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In order to establish a small animal model of Mycobac terium avium-intracellulare infection
suitable for in vivo evaluations of chemotherapeutic regimens, ten strains were elaborately
studied on the virulence to ddY conventional mice. The Log Ratio of the multiplication of
bacilli in lung during the period of four weeks, from three to seven weeks of intravenous
infection, was used as a main index for selection of a suitable strain for the model. After
three consecutive repetitions of the same intravenous infection with the all ten strains, one
of the strains, 31F093T, revealed itself to be reasonably virulent to the mice. The mice con-
stantly showed miliary lung lesions, which became grossly visible at seven weeks of infection,
with the mean Log Ratio of 2.3. Moderate to marked enlargement of both spleen and liver
with gross diseases was also usual findings at the seventh week of infection.

Three mycobacterial strains, M. tuberculosis (H37Rv), M. kansasii (KMC 1113), and
M. avium-intracellulare (31F093T), were injected intravenously to ddY conventional mice.
Histopathologic findings as well as other parameters were evaluated in these three myco-
bacterial infections in mice. The murine infection with 31F093T strain was obviously more
chronic and persistent than the murine tuberculosis caused by H37Rv. The histopathologic
findings of the mice infected with M. avium-intracellulare 31F093T were those of granulo-
matous to diffuse proliferative changes in lung with extensive granuloma formation in both
spleen and liver. No necrotic changes were demonstrated in the lungs of mice infected with
31F093T strain, while the changes were frequently observed in the lungs of moribund mice

* From the First Department of Medicine, Chest Disease Research Institute, Kyoto University, Sakyoku,
Kyoto 606 Japan.
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infected with H37Rv. No deaths due to the infection ensued in the mice infected with M.
avium-intracellulare 31F093T during the whote period of 23 weeks. M. kansasii KMC 1113
provoked the disease earlier than 31F093T strain, and a spontaneous regression of the disease
was suggested in kidney and liver beyond eleven weeks of infection, though the disease in lung

persisted until the end of the observation.

Five different strains of mice, ddY, C3H/He, ICR, BALB/c, and C57BL/6, were evaluated
for their susceptibilities to 31F093T strain. Besides the intravenous model with ddY strain,
both intravenous model with BALB/c and intraperitoneal model with C57BL/6 also demon-
strated their probable usabilities for the infection models of murine M. avium-intracellulare

infection.

Key words: M. avium-intracellulaie, Experimental infec-

tion in mice, Mouse virulent strain
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ARITH S5 IFERTEEHLE (AM IE) O 7% T
L R BSEHIE O & Mycobacterium avium- M. intracel-

lulare 5E (LUF M. intracellulare 5E) DiEHEHS, % DJE
HE ORI AR I T 2 Bk X, £ 72 oppor-
tunistic pathogen & L TOMRR DR X 2 22 Lk ), fEx
DEEIZEBL TV EREMOZETHD, B
RBEMI R OB L & L ICREDRIC 0 b T2
LEROBNAPBAENDEELRE L EZ LN 50, 2
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FLE U ITEAER, tn vivo TOBEM 2 FET 5 12
B 2 EERENM R TV R B g LIRET 2 5L,
M. intracellulave >=7 Z4ZH 3 % iR 14E, SEERAYILS:
DR AL EZDOWTHREDL 729, 4EIZ M
intracellulare N7 (virulence) |12 FIE % & %, KD
ERRE, B~ 2Z0REMBATR, <7 2R3
DEZEDEZRL EDBEAMZ 521280, wb
) % =7 23 J1#k (mouse virulent strain) D# 3 # &
ATz T OFER, AL 72 L HHR T, Bl BNEFEED
%, HNEAR O RIIREY 2 & O3 BRALRE 7 0 Al L 0 4
G2 &, AT BAYZ —IGi 7 3 7 28 R
ETNWEARR T E 72 £ E 2 L 72D TEDOEAE» i
T 5,
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(1) SEBEy

EB 1 &5k 2 T3 dd Y conventional <7 2 %
AL, %83 TliddY, C3H/He, ICR, BALB/c,
C57BL /6 &t 5 R&ffi> SPF = 2% M7z, 5%
e LTRMERESM L VA LLZLDTH S, BYRE
13T 4B ETHER L 72, SR H R o B 8 (3R
fBRS) 2 Hwiz,

(2) 1 H M

M. intracellulave 0%k & M. tuberculosis (H37Rv),
M. kansasii (KMC1113) DF128k % Fl v 72, Wi L L g
RATEE 0 S BiER, B D W IIMIRERR & D 5 & 5 17T
78 1% /N EE I SFER) 4 2 [RIOSEIE CTHEf L, —20°C
TIRFEINIZLDTH %, M. intracellulave (M. avium
~intracellulare) DRI, 5 (TMC702, TMC1411,
TMC1419, TMC1467, TMC1469)#* Trudeau
Mycbbacterial Culture Collection(TMC)iz& £ 1%
BBRT, 19754k E L Y #t5-(U. S.-Japan Cooperative
Medical Science Program-NIAID) # %{+7: 3L N T,
ﬁ%ﬁﬁﬁﬁli 193647 55 19674F- T 1), EEBMHF Tlz
AR AFERRGFEE N TS, TMC7020 4135 & 4 4
BEX LR T M. avium & U THEEIN2LDTHS
MO 4 RRIZERRMEL L D ST M
intracellulare & U THEG- 2 1172 Mo 5 #k (31F049, 31
F059, 31F093, 31F122, 31F135) 3 & AAEAZMyET B B
W 72 AT A B B & (M. intracellularve i) ) V5 5 43 Bl ¥k
T, SBERRERIZ197249 L D 197412 b 72 0 T4 5 9
FORGFHAM 24T 2, M. kansasii (KMC1113) (2,
19784E L i Z% T M. kansasii fE BEBVEHR & 0 D458k
R T, M. tuberculosis (H3TRv) (319754 K [H L 9
TMC102#k & L THES 3 N2 TH L, 26 1%
NNEEH EOFEE W 2 modified Dubos Tween al-
bumin #AEEH (0.05% Tween80&7A ) 1kt L, ¥z
P [l 55 0 AR AR L 72 208 BT RT 3R TR & g =7 2
B e L TERLZ, RIS ICHEEENEEKT
Z DIVEMPCRIIZER L, Z200.1m! T2% 1%/)
NEEHIC Hef, BEE T 2 Z 20 & ) BB 2 R 72,

