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Physiological characters of Mycobacterium avium are described based on data of fourteen
strains.
Colonial morphology : Smooth, wet, white colonies on egg media and on Sauton agar. Nonphoto-
chromogenic.
Colonial pigmentation : Negative.
Nitrate not reduced. Two-week-arylsulphatase : Negative. Catalase : Positive. Peroxidase:
Negative.
Urease : Negative. Nicotinamidase : Positive in 7 of 14 strains.
Pyrazinamidase : Positive in 6 of 14 strains. Other amidases of Bonicke’'s amidase series,
acetamidase, benzamidase, isonicotinamidase, salicylamidase, allantoinase, succinamidase and
malonamidase : Negative.
Tolerance to 0.1% picric acid : Negative.
Growth on 0.2% Na-PAS-Ogawa egg meidum : Positive.
Growth on 0.25mg/ml NH,0H-HCl-Ogawa egg medium : Positive.
Growth on 0.25mg/ml 8-azaguanine-Ogawa egg medium : Positive.
Growth on 1.0 mg/ml salicylate-Ogawa egg meditm : Positive.
Growth on 10 ug/ml thiophen-2-carbonic acid hydrazide-Ogawa egg medium : Positive.
Growth on 0.2 mg/ml sodium thioctate-Ogawa egg medium : Positive.
Niacin : Negative.
Growth rate : Slow ; growth at 7 days on egg media ; growth at 7 to 14 days on Sauton agar.
Growth at 28°C and 37°C; usually grow at 45°C;no growth at 52°C. No survival at 60°C for 60 minutes.
Utilization of carbohydrates as sole carbon source (Positive growth after incubation at 37°C
for 4 weeks was regarded as positve utilization, utilization of other compounds also being
decided similarily) : Acetate and pyruvate utilized usually ; succinate, citrate, malate, benzoate,
malonate and fumarate not utilized ; Glucose, fructose, sucrose, mannose, galactose, arabinose,
xylose, rhamnose, raffinose, trehalose, inositol, mannitol and sorbitol not utilized ; ethanol and
propanol utilized usually ; propylene glycol, 1,3-, 1,4- and 2, 3-butylene glycols not utilized.
No acid formed from glucose, mannose, galactose, rhamnose, arabinose, xylose, raffinose,

trehalose, inositol, mannitol and sorbitol.

* From National Sanatorium, Chubu Central Hospital, Obu, Aichi-Pref., Japan.
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Utilization of nitrogen compounds as sole, simultaneous nitrogen and carbon source :
L-Glutamate, L-serine, glucosamine-HCl, acetamide, benzamide, monoethanolamine and trime-
thylene diamine not utilized.

Utilization of nitrogen compounds as sole nitrogen source : L-Glutamate, urea, pyrazinamide,
nicotinamide, succinamide and nitrate utilized ; L-serine, L-methionine, acetamide and isonico-
tinamide utilized only occasionally.

According to similarity values to each other, 14 strains tested could be divided into two
subgroups, but the grouping was not distinctive. Six strains showed high similarity values
This group usually utilized acetate and propanol
On the

other hand, another group showed low similarity values, and lacked usually nicotinamidase

and seemed to be “typical” M.avium strains.
as sole carbon source and had positive nicotinamidase and pyrazinamidase activities.

and pyrazinamidase and often did not utilize acetate.
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Based on the data described in this study, differentiation of M.avium from other myco-

bacteria has been discussed.
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Mpycobacterium avium |3 numerical taxonomy T
nonphotochromogens, scotochromogens, M.terrae X
tHiz M.avium-group k THIE &N X — BT
BV Tl b bREME L 7a2> Ty % Runyon? o group
IIT nonphotochromogens s X vt group II scotochro-
mogens X B LT3 8T, FEENCTHEFEMTY
BREWFETH Do L XD T [FEER | HBEED
nonphoto. 33 X O¢ scoto. X DEEDI-HIC P M. avium
OUEREALHICL TR Z ERREL Bbhb, &<
ZhAE T, BEC M avium ORECIENH D1
D, DI\ Mavium OFEZRLYHSMATLTE
KT EeRERERBbNS,

® B F X%

BB L LTHW7: M.avium (3D 14 ¥Th 5,
AT71, 3717, 4110, 4121, Kirchberg, Flamingo, 11755,
Nagoya-59, ¥ijF, Sheard, Av-59 A 479, SA-16, W-
297, W-300. 13 U D 8 ¥k, RILK¥STFEELO
CHFBIZ LD AF L, BRILBRFARER LS
SE X1, Bb D5k Dr.G.P.Kubica 7 HE#E
T FE IR DTH B,

BEHEIE 1 BB,

£ B K &

1. Mycobacterium avium DR

ERIERIZE 1R Lo M.avium O —jaopkik &
LTKROFEN LT OIS (TR, FI1#Y RL
7o 43 HERDOBMTEFOBMEINZ ),

HEWRE : T, BE JEOEELXINEH s X O
Sauton XIZ{E 5, nonphotochromogenic.

REEE  BREN, JPERICHTH, Sauton %X
12 7~14 A THRET %o

RERE : 28°C, 37°C TRET %, KHB4H (10/14)
13 45°C THRET 5, 52°CItizFEHFRT, 60°C 60 &
DINBTIERT 5o

PR © [tk

238 arylsulfatase : &t (1 kD LREEME)o

Urease : [&tf,

Nicotinamidase : 93 % (7/14) 3B,

Pyrazinamidase : #3:% (6/14) A3Btto

Acetamidase, benzamidase, isonicotinamidase, sa-

licylamidase, allantoinase, succinamidase, malon-

amidase |2,

Catalase : B4,

Peroxidase : fat4,

0.29% PAS &4 1% NS RE T 5o

0.1% sodium salicylate 474 1% /NI RET
50

NH,0H-HCl, 250 ug/m! &4 1% /NIEicRE+
Bo '

8-azaguanine, 250 ug/ml &4 1% /NI RE
T %,

Thiophen-2-carbonic acid hydrazide, 10 ug/m! 4
£ 19 IS RET 5o

0.1% picric acid 47 Sauton % K EHuCIZRH L
e\

RAEHDCHRE LTOFA FilD 0 L S EF%
ATHORFAETD L L), KD DOE#kL, acetate,
pyruvate, ethanol, propanol % F|fH$ 5, L»L ci-
trate, succinate, malate, benzoate, malonate, fuma-
rate, glucose, fructose, sucrose, mannose, galactose,
arabinose, xylose, rhamnose, trehalose, raffinose,
inositol, mannitol, sorbitol, propylene glycol, 1, 3-,
1,4- s X T¢ 2,3-butylene glycols D\ F*h % ¢ B—C
FELTHFIA LK.

RS 2> & DR T Ko glucose, mannose, galac-
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Table 1. Physiological Characters of Mycobacterium avium

Strain*
Character ——— - . -
2 3 4 5 6 | 7 8 9 10 1 12 13 14

Colonial morphology $ $ S S S S| S S S S S S s s
Colonial pigmentation - - - = - — | = = - - =
Photochromogeneity —_ — !

Nitrate reduction - —
Two-week-arylsulphatase - -
Acetamidase

Urease

Nicotinamidase

Pyrazinamidase

Allantoinase

Niacin

Tolerance to 0.1% picric acid
Tolerance to 0.25mg/ml NH,0H.HCl
Tolerance to 0.25mg/ml 8-azaguanine
Tolerance to 0.5 mg/ml salicylate
Tolerance to 1.0 mg/ml salicylate
Tolerance to 0.2% Na-PAS

Tolerance to 10 #g/ml TCH

Utilization of carbohydrates as sole carbon
source :

Acetate +
Succinate —
Malate - - - - - - N

Pyruvate - 4+ + - + - - - 4+
Malonate - - - - = = - -
Fumarate R TS — - - —
Glucose - - - = - - -
Fructose . -_ - = - = = - -
Sucrose - - = = = = - -
Ethanol - 4+ - -
Propanol + + + +

Utilizaion as simultaneous nitrogen and |
carbon source : 3

L-Glutamate I

Utilization of nitrogen compounds as sole !
nitrogen source : !

L-Glutamate +
L-Serine —
L-Methionine -
Acetamide —
Urea
Pyrazinamide
Isonicotinamide
Nicotinamide
Succinamide
Benzamide
Nitrate
Growth at 28°C
Growth at 37°C
Growth at 45°C
Growth at 52°C
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* 1=A71, 2=3717, 3=4110, 4=4121, 5=Kirchberg, 6=Flamingo, 7=11755, 8= Nagoya-59, 9= Jueki, 10=Sheard, 11= Av-59 A 479,
12=SA-16, 13=W-207, 14=W-300,
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tose, arabinose, xylose, rhamnose, Table 2. S-value Table of Mycobacterium avium
trehalose, raffinose, inositol, man- S-values (%)
nitol % X ¢ sorbitol DL A b I I
3375 AIAAN Strain H g 5; 5 <

7THEN{LAHDON, CHE LTOF c s~ e g & Elg 8§ 8 2 7% 8
flo L-glutamate, L-serine, gluco- < 5§ % % € m|Z2 z & B < 4 B B
samine-HCl, acetamide, benzamide, A 71 MI‘O—O[ '
monoethanolamine, trimethylene dia- 3717 91 100|_
mine DOLFHELFIALIL, 4110 98 98100

NiLAHOE—NE: LToRM, 4121 % 96 98100] _

L-glutamate, nitrate (2 4 ¥kic FIff Kirchberg MNOQS%IWLJ

X e nico. [Flamingo | 91 91 91 91 91 100|
dfmf“ urea',pyrémaml © 11755 84 84 86 88 84 88100
tinamide, succinamide IRHMFOW  \. 00050 84 84 81 84 84[ 93 91 100|
CIDTHB S s Loserine 1% 5y 79 88 86 84 88| 91[ 86 86|100]
hicDAFIAE N5, L-methionine,  gp.,g 84 88 91 88 88 84 86 76 86|100]
acetamide, isonicotinamide (24 B#%  Av-59A | 81 81 86 81 81 83 88 83 84 84100
X oTOARFIFAEh %, benzamide,  SA-16 8l 86 88 86 8 76 79 74 88 88 81100
nitrite | XFIFA X hig\ o W-297 79 81 79 76 81 8 74 79 84 84 81 84]100
Niacin : B&tt, W-300 76 86 81 79 84 84 86 86 86 al@ 79@@

2. Mpycobacterium avium O 2 T
e M.avium 1 ROFEC X

[ : more than 91% of S-value
The test strains are divided into two groups ; the first from A 71 to Flamingo
that show S-values more than 91% to each another and the second from

h, 42 ¥k % B\ T Similarity value 11755 to W-300.
table (S-value table) # g% &, % . L
- 42 Table 3. Differentiation between Two Types of Mycobacterium avium
20k < e %o &'Ikui 1 Dﬁ gl}faracter showiag a hPercentage of strfains
K : B ifference more than showing a positive featur
iR A & acetamidase, allantoinase, %0% ot appearance Typegl Types 1T €| xa_test P%
benzamide DONEE L’C@#U}ﬁi’%b‘ rate between 2types (6 strains) (8 strains)
FIEE T Do Growth at 45°C 6/6(100%) | 4/8(50%) 2.15 <25%
S-value table 3% 2 i T £ 3 12 M.ethl.omm': as N source | 0/6( 0 )| 4/8(50 ) 2.15 <25
M. avi 36 & % 2 BEC o Nicotinamidase 5/6(8 )| 2/8(25 )| 2.62 <25
Lavium % 1 F1 h ° Pyrazinamidase 5/6(8 )| 1/8(13 ) | 443 | <5
H1BE ATL 225 amingo “‘:“ Acetate as C source 6/6(100 ) | 2/8(25 ) | 5.11 | < 2.5
% 6 tkTH\iC S-value 2350 (1% propanol as C source 6/6(100 ) | 3/8(38 ) | 3.43 | <7

LE)o & 2813 11755 2 & W-300
T\ 7B 8HRT, XEDEIBRCHL
T, FhBEVRAEOMTY S-
value 2EEHEWHTH B, BB X T XTOEKICK
L CHEEL s S-value #7735 5, M. avium DK
BRE 2B R L X LA, BB IGEMEOEV—
B DT, M.avium OBRERCHERIT, Zh Lok
DR S N BRETHS L Bbh b, £2TH
1% (Type I) xsg 28 (Type II) 2T, k%
HELTARD L, MEDOERREIERIIRTHEIKD
WTH SR, #0535 % pyrazinamide, acetate D C i &
LTOFAD 2 /E OFEITOWTIE, WRCHEBEEMN
A rDﬂfCo

source.

% %

Mpycobacterium avium 22>\ >Tix, Bergey's Man-
ualV DR F & LTHEBRERRCEE Y, TOBED

Characters showing a significant difference in their appearance rate between
two types are (1) pyrazinamidase and (2) utilization of acetate as sole carbon

BEUI K REE ] KPR Twa3ZE itk
%o ZOFRFEHDOBHEIINILD B\ E T, IBHEFEMER
BE L WX E b ARERTIVIRMTCEIEREYET
HZLIBDORREOERTHL AT, CZAE
DRY PR BUEMEN D B0 M. avium DRI,

HEGOEEFEN, ALFEAMRABA LA INZRE
ThBHDI, Mavium &2 WTIRERBERNZ L

M. avium DHEALFRMERE, %55 < Kondo® i k2T
g Y TR I, XHRFEHEY T X DT urease
EEE NS ZEABE IR b b6, F0%HD
MRIFELTLE D T H I Merrill), Wein-
berg®, Uesaka®, Bojalil, Cerbon & Trujillo!® iz ) 2%
YRR O TOMARRE A DDA TH B, BIE,

Bonicke!V 1 amidase pattern iZ X > THEEE D REH
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HABEWRENR & %~ L, M.avium » nicotinami-
dase 35 X ¢ pyrazinamidase 23t C, fib> amidases
N THBZ ERR LD LI, EEEMRABCKE
WESALHLAELD LWL D, bILbhOBED R

#iE, bhbhd Tk LABRER LCCHER LUNKE.

ko pattern 12 10T, REXTL5 2 & Thbo AR
TH B LI Z &L, Mavium o ERIT 7 b BIFE
CEH L DT, BihT 5T COEDRENIHE
L ieotco

7c ¥ Bénicke!V (3 M.avium D amidase pattern }
L nicotinamidase %5 k¢ pyrazinamidase [t % %
FTuwBh, ABORETIIRICRT I &, amidase
EREETRTRL SOHBERCE LI, LA L Biotype
1 BT 5 EsER 6 R TIX, 6 Bkh 5 BRASH amidase [
BTHDHOT, 2T HERY M avium (X nicotinami-
dase ¥ X O¢ pyrazinamidase [ > LTE LI 2 7c\W
rBbihs,e

Mycobacterium avium DEFIZET

(1) M.tuberculosis ¥s X U° M. bovis

TN HOEITET RESEE %77 L, NH,OH 62. 5 4g/ml
&M, 8-azaguanine EZHLIC B Lig\vo F72 0.2
% PAS gihis X 0¢ 0.1% salicylate £2ithic & H L
\\, urease fE ¥, C J§ & L T, acetate, pyruvate,
ethanol, propanol D\ Fh i bFIBLIgVe FANE
¥ L T urea, pyrazinamide, nicotinamide, succina-
mide, nitrate DOWFRELFIB LRV LA EDIEMI
M. tuberculosis |3 RSER R OB T niacin LM TH Y,
M. bovis 13 TCH E2Hic BB Lic\ o U EDSTX BN
B 5o

(2) M.kansasii

BHEREEETEREUN H 2, B E TH &,
NH,OH 250 ug/ml S5 H Lig\o 0.2% PAS 5t
BT HE, arylsulfatase 2 BRICHM, CHF & LT
acetate Js L % pyruvate #F|f¥-3, glucose % F|H
$%0 Nffi& LT urea, pyrazinamide, nicotinamide
ZFIA LIV, ¥ 45°C EFTHZ i3k Uk
DET M avium 2 BREBITE B,

(3) M.marinum

BE RBEE CHBRETLHM, 28 arylsulfatase 3
fEt, urease fth, 4 < (3 allantoinase 3[4, 45°C
WCHEEB Lit\so CIRE LT acetate 3, pyruvate 3, F|f
L7g\e

(4) M.terrae!®®

45°C = Z&F ¢, nicotinamidase ¥ X ¢ pyrazina-
midase % /R BT, TRA M.avium (biotype I) 3
BXPTE B, ¥i 28 arylsulfatase (BT, NFEL
LT serine % F| /i $ %, CH & LT acetate s X o8
pyruvate »FIf3% & © M.terrae |3 propanol # F|
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AL\ FACI L LT propanol #FIfA+ %Rz,
acetate ¥ X O pyruvate # Fl B L7c\ o M. avium i1
E 3%, Flhuxdin &} acetate F7-i3 pyruvate
DU hps e ethanol # 7-i propanol DU Fl
B3 %, M.terrae {Zi¥ ethanol % FIfHT5% 3, DT 7
{, ¥l bDHEE L alcohol ¥ i FIFT B4k
A\ FE T M. tervae Do~ h X X 32wt B viru-
lence ¥, M.avium X b{E\ 4, F7- M.terrae (3=
7 F VTS virulence pife\ o (RERBH)

(5) M.aquae (group II scotochromogens)!5

EEDOFEE» DERACEER LT W B, 28 aryl-
sulfatase [FIGFEME. 45°C IR F Lic\ o BH glucose
ZCEE LTFIAL, FiKEMHAH serine X NJFE L L
THAT %0

(6) group III nonphotochromogens

KEFH arylsulfatase 2 ;B IGEE M (34/49), F 7
5 BEkix serine X F 5 (17/49), %9 60% DEkH
glucose X FIfT5 (31/49)s L2 TZh ook
#7R$$ Dix, nonphoto. X ZHTTE B2, SEEN
ERTOXINIEHETH 50 L LEEDEEDHEY
LU EOEINLATEETH 50

(7) M.smegmatis

EREEHNBEY M. avium 15K J3T52 L 355
ThHBHDT, T RIXELBXLWA, 7ot M. smegmatis
EOVWTULARICRRINICEER LB DT, bnbh
DR DBIER A & Bl T Do M.smegmatis i
45°C THRET B AL Mavium L T 5H, %D
RTEJTE 2, FHEHFHEL, IpEic d Sauton EX
3 3HLATRET 5o WRRETHEM. 258 arylsul-
fatase {4, acetamidase, benzamidase, isonicotina-
midase, succinamidase BR#, C{§ & L T, benzoate,
citrate, succinate, malate, malonate, fumarate, glu-
cose, mannose, galactose, rhamnose, arabinose, xy-
lose, inositol, mannitol, sorbitol, fructose, sucrose,
trehalose, propylene glycol # Fl|H3 %, N & LT
benzamide 3s ) 7X nitrite * Fl| 3%, R NC 2
LT L-glutamate, L-serine, glucosamine, acetamide,
benzamide, monoethanolamine, trimethylene diamine
%#FIH3T 5, glucose, mannose, galactose, rhamnose,
arabinose, xylose, inositol, mannitol 33 J 7X sorbitol
NOBEHET Do ~YHIAXIBI®=7 FViTHL
T virulence A7V (BHE LICBA, B, B2rb2
HIZHET B, ABFNLEMIET 5),

M.avium ¥ M.terrae ¥ OBSf%

M.terrae ZFFPINLENOHEE LI ERTF H
nonphotochromogenic AHE T, +EITILE L HMHL
TWBEEX bbb, £B T, TOFENMONILH
DI DRSS ER BN Db EX DD, kil
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7oK, Mterrae r EFRE M. avium ¥ DX FL 7]
BETHBM, ZZic biotype II ¥ LThiFi [EEMW
T\ Moavium & DRGNS T LS BETIRL .

L 37°C ¥ TULmFEELT, nicotinamidase s L OF
pyrazinamidase * /xin%2% M.avium iZ5\CEF 5 T
BB, DX B, Mavium 35 X% Runyon &> group
IIT nonphoto. D3 % 3 D L IE# I L LAcEN, b
bhOBECIEL FMLTNBZ Lk, Mavium 35 &
¥ nonphoto. DEEFICONWTEHL DREX 5L TV
e Bbhs,

8 ]

Mycobacterium avium O HA{LFRIMERIC D\ THRFE
HMONB LI ANRDIHDTDT, £ LTCEEB LU
NEEROURZHLE LT, EEEHERYHSHIC
L, fiOBEE OEFEX B b2 Lic, AHICiEE L
ERIZ XY, Moavium DRIENTTEETS B,

¥ 7z S-value table DR &2 H, Zkk 14 o M.
avium % Biotype I » Biotype II 2 431} 7=o #iiEiT
(BB, ®%EX [EHMTRG] Mavium L #E 2 5
N5, LI OTERM M. avium DR E LTiL,
Z ZiZ/RT Biotype I DiERNEBINHRETH S,
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