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A trial to induce Mycobacterium intracellulare infection in white conventional mice suit-
able for the evaluation of experimental chemotherapy was presented. Mycobacterium intracel-
Iulare, TMC 1469 strain (provided by the U.S.-Japan Cooperative Medical Science Program-
NIAID in 1975), grown in modified Dubos Tween albumin liquid medium for ten days was
used for intratracheal instillation. For comparison, Mycobacterium tuberculosis (H37Rv strain)
was also inoculated to mice by the same method.

Each inoculum was administered by a syringe into the cervical trachea of the mouse which
had been slightly anesthetized with cholroform and secured supine to expose cervical trachea
through a small skin incision. Mice were sacrificed at two days, one week, three weeks, six
weeks, nine weeks, twelve weeks and twenty weeks after the infection and quantitative cultures
as well as histopathological examinations of lungs, spleen, liver and kidney were performed.

Seven mice infected with M. intracellulare and eighteen mice infected with M. tuberculosis
died during the experimental period with a mortality rate of 13.5% and 31.6%, respectively.
Increase of body weight was suppressed until three weeks after M. intracellulare infection and
until nine weeks after M. tuberculosis infection, when compared to those of mice which admin-
istered either Dubos Tween albumin liquid medium or normal saline by the same route. In the
mice infected with M. intracellulare, the viable units of bacilli in 10 mg of lung was 2.9x10° at
the second day, 4.5x10%t the third week and 2.7x10? at the twentieth week after the infection,
and failed to show a phase of logarithmic multiplication which was seen in the mice infected
with M. tuberculosis between the first to third week (1.0x10* to 8.4x10° v.u.) after the infec-
tion. Histopathological changes became remarkable three weeks after the infection. In the mice
infected with M. intracellulare, fairly extensive infiltrations of mononuclear cells in the lungs
were observed in approximately one half of the mice and epithelioid cell granulomas in the
lungs were seen in four mice. While, in the mice infected with M. tuberculosis, almost all the
mice sacrified between the third to twentieth week after the infection showed severe extensive
infiltrations of mononuclear cells and macrophages in the lungs, as well as epithelioid cell
granulomas in the liver which were not recognized in the mice infected with M. intracellulare.

By this intratracheal instillation method, it was possible to administer a large size of in-

* The First Department of Medicine, Chest Disease Research Institute, Kyoto University, Sakyo-ku, Kyoto
606, Japan.
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oculum of M. intracellulare to lungs, and the viable units of bacilli in the lungs were higher
than the viable units of bacilli in spleen. In this regard, the intratracheal route of infection was
thought to be superior to the ordinary intravenous route. However, in view of these results, it
was again evident that M. intracellulare is considerably less virulent than M. tuberculosis. Studies
on colony morphology of M. intracellulare might contribute to obtain virulent strains. Further
endeavors and mandatory to obtain a suitable experimental model of M. intracellulare infection.
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MO T ETHRENIEAL 72,
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HED BB - B4 CEREEY 1T~ 72, 2
% NaOH Tl#28 % 1015 12 BE R (B ARSI 2 = o~
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Numbers of Sacrificed Mice

Intratracheal Days, Weeks after instillation

instillation 2d 1w Iw 6w ow 12w 20w

i 6 6 5
M.intracelluare | 6| 8,1 6,1 S, 65l Oyl Py

i 5 5 5 5

M.tuperaulosis | 6,1 By S Byl S S F
l?upos ngen albumin 5 5 5 5 5 5 5
liquid medium
Normal saline 5 5 5 5 5 5 2

The numbers in the parentheses denote the numbers of mice examined for

viable units of lungs.

!ntrgtra'cheal Dead mice
instillation
M. intracellu- || 8o ° ° °
lare
M. tuberculo- m%@,; s aa R A
sis
Dubos Tween
albumin liquid ‘-0 L
medium
Normal saline || % > x x
1 1 1 1 L ) 1 —
1 3 6 9 12 18 20
Weeks
Fig. 1. Number of mice died during the experiment.

