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INTRODUCTION

Most of mycobacterial taxons have been described
by the computer-assisted numerical analysis of the
various biological and biochemical characteristics
that is still considered imperfect to delineate the
precise phylogenetic relationships of
mycobacteria®®. Recent development of genomic
DNA hybridization technique was found to be very
useful to confirm hypothetical phylogeny of the
phenetic clusterings based on the various mor-
phological and biochemical characteristics®**¥. In
addition, the various immunological procedures also
have been studied to delineate the phenetic differen-
ces of the species, subspecies, biobars or serobars,
some of which had been found useful>>~"~%,

A numerous studies on soluble antigenic relation-
ship between mycobacteria have been made by many
investigators®™'?, Relatioship of cell surface antigen
also has been studied by seroagglutination technique
that was found very useful for serotyping of medi-
cally important mycobacteria®. However this tech-
nique is based on agglutinating antibody directed to
the carbohydrate epitopes of the cell surface
glycopeptidolipids® and better adapted for smooth
colony forming strains®®. All these procedures have
advantages and disadvantages depending on the
circumstances.

This study aimed to investigate cell surface
antigenic relationships between medically important
mycobacteria by enzyme immunoassay using
antisera raised in rabbits.

MATERIALS AND METHODS

1. Mycobacterial Strains

The following species and strains were used in this
study

Mycobacterium tuberculosis H37TRv

M. kansasti K20001

M. scrofulaceum K30001 & K30003

M. avium K40004

M. intracellulare N-238, N-242D, N-245, N-257R,
N-257T, N-260T, N-260D, N-
260R, N-275R, N-275T, N-279T,
N-281D, F,3193T, K41014

M. nonchromogenicum NC-3, NC-6 & NC-11

M. terrae T-7, T-8 & T-13

M. triviale V-4 & V-12

M. chelonei R-20

M. fortuitum F-19

M. smegmatis K64002

2. Culture and Immunogen Preparation

All the strains were cultured on Sauton’s broth
mediwm at 37 °C in a stationary phase by transferring
bacterial pellicle formed on the surface of Sauton’s
potato medium. Few strains that usually does not
form pellicle were cultured on a gyrotory shaking
incubator at 110 rpm. Cells were killed by treating
with 2% phenol for 3 days at 37 °C and dispersed by
a tissue homogenizer and washed 5 times with a
sterile 0. 067 M phosphate buffered saline (pH 7.0) by
centrifugation.

3. Immunization

White New-Zealand rabbits weighing 3~4kg
were intravenously immunized with phenol killed
bacilli according to the following schedule: 1 mg at
Ist day, 2 mg at 3 rd day, 3 mg at 7th day, 4 mg at 10th
day and 5 mg at 14th day. Further immunization with
5 mg of the phenol-killed cells was followed weekly.
Rabbits were bled prior to immunization and after 14
days of immunization. If antibody titer of the last
serum was same with those of one or two previous
sera, animals were subjected to the total bleeding
and serum separated was divided into small ali-
quotes before freezing at —40 °C. Some strains, for
example K40004 and N-260T, killed animals usually
at 14th day intravenous immunization, so that they
were immunized subcutaneously every week until
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maximum antibody titer was obtained.
4. Enzyme Immunoassay

In order to determine optimum cell concentration
for coating, two fold dilutions of 16 mg/ml cell sus-
pension (to 0.5 mg/ml) were reacted with varying
serum dilutions and selected optimum dilution of cell
suspension that showed a highest reaction. Most of
strains showed a highest reaction with 2 mg/ml of
bacterial suspension for coating. Serum dilution that
showed a optical density (OD) of 1.0to 1.3 at 492 nm
was used for assay.

Heterologous cell removable antibodies reacting
with homologous organisms (HARD) were measured
according to the following formula. Large removal
of homologous antibodies with

OD of homologous reaction
osy— . With unabsorbed serum

HARD (%) OD of homologous reaction
with unabsorbed serum

_ OD of homologous reaction with
heterologous cell absorbed serum
_OD of homologous reaction with
homologous cell absorbed serum

100

cells from OD heterologous organisms indicates that
the homologous cells possess a large amount of cross
reacting antigenic epitopes. And homologous cell
removable antibodies reacting with heterologous
cells (OARH) were also measured according to the
following formula in order to estimate relative
amoung of cross reactive and specific antigenic
determinants.

OD of heterologous reaction
with unabsorbed serum
OD of heterologous reaction
with unabsorbed serum

OARH (%)=

_OD of heterologous reaction with
homologous cell absorbed serum
_OD of heterologous reaction with
heterologous cell absorbed serum

x100

RESULTS

Cross reactivity of M. ferrae antisera (T-8 & T-13)
with other mycobacteria was shown in Table 1. Both
M. terrae antisera cross-reacted with a wide range of
myobacteria. They showed a strong cross-reaction
with strains of M. avium, intracellulare, and terrae as
their ROD were found to be 1.00 or nearly so (>0.
70). More than 80% of these cross-reacting antibody
were removed by the homologous absorption, in-
dicating an abundance of shared antigenic determi-
nants on M. terrae cell surface. Homologous absorp-
tion of T-8 and T-13 antisera removed a largest
amount of antibody cross-reacting with strains of M.
terrae, M. avium (K40004), and certain strains of M.
intracellulare (N-260T, N-2600, N-275T, F,3193T,
K41014), but removed a least amount of antibody
reacting with N-257R, N260R, and N-281D. Both
strains of M. terrae may possess less ammount of
antigenic derterminants shared with the latter
strains of M. intracellulare. Ratios of the heter-
ologous reactions to M. tuberculosis, kansasii,
scrofulaceum, and fortuitum over the homologous
reaction of T-13 antiserum were 1.00 or nearly so,
whereas those of T-8 antiserum were less than 0.60.
Cross-reacting antibody to the strains of M. chelonet,
nonchromogenicum, smegmatis, and triviale were
present in a small amount in both sera. It was inter-
est that T-13 antiserum possessed much less amount
of antibody to NC-11 than that to NC-3 and both sera
also showed a weaker reaction to V-12 than to V-4.

T-8 homologous absorption removed most of
cross-reactiong antibody to the strains of M.
chelonei, monchromogenicum, scrofulaceum, smeg-
matis and triviale. Cross-reacting antibody to M.
Sfortuitum, kansasti and tuberculosis could be removed
relatively less by the homologous absorption, show-
ing 67.9% to 76.0% reduction of the corresponding
heterologous reaction. Nearly none of T-8 homol-

gous antibody by the heterologous absorption except
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Table 1. Reactivity of Rabbits Anti-M. ferrae Sera (T-8 & T-13) with Other Mycobacteria

T-8 T-13
Mycobacteria Rop ~ OARH  HARD rop ~ OpRH  HEXD
M. tuberculosis H3TRv 0.59 67.9 0.0 1.03 38.6 43.2
M. kansasii K20001 0.54 68.6 0.0 0.89 61.8 37.0
M. scrofulaceum K30001 0.36 92.0 0.0* 0.77 100.0* 27.7
M. scrofulacenwm K30003 0.55 81.7 0.0 1.20 73.5 48.8
M, avium K40004 1.32 85.8 0.0 111 100.0 35.6
M. intracellulare N-238 0.87 75.7 0.0* 0.92 75.0 0.0
M. intraceliulare N-242D 0.89 76.5 0.0* 0.94 73.5 0.0*
M. intracellulare N-245 0.84 80.6 0.0* 0.90 75.3 0.0*
M. intracellulare N-257T 1.28 75.8 0.0° 1.24 69.5 0.0*
M. intracellulare N-257R 0.90 69.5 0.0* 0.97 67.5 0.0*
M. intracellulare N-260T 1.25 82.8 0.0 0.92 97.9 0.0
M. intracellulare N-260D 1.28 84.3 0.9* 1.33 80.9 0.0*
M. intracellulare N-260R 1.41 70.4 0.0* 1.68 63.8 0.0*
M. intracellulare N-275T 1.12 83.3 0.0* 1.34 79.9 0.0*
M. intraceliulare N-275R 1.19 75.0 0.0* 1.40 71.4 0.0*
M. intracellulare N-279T 1.33 75.7 0.0 2.15 79.1 0.0*
M. intracellulare N-281D 0.77 72.6 0.0* 0.98 67.9 0.0*
M. intracellulare Fo3193T 0.71 88.3 0.0* 0.77 84.6 0.0*
M. intracellulare K41014 1.41 80.4 0.0 0.95 98.7 0.0
M. nonchromogenicum NC-3 0.43 96.6 69.1 0.54 100.0* 48.1
M. nonchromogenicum NC-11 0.39 100.0 43.2 0.18 100.0* 16.8
M. terrae T-7 0.94 83.0 68.9 0.91 78.2 69.8
M. terrae T-8 0.27 100.0* 17.5
M. terrae T-13 0.80 89.4 37.9
M. triviale V-4 0.58 100.0* 0.0* 0.60 100,0* 0.0*
M. triviale V-12 0.10 100.0 0.0* 0.09 100.0 0.0*
M. chelonei R-20 0.34 100.0 10.6 0.58 101.7 40.5
M. fortuitum F-19 0.58 76.0 25.1 1.26 72.7 66.4
M. smegmatis K64002 0.41 84.8 0.0* 0.56 88.5 4.6

ROD=ratio of OD of heterdlogous over hemologous reaction.
Explanation for HARD and OARH, see the text.
*Homologous or heterologous absorption did not reduce the heterologous or homologous reaction at all but it

increased, instead.

M. chelonei, fortuitum, nonchromogenicum (NC-3,
NC-11), and M. terrae, NC-3 and T-7 removed a
largest amount of T-8 homologous antibody, indicat-
ing presence of a considerable amount of shared
antigenic determinants on them. M. chelomei and
Sortuitum removed only 10.6% and 25.1% of the
homologous reaction. T-13 antiserum was different

from T-8 antiserum because the former showed a
stronger rteaction to M. fortuitum, kansasii,
scrofulaceum and tuberculosis than the latter and
T-13 homologous absorption removed less amount of
antibody cross-reacting with M. fuberculosis. The
striking differance of T-8 and T-13 antisera was a
removal of homologous antibody by the heter-
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Table 2. Reactivity of Rabbits Anti-M. nonchromogenicum Sera (NC-3 and NC-11) with Other Mycobacteria

NC3 NC-11

Mycobacteria ROD 0‘:},/0R)H Hz’},/SD ROD O.(AO/SH H&%D
M. tuberculosis H37TRv 0.78 49.3 0.0* 0.80 89 .4 0.0*
M. kansasti K20001 0.76 63.9 0.0* 0.78 84.6 0.0*
M. scrofulaceum K30001 0.42 100.0* 0.0* 0.75 93.6 0.0*
M. scrofulacenm K30003 6.83 75.6 13.3 0.94 81.2 14,7
M. avium K40004 1.09 74.0 18.6 1.07 95.6 0.0*
M. intracellulare N-238 1.05 75.2 0.0 0.87 95.5 0.0
M. intracellulare N-242D 0.67 86.1 0.0 0.76 93 .4 0.0*
M. intracellulare N-245 0.88 82.3 2.8 0.95 79.9 0.0
M. intracellulare N-257T 1.15 72.8 0.0 0.94 93.6 0.0*
M. intracellulare N-257TR 0.89 84.7 6.3 0.86 86.3 0.0
M. intracellulare N-260T 1.01 92.8 0.0 0.82 95.5 0.0*
M. intracellulare N-260D 1.1 88.9 6.0* 1.05 89.8 0.0
M. intracellulare N-260R 1.18 67.8 5.6 1.12 81.1 0.0
M. intracellulare N-275T 0.89 87.7 0.0 0.84 85.3 0.0*
M. intracellulare N-275R 1.03 87.5 0.0 1.01 84.2 0.0
M. iniracellulare N-279T 1.15 78.0 5.7 1.03 87.9 0.0
M. intracellulare N-281D 0.76 70.7 7.5 0.65 87.5 0.0
M. intracellulare Fo3193T 0.76 71.5 0.3 0.69 85.9 0.0
M. intracellulare K41014 1.10 87.3 0.0 0.88 96.7 0.0
M. nonchromogenicum NC-3 0.95 89.6 71.4
M. nonchromogenicum NC-6 0.78 86.0 86.4 1.07 84.1 86.5
M. nonchromogenicum NC-11 0.58 100.0* 66.4

M. terrae T-7 6.71 87.5 15.8 0.87 81.5 14.5
M. terrae T-13 0.82 83.6 25.2 1.01 81.8 28.7
M. triviale V-4 0.62 93.3 0.0 0.54 88.2 0.0
M. triviale V-12 0.21 160.0 0.0 0 0 0.0
M. chelonei R-20 0.48 95.4 20.8 0.58 95.3 0.0*
M. jortuitum F-19 0.93 77.3 31.8 0.90 74.0 0.0*
M. smegmatis K64002 (.49 69.8 0.0* 1.43 100.0* 0.0*

ROD=ratio of OD of heterologous over homologous reaction.
Explanation for HARD and OARH, see the text.
*Homologous or heterologous absorption did not reduce the heterologous or homologous reaction at all but it

increased, instead.

ologous absorption with M. avium, kansasii,
scm}%laéeum, and tuberculosis. Reduction of the
homologous reaction of T-13 antiserum by M.
chelonei and fortuitum absorption was also greater
than that of T-8 antiserum. The strains of M.
intracellulare and triviale did not reduce homologous
reaction of both antisera. Rabbits immunized with

both strains (T-8, T-13) of M. ferrae produced a
considerable amount of antibody cross-reacting with
M. nonchromogenicum NC-3 though nearly all were
absorbed out by homologous organisms T-8 or T-13.
And NC-3 reduced 48.1% or 69.1% of the homolo-
gous reaction of T-13 or T-8 antiserum, indicating
that NC-3 possessed a large amount of shared
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Table 3. Reactivity of Rabbits Anti-M. intracellulare Sera (N-260T, N-260D, N-260R & K41014) with Other

Mycobacteria
N-260T N-260D N-260R K41014

Mycobacteria ROD OARHHARD - pop OARHHARD - gop OARHEARD  pop ORSHHERD
M. tuberculosis H3TRv 0.24 100.0 0.0* 056 9.6 00 055 99.9 0.0 0.58 95.9 5.2
M. kansasii K20001 0.31 97.7 0.0* 0.44 9.9 00 0.75 98.2 0.0 0.56 100.0 3.3
M. scrofulaceum K30001 0 0 1.2 0.27 100.0* 7.1 0.38 100.0* 1.6 0.46 100.0 10.4
M. scrofulaceum K30003 0.34 100.0 13.0 0.66 96.0 181 065 98.8 31.5 0.83 99.1 24.3
M. avium K40004 0.33 100.0* 29.8 0.95100.0 21.3 0.96 100.0 17.6 1.02 100.0 33.2
M. intracellulare N-238 0.80 97.4 246 0.84 945 250 0.80 99.5 59.2 0.85 98.4 58.9
M. intracellulare N-242D 0.46 100.0 13.1 0.58 100.0 13.1 0.54 100.0 32.3 0.60 100.0 31.4
M. intracellulare N-245 0.74 100.0 34.9 0.81 96.6 36.2 0.87 99.1 43.6 0.89 98.2 44.7
M. intracellulare N-257T 0.55 100.0 10.9 0.66 100.6 11,2 0.55 100.0 30.5 0.65 100.0 29.5
M. intracellulare N-257TR 0.66 100.0 24.4 0.78 100.0 25.5 0.77 100.0 55.6 0.86 95.8 54.6
M. intracellulare N-260T 1.11 94,8 100.0 1.00 98.3 98.6 0.96 100.6 48.9
M. intracellulare N-260D 0.90 100.0* 86.2 1.16 99.2 97.9 1.14 100.0 96.3
M. intracellulare N-260R 1.04 98.0 92.9 0.98 93.7 83.8 1.15 96.3 100.0
M. intracellulare N-275T 0.56 100.0 16.9 0.62 100.0 152 0.65 97.0 48.0 0.68 94.8 47.4
M. intracellulave N-275R 0.75 100.0 17.0 0.79 100.0 16.2 0.76 97.3 41.2 0.80 94.4 40.2
M. intracellulare N-279T 0.69 100.0 32.1 0.73 100.0 - 30.7 0.70 100.0 45.9 0.91 92.8 45.5
M. intracellulare N-281D 0.68 88.0 23.1 0.52 100.0 20,9 0.51 100.0 48.7 0.52 99.0 48.4
M. intracellulare Fo3193T 0.57 100.0 41.2 0.66 100.0 40.8 0.58 100.0 47.7 0.57 100.0 47.0
M. intracellulare K41014 0.83 100.0 57.9 0.90 96.0 82.1 0.91100.0 99.8 :

M. nonchromogenicum NC-3 0 0 8.3 0.09 100.0* 4.5 0.01 100.0 10.2 0.34 100.00 2.6
M. nonchromogenicum NC-11 0 0 0.4 0 0 48 0 0 0.0 0.17 100.0 5.7
M. terrae T-7 0.08 100.0* 0.0 0.11 100.0* 0.0 0.10 100.0* 0.0* 0.37 100.0. 0.0
M. terrae T-13 0.16 100.0* 18.2 0.11 100.0* 5.8 0.27 92.7 17.7 0.46 96.4 13.7
M. triviale V-4 0.02 100.0 2.4 0.09 1000 0.0 0,17 100.0* 0.0* 0.18 100.0* 0.0*
M. triviale V-12 0 0 5.4 0 0 6.2 0 0 0.0* 0 0 0.0*
M. chelonei R-20 0 0 119 0.11 100.0* 83 001 0 22.2 0.16°100.0* 9.6
M. fortuitum F-19 0.17 100.0* 0.0* 0.07 100.0* 0.0 0.20 100.0* 4.9 0.51 100.0 6.0 -
M. smegmatis K64002 0.09 100.0* 0.0+ 0.15100.0 - 0.0 0.17 100.0* 0.0 0.40°100.0 4.2

ROD=ratio of OD of heterologous over homologous reaction.
Explanation for HARD and OARH, see the text.
*Homologous or heterologous absorption did not reduce the heterologous or homologous reaction at all but it

increased, instead.

antigenic determinants. Unlike T-8, T-13 did not
raise much of antibody cross-reacting with NC-11 in
rabbits and NC-11 reduced only 16.8% of
homologous reaction.

There were of course a considerable amount of
shared antigens between the strains of M. terrae. T-8
antiserum reacted strongly with T-7 (ROD, 0.94) and

T-13 (ROD, 0.80) which of 83.0% and 89.4% were
removed by the homologous (T-8) absorption. T-7
reduced 68.9% of the homologous reaction of T-8
antiserum, while T-13 reduced merely 37.9%, in-
dicating that T-7 cell surface possessed larger
amount of shared antigens than T-13. T-13 antiser-
um also showed a strong reaction with T-7 which of
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78.2% were removed by the homologous absorption
and T-7 absorption of T-13 antiserum reduced 69.8%
of homologous reaction. In contrast with T-8, T-13
produced a small amount of antibody reacting with
T-8 in rabbits and T-8 was able to absorb out merely
17.5% of homologous reaction. This finding sug-
geses that antigenic relationship of T-7 is equally
close with T-8 and T-13 and T-8 cell surface possess
a measurable amount of antigens shared with T-13
but not much of shared antigen on T-13 cell surface.

Rabbits antisera raised with M. non-
chromogenicum NC-3 and NC-11 contained a large
amount of cross-reacting antibody against other
mycobacteria except M. triviale. NC-3 antiserum
unlike NC-11 serum showed a relatively weak reac-
tion to M. chelonei, scrofulacewm(K30001) and smeg-
matis. Nearly all of these cross-reacting antibody (>
90%) to K30001, R-20, V-4 and V-12 were removed by
the homologous absorption. More than 80% of the
heterologous reaction of NC-3 antiserum with M.
intracellulare strains (N-242D, N-245, N257R, N-
260T, N-260D, N-275T, N-275R, K41014), and M.
terrae were remmoved by the homologous reaction and
70~79% removal with M. avium, fortuitum, the rest

of intracellulare strains, scrofulacewm(K30003), and

smegmatis. Homologous absorption, however,
removed 49.3% and 63.9% of antibody cross-
reacting with M. fuberculosis and kansasii respective-
ly. Homologous reaction was not reduced much by
the heterologous absorption except for M. avium,
chelonei, fortuitum, scrofulaceuwm(K30003), and fer-
rae. M. chelonei and fortuitum reduced 20.8% and
31.8% of homologous reaction. M. terrae T-7 and
T-13 reduced 15.8% and 25.2% respectively, M.

avium, 18.6% and M. scrofulaceum(K30003), 13.3%. -

More than 80% of NC-11 antiserum reaction with
other mycobacteria except for M. triviale V-12 and
Jortuitum were removable by the homologous absor-
ption. NC-11 antiserum did not contain a measurable
amount of antibody reacting with M. triviale V-12.
Homologous absorption of NC-11 antiserum reduced

Table 4. Reactivity of Rabbits Anti-M. avium Sera
(K40004) with Other Mycobacteria

K 40004
Mpycobacteria ROD O‘?}/lé)H H&R)D
M. tuberculosis H37Rv 0.48 875 9.2
M. kansasii K20001 0.29 100.6 13.6
M. scrofulaceum K30001 0.14 1000 375
M. scrofulaceum K30003 0.46 78.2 69.3
M. intracellulare N-238 0.36 99.3 88.8
M. intracellulare N-242D 0.14 100.0* 63.7
M. intracellulare N-245 038 8.5 706
M. intracellulare N-257T 0.19 100.0* 63.0
M. intracellulare N-257R 0.51 97.8 875
M. intracellulare N-260T 0.49 100.0* 61.8
M. intracellulare N-260D 0.71 100.0 75.8
M. intracellulare N-260R 0.44 1000 50.6
M. intracellulare N-275T 0.30 896 63.4
M. intracellulare N-275R 0.38 100.0 58.8
M. intraceilulare N-279T 0.41 1000 67.9
M. intracellulare N-281D 0.25 100.0 66.2 ;
M. intracellulare Fo3193T 0.39 81.4 844
M. intracellulare K41014 0.72 9.1 75.0
M. nonchromogenicum NC-3 0,06 53.1 551
M. nonchromogenicum NC-11 005 93.2 0.0
M. terrae T-7 002 0 0.0
M. terrae T-13 0.28 897 39.7
M. triviale V-4 004 0 1.8
M. triviale V-12 0.11 100.0* 43.9
M. chelomei R-20 004 O 60.8
M. fortuitum F-19 0.14 1000 186

M. smegmatis K64002 0.18 100.0* 6.9

ROD=ratio of OD of heterologous over homologous
reaction.
Explanation for HARD and OARH, see the .
text.
*Homologous or heterologous absorption did not reduce
the heterologous or homologous reaction at all but
it increased, instead.

74.0% of heterologous reaction with M. fortuitum.
Heterologous absorption of NC-11 antiserum with
the various mycobacteria except M. scrofulaceum
K 30003 and #ervae did not reduced homologous reac-
tion, on the contrary, it increased in many occasions,
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suggesting that some homologous antibody might
have cross-linked heterologous antigens bearing
shared antigenic dorminants, on which additional
antibodies were bound, to the coated homélogous
antigens. As it was in NC-3 antiserum, M.
scrofulacewm K30003, terrae T-7 and T-13 reduced
14.7%, 14.5% and 28.7% of the homologous reac-
tion respectively.

Although NC-3 antiserum showed a little less
strong reaction to NC-11 and heterclogous absorp-
tion with NC-11 reduced homologous reaction less
when compared with those of NC-6, close antigenic

relationship was observed between the strains of M. -

nonchromogenicum because their antiserum cross-
reacted strongly and a great reduction of
homologous or heterologous reaction was occurred
by the heterologous or homologous absorption.
Rabbits immunized with M. intracellulare N-260T
did not produce a measurable antibody reacting with
M. chelonei, nonchromogenicum NC-3 & NC-11,
scrofulaceum K30001, smegmatis, terrae T-7, and
triviale V-4 & V-11 and produced very small amount
of cross-reacting antibody to M. fortuitum, terrae
T-13, and ‘tuberculosis, all of which were easily
removable by the homologous absorption. N-260T
antiserum also reacted weakly with M. scrofulaceum
K30003 and avium K40004 and the homologous ab-
sorption removed all of these antibody. However
K30003 or K40004 absorption reduced merely 13.0%
or 29.8% of the homologous reaction. N-260D and
N-260R antisera also did not react at all or weakly
reacted with M. chelonei, fortuitum, non-
smegmatis, terrae and Iriviale.
K41014 antiserum did not react or weakly reacted

chromogenicum,

with M. chelonei, nonchromogenicum NC-11, and
triviale. All the antisera except N-260T antiserum
had a considerable amount of antibody to M. tuber-
culosis H37Rv which of more than 95% were absor-
bed by the homologous absorption, whereas H37Rv
absorption did not reduce the homologous reaction.
Relatively small amount of antibody reacting with

M. kansasii was present homologous reaction.
Relatively small amount of antibody reacting with
M. kansasii was present in N-260T and N-260D
antisera and a considerable amount in N-260R and .
K41014 antisera, all of which could be removed by
the homologous absorption. M. kansasii absorption
did not reduce the homologous reaction of all of M.
intracellulare antisera. M. scrofulacewm K30001 anti-
body was present in a relatively small amount.in
N-260D and N-260R antisera and a considerable
amount in K41014 antiserum and the homologous
absorption removed all these cross-reacting anti-
body but K30001 absorption did not.reduce the
homologous reaction except K41014 serum whose
homologous reaction was reduced 10.4% by this
strain (K30001). The other strain (K30003) of M.
scrofulacewm seemed to show.a closer antigenic
relationship with M. infracellulare because ali the M.
intracellulare antisera except N-260T antiserum
showed a 0.65 or higher RODs to this species and
K30003 absorption reduced 18.1%, 24.3% or 31.5%
of the homologous reaction of N-260D, K41014 or
N-260R antiserum respectively. Except N-260T
antiserum, all the other antisera contained a large
amount of antibody to M. avium K40004 and all
these antibody were removed by the homologous
absorption. M. avium absorption reduced 17.6%, 21..
3% or 33.2% of the homologous reaction of N:260R,
N260D or K41014 antiserum respectively. A close
antigenic relationship was of course observed
between the strains of M. intracellulare, M. avium
and scofulacewm K30003 also showed a close
antigenic relationship with the strains of M. intracel-
ldare used for antiserum production. N-260T
antiserum showed a relatively weak reaction against
N-242D, N-257T, N-275T, and Fo3193T and a moder-
ately strong reaction against N-245, N-257R, N275R,
N279T, and N-281D. Relatively strong reactions
(RODs, >0.80) were observed with N-238, N260D,
N-260R and K41014. Homologous absorption
removed 100% or nearly so of these cross-reacting
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antibody. Antigenic relationship between N-260T,
N260D, and N-260R was so close that their
homologous or heterologous absorption rendered
almost complete reduction of homologous or heter-
ologous reaction. A close antigenic relationship was
also evident between N-260T, N260D, and K41014.
However antigenic relationship between N-260T
and K41014 was somewhat less close because their
heterologous absorption reduced merely 48.9% or
57.9% of the homologous reaction even if their
antisera cross-reacted strongly to each other and
homologous absorption removed all of these cross-
reacting antibody. In other words, shared antigens
between N-260T and K41014 were present on their
cell surface in smaller amount than those between
the other strains. The heterologous absorption of
N-260T antiserum with N-257T, N242D, N-275T, and
N-275R, reduced less than 20% of the homologous
reaction and with the other strains, 23~41%. Ser-
ological reactivity of N-260D antiserum with the
other strains, N-260T, N-260R, and K41014, was very
similar with N-260T antiserum. N-260D antiserum
reacted weakly with N-242D, N-257T, N-281D,
Fo3193T, and N-275T, that absorbed out approxi-
mately 30~49% of the homologous reaction. N-238
and N-275R showed somewhat close antigenic rela-
tionship with N-260R next to-N-260T, N-260D, and
K41014. K41014 antiserum showed a relatively weak
reaction with N-281D, Fo3193T, N-242D, N-257T,
and N-275T, that absorbed out approximately 29
~49% of the homologous reaction. This strain also
seemed to have somewhat close antigenic relation-
ship with N-238 and N-275R next to the intimate
strains N-260T, N260D, and N-260R.

M. avium K40004 antiserum unlike other antisera
reacted ‘ﬁvith the other mycobacteria. Of the strains
of taxonomically and antigenically close species M.
intracellulare and scrofulaceum, N-260D and K41014
showed most strong reaction (RODs, 0.71 and 0.72)
with M. avium antiserum and RODs of M. intracel-
Iulare N-238, N-245, N275T, N275R, N281D, and

Fo3193T were 0.20~0.39. M. avium antiserum
reacted very weakly with all the other mycobacter-
ia. Most of these cross-reacting antibody were
removed by the homologous absorption. RODs of M.
tuberculosis H37Rv and kansasii K20001 reaction
over M. avium homologous reaction were 0.48 and
0.29 respectively and these species reduced 9.2%
and 13.6% of the homologous reaction. All the
stfains of M. intracellulare reduced more than 50.0%
of M. avium homologous reaction indicating an
abundance of shared antigens on them. M.
scrofulacewm also éonsiderably reduced homologous
reaction and a greater reduction was obtained with
K30003 than with K30001. M. avium antiserum did
not react with M. terrae T-7 but weakly with T-13
that absorbed out 39.7% of the homologous reaction.
Very weak or no reaction was also observed with M.
chelonei, fortuitum, nonchromogenicum NC-3 &
NC-11, smegmatis, and triviale V-4 & V-12.

DISCUSSION

It has been long understood there are considerable
amount of the antigenic cellular constituents or
metabolites shared by a wide range of mycobacterial
species, which might be closely related to their
phylogeny. Though the phenetic configuration of
antigenic structure should be useful to delineate the
phylogenetic relationship between different
mycobecterial taxons, most of the recent im-
munological technology have not been proved to
make it possible mainly due to the variation in
antigenic expression of individual strains depending
on the cultural conditions and to the heterogeneity in
immunogenecity of individual antigens and in im-
mune response of individual hosts. Nevertheless
several immunological procedures have been suc-
cessfully used for the classification and identifica-
tion of certain mycobacterial species, subspecies or
serobars. Shaeffer’s seroagglutination tests opened a
way of serotaxonomic scheme of mycobacteria and
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it has been found very useful for the taxonomy of M.
avium-intracellulare-scrofulaceum(MAIS) complex
and some other mycobacteria®. This procedure,
however, is not applicable to the mycobacterial
species or strains whose colony is rough or dry.
Immunodiffusion and immunoelectrophoresis have
been also found useful to elucidate the antigenic
relationships of mycobacteria although they have
some drawbacks too because the antigens and
antisera used in these procedures have not been
standardized so that each laboratory uses its own
reference reagents'®. Rabbits immunized with M.
terrae T-8 or T-13 produced a large amount of anti-
body cross-reacting with M. avium and intracellulare
strains and the homologous absorption removed
most of these cross-reacting antibody to the majority
of strains but less to certain strains such as N-257R,
N-260R, and N-281D that may possess shared
antigens more than M. terrae, M. intracellulare
strains bear a considerable amount of antigens shar-
ed with M. terrae that does not possess much as they
did not reduced homologous reaction. M. avium did
not reduce homologous reaction of T-8 antiserum at
all but 35.6% of T-13 antiserum indicating the pres-
ence of a considerable amount of shared antigens on
T-13 cell surface. It was obvious that amounts of
shared antigens on the different strains of M.
intracellulare varied as the removal of cross-reacting
antibody by the homologous absorption was not
same between the strains.

In contrast with M. lerrae antisera, M. avium and
intracellulare antisera except K41014 showed a very
weak or no reaction to M. ferrae and their
homologous reaction was not reduced much by M.
terrae absorption with an exception of M. avium
antiserum whose homologous reaction was reduced
39.1% by M. terrae T-13 absorption.

- M. terrae antisera reacted weakly with M. non-
chromogenicum, however the latter species absorbed
out a considerable amount of homologous reaction
probably due to comparative abundance of shared

antigens on both species. Antigenic sharing between
T-13 and NC-11 was apparently less remarkable
than between T-13 and NC-3. M. nonchromogenicum
antisera showed a strong reaction indicating a close
antigenic relationship. M. ferrae seemed not to have
a close antigenic relationship with M. triviale
because antiserum of the former species did not or
weakly react with the strains of the latter species
that did not reduce their homologous reaction. M.
Joriuitum showed a considerably close antigenic
relationship with M. ferrae especially T-13. T-13
antiserum recognized M. fortuitum even closer than
T-8 with which it reacted weakly and it’s homolo-
gous reaction was reduced much less by T-8 absorp-
tion than by F-19.

T-8 and T-13 were found to be antigenically close
with T-7 but less close to each other as though T-13
possessed some more shared antigens than T-8
because reaction to T-13 was stronger and reduction
of T-8 homologous reaction was larger.

Reaction with M. kansasii, scrofulacewm, and
tuberculosis was strikingly different between T-8 and
T-13 antisera of which the former serum reacted
weakly with them and it’s homologous reaction was
not reduced by the heterologous absorption with
them, whereas the latter serum showed a strong
reaction with them and their absorption reduced -
homologous reaction considerably. M. kansasii or
tuberculosis cross-reacting antibody in M. ferrae
antiserum were removed less by the homologous
absorption when compared with others, suggesting
that shared antigenic determinants distributed in a
considerable amount on M. kansasii or tuberculosis,
on the contrary they are very rare on T-8 and rela-
tively small on T-13.

M. scrofulacenm K30003 seemed to be antigenical-
ly closer to M. terrae than K30001.

M. mnonchromogenicum antisera cross-reacted
strongly with the other mycobacteria except few
species. Homologous absorption removed most of
those cross-reacting antibody with and exception
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that reaction of NC-3 antiserum to M. tuberculosis
was reduced merely 49.3% by the homologous absor-
ption. Close antigenic relationship was obvious only
between them next to M. terrae and scrofulaceum
K30003. M. avium, chelonei, and fortuitum reduced
homologous reaction of NC-3 antiserum considera-
bly, indicating a good amount of antigenic sharing.
The findings that NC-3 antiserum showed a weaker
reaction with NC-11 than with NC-6 and the
homologous reaction was reduced more by NC-6
absorption than by NC-11 indicated that NC-3 was
antigenically closer with NC-6 than with NC-11.
Analysis of NC-11 antiserum reaction also confir-
med such relationship.

M.terrae antisera reacted weakly with M. non-

chromogenicum but there were considerable amount
of shared antigens on both organisms. It was inter-
esting to note that M. nonchromogenicum antisera
reacted strongly with M. avium and intracellulare
while antiserum of the latter species poorly or did
not react with M. nonchromogenicum.

M. intracellulare antiserum assay revealed that
strains of this species seemed to have no or very little
antigenic sharing with M. chelones, fortuitum, non-
chromogenicum, scrofulaceum K30001, smegmalis,
and friviale. M. chelonei and terrae T-13 possessed
certain amount of antigens shared with M. intracel-
lulare and vice versa. A close antigenic relationship
of the strains of M. intracellulare was found to be
with M. avium and scrofulacewm K30003. And it was
not clearly understood why M. scrofulacenm K30001
was antigenically estranged from M. intracellulare,
M. kansasii and tuberculosis reacted weakly with M.
intracellulare antisera except N-260R antiserum
reaction to kamsasii and did not reduce the
homologous reaction of intracellulare antisera, sug-
gesting a paucity of antigenic sharing. Though there
were considerable strain variation in heterologous
reaction between strains of M. infracellulare, a large
antigenic sharing was evidently intraspecific and
most close antigenic relationship was found between

K41014, N-260D, N-260R, and N-260T, of which they
showed an equal closeness to each other except
between N-260T and K41014. Intraspecific heter-
ologous reaction was removed easily by the
homologous absorption, whereas reduction of the
homologous reaction by heterologous absorption
was different depending on the extent of antigenic
sharing. Reduction of N-260D antiserum homolgous
reaction by intraspecific heterologous absorption
was found in order with N-260T>N-260R=
K41014>F03193T > N-245>N-279T, reduction of
N-260R antiserum reaction with K41014=N-260T=
260D > N-238>N-257R>N-281D=N-275T=
F03193>N-279T > N-245>> N-275R, reduction of N-
260T antiserum reaction with N-260R>N-260D>
K41014>Fo03193T>N-245> N-279T, and reduction
of K41014 antiserum with N-260R>N-260D>N-
238> N-257>N-260T=N-281D=N-275T>N-279T=
N-245>N-275R.

M. avium antiserum did not contain much of inter-
specific cross-reacting antibody, for example it did
not react at all with M. chelones, nonchromogenicum
NC-3 & NC-11, terrae T-7, and triviale V-4, and very
weakly reacted with fortuitum F-19, intracellulare
N-242D & N-257T, scrofulacewm K30001, smegmatis
and triviale V-12. Relatively strong reaction was
found with M. intracellulare N-260D and K41014.
Most of cross-reacting antibody were removed by
the homologous absorption suggesting abundance of
shared antigens on M. avium cell surface. Abun-
dance of shared antigens on M. avium cell surfaces
were confirmed again by observing a great reduction
of homologous reaction by the heterologous absorp-
tion with menbers of MAIS complex. Though M.
intracellulare N-242D, N257T and N-281D reacted

_very weakly with M. avium antiserum, they reduced

more than 63% of the homologous reaction, suggest-
ing that a large amount of shared antigens were
distributed on M. avium cell surface while poor on
those three strains. Whether the same explanation
could be applied for a considerable reduction of

— 493 —



homologous reaction by M. chelonei, non-
chromogenicum NC-3, terrae T-13, and triviale V-12

is not known.
SUMMARY

Cell surface antigenic relationships between path-
ogenic mycobacteria have been investigated by the
enzyme-linked immunosorbent assay using phenol-
killed cells and their rabbits antisera.

Homologous and heterologous reactions of
Mycobacterium avium-intracellulare antisera before
and after homologous and heterologous absorption
revealed a close antigenic relationship between
strains of the same species and between species if
they were members of M. avium(MA)-
intracellulare(M)-scrofulaceum(MG) complex. MAI
sera showed a considerable reaction with M.
kansastt(MK) and tuberculosis(MTB), but not with
the other species. MA(K40004) antiserum reacted
with other mycobacteria except few strains of MI
and 50~ 89% of homologous reaction was reduced by
heterologous absorption with cells of MI or MS.
Intraspecific reaction of MI antisera was naturally
stronger than interspecific reaction and different in
extent due to a magnitude of antigenic sharing.
Antigenic relationships between N-260D, N-260R,
N-260T, and K41014 was somewhat closer than that
with N-242D, N-257T, N-281D, and N-275T.

M. nonchromogenicum(MNC) antisera showed a
strong interspecific reaction with exception of M.
chelonei(MC) and triviale(MTV) to which they react-
ed weakly or none. Antigenic sharing with M.

terrae(MTR) and MG(K30003) was next to

intraspecific sharing. NC-3 shared antigens consider-
ably with MA, MC, and M. fortuitum(MF) while
NC-11 did not. ’

MTR antisera showed a strong cross-reaction
with MI but their homologous reaction was not
reduced by MI absorption indicating a paucity of
shared antigen of MTR surface. Intraspecific
antigenic sharing of course was large with on excep-
tion between T-8 and T-13. A considerable amount

of antigenic sharing was also found with MNC, MC
and MF. Unlike T-8 serum, T-13 antiserum strongly
cross-reacted with MA, MG, MK, and MTB.

In general, antigenic relationships of mycobacter-
ia, that have been elucidated in this study, well
conformed to taxons delineated by the various bio-
logical and biochemical means.
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