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SUMMARY

A co-operative numerical taxonomic analysis of rapidly growing mycobacteria
of Runyon’s group IV is reported. There was no limitation on the number, nature,
or method of performance of the test characters contributed by each of the 12
participants. Initially 415 test characters were coded for analysis; deletion of irre-
levant and repetitious data resulted in a final 195 characters used to generate the
matching matrix. All nine major clusters defined in the study were of named species
however, three of these were noted to contain two or more species and the reduc-
tion of some of these to synonymy with prior epithets is discussed. Recognized
clusters were: Mycobacterium smegmatis, M. phlei, M. vaccae (including M. para-
Sortuitum), M. diernhoferi, M. flavescens, the thodochrous taxon, M. thamnopheos,
M. fortuitum, M. chelonei. Results of the pooled information are compared with
those of the individual participants. Immunological results generally correlated
well with numerical analyses.

INTRODUCTION

The reports of Buhler & Pollak (1953) and Crow et al. (1957) made it readily apparent
that mycobacteria other than tubercle bacilli could produce a tuberculosis-like disease in
man. To provide some systematic basis for discussion of these newly discovered microbes,
Runyon (1959, 1965) described four groups of ‘atypical’ mycobacteria, and application of
numerical taxonomic methods to a study of these organisms has demonstrated that each of
Runyon’s four groups contain several clearly distinct mycobacterial taxa (Bojalil, Cerbon &
Trujillo, 1962; Tsukamura, 1966; Wayne, 1967; Kubica et a/. 1970). To obtain international
agreement on the precise definition of these new taxa, a number of mycobacteriologists
organized themselves into an informal group, the International Working Group on Myco-
bacterial Taxonomy (IWGMT), one of whose major aims has been the co-operative, system-
atic examination of selected sets of mycobacteria, representative of the four groups of
Runyon, to attempt to provide more exact species definitions.
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The first international co-operative study (Wayne ez al. 1971) is followed by this second
investigation, a study of rapidly growing mycobacteria by 12 different laboratories. The
same ‘permissive’ philosophy (Wayne et al. 1971) was used here, i.e. each participant was
allowed to do whatever tests he chose on the cultures; all investigators submitted their raw
results to the study co-ordinator for collation and performance of numerical analyses on
both in the pooled and individual information.

METHODS

Fifty cultures representative of Runyon’s Group IV (Wayne, Runyon & Kubica, 1969) were
selected from the collection of the Mycobacteriology Unit, Centerfor Disease Control, Atlanta,
and sent to the American Type Culture Collection (ATCC) for lyophilization; in addition,
17 other strains from the ATCC were included for reference purposes. Samples of these 67
strains were returned to the laboratory of the first named author for confirmation of identity,
following which the ATCC distributed these coded cultures to all study participants.

Each investigator performed his series of selected tests on the set of cultures received
Results were sent to the co-ordinator, who coded as much of the information as possible
into binary form for analysis. In the first analysis 415 characters, of a non-immunological
nature, were coded for each culture; these were submitted by 8 of the 12 participants. In
addition, results of serological comparisons, phage typing, skin test reactions, lipid patterns,
and mouse pathogenicity were available for comparison with the initial numerical analysis.
Following Wayne et al. (1971), two types of result were deleted without changing the final
results:

(1) Tests in which all strains gave the same reaction, i.e. either positive or negative, were
deleted as irrelevant. Although these were of no value in the differential identification
of rapidly growing mycobacteria, they have been stored for potential future use in the
taxonomic separation of slowly growing from rapidly growing mycobacteria.

(2) Occasionally, when several investigators performed the same test, with essentially the
same results, those from a single laboratory were selected and repetitious results thus elimin-
ated to avoid weighting of these particular characters. In some cases two investigators
utilized entirely different test conditions to measure the same property; when this resulted
in markedly different final reactions, both sets of results were retained in the study.

Deletion of irrelevant and repetitious results left 195 characters which were analysed by
a conventional # x n matrix table of matching scores with negative matches included. So that
clusters obtained in the composite study could be compared with those attained by the
individual participants, the data from each laboratory were individually subjected to
numerical analyses, and the n x n diagrams were generated with the cultures printed out in
the same order as for the pooled data. From the analysed data it was possible to tabulate
certain selected properties which proved highly reliable in the differential identification of
the clusters recognized in this investigation.

