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A STUDY ON EXPERIMENTAL MYCOBACTERIOSES
PROVOKED BY ATYPICAL MYCOBACTERIA

8. Trials of Airborne Infection of Mice with Mycobacterium intracellulare (The second report)

Fumiyuki KUZE* and Nobuo SAKURAI

(Received for publication August 3, 1983)

The ddY conventional mice were infected aerogenically with a mouse virulent strain
31F093T of M. avium-intracellulare (M. intracellulare), using TRI-R Airborn Infection
Apparatus Model A42. The strain produced a 1,000-fold increase in the number of viable
mycobacteria recovered from lung, and a two-fold increase of lung weight after fifteen weeks
of infection. The number of the viable bacilli was retained thereafter essentially on the same
level with an ever increasing lung weight, which reached a 3-fold value at 28 weeks of infection.
No deaths due to the infection ensued during the period of observation.

Macroscopic lung lesions consisted of densely scattered small nodular lesions combined
with dispersed grossly big nodules, which became visible at six weeks of infection. These
lesions demonstrated histopathologically multiple granuloma formation at six weeks of in-
fection, and diffuse proliferative changes thereafter.

The aerogenical pretreatment with an amorphous silica (Aerosil, Degussa, Frankfurt a. M.
(FRG)) accelerated the disease, which was demonstrated macroscopically as well as micro-
scopically beyond nine weeks of infection. The pretreatment, however, could not change
the disease process to an acute form.

These chronic persistent lung infections in mice, which were aerogenically provoked by
M. intracellulare 31F093T, have a few advantages as the models for experimental chemo-
therapy besides its being akin to the human infection in view of the route of infection. First,
the infection procedure is much easier than intravenous and intraperitoneal infections in
a large scale of experiment; second, a larger number of mice can be dealt with due to easier
observations aimed only at the lung disease; third, various aerogenical pretreatments can be

* From the First Department of Medicine, Chest Disease Research Institute, Kyoto University, Sakyo-ku,
Kyoto 606 Japan.
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evaluated.
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MRV E LLETH L. FELITEFR, 27 in vive
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DEBRETNELTUL, FORPER» LE 2 TR
BGRIZHL, &0 AMRBYYEISEN S BhNBIRA
RO F B OV TRETL 72,

. KRB L LUICHE

1) EEBEY
ddY #Ei5im—=ry 2 (R EREY L D BA) 24 H
L7z, SMubCTHEBRAZRMEL, MR o E iR
(IfG ) 2 M7z,
2) BEABHK
M. intracellulare 31F093T > 24/ L 72, A7EIH
HL2ER 19181158 3 ARG 7 BokR
THEZHV, 1%/NEEHICRE L 2AEOBMEZ
HE&H2HEWv5Z &1L D,50m! @ modified Dubos
Tween albumin A& (0.05% Tween 80 &)
IR L, 3ARIEEEEL 2B (1.00 X 10°%v.u./m/) %
WiEE (4°C) TH1»ARFELZLDEZEHL 7,
3) RAHAE

I A2 X T TRI-R Airborne Infection Appara-
tus Model A42 (TRI-R Instruments, Inc., N.Y.11570
US.A) #fH L 72, Middlebrook? D #E% | 723 & 7
WREATHI00IE D=7 Z 2k L T & B ARVED 7T BE
TH b REETIT silica IR A & 31F093T BRIk ARG
DIRARICAREE 2 HHL 72,

silica Wk A2 (% nebulizing time 3047, cloud decay
time 3047, decontamination time 1543 T, % 72l A
YeTl% preheat period 1547, nebulizing time 6047,
cloud decay time 3047, decontamination time 204 T
BAEL 72, Mi# X 3 main air flow 28L/min, compres-
sor air flow 4L/min D%&KMHTH 5, silica L AR
BIZEHI0EATZ Vv, BILER THE G 122 Ehi
L72hs, BefEid 1 mliciko 7z,
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FF103IE = 2 T 5 ERBEAER L, BILE & L T
7 silica WA, 704 N2 31F093T BRI A J& 4 %2 1 50
DETATHER L 72,

BB ARG (4308)

%28 silica A10[EIE AR ARG, (200T)

% 38 silica BIOMEIBR A2 ARH: (2008)

48 silica A10EIEA DA (100E)

58 silica BIOEIRA MDA (100T)

silica (288K~ 1 B (ALY, £70~100xm) (LA
F silica A) & amorphous silica (Aerosil) (Degussa,
Frankfurt a.M.(FRG), #£25~50nm) (LLF silica B).
D2MEMHAEMAL, FNFN5mg/ml, dmg/ml DBHE
ZERRKBEE A MAT E L CTHERAL 2,

%8, 31F093T R ARGz 3 FECEM (1.0X10°
va/ml) ZEBERAMICERL 72,

Bt 3 HBICE 1 Ho~-7 2 3L ERKk, HaEE
BEBED L, I, M, B EaiE L, £ (peror-
gan) DERHE KD, kW TREYG% 38, 68, 94,
1581281, 2, 3HNESEn>T 225k, K
EE, BMENERELBEEL, N3LTHENEEE
DWEXFERL 72, FiZ, 5RO D 2 DT3RS
BRI L 72, 4, SBECOWTIZEYA%3H, 6
M, 938, 15B0EE s CRBIORIEMA ORIz
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Fig. 1. Average body weight of mice. Each point

represents , the average value of 5 mice except-

where indicated by a number in parenthesis.
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Fig. 2. /Average lung weights of mice. Each point
represents the average value of 5 mice except
where indicated by a number in parenthesis.
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Fig. 3. Average spleen weights of mice. Each point
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where indicated by a number in parenthesis.
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Fig. 4. Average viable counts of mycobacteria
from organs of mice air-borne infected with
M. intracellulare 31 F093T.
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W), B S TORKEBIEER (BR%28:8) 1213 F
¥R E 42.9g, FHfH, MEEIZ 21 0.77g, 0.2g T,
—BHEIE L T 322 A 2 R ER B EIMER 2
RLTwie, B, REBERNO7 AL &, B
%2BE T L 2= 23 o 72,

AR ERE (F1, 2, 3B O, & Bo
SEEEBEBOWB AR 4 ISR 72, IRARY% I HD
filiizix 1.69 X 10%v.u. DA »EILI N, BGeik158
TIFENFN,3.20xX107v.u. (8 1 &), 1.58 X 107v.u. (5§
2 8), 1.09X108v.u. (55 3 #F) & ¥na A 51 5, silica
BIRAEE (5 38) T3 985 515812213 T 2
BELDRITHEEIL S <, Ytk 3 HOM6,4000512:F L
T MOFELEEET L 1, 000FE BT OB A A b 172,
Ytk 3ELIBETIZ, a5 LIREICHEEEDRT
A G S DY, BICEEL T, silica RIALE D 2 BEH 5
DRICH 3BH TR, MABRPNLZOHE (FE1H)
TIIBTLHO»BNEMERADSH 72, T2, BHrHLDET
I3 silica B BIALERE (B 38 ICRLECALIL6
% T, kW silica ABEDBICH A LN D508 1 B
TIRISGATIE LD TRITH AL N, £ 1EDEBH
DEER (K4 12I1ZRL Twiew) TI328E%, BT
2.67x10%v.u., BTlE 2.34 X 10*v.u. DETH A LNTE
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AR TTEEE 7.05 X 108v.u. 2w L, Y2158 L

Table 1. Macroscopic Pulmonary Lesions of Mice Infected
Aerogenically with M. intracellulare (31F093T)

[
Lapse of Time G1. Infection } G2. Infection G3. Infection G4.Silica A | G5.Silica B
after alone after after alone alone
Challenge Silica A Silica B
3 days - - -
3 weeks +t - 4+ + + -+ - 4+ = -t 4+ 4+ 4 - - - -
# 3% _
6 weeks #o H# H # o H# A HooH# o+ M - - - -
9 weeks # M i M W LSS S S | I #o M M - = - =
, . , ) o o 0 O
15 weeks # A M i # o M Ht o M - = - -
¥  Grades of the lesion | —=no macroscopic lesion, +=a few scattered small nodules,

+=many small nodules, H#-=innumerable small nodules,
it =innumerable small with big nodules

O subcutaneous nodule in tail

© pudendo-gluteal abscess with ulceration
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STh B, BRI O T RO BT 5 L Bt
FALDBHD SR E ) Tz %8, HRENZEI
FRD LN 720
FEROEARE R ZEFTHERT A2 L) THY,
R 15 LI (3 U % A NSRRI ) > o SERSE SR
B TEMMEST 2 L E L bnie, 3R
HR O E T, Fgeis158 T silica B AILER (5
3BE) I U % A NSRS R D BRSO LT,
5 AR AT R 2R L 72,

m. E 3

e IR L 72 M. intracellulare 31F093T Fx &
ddyY = 2 % v T, AiElEES L 22 BRIRE, IErEN
R RN 2, RARGERTL BRI ET VAR
HTE 7, MERBYUEIC— A DWW ET )V E Wz &
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Table 2. Histopathological Findings of the Lungs of Mice Infected
Aerogenically with M. intracellulare (31F093T)

Weeks after Infection

Mode of Infection
3 6

Peri. B. Mono. infil. + %) | Dif. Prol. Exu.

G1.Infection alone Ep. gl.

Br. pn.

9 15
#(1), + ()| Dif. Prol. Exu. + (1) Dif. Prol. Exu. #f (1), (1)
#(1), + (1) Ep. gl. # (1), + (1)| Ep. gl. +(2)
+(1) M#¢ infil. + (1) L. agg. +(2)

) Infection after

Peri. B. Mono. infil. 4 (1), + (1)

Dif. Prol. Exu. (1) Dif. Prol. Exu. (1), + (1)

N n.p. Ep. gl. #(1) Ep. gl. 1+ (2) Ep. gl. +(2)
Silica A .
M infil. +(1) M# infil. +(1) L. agg. +12)
o Small subpleural Br. pn. #(1) Dif. Prol. Exu. + (1) Dif. Prol. Exu. f(2)
Infection after | ) 1
Silica B inflammation Ep. gl. 4 (1), + (1)| Ep. gl. +(2) Ep. gl. +(1)
ilica
L. agg. +(1) L. agg. H1), 4 (1) L. agg. +(1)
Peri. B. L. agg. + (1) | L. agg. +(1) L. agg. +(1)
G4.Silica A alone | Small subpleural W n. p.
inflammation
Peri. B. Mono. infil + (2)
G5.Silica B alone n p. n.p np

% o+, +, i, f:grades of pathological findings.

t : The numbers of mice which showed the respective pathology.

Abbreviations : Peri. B. Mono. infil. =peribronchial mononuclear cell infiltration, Peri. B. L. agg="Peribronchial lymphocyte
aggregate, Dif. Prol. Exu. =Diffuse Proliferative change with exudation, Ep. gl. =Epithelioid cell granuloma,
L. agg. =Lymphocyte aggregate, M ¢ infil. =Macrophage infiltration, Br. pn.=Bronchopneumonia
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Fig. 5. Histopathologic findings of the lungs of
mice infected aerogenically with M.intracellulare
31F093T.

A. Peribronchial mononuclear cell infiltration at 6 weeks
(without pretreatment).

B. Granuloma formation at 9 weeks (without pretreat-

ment).
C. Diffuse proliferative lesions with foamy cells at 15
weeks (pretreatment with amorphous silica).
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DGR Ky, AEMEL SICRHET L LHRENE
fErRBHLN7ZELTHEY, THLS LEALE Y M
Wiz silica # M. kansasii BEREBHICHEAT 2 2 Xz k
N, HEROEHEOBEEEREIrEES N2 L H®EL T
W ARDFER L D silica BILE DS EEE, ZiLL 0
W & 387 B L% 2 545 %%, amorphous silica T
RIALE L 72 R BE (55 3 BE) TRtk 9 8L 2
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1984 4 2 J
HNZBEE Th - 72 AEBRTHA L 7228 silica #
9 b, R A B CEFALS) OREIIW L T o
7295, B% 5 Tl silica DRI FRENEZ NEHERDER &,
KL FEDZEDTRADBED KIBEMIANDEF TR EL
B2 b\v) 200 EL -IHERTHA I,

MICEELREVRD NI b bLT, B
BEFPOE 1IHORKRD 0L <7 2|3 G288 12 F
LHAAET THTCL Twirw, =7 ZEEN M. intracel-
lulare FE D persistency (3RO TR R X & 2 51,
SRR E TV 1A L T % OffFFRREIC
FEMEREL D EEFZ LD,

amorphous silica DI ARTALE |2 L 1), BRI #7125
LR BB XN, M. intracellulare % 2 b5 2 &
ETELD»-72h, HBBRPEBEIIORE A5 HT %
ZEIZTRETH B & Bz Bolr, Gangadharams, 1®
13, beige =7 2 & F\ T M. intracellulave O 2 ERY:
T INVEAERR L 72 & i L 724, compromised host %
Huwizgge e L CEBIRELDTH S, Lr
L, MERBERED % { TALNDEEIZ L ) FELLL 72
BTNV, FEELOERL -2 & SBEBREET LT
HrEEZLN, BROBEIZDETNLERWIA
BN OMHTH S 5,

V. #&

nlg

TRI-R Airborne Infection Apparatus Model A42
A, ddY #2022 23 JERS1F093T #&
ZIR ARG &0, WIEEATY O EBR I M. intracel-
lulare JE VBT 5 Z &I T & 72,

G 1508 TR AE BB, 00005 12 2 0, i E &

222z mL 72, ﬂﬁﬁm'\?'? A TREBE T
VDAY, RR28IAICE - T N A BB 15 R t

FfEEMEFE I N, ERIZEICHML, &4
L7z ZOM=7 2D IBRBD LD - 72,

HilALE & | C amorphous silica # 10[EIk A 242 =
LTk, Bt 9BLBOMNERE, MESLE
BI85 TlE £ L ENE6, 4004,
H 3AEICEL 72,

MR 25 & L Clg, 7
KAEEREDOMb - 2R EZ 2L, BEgE%k6ATa~

128 & 2212 7% % %%, amorphous silica Wk A RiALE
BECIREYt% A TREICZ C D=7 Z THEBITTRRTH
272,

BB AL R 2 RS TS, et 6 B ) IEFRE A
b UISﬁVDUiA%%@ﬁLE*”FE#EW% - L, amor-
phous silica BILE =7 2 Tl3EPEZIHATL ) 5
DIFEDRD 172,

S EEEE D DR L 72 R E 7013 Bk ik &
LT, &0 /\fﬂfﬁ!’iﬁ%’ééﬁi(:iﬁwﬁ SO (1Y D
H5S, QN RNAZIEEICL )2 81240, &

INAE BRI ZE 12 S L

121

0&&@07meﬂﬁkﬁﬁﬂﬁfﬁézt,®ﬁ

BEREZNT LRLE D TTRETH % 7 & DA TEERL
FREICHEAM A RET L EEZ 5102,

El >3

fareidizhzl), REMBOHEIZ OV THEHIE D
W72 722 AR SR AR BR AL P 5 R R 5L B #0d%, amor-
phous silica (Aerosil) ##2fit X 172 A B e N
52 ERPIOREP RS AR AT, e & UNICRIERALRR G B TERR 12
B ST 7272 W2 AR FBEFIRICEB# 2 L E T,

X Bk

1) AHSCEE i EERAFEE R PTRE I 12 BE 3 2 F e

1 FEEFEE O~ 7 21283 2 /EH IOV T
)RR R IR DO BUE —, #5E%, 53 039, 1978,

2) 7\&'3’(?& DEBRNIFE IR EIE IR T B g

2. Mycobacterium intracellulare CKRERR) Bir<
12X 9 2 PABAZ IR O B Al S — 45 R A R g
DRHE—, #EI%, 54 1453, 1979,

3) F M EBRIIEET B AE IR 5 5
3. ARG L L7z Mycobacterium  intracel-
lulare Wy NFEY @EVGL i&Ei%, 56 513, 1981,

4) F R BRRE 12k 2 M. intracellulare %
FEERE -‘r“zwfﬁﬁ*/‘:@éﬁ%«, #&%, 581279, 1983,

5) AMECFE 0 EERRYIEE BB B A 1 RIS B BF S
7. Mycobacterium avium~-M. intracellulare com-
plex M= 7 ZUZHFF 2 FR IR IEIZ DV Tlii)—mouse
virulent strain O FE—, H#it%, 59 13, 1984.

6) AWM D EEBROIEETIPIEREE (5558 H Aky
IR A2 FERI G TR), K5H%, 58 469, 1983.

7 ) Middlebrook,G.: An apparatus for airborne
infection of mice, Soc Exp Biol Med, 80: 105,
1952,

8) LHER  PIEEE DML S A & AR S 1Y
T ADERRALE B E LT, R, 51491,
1976,

9) THIAME - BRA— . WEEOR ARG L 2E

Breydrge, & < INH mHE#Ic & 2 8% & BCG

B L OB, K%, 36 0 728, 1961,

THIAHE - BEA— | INH SEMESEE OB

1ZBE 2098, W ARG & 2 34 & IR N & G

L5EEDBFBIIDEIZOWT, FiK%, 36 ¢ 776, 1961,

11) Collins, F.M.et al.:
sistent mycobacterial infection, Infection and
Immunity, 20 : 430, 1978.

12) Collins, F.M. and Watson, S.R.:
responses to atypical mycobacterial
infections, Reviews of Infectious Diseases, 3 :
981, 1981.

10

=

Immune response to per-

Immune
lung



13) Gangadharam, P.R. et al.: Experimental infec-

14

=

122

tions with Mycobacterium intracellulare,
Reviews of Infectious Diseases, 3: 973, 1981.

Tacquet, A. and Tison, A.: In vitro and in vivo
activity of dextro-2,2" (ethylenediamino) di-1
-butanol (Ethambutol) used alone or in com-

bination against atypical mycobacteria, Am
Rew Resp Dis, 90 : 339, 1964. (Abstract of Rev
Tuberc (Paris) , 27: 431—443, 1963.)

15)

16)

ok %59 % B 2 5
THAM - BEA— | IEENTEE O LRI
1. M. kansasii ® TIVE v BT LR ARBRGER)
1%, BLUEEEA, BCGHERENPE, %,
46 13, 1971,

Gangadharam, P.R. et al.: An acute infection
model for Mycobacterium intracellulare disease
using beige mice : Preliminary results, Am Rev

Resp Dis, 127 : 648, 1983.



