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Numerical classification of strains received as Mycobacterium nonchromogenicum,
Mycobacterium tervae and Mycobacterium triviale (Tablel) was carried out, using 81
characters (Table 4) and matching coefficients. The dendrogram prepared by single linkage
~clustering showed two “centroid clusters” (Fig.1 and 2); one consisting of M. non-
chromogenicum strains, including type strain NCTC 10424, and another of M. ferrae and M.
triviale strains, including type strains ATCC 15755 and ATCC 23292. The range of these
clusters were determined by the method previously described (Tsukamura, M. : J. Gen.
Microbiol., 95 : 207-212, 1976) (Table 2), and strains placed outside the centroid clusters
were tested whether they enter either or both of these ranges. By this method, 9 strains
were identified as M. nonchromogenicum and 8 strains as M. terrae-M. triviale (Table 3).
Thus, in total, 33 strains were classified to M. nonchromogenicum and 43 strains to M.
terrac- M. triviale. These results well agreed with the results obtained by a M value matrix
(Fig. 3). In conclusion, the majority of the strains tested were classified as either M.
nonchromogenicum or M. terrae- M. triviale. The strains received as M. terrae or M. triviale
formed one cluster and regarded as one taxonomic unit.

The characters of the M. nonchromogenicum and M. terrae- M. triviale thus classified are
shown in Table 4. Among these characters, four characters shown in Table 5 were
considered as highly useful for differentiating between M. nonchromogenicum and M.
terrae- M. triviale. A1l M. nonchromogenicum strains showed positive reaction in three or
more of these four characters, while all M. terrae-M. triviale strains, except for only one
strain, showed negative reaction in three or more of these four (Table 6). M. non-
chromogenicum strains are clearly differentiated from M. terrae-M. triviale strains by a
combination of these four characters.