As before (Wayne et al. 1971), all participants agreed not to withdraw their data regard-
less of the final results or the interpretations placed upon them, and to retain anonymity of
participants neither individual results nor details of techniques are presented. After comple-
tion of other studies now ir progress, it is hoped that details of those tests which have proved
most definitive may be presented as a list of standard methods for both taxonomic and
determinative studies on mycobacteria.
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Fig. 1. (a) Matching matrix of 67 strains of rapidly growing mycobacteria based on 195 pooled characters.
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RESULTS

Fig. 1(a) reveals the clusters obtained by analysis of the 195 characters generated from
the pooled data, while Fig. 1(¥) depicts the development of these clusters over a range from
70%, to 85%, similarity. Eleven clusters were separated at the 859, level or higher; however,
at the 809, level, four of these clusters joined to form two, yielding nine distinct clusters.

Cluster 1 contains ten strains with an internal similarity of 9o %,. Internal similarity here
is defined as the highest intracluster matching score shown by > 509, of strain pairs in the
cluster. The suggested neotype of Mycobacterium smegmatis, ATCC 14468, is one of these
strains.

Cluster 2 contains two strains at a 909 internal similarity, both identified as Myco-
bacterium phlei. One of these, ATCC 19249, is identical with ATcc 11758 and NCTC 8151, the
suggested ‘working type’ of the species (Sneath & Cowan, 1958, p. 555).

Cluster 3 consists of nine strains, with an internal similarity of 859%,, which were repre-
sentative of the two taxa, Mycobacterium vaccae (Bénicke & Juhasz, 1964) and M. parafor-
tuitum (Tsukamura, Toyama & Mizuno, 1965). Although these two taxa have been reported
to be distinct (Tsukamura, Mizuno & Tsukamura, 1968), neither the pooled data nor the
results of any individual investigator were clearly able to separate them when the organisms
were treated as unknowns. The type strains of M. vaccae (ATCC15483) and M. parafortuitum
(ATcc19686) were included in this study. This cluster will be further dealt with in the
Discussion.

Clusters 4, 6 and 7 respectively contain only one strain each of Mycobacterium diernhoferi
(type culture ATCC 19340), the rhodochrous taxon (ATcc 13808) and M. thamnopheos (type
culture ATCC 4445). These were included for comparative purpose only, and they appeared
quite unlike any of the other clusters in this investigation.

Cluster 5, with an internal similarity of 839, contains six strains equated with Myco-
bacterium flavescens. Unfortunately the type culture of Bojalil ef al. (1962) was not included
in this study, but the detailed description of this species (Bojalil ef a/. 1962; Wayne, Doubek
& Diaz, 1967) matches that of the organisms in this cluster, and the participants are in
accord that this group of organisms is representative of M. flavescens.

Cluster 8 contains two closely related subclusters. The subgroup 84, with a 909, internal
similarity, contains the type culture of Mycobacterium fortuitum, strain ATCC6841. Sub-
cluster 85, with an 859 internal similarity, contains Bojalil’s strain 6020 (coded as 23023),
which is the type strain of M. peregrinum (ATCC 14467). At 809, similarity these two clusters
are virtually homogeneous (see Fig. 15). The name of this taxon will be dealt with in the
Discussion.

Cluster 9 is comprized of two closely related groups of organisms. Subgroup 9a, internal
similarity 9o 9,, contains the type cultures of Mycobacterium abscessus (ATCC 19977) and
M. runyonii (ATCC 14472). Subcluster 9b, internal similarity 859, contains the type strain
of M. borstelense (ATCcC19235). These two taxa join at the 809, level of similarity (see Fig.
1b). The suggested name of this taxon also will be discussed later.

Since the computer had printed out matching matrices for each laboratory in 5%, incre-
ments from 65 to 959%,, it was considered sufficient for this report to record individual
matching matrices (Fig. 2a-/) only to the nearest 5%,. In each instance in Fig. 2, the inter-
or intracluster scores indicate the percentage similarity to the lowest 5%,. The actual score
could either equal this value or exceed it by no more than 4 percentage points. For example,
in Fig. 2(a) the intrataxon values of Mycobacterium smegmatis and M. phlei respectively
were 85 and 90%,. The intertaxon relationship of these two species is listed as 709, which



