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The open-ended study of the International Working Group on Mycobacterial 
Taxonomy is an ongoing project designed to characterize slowly growing strains 
of mycobacteria that do not belong to well-established or thoroughly character- 
ized species. In this second report, we describe Mycobacterium malmoense and 
some members of the “MAIS intermediate” group, as well as make minor 
adjustments of the feature frequency data for Mycobacterium simiae and Myco- 
bacterium szulgai. 

The earliest cooperative studies of the Inter- 
national Working Group on Mycobacterial Tax- 
onomy were designed to apply modern taxo- 
nomic methods to the circumscription and 
description of most recognized species of myco- 
bacteria (2, 5 ,  7, 9, 16, 17). These studies were 
based on a permissive philosophy, wherein par- 
ticipants were free to choose their own tests and 
methods of performance. Later, additional stud- 
ies were undertaken, in which participants 
agreed to follow precisely defined protocols for 
selected tests in order to evaluate the intra- and 
inter-laboratory reproducibility of those features 
that had exhibited the greatest differential power 
in the permissive studies (18, 19). 

In 1977, a cooperative open-ended study was 
undertaken by the International Working Group 
on Mycobacterial Taxonomy to examine slowly 
growing mycobacterial strains which represent- 
ed uncommonly encountered species that had 
not been represented in the earlier studies, as 
well as strains that did not conform to any of the 
recognized slowly growing species. In the first 
report of that continuing project (20), expanded 
descriptions of Mycobacterium szulgai, Myco- 
bacterium simiae, and Mycobacteriurn shirnoi- 

dei were presented. M. shimoidei was without 
standing at the time, but has since been revived 
(13). A very limited description of Mycobacte- 
riurn asiaticum was also provided, and some 
evidence was presented for reconsideration of 
the former species “Mycobacterium parafini- 
cum” (l), which was without standing. 

In this second report of the open-ended study 
of slowly growing mycobacteria, we present an 
expanded description of Mycobacteriurn mal- 
moense Schroder and Juhlin 1977 (lo), as well as 
some adjusted figures for the feature frequencies 
of M. sirniae and M. szulgai. In addition, we 
include information on some strains that con- 
form to the criteria for the “MAIS intermedi- 
ate” group of Hawkins (3), although resolution 
of the taxonomic status of these strains is not yet 
possible. 

MATERIALS AND METHODS 

Selection of strains. The criteria for and mechanics of 
introduction of cultures into this study have been 
described previously (20). The strains used in this 
study are divided into two categories on the basis of 
the mode of acquisition of data for analysis. “New 
strains” are those that were acquired specifically for 
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this open-ended study, and these cultures (designated 
by strain numbers above 90,OOO) were distributed to all 
participants in the study. "Old strains" are those that 
were examined in previous International Working 
Group on Mycobacterial Taxonomy cooperative stud- 
ies (7, 16, 17), and these strains, bearing American 
Type Culture Collection (ATCC) numbers below 
30,000, were not reexamined by the participants in the 
open-ended study. Instead, data from the previous 
studies were added to the data bank for the new study. 
A total of 14 of the old strains (including 4 type strains) 
were selected to serve as marker strains for species or 
clusters recognized in the previous studies; the re- 
maining 24 old strains were selected because they 
previously did not fall into any well-defined cluster. As 
noted previously (20), after the data for the open- 
ended project were edited, an average of only 38 
features were available for the old strains, compared 
with 92 features for the new strains. The consequences 
of this imbalance have been discussed previously (20), 
and both an analysis of the composite data and an 
analysis of the data for the new strains alone are 
presented below. 

Editing and analysis of data. The data were edited by 
using criteria discussed previously (14,20). Numerical 
taxonomy (NT) analyses were based on simple match- 

ing coefficients, with sorting by unweighted average 
linkage (12,15), and a table of feature frequencies was 
generated for selected clusters (15). 

