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A STUDY ON EXPERIMENTAL MYCOBACTERIOSES
PROVOKED BY ATYPICAL MYCOBACTERIA

1. Pathogenicity of Atypical Mycobacteria for Conventional Mice

——Pathological processes by intravenous inoculation——
Fumiyuki KUZE*, Nobuo MAEKAWA and Yasuhiro SUZUKI

(Received for publication May 28, 1977)

Relatively high dose of various atypical mycobacteria were inoculated intravenously into
conventional mice (dd strain) and the pathological processes were evaluated mainly by the
successively recovered viable units of bacilli in the lungs, spleens and kidneys. In addition, the
mean body weights of mice, macroscopic pathological findings as well as root indices of lung and
spleen were used for the comparisons of the pathogenicities of the various atypical mycobacteria.

One strain of M. kansasii, one of M. scrofulaceum, 5 of M.intracellulare, one of M. zxenopi
and one of M. fortuitum as well as M. tuberculosis (Kurono) as for the comparison were injected
to each group of 20 mice. The inoculum sizes were in the range of 2.0x 105 to 1.4x 108 viable
units of bacilli.

Three mice of each group were sacrificed at 24 hours, 3 days, 9 days, 16 days, 30 days and
44 days after inoculation. The organs (lung, spleen and kidney) were emulsified by Teflon
homogenizers adding the suitable amount of 2% NaOH aqueous solution and were cultured on
1% Ogawa media by successive ten times-dilutions in order to calculate the viable units of bacilli
in each organ. At the same time, the weights of the organs and the macroscopic patho logical
findings were evaluated. The remaining mice were sacrificed for the microscopic histopathological
sections at the end of the observation.

No mouse died in this period of observation except two, one infected with M. tuberculosis,
which showed an extensive pulmonary lesions at autopsy and another, which was infected with
M. intracellulare and showed no macroscopic pathology. Normal increase of body weights were

moderately suppressed in the mice infected with M. tuberculosis (Kurono) and M. kansasii,

* From the First Department of Medicine, Chest Disease Research Institute, Kyoto University, Sakyo-
ku, Kyoto 606 Japan.
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however, remaining groups of mice infected with various atypical mycobacteria other than
M. kansasii showed apparently normal gains of their body weights.

On the observation of macroscopic pathology, the pathologic lesions provoked by various
atypical mycobacteria were as a whole minimal to moderate, if any, and not constant in the
lungs as well as in other organs, though extensively far advanced lesions were detected constantly
in the lungs of mice infected with M. tuberculosis (Kurono) towards 16 days after inoculation.
One exception was the lesions in the kidneys provoked by M. fortuitum (No.49), which were
rather constantly confirmed in the latter half of the observation with moderate severity.

The results of the calculations of the culturable acid-fast bacilli as well as the microscopic

bacilli.

Although the culturable bacilli in the lungs showed a tendency of steady increase in the mice

findings suggested a lower pathogenicity of mycobacteria other than human tubercle

infected with M. tuberculosis, apparent spontaneous regressions of the pulmonary lesions in the
mice infected with various atypical mycobacteria were suggested by frequent decreases of culturable
bacilli towards the end of the observation, and occasional rapid disappearances of the culturable
bacilli confirmed again a definite low pathogenicity of atypical mycobacteria for mice.

In another series, a higher dose of M. fortuitum (No.49) and M. chelonei (No.52) were
again injected intravenously to ten mice each and histological lesions were evaluated. The mice
infected by M. fortuitum were found to have far extensive renal pathology with multiple abscesses,
and 4 of them died due to severe infection within 4 weeks after inoculation, all of which showed
queer rolling movement before their deaths. The mice infected with M. chelonei showed no
apparent macroscopic pathology, though minimal lesions were found in histological sections of
the kidneys.

In view of a definite low pathogenicity of the atypical mycobacteria for mice infected by
ordinary intravenous route, further investigations are mandatory to obtain a suitable model of

experimental mycobacterioses for the iz vivo evaluation of therapeutic efficacy of various drugs.
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Table 1. Number of Viable Units Recovered from Organs in Various Strains
of Mice Infected with M. intracellulare(No.23)
Inoculum: 3.0x 108 viable units

Days Strains of mice
Organ after
inoculation dd C3H AL Jackson
3 1.6x10%* 1.6x10%
10 1.5%102 2.6x102 2.7%10?
Lung 17 1.0x102 1.7%10% 35
24 38 15 37
31 15 30 28
3 1.0x10% 1.1x10°
10 1.1x10% 3.8x10% 1.7x10*
Liver 17 1.1x10% 1.5%x10* 2.6x10*
24 4.5%x10* 9.0x10* 3.3x10*
31 9.0x103 2.2%x10 2.6x10*
3 8.0x10? 2.0x103
10 1.1x10% 1.5%10% 1.0x10%
Kidney 17 60 2.5x10? 25
24 39 1.7x10% 24
31 11 1.0x10% 28
3 3.5x10° 1.0x 108
10 3.0x10* 3.3x10* 1.4%x10%
Spleen 17 3.0x10° 3.6x103 2.1x103
24 4.5x 10 3.2x10 6.0x103
31 2.2x103 1.1x10* 8.0x10?

*

Viable units in 10 mg of each organ.
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Fig.1. Mean body weights of mice.
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Table 2. Macroscopic Findings at Autopsies

Mycobacterial M. tuberculcsis M. kansasii | M. scrofulaceum | M. intracellulare| M. intracellulare
species (Kurono) (No. 3) (No. 10) (No. 26) (No. 23)
Viable units of 2.0%10° 2.4x10° 5. 4x107 1. 4x 108 1. 4108
Days after —\pw Liv $9 K9 Lu| i | 8 | K | Lu Li S|K|Lu/Li s |K|WL| s |K
S S S N R U U 11 AN U N AU I AN I AU R I
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(2 ¢y @ @0 @
6 EeSTA R e T e A N IS [ P v I IR (OO QPO
1) @) (@) @) | @ (3) (1)) ) | () 1) | @)
30 w5 1T O O N U A A B S A NN SR B O 11 N o
@) @) 1) ] 6) SOANG) (2) (@)(1) (3) (1)2)
44 piuw BN v IR N U A N e AU A N N S S A A A A
@) (1@ @ @@ @ )
Mycobacterial M. intracellulare| M. intracellulare | M. intracellulare! M. xenopi M. fortuitum
species (CK.8) (CK.22) (CK. 32) ! (No. 44) (No. 49)
Viable units of 1.3x 108 4.6%107 ’ 5. 4% 107 8.0 108 4.8X107
D8 lation LufLi|' S |K|Lu Li|s ‘ K | LulLi s J K ‘ LulLi| s { K|LuLi| s |K
1 — === === == === =] ===l =] = |
+
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@ &) (2)(1) (1) (1)2) (2) 1) (@0) (1) ®
m ol Ay v o A N B+« O Bl o A B o1 I N N P o0 10
@ @) @ @) 2 @ [(12) @) | (1) 1) | @ (1)(2)

1) :Lu=Lung, Li=Liver, S=Spleen, K=Kidney
2) : +, 4, #it, it : Grades of pathologic findings

The numbers in the parentheses denote the numbers of mice which showed the respective pathologic finding.
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Table 3. Root Indices of Spleen and Lung

Mycobacterial Days after inoculation
species Index
(Strain) 1 3 9 16 30 44
M. tuberculosis Lung 7.5 8.4 7.8 9.3 13.2 12,9
(Kurono) Spleen 0.81 0.83 0.96 1.3 1.6 1.1
M. kansasii Lung 7.7 8.2 7.3 8.0 7.2 6.9
(No. 3) Spleen 0.95 0.85 0.72 0.65 0.68 0.64
M. scrofulaceum Lung 10,0 7.7 8.0 7.3 8.2 : 8.0
(No. 10) Spleen 0.71 0.77 0.84 1.4 0.91 0.77
M. intracellulare Lung 8.4 8.9 8.1 7.9 8.2 8.9
(No. 26) Spleen 0.87 0.84 0.81 0.69 0.93 0.99
M. intracellulare Lung 7.7 7.9 8.8 7.6 8.1 8.0
(No. 23) Spleen 0.84 0.79 1.0 1.2 1.1 0.71
M. intracellulare Lung 7.9 7.3 7.5 8.2 7.7 7.6
(CK.8) Spleen 0.95 0.73 0.96 1.4 1.2 1,1
M. intracellulare Lung 8.4 7.5 7.3 7.6 7.3 8.1
(CK.22) Spleen 0.73 0.75 0.73 0.93 1,1 0.97
M. intracellulare Lung 8.8 8.3 7.7 7.2 7.9 8.2
(CK. 32) Spleen 0.75 0.83 1.1 1.4 1.9 1,4
M. xenopi Lung 9.7 7.7 7.5 7.5 8.2 7.5
(No. 44) Spleen 0.82 0.82 0.75 0.73 1.2 1.1
M. fortuitum Lung 8.3 8.2 8.4 8.1 8.2 7.8
(No. 49) Spleen 0.77 0.82 1.1 1.1 0.74 0.69
Lung 7.9 8.1 8.2 6.3 7.5 7.7
Control Spleen 0.65 0.55 [ 0.71 ‘ 0.57 0.56 0.62
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Table 4. Number of Viable Units Recovered from the Lungs of Mice

—Mean viable units in 10 mg of the lungs—

Mycobacterial . M. tuberculosis M. kansasii | M. scrofulaceum | M. intracellulare| M. intracellulare
yeobacterial species (Kurono) (No. 3) (No. 10) (No. 26) (No. 23)
Viable units of inoculum 2.0%10° 2.4%10° 5.4x107 1.4x108 1.4%x 108
1 1.2Xx103 1.2%103 5.5% 10 2 2.3x103
5 g 5.5% 102 6.0 102 1.3%10? 1 1.6x10°
ck 9 1710 1.2% 108 30 0 4.6x10?
:ﬁ,g 16 3.5x10¢ 6.8 x 102 8 0 1.6x10
AE 30 3.3x 108 2.3x103 0 3
44 3.1x10° 5.0x10? 0 1
. . M. intracellulare M. intracellulare| M. intracellularel M. xenopi M. fortuitum
Mycobacterial
iycobacterial species (CK.8) (CK.22) (CK.32) (No. 44) (No. 49)
Viable units of juoculum 1.3x108 4.6x107 5.4x107 8.0x 108 4.8%x107
9.0x 108 1.0x 108 1.0x 103 4.0% 102 16
5 g 2.5%103 1.5%103 7.0% 102 1 5
5 9 6.0 107 1.2%10° 2.7X 102 1 0
(‘%g 16 5.1%10? 2.7%102 5.0% 102 0 1
R.E 30 6.5%103 3 6.0% 108 0 0
44 1.5%10* 4 3.2x104 0 1.5%102

Table 5. Number of Viable Units Recovered from the Spleens of Mice

—Mean viable units in 10 mg of the spleens—

. . M. tuberculosis M. kansasii | M. scrofulaceum | M. intracellulare M. intracellulare
Mycobacterial species
ycobacterial sp (Kurono) (No. 3) (No. 10) (No. 26) (No. 23)
Viable units of inoculum 2.0%x10° 2.4x10° 5.4x107 1.4%x108 1.4%x108
2.0x103 2.0x103 1.2x10* 7 1.3x10*
35 2.8x103 7.0%103 5.5%10? 5 3.5x104
3E 1.8x10¢ 1.3x10¢ 7.0%10% 20 2.2x10¢
2.8 16 1.0x 104 8.1x103 2.0x103 9 2.9x103
< O
R.E 30 2.0x10* 1.6x10% 1.2x10° 0 4.6x10?
44 1.4x10% 2.3x10% 1.2x10? 0 2.1x10?
; . IV . .

. . M. intracellulare| M. intracellulare M. intracellulare, M. zxenopi M. fortuitum
Mycobacterial species (CK.8) (CK. 22) (CK. 32) (No. 44) (No. 49)
Viable units of inoculum 1.3%x108 4.6x107 5.4x107 8.0x108 4.8x107

1 | 5.4x104 | 1.4x10¢ 9.0x10¢ 8.8 107 2.1x10?
sg 3 2.4x%10° 2.1x10% 5.0%x104 1 4.0x10?
“‘5'*3 9 1.9%x10* 4.4x10* 4.3%x104 1 6
%g 16 3.4 %10 5.5x103 4.3x10* 0 2
A.g 30 5.0x10% 9.0x10* 1.2%x10°% 0 4

44 3.5x10* ‘ 9.0%x103 1.3x10° 0 6
SEER I ABEHEFIERS b TVt MEFRECO S OF ) L B X MBI LEBTH B
(i) A~ BHCHHE & v — P EEE LERTWD, F3THB~ Y A DMIFHOFHEL %

ERERAE Y OWBIOREHEOHE L LT, sk MINTRL, A — MEME 10.0 DLk, 4~ R
L=y ATIIA— PEHEDS, =12y PTEA~ L0 BLERIREE UCAREEE ~ v ADBE AR D &,
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Table 6. Number of Viable Units Recovered from the Kidneys of Mice

—Mean viable units in 10 mg of the kidneys—

; - : T, .

. . M. tuberculosis M. kansasii M. scrofulaceum| M. intracellulare M. intracellulare
Mycobacterial species (Kurono) (No. 3) (No. 10) (No. 26) (No. 23)
Viable units of inoculum 2.0x% 108 2.4x10° 5.4%107 1.4%x108 1.4%108

1 9.5x10? 1.3X 102 5.6x10° | 1 6.8 10?
) g 1.8x10% 1.3x10?% 36 0 6.8x10?
®E 9 5.0x10° 1.2%10? 16 0 5.7x102
gg 16 1.1x103 5.6 % 102 16 0 40
Qg 30 4.0x103 3.0x10? 4 0

44 5.8x103 1.6 %102 1 0 1

. . M. intracellulare, M. intracellulare, M. intracellulare, ~ M. xenopi M. fortuitum
Mycobacterial species (CK.8) (CK. 22) (CK. 32) (No. 44) (No. 49)
Viable units of inoculum 1.3x108 4.6x107 5.4x107 8.0x% 108 4.8%107

7.5%x103 3.0%x10 6.0%X10 5.5%x10? 11

5g 3 2.2%103 1.0x10? 2.0%10% 1 4
SE 9 1.7 103 29 2.5x10? 1 1
EX 16 1.7x103 6 6.0%10 0 4
Q.5 30 2.0%x103 2 2.3x10? 0 1
44 4.5x%102 19 8 0 2

v— b HIFE T M. tuberculosis (Kurono) #ffi~ 7 A
DHEIABUK LV EEAR LT 528, MOERE T
W3t b EALE SR & o Fl s B OV R 7 B LT
BEsrbELITEEET L, AM TIREMNLENEE
2 b5, —J— b EIEEEM. tuberculosis(Kurono),
M. scrofulaceum (No.10), M. intracellulare 4 ¥,
M. zenopi(No. 44), M. fortuitum (No.49) 1= 1 FLH
EEARD DR T 5, LnLELicZ &Lz o
D 2, 3 DEHEE~ Y ATIE, BMEOEILRKELT
—REIN L BER TR 5 & & SEABRD bh
ol

(iv)  DEZRE RS DR

2 4,5, 6 WG TR B G B 12 AR % 2% 10mg
DIFETCAEEBEM TR LI,

Il DREBFEFR DOBMLTIE, BRIV BN D
Wiz b b Dl M. tuberculosis(Kurono) d 2T,
M. intracellulare CK.8 & CK.32 |3k
BOEIMDMBEIA A D B HFE T L, > AM FEEkT
BRI EE 2R LT % & DA%
W, FRRINCRITCERING & A ETRRRIT R D ERE D &
bho, ORIV~ FUBEORELE 1 T v
=

EDRE TIL M. intracellulare(No.26), M. xