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(CUTTINO ET McCABE) RUNYON*
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and Sumio TSUKAMURA

(Received for publication September 14, 1967)

As a member of the Group III Cooperative Study organized by Dr.E. H. Runyon, the present
writers received 39 strains labelled as M. avium, M. terrae, M. gastri, pathogenic group III
nonphotochromogens (M. intracellulare (Runyon, E. H.: Amer. Rev. Resp. Dis., 95: 861~865,
1967), M. xenopei, M.scrofulaceum, M.marianum, and a few soil and pig isolates. We studied
on these strains together with our M. terrae strains (Tsukamura’'s M. terrae (nonchromogenicum))
(Tsukamura, M.: Med. & Biol., 71:110~113, 1965 ; 72 : 292~295, 1966) according to the sche-
dule previously described (Tsukamura, M.et al.: Kekkaku, 41 : 395~399, 1966 ; Tsukamura, M.:
J. Gen. Microbiol., 45 : 253~273, 1966).

The results obtained are summarized in Table 1. The conclusions are as follows :

(1) The test strains could be divided into two groups; one consisting of M. avium, M.
terrae (both Wayne’s and Tsukamura’s), M. gastri, M. xenopei, and two soil isolates; another
consisting of M. marianum, M. scrofulaceum, M. intracellulare, and two M. avium strains and
one pig isolate. The former grew utilizing only acetate and pyruvate (or none) of the follow-
ing ten carbohydrates in the presence of glutamate nitrogen (Preliminary report: Tsukamura,
M.: Med. & Biol.,, 72: 342~345, 1966 ; details: Amer.Rev.Resp.Dis., 96 : 512 : 516, 1967) :
Glucose, fructose, sucrose, acetate, citrate, succinate, malate, pyruvate, malonate and fuma-
rate. On the other hand, the latter grew utilizing not only acetate and pyruvate but also glu-
cose, fructose and succinate (Some utilized also other carbohydrates).

Two patient strains, ATCC 15982 and ATCC 19157, which entered the first group (M. avium-
group) were suggested to be M. avium strains, as, in addition to their M.avium-type pattern
in the carbohydrate utilization in the presence of glutamate nitrogen, they showed a negative
two-week arylsulfatase. On the other side, two strains, ATCC 15977 and ATCC 17940, which
entered the second group (M. intracellulare-type) and had been named as M.avium, were sug-

gested to be pathogenic nonphotochromogens, i.e., M. intracellulare, because these showed a

* From National Chubu Chest Hospital, Obu, Chita-gun, Aichi-ken, Japan.
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positive two-week arylsulfatase activity with their property of the M. intracellulare-type of the
In addition, it should be emphasized that these two strains
Strains ATCC 15977 and ATCC 17940 were isolated from patient

carbohydrate utilization pattern.
were not isolated from fowls.
(patient Sudig) and from pig lymph node, respectively.

In view of the above results, it is believed that the pattern of the carbohydrate utilization
in the presence of glutamate nitrogen is very useful for differentiation of M.avium and M. in-
tracellulare.

(2) Recently, Runyon proposed to name the pathogenic group III nonphotochromogens as
M. intracellulare. This organism is differentiated from M. avium by its ability to utilize glucose
(and fructose and succinate) in the presence of glutamate nitrogen. In addition, this seems to
be differentiated from M. avium by its positive two-week arylsulfatase activity, its ability to
utilize glucose in the presence of ammoniacal nitrogen (about 50% of M. intracellulare could
utilize glucose in the presence of ammoniacal nitrogen, while none of the M. avium strains uti-
lized it) and its inability to grow at 45°C. However, these three additional characters are not
distinct and more than a few exceptions were observed. Mpycobacterium intracellulare represents
three types of the amidase pattern - (a) negative in all of the ten amidases of Bonicke; (b)
positive in nicotinamidase and pyrazinamidase ; and (c) positive in urease, nicotinamidase and
pyrazinamidase. The second type had been described by Bonicke (Bonicke, R.: Bull. Union
Inter. Tuberc., 32 :13~76, 1962) and the first type was described by Tsukamura et al. (Tsuka-
mura, M. et al.. Kekkaku, 42 :49~53, 1967).

type of the pathogenic nonphotochromogens (M. intracellulare).

In this paper, we report that there is the third

(3) The group of slow-growing mycobacteria tested here, M. avium, M. terrae, M. gastri,

M. xenopei, M.scrofulaceum, M.intracellulare, and M.marianum were characterized and differ-

entiated from the other mycobacteria by the following characteristics :

(a) No growth on the Sauton agar containing 0.2% picric acid ;

(b) Negative nitrate reduction ;

(c) Positive utilization of acetate, pyruvate and propanol or either of these as the sole

source of carbon in the presence of ammoniacal nitrogen (Table 2).

Mpycobacterium avium r Runyon's Group III “pa-
thogenic” nonphotochromogens (Battey organisms)
DBIRIZDOWLTIEE L DREN DD, &I DL TIRAT
CXER % D TY 2 ZiIit s e 2%, Battey or-
ganisms % M.avium rRFELI > LT5H DA %H
D7 (fz & 21f Bojalil et al.?, Meissner®, Wayne®),
b it Battey organisms @ M. avium [FAEIIT T
KX$Th b, Bojalil et al.,, Meissner, Wayne o Hifi
BT EREAXET S0 L BRTELI, &
¥t Runyon® 3 Battey organisms % M. avium } BlD
species £ 2 HRETHH L LT, Zhic Mycobacte-
rium intracellulave 755 BB L7z, =D species
» type strain |3° Cuttino & McCabe®;z X ->T No-
cardia intracellularis ¥ T T\u~1z ATCC 15985 (P-
14) THLBHDT, M.intracellulave DW-Fri: Mycobac-

:erium intracellulaye (Cuttino et McCabe) Runyon

LTBONEYETHA D,

Z D M. avium ¥ M. intracellulare O BAF % fRBT 5
Zr%FHAME LT, Runyon #euind LT Group III
Cooperative Study BRE LA, bhbhdFO—5
¥ L, Dr. E H Runyon % & 39 # » ATCC #
(American Type Culture Collection) #ZER>T (Mg
41 F 8 A), TORFCHE LI, FOBROBE
BEZTHh THRFRE »oHBEIh 32T Ths
», EWRBC L D2ZBORBAERIHF IR T W3 D
T, CIRbIbhOREY &£ L T, M avium
M. intracellulare (Battey organisms) D BJRic2\ T
ML

REMEE LI UREFZE

BEDOXSi: Dr. E. H. Runyon DIFRiC X o T,
ATCC o Dr. E.F.Lessel 2 bR6fF & e Gikk i ipes
A 39 £k (40 kX3 LK A%, 1FkiX contamination
MNHOolDTHS) B I Ubhibh X iicRE Li- My-
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cobacterium terrvae (1X.U¥ Mpycobacterium nonchro-
mogenicum ¥ UL THRKE LMD, HiIC M. terrae X &4
REFELLO) 3 H0E 42 HhThb, D M.ter-
rae (Tsukamura’s) %0z 7cDi¥, 39 Kz Wayne?
D M.terrae (Wayne's) #& A T iofcdDIZ LB D 7o
HIREMLIc, Zh bOEk%AILTable 1 BIFTH 5o
BREHEIFEROFRZ X oferh, thickith
Hhbhnt “M. avium-series” JNOX FICER e FEE L
THE L7 “glutamate ZE—FFFL Lic: 0 10
BRKHDOFIR A Z — " DT,

B R K &

Bk 42 #D Group III nonphotochromogens (/A&
D EBRT, 7 A l slowly-growing nonphotochromo-
gens OF) Ok, Table 1 (Part 1 3 X ¢* Part 2)
I—¥E LT

Table 1 iZ/r3-Z 2 <, #KR 42 ¥k glutamate %
B—2REL L E0 10 BRAKCHFIH A% -
I oT2RRKFITE R,

[ 18 1%, Table 1 ® Part 1 Zjr3 20 T,
M. avium 9 #, M. terrae (Tsukamura’s) 3 §k, M.
terrae (Wayne’s) 1 ¥k, M.gastri¥ 1 £, M. xenopei'®
2%k, BIUSKRGEDOIES B 2 B2 BE DK 2 ¥k
EMNZRIADTI,, ZOFE IFIIFCRTI L gluta-
mate ¥ B—ZEFRF L Lick ¥, 10 EBRKILHDOTh
HFIFA Lcvhy, FioiX acetate k pyruvate D& F
BT %,