RESULTS 

As reported previously (20), the combination 
of data for the old strains, with an average of 
only 38 features, with data for the new strains, 
with an average of 92 features, produced marked 
perturbations of the NT analyses. These pertur- 
bations were reflected in the relative frequencies 
of intercluster strain pair crossovers at matching 
scores (M scores) equal to or greater than 80%. 
Although old strains accounted for 54% of the 
strains in the previous study (20), 66% of the 
crossovers at M scores of 280% were between 
two old strains, 25% were between an old strain 
and a new strain, and only 9% involved two new 
strains. Therefore, separate NT analyses were 
performed with the combined data derived from 
old and new strains and with the data derived 
from new strains alone. The composite dendro- 
gram (Fig. 1) and a composite triangular matrix 
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FIG. 1. Composite dendrogram of old and new strains. The vertical scale indicates M scores (percent). The 

letters identify marker strains, as follows: A, M. terrae; B, M .  intracellulare; C, M .  avium; D, M .  scrofulaceum; 
E, "M. paraflnicum"; F, M .  gordonae; G, M .  simiae; H, M .  asiaticum; I ,  M .  xenopi; J ,  M .  nonchromogenicum; 
K ,  M. marinum; L ,  M.j?avescens; M, M. kansasii; N, M. gastri. The brackets at the bottom were added to assist 
in visualizing the relationships of clusters to the nearest known marker strains. The analysis of old strains (strain 
numbers below 90,OOO) was based on an average of 38 features per strain, and the analysis of new strains (strain 
numbers above 90,000) was based on an average of 92 features per strain. 
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(data not shown) were useful for locating the 
marker strains in clusters that included new 
strains and for calculating mean M scores for the 
marker strains compared with the new strains in 
each cluster (Table 1). The triangular NT matrix 
resulting from the analysis that was limited to 
the new strains is shown in Fig. 2, and the 
calculated mean intra- and intercluster M scores 
for the well-defined clusters in this set are given 
in Table 2. 

It should be noted that the dendrogram (Fig. 
1) shows only average linkage relationships, 
whereas the triangular matrix (Fig. 2), which 
was also based on average linkage, permits 
symbolic representation of individual strain pair 
M scores as well. This difference in formats, 
together with the perturbations introduced into 
the average linkage scores in Fig. 1 by the 
inclusion of old strains, accounts for the appar- 
ent differences in sequential and numerical rela- 
tionships of some strain pairs expressed in Fig. 1 
and 2. 

The selected feature frequencies for each of 
the well-defined clusters (Table 3) are based 
solely on new strains. These frequencies may 
differ slightly from those given in the first report 
(20), which was based on the composite data, 
but the descriptions of the taxa are not signifi- 
cantly changed. 

The results of thin-layer chromatography 
(TLC) of bacillary lipids and agglutination sero- 
typing were not included in the NT analysis, but 
are presented independently, by clusters, in 

Table 4. Colonial morphology and phage typing 
were excluded from this analysis, since prior 
examination (20) had yielded little inter-labora- 
tory reproducibility. 

Six of the marker strains identified in the 
composite dendrogram (Fig. l), strains A (My- 
cobacterium terrae ATCC 25269), I (Mycobac- 
terium xenopi ATCC 19970) J (Mycobacterium 
nonchromogenicum ATCC 25143), K (Myco- 
bacterium marinum ATCC 25039), M (Myco- 
bacterium kansasii ATCC 25053), and N (Myco- 
bacterium gastri ATCC 25028), were not linked 
to any cluster on the dendrogram at an M score 
greater than 77.5% or to any cluster on the 
restricted NT matrix (Fig. 2) at a mean M score 
greater than 78.9% (Table 1). 

Hawkins (3) has proposed a temporary cate- 
gory for ill-defined slowly growing strains called 
the MAIS intermediate group. These strains are 
characterized by negative reactions in the tests 
for hydrolysis of Tween 80 and reduction of 
nitrate and by combinations of colony pigmenta- 
tion and reactions in the urease and semiquanti- 
tative catalase tests that prevent unequivocal 
placement in either the Mycobacterium avium- 
Mycobacterium intracellulare complex or the 
species Mycobacterium scrofulaceum. It is evi- 
dent that some of the strains that meet these 
criteria can be accommodated in the species M. 
simiae, which may be quite variable in pigment 
production (20). However, the appearance of the 
separate cluster designated MAIS-1 in this study 
(Fig. 2) indicates that M. simiae does not ac- 

TABLE 1. Mean M scores of the clusters compared with the marker strains“ 
Mean M score (%) of marker strains compared with new strains in 

Marker 
desig- 
nation 

Strain 
cluster:” 

4 5 6 
(M. (M. (M. 

