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A numerical analysis using 88 characters was carried out on 40 strains received as Mpycobacterium
tuberculosis, M. africanum, M. bovis, and M. microti (Tables 1 and 2). The clustering was made by
single-linkage method. The results showed that all 40 strains formed a cluster at a level of 95% of the
matching coeflicient (Fig. 1). Within this cluster, a subcluster consisting of M. tuberculosis strains, a
subcluster consisting of M. africanum strains and M. bovis strains, and a subcluster consisting of M. mic-
roti strains could be distinguished, but a considerable number of M. bovis strains did not belong to any
subcluster. The results obtained in the study supported Tsukamura’s proposal that M. tuberculosis
and M. bovis should be combined into one species, M. tuberculosis, the present names of the taxa being
reduced to two subspecies, subsp. tuberculosis and subsp. bovis (Tsukamura, M.: Tubercle, 48: 311,
1967).

In view of the results, M. africanum is considered to be a variety of M. bovis. M. microti is closely
related to M. bovis, but it is differentiated from M. bovis by its positive niacin production and positive
nicotinamidase and pyrazinamidase activities (Tables 3 and 4).

(The authors express their appreciation to Prof. H.H. Kleeberg, Tuberculosis Research Institute, Pre-

toria, South Africa, for his kind supply of many strains used in the present study and for his permission

of the publication of the study, in which his strains have been used.)
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* From the National Chubu Hospital, Obu, Aichi 474 Japan.
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Table 1. Strains Used in the Present Study

Species name as received | Strain No. Source
Mycobacterium tuberculosis 05001 H37Rv; S. Ata
05002 Aoyama-B; S. Ata
E 6383 TC 1; H. H. Kleeberg
E 6384 TC 5; H. H. Kleeberg
E 6385 TC 6; H. H. Kleeberg
E 6387 TC 9; H. H. Kleeberg
E 6394* TC 21; H.H. Kleeberg
E 6661 TG 13; H. H. Kleeberg
E 6662 TC 15; H. H. Kleeberg
E 7193 M. Tsukamura
Mycobacterium africanum E 6393 TC 20; H. H. Kleeberg
E 6549 TC 41; H.H. Kleeberg
E 6554 TC 57; H. H. Kleeberg
E 6558 TC 67; H.H. Kleeberg
E 6560 TC 73; H. H. Kleeberg
E 6664 TC 37; H. H. Kleeberg
E 6565 TC 88; H. H. Kleeberg
E 6567 TC 93; H. H. Kleeberg
E 6683 TC 74; H.H. Kleeberg
E 6689 TC 84; H.H. Kleeberg
E 6692 TC 8; H. H. Kleeberg
Mycobacterium bovis 06001 Ravenel; K. Shoji
06002 Denken; K. Konno
E 6386 TC 7; H. H. Kleeberg
E 6388 TC 11; H. H. Kleeberg
E 6396 TC 24; H.H. Kleeberg
E 6402 TC 30; H.H. Kleeberg
E 6537 TC 3; H. H. Kleeberg
E 6541 TC 18; H. H. Kleeberg
E 6544 TC 34; H.H. Kleeberg
E 6771 TG 51; H. H. Kleeberg
E 6675 TC 58; H.H. Kleeberg
E 6678 TG 65; H. H. Kleeberg
. E 6689 TC 83; H.H. Kleeberg
Mycobacterium microti E 6392 TG 19; H.H. Kleeberg
E 6398 TC 26; H. H. Kleeberg
E 6400 TC 28; H. H. Kleeberg
E 6668 TC 48; H. H. Kleeberg
E 6677 TC 62; H. H. Kleeberg
E 6691 TC 89; H. H. Kleeberg

* This strain did not appear as M. tuberculosis (See Fig.1).
** This strain did not seem to belong to M.bovis (See Fig.1).
S.Ata, Nagoya University, Nagoya.
H.H.Kleeberg, Tuberculosis Research Institute, Pretoria, South Africa.
K.Shoji, Osaka University, Osaka.
K.Konno, Tohoku University, Sendai.

35 &, M. africanum ¥ O M. bovis & overlap 73% % M. bovis X%, M. tuberculosis 33 Y (% M. microti &Ly
S M. africanum ¥ X U8 M. bovis » HMO 1zt UCH BETE B8, M. bovis & M. africanum FERCLL, 2

T B & overlap 2%e\ s, LieioT—I, MV OHEE FMOBIETE SiT overlap 23H D> THWVCHHET X /e
ELTIWERBLNS, ZHIEHLT, M. africanum * W (FE3), KB EDOWETIE, M. tuberculosis & 1C
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Table 2. Characters Used for the Study of Strains
1. Strong acid-fastness 45. Growth at 45°C
2. Weak or partial acid-fastness 46. Growth at 52°C
3. Presence of rod forms 47. Glucose as C source
4. Clumping of bacillary forms 48. D-Mannose as C source
5. Fragmenting mycelium 49. Sucrose as C source
6. Permanent mycelium 50. n-Propanol as C source
7. Rough colonies 51. n-Butano! as C source
8. Pigmented colonies in dark 52. iso-Butanol as C source
9. Photochromogenicity 53. Propylene glycol as C source
10. Growth after 3 days 54. D-Galactose as C source
11. Tolerance to 0.1% NaNO, (Sauton agar) 55. L-Arabinose as C source
12. Tolerance to 0.2% picric acid (Sauton agar) 56. D-Xylose as C source
13. Resistance to rifampicin (25 pg/mi) 57. L-Rhamnose as C source
14. Resistance to 0.29%, p-aminosalicylate 58. Trehalose as C source
15. Resistance to NH,OH.HCI (125 pg/ml) 59. Inositol as C source
16. Resistance to NH,OH.HCI (250 pg/ml) 60. Minnitol as C source
17. Resistance to NH,OH.HCI (500 pg/ml) 61. Sorbitol as G source
18. Resistance to thiophene-2-carboxylic acid hydra- 62. Acetate as C source
zide (10 pg/ml) 63. Citrate as C source
19. Resistance to 0.5 mg/m! salicylate 64. Succinate as C source
20. Resistance to 0.5 mg/ml p-nitrobenzoic acid 65. Malate as C source
21. Niacin production 66. Pyruvate as C source
22. Tween hydrolysis (at 7 days) 67. Benzoate as C source
23. Tween hydrolysis (at 14 days) 68. Malonate as C source
24. a-Esterase 69. Fumarate as C source
25. B-Esterase 70. Acid from glucose
26. Acid phosphatase (simple method, 3 hours) 71. Acid from D-mannose
27. Catalase (semiquantitative) 72. Glucose as C source (glutamate-N)
28. B-Galactosidase 73. Acetate as C source (glutamate-N)
29. Nitrate reduction (Method of Tsukamura, 24 hours) 74. Succinate as C source (glutamate-N)
30. Three day-arylsulfatase 75. Pyruvate as C source (glutamate-N)
31. Two week-arylsulfatase 76. Growth on Sauton agar
32. Salicylate degradation 77. L-Glutamate as simultaneous G and N sources
33. p-Aminosalicylate degradation 78. L-Serine as simultaneous G and N sources
34. Acetamidase 79. D-Glucosamine hydrochloride as simultaneous C
35. Benzamidase and N sources
36. Urease 80. Acetamide as simultaneous C and N sources
37. Isonicotinamidase 81. Benzamide as simultaneous C and N sources
38. Nicotinamidase 82. Monoethanolamine as simultaneous C and N
39. Pyrazinamidase sources
40. Salicylamidase 83. Trimethylene diamine as simultaneous C and N
41. Allantoinase sources
42. Succinamidase 84. Benzamide as N source
43. Growth at 28°C 85. Nicotinamide as N source
44. Growth at 37°C 86. Nitrate as N source
87. Nitrite as N source
~ 88. Resistance to ethambutol (5 pg/ml)