58

G. P. KUBICA AND OTHERS

(a) Laboratory A. 55 characters
Cluster \G#
Name Z% 1 2 3 4 5 6 7 8a 8 9Ya 9b
8
M. smegmatis 1 » 17 | 19 >19 >19(>19(>19]|>19
M. phtei 2 | 70 | N °l 14 17 1414|1910
M. vaccae 3 | 65 | 75 » ¥ 19 17 | 17 |>19]>19
M. diernhoferi 4
M. flavescens 5 | — | 70 | 65 N i 171719 19
M. rhodochrous 6
M. thamnopheos 7
S . 5
3 M. fortuitum 8al| — | 75 | 70 70 8 14 | 11
£ 90
.Q
| M. peregrinum 8b| — | 75 | 70 70 85 8 14 | 17
= 85
S| M. abscessus 9a| — | 65 | — 65 75175 |\ 8
2 90
2 6
S| M. borstelense 9b) — |} 65 | — 65 80 | 70 | 85
: 90
=
(h) Laboratory B, 80 characters
Cluster \&
Name 7Z%£ 1 2 3 4 5 6 7 8a« 8h 9a 9b
M. smegmatis | 0 b 24 | 29 |>28|>28] 28 | 24 |>28|>28|>28|>28
M. phtei 2| 70| N Flog [ 20| 28 20| 20 [>28] 24 |>28] 28
M. vaccae 3 | 70 | 65 85“ 24 |>28] 20 | 20 |>28]>28]>28|>28
0
M. diernhoferi 4 — | 75170 100 16 | 16 | 16 | 28 | 20 | 24 | 20
M. flavescens 5 | — | 65 | — | 80 85'3 20 | 24 |>28] 24| 24 | 20
M. vhodochrous 6 | 65 | 75 | 75 | 80 | 75 1000 16 |>28|>28|>28|>28
M. thamnopheos 7 | 70 | 75 | 75 § 80 | 70 | 80 1000 >28|>28|>28|>28
5 8
E] M. fortuitum 8a| — - — | 65| — | — ~ o 16 | 20 | 20
E g
. -~ — 170 7 — | — | 80 20 | 20
= M. peregrinum  8b 75 0 90
T M. abscessus 9af — | — 0070 — | — 75| |\ 12
kS 90
2 ] 8
> M. borstelense 9b) — | 65 751 75} — — 1 75 75 85
-~ 90

Fig. 2. (a, b) Matching scores to lowest 5 %, (below and left of diagonal) and number of characters’
median difference for intra- and intertaxon clusters (above and to right of diagonal) of rapidly
growing mycobacteria as determined from data from individual participating laboratories. For any
square without a number, that cluster (usually a single strain) was not examined by the laboratory
in question. A dash in any square below and left of the diagonal indicates the matching score was
less than 65 9;. Laboratories are identified only by code letters A—H (see also Fig. 2 c-#).
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(¢) Laboratory C. 58 characters.

Numerical analysis of mycobacteria

Cluster a
Name 1 2 3 4 5 6 7 8u 8b Y9a YIb
M. smegmatis 1 90 Slas [1s | 21 [>21]s21] 521521 >21]>21 521
M. phlei 2| 70 95“ | ag | 20 | 2t | a8 [s20]>20] 521521
M. vaccae 3 75 | 70 90 s || 2 18 ] 21 | 21 [>21|>2]
M. diernhoferi 4 | 65 | 70 [ 75 | XX 15 | 20| 20 b2 | 2n | 21 | 2
M. flaveseens 5= |65 | 65 |75 | N 20 | 20 20 | an | an |
M. rhodochrous 6 — | 65 | 65| 65 | 65 1000 21 | >21>21|>21>21
M. thamnopheos 7 | — 1 70 | 70 | 65 | 65 | 65 N Of 211 21 21 | 21
M. fortuitum 8a | — 65 | 65| 65 — | 65 03 o6 6 6
M. peregrimum  8b — | 65| 65| 65 65 | 90 93 } 9 6
M. abscessus 9a| — | — | — L 6s |65 | — | 65]90 | 85| N]| 6
M. borstelense 9b| — | - 65 | 65 | — | 65| 9% | 90 |90 |\
(d) Laboratory D. |l characters
Cluster el
Name 1 2 3 4 5 6 7 8a 8h 9a 9b
M. smegmatis | 9 " sa 3 >4 >4 | >4 |>4 | >4
Mophiei 2| ]S "2 >4 2| 2 |>4|>4
M. vaccae 3 70 | 80 s ] 3 3 3 | >4 | >4
M. diernhoferi 4
M. flavescens 5 — | 70 %0 2 >4 | >4 | >4 | >4
M. rhodochrous 6
M. thamnopheos 7
M. fortuitum 8a | - 20 70 — 90 ! 2 >4 3
M. peregrinum 8b | — 80 | 70 - 80 93 ! >4 3
M. abscessus Qa| — | — | — — 7 s 1 2
M. borstelense 9b - — 70 | 70 | 80 9 !