M mat) 13, Table 1 o Part 2 12773 22 ¥E T,
BELSHEE R 16 £ (Battey organisms) r M. scrofu-
laceum 2 gk, M.marianum'® 1 ¥k, B BEERE 1 ¥k,
M. avium 2 FE AT DOFLIFIL, glutamate
BHE—EFKEL Lok %, glucose, fructose, acetate,
succinate, pyruvate ® 5 EZ*»FIH L, & I glucose,
acetate, pyruvate @ 3 EiI & X O TFIHI R,
Z Dftic sucrose, malate, malonate, fumarate % ¥l
BATa23035TH5 FE: 20 22 #khiik, RKIL
Pz icd Th glutamate % FFIZNFR LU CIE
LLTHRBETEZHLD04KH D, ZhbOHEI—R,
10 BRKAHDOVCThEHRMLTLRETE 5 X i
Bbhsh, FERXRLALBRBZEL, RK{LHD
BRI OTIIHREFT IR 67785, TOT LI
kb rBF L Bbh ),

Glutamate % —ZEHEFE L Lick ¥D 10 BRKLY
FIF ¢ % — v T, BkkIE I3 (M. avium, M. terrae,
M. gastri, M.xenopei) k%5 TFE (Battey organisms=
M. intracellulare, M. scvofulaceum, M.marianum) D
2ECE BT E D, TRV RDOND S B, Tk
bLBESHKTL » 2 X LFE IR ADK ATCC
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15982 3 ATCC 19157, L0 M.avium ¥ 5 ~ L X
HT\eh S, EMIERZ A>Tz ATCC 17940 » ATCC
15977 T Bo

Glutamate ¥ ¥—NiE& Lic & &0 10 #RK(LHD
FIE-2 & —viX, bhbhst M. avium r Battey &%
KAT5HEL LTRELICHETH S, TOHER
L2 D ARDOBNDHBDTHA D o bR
FLIE L ERDFIS R OWTBELTAL 5o

EFFRESWKRCTH Y A HLE IRz Ao ATCC
15982 3 ATCC 19157 # %%, M.avium D H{LEER,
HEEEREIRIC DLW TR Lic 2 L 03 B 2%, XD
hDAH PR E LT, 238 arylsulfatase (—) & 45°C
KB b 5h BV, LiL Battey oficd 28
arylsulfatase (=) D DFBLL s L, 45°CEF
T5LDHB L AEWDT, ZhbOMRITAERHIME
Lbvicl, SOBIS 2 8RI%, 28 b 45°C KRB L
WETIE Moavium 5L L KU hS,
M (=) OETIE M avium D35 CHEA»-X bE
Bo WEDLZAIZRDL 2B OWTIR A RFEMIsBES
FINZI L RERIHR TV M. avium 3 AET G
LicmgetEd b 5 5L, ¥ e fistiyis M. intracellu-
lare ThHbhx L5,

—F M.avium r 3=V IR TWTC, FBAFCADR
ATCC 17940 p ATCC 15977 2>\ THh X d, Thb
1 M.avium r SV TWBH, Fix2gked N
b b ] hoGEIRib D TR, ATCC17940
Boy v b boEhicbDThH Y, ATCC 15977
(1B E (patient Sudig) 2 bLAEEIhich DT, FiIK
LBtk ds X O Battey @ ABHDThHB, XBITIAD
28Iz 28 & % 258 arylsulfatase (+) TH %5, M.
avium (FT L ALY £HH 258 arylsulfatase (—) Th
b, Battey i3 (4) %1% (=) THHZENHMBRT
W BDy L7t T 238 arylsulfatase (—) DBEIZIT,
M. avium p» Battey psDPDFITI gy, (+) D
BEILET Battey LEZTIV, LEAADTID 28
DFED T Battey 2EZTIVDTIED S F\ by
FLCEDOSHEIERS LOBETHIND, TD2Fk
13X M. avium ¥ EBOTRE I NICHTREM: 2 5

BEDZ e ABE, bhbhDHETHEIFHLED
By 1oBE, MBL 08 I ADR 2 %
BT, FAHDITIXETONALLLEATIZIESTH
50

LA DR BT %3 Dr. E.F.Lessel 2 HeEZZOIRNE
THKEZHEL, HAZREL K BEhod i, &4
% Dr.E.H.Runyon m2HHSINEHERTH L, LI
Ao ThhbhdiF L [glutamate » B—5F 4FE &
Lick &D 10 BRKLEHOFA 5 —v] 1k, M
avium ) Battey X DX Flic X b THITHD, Bat-