Each symbol represents one dead mouse.
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nTwiz,
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TH - 72, M. intracellulare $%FERE, Dubos Tween al-
bumin ¥ K 82 AR X 512 A EOKEAR T
338 H LU O FI ] ) — 581 il 0 76 M= 30 4 19 7 il &
BEEA LD A SN & & - 7z, 8- B - B3 efF,
SRR E Il DR T NERTRIE B o 72,
5) FEAEREL V- FMES X v— B
FK2IZKHEOM - M- I - BROPHERE LT
WIES L ov— e s nFiBsiz R L 72,

g
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-
i)
o 35f
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Fig. 2. Body weight.
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Table 2. Mean Weights of Organs (g), and Root Indices of
Lung and Spleen
ool | ameters| 29 | 1w | 3w | 6w | 9w | 12w | 20w
Lu* [0.19(0.19(0.30|0.27|0.25|0.28|0.22
JCu* |8.99(8.36(10.55|8.86|7.88|8.25|6.99
Mintracellulare s * |0.04[0.06|0.14]/0.13]0.14|0.12|0.14
) /s * [0.40|0.44]|0.72|0.62|0.58|0.52|0.55
Li* [1.36]1.59|1.48|1.66|1.88|2.0 |2.12
K* |0.65|0.69|0.48|0.52|0.64|0.680.77
Lu [0.19]0.20|0.63|0.65|0.41|0.58 |0.93
JUu | 8.47(8.70{15.09|15.84 | 10.69 | 12.09 | 14.80
M.tuberculosis s 0.06 | 0.11]0.20 | 0.16 | 0.24 | 0.39 | 0.30
/s |0.43]0.64|0.87|0.77|0.82|0.95|0.84
Li 1.611.61|1.74|1.52|2.02 | 2.34 | 2.41
K 0.65|0.65|0.52 | 0.48 | 0.60 | 0.73 | 0.75
Lu [0.20(0.19(0.30|0.21|0.24|0.26|0.24
JLu [8.83(8.17]9.74|7.68|7.98|8.09]7.50
Dubos Tween| g 0.05|0.080.13/0.10|0.26 | 0.13 ] 0.12
albumin liquid
medium /s |0.41|0.54|0.65|0.54|0.81|0.58]0.53
Li 1.57|1.63|1.65|1.80|1.87|1.84|1.96
K 0.66 | 0.58 | 0.60 | 0.58 | 0.67 | 0.72 | 0.73
Lu [0.20(0.21]0.23]0.29|0.21{0.2310.19
JLu |8.27/8.32(8.14(8.92(7.31|7.396.52
, s 0.06 | 0.10 | 0.20 | 0.11]0.12]0.11{0.11
Normal saline
/s 10.44]0.590.72|0.55|0.53 | 0.52 | 0.49
Li 1.921.911.88|1.421.832.13 2.0
K 0.71[0.74 | 0.56 [ 0.47 [ 0.64 | 0.69 | 0.68
x: Lu=Lung. S=Spleen. Li=Liver. K=Kidney.
ICu= ﬁ%xm' ¢—=./B—ws:'—m%—<g7x1oo
FAY 2k B— b IIE (JErDx0) 122 20K tracellulare BEREEFTIAHHE 2 HIZ AL # 1H2.9X10°

BREESASIE T, L— b Mg (/B a00) 13 ELE
b TOEBRIIFERGIE TZ N IR E O BB I A
HENZ & THbB, M. intracellulare HFFERETlI/L—
kel AT 338 H iz 10.55 & HEAyEE A R L 72 st
IFETI0LLFICE EF -7, ZHEIEHEIZ M. tu-
berculosis TR TIZ 3B L N200AHE TL— I
W 124 C10Ll Foo @i #7” L 72, Dubos Tween al-
bumin K £ He b L ORI A IEKEARE TlELv— T
WHiE I 4R®BE2ELENEFNT.50~9.74, BLV
6.52~8.920 T - 72, — F BB TIE 3
VA EH LI T M. tuberculosis¥EFEREI30.77~0.95%2 7R L
oy 3% & ik L EfE %R L 72,
6) BEZRPNRITEBEBDOHERS

# 38 L UM 3, X4 12 M. intracellulare HEFERE & M.
tuberculosis BEFERE TOMl - M- HF - Bi#10mg iR
BB ERL 72, Mid 60T AW i M. in-

V. U.2SRIC & NL72hY, LIk £ DRERIE A 5 1
530NN 2HEL N IXMEHET20:HH TI32.7X
10°V.U. 25T 2 472, —F, M. tuberculosisTEFERE T
12 HERET% 2 H125.0X10°V.U. 258 & 41, 1A% L1 .0
X10°V.U. & 1ZIZRIFEE DRI ERB A B S L7255,

B TIZ8.AX10°V.U. L L BnA A 5, 204 faé
TH10°EDBICAEEBE AR LT 72, BB L U
b DIRITCHE I M. intracellulare BFERE Tld M. tu-

berculosis HEMEREIZ LN, WINIIEETH 72, &
ICERER 12, 2008IC B CHERBEELZ T o

5, M. tuberculosis BEREHE TI3 D $ 7 75 BT &ETC &
n72ht, M. intracellulare BEFERE CII W IR TS N
D12,

7 ) B R AT R

4 2hl - B FFIEOR MO RO ) bEL
LoERLz, MREICB L TiE, *# & L 72 Dubos
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Table 3. Average Viable Counts of Mycobacteria from 10mg of Organs of Mice Infected with
M. intracellulare (TMC 1469) and M. tuberculosis (H 37Rv)

Intratracheal
instillation Organs 2d 1w 3w 6w 9w 12w 20w
Lung |2.9X10%(3)] 6.7X10%(3) | 4.5X10%(3)| 5.5X102(2) | 2.6X10°(3) | 2.4X10%(3) | 2.7X10%(2)
Spleen — - - 1.5X10%(1)| 6.0X10 (1)] 1.6X10 (2){5.6X10 (2)
M.intracellulare
Liver — - — - 3.3 (M| 1.3X10 (2 2.0 (2
Kidney - - - - - 0 @ 0 @
Lung 5.0X10%(3)[ 1.0X10%(3)| 8.4X108(3)| 1.6X108(3)| 2.2X10%(2)| 1.4X10%(3)| 2.4X10%(2)
Spleen - — 1.0X10%(1) | 6.6X10%(2) [ 1.7X10%(2) | 1.2X10%(3) | 2.9X10%(2)
M.tuberculosis
Liver - - - - 4.5X10%(2)| 2.0X10%(31 | 3.9X10%(2)
Kidney - - - — - 40 31| 1.3 @

The numbers in the parentheses represent the numbers of mice sacrificed at each

homogenization for viable units of bacilli.

Lung

Culturable units per 10mg of organs (logio scale)
w

Fig. 3. Average viable counts of mycobacteria from
organs of mice infected with M. intracellulare (TMC
1469).

Tween albumin{E KBz B L O A BREY AR KIEARE T
ZNFN1EB & o2 AL iR - BARER BukE
NRREL - MERL~OBRENBREI A LNz, Z
Xt U T M. intracellulare BefE R Tl 338 & 1) HA%
RO WS R (X5) 8RR 70475 fifilidmacrophage
DEBALNT WD, 518 F Mg A2
(epithelioid granuloma) (X6 ) DAY, 33, 12
B, 20 EICRE 4R TH L L2, M. tuberculosis #:FE
HTIE1EED 1 ETHHEK - BEEROBEMIC & 28
WORENEE (R7) & 60, 6BBLK%TIIE
13 LB T B AT -l B macrophage DIREL 22 U0F A
g (X 8), —HRBEARFEmHLE (K9) »
ANz,

JET13 M. intracellulare TEFERFE D 6 A LIIE D=7 2
SRT, %72 M. tuberculosis BFERETIE 3 ML 4

Culturable units per 10mg of organs (logio scale)

0 1 3 6 9 12 20
Weeks
Fig. 4. Average viable counts of mycobacteria from

organs of mice infected with M. tuberculosis (H 37Rv).

BT WHIRE %2 L - 2 KT DB ALER (epithelioid
cell) D/NEAH B LT,

I Tl M. tuberculosisBEFERE D 6 HLLE D LHIZ /]
S E R MR SRS DY SR b L, F O,
H % ZOH DD R TRE D RIS O EE
LRV (AN

BETI32H, 1HEDIZEAED=7 X TRMEN
7 hyaline DR A A S it7z, & 512 6 HLHE D —
D=7 2 CTRAE LREOEME, M FEA~ELE
DREB L UOBREOMESEBREIZ LN2D, Th
LSO RIIWEE B L 2L 0= 22 L8 5
NEZDTHEDR TR weEZ b,