Fig. 2. (¢, d) For legend see Fig. 2 (a, b).
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(e) Laboratory E, 49 characters

Cluster 2
Name £ | 2 3 4 5 6 7 8a 8h 9a 9h
. 2
M. smegmatis 1 93 10 | 12 [ 15 |>17|>17|>17| 17 | 17 |>17|{>17
2
M. phlei 2 80 95 10 7 P20 1217121215 15
7
M. vaceae 3 75 80 85 12 15 121 17 IS | 12| 17 17
0
M. diernhoferi 4 701 8 1 75 100 12 171 17 121 12 22712
7
M. flavescens 5 - 751 70 75 g9 12015 1212 127112
0
M. rhodochrous 6 — | 75| 751 65| 75 100 IS 17 )17 17| 17
0
M. thamnopheos 7 | — | 65| 651 65 | 70 | 70 100 17112117117
§ 2
F| M. fortuitum 8al 65| 751 70 | 751 75| 65 | 65 03 sy 7S
$ ;
= M. peregrinum 8b| 65| 75 1 75| 75 75| 65 | 75| 90 » 7 7
=~ 5
S| M. abscessus 9a| — | 70| 65| 75| 75 | 65| 65 | 85| 85| N\{| 5
\Q; R
= N
S} M. borstelense 9b| — | 70 | 65| 75| 75| 65 [ 65| 90| 85| 90 | \{
] 93
(/) Laboratory F, 10 characters
Cluster 2
Name #£ 1 2 3 4 5 6 7 8a 8 Y9a 9h
M. smegmatis 1| oo | 2 2| 22212
M. phlei 2| 80 | N M o2 2 2l 2 2] 272
M.vaceae 3 | 95 | 80| N I 2 20220212
M. diernhoferi 4
2
M. flavescens 5 80 | 80 | 80 20 . 2 2 2 2 2
M. rhodochrous 6
0
M. thamnopheos 7 80 | 80 | 80 80 2 2 2 2
£ 100
§ M. fortuitum 8a| 85 | 80 | 85 80 80 » ! 2 2 2
& NE
= M. peregrinum 8b| 85 | 80 | 85 80 80 | 85 85 2 2
= 2
S| M. abscessus 9al 80 | 80 | 80 80 80 | 80 | 80 | N | 2
2 N
S| M. borstelense 9b] 85 | 80 | 85 80 80 | 80 | 80 | 80 %0 <
=

Fig. 2. (e, f) For legend see Fig. 2(a, b).
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(¢) Laboratory G. 53 characters
Cluster \Z#
Name #£ 1 2 3 4 5 6 7 8a 8h 9a 9b
M. smegmatis | G ¢ 13 (i3] 161 161 16 1311316 |19
M. phiei 2| 75 | N e | 19| 16 16 190 19| 19 |>19
Moraceae 3| 75| 70 [N 3 | 16 19119 [>19]>19
M.diernhoferi 4 | 70 | 65 | 75 |NU| 13 |19 S19[>19]>19 |> 19
M. flavescens 5| 70| 70| K0 | 75 | N ‘e S19(>19]>19[>19
M. rhodochrous 6 701 70 | 70 65| 70 100 ! 191 19 [>19]>19
M. thamnopheos 7
M. fortuitum 8al 75 | 65 | 65 — | 65 9 ’ 8 11 13
M. peregrimun $h| 75 | 65 | 65 — | 65 85 | YRINRE
M. abscessus a| 70 | 65 . 80 [ 80 [N 11
M. borstelense 9b| 65 | — B 75 75| 80| Y §
(I Laboratory H. 99 characters
Cluster F=g
Name # 1 2 3 4 5 6 7 8a 8b 9a 9bh
M. smegmatis 1| NC| 20 |>35]>35| >35]>35] 35 | 30 | 30 |>35]>35
M.phlei 2 | 80 | N 1535] 35 [>35)>35>35| 30 | 30 | 35 |>35
M. vaccae 3 — - 75:5 25 | 35 | >35) 35 |>35|>35{>35|>35
M. diernhoferi 4 — | 65175 1000 30 | >35|>35(>35] 35 |>35( 35
M. favescens s | — | [ 65 | 70 [NC] 30 | 30 | 35| 35| 30 | 25
M. rhodochrous 6 — | — — 170 1000 35 1 251 30| 30 | 35
M. thamnopheos 7 | 65 | — | 65 | - 70 | 65 1000 25 1 251 25| 35
M. fortuitum 8a | 70 | 70 - | 65| 7575 9010 15] 20 | 30
M. peregrinum 8bh | 70 | 70 65 | 65 | 70 | 75 | &5 ‘)[)IU 20 | 30
M. abscessus 9a | — | 65 oo s s | s [N s
M. horstelense 9bh | — — - | 65175 165] 65 70| 70| 75 9“]0
Fig. 2. (g, A) For legend see Fig. 2(a, b).
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Table 1. Distribution of characters with greatest resolving power for rapidly
growing mycobacteria*

Tests

Pigment
In dark
Photoactive

Enzymatic activity
Acid phosphatase
(see test no. 45)
Arylsulphatase, 3 day
Arylsulphatase, 2 week
Hippurate hydrolysis
Nitrate reductase
Tween hydrolysis,
5 day
Tween opacity, 1 week
Tween opacity, 5 week