238 arylsulfatase
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Table 1. Biological and Biochemical Characters of M.avium,
i . g ORI S g :&22 Growth at
255 £84%3 T
Strain E E S o ° goE 2’ — 5 midases
© O & o & 2 S
§8EcEd4S |888 |35 |BEE
M. avium ATCC 15769 § —— s — — — + + + + - + + + -
M. avium ATCC 19075 S —— s — — — = + + + - + + + -
M. avium ATCC 17941 S —— s — = = — + + + - + + + -
M. avium ATCC 17944 S —— s — — + — + + + - + + + -
M. avium ATCC 15773 S ——s — ==+ + + — - + + + -
M. avium ATCC 17942 S —— s — — — — + 4+ — - + 4+ + -
M. avium ATCC 17939 S ——8s - — = = + - - - + + + -
M. avium ATCC 17938 S — =8 - = = = + - — - -+ - -
M. avium ATCC 15976 S —— 8 — - — + + + + - + + — -
Patient ATCC 15982 S —— s — — — 4 + + + - + + — -
Soil ATCC 15979 S —— s — — — + + + + - + + - -
Patient ATCC 19157 S — — 8§ — — — — - - = — - 4+ - N
Soil ATCC 15975 S —*— s — — — 4+ + - = - + + - -
M. terrae ATCC 19531t | § — — s — + + + + + + - + + — -
M. terrae ATCC 19532t S — — s — + + + + + + - + + - -
M.terrae ATCC 19533t S — — s —+ ++ | +++ | — | + + — -
M. tervae ATCC 15755+t S — — s — + + + | + ++ | — | + + — -
M. gastri ATCC 15754 S —— s — + 4+ + + - = - + + — UN
M. xenopei ATCC 19156 S +— s — + + — - —_ = | = - 4+ + N P
M. xenopei ATCC 19276 S+ — s — + + + + - - + + 4+ + |(UN P
t Tsukamura’'s M.terrae 1t Wayne'’s M.terrae (see text) * Slightly yellow- or orange-pigmented. The colouring

Colonial morphology. S=Smooth R=Rough

Colonial pigmentation. *Slightly yellow- or orange-pigmented. The colouring becomes evident in old cultures.

Amidases. A=Acetamidase B=Benzamidase U=Urease I=Isonicotinamidase N=Nicotinamidase P=Pyrazinamidase
S=Salicylamidase Su=Succinamidase Al=Allantoinase Mo=Malonamidase

Utilization of carbohydrates as the sole source of carbon for growth. A=Acetate C=Citrate Su=Succinate Ma=Ma-
late P=Pyruvate B=Benzoate Mo=Malonate F=Fumarate G=Glucose F=Fructose S=Sucrose Pl=Propanol

E=Ethanol Pro=Propylene glycol

13=1,3-Butylene glycol

14=1,4-Butylene glycol 23=2,3-Butylene glycol M=

Mannose Ga=Galactose Ar=Arabinose X=Xylose Rh=Rhamnose T=Trehalose Ra=Raffinose I=Inositol Mt=

Mannitol So=Sorbitol

tey % M.avium H> R FIL T, M.intracellulare ¥ 6
%+ 5Zr%XETS Runyon D #E 3 ¥ XHTH
PDEBbhb,

ZZihhbhdie b biFiexnt4iE, Group III non-
photochromogens (J525®D = @ Group III iz M. avium
bIhEEEID) ¥ELTHLDTHE A, LHOD
Group II scotochromogens 3 A>T\ 5%, L7IAoT
oLz 5D Group II 3 X 1t Group I o ta-
xonomy ZOWTEZE LI\, bhbhiigss: Lics
hoD 7 n—71iX, M. avium, M.terrae, M.gastri,
M. xenopei, M.intracellulare (Battey organisms =%
+% Runyon Oo@&&%%AN%B L LT), M. scrofula-
ceum, M.marianum 7¢O species ¥ &AL T B, &
60D species kfihd species DEIFHIL L 5 THAHS

ho

bhubhud genus Mycobacterium Vo |§&3 % %5 4 DEE
41D species IKOWTH, [F U HETH 100 Hikico
WTHRORH &> TE 1o ThHLOEERRSD L
kiR Group II 33 X O Group III organisms |3 Table
2 KRT5HIRIT IO T species s bR IS h,
BOF BBz LIRS\, Ticbd (Table 2 it
Table 1 LSt oEkkdats),