Ziel-Nelsen 12 & 2 BB B YL 6 Tl3, M. intracel-
lulare BEFEHFIC B\ T IO FH_E R AR R A ZFIE DR
fLIC D ALEOEEE A 38D b 7z (K10), M. tuber-
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Table 4. Histopathological Findings
Days, Intra- Lung Spleen Liver
Weeks - X —
after f'ﬂc_"ea! Infiltrating cells Broncho- | Epitheli- ::iz“::l'l" '332?":“;" Epitheli-
instillation | Instillation [Neit-c TMono. | Macro- | Epithe- | md, 873" | aggrega- |aggrega- °'d| gra-
Phl' nuclear phage N nia nuloma te te nuloma
" @ - - - — - — - -
2 days T - - - - - - - -
D (5 - - - (+,2) - - - -
N ® || @D - - = =1 -1 -
I3 - — - - — — — —
1week T @) |EHD | D - - - - (+,1) -
D )| (H+,1 — - (#,1) . - — —
N (5 - - — - — — — -
I @)D |2 | (2 | G - (+,1 - - -
Bweeks T (2 - (+,1 - (4, 1) - (+,2) | (1) | (1)
D | — || ED @wy| - | - | - | -
N B — || - - - = - -
I @0 | 0| | - | = [ = | -
(+H, 1) — —_ —
Eweeks T @ | &30 | +,2) | (4,2 (#,2) (+#,2)
D ®| — |[(+3)| - (+0| - - - -
N & — [(+H2]| — 2| - - - -
I (3 - (#,1) | (4, 1) - - -
T 3| (+3) | (#,3) | (#,3) | (#,3) - — | ({3 | G | (H2)
9weeks
D (5 - (+,2) - - - - - -
N (5 - (+,2) - - - - - -
I3 - (4,2) - (+,1) | (#,2) - - -
T @] H,1D | 2 | (#,2) | (#,2) - - (4,2) - (4#,2)
12weeks
D (5 - (+,2) - - - - - -
N (5 - (+,1) - (#,1) - - - -
I @] - |&D[ED — TEn[En @] -
T (@ - (+,2) | (#,2) | (+,2) - - (+,2) - (4,2)
20weeks
D (5 - (+3 - (+,1) - - (+,2) -
N (2 - (+,1) - - - - - -
% | =M. intracellulare, T =M. tuberculosis.

D =Dubos Tween albumin liquid medium, N=Normal saline.
+: The number of mice examined for histopathology.

tt; +, 4, # : Grades of pathological findings.

§: The number of mice which showed the respective pathology.

culosis BERERETIL I O FE 2 DIFEIALIC L F DI Fif 1A
232 6 1L ([J11), & &1 TOR b e et A 2 I
ST OFE R M B A R R ML T L HIERF 2
HEED H 17z,

m. # =
BRI F A AREBROK M R —Hk (TMC
1469) ) b\fﬂ&)\’ﬁ%z@ﬁ%‘:ﬁﬁiLf’vvxﬂ&}\/?&

PR BT 5L, ﬂmmkmiﬁﬁlih&“ﬁfﬁ 6
LU T S g AR D3 A & 13RI 10° ~ 10°
BTHY, FEATE - 2&H7E W%Eﬁ it P A TR B D HE
B RBEICECEA T 3B b, L22L6
B LU 9ELE T T ENZNDE LA LR
ABEINSZ E, X LIREMMT R T—Eo=

1o TR R M D AT A S L Y, T AR

BB & O EEMIEO O F AR R L LT E S
D&)ﬁ“’“’(“@ﬂfb‘fﬂ%ﬂ%&ﬁﬁ%&:rtf\*(fi AMEFEFEIEAS
B DA SR CENSR 21370, KRENEEIC L)
B TR D D ?&k’a‘uf XZ e KRELRERTH
S EFEZ LN,

R L AR AR TTERBE» A5 L,
A 5P ) M. intracellulare (TMC 1469) =7 Zi%
BRI T3 M T10° 1, JifiC10°~10° & & g~
5 DI A A b DBICERE L ) S o 1277,
2 [8] R B P B RE C I I PR TG AR T ) 7 s M & D
L#10~102%h - 72, & LI MERE CIIEARKIZR
7023 A5 ® 0 M. intracellulare O =77 ZKEREHFHIK
Yoy 2 TIL— b EHEHAT0.69~ 1.4 TH - 2D
LA EOERTIZ0.4~0.72 L IEIMEMETH - 72,
S0k 5 I REIRIEGC N, SUE NEERE TIR A &
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Fig. 5. Lung, 3 weeks after intratracheal infection with
M. intracellulare (TMC 1469). A large aggregation com-
posed of proliferating small round cells and large mono-
nuclear cells with light cytoplasm in the peripheral area.
(H.E. x 100)

Fig. 6. Lung, 12 weeks after intratracheal infection
with M. intracellulare (TMC 1469). Showing peribron-
chial epithelioid granulomas. (H.E. x 100)

Fig. 7. Lung, one week after intratracheal infection
with M. tuberculosis (H37Rv). Showing slight septal
thickening.

(H.E. x 100)

DBICAETEHD S > O IGERE L) L %<, F
72 Mg > EE NI A e 5 72,
LA DFEETD M. intracellulare ¥FERE 5 L N M. tu-

Fig. 8. Lung, 6 weeks after intratracheal infection with
M. tuberculosis (H37Rv). Diffuse, extensive infiltration
of large mononuclear cells and macrophages, including
aggregates of small round cells.

(H.E. x 100)

R

Fig. 9. Lung, 9 weeks after intratracheal infection with
M. tuberculosis (H37Rv). A large tubercle with prolifer-
ation of mononuclear cells. Macrophages show abundant
foamy cytoplasm.

(H.E. x 100)

berculosis HEFERE DA Z LK T 5 Z LI L ), M in-
tracellulare DIF FAENDFEE % M. tuberculosis & Xt It
LTHoidTR#TLI N TER, BILHEETIZ
Wi e E WA HEFEL 2 H A R Th » 2 DI L,
BETII AT TOHOMAE AL T8,
BREL 1AL D DI HI0MEDFE W A BN % R
log phase 5% 5 4L, TEHE S " DR E BB & BN
A AR I DEBROFEIE &L FBEORBTH -2, S5
|2 B ELALAR TlE M. intracellulare BHEFERE D b § H3
BBk £ E L 2BErALNzolcx L, M
tuberculosisTEFERE T3 6 WL DL =7 2 THALEK-
fifil macrophage # i U 72 U A MR, — 304 8K
DEEH LD BED UV E ANEEIETIOR Rt A 5 1
TE Y M. intracellulare DIRIEIEDY M. tuberculosis |2
N, 3 a0IcHWZ WD TEREI N,

AW M. intracellulare #3555 YL Tl AL R IR
DA EERICEMET L E L TERT 21213 imE
WA Rz FTenn bo Tl -7z, Lo LEROHE
FHHICETE, S5 ToRITEREE BT



Fig. 10. A small number of acid fast bacilli presented
in a epithelioid granuloma of the lung. The same mouse
shown in figure 6.

(Acid fast and Hematoxylin stain, x400)

Fig. 11. A large number of ac1d fast bacilli presented
in a tubercle of the lung. The same mouse shown in
figure 9.

(Acid fast and Hematoxylin stain, x400)

FNENLERBICROIEDTER L) ﬁf”‘"iﬁﬁﬁ
TH»9, 4%, FEBKRO M. intracellulare FETERKIZ

tofu,MJmeMMM@%%%%mm’%¢Mt
L 7298 E M 0 i W BBk DFENL R, EBREWI D M. intra-
cellulare |2 X3 DIRPLST D IKEFIIL D TR AR X & 2

Lilb,
V. #& B

M. intracellulare TMC 14698k CKEHR) # =7 2|2
FRAUVE 12 e & B BRAY M. intracellulare JE DERK
ik ATz, [ARFIC M. tuberculosis|Z DWW T 4 [EEEDE
B 24T 70 Wil O R M & HeickEt L 72,

1) it T A A B R 4% 2 I e fii2. 9X 10°V.
UZRL7Z»LFE20BE ConL D Mms s ixs
o lze ZHUSKT L M. tuberculosis BYSHE T3 Y14
1AL Y 3ENMIZH 10° 50 B 7 8T L WL
s iz,

2)REFRIRESY & B2 ) fli b ORI AR RS i 5

s
N
B

58 & i 5 %

DZENLLE N0~ 10° EEMETH - 72,
3) Mitidrs BEAR #E AT R Tl G tE 3L D — B =

2 THARERZ & L 2BE &SN, 4 VCTHE M
HIVERFIED T A A S 37255, M. tuberculosis’i’zm
TECOBEDVF AMFEIMEAL & kT 5 L9HE
BETH- 72,

4) % BOWENICHE TE Lo L iRoc Al 2 M
THOZENEINLERTE B TIZAR LR % 2
LiLrens, ARIORATIZTH L8 T T IVIZIER T
B o 12 Ak, EREN & WAROIRIEEO W 0 4
HFDOEBICHLTESHICRFEIMETHEEFEZ LN,
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