(3) EBHik

DNERL1. —~ 7 28 kokFE—

Bk L 72 M. intracellulare I0BR D #0.2ml % % 11
ZNI0ET DD 2 REIRIZHAE L, #1304
12308, THICHEED TIREER, kL, BEER,
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A NIERE A BT L L LI 3 BIciEERL 24
-2 (30L), 7EZ27Ld 3D =7 A & Es
WAEEREE ICER L 72, Blb, & 3L~ 7 AN,
BrFNFNL—EREL, FRIZIHKEV/W)D2%
NaOH #Miz, mE7F+ A ¥ — (B EHEL= =T
RESF A —2AEA) TER, EICERR 2 % NaOH T
B2 10fERMIR R 2 /R L, 1% /MIEEH 3 AT
120.1m! $oHME, 6 BRREEEEL L) BN FEE
ERHEFAEEL

FEOBERS SERE DR 227, H2EE, B
3 [E B IS RTE B L N B TADMR TR % 2
17 # modified Dubos Tween albumin JAEEH1IZ
AR L 2L 2L 720 Bl b D@ILH TE LD
S A E Ml s oIt TR L2, 72, W1
Y L 720 o & R0 WHE T v, WIRE RS
12 & D 1073 mg T 1 % /NI EEH EOFIHRERZEE Iz
TR AR ERT S L3z, 10 FE3EE
2L 72 B 01005 8 B 2 Vv, cornmeal
glycerol agar FAUEHI LI 2 EEEAEH (=4 72
— 72 %, 1/200mi, MWE #t81) # H:4@, 38R
BRI THERTAZLICL), FRKROEEEL
BEL 72, 1 HHRICERDEREORD L 56
Z1d, S00EE A BIET 5 2 ik ), BEEREOM
R HEL 72,

R L 72 R & 55 3 MR Yt: THE R TTHE I
SWTIE, EHERYE, £HoFEG(EREERF),
ATy T AL, WEREREITCEE, Tween807K B,
v LT - Rk, PAS otk £ ) CEEEEHRTE
REx, PERY I T —¥RE, TYNVALT 77—+F
KB A EMT 52 LIk D TXT M. avium-intracel-
lulare TH D Z L BHERL 72,

2EER 2 . —31F093T phikye=r7 20 & L THTEE

A AR —

1 TR 72 M. intracellulare =7 28 J1kk
31F093T %R & 472 & & ddY =7 Z Dl
P A LN FEICEY T A 726, M. tuberculosis
(H37Rv) & M. kansasii (KMC1113) # it o
AL, B HIZAFL 2Rl o7 230
PEFolc 25D 3HMEL BRIk L ) HfE L, fERY
125 v L 6L DR EHIM L, BN IUNE, B
7 b O BN FAL AR AT R A B L 2o, il
HEALTE D18IL D IEH =7 2 b RIERRERE)IZ 2 20 L 4
PC % M U et o it L 72, BIERI32308 F T L
725t H37Rv s>y 2D A3 4 B THT L 720 HIkR
Mo 200, K, B, H310% k= » TRE
BIREI T 2 R L, ~e b XYy s m AU Yl
BIT X2 A & D B AT R A B L 72,

3)EER 3. —M. intracellulare31F093T ¥EIZXT§ 5

=7 2D RN —
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5%#% SPF =7 2 (ddY, ICR, BALB/c, C3H/He,
C57BL/6) #157%cw L16IET DAL, £=7 Aiz—
BEIZ31F093 T3, 40X 107v.u. # #H&fE L 72.ddY, ICR,
BALB/c @ 3 iz 3R A IR Y %, C3H/He,
C57BL/ 6 o 2 i I3 R Ge & FEfti L 72, I
#%IMIzEzNFN 3Dy 2%, BHZIZITERD
- 2B L, EaREE, BB LB
THrELiz3 ey (3I8) %, 8%
23 A= 2D 3L & G, Mo EREE KD
720 8MIRICERFRL 2oy 20 ) BAER B EIC
W2 BE ) O 203 ACOR B A AR R IR L 72

E BRI

FEE 1. —~ 7 AHFENROBE—

F=1VICEBRICHEHEL 72 M. intracellulare 0% D M
R 72e 1%/ EE T 2 RO FH KR,
TMC B4~ T & A H57Bibk 2 # (31F122, 31F135)
Dt T ¥RIZ eugonic T, EEHIIKE CHAEICEEET
» ), BA oA BERR 3 R (31F049, 31F059, 31F093)
I3 dysgonic T, WNEEIEIZHKB L T 52MHAD
BAETA E 20 o T2 IS UNERICIR S - T
) eugonic % KAVETEHEED b 1172, cornmeal glycer-
ol ager FOEEFEENELETIZ, FL dysgonic 7
FH R L7z SHRIZ KRB (T9~96%) 7 smooth trans-
parent colony (T $£¥%) ThE®HosnTs ), Ziitsd
¥ (8 ~21% ) smooth dome- shaped opaque colony
(D HEE)PIREL T b0 EEgEI iz, TMCl1411,
TMC1419, TMC14677 3 #¥R(IFAA & D EETHD S
1, %72 TMC702i% rough colony (R $#7%) D 4 #,
TMC14691% intermediate colony (IM $#¥%) 2 /"3
HEgER N, 31F122 £ 31F1357 2 #kiz £ L F1 IM 4
XM D ETEL LN R BEORA, IM R
LD REFEEDRATH 72, M LICKHEHEES
BIR L7z, 72, RLIWWRLAEZELC, 1%/
TOPAEREIRI N 2 B ERE T, FAA L D E¥%
%79 TMC1411, TMC1419, TMC1467% 3 #&#° RFP
IZSEICEE S R R T O S, ORI T
~C RFP (2xf L Tl 2R L 72,