Keywords : Mycobacterium nonchromogenicum, ¥ —17—X . Mycobacterium nonchromo-
Mycobacterium  terrae, Mycobacterium triviale,  genicum, Mycobacterium terrae, Mycobacterium
Numerical classification triviale, ¥R
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Table 1. Mycobacterial Strains Used
Laboratory .
no. Received as - Source?
09018 Mycobacterium nonchyomogenicum 1
09021 Mycobacterium nonchromogenicum 1
09022 Mycobacterium nonchromogenicum 1
09029 Mycobacterium nonchrvomogenicum 1
09264 Mycobacterium nonchromogenicum ATCC 25145 4
09301 Mycobacterium nonchromogenicum Patient Mori 1
09303 Mycobacterium nonchromogenicum Patient Takahashi 1
09013 Mycobacterium nonchromogenicum E1711 (= ATCC 19531) 1
09032 Mycobacterium nonchromogenicum 1
09016 Mycobacterium nonchromogenicum 1
09017 Mycobacterium nonchromogenicum 1
09113 Mycobacterium nonchromogenicum E2509 (= ATCC 19690°) 1
09263 Mycobacterium nonchromogenicum ATCC 25144 4
09027 Mycobacterium nonchromogenicum 1
09261 Mycobacterium nonchromogenicum ATCC 25142 4
09266 Mycobacterium nonchromogenicum ATCC 25218 4
09025 Mycobacterium nonchromogenicum 1
09268 Mycobacterium nonchromogenicum ATCC 25264 4
09015 Mycobacterium nonchromogenicum 1
09031 Mycobacterium nonchromogenicum 1
09231 Mycobacterium nonchromogenicum 1
09114 Mycobacterium nonchromogenicum E2510 (+ATCC 19691°) 1
09228 Mycobacterium nonchromogenicum NCTC 10479 (=09033) 5
09294 Mycobacterium nonchromogenicum ATCC 19531 (=09013) 4
09267 Mycobacterium nonchromogenicum ATCC 25219 4
09260 Mycobacterium nonchromogenicum ATCC 195307 (=09003) 4
09003 Mycobacterium  nonchromogenicum E317T (=ATCC 19530=NCTC 1
10424)
09020 Mycobacterium nonchromogenicum 1
09024 Mycobacterium nonchromogenicum 1
09262 Mycobacterium nonchromogenicum ATCC 25143 4
09270 Mycobacterium nonchromogenicum ATCC 25266 4
09030 Mycobacterium nonchromogenicum 1
09033 Mycobacterium nonchromogenicum 1
09112 Mycobacterium nonchromogenicum E2508 (= ATCC 19689°) 1
09265 Mycobacterium nonchromogenicum ATCC 25216 4
09269 Mycobacterium nonchromogenicum ATCC 25265 4
09230 Mycobacterium nonchromogenicum Patient Sawai 1
09300 Mycobacterium nonchromogenicum Patient Takinami 1
09032 Mycobacterium nonchromogenicum Patient Yamada 1
09293 Mycobacterium nonchromogenicum Patient Yamazaki 1
38023 Mycobacterium terrae ATCC 25149 4
38025 Mycobacterium terrac ATCC 25217 4
38015 Mycobacterium terrae W523 2
09026 Mycobacterium nonchromogenicum 1
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Table1 . continued
Laboratory Received as : Source®
no.
37006 Mycobacterium triviale T39-4 3
37007 Mycobacterium triviale T40-4 3
37001 Mycobacterium triviale alb 2386 (=ATCC 23290) 3
37003 Mycobacterium triviale C1614 3
37004 Mycobacterium triviale C5181 (= ATCC 19386) 3
37005 Mycobacterium triviale T20-5 3
37008 Mycobactevium triviale T75-4 3
37010 Mycobacterium triviale T81-4 3
37012 Mycobacterium triviale T248-1 3
37013 Mycobacterium triviale T254-3 (= ATCC 19387) 3
37018 Mycobactevium triviale T452-4 3
37015 Mycobacterium triviale T319-3 3
37016 Mycobacterium triviale T340-3 3
37019 Mycobacterium triviale WX2191 3
37009 Mycobactervium triviale T80-4 3
37014 Mycobacterium triviale T255-3 (=ATCC 232927) 3
37024 Mycobacterium triviale ATCC 19387 4
38002 Mycobacterium terrae W168A 2
38003 Mycobacterium terrae W171 2
38011 Mycobacterium terrae W9I72 2
38012 Mycobacterium tervae W73 2
38022 Mycobacterium terrae ATCC 25147 4
38021 Mycobacterium terrae ATCC 25146 4
38028 Mycobacterium terrae ATCC 25269 4
38024 Mycobacterium terrae ATCC 25213 4
38007 Mycobacterium tervae W00 2
37002 Mycobacterium triviale DT67-4 3
37020 Mycobacterium triviale WX2199 (=ATCC 23291) 3
37023 Mycobacterium triviale ATCC 19386 4
38010 Mycobacterium terrae W971 2
38027 Mycobacterium tern%e ATCC 25268 4
38005 Mycobactervium terrae W598 2
38006 Mycobactevium tervae W897 2
38016 Mycobacterium terrae ATCC 157557 (1966) 4
38017 Mycobacterium terrae ATCC 157557 (1969) 4
09019 Mycobacterium nonchrvomogenicum 1
38001 Mycobacterium tervae W167 2
38008 Mycobacterium terrae W923 2
38013 Mycobacterium terrae W45 (=ATCC 157557) 2
37011 Mycobactevium triviale T240-4 3
37021 Mycobacterium triviale WX2336 3
38004 Mycobacterium tervae W527 2
38009 Mycobacterium tervae W947 2
38014 Mycobacterium terrae W511 2
38026 Mycobacterium terrae ATCC 25267 4
38020 Mycobacterium terrae ATCC 25113 4
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. M.Tsukamura, National Chubu Hospital, Obu, Aichi, Japan ;
. L.G. Wayne, Veterans Administration Medical Center, Long Beach, California, U.S.A.;
. G.P. Kubika, Center for Disease Control, Atlanta, Georgia, US.A. ;
. American Type Culture Collection (ATCC), Rockville, Maryland, US.A. |
. National Collection of Type Cultures (NCTC), London, England.
b Isolated from guinea pig organs inoculated by soil samples.
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Strains 37006 to 38017 (35 strains) form a . veoac

centroid cluster of M.terrae- M.triviale complex .
at a 94%-level. Strain 37014 is the type strain of .
M triviale, and strains 38016 and 38017 are the
type strain of M terrae, which were received
trom the American Type Culture *
Collection at different times.
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Fig. 3. Schematic representation of the M value matrix, in which the M values higher than 88% are
shown as closed circles. The strains are arranged in the same order as shown in Figures 1 and 2.
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Table 2. Mean M Values of Strains Forming a Centroid Cluster to Hypothetical Median Organism-
Pattern (HMO) of their Own Cluster and to the HMO of another Cluster

Mean M value to the HMO of Mean M value to the HMO of
the M.nonchromogenicum the M.terrae-M.triviale strains

Test strains . . . . .
strains forming centroid cluster® forming centroid cluster® (%)