3 1 2 
(M. (M. 

simiae) asiaticum) malmoense) szulgai) shimoidei) 

A 
8 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 

M .  terrae ATCC 25269 73.2 
M. intracellulare ATCC 13950T 
M .  avium ATCC 25133 
M .  scrofulaceum ATCC 23420 78.9 
“M. parufinicum” ATCC 12670 81.7 80.1 
M. gordonae ATCC 23409 81.6 
M. simiae ATCC 25275T 85.5 
M. asiaticum ATCC 25276T 80.7 86.3 
M. xenopi ATCC 19970 
M .  nonchromogenicurn ATCC 25143 
M ,  marinum ATCC 25039 72.4 
M. Jlavescens ATCC 14474T 
M .  kansusii ATCC 25053 73.0 
M. gastri ATCC 25028 

82.4 
77.5 
74.1 70.5 
78.4 72 .O 

70.5 70.7 
74.0 
80.9 75.5 

71 .O 77.3 

78.0 
78.9 

a The marker strains (Fig. 1) are based on old data from preyious International Working Group on 
Mycobacterial Taxonomy cooperative studies, and the clusters (Fig. 2) are based solely on the new strains used 
in the open-ended study. The mean internal M scores for the new strains of clusters 1 through 6 were 83.1,79.2, 
88.3, 85.5, 85.0, and 86.3%, respectively. 

No value indicates an M score of <70%. 
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count for all such strains. Each of the strains in 
the MAIS-1 cluster exhibited a mean M score 
below 80% when compared with members of the 
M .  simiue cluster in Fig. 2 .  The apparent homo- 
geneity of the MAIS-1 cluster and the overall 
agreement of the features of this cluster (Table 
3) with those of M. intracellulure (20) prompted 
a detailed examination of the data submitted for 
the component strains. This analysis revealed 
that the MAIS-1 cluster is not as clearly defined 
as it appears from the NT matrix, and thus it is 
necessary to discuss the strains individually. 

Strain 9OOO4 was submitted to the study as a 
subculture of one of the reference cultures of 
Schaefer for the “simiae 1” serovar (labeled 
subculture 44731r). On submission, this strain 
was recorded as scotochromogenic and urease 
positive, but after recoding and distribution to 
participants, it was linked to marker strain B (M. 
intrucellulure ATCC 139SOT [type strain]) at a 
level of 86.2% and the concensus results (includ- 
ing those of the original submitter) indicated 
negative pigmentation and urease reactions and 
agglutination as “avium complex” serovar 25. 

90037 I #  

Some photochromogenicity was reported by 3 of 
14 laboratories. Furthermore, strain 90023, 
which was derived from the same culture and 
inadvertently entered into the study some time 
after strain 9OOO4, was also reported to be non- 
pigmented, urease negative, and a member of 
serovar 25. It is no longer possible to obtain the 
original source‘ strain from the submitter, and it 
is probably appropriate to consider these two 
strains as M .  intrucellulare strains that entered 
the study through some error in labeling of the 
parent culture. 

Strain 90002 was selected for inclusion be- 
cause it appeared to exhibit biochemical behav- 
ior that was compatible with M .  intrucellulare, 
but was derived from one of the reference cul- 
tures of Schaefer (culture 84490) of avium com- 
plex serovar 18. This serovar was not encoun- 
tered in the M .  uvium-M. intrucellulare clusters 
in a previous International Working Group on 
Mycobacterial Taxonomy study (7), but it was 
common in the M .  simiue cluster that emerged in 
a later study (20). Strain 90002 was linked to 
strain 9OOO4 at an M score of 94.3%, to M. 

%M 
75 = 
80 * 
- 
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TABLE 2. Mean intra- and intercluster M scores of new strains in the restricted NT triangle matrix“ 

Cluster Mean M score (%) of cluster: 
No. of 

Taxon strains 1 2 3 4 5 6 Desig- 
nation 

1 M .  simiae 11 (83.1) 
2 M. asiaticum 4 73.6 (79.2) 
3 MAIS-1 6 76.9 76.1 (88.3) 
4 M. malmoense 7 66.9 72.3 76.2 (85.5) 
5 M. szulgai 5 66.7 72.1 72.7 72.0 (85.0) 
6 M .  shimoidei 4 57.3 64.3 69.5 73.5 65.7 (86.3) 

a See Fig. 2. ’ The values in parentheses are mean intracluster M scores. 

intracellulare marker strain ATCC 13950T at an 
M score of only 79.3%, and to the other old 
strain of M .  intracellulare, strain ATCC 25115, 
at an M score of 81.3%. On the other hand, the 
mean M score of strain 90002 compared with the 
strains in the M .  simiae cluster was 79.5%, 
although it was linked to M .  simiae cultures 
90007 and 90008 at M scores of 86.5 and 86.9%, 
respectively. 