Growth
In < 5 days
At 42 °C
At 45 °C
At 52°C
After 60 °C/4 h
On single carbon source
Benzoate
Citrate
Malonate
Mucate (or oxalate)
Propanol

On single nitrogen source
Acetamide
Nicotinamide
Nitrite

On single nitrogen/

carbon source
Acetamide
Benzamide
Trimethylenediamine

In presence of
1 % deoxycholate
5 % NaCl
MacConkey agar
Methyl! violet
Pyronin B

Degradation of
p-Aminobenzoate
Salicylate

0~ AW B

o

I0

Ir
12
13
14
15

16
17
18
19

21
22
23

24
26

27
28
29
30
31

32
33

Cluster no. and species

N

.
I 2 3 4 5 7 8a 8b 9a 9b
M. fortuitumt M. cheloneit

{—““A—ﬁ (_"j;_\

g

o : = S g 2
2 SgE 38 < 3 g 3 e g
IS I3 S 3 S 3 = 3 R
£ Q= = = = = = @ >
% ® S £ s g 3 ¥ $ 3
¥ 3 §8 § & § I & £ 3
5 S S S S <, g S S

. . N . . . . . . -
S X =R = = 3 S = = =
(o) 100 100 o 83 o) o) [ o] o
[¢] 0 100 [o) o) o 0 o] o} o]
[0} 100 12 100 16 0 100 100 100 100
10 o] o] o o o 100 100 100 100
100 50 88 [¢) 67 o) 100 100 100 100
0 100 0 100 33 (o] 100 100 80 100
100 100 75 100 100 100 100 100 o 17
100 100 100 100 100 100 55 58 30 [
100 100 75 100 83 [o] 55 83 100 33
100 100 100 100 100 o 100 100 100 100
100 100 88 100 o) 100 100 100 100 100
100 100 100 o 16 [¢] 100 16 o [¢]
100 100 o o] o (o] o] o) o o
o 100 0 0 0 o] (o] o] o) o
o 100 o] o o) o 0 o o] o
100 o 100 o 16 o [¢] [¢] o o
100 100 89 100 0 100 100 100 20 100
100 100 87 [} o 0 o] [¢) ] 0
100 0 0 0 o o 0 o] 0 o
100 100 58 100 83 o) 100 100 10 o]
100 100 28 100 83 100 100 100 100 66
100 100 ¢} o 66 100 88 100 100 16
100 100 o] [} 16 100 88 92 100 o]
100 100 o 0 o] o 100 50 o o
100 0 o 0 0 o (o] o o) o
100 100 14 100 o 100 100 100 100 o
100 100 0 [o] o) [¢] 100 56 100 [}
100 100 63 o) 100 100 100 100 100 17
o o o o 0 o 100 100 100 100
80 o] 0 o o 0 100 100 100 100
100 [¢] 0 o] 17 [¢] 100 100 100 100
o o o [¢) ) o) [ 0 90 100
o o o o o 0 33 83 100 100
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Table 1 (cont.)

Cluster no. and species

o 2\
2 3 4 5 7 8a 8b 9a 9b
M. fortuitumt M. cheloneit
—— ——

) : = § s B

S . 33 < 2 £ S 5 g 2

® T 8t N S £ 2 ¢ S 2

f T 3§ & s 3 s 3 £ S

= = S N = = = = S =

Tests No. = S = = = = = =

Acid production from
sugars
Arabinose 34 100 100 88 100 o] o o o] o o)
Dulcitol 35 80 o) o} [o) [} o 0 0 o [}
Fructose 36 100 100 100 100 50 100 100 100 o 16
Galactose 37 100 100 ) [¢) [V 100 [¢] [ 0 o]
Inositol 38 100 o 88 100 (o) o} It 16 (o) o]
Mannitol 39 100 100 100 100 16 100 11 100 0 o
Rhamnose 40 100 o) 66 o ¢ 0 [} [¢) [o) o
Sorbitol 41 100 100 11 o 16 100 o 8 o) o]
Sucrose 42 0 o) 100 o o 100 o] o] o o
Xylose 43 80 100 100 100 [¢) o) o 0 [¢) [}
Iron uptake 44 100 100 100 100 0 100 88 83 0 o
Acid phosphatase, 45 0 [¢] [} ¢} 0 0 100 92 o 50
70 °C{30 min

* Figures indicate percentage of strains exhibiting character. In the case of clusters 4 and 7 only one strain of each
was studied.
1 See Discussion.

Table 2. Distribution of cultures in clusters 1, 2, 3, 5, 8, 9 in terms of source
and clinical significance*

Number of strains in cluster no.