(%)
M.nonchromogenicum strains 93.7£2.5 (n=24) 84.1+£3.0 (n=24)
forming centroid cluster® (n=24) (98.7~88.7%) (90.1~78.1%)
M.terrae- M.triviale strains for- 82.2+25 (n=35) 93.6+2.6 (n=35)
ming centroid cluster® (n=35) (87.2~177.2%) (98.8~88.4%)

a  Strains 09013 to 09270 (24 strains) received as M.nonchromogenicum, which formed one cluster at
a 94%-level (Fig.1).
b Strains 37006 to 38017 received as M.terrae and/or M.triviale, which formed one cluster at a 94%
-level (Fig.2).
The values shown in table are (mean)= (standard deviation). The range of M values of the strains
forming the centroid cluster is (M=*2s)%, where M is the mean M value and s is the standard
deviation. (14).The ranges are shown in parenthese.

Table 3. Classification of Strains Which Were Placed Outside the Centroid Clusters by Comparison of
M Values to the HMO of Two Centroid Clusters

Group Strains classified

Group 1. The M values estimated enter the range of two clusters 09230 ; 09302 ; 38025
(intermediate) (3 strains)

Group 2. The M value to the HMO of the centroid M.non- 09264 ; 09301 ; 09030 , 09033 ;
chromogenicum strains enters the range, and the M value to the 09112 ; 09265 ; 09269 ; 38004 ;
HMO of the centroid M.terrae-M.triviale strains is outside the 38009

range (classified as M.nonchromogenicum) (9 strains)

Group 3. The M value to the HMO of the centroid M.tervae- M.
triviale strains enters the range, and the M value to the HMO of the
centroid M.nonchromogenicum strains is outside the range (classi-
fied as M.terrae- M.triviale complex)

38023 ; 38015 ; 09019 ; 38001 ;
38008 ; 37011 ; 38014 , 38026
(8 strains)

09018 ; 09293 ; 09021 ; 09022 ;
Group 4. The M values to both HMOs do not enter the range of the 09026 ; 09029 ; 38013 ; 09303 ;
two centroid clusters (intermediate in a wide sense) 37021 ; 09300 ; 38020

(11 strains)

L, ML IR A TTME M terrae- M. 230X BbNb,
triviale ¥ F5E+ W3, 11ITE4 IZ A0 BE 4%+
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Table 4. Comparison of Characters between Mycobacterium nonchromogenicum Strains and

Mycobacterium terrae- Mycobactevium triviale Strains

Character % of strains showing positive reaction

M.nonchro- M.nonchro- M. terrae- M.terrae~-

mogenicum mogenicum M. triviale M. triviale

centroid strains centroid strains

strains strains

(n=24) (n=33) (n=35) (n=43)
Rough colonies 79 73 91 88
Growth at 42°C 92 82 20 23
Resis'tance to 0.2% sodium p-amino- 75 32 100 08
salicylate?

Resistance to NH,OH.HC/,5004g/m? 100 100 74 72
Growth on Sauton agar medium 100 100 100 86
Tolerance to 0.19% picric acid® 29 30 23 19
Arylsulfatase (3 days) 100 94 63 63
Arylsulfatase (14 days) 100 94 97 74
Tolerance to 0.1% NaNO,® 100 100 31 28
Resistance to ethambutol, 5ug/m/? 0 0 6 5
Tolerance to 0.2% NaNO,° 88 79 11 9
Growth on 1% Tween-Sauton agar 46 45 69 58
Resistance to rifampicin, 25xg/m/? 96 94 14 19
Tween 80 hydrolysis (7 days) 100 100 89 84
a-Esterase 8 6 31 35
B-Esterase 96 88 80 79
B-Galactosidase 88 85 57 53
Acid phosphatase 100 100 100 95
Nitrate reduction (6 hours) 71 76 51 53
Nitrate reduction (24 hours) 79 79 71 70
Nicotinamidase 50 58 20 19
Pyrazinamidase 75 67 20 19
Glutamate as N and C sources 0 12 0 0
Glucose as C source (glutamate-N) 79 82 17 16
Acetate as C source (glutamate-N) 100 100 77 74
Succinate as C source (glutamate-N) 13 33 0 2
Pyruvate as C source (glutamate-N) 100 100 6
Acetate as C source 71 70 80 72
Pyruvate as C source 33 39 11 12
Glucose as C source 13 18 3
Fructose as C source 21 18 0
n-Butanol as C source 8 12 0 0
Resistance to ofloxacin (DL8280), 2.54g/mi* 100 100 0 5
Resistance to bleomycin, 5xg/mi? 100 100 9 14
Heat-stable acid phosphatase 71 67 20 16

Unless specially noted, the utilization of carbohydrates as sole carbon sources were tested in the

presence of ammoniacal nitrogen. a

Tested in Ogawa egg medium.

