrasonics, U.K.) (*°). Clear CFEs
were obtained by centrifugation at 28,000
x g for 30 min at 4°C. A part (10 ml) of the
CFE from each strain was stored at —70°C
until used; the rest of the extract was used
for purification of SOD enzyme by the mod-
ified methods (' '7). Briefly, KCl was added
to the CFE to a final concentration of 0.1
M, heated for 5 min at 65°C, and cooled to
below 10°C immediately in an ice bath. The
nucleic acids and ribosomes were removed
from the KCl-treated supernatant by treat-
ing with streptomycin sulfate (2.5% w/v fi-
nal concentration). The clear supernatant
from the above step was made to 65% sat-
uration with solid ammonium sulfate. After
removing the precipitate, the supernatant
was again made to 85% saturation with am-
monium sulfate and incubated at 4°C over-
night. The precipitate was saved and dis-
solved in a minimum volume of phosphate
buffer. This was dialyzed overnight against
the 0.1 M phosphate buffer of pH 7.0 at
4°C. The dialyzed solution was used for the
final purification of SOD by 7.5% polyacryl-
amide gel electrophoresis (PAGE). The CFE
from M. leprae was prepared by the same
method using a mini French pressure cell
press.

Purification of SOD enzyme by polyacryl-
amide gel electrophoresis (PAGE). The
partially purified SOD enzyme preparations
fractionated with 85% saturation of am-
monium sulfate were subjected to 7.5%
PAGE (%), and the purification of the SOD
enzyme was repeated until a single protein
band coinciding with the achromatic en-
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zyme activity band was obtained on 10%
PAGE. The purified SOD enzyme was fur-
ther checked for purity by SDS-PAGE.

PAGE staining procedures. The poly-
acrylamide gels were stained after electro-
phoresis for SOD enzyme activity by the
method of Beauchamp and Fridovich (),
and proteins were stained by the method of
Holbrook and Leaver (%).

Measurement of SOD activity. SOD en-
zyme activity in CFE preparations obtained
in different steps of enzyme purification was
estimated spectrophotometrically by the
technique of Nishikimi, er al. (*3) and Kak-
kar, et al. ('?).

Raising of antibodies against purified
SOD. Each purified mycobacterial SOD
enzyme was mixed and emulsified with 1
mg of immuno-adjuvant peptide (N-ace-
tylmuramyl-L-alanyl-D-isoglutamine-MDP,
Sigma) and incomplete Freund’s adjuvant
(IFA; DIFCO/Sigma) as per the method of
Wayne and Diaz (*'). One ml of this emul-
sified mixture was injected intradermally/
subcutaneously into the New Zealand white
rabbit at 5-8 sites. These same injections
were repeated on day 21 and day 40. Finally,
the booster (SOD enzyme intravenously)
was given on day 54, and the rabbits were
bled 7 days later. The serum was separated
and stored at —20°C in aliquots until used.

Purification of immunoglobulins. The
hyperimmune serum was precipitated with
an equal volume of saturated ammonium
sulfate solution (*'), and the precipitation
was repeated twice. The precipitate mixture
was allowed to stand for 2 hr and was then
centrifuged. The pellet was dissolved in a
minimal volume of phosphate buffer of pH
7.2 and was then dialyzed against 0.1 M
phosphate buffer of pH 7.2 at 4°C. Finally,
the volume was made equal to the original
volume of serum taken with phosphate bufi-
er.

Serological assays. Immunoprecipita-
tion of SOD with homologous and heter-
ologous antibodies was carried out with a
slight modification of the method originally
developed and used for estimation of ImDs
between two mycobacterial species using
catalase enzyme as a marker by Wayne and
Diaz (*'). The assay procedure used in this
study was as follows: one unit of SOD so-
lution was added to equal volumes of se-
rially diluted homologous and heterologous
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antibodies in 1.5-ml centrifugation tubes,
mixed well, incubated at 37°C for 1 hr, fol-
lowed by incubation at 4°C overnight. The
supernatant was separated and used to mea-
sure the unbound SOD present by the spec-
trophotometeric method described above.
Rabbit sera collected before injection were
used as controls.

ELISA. Based on the principles of anal-
ogous systems (**3), an ELISA for mea-
suring the binding of SOD and antu-SOD
antibodies was developed. This was used for
estimating the binding of mycobacterial
SOD with homologous and heterologous
anti-SOD antibodies. The essential steps of
this procedure are as follows: 1) The purified
SOD enzyme, 25 ug/ml (antigen) was dis-
solved in carbonate bicarbonate buffer, pH
9.6 (coating buffer). 2) Each well, except the
last two wells, of a microtiter plate (Cooke
Microtiter, U.S.A.) received 100 ul of a
coating buffer containing SOD (25 ug/ml).
The last two wells received only the coating
buffer, and the plates were incubated over-
night at 4°C. 3) Wells were washed three
times with phosphate buffer saline with
Tween-20 (PBS-T), 100 ul of bovine serum
albumin fraction-V (BSA-V; 2 mg/ml) in
PBS-T was added to each well, and the plates
were incubated at 37°C for 1 hr. 4) After
washing the wells, 100 ul of serially diluted
test and control rabbit sera (immunoglob-
ulins) was added to respective rows and col-
umns except for the number 1 well (antigen
control) and the last well (substrate control).
The second to last well of the microtiter
plate received undiluted homologous serum
(immunoglobulins). The plates were incu-
bated at 37°C for 3 hr in a humid chamber.
5) The plates were washed with PBS-T three
times, and the traces of buffer in the wells
were removed. Then, 100 ul of diluted (I:
5000) anti-rabbit immunoglobulins conju-
gated with horseradish peroxidase in the
PBS-T (Dakopatts) was added. The plates
were shaken carefully and incubated over-
night at 4°C in a humid chamber. 6) The
unbound enzyme-labeled antibodies were
washed with PBS-T four times. 7) 100 ul of
0.1% o-phenylene diamine (OPD) in citric
acetate buffer (pH 5.0) containing 0.03%
H,O, (to be prepared just before use) was
added and incubated at room temperature
for 30 min in the dark. 8) The reaction was
stopped by adding 25 ul of 8 N H,SO, to
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cach well. 9) The color developed was mea-
sured at 490 nm using an ELISA reader (Mi-
crotiter reader; Model 700: Dynatech Labs,
Inc., Chantilly, Virginia, U.S.A.) and the
titer of each test serum was calculated. The
first well without test antibody was taken as
blank, the antigen control (second to last
well) was an antibody control, and the last
well was a substrate control.

Calculation of immunological distances
(ImDs). The binding capacity of serum
against a given SOD preparation was the
reciprocal of that dilution of serum which
precipitated (in immunoprecipitation tech-
nique) or bound (in ELISA) 1 unit or a de-
fined amount of SOD. These were calculat-
ed from the points on the titration curve
closest to the 50% endpoint on the proba-
bility graph paper, as done in the catalase
system earlier (*').

RESULTS

The ELISA system standardized in this
study elicited consistent and reproducible
immunological distances between the ho-
mologous and the heterologous mycobac-
terial SODs. Antigen-coated plates were sta-
ble and shared consistent results up to 25
ug/ml (SOD enzyme).

Calculation of ImDs using OD serological
titers by ELISA. The binding titers of se-
rially diluted anti-sera (1:16, 1:32, 1:64,
1:128, 1:256, 1:512, ... 1:8192) raised
against SODs of cultivable mycobacteria
were determined with homologous SODs
(25 wg/ml) by the ELISA technique. The
ImD units calculated between the homol-
ogous and heterologous antigen-antibody
titrations of eight cultivable mycobacteria
are shown in Table 1. The reciprocal ImDs
of M. tuberculosis H37Ra anti-SOD anti-
bodies versus M. bovis BCG SOD and M.
bovis BCG (serum) versus M. tuberculosis
H37Ra (SOD) were found to be 11 and 12
ImD units, respectively, by the two meth-
ods. The ImDs calculated for other species
were found to be similar, consistent, and
reproducible by both immunoprecipitation
and ELISA methods. Table 2 compares
some of the ImDs estimated between the
SODs of different cultivable mycobacteria
by immunoprecipitation and ELISA tech-
niques. It should be noted that very similar
ImDs were discerned by these two tech-
niques.
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TABLE 1. Reciprocal immunological distances (ImDs) between different mycobacterial
SODs in cultivable mycobacteria by our ELISA technique.

Strain Antibodies Antigens
no. U 2 3 4 5 6 7 8
1. M. phlei 0 52 22 91 92 81 46 29
2. M. vaccae 51 0 44 93 92 84 52 43
3. M. smegmatis 21 43 0 82 83 76 42 29
4. M. tuberculosis H37Ra 91 93 81 0 2 11 50 83
S. M. tuberculosis H3TRv 91 92 83 3 0 14 52 85
6. M. bovis BCG 81 85 77 12 13 0 48 71
7. M. avium 46 53 41 51 54 47 0 14
8. M. scrofulaceum 29 41 29 83 85 71 13 0

a1, 2, 3, 4, etc., are same mycobacterial strains as in the vertical column.

The ImD values between M. leprae and
other cultivable mycobacteria included in
this study, as calculated by the titration of
anti-SOD antibodies raised against SODs
from cultivable mycobacteria versus SOD
antigen from M. leprae by ELISA and im-
munoprecipitation techniques, are shown in
Table 3. ImD units calculated from titra-
tions by the immunoprecipitation (P) and
ELISA (E) techniques were similar for M.
leprae versus all of these eight species. The
ImDs of SOD from A. leprae to various
species were: M. phlei (69P vs 71E), M. vac-
cae (74P vs 75E), M. smegmatis (61P vs
59E), M. tuberculosis H37Ra (30P vs 31E),
M. tuberculosis H37Rv (31P vs 29E), M.
bovis BCG (23P vs 25E), M. avium (20P vs
22E) and M. scrofulaceum (31P vs 38E),
respectively.

DISCUSSION

According to Cocks and Wilson (), the
immunological distance (ImD) is a loga-
rithmic function of the index of dissimilar-
ity between two biological systems, and is
directly related to the differences in the ami-
no-acid sequence of a particular protein.
These ImDs between various biological sys-
tems have been estimated and have been
reported to correlate with the structural di-
vergence of protein, up to substitution of
about 40% amino-acid sequences (33 29),
The immunoprecipitation, immunodiftu-
sion, sero-agglutination and microcompli-
ment fixation tests and the ELISA are some
of the techniques used for this purpose in
various biological systems, including my-
cobacteria (* '+ 15.26.31)  Except for the
ELISA, most of these techniques require

larger quantities of antigen and antibodies,
and the sensitivity of the assays are gener-
ally low.

To determine the immunological dis-
tances of mycobacterial catalases, Wayne
and Diaz (*"-*?) used the immunoprecipi-
tation technique. Because of a lack of the
presence of an adequate quantity of im-
munoreactive catalases in the cell-free ex-
tracts (CFEs) in M. leprae (*?), another wide-
ly present enzyme, superoxide dismutase
(SOD), has been chosen as a target molecule
for the measurement of ImDs and has shown
promising results (*?). This enzyme has been
shown to be present in various mycobac-
teria (''-1317.18.33) "and has been demon-
strated to possess a qualitative difference in
mycobacteria (**) and other organisms, such
as those belonging to Acholeplasmataceae
(*°). We have earlier standardized an im-
munoprecipitation technique ('*) to mea-
sure these divergences in the SOD molecule,
and observed that there could be a problem
in estimating ImD values by the immuno-
precipitation technique at different inter-
vals, mainly due to the loss of SOD activity
on long-term storage in the laboratory. De-
graded or denatured enzyme antigen re-
sulted in using variable concentrations of
the antigen in the assay which led to dis-
cordance since this assay is based on the
estimation of unbound enzyme in the su-
pernatant. A similar problem was reported
by Wayne and Diaz (*') in their study on
immunological distances of mycobacterial
catalases. To overcome this problem, and
also with an aim to improve the sensitivity,
stability of reagents used in the assay, and
to handle more samples at the same time
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Comparison of values of immunological distances (ImDs) between mycobac-
terial SODs by immunoprecipitation and ELISA techniques.

ImD units*
Strain Antibodies Antigens
no. (antigens) (antibodics) Immunopre- £ o4
cipitation
L. M. tuberculosis H37Ra M. tuberculosis H3TRv 04 03
2 M. bovis BCG M. tuberculosis H37Rv 12 14
3. M. phlei M. vaccae 54 51
4. M. smegmatis M. tuberculosis H3TRv 88 83
5. M, vaccae M. tuberculosis H37Ra 94 93
6. M. avium M. tuberculosis H3TRv 50 51
& M. avium M. phlei 47 46
8. M. avium M. vaccae 51 52
9. M. scrofulaceum M. tuberculosis H37Ra 80 83
10. M. scrofulaceum M. vaccae 40 41
1. M. scrofulaceum M. avium 12 13
12. M. avium M. bovis BCG 42 47
13. M, smegmatis M. vaccae 44 43
14 M. bovis BCG M. phlei 78 81

* Rounded up to the nearest whole number.

without difficulty, we have developed in this
study an ELISA technique to measure the
immunological crossreactivity using puri-
fied SOD enzyme as antigen. It should be
emphasized that purity of the SOD will be
important for such an analysis. The purifi-
cation technique described in this study ap-
pears to be appropriate for this purpose, as
evidenced by the final single band of pro-
teins staining (PAGE and SDS-PAGE) and
matching achromatic bands of SOD activity
on PAGE (*¥). Also, Ouchterlony’s double
diffusion method showed only a single pre-

TABLE 3. Immunological distances
(ImDs) of SOD of M. leprae from eight cul-
tivable mycobacteria by both the immuno-
precipitation technique and ELISA.

Antigen of
M. leprae

Strain Antibodies (ImD units)*
no. of Immuno-
precipi- ELISA
tation
1. M. phlei 69 71
2. M. vaccae 74 75
3. M. smegmatis 61 59
4. M. tuberculosis H37Ra 30 31
5: M. tuberculosis H37Rv 31 29
6. M. bovis BCG 23 25
7. M. avium 20 22
8. M. scrofulaceum 31 38

2 Rounded up to the nearest whole number.

cipitation line when the antibodies were al-
lowed to react with the purified SOD en-
zyme or with crude extracts of different my-
cobacteria. Further, there was no precipi-
tation line between antibodies against
mycobacterial SOD and SODs from Esch-
erichia coli and armadillo liver (*®). This is
also substantiated by observing similar
trends of relatedness by the immunoprecip-
itation method based on measurement of
the enzyme activity. However, it may also
be of interest to check the purity of these
antigen preparations by other techniques,
such as Western blot, or any other analytical
method.

In this ELISA method, the protein con-
centration (25 pg/ml) of purified enzyme
(SOD) was standardized and used as a con-
stant for all mycobacterial SOD versus anti-
SOD antibody titrations. The titers ob-
tained by ELISA in the present study were
higher than those obtained by the immu-
noprecipitation technique. The high sero-
logical titers by this method may be because
of the stability of the SOD as antigen rather
than as enzyme and, also because of the
inherent sensitivity of the ELISA technique.
Even though high titers were obtained with
this ELISA, the ImD estimation between
any two different mycobacterial SODs were
found to be very similar and comparable by
both the immunoprecipitation and ELISA
techniques. The ImDs calculated between
any two mycobacterial SODs titrating either
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SOD enzyme versus anti-SOD antibodies
or vice versa had reciprocally similar values
and were reproducible. Although indica-
tions of qualitative immunological differ-
ences in SOD of Acholeplasmataceae (*°)
and some mycobacterial species ('7-!?) were
suggested, the present study, for the first
time, provides an ELISA for the quantita-
tive measurement of such divergences on
SOD molecules among mycobacteria. Since
this study has shown the application of our
ELISA system to tissue-derived M. leprae,
this approach can be used for taxonomic
identification of any new alleged in-vitro or
in-vivo grown isolate. It is interesting to note
that, by this analysis, M. leprae is closer to
M. avium, M. bovis (BCG), M. tuberculosis;
more distant from M. scrofulacewmn and still
more distant from rapid growers like M.
smegmatis, M. vaccae and M. phlei. Similar
trends have been observed by the measure-
ment of the evolutionary distance by rRNA
also (*%). Although M. leprae preparations
did not have sufficient catalase for such
analysis, other mycobacteria have exhibited
similar trends of relatedness by determi-
nation of ImDs of their catalases ('%). This
correlation between SOD ImDs and i6S
rRNA, as well as catalase ImDs, is impor-
tant from the point of view of evolutionary
changes. While no relatedness between A.
leprae and armadillo SOD was observed (%),
it would be of interest to determine the re-
latedness to various strains of armadillo-
derived mycobacteria. The results of this
study, as well as the earlier reported findings
of Wayne and Diaz (*?), further strengthen
the confidence in the use of serological mea-
surements for determining the evolutionary
relatedness/divergences of mycobacteria.
SOD could be that alternate molecule for
these investigations. ELISAs for B-galacto-
sidases of lactobacilli have been described
earlier (**). The results of our study further
confirm the validity of this approach which
can be used for various biological systems.

The stability of the reagents and the re-
producible results obtained in this study
show that the ELISA technique standard-
ized in this study should be a promising
method for wider application for taxonom-
ical studies of mycobacteria (especially for
the noncultivable/difficult-to-grow species/
strains), several members of which continue
to be important pathogens of medical and
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veterinary importance. Although this tech-
nique may not be directly applicable to lep-
rosy specimens with low bacillary load, this
information shows the scope to further de-
velop such methods based on the SOD mol-
ecule or any similar molecules. The tech-
nique can, however, be directly applied for
taxonomic characterization of in vivo- (such
as armadillo/nude mouse) grown strains of
M. leprae as was successfully achieved ear-
lier for M. lepraemurium using a catalase-
based system ('¢). By identification of spe-
cific epitopes, this strategy has the potential
of developing techniques for the diagnosis
and monitoring of the treatment of leprosy,
other mycobacterial and, perhaps, other in-
fectious diseases.

SUMMARY

This study reports on the standardization
of an enzyme-linked immunosorbent assay
(ELISA) system for the measurement of im-
munological distances (ImDs) of the super-
oxide dismutase (SOD) molecule among the
cultivable mycobacteria, namely, Mycobac-
terium vaccae, M. phlei, M. smegmatis, M.
avium, M. scrofulaceum, M. tuberculosis
H37Ra, M. tuberculosis H37Rv, and M.
bovis BCG, and M. leprae. SODs from cul-
tivable mycobacteria were purified, anti-
bodies were raised against these molecules,
and ImDs between these anti-SOD anti-
bodies and antigen (SODs) were determined
by an immunoprecipitation technique stan-
dardized earlier and by the ELISA tech-
nique developed in this study. The ELISA
system developed in this study showed
higher sensitivity and consistent and repro-
ducible ImDs among various mycobacteria,
including pathogens such as M. tuberculosis,
M. leprae and M. avium. These values were
comparable with the values derived by the
immunoprecipitation technique. Our ELISA
technique appears to be a sensitive and rap-
idly reproducible method with the addi-
tional advantage of the stability of reagents,
and holds promise in the taxonomy as well
as in the development of diagnostics for lep-
rosy and other mycobacterial infections.

RESUMEN

Este estudio se refiere a la estandarizacion de un
ensayo inmunoenzimatico (ELISA) par a la medicion
de las distancias inmunolégicas (ImDs) de la molécula
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de superdxido dismutasa (SOD) entre Mycobacterium
leprae y las micobacterias cultivables M. vaccae, M.
phlei, M. smegmatis, M. avium, M. scrofulaceum, M.
tuberculosis H37Rv, y M. bovis, BCG. Las SODs de
las micobacterias cultivables fueron purificadas, contra
ellas se prepararon anticuerpos, y las ImDs entre estos
anticuerpos anti-SOD y los antigenos (SODs) se de-
terminaron por una técnica de inmunoprecipitacion
estandarizada antes y por la técnica de ELISA desa-
rrollada en este estudio. El sistema de ELISA aqui
desarrollado mostré mayor sensibilidad y dié6 ImDs
consistentes y reproducibles entre varias micobacte-
rias, incluyendo a patdgenos tales como M. tubercu-
losis, M. leprae y M. avium. Estos resultados fueron
comparables con los valores derivados de la técnica de
inmunoprecipitacion. Nuestra técnica de ELISA pa-
rece ser un método sensible, rapido y reproducible, que
tiene la ventaja adicional de la estabilidad de los reac-
tivos. El método promete ser de utilidad en estudios
taxondmicos y en el desarrollo de pruebas de diagnos-
tico de la lepra y de otras enfermedades micobacteria-
nas.

RESUME

Cette étude concerne la standardisation d’un systéme
enzymatique (ELISA) pour la mesure des distances im-
munologiques de la molecule de dismutase superoxide
(DOS) parmi les mycobactéries cultivables (Mycobac-
terium vaccae, M. phlei, M. smegmatis, M. avium, M.
scrofulaceum, M. tuberculosis H37Ra, M. tuberculosis
H37Rv, et le BCG a M. bovis) et M. leprae. Les DOS
des mycobactéries cultivables ont été purifiées, on a
provoqué la production d’anticorps contre ces molé-
cules, et les distances immunologiques entre ces anti-
corps anti-DOS et I'antigéne ont été déterminées par
une technique d’immunoprécipitation standardisée
précédemment, et par la technique ELISA développée
dans cette étude. Le systéme ELISA développé dans
cette étude a montré une sensibilité plus élevée et des
distances immunologiques cohérentes et reproduc-
tibles parmi les différentes mycobactéries, y compris
les pathogeénes tels que M. tuberculosis, M. leprae et
M. avium. Ces valeurs étaient comparables aux valeurs
dérivées par la technique d'immunoprécipitation. No-
tre technique ELISA apparait étre une méthode sen-
sible et rapidement reproductible, avec I'avantage sup-
plémentaire de la stabilité des réactifs, et elle est pleine
de promesses pour la taxonomie aussi bien que pour
le développement de méthodes diagnostiques pour la
lépre et d’autres infections mycobactériennes.
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