F 2P EROBE ERFE L 7o, BREAE I
1.1X10%v. u. 2 58.5X108v. w. £ NIFLDEDH 5
DEERE A EREE L 22 EEZ LI, TNEN
BN R 5 2 L2k BIEEGHNELEZ HiLb,
etk 338, 7NN, MoItHEE (logw) A4 5%
r, 3o EEE L2 TMC1411, TMC1419,
TMC14677 3 %l 78 TORITCE B MO I
L, M|opicdin(, BiEE(Log Ratio=log,, (7
BTHBRITHE L/ 3ETORITEE]) TATH, BN
HEHEB O RO EE TR I N, BIIEHWEE
2 b, TAEEEE T L1007V, u. L E&2RL



16 W OE9E B 1 F
Table 1. Characteristics of 10 Mycobacterium avium-intracellulare
Year Colony form(%)*  Growth Drug Susceptibility on ~ OM
; on —— ——
Strain . of CMG °n  SM _ PAS INH KM CS TH EB  EVM RFP
solation T M D R OM 95900t 110 011 5 25100 2040 2550 255 10 25100 10 26 50
TMC 702 1936 100 4 E PP RR RRR PS PS RR RRS PS RPP
(100)
TMC 1411 1956 5 95 E PS RR RRP PS PS PS RSS PS SSS
(100)
TMC 1419 1956 100 E PS RR RRS PS PS RR RPS PS S§SS
(100)
TMC 1467 1967 100 E PS RR RRR PS PS PS RSS PS SSS
(100)
TMC 1469 1960 100 E RP RR RRP RP SS PS RPS RP RRR
(100)
31F 049 1972 92 8 D RP RR RRS RR PS RS RRR RP RRR
(100)
31F 059 1972 96 4 D RS RR RRP RS PS PP RSS RP RRR
(100)
31F 093 1973 19 21 D RP RR RRP PP PS RP RRS RP RRR
(100)
31F 122 1974 98 15 05 E RR RR RRP RR PS RP RRP RR RRR
o7 (3)
31F 135 1974 89 11 E RP RR RRR RS PS RP RRS RP RRR
(100)

Definitions of abbreviations : CMG =cornmeal glycerol medium, T=smooth transparent, IM=intermediate,
D=smooth dome -shaped opaque, R=rough, OM= 1% Ogawa medium, D=dysgonic, E=eugonic. S=susceptible,
P=partially resistant, R=resistant.

# % in 500 colonies

T Micrograms per milliliter

F+ Colony form(%) on cornmeal glycerol medium of bacilli recovered from lungs after third passage through mice.

C D

Fig. 1. Representatives of the four different colony forms of M. intracellulare on
cornmeal agar medium (3 weeks).

: Smooth transparent colonies of 31F093 strain.

*Smooth dome-shaped opaque colonies of 31F093 strain.

: Intermediate colonies of 31F122 strain.

: Rough colonies of 31F122 strain. (Original magnification ; x40)
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Table 2. Virulences of 10 Mycobacterium avium-intracellulare
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Mean Qrgan Weight
7 weeks ( gram)

Passage No.of Bacilli Counts of Bacilli in Count 70( Bacilli in Log" Ratio™
Strain through in whole Lung (log,,) whole Spleen( IOg‘",), of
. e i Multiplication
Mice Inoculum 3 weeks 7 weeks 3 weeks 7 weeks Lung Spleen
1 4.3 x 10° 6.93 7.23 7.85 7.7 0.30 0.10
TMC 702 2 6.3 x 107 4. 60 5.58 4.87 4.26 0.98 - 0.61
3 5.0 x 107 6.23 5.25 5.77 5.97 - 0.98 0.20
1 6.4 % 10° 4.17 NRt 7.01 4.89 - 4.7 - 2.12
TMC1411 2 6.4 x 107 2.41 1.82 4.31 3.93 - 0.59 ~0.38
3 7.4 x 107 3.10 1.60 3.69 3.55 - 1.50 ~0.14
1 1.1 % 10° 4.18 3.92 6.79 5.93 - 0.26 - 0.86
TMC1419 2 7.0 % 107 3.81 4.14 4.33 4.31 0. 60 ~0.02
3 1.4 x 108 3.97 2.68 4.58 3.70 - 1.29 - 0.88
1 1.5 % 107 NR NR 5.47 4.84 - 0.63
TMC1467 2 1.2 x 108 2.11 1.49 4.06 3.08 - 0.62 - 0.9
3 9.0 x 107 2.27 1.16 2.49 2.74 - 1.1 0.25
1 8.5 x 10° 7.92 7.95 8.60 9.68 0.03 1.08
TMC1469 2 5.6 x 10° 4.39 4.68 5. 68 5.57 0.29 = 0.11
3 5.0 x 10° 4.51 4.85 5.87 6.43 0.34 0.56
1 1.6 x 107 7.82 8.78 8.76 8.68. 0.96 -0.08
31 F 049 2 8.0 % 107 4.48 5. 65 5. 64 5.11 1.17 - 0.53
3 2.5 % 10° 4.8] 5.64 4.96 5.99 0.83 1.03
1 5.0 % 10° 7.00 9.93 8.17 7.78 2.93 -0.39
31 F 059 2 3.0 x 107 4.80 5.85 5.82 5.22 1.05 - 0.60
3 1.4 % i0® 4.7 5.87 5.24 6.12 1.16 0.88
1 5.0 % 10° 6.82 9.3] 7.74 8.54 2.49 0.80
31F 093 2 8.0 x 107 4.33 6.26 5.67 6.23 1.93 0. 56
3 1.8 % 108 4.5] 6.98 6.16 6.98 2.47 0.82
1 8.0 x 107 7.65 7.26 7.02 7.92 - 0.39 0.90
31F 122 2 4.0 x 10° 5.84 6. 64 4.96 4.63 0.80 ~0.33
3 8.0 x 10° 4.98 6.65 5.23 6.33 1.67 1.10
1 1.6 % 107 7.05 7.58 7.64 8.78 0.53 1.14
31F 135 2 2.6 % 10° 5.11 5.23 5.02 5.23 0.12 0.21
3 9.0 x 107 4. 68 5.54 4.85 5.73 0. 86

fCount of bacilli in organ at 7th wee

% Log Ratio of multiplication = log,;