Strains 90034 and 90035 were sputum isolates 
from two patients who had disease compatible 
with tuberculosis. The submitter had recorded 
“brownish” pigmented colonies and high cata- 
lase reactions (more than 45 mm). By blind 
retesting of the coded strains the submitter con- 
firmed these properties, but the reports from the 
other participants were ambiguous. Seven labo- 
ratories recorded the strains as nonpigmented, 
two recorded photochromogenicity , and five re- 
ported scotochromogenicity. This tie in terms of 
presence or absence of pigment resulted in the 
editing program treating the results as “no data 
scored” for the presence of pigment and nega- 
tive for photochromogenicity. In this case, the 
results were affected by the subjective interpre- 
tation of how much pigment was necessary to 
code a strain as pigmented. The catalase test, on 
the other hand, does rely on quantitative crite- 
ria, but strains 90034 and 90035 were sufficiently 
variable to lead to ambiguous responses here as 
well. Thus, 8 of 14 laboratories reported that 
strain 90035 produced more than 45 mm of foam, 
but only 6 of 14 reported this result for strain 
90034, so the consensus editing resulted in dis- 
agreement between the two strains. There was 
general agreement that both of these strains 
belonged to avium complex serovar 7 (Table 4), 
and they had identical TLC patterns. 

The last strain in the MAIS-1 cluster, strain 
90018, was isolated from the same patient as 
strains 90016 and 90019, which appear in the 
heterogeneous region immediately below the 
MAIS-1 cluster in Fig. 2. As discussed previous- 
ly (20), the poor match among these three strains 
is probably a consequence of the unusually high 

inter-laboratory variability of the responses to 
the tests used. None could be placed in any 
recognized serovar. 

Marker strain C (M. avium ATCC 25133) was 
linked to strain 90039 at an M score of 84.8%, 
and in turn strain 90039 was linked to strain 
90026 at an M score of 81.3%. Both of these new 
strains appear in the heterogenous region below 
the MAIS-1 cluster in Fig. 2; neither could be 
typed to any recognized serovar. 

Marker strain D ( M .  scrofulaceum ATCC 
23420) was linked at an M score of only 80% to a 
loosely joined group of strains which was com- 
prised predominantly of old strains in the com- 
posite dendrogram (Fig. 1). The average linkage 
dendrogram does not disclose the fact that this 
marker strain was linked at an M score of 90.6% 
to new strain 90043, which appears in the middle 
of the M .  simiae cluster in Fig. 2. However, the 
M. scrofulaceum marker strain exhibited a mean 
M score compared with the entire new strain M. 
simiae cluster of only 78.9% (Table 2) and 
matched only 3 of the other 10 new strains in the 
cluster at an M score of more than 80%; strain 
90043 had a mean M score of 84.5% compared 
with this cluster and matched 8 of the other 10 
strains at M scores of more than 80% (Fig. 2). 
Although subtle differences were recorded in 
different laboratories for the serovar designation 
of strain 90043 (Table 4), the concensus placed 
this strain in agreement with other M .  simiae 
strains; however, the TLC pattern was not help- 
ful. This strain was photochromogenic, positive 
for urease and high catalase, and negative for 
Tween hydrolysis. 

Strains 90030 and 90032, the two new strains 
in the loosely linked group that included the M. 
scrofulaceum marker strain, had M scores com- 
pared with this marker of 84.4 and 74.2%, re- 
spectively. Strain 90030 was reported by two 
laboratories to agglutinate with serovar 42 se- 
rum, which is usually associated with M .  scrofu- 
laceum, but one of these laboratories reported 
that the absorption test was inconclusive and the 
other reported that the bacilli also agglutinated 
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TABLE 3. Feature frequencies of 34 properties for four clusters of slowly growing mycobacteria" 

Feature 

~~~ 

Frequency of features (%) in the following clusters: 

A'S-1 simiae malmoense szulgai 

RKC 
noeb M. M. M. 

Growth in media containing: 
Oleic acid (0.025%) 
picric acid (0.2%) 
Hydroxylamine hydrochloride (125 pglml) 
Hydroxylamine hydrochloride (500 pglml) 
Sodium chloride (5%) 
p-Nitrobenzoic acid (500 pglml) 
Isoniazid (1 pglml) 
Isoniazid (10 pglml) 
Thiacetazone (10 pglml) 
Thiophene-2-carboxylic acid hydrazide 

Ethambutol(5 pglml) 
Capreomycin (10 pglmI)d 
Capreomycin (71 CLglmlId 

Growth characteristics 
Growth at 22°C 
Growth at 42°C 
Glucose used as sole carbon source 
1-Propanol used as sole carbon source 
Glutamate used as sole N and C sources 
Acetate used as sole C source, glutamate 

Succinate used as sole C source, 

Photochromogenic 
pigment produced 
Niacin accumulated 

Enzymatic properties 
Urease 
Nicotinamidase 
P yrazinamidase 
a-Esterase 
Acid phosphatase 
p-Galac tosidasc 
Catalase, >45 mm of foam 
Catalase resists 68°C 20 min 
Nitrate reduction 
Tween 80 hydrolysis within 10 days 
Arylsulfatase within 14 days 

(1 P g m  

used as sole N source 

glutamate used as sole N source 

16089 
16259 
16261 
16263 
18006 
16264 
16250 
16251 
16276 
16264 

16319 
40369 
98169 

17036 
17035 
2531 1 
26524 
29227 
98091 

98092 

20008 
20018 
24424 

34143 
30255 
30258 
34146 
34136 
341 23 
98009 
24425 
98007 
98030 
98002 

ND" 
0 

100 
83 
0 

100 
100 
17 

100 
100 

50 
33 
33 

100 
0 
0 
0 
0 

100 

33 

0 
0 
0 

0 
83 
83 

100 
80 
0 

100 
100 

0 
17 

100 

ND 
18 

100 
100 

0 
100 
100 
70 

100 
100 

100 
100 
100 

100 
9 

55 
91 
0 

100 

55 

90 
90 
46 

100 
46 
30 
89 
0 
0 

100 
100 

0 
0 

46 

0 
0 

100 
71 
0 

100 
100 

0 
100 
100 

17 
0 

29 

86 
0 
0 
0 
0 

29 

0 

0 
0 
0 

71 
100 
100 
67 
0 
0 
0 

ND 
0 

100 
57 

ND 
0 

80 
0 
0 

100 
ND 

0 
100 
100 

0 
0 
0 

100 
0 

20 
0 
0 

80 

0 

0 
100 

0 

80 
80 
80 
75 

100 
0 

100 
100 
100 
80 

100 

" The data are based on Qew strains only, and only newly recognized clusters or clusters to which additional 
strains were added since the previous report (20) are described. Entries are based on data for at least four strains 
per cluster; seven features included in the previous report were excluded because they were based on fewer than 
four new strains, the balance having been derived from old strains. See text for definitions of old and new strains. 

The RKC numbers refer to the code numbers for the features contained in the data file (8). 
ND, Not enough data for tabulation. 
The RKC method (8) codes for susceptibility to capreomycin; therefore, the computer output data were 

inverted for this table, which records as percent resistant. Data are from two different laboratories. 

with an antiserum to Mycobucterium chelonei. 
The TLC pattern was not like any of the refer- 
ence patterns. This strain was linked to no strain 
in the M. simiue cluster at an M score of more 
than 78.4% and to only one strain at an M score 
of more than 75%. Strain 90032 was an avium 
serovar 6 strain and had an M score of 82.8% 
compared with marker strain B (M. intrucellu- 
lure ATCC l395OT). The concensus description 

of strains 90030 and 90032 was that they are 
scotochromogenic, negative for Tween 80 hy- 
drolysis and for urease, and positive for high 
catalase (more than 45 mm of foam). Thus, both 
of these strains met the criteria of Hawkins (3) 
for MAIS intermediate status. 

Marker strain E ("M. pur&nicum" ATCC 
12670) clustered with four other old strains in 
the composite dendrogram (Fig. 1), with a mean 
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TABLE 4. Distribution of agglutinating serovars and TLC patterns of lipid extracts of new strains according 
to NT clustering behavior 

Results by laboratories” 

Agglutinating serovar Cluster Strain TU: 
(laboratoO‘ l) Laboratory 9 Laboratory 10 Laboratory 13 Laboratory 20 

M. simiae 90025 
90010 
90021 
9ooo9 
90012 
90043 
9ooo6 
90024 
9ooo8 
90007 
90022 

M. asiaticum 90028 
90041 
90052 
90053 

MAIS-1 9oO04 
90002 
90023 
90035 
90034 
9001 8 

M. malmoense 90047 
90048 
90045 
90044 
90049 
90051 
90050 

M. szulgai 90036 
90020 
90oO1 
9001 1 
90046 

M. shimoidei 90014 
90015 
9001 3 
90027 

Unclustered‘ 90030 
90032 
90016 

NSL 
PNH 
PNH 
PNH 
PNH 
PNH 
PNH 
intracellulare 

NSL 
gordonae 
malmocnse? 
malmoense? 

NSL 
P N H ~  
P N H ~  

malmoense 
malmoense 
malmoense 
malmoense 
malmoense 
malmoense 