— A

9
(M. chelonei)
1 2 3 5 8 ‘ —

Source (M. smegmatis) (M. phlei) (M. vaccae) (M. flavescens) (M. fortuitum) (M. abscessus) (M. borstelense)
Soil, water, etc. —~/2 —/1 . . ~[2
Stock strains 7 21 . . 27
Cattle . . -7/6 . 21 . .
Man -1 . ~/1 ?/6 8/11 9/10 0/6

* In each instance, the denominator indicates total number of strains and the numerator indicates the number thought
to be clinically significant.

means the actual value could be 70, but not more than 749%,. Because this study generated
nine distinct clusters, it would be too complicated to prepare a composite table of the number
of characters of intra- and intertaxon difference as was done in the earlier study (Wayne
et al. 1971), where only two major clusters were observed. Thus, for comparison, the
numbers below and to the left of the diagonal in each individual matching matrix in
Fig. 2 represent the intra- and intercluster scores to the lowest 5% ; the numbers above
and to the right of the diagonals represent both intra- and intercluster median number of
different characters. The median number of intrataxon character differences (i.e. those

5 MIC 73
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Table 5. Observed pathological changes in mice infected with organisms in the phenetic

clusters
Observation
Cluster No. of Spinning Gross Positive
no. Species strains disease disease cultures
1 Mycobacterium smegmatis 10 5/10 s/10 s/10
2 M. phlei 2 o) 0 1/2
3 M. vaccae 9 [ o] o]
4 M. diernhoferi 1 o o} 0
5 M. flavescens 6 1/6 o 1/6
6 M. rhodochrous 1 o o] o
7 M. thamnopheos 1 o) o Q
8a M. fortuitum 9 9/9 8/9 8/9
8bh M. peregrinum 12 1/12 2/12 2/12
9a M. abscessus*® 10 4/10 9/10 9/10
9b M. borstelense 6 o o) 1/6

* See Discussion,

characters listed along the diagonal of Fig. 2a-h) reflects what Wayne ez al. (1971) referred
to as intracluster ‘noise’ levels.

The number of characters employed by the individual participants ranged from 10 to 99.
Results from individual laboratories yielded clusters in general agreement with that provided
by the pooled data. With the exception of data for one cluster from one laboratory (Fig. 2 /),
all intracluster scores exceeded 809%;,. The intercluster scores, on the other hand, ranged
from less than 65 %, to greater than 95 %,. Careful examination of the individual data revealed
that those participants who had high intertaxon similarities either employed tests of greater
value for separating slowly growing mycobacteria, but of lesser differential value for the
rapidly growing acid-fast bacilli in this study, or used only a few tests of value for rapid
growers, but totally masked these differential tests by the addition of many more irrelevant
characters.

Examination of the individual properties of this collective group of rapidly growing
mycobacteria revealed a number of common characteristics which may be valuable in
separating these taxa from the slowly growing mycobacteria: all are niacin-negative, except
for occasional strains of Mycobacterium borstelense var. niacinogenes; strains of all taxa are
fully mature in 5 to 7 days, except for M. flavescens which has a growth rate intermediate
between that of the rapidly growing and slowly growing acid-fast bacilli; all strains produced
acid from glucose, but no acid from lactose, raflinose, melibiose, inulin or a-methyl-D-
glucoside; all possess urease activity; all rapid growers can utilize as carbon sources acetate,
pyruvate, propionate, lactate and (except for some strains of M. flavescens) succinate; with
the exception of the rhodochrous taxon, none of the rapid growers could decompose
casein, adenine, hypoxanthine or tyrosine; all grow in the presence of nicotinamide, except
M. thamnopheos; all grow at both 22 °C and 37 °C.

Table 1 lists the reactions of eight recognized clusters in a series of 45 test characters,
selected from the total of 195 characters as being most definitive in separation of these taxa.
The rhodochrous taxon has been eliminated from this Table because it is accepted that
these organisms are a heterogeneous assemblage; in fact, representatives of this taxon are
currently the subject of a co-operative IWGMT study.

Table 2 summarizes the source and indicated clinical significance of those organisms in
clusters 1, 2, 3, 5, 8 and 9 for which information is available; the potential pathogens for
man are located in clusters 8 and 9. Clinical laboratories should, therefore, be able quickly

5-2
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Table 6. Distribution of strains by phage typing patterns and phenetic clustering behaviour

No. of strains having observed phage pattern*

Cluster No. of ‘ —
no. Species strains 1 2 3 4 5 6 7
1 Mycobacterium smegmatis 9 1 5 3 .
2 M. phlei 1 . . 1 . .
3 M. vaccae 8 2 . 6 .
4 M. diernhoferi 1 . 1 .
5 M. flavescens 6 3 . 3
6 M. rhodochrous I 1 .
8a M. fortuitum 8 3 5
8b M. peregrinum 12 7 3 2
9a M. abscessus 10 5 5
9b M. borstelense 6 6 .
* Patterns tophages D4 BK3 D11t BK4 D30 Bs

1 (o} o (o] [o] o] (o]

2 o + o + o] 0

3 + + 0 + o +

4 o o + 0 o 0

5 (¢} 0 [ o [} +

6 [¢] [} o + o [

7 o o o + o +

to identify organisms in these two clusters, without the necessity of making a precise taxo-
nomic characterization. Tests 4 (3-day arylsulphatase), 29 (growth on MacConkey’s agar)
and 33 (degradation of salicylate) seem to satisfy this need by clearly separating clusters
8 and 9 (positive in all three tests) from the other clusters (all negative). In addition, tests
18, 30, 31, 32, 34, 37 and 45 may be of additional confirmatory value.

Correlation of immunological tests, phage typing, lipid patterns and mouse pathogenicity
with the computer-generated clusters is summarized in Tables 3 to 7. Only Laboratory D
reported on the specificity of delayed type skin reactions to a trichloroacetic acid-precipi-
tated protein injected intradermally into guinea pigs previously sensitized by injection of
heat-killed test organisms suspended in paraffin oil. Unfortunately, because of time limita-
tion, only the type strains in each cluster could be examined. However, the computer-sorted
clusters were precisely duplicated in the 14 strains selected for delayed hypersensitivity
testing (Takeya, Nakayama & Muraoka, 1970). Only Mycobacterium flavescens and M.
peregrinum were not examined by this method because neither of these species was repre-
sented by a type culture.

Cytoplasmic antigen serogrouping was performed by two laboratories. For these studies
the soluble portion of mycobacterial lysates was tested in immunodiffusion tests with
selected antisera (Stanford & Beck, 1968 ; Kwapinski, Alcasid & Palser, 1970).

Laboratory I was able to define 17 different serogroups (Table 3). Two of these serogroups
(V and XI) had six strains each, while the remaining 15 had from one to four cultures. There
seemed to be no localization of species into any one serogroup; in fact, several of the sero-
groups contained three or more species. In contrast, laboratory K, which also used myco-
bacterial cytoplasmic extracts in a gel diffusion reaction against a battery of antisera, showed
nearly 1009, agreement with the phenetic clustering (Table 4). The reason for the discrepant
results between these two laboratories is not readily apparent at present. The results of
the two laboratories cannot be directly compared because of differences in method
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Table 7. Distribution of strains by lipid thin-layer chromatographic pattern and phenetic
clustering behaviour

No. of strains exhibiting lipid pattern

Cluster No. of - \

no. Species strains A B C D E F G H I J*
I Mycobacterium smegmatis 8 . . . . . . I . . 7
2 M. phlei 2 1 . . . . . 1 .
3 M. vaccae 8 . . . . . . I . . 7
5 M. flavescens 6 . 3 1 . . . . . . 2
7 M. thamnopheos 1 . 1 .
8a M. fortuitum 8 . . 6 . . . 2
8b M. peregrinum 10 . . 5 2 . 1 2
9a M. abscessus 10 1 . . . 5 4
9b M. borstelense 5 . . . . . . . . 3

Total 58 I 3 13 2 5 3 2 I 1 27

* No distinctive pattern seen,

(reflected in choice of media, culture age, use of pellicle or subsurface growth, immunization
schedule, strains used to prepare antisera, and actual immunodiffusion methods).

Table 5 records the ability of some of the strains to produce in mice the signs of spinning
disease (Penso et al. 1952), of gross disease of internal organs evident to the naked eye and
of positive recovery of the infecting organism from organ homogenates plated on egg
medium. Evidently most of the path ological changes are due to organisms found in clusters
8aand 94, although 509, of the strains of Mycobacterium smegmatis (cluster 1) were observed
to produce some signs of infection in mice.

Laboratory J subjected many of these mycobacterial strains to the lytic action of six
mycobacteriophages. The seven major lytic patterns observed, together with the distribution
of the various tested strains in these seven patterns is summarized in Table 6. Forty-five per
cent of the strains examined were not lysed by any phage under conditions employed in this
study. Phages BK 3 and D-11 are very specific for Mycobacterium smegmatis and M. phlei
respectively, but phage typing methods must be developed further before they will be useful
for differentiation of other species.