+ Not recovered

72 BiPkIZ31F059(7.22) & 31F093(7.52) 7 2 BT, [alkE
Ml TMC1469(7.23) & 31F093(7.25) D 2 ¥R TH -
72, WA DY) T A B L 31F05913 A, B & 4 31F093
12450, FIZ31F09313 7 B o FEE NG, M, FERE &
LICHHKRECHFHDERHIRE 72,

FIICHARRELZRL 2%, BIUEE, BHE
Bh LB RAEMTITEY), 2 EICH IEBRET
D3IF093DFF RIZE DS ZHL P ITRT LD EE
2N, HBELIRLRZ & IR 78
F|REE 0 B T 1L, 31F093, 31F049, 31F059 3 #k &
{, cornmeal glycerol agar FCI~NT T HE%E 2/RL
Tz,

INET B &, M. intracellulare31F093%k 1%, T £
B T5.0X 106 ~1.8X 108v. u . DR EIREBY TRtk
358» 6 TEOMARICIT N AR 10MEFRER ML,

7 B%hE, B, FoERZEE~>72 (GBHE0.2g,
140.1g, BF1.5g) oFxnNFN 24, 61fF 2 Fic¥n
L7 ABHE % RIZ31F093TH#E & £ 1T, mouse viru-
lent strain(=m 2#F k) & L TLLTOERICHT 5
NP B AN

hB, COEBRTCHEAL -BEEEEOHE T, B
FEEEEFRE L MBI LTI RS, =T
BBl 2B NOBEINCOWTLRHETE e - 72,

k
LCount of bacilli in organ at 3rd week]

0.88

OO OO0 OO0 OOO OO0 OOD OO0 OOL OO 20D
o
@D

| w

at

Spleen  Liver
0.34 2.31
0.34 2.29
0. 44 2. 56
0.19 2.01
0. 40 2.33
0.27 2.23
0.20 1.94
0.22 2.04
0.19 2.1
0.21 2.06
0.24 2.05
0.16 2.02
0.13 1.12
0.39 2.52
0.34 2.43
0.55 2.70
0. 56 2.76
0.53 2.53
0.63 2.84
0.39 2.65
0.41 2.78
0.50  2.95
0.68 3.29
0.53 3.31
0.22 2.16
0.47 2.1
0 47 3.07
0.43  2.35
0.51 2.46
0. 41 2.

59

Table 3. Macroscopic Lesions of Lungs
Passage 3 Weeks 7 Weeks after challenge
Strains through
Mice 123 1234567
1 - = H - =X
T™MC 702 2 -+ H - HH
3 Ho
1 el e -
TMC 1411 2 el — - -
3 —— - ==+ = -
1 - -t -
TMC 1419 2 e —— - -
3 Lt
1 B
TMC 1467 2 S W=
3 D U
1 — = =
TMC 1469 2 I
3 -== H--HHH++
1 R S
31F049 2 A T
3 - - + o
L - == —HHH++H
31F059 2 i
3 -+~ - A
1 = =+ HE
31F093 2 - — W
3 + -+ HEHEH HHHE
1 B T T
31F122 2 - - = o -
3 =
1 —— - -+
31F135 2 —— = 4 = = —
3 oo — H R -
% Symbols of gross pathology of lung:—=no macroscopic lesion

+ =scattered small nodules; + = many small nodules;

Ht =innumerable small nodules(miliary pattern)

4 =innumerable small nodules with a few big nodules
t died at 6 weeks after challenge



18

— 7 28 IH31IF093T =7 20 E
& L CRBRAR R 0O —

(I)REZL LTS ER S BT

HEL L VICEBRBEROWHL LK 2, 3, 4, 5,
IR L7z, HEEME® AT CII ISEERYEEL L E
W2 LEER REOMM»ESSNE, £ LUE
2 ZNFIEMEA BIC L R EREOED RO LN,
M. tuberculosis (H37Rv) =7 2T i%@i&‘ﬁiif*
MOAEIE LS % DEHZRIZA L, Btk 3.8
4 BDRNZ30UCH120E (40%) 7 FET L 72, M. k(msaszz
(KMC1113) efe=ry 2Tl Y14 158 T30 1 It
WEHBDO LN DAT, EBEMF O TCHIIEN
L 2720 BEeiR1185 5178 F THREBMOE LA A
LD, FNLBEIZIER > 2 & BT 5 & #EIdE
& b LB EEIIERA A5 T b,

M. intracellulare (31F093T) B3y~ 2 Tl3 &Y% 6
HETHREREIIZEEL, 18 CIEE>7 2 & HEL
3 g RO EEZ RO L L) BaRICIRA L, EEH
MEREOARE (LD &, BPERITAD 5238 F Tldi3iT
W oodkiEA v 72, TLEEI2300EH 1 JED3ET
WAL NTDATH - 712, 3IF093T iz L N 18HT
persistent DUEIE D & 5 FERGLFED AL DR E N7z, 2

UCxt L, H37Rv =7 2 Tl3 B A D RIEHRZEH
BAL L7z &EF 2 67z,
EEOHER (X 3) L FRLoBR 2 EfHiT2, BT

EB®2.

(4)
50}~
\\'\?‘ (6)
40
)
3
® O 6)
c— .
2 12 Hazmy LBET
- (5)
B 108)
m 20
10
| Ll 1 1 1
0 34 6 i 17 23
Weeks

Fig. 2. Average body weights of three groups of
mice infected with M. tuberculosis(H37Rv) (9.6X
10"v.u.), M. kansasii(KMC1113) (5.0X10%.u.),and
M. avium-intracellulare (31F093T)(1.8%10%.u.).
Average body weights of normal mice were
plotted for comparison. Numbers of mice were
shown in the parentheses.

W OBE9E 1Y

600 -

\A 31F 0937,

H37Rv

500

Lung Weights(mg)
I
S
T

300

norma‘ mice

200

| [l \ t ! ]
0 34 6 1" 17 23

Weeks

Fig. 3. Average lung weights of three groups of
mice infected with M. tuberculosis (H37Rv), M.
kansasii (KMC1113), and M. avium-intracellulare
(31F093T).
800}
700
600 |-

500 —

400 -

Spleen Weights(mg)

200~

normal mice

100+

o
wh
~F
(=]
2
3
N
w

Weeks

Fig.4. Average spleen weights of three groups of
mice infected with M. tuberculosis (H37Rv), M.
kansasii (KMC1113), and M. avium-intracellulare
(31F093T).
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4.0
800
° H37Rv
~
3.0 700 -
@ ® AL
[} Fo
-~ x 937.
Iy x\ £ 600k
= & N ] !
- 4¢c ey
[ A 77 oo
2 70N 3 ;
. A
2.0~ x ~. 500
i 2
norma\ o ]
X A
400
1.0 3004~
1 Ll ! ! 1 1 | I ! | 1
0 34 6 1 17 23 0 34 6 1 17 23
Weeks Weeks

Fig.6. Average kidney weights of three groups of
mice infected with M. tuberculosis(H37Rv), M.
kansasii (KMC1113), and M. avium-intracellulare

Fig.5. Average liver weights of three groups of mice
infected with M. tuberculosis (H37TRv), M. kansasii
(KMC1113), and M. avium-intracellulare (31F093T).

#40% %R L7z 4 B H3TRv Bie—7 2D E &3 IE
o 202 .8EE R L, T DOEIRICBOER 1 R D
B LD E#EZ NI, 31F093T i~ 2 Tl3, &
T TR & 4172 1 PR 2 13 R Ye 1% 1138 T per-
sistent 7k MBI 70 B L E 2 L, I O IT EE
MR INDE L) ThoTe, EBRKTHITERIZIE
W™ 2D UETH - 72, KMCI113&ge~=7 2T
|3 EBRAAR R 7 ) %18 2 i m OB DA b7z Y
FE BT IO E R IEH ~7 20892, 445 T31F093T
e Z DBEHICIZ R % - 72,

mEROHRS (K 4) T3, WEAOBEIERIIMES
DA LIVIITRBETH 5 25, 31F093T k= 2 &
KMC11135&e~ 7 2 Wi D 7 2 178, 1LELED
am s E Ente, F72, 3IF093T e~ 2
P17 B MR I12 H37RY &g~ 2 DL £ O
FRLELTH- 72

FEROHR (X 5) L MEBBOHERS & EANICFEER
TEmAERL 72,

BEEOHS (X 6), B, M, FrRELyH, B
%118 CREEBENERII R, EFTT7AL
FIRERE I AS 38D & AL 72 4%, & Gets 1138 DIRE TIL D
B2 b, RENFEL EMHET AL IZEZS

(31F093T).

nrz,

(ii ) PRS2 RIRZE 70 & OISR ERALRR R AT L

F 4|z 3EMEIC L AR AN WIRRZE ZFLE L
720 B, BRIZSCINEE % ERE T2 BRDRZE, BIZHE
JiE & Wl 7 L i BRI IMEE 2R L, BIZAIREYIC
I3 BB EH2 LNBWETH - 72,

31F093T Fege~7 2 Tld, etk 338 H L ) ik
CMEEI S BT 5, 60ARICE S & LETREENLIR
LD 2T E D, MR EE AL, EW
OWR & WEEN L b, 1AM LHfig
HHMUNESHTB b, KABEZET 2, RICHK
TR OIRIED LD SN2, BB 6 BLIETIX
Seo ZUZHH & T RIRRE S RD 51, TREDA
IR¥EIZAS TH - 72. HITRV 7% & ¥ KMC1113/8%
Yoo 202 b FEREERIRZE D RED & L7z hY, 31F093T
12k 2R L BT B LA & DMK Em D D,
WEFHRIZ R - 72,

H37Rv Hiige 4 B =7 2 TR, BOWIRRED
SR 13D - 720kt L, KMCL113B~ 7 2 Tl 6
BT Lo U BIRZE DY, 31F093T B~ 7 2 Tld23
SET83% (BF), 67% (B) I # N FNDIRESHEL 72,
L L, KMCl113&$~=7 2 Tl3, 6 ML, B
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Table 4. Macroscopic Lesions of Murine Mycobacterioses

Time (wks) M. tuberculosis (H37Rv) M. kansasii (KMC 1113) M. avium—intracellulare (31F093T)
after
Challenge Lung Liver {Spleen | Kidney Lung Liver | Spleen |Kidney Lung Liver | Spleen | Kidney
* 1 Hi Hit H HHHH
3 # | 1/6 | 6/6 | 0/6 " 0/6 | 6/6 | 0/6 | _ 0/6 | 6/6{ 0/6
H#
Hit H HE
4 HE A | 3712 {12/121 0/12
i Hi
# #H HH HEHEHE A H
6 N 0/6 | 6/6 | 6/6 " 2/6 | 6/6 | 0/6
HE A H Hit i HH
11 " 1/6 | 6/6 | 4/6 W 3/6 | 6/6 | 0/6
17 Wt 4| 0/5 | 5/5 | 1/5 [ Wwmm#| 4/5 | 5/5] 1/5
Hit H HE H
23 ‘ " 0/6 | 6/6 [ 0/6 | 5/6 | 6/6 | 4/6
J 1
¥ Symbols of gross pathology of lung : — =no macroscopic lesion ; + = scattered small nodules :
H = many small nodules ; # = innumerable small nodules (miliary pattern) :
#f = innumerable small nodules with a few big nodules
T No. of mice with gross lesions/No.of mice autopsied
Table 5. Histopathology of Murine Mycobacterioses
Time (wks ) M. tuberculosis (H 37 Rv) M. kansasii (KMC 1113) M. avium —intracellulare (31F093T)
after Lung Liver Spleen Lung Liver Spleen Lung Liver Spleen  Kidney
Challenge | C.agg Gr. Prol. Nec. (Gr.) (Gr.) | C.agg Gr. Prol. Nec. (Gr.) (Gr) | C.agg Gr. Prol. Nec. (Gr.) (Gr) (Gr) (Hd.)
3 T T Tl [ + ES - + = # + - -
4 £t Wl W H~ o~
6 + + o+ - + + + o+~ + = +H - -
11 + o H~H - b~ o Hef = He~ H + +
17 H~H 2 E~+ - +~f + +  H~# - H# + +
23 +~H £+ =+ + ot~ Ha = W M~ H~H