malmoense? 
PNH 
szulgai 
szulgai 
szulgai 
NSL 
NSL 
NSL 

PNH 

PNH 

18 
18 
18 
18 

simiae 1 
18 

simiae 2(?) 
simiae 2(?) 
simiae 1(?) 

18 
simiae 2(?) 

“1 
18 
18 
18 

simiae 1 
(N) 
18 

18 
18B 
18B 
18 

simiae 1 
simiae 142 

(N) 
simiae 2 
simiae lB, 2A 

18 
simiae 2 

(N) 
gordonae IIIB 

(N) 
(N) 
25 
18B 
25 
7 
7 
(N) 

malmoense 
malmoense 
malmoense 
malmoense 
malmoense 

(N) 
(N) 
(R) 
(N) 
24B 
(R) 

(N) 
(N) 
(N) 
(R) 

scrofulaceum(?) 
6 

(R) 

szulgai 

a Numbers without any other designation represent avium complex serovars, according to the scheme of 
Walinsky and Schaefer (22). Abbreviations: (N), not typable because the cells did not agglutinate with any of the 
reference sera available in the laboratory; (?), specificity of agglutination could not be confirmed by absorption; 
(R), rough (spontaneous agglutination); NSL, no specific lipids observed; PNH, pattern not helpful. 

typable or were rough (spontaneous agglutination). 

Strains 90034 and 90035 produced the same TLC pattern. 
‘ Unclustered strains 90037, 90029, 90042, 90019, 90039, 90026, 9OO40, 90031, and 90033 either were not 

M score of 90.8% compared with the other four 
strains. Since it embraced no new strains, a 
cluster corresponding to ‘ ‘ M .  parufinicum” 
does not appear in the restricted NT triangle 
(Fig. 2). “ M .  part&nicurn” (1) is without stand- 
ing, although we suggested previously (20) that 
this name might ultimately be revived; the pres- 
ent data indicate that revival at this time would 

be premature. Marker strain E exhibited M 
scores of more than 85% compared with eight 
new strains; one of these (strain 90023) occurs in 
the MAIS-1 cluster, one (strain 90026) is isolat- 
ed, five (strains 90043,90025,90010,90021, and 
9ooo9) appear in the M. simiae cluster, and one 
(strain 90028) appears in the M. asiaticum clus- 
ter of Fig. 2. 
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Marker strain F (Mycobacterium gordonae 
ATCC 23409) exhibited an M score of 87.1% 
compared with strain 90052, which appeared in 
the loose M .  asiaticum cluster, but an M score 
of 80% or less compared with any other new 
strain. 

Marker strain G (M.  simiae ATCC 25275T) (4) 
appeared in a cluster of three old strains and 
seven new strains in the previous study (20). In 
the present analysis, strains 90006 and 90022, 
two new strains that appeared to be isolated in 
the previous study, joined the M. simiae cluster, 
albeit at low mean levels of linkage to the other 
new strains (M scores of 79.5 and 78.0%, respec- 
tively). Strains 90024 and 90043, two other 
strains that were introduced into the study since 
the previous report, joined the M. simiae cluster 
(mean M scores compared with the other new 
strains, 80.8 and 84.5%, respectively). The net 
result of deletion of old strains and introduction 
of additional new strains to the M. simiae cluster 
of Fig. 2 was a gain of one strain. This resulted in 
only minor changes in the percent feature fre- 
quencies presented in Table 3 and no change in 
the overall modal description from that present- 
ed in the previous report (20). The mean internal 
M score of the whole cluster was 83.1% (Table 
2). M. simiae appears to be comprised of a tight 
subcluster (mean internal M score, 88.9%) of six 
strains (strains 90025 through 90043 in Fig. 2), all 
but one of which agglutinated as serovar 18 
strains, and a looser subcluster (mean internal M 
score, 85.4%) of strains (strains 90024 to 90022 
in Fig. 2), with a more varied set of serovar 
reports. Strain 90006 is linked poorly to both 
subclusters, but appears to be related in terms of 
serovar. 

Of the features of the M. simiae cluster that 
appeared to be most variable in Table 3, most of 
the discrepancies were distributed inconsistent- 
ly between the two subclusters. However, the 
results of the niacin test showed notable correla- 
tion with agglutination serovar. Of the six tightly 
linked strains at the top of the M .  simiae cluster 
(Fig. 2), five were serovar 18 strains, and these 
strains yielded negative concensus results 
among the 15 laboratories that performed the 
niacin test; only strain 90012, which was a 
serovar simiae 1 strain, was positive for niacin 
(inter-laboratory agreement, 87%). Conversely, 
strain 90007, which was in the lower, loosely 
linked subcluster of five strains, was consistent- 
ly reported as agglutinating as serovar 18, and it 
was the only strain among the five that was 