(1) Group II 3 X ¢¢ Group III organisms %,
0.2% picric acid &7 Sauton XKL IKEEF LIV &
DRI X Y $XTD rapidly-growing mycobacteria
F ORI RERE =T M. acapulcensis(=M. fla-
vescens) 35X U' M.thermoresistibile L [XB|Cx 5,

(2) Group IT 3 X0 Group III organisms (X R5ER
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M. tervae, M.gastri and M. xenopei (Part 1 of Table 1)

» Salicylate
@ 2 § medium
Utilization of 5§83 I . £ Utilization of
carbohydrates as g&o Utilization of nitrogen 3] carbohydrates in
the sole source of T=0 compounds as the sole 8 the presence of
carbon _:3 E.g source of nitrogen Z glutamate-nitrogen
SRR X w®
~ g -
i (=2}
A P Pl - G S A P N Su NOy + + - 4 8
A P - 1 GS A P I NSuNO; | + + | — 8
A P 14 | — | G S A P N Su NOg + + - 4 8
A P Pl I — | G S A Su + + - 4 8
A P -1 GSs A PINSuUNO; | + + | — 4 8
A P P1 | — 1 G S A P N Su NOg + + - 4 8
Pl I — | G S N Su NOy + + - -
A - I G + + - 4 8
Pl - G S A + + — 4 8
A P — G A + + — 4 8
A P P1 - G + + — —
A P - G S A P N Su NO; + + - 8
A P P1 [ G S A + + — 4 8
A P - G S U P N Su NO, + + - 4 8
A P Pl - G S A U P N Su NO, + + - 4 8
A P — G A U P N Su NOg + + - 4 8
P1 - G S A U N Su NO; + + - 4
A P P1 - G S A + + - 4 8
- - G S N Su + + - 8
A P P1 — G S A U P I N Su NO; + + - 4 8

becoms evident in old cultures.

Utilization of nitrogen compounds as simultaneous nitrogen and carbon sources for growth. G=L-Glutamate

S=L-

Serine Gc=Glucosamine-HCl A=Acetamide B=Benzamide M=Monoethanolamine T=Trimethylene diamine
Utilization of nitrogen compounds as the sole source of nitrogen for growth. G=L-Glutamate S=L-Serine M=L-
Methionine A=Acetamide B=Benzamide U=Urea I=Isonicotinamide P=Pyrazinamide N=Nicotinamide Su=

Succinamide NOjz;=Nitrate NO, =Nitrite

Utilization of carbohydrates in the presence of glutamate-nitrogen.

1=Glucose 2=Fructose 3=Sucrose 4=Acetate

5=Citrate 6=Succinate 7=Malate 8=Pyruvate 9=Malonate 10=Fumarate
Remark. All strains tested formed no acid from glucose, fructose, sucrose, mannose, galactose, arabinose, xylose,
rhamnose, trehalose, raffinose, inositol, mannitol and sorbitol.

BEMIGOBETEH S (DROBEKE, BBERIGOE
EREXRTZE5H5),

ZOMRICI DI A LT XTD rapidly-growing
mycobaéteria B L M. tuberculosis, M. kansasii ¥
L0 M. marinum ¥ X 5| T & %, Group II ¥ L O¢
Group IIT L4+ ® slowly-growing mycobacteria CHY
BETERELYRTDX, M. bovis 33X M. novum D
HTHbo

(3) Group II % X % Group III organisms %,
acetate, pyruvate 35 X O\ propanol @ 30 F #3120
FloixAed b 1 o%E—CH: LTHIAT5 (NH,
YE—ERFLT5)o £ L T OFEESE, citrate,
succinate, malate, malonate, fumarate, benzoate %

FIA Ly (BBOFISEERL )0

Group II ¥ X % Group III L4t slowly-growing
mycobacteria {%, Z i acetate, pyruvate, propanol
DWFhEdFIALRWOTRFITE 5, —7 rapidly-
growing mycobacteria (¥, LA E®D 30D RKIHDIZ
HMZ succinate, malate 3 X ¢ fumarate % 3 F| 3
2HETEHTE %,