Abbreviation : C.agg. = aggregation of mononuclear cell, Gr. = granulomatous lesion, Prol.= diffuse proliferative change,
Nec. = necrotic change, Hd. =

¥ : grades of histopa

LDMBME D) i itz

thology

hyaline drop degeneration in tubular epithelium

DB &) WEFIEIEZR, WIRMgD 3R 2145 o

F 5 IS A BB R R 2 RE L 2. 00 B, T AEEIERRED 70 ¥ TH 1), Bt 6 B TIR AR
X 7 1cARER R R 2 R L 72,
31F093T /B~ 212 A & N7z R, HALM ZACU F AMEEEIR A B L, 238 F TZ ofEm
(Vrorkleru77—)0EKE, BEEEBRER  3vi, 72, 25ETIR) v EROEFERE LY

PRE T 5 A ELLDTH S5 1LATIEE~Y
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Fig. 7. Representatives of histopathologic lesions of murine mycobacterioses.

A

Mmoo

: Granulomatous lung lesions at 6 weeks(31F093T ).
B

Diffuse proliferative lung lesions at 23 weeks,
with foamy cells and lymphocytes aggregates
(31F093T).

: Necrotic lung lesions at 4 weeks (H37Rv).
! Granulomata in spleen at 23 weeks (31F0937T).
. Extensive granuloma formation in liver at 23 weeks

(31F093T).
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Table 6. Susceptibilities of 5 Different Strains of Mice to M. avium-intracellulare
(31F093T)—Macroscopic Findings—

tnoculum : 3.4x107 v.u,

Mean Body Weight Mean Organ Weight (g) Meen Root Index’ Gross Disease of Organs
Strains (g) Lung Spleen at § wks at 8§ wks
f
Miace 3wks 8wks Jwks 8wks 3wks 8wks L S L S Li K
(3mice) (Tto13mice)
*® 1 1
1. ddY (i.v) 33.8 38.7 0.31 0.40 0.43 0.57 10.18 1.22 ﬁgl%g 0/13  8/13  1/13
2. ICR (i.v) 19.2 37.6 0.37 0.41 0.25 0.80 10.44 1.46 #(12)  3/12 4/12 4/12
38AB/c Giv) 222 248 022 0.25 1.04 096 1012 1.98 BB 22 2 2
#( 4)
4.C3H/He (i.p) 25.2 29.2 0.20 0.24 0.23 0.24 9.07 0.96 +f§ ?g 0/7 71 0/7
+
5.os18L/8 (p) 205 225 019 027 056 078 1095  1.86 B o o om
Abbreviations : i.v. = intravenous infection, i.p. = intraperitoneal infection, wks =weeks, L =lung, S =spleen, Li=liver, K= kidney

% @ Grade of macroscopic lesion (see footnotes in table 3.)
t : Number(s) of mice which showed respective gross disease
1 : Number(s) of mice with gross disease/Numbers of mice examined

. — /Mean Lung Weight (mg) =/ Mean Spleen Weight (g)
§ : Mean Root Index (L) Mean Body Weightlg] %10, Mean Root Index (S) Mean Body Weight(g) X 100

Table 7. Susceptibilities of 5 Different Strains of Mice to M. avium-intracellulare
(31F093T)—Bacteriological and Pathological Findings—

Inoculum : 3.4x107 v.u.

Strains Counts of Bacilli in Counts of Bacilli in Counts of Bacilli in Histopathological
of whole Lung (log10) whole Spleen (log10) whole Kidney (log10) Findings (Gr.)
Mice 3wks 8 wks 3 wks 8 wks 3 wks 8 wks L s Li K
H#* H ow -
1. ddy Civv) 4,53 6.09 4.93 6.02 413 4,53 & *i* +f+ l
2.1CR (v 470 5.33 6.24  6.00 4.29 5.19 #oH
++ -—
3. BALB/c (i.v) 5.54 6.42 5.54 6.42 4.88 6.40 LW
+
4. C3H/He (i.p) 4.171 5.07 5.57 5.66 4.91 4.08 # + o+ i
+
5. C57BL/6 (i.p) 5.97 7.53 6.96 8.13 6.36 6.21 & WMo -
Abbreviation @ Gr. = granuloma

# Grade of histopathological lesion

Aotz (7 B), KMCI113RY =7 2 T4 k2% 323BICE D & THIENDLBIIRD LNk h - 72,

At i A 6557, 1LBTA S Lz 0 A METET R B, BT, WFNOBREORYE~>Y 2T W3
213 1T LARE B AR 7 25 2 & 4172 H3TRv =7 2 TERZEDRES & 1725, 31F093T e~ 7 2 Tliflion
TRV ZAMESIERRLIC L LBIE(X T O BHEOBE~ 7 2~ WEIR & ) EETH - 72 ("
o T2z, 31F093T & KMCL113&3e~ 7 2 fifi ¢ 7; D, E)
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RS E, e, MEMER, WHFEEMRAEL X
FETH 7255, H3TRv & KMCL1138e~= 7 2 TlEIR
ERBOME T HEAMEKC, FSICIEREL Lo 72
7%, H37Rv &3tk 3Bn<7 2 3L, 1IEICEN L
RVEEE 4, A, R4 ED2 7 A5 RIS
BEEBRFRBD LNz, 209 H 1ILITIEERED
RS A b N 72 KMC11133e =7 2 Tl WIILIRZE D
SEE D E 722 b 2 b b R RN 7 B Y
ATELIZ 0z L WIS % 9 137248, 31F093T Beye17:H
LU= 7 2 C L3 By S U 1 2 SRR A D 5E 3R
r hyaline drop degeneration %58 & 1172,