- The methods used are described in “Identification of Mycobacteria”, by M.Tsukamura, a publication of the Research Labora-
tory of the National Chuba Hospital, Obu, Aichi 474, Japan, p.1~75, 1975.
Unless noted otherwise, utilization of carbohydrates was tested in the presence of ammoniacal nitrogen (No.47 to No.69).
Unless noted otherwise, the tolerance and resistance tests were carried out in the Ogawa egg medium.
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Table 3. M values of Strains of M. tuberculosis, M. africanum, M. bovis, and
M. microti to the Hypothetical Median Organism (HMO) of the

Species and Their Standard Deviations

Mean of M values of strains to the HMO of:
Species
M. tuberculosis M. africanum M. bovis M. microti
M. tuberculosis 99.11+0.93 92.33+0. 87 91.22+0.83 91.44+0.73
n=9 (97. 53) (93.81) (92.63) (92. 68)
M. africanum 93.27+1.35 97.36+1.63 95.27+1.49 90.73+1.95
n=I1 (95. 57) (94. 59) (97.80) (94.05)
M. bovis 90.33+1.97 95.25+1.86 97.00+1. 54 91.75+1.91
n=12 (93. 68) (98. 41) (94. 38) (95. 00)
M. microti 92.67+1.21 92.67+0. 82 92.00+0.63 97.17+2.23
n=6 (94.73) (94. 06) (93.07) (93. 38)

“n” is the number of strains.

The numbers in brackets show the values (z-1.7s) or (z+1.7s).

The former value was estimated for species to its own HMO, and the latter for species to other
HMO. “z” is the mean of M values, and s is the standard deviation.

Table 4. Number of Strains of Various Species Which enter the Range Higher

than the Limit, (Z—1.7s), of Species

The lower limit of species (M value, %)
Species M. tuberculosis M. africanum M. bovis M. microti
98% 95% 95% 94%
M. tuberculosis 9/9
M. africanum 10/11 7/11 1/11
M. bovis 8/12 11/12 2/12
M. microti 5/6

The lower limit of species is (z—1.7s), where # is mean of M values of strains of a species to

its own HMO, and s is its standard deviation.

These limits have been calculated as 98%, 95%,

95%, and 94%, respectively, for M. tuberculosis, M.africanum, M.bovis, and M.microti.

For example, when compared with the HMO of M. africanum, 10 of 11 strains of M. africanum
showed the M values higher than this limit, 95%, and 8 of 12 strains of M. bovis also showed
such M values, whereas none of the strains of M. tuberculosis and M.microti showed such M values.

o, Cchies LT, M. tuberculosis 35 X U8 M. microt
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D SHEMEL, M. tuberculosis DHEHMET BT F I BN
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1979 410 A

497

Table 5. Characters of Test Strains

The percentage of strains showing positive reaction

Character
M. tuberculosis | M. africanum M. bovis M. microti
Number of strains tested 9 11 12 6
1. Strong acid-fastness 100 100 100 100
2. Weak acid-fastness 100 100 100 100
3. Rod form 100 100 100 100
4. Clumping (cord formation) 100 64 58 67
7. Rough colonies 89 36 42 100
18. Resistance to thiophene-2-carboxylic acid 100 0 0 0
hydrazide
21. Niacin 100 91 25 100
24. a-Esterase 100 91 100 100
25. B-Esterase 100 82 100 100
29. Nitrate reduction 100 0 8 0
31. Two week-arylsulfatase 0 55 83 83
36. Urease 100 82 100 100
38. Nicotinamidase 100 36 0 100
39. Pyrazinamidase 100 18 0 83
41. Allantoinase 0 0 33 50
43. Growth at 28°C 0 9 25 67
44. Growth at 37°C 100 100 100 100
72. Glucose as C source (glutamate-N) 0 0 33 50
73. Acetate as G source (glutamate-N) 11 0 25 83
74. Succinate as C source (glutamate-N) 0 0 8 0
75. Pyruvate as C source (glutamate-N) 44 0 75 67
76. Growth on Sauton agar 0 0 8 0

Remark. Strain E 6541 received as received as M. bovis and strain E 6394 received as M. tuberculosis are not contained in the

table, as these do not seem to belong to the species as received.
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Kleeberg, Tuberculosis Research Institute, Pretoria,
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