L EDZ L & Group II ¥ X 0% Group III organisms
1%, mycobacterial world T—>® Group #m L,
BEOSTMNIEETH B, X bIRINThhbhaifTicofe
Zh D group (LD
species (TR X cluster 2L LI, FioBbh
NI E VT /co% numerical classification ¢3,
Zh D group (XD species ([ZHikT % L RRLE-
23, dm Al species XFIXh B cluster YK

numerical classification C3%,
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Table 1. Biological and Biochemical Characters of M. scrofulaceum,
o ' N . ‘ !
l P g g« < E ;gﬁgg | J Growth at
2EE O£ EfEg 3
| EEf o fiEg @ .
Strain | E & g a § g ; @ - - £ Amidases
T 58 g4 EEEZ
§Sdadvzdds | &8 | o & 5 2
M.scrofulaceum  ATCC 15978 j S +— s —— + + + + + - + + — U
M. scrofulaceum  ATCC 19073 | S + — s — + + + + + + - + + - -
M. marianum ATCC 19275 ] S 4+ — s — — — + + + + — + + — UNP
Patient P 36 ATCC15983 | S + — s — + 4+ 4+ | — == | — | + 4+ — N P
M. avium ATCC17940 | S — — s — + 4+ — | ++— | — | ++ + -
M. avium ATCC 15977 | § — — s — + + + + 4+ + — + + + P
Patient ATCC 19176 S —— s —+ + + + + + — + + - -
Patient ATCC19078 | S — — s — + + — | +++ | — | ++ + -
Patient ATCC15984 | § — — s —+ ++  +++ | — | ++ — -
Patient ATCC 19077 | § —*— s — + + 4+ | + + 4+ | — | ++ + -
Patient ATCC 19178 | § — — s —+ ++ | +++ | — | + + — -
Patient ATCC 19175 S —— s — 4+ + + + + + - + + - - i
Patient P 44 ATCC 15985 S——s—+++ 1 +++ — + 4+ — — |
Pig P51 ATCC 15986 | S — — s —+ + + | +++ | — | + + — -
Patient ATCC 19159 S ——s —+ 4+ + + + + - + + — —
Patient ATCC 19177 S ——s — + + + + 4+ + - + + — —
Patient ATCC 19174 | S —*— s — + + 4+ | + —— | — | + + + -
M. avium ? ATCC 19074 | § — — s — — 4+ + | + 4+ + | —  + + — -
Patient ATCC 19158 S —*— s — — — 4+ + + + + + + — UNZP
Patient ATCC 19076 S —— s — — — + + + + — + + — UNP
Patient ATCC 19079 S ——s — — 4+ + + 4+ + — + + + UNZP
Patient ATCC 19179 S——s—+++“++— - + + — UNP

Strains designated as “Patient” are M.intracellulare.

L™, Z5LTHBE Group II ¥ X X Group III
B A X5 subgroups %, FXT species LIES
DHPFENE S NE W ERENR C 5, /512 L Run-
yon'® D5 2, “ZER” DERIIBH THO TR
FErd Lo, FEFNRT -2 28H1LT, X
Tk “ZAR” CHRA/LTLESDOBIILLTE S TH
55 Mo

WEbNbhYXEA R THICEEYELD TR B &
Fig. 1 o Zr it b, M. avium, M.terrae, M. gas-
tri, M.xenopei 13 Lh D Z L {1 Lch, gluta-
mate ¥ HE—ZFKFEL L1k %, glucose (3L 7¥ suc-
cinate) % | B L 7c \~o M.scrofulaceum s X708 M.
intracellulare (LN LEHFIA L CHEUBELX BRT %,
FLTZThLEEMN, “M. avium-group” L H\»3 X ¥
—BERUR LY, Zofud Table 2 127k L dElkic X
DEBST b b, ThbDBGRYRBETA0ICED X
ST ENBEETEHA D b

Z DT M. marianum 3. M. scrofulaceum ¥ X
DTHEPLTWBDT, HB\LF— “species” L b

TIvhblhity, ZIRIBEER TV LA, M
aquae r M.scrofulaceum ¥ (ZR—rEx bh B9,
Zh bDf4 O priority 2 D\\Tix, M. marianum &
M. scrofulaceum % [§)— “species” ¥ ¥ % ¥, M.ma-
rianum |Z priority 2% B Z izl A 5o M. marianum
DFEFIIL 1953 F19C, M. scrofulaceum D% i3 1957

Fig. 1. Grouping among the “M. avium-series”
—M. avium

Utilization for _(+)_3—M- terrae
growth of “—M. gastri

glucose (and | .

succinate) in -—1 —M. xenopei

the presence

of glutamate | ! ——%-l scaztg’:;;zceum
nitrogen —(=)— o )

— M. intracellulare

Remark. The present writers recommend to name all of
the organisms together as Mycobacterium avium and,
among this species in a new sense, to set up subspecies
avium, terrae, gastri, xenopei, scrofulaceum (marianum or
aquae), and intracellulare, based on the result of a nu-
merical classification (to be published).
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M. marianum, and M.intracellulare (Part 2 of Table 1)

125

q o ]
'Salicylate :

A ! medium l

cagggﬁzyeg;g?e:fas § E 3 Utilization of nitrogen g ) cagggixz;;;%?egfin
the sole source of 850 compounds as the sole s the presence of

carbon g E.g source of nitrogen z | glutamate-nitrogen

S5a s X X i
Z S - ‘
S <

A P G PI — G S A I N Su NO; ++ | - 12 4 6 8
A P Pl — G S A P I Su NO, + + - 12 4 6 8
A S PGPl14 — G S A U P I N Su NGO, + + — 12 45678 10
A P G G G S A B NO, + + - 12 4 6 8
A P G Pl - G SMA + + - 12 4 6 8
A P G PI G G S A NO, + + — 12 4 6 8 10
A P G - G A P N Su NO, + + — 12 4 6 8
A P G PI G G S A U N Su NO, + + - 12 4 6 8
A P G Pl - G A B N Su NO, + + — 12 4 6 8
A P G Pl — G S A N Su NOg4 + 4+ | - 12 4 6 8
A PGP -G A +4  — 1234 678
A P G Pl — G A + + - 1234 678910
A — G A NO, + + — 12 4 6 8
A P P1 — G A NO, + + — 12 4 6 8
A P P1 — G A NO, + + — 1234 8
A P Pl — G A + + — 12 4 6 8
A S PMoF — G S A Su NOg + + — 12 4 6789
A P Pl -G A + + — 1 1 6 8
A P Pl E - i G S A P I N Su NO; + + — 12345678910
A P Pl — G A P N Su NO; + + — 1 4 678910
A P P1 G | GS A N Su NOg + + — 12 4 678
A P G = G A + + - 12 4 6 8

FEWL XN TV B, UL L M marianum o &2 M.
marinum X LT 5D T, RIE Wayne?® 258X T %
X5z, ZOBEDKL LTI M scrofulaceum % r b 1=
g

ITEBROBHOGHLE LT, bhbhiZh GO
fi> species ©ZILE+ % cluster # T 5L\ 5%
EREHLT, 2% M avium 4352 L 218
L\ ZOHBED M. avium IFizii i hi M.
avium DETh Y, M. avium Chester r [F—Tixis\
DILBAATHD, ZDHELERDAE “species” (33
D ¥ D subspecies ¥ 7¢ b, M. avium subsp. avium,
M. avium subsp. terrae, M.avium subsp. gastri, M.
avium subsp. xenopei, M. avium subsp. intracellulare,
M. avium subsp. scrofulaceum rich, ZDHBDH
BREEIEL LD, XV “M. avium” O cluster
Afbd species (2 EREFETRRNWZETHA S,

FiCHEIND “M. avium” DEHE LTE, T
DEWHEETAKE S BE L ¥ 2 L, niacin &,
salicylate £ #iz B L, 0.2% picric acid jp Sauton

agar [Z®H L7t amidase ;I [& ¥ F fo |3 urease,
nicotinamidase ¥ X {f pyrazinamidase © 1 7c\~L 3
B2+ 5, RO T, acetate, pyruvate D\ i
& FIF3 5 A%, citrate, succinate, malate, fumarate
#FIA L7\, propanol % 7iX ethanol X FIAIh %
%%, propylene glycol {XFIf X s\, glucose (ZFIH
InBZedbdbh, FXd5ThwItddH D, man-
nose, galactose, arabinose, xylose, rhamnose, tre-
halose, inositol, sorbitol, mannitol ;z C{E & LTCFI|B
Thitv, A N-C 2 LT, glutamate Zhifs
CHAIN DT TH D0 RKILYI LD B K LB
tho NIRE LTHEMBELFIATS 227w,
RO T EE 220G AT, LT LD nume-
rical classification DEERICBE TIXic\ A, EFAMES
BAULHABETH D, Figli/RThic T e B3R E
DEHEEALUT, % species B LDEF LT3, £
LToh 50D species OBIFH »RTHDIZ, chbd
species £ % “series” Y35 HETh b, “series” | %
% L\ International Code of Nomenclature of Bac-
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Table 2. Differentiation of the “M.avium-series” from the Other Mycobacteria

Growth on

Nomber ot [ T35 phte | Nocate, | Asmtes | Pyruraege | PRIAS

M. tuberculosis 80 0 75 0 0 0
M. bovis 20 0 0 0 0 0
M. novum 26 0 0 0 0 0
M. kansasii 10 0 10 0 0 0
M. marinum ‘ 9 ‘ 0 8 1 0 0
M. avium 25 0 0 17 17 16
M. terrae (Tsukamura) 93 0 (27) 70 57 24
M. gastri 8 0 (1) 2
M. xenopei 2 0 0 1 1 1
M. intracellulare 73 0 0 72 67 50
M. scrvofulaceum (aquae) 34 0 0 33 35 23
M. acapulcensis 2 2 2 2 2 2
M. theymoresistibile 44 40 44 44 43 44
M. phlei 20 20 20 20 20 20
M. chitae 4 4 4 4

M. fortuitum subsp. runyonii 14 14 3 14 14

Mp{(;ﬁﬁtum subsp. thermo- 63 63 60 63 62 63
M. fortuitum subsp. fortuitum 53 53 52 53 53 52
M. aurum 35 35 11 35 35 34
M. parafortuitum 6 6 5 6 6 6
M. smegmatis 24 24 24 24 24 24

The number in table indicates the number of strains showing the positive reaction.

( ) : Weakly positive reaction.

teria?D ¢, genus ¥ species DENCHICHREIND 5
Tk rieot,

LAED 2 oDFEEDOWThARB IR 550, B
OREDER L MOMRZEDOERIC X bhuic b7t

= ]

Runyon ¢ Group II ¥ X 0t Group IIl @3 5% M.
avium, M.terrae, M. gastri, M. intracellulare (Battey
organisms) (LA _E Group III) 3 X8 M. xenopei ¥s X
Ot M. scrofulaceum (I} E Group II) ¥, glutamate
HE—ZRFEL LTORKEHFIB X —vic k2T 2
B bhde

# I Bf13 glutamate OFFE T, acetate % /cid pyru-
vate DS, Fliz—2, TR WTRLFIA L
PEC, M. avium, M.terrae, M.gastri, M.zxenopei »%
ZhiclBE$ %,

% T i3 glutamate DFEFET, acetate, pyruvate ®
iz glucose, fructose, succinate (4r75< & b Hj 3 35)
B FBTAEET, M. intracellulare 35 X O° M. scrofula-
ceum NI NIZET 5o

Tic® M. avium b Battey organisms LIIFERIT
X Bl-c¥, Battey organisms % M. intracellulare X iy

%43 % Runyon 0B RCEELXERT 5,

LD M. avium, M.terrae, M.gastri, M. xenopei,
M. intracellulare %3 Y. 0 M. scrofulaceum (¥, (1) 0.2
% picric acid 4/ Sauton agar THEH L\ ; (2)
RSELTRTCEEME 5 (3) acetate, pyruvate s L {8 propanol
DWTFhrx CIRE LTFIATS, 03RRLY, fi1D
TRTOHELHE species LRFITE S, ZDX IR
LOEMN—HEUR LT, BT bh5bZ L 2RRT
BT, A BIOHEDOTRNLETH D, £DH
HBL LTE 1L, 282 Tl EHE I I “M. avium”
L LT, LA EoD species % subspecies L3352 & Th
D, H20HkE LTE, W& ¥ TO species Zx M
LT, £&ff% “series” 2T 5 rhE X bhb,

AR Liclbk x5 L T i 72w e Dr.
Runyon, E. H.,, Veterans Administration Hospital,
Salt Lake City, Utah, U.S.A. ¥ X ¢ Dr.Lessel, E.
F., American Type Culture Collection, Rockville,
Maryland, U.S.A. @B xET 5,

ARt MEERNBEONEl XL TEL bht
BRI RT DBIRIEIC X Do Bk AT RAIH
DIERFBERPLERRO—BELTIDOTH B,
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