EE 3. —27 ZFHRIIF093T (209 2= 2R

Hl RS —

F6, TICFEEBRRHE 2R L 2. AEB T2 C3H/He
L C57BL/6 2 R CHRE NG 2 i & 7255, &
BILERED D DBRET N E L TOER LR
i &, = &1 C57BL/ 6 2R L 2384, © L A8k
e (dAY) # BB T 2 BT BB TTRETH HED
%91 7,

i geE & PARRZS (2 6 ) OfRET ¢, IERORN
#*BALB/c, C3H/He, C57BL/6 » 3 &% T, fll
D2 RFICHE L TAK L, ZomIIMERZIRE S
TEEAHED 1 DEHEZ LB, Btk 8 ENIL
— M IHEY 12 C3H/He # b\ T 4 R I BEE %
7, EMPIEREIZ VT BEBRICER T E
AOTHRBEOHE CIIARIMEII LT WEEZ NS,
SoaRE L 72 R T & D R L 2 2 R 72 DIT RO
ArRTH Y, BALB/c & C57BL/ 6 @ 2 okt TREYtA
3ETEEICBEE L MR A S N0 ER SNz, v
— MEIEEOTY ZOMEAIZH L 2 TH - 2. FK 6 121
HPIRFZE & L CTHE B BENZNDL DIZREH S
PIKEEIRER BT A LONL LI L 725, TN
<3 BALB/c & C57BL/ 6 DIRENEETHHZ LT
BN Thotze 72, 20 2RMTIIFRIEHRED
SR TH - 72, BWIRHEIZEENRRED 2 KR TIE
B LTV,

FTIRL 2 BBRNAEEE, 545 &, TR
8 %%, C57BL/ 6, BALB/c, ddY o 3 R TERITH
Hh %\, PasEEs (Log Ratio) i3 C57BL/ 6 & ddY T
KEL, TNL2RMOME L E 2 bz, £72, BALB/c
Y C57BL/6 D 2 R Tl: S M OB T H 4 L £ »
5 720 TRIRIC IS 8 3 o) AR 0 T B S a I B
ThBHHY, Wi, M, O, B L WFEEITRA & b
&, ddY, BALB/c, C57BL/6 » 3 R Tld v d
fifi, M, BFICIRE WA AR 172, BALB/c Tl
A, C57BL/6 T3, M & Lo RkizEl,
INEIIEETH- 72, BIHEIERHTHRETH- 72,
B, EBRMMER, EE%3E, S SEOLMIC
C3H/Helz50E, C57BL/6 IZ2EDIET A A S N
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1A= ZDHEMIZERL T,

M. intracellulave =7 23 J1#k31F093T # fiv% 2
L2k, ddY, BALB/c 2 R OFRIRELE, Lo
iz C57BL/ 6 DMilE R T REFA IR E
FOIEHATIHE X & 2 572,

Z E S

AM JE D 7 2 THEY) 2 A F MR A7 F B S T
Wi M. intracellulare $ETIZFEFEREFI D in vivo T
DIBFENRE OB IBO CEELRETH 22, —&
8912 M. intracellulave 7-¥ER5H X BT 5 & EEEW
XL CHE N0, ERBEYeE TARRUC KL T
DFE 2 OREDTRREENTE 72, B EDIE, KBEDE
1 T3 EMET L 72 TMC1469% 2 v /2ddY =7 2 D
EEERY B Loy, W 2 IR A IR A O KR,
EEHF P ESENEEROBN»PRD L7122
LY k), M. intracellulave e T B L T, &
D B O LB 2L T B T2, £ DIREE
e m 255 L, 6 —EAR & BV, TG, R
B ARABTD RO R R ZZRT S I LN TE L7

AL T M. intracellulave D IREME BT 5 #
EN~03 M. kansasii X ET B X A% EITHL
T HENIPH L ERL T EH, AH
TR A LW H R DR KL & 4 % & nonphoto-
chromogen( B % & { M. intracellulare) 7% 214,
@ UK LT e ) B OB M b B 2 LRI E
T b, —7, kED 5 DA T Dunbar 5P DFELH,
| 7z strain Tampa #673% 3 L& & § % smooth trans-
parent colony %/~9 M. intracellulare $#kiZ 3 1 7
X THEETREREKREE 2 S, Collin 513 D673
e (_l7C strain #673 & [&— ?) % mouse virulent
strain & L THEEYERRICHHL Twb, 72, ZOH
PR MRS O3 J1 % R T bk & L T Gangadharam
51 (3 8330%k X 571-8¥k & FLilf L T\ %, fwift 5
51 13 Tween I/ NIESH T O# 2 HEFFL, &
FHEDNE RO 2 VDL Z 2k ) TS
JEYRE 2 ERC L 72 & L T B,

FEOEEEIIEREROEER 2 TRRL TE D,
FLEL LER 1 TLOKRD M. avium-intracellulare 122
WTHEREEH FoBEERRE, PUREEEIC T 5 et
LEw, ddY =7 21K 5 8 ) 0 R e RES & 5
ML7blFThd, FFE L TLHFEESHED LI
31F093T »i=v7 212kt L @i i 2 B3 5
CEERRMELDOTHEY, ZoMELZmRIIC
DEPITIEREGEL 72\,

3§, BEEERLIBENOBERTH 25, SEOER
1 ¢, /MIEEH# T dysgonic T, cornmeal glycerol
agar Tl T E£ERKHE Y, 2 L ICMiRELEEFEL L
EEFNHTRN T LA E N R, T HEERK