Thin-layer chromatographic separation of the ethanol-ether soluble lipids of these myco-
bacteria (Marks & Szulga, 1965) has yielded nine distinctive lipid pattern groups (A-I) and
one group (J) in which no distinctive lipid pattern was observed (Table 7). In contrast to the
earlier study (Wayne et al. 1971) in which most of the strains could be classified by lipid
pattern, 479, of the rapid growers in the present study produced a non-diagnostic pattern.
Further evaluation of the nine distinctive patterns which were found revealed that several
patterns (C, F, G) crossed species boundaries, while different strains of some species (clusters
2, 5, 8b and 9a) were distributed in several distinctive lipid pattern groups.

DISCUSSION

The earlier discussions (Wayne et al. 1971) on the permissive philosophy of IWGMT
studies and the definition of intracluster ‘noise’ will not be reiterated here. With the com-
pletion of this second international co-operative study, and the pending culmination of four
other studies in progress, it is apparent that the early goals of the IWGMT are being met:
international agreement on subgeneric classification within the genus Mycobacterium;
recognition of the most valuable tests in taxonomic use; and precise definition of those



68 G. P. KUBICA AND OTHERS

selected tests to insure greater uniformity in final test results. This latter facet is now under
consideration for a future IWGMT investigation.

Results of the present investigation corroborate the earlier recognition as distinct taxa
of species Mycobacterium smegmatis and M. phlei (Gordon & Smith, 1953), M. diernhoferi
(Bonicke & Juhasz, 1965), M. flavescens (Bojalil et al. 1962) and M. thamnopheos (Aronson,
1929). The generic classification of the latter organism has recently been suggested as
Nocardia rather than Mycobacterium (Lechevalier, Horan & Lechevalier, 1971) and the
evidence presented by the authors seems valid.

Examination of both pooled and individual results (Fig. 1, 2) showed cluster 3 to be a
rather homogeneous assemblage of strains containing representative cultures of both Myco-
bacterium vaccae (Bonicke & Juhasz, 1964) and M. parafortuitum (Tsukamura et al. 1965).
On the other hand, both laboratories G and H (see Fig. 2g, /&) obtained a relatively low
intrataxon matching score, reflecting an inordinately high intrataxon noise level for cluster 3.
The observations from these two laboratories might support an earlier report (Tsukamura
et al. 1968) that M. vaccae and M. parafortuitum are two distinct taxa. To resolve this prob-
lem a larger assemblage of strains, representative of these two groups, has been included
in a current IWGMT study. Should the outcome of that study support the pooled results
presented here, then the correct name (and type culture) of the taxon represented as cluster
3 would, by priority, be M. vaccae (ATCC15483) (Bonicke & Juhasz, 1964).

Clusters 8a and 85, in the opinion of the authors, should be considered as a homogeneous
assemblage, leaving only the question of specific epithet to be considered. Interestingly,
none of the participants was able to corroborate the differences between Mycobacterium
Jortuitum and M. peregrinum described earlier (Bojalil e al. 1962). The epithet “peregrinum’
was established solely on the basis of the variation in acid production from carbohydrates
of only one strain of this taxon which then consisted of only two strains! Consideration by
the Judicial Commission will be needed to decide on the name for this species. Stanford &
Gunthorpe (1969) have presented reasons why the organisms in cluster 8 should be called
M. ranae rather than M. fortuitum, while Runyon (1972), after a poll of the members of the
IWGMT, presented arguments for retention of the epithet ‘fortuitum’ and requested an
opinion of the Judicial Commission. As indication of our majority support of Runyon’s
proposal, we suggest that cluster 8 organisms be referred to as M. fortuitum, with further
infra-subspecific definition effected by lipid pattern and sero-agglutination (Jenkins, Marks
& Schaefer, 1971).

In the case of cluster 9, fusion of subgroups a and b occurs between intertaxon matching
scores of 80 and 859, (see Fig. 15), and only one participant, using tests unique to his
laboratory, was able to show a clear distinction between clusters 9a and 95 (see Fig. 2h).
In view of the supporting evidence from lipid patterns and serological studies (Stanford &
Beck, 1969; Jenkins er al. 1971) that these two taxa are very similar, we would propose that
ga and 95 be classified together at present, under the legitimate, specific name My cobacterium
chelonei (Stanford & Beck, 1969). Stanford, Gunthorpe, Pattyn & Portaels (1972) have
recently shown the type strain of M. chelonei (NCTC 946) to be identical with strains in cluster
9b, and, in contrast to our strains (Table 2), a number of their isolates were recovered from
patients with disease. Since two distinct subgroups of this taxon can be identified by tests
17, 22, 23, 26, 27 and 28 (see Table 1), we propose the designation of two subspecies of the
taxon: M. chelonei subsp. chelonei (type culture NCTC946) and M. chelonei subsp. abscessus
(type culture ATCC 19977).
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