Sauton agar medium, in which sodium glutamate (4 g/liter) was substituted for asparagine.

b Tested in a modified
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All strains showed positive reaction in the following 9 characters :

1) Growth at 28°C ; 2) growth at 37°C ; 3) resistance to NH,OH.HC/, 1254g/m/? ; 4) resistance
to NH,OH.HC/, 250xg/m/® ; 5) resistance to thiophene-2-carboxylic acid hydrazide, 1ug/mi? ; 6)
resistance to sodium salicylate, 0.5mg/m/?; 7) resistance to p-nitrobenzoic acid, 0.5mg/m/?; 8)
Tween 80 hydrolysis (14 days) ; 9) Catalase semiquantitative (foam height >45mm).

All strains showed negative reaction in the following 37 characters :

1) Colony pigmentation in the dark ; 2) photochromogenicity ; 3) growth after 3 days ., 4)growth
at 45°C ; 5) growth at 52°C ; 6) degradation of p-aminosalicylate to catechol ; 7) tolerance to 0.1%
sodium salicylate® ; 8) degradation of salicylate to catechol . 9)tolerance to 0.2% picric acid® ; 10)
niacin production ; 11) acetamidase ; 12) benzamidase . 13) urease ; 14) isonicotinamidase ; 15)
salicylamidase ; 16) allantoinase ; 17) succinamidase ; 18) serine as simultaneous N and C
sources ; 19) glucosamine hydrolchloride as simultaneous N and C sources; 20) acetamide as
simultaneous N and C sources ; 21) benzamide as simultaneous N and C sources ; 22) monoeth-
anolamine as simultaneous N and C sources ; 23) trimethylene diamine as simultaneous N and C
sources ; 24) citrate as C source ; 25) succinate as C source ; 26) malate as C source ; 27) benzoate
as C source ; 28) malonate as C source ; 29) fumarate as C source ; 30) sucrose as C source ; 31)
ethanol as C source ; 32) n-propanol as C source ;. 33) propylene glycol as C source; 34) 1, 3-
butylene glycol as C source ; 35) 1, 4-butylene glycol as C source ; 36) 2, 3-butylene glycol as C
source ; 37) iso-butanol as C source.

Table 5. Characters Highly Useful for Differentiating Mycobacterium nonchrvomogenicum from
Mycobacterium terrae- Mycobacterium triviale

Character 9% of strains showing positive reaction
M.nonchro M.nonchro M. terrae- M. terrae-
mogenicum mogenicum M. triviale M. triviale
centroid strains centroid strains
strains strains
(24 strains) (33 strains) (35 strains) (43 strains)
Resistance to ofloxacin
(DL8280), 2.5ug/m* 100 100 0 5
Rirslllsz;tance to bleomycin, 5ug/ 100 100 9 14
P}irI\L]l)Vate as C source (glutamate 100 100 6 9
Rislilstance to rifampicin, 25ug/ 96 94 14 19

a Tested in Ogawa egg medium.

Table 6. Frequency of Four Distinguishing Characters in the Strains of Mycobacterium non-
chromogenicum and of Mycobacterium terrae- Mycobacterium triviale

Scoring No. of strains (%)
Strains classified as Strains classified as
M.nonchromogenicum M. terrae- M. triviale complex
(33 strains) (43 strains)

Positive in all four characters 31 (94%) 0(0%)

Positive in three characters 22 ( 6%) 1° ( 2%)

Positive in two characters 0(0%) 7 (16%)
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Positive in one character 0(0%)
Negative in all four characters 0 ( 0%)

K OE60%B B 4T

4 (9%)
31 (72%)

a  Strain 09270 and 38009 did not show the resistance to rifampicin.
b Strain 38014 showed three positive characters, except for the utilization of pyruvate as sole C

source.

The four distinguishing characters are as follows : 1) Resistance to ofloxacin (DL8280), 2.5xg/
m/; 2) resistance to bleomycin, 5ug/mi¢; 3) resistance to rifampicin, 25xg/mi°; and 4)
utilization of pyruvate as sole carbon source in the presence of glutamate nitrogen.

¢ Tested in Ogawa egg medium.
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