reported by the majority of laboratories (inter- 
laboratory agreement, 58%) as negative in the 
niacin test. The overall agreement among labo- 
ratories that reported the niacin test with con- 
census results for each strain in the M .  simiae 
cluster was 82.9%. 

Marker strain H (M. asiaticurn ATCC 25276T) 
(21) exhibited mean linkage to the four new 
strains in the M .  asiaticum cluster of 86.3% (M 
score), but the mean internal M score of these 
four strains was only 79.2%. Strain 90052 
showed an M score of 88.2% compared with 
marker strain H, but a mean M score of only 
79.5% compared with its own cluster; this strain 
showed a lipid TLC pattern suggestive of M. 
malmoense, as did strain 90053, which matched 
strain 90052 at an M score of 84.6%. Strain 
90041, which agglutinated as an M. gordonae 
serovar in one laboratory and had a lipid TLC 
pattern like that of M. gordonae (Table 4), 
matched marker strain H at an M score of 84.8% 
and marker strain F at an M score of 80.0%. The 
M. asiaticum cluster is presently too poorly 
defined to justify inclusion of its feature frequen- 
cy data in Fig. 3. 

M. malmoense appeared to be a homogeneous 
cluster (mean internal M score, 85.5%) that was 
comprised almost entirely of new strains and 
was linked to no marker strain or other cluster at 
an M score of more than 73.5% (Tables 1 and 2). 
Superficially, in terms of the more commonly 
used diagnostic tests, M. malmoense resembled 
M .  gastri and M .  nunchromogenicum, but none 
of the members of this cluster matched marker 
strain J or N at an M score of more than 70%, 
and a distinctive serovar and lipid TLC pattern 
was reported for most strains of M .  malmoense. 
Consistently negative phosphatase and positive 
pyrazinamidase reactions are among the most 
powerful biochemical features (Table 3) that 
distinguish M. malrnoense from M .  gastri. Neg- 
ative reactions for high catalase, acid phospha- 
tase, and P-galactosidase distinguish M. mal- 
moense from M. nonchromogenicum. These 
distinctions are important, since M. malmoense 
is considered pathogenic (lo), whereas M .  gastri 
and M .  nonchromogenicum are not. 

Marker strain L (Mycobacterium Jlavescens 
ATCC 14474T) had a mean M score of 78.0% 
compared with the five new strains in the M .  
szulgai cluster and an M score of less than 70% 
compared with any other cluster. As discussed 
previously (20), this strain should probably be 
considered one of the rapidly growing species of 
Mycobacterium, which were exluded from this 
study. 

M. szulgai (6) appeared as a cluster of one old 
and three new strains in the previous study (20). 
Two recently introduced strains (strains 90036 
and 90046) have since joined this cluster, provid- 
ing a net gain of one strain after exclusion of the 
old strain. This cluster resembles no marker 
strain or other cluster at an M score of more than 
78.9% (Tables 1 and 2) and has a mean internal 
M score of 85.0%. As discussed previously (20), 
this species is most easily confused with M. 
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jtuvescens when the most commonly used diag- 
nostic tests are used, but its susceptibility to 
0.2% picric acid and 5% NaCl and resistance to 
hydroxylamine hydrochloride (1 25 &ml) distin- 
guish it from the latter species. Four of the 
strains were identified in at least one laboratory 
as belonging to an M .  szulgai or “Baxter” 
serovar, and the fifth strain was described as 
having the “szulgai” type of lipid TLC pattern, 
even though it could not be typed by agglutina- 
tion tests. The Baxter antisera had been pre- 
pared in laboratory 13 against two strains identi- 
fied as M .  intracellulare, so further studies will 
be needed to confirm whether the Baxter antigen 
from M .  intrucellulare is identical to the antigen 
from M .  szulgai. 

M .  shimoidei appeared as a cluster of four new 
strains which had a mean internal M score of 
86.3%. This species lost standing when the Ap- 
proved Lists of Bacterial Names were published 
(ll), but has since been revived (13). This clus- 
ter was described and discussed in our previous 
report (20), and no additional strains have joined 
the cluster. 

DISCUSSION 
The decision to delete old strains in our de- 

tailed analysis of clusters (Fig. 2) resulted in the 
loss of three and one strains of M .  simiae and M .  
szulgai, respectively. These losses were com- 
pensated for by the introduction of four and two 
additional new strains to these clusters. These 
changes had only minimal effects on the percent 
feature frequencies for these species (Table 3) 
and no effect on the species modal patterns. The 
invalid species “M. paraflnicum” was lost 
completely, since no new strains in the study 
were linked to the old marker strain at a level 
that moved them out of some other cluster. The 
M .  asiaticum cluster was so poorly defined that 
it resisted adequate description. It is clearly 
important to have marker strains available for 
future analysis, as well as to characterize the old 
strains that were deleted. Fortunately, we have 
been able to recover most of the actual cultures 
corresponding to the old strains, and these cul- 
tures will be recoded and distributed as un- 
knowns so they can reenter the data base for 
analyses at a later date. We anticipate that after 
reentry of these strains, a clearer picture will 
emerge as to the advisability of reviving “ M .  
paraflnicum” and of continuing to support the 
recognition of M. usiaticum as a species. 

Among the strains in this series that met the 
criteria of Hawkins (3) for MAIS intermediate 
status, many could be accounted for by cultures 
of M .  simiue in which photochromogenicity was 
not detected. Problems of reproducibility of 
pigment detection in this species have been 
discussed previously (20). On the other hand, 

some strains ,that were originally submitted as 
possible MAIS intermediates appear in a sepa- 
rate cluster, designated MAIS-l (Fig. 2), but 
these strains may represent minor variants of M .  
intracellulare. There is presently no convincing 
evidence for erecting a new species to accom- 
modate them. 

Two new strains, strains 90030 and 90032, fell 
into a loose group in the composite dendrogram 
(Fig. 1) with some aflinity for the M .  scrofula- 
ceum marker strain and may indeed provide a 
basis for another MAIS intermediate cluster 
when cultures of old strains have been distribut- 
ed and reenter the study. 

Although the M .  simiue cluster (Fig. 2) con- 
sists of a tight subcluster and a looser subclus- 
ter, the only consistent differences observed 
between these two subclusters were in seroag- 
glutination and the niacin test. At present this 
does not appear to be a sufficient reason to 
justify establishment of subspecies of M .  simiae, 
and simple designation of serovars, and possibly 
chemovars, should be sd5cient. 

Even after the deletion of old strains, the M .  
szulgai cluster (Fig. 2) was expanded compared 
with this cluster in our previous report (20). 
Table 3 shows feature frequencies other than 0 
or 100% for only eight of the key features 
presented. For each of these eight key features, 
the discrepancies from the modal pattern oc- 
curred in single strains. Strain 90046 accounted 
for 5 of the discrepancies, strain 90036 account- 
ed for 2, and strain 9OOO1 accounted for the 
remaining discrepancy. Even on the composite 
dendrogram (Fig. 1) which included old strains, 
strain 90046 showed poor linkage to any cluster, 
and its relationship to M .  szulgai is open to 
question. Only one laboratory recorded this 
strain as a member of the M .  szulgai serovar, 
and the TLC pattern, which represented one of 
the original bases for establishing this species 
(6), was not characteristics. 

A very discrete cluster corresponding to M .  
malmoense (10) did not appear in our previous 
report (20); all of the new strains in this cluster 
entered the study after the first analysis. Only 
one old strain, strain ATCC 15983, joined this 
cluster in the composite dendrogram (Fig. 1); 
this strain had shown some affinity (M score, 
more than 80%) to strains 90016 and 90018 in the 
previous study (20), but the latter two strains did 
not join the M .  malmoense cluster in the present 
analysis. 

TLC of mycobacterial lipids appears to be of 
limited value in this type of study. Species with 
very distinct lipid patterns, such as M .  mal- 
moense and M .  szulgai, are readily identified, 
but in most other cases there is either a pattern 
which it is difficult to link with other patterns 
that have been observed before or there is an 
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absence of specific lipids. It might be more 
profitable to examine the clusters once they 
have been established by NT. This could con- 
firm the homogeneity of a cluster and might also 
indicate variants within it. 
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