24

B D £HEERE L ) EBREMICH L TE -2
t ¥ Dunbar 5 0#FHELIIMZ L £ D#FEO 200 %
b, GROREE L TIZ REEL & IM EETA
WO ULETHS I L, TLRELOREEFHK
(TMC #k) & ARFD o BEbE & O R ET D & 45 L B
TIMERFOME L BELRECH L, £B 1 TRITL 72
TMC 3#%(2FhA EDEETHH LN TH Y, Mc
Carthy? VORISR ENT WS & 512 T EEBREH
ANTEEH ETh7e 0 BT D E%E R IC B RE R
THDHNHREREL T, BHKRO ATIEH EToOETE
EWHTHELET 2, EB1TRBEEIN L)1z
7 ZARPLEEIZ & 0D, 248020% LA o> D EE RS L
T\ 7231F093# A KRR | T EEDAIZELL T 5D
WEEI NI L b, FAE L IE3IF093T ¥4 <= 2
RN TR L T %28, 1578 5199 Tween fi/1 35 5
TOMRDLAADREFETH B L %2 5N 5,Kajioka
SN T, T BIEFRE IS LB 0= B (0.5%)
D Tween DA T TD HEEFEFKE D growth  con-
stant (2D ELTWa, L L, 2 DEED Tween
EHEMTOHREROMFFRISBLETHS ),
72, EBROLFHEEL BETICIIEBEE T AEREO
HRNEZEDIIRIL, WAL RIZTEL v, DK
T D EREAE D RFP IS L TR 4IRS 4 R L
ZZRIZEETNETH B,

FEEr 2 Tlx M. intracellulare (31F093T) i~ 7 2
Y, M. tuberculosis (H37TRv), M. kansasii (KMC1113)
DG 2L T D EBEoZBE X 52k,
TRZEIZEATETIZH 505, MICEEDRELEL 7214
LREMAERT L Z EpREni, B, FowEizs
DIRERIZBWT H3TRV I L A RE 2 BT A5 H
B 7278, BEYE238 £ TOREE TIL, M2 9 B
HAAHIRET ORER, Moo O F A MEEEFERR 2513 H37RY
BT BT 5 & ) ICEBIRICRATT A 2 s id ke < B
T 5 Z EATRE NIz, LB E M. intracellulare &
Yoo 7 2D FHHAREHIRETZ D 2 s, R S D0 E
LA RIZ AR E L DB R EFERETH
5, 31F093T o=y 2 Tl &Y% 78H 5 8 T4
=7 2 ARBYIZEE S 2 e BARES R D b, %<
DGEBGAE 3HTLRRBEI TR L 20T, =
DERLE L DOVER L 72 T VI EBRB LRI IZA
MALETNTHDEEEZ LD ER2 THRETL 2 M.
kansasii (KMC1113) 1z £ L A M. intracellulare (31
F093T) £ N BHOFHCEIR D H Y, i EDIKE(GED
WEZ SRR O LEY H B EE 2 L,

ddY =7 2 £ 31F093T #k 4 v 728 R gy e 7
IS EBRI LR EO Mo 2 5N b L &2 0
nWoHH, INTCNRERRORIEN 2D~ 22
NOBET AT 5 72D EER 3 Th b, PIEEH Y
T B2 ZARMANDEZ WD ZEIZ DOV TIZE 4D B

59 & 1

afn

*E

B a3k B, M. intracellulave |25 Cl3 Ganga-
dharam &' |3 AKR, DBA/2, BDF,, CBA/N, Swiss
Webster(S/W) # i HL, 2D 7%hTS/W % WO H
TRHi L T2, fwilt, %SV I H RKE o A,
ASW, CF.izjmz, BALB/c, C57BL/6, C3H/He,
DBA/2, ddY, CBA k £f@Hn~7 2 TRZME N
AL, BESH 2 RO T, MAEEROR
7705, CF,y, C57BL/ 6, BALB/c »ho) A2 -,
EZ A E s - 72 & L Twvwb,C57TBL/ 6, BALB/c 2
RAILELE L DBGHE T L FIREE A W AT REEAVR
PR LT W55 BRZEICB L T ddY & L3 2 3%
I L BRE AR A WEREE WS, LA L, &
ELOMEHIEGE 3B L SHEDAT RO A ZBEL 72
LOTHY, Wb s RHMOBREHNEIL, =72
IR B RIS & RIBIGE O & & FEEIC AN
ZhY, RELOBEIIERT AR TH B,
FEERA LA 2 AR ERT 2 1213 508
DUHEILETH Y, AFESL/EWEPHERAT LD
PEBETH L. AELHAAY =7 22 F & LTRSS
LTERWZATHY,ddY =7 2 L 31F093T % v
THHBM RO G 2 Bt T % 2 EABUENRETH %
EEZTwD, ZORYSRE H v CREICRETEIA MR
DA 2 RA T2, —EZOHBEELTED,
ZOBAEPIBNERBREDFETH b,

& i

A HR o B kR 5 #k & TMC # 5 # o 5108k o M.
avium—intracellulare % ddY i id <7 2 R ERIR I
e x4, IEEFN AR, #ohisEE (Log Ratio), g
B, IR S 0BgIc LY, A BRE D 1 #
(31IF093T) 7 @M #ATHE DR E 2T L 2 RS L
72 AHIZ T BERRE TZD5.0X10°~1.8 X 10%. u.
D R EIREG TRYt: 3B H 5 T HO BRI N A
X105 oL, 7aE%EM, M, FoEmlzens?
NWIEE=T7 2D 2%, 64%, 2M5c8inL 7z, &tk
75 8 HT e 2 EE A I IRIRZ (ERIRZ)
PR 1, FRZE L L% persistent ZefEFH 2 R L 72,

JRELAHRR R, M, W OLE L WEFRE & i co g
RO L (BRI 6 08) o WEFREEZE(L & 2 LLIED
U AMERBERREICREZN, w7 AEEELIRE
2R HOORIMMER L 72, oz okkEr L7z H3T
Rv Bge= 7 2 Cl3, Byett 4 B CHIICEEIED 80 51
7273, 31F093T [&ye—=r7 2 T1323:H F THZEEED
HEIZRROH SN h - 72,

< ZRHA DRETIE, AHIC L 5 BALB/c #
W 72 BRI, CSTBL/ 6 % F Vs 72 BERE R Y & b i
ddY BEARERYR & E U KR LERED 2 HDRIF
LRRET N EL ) ) B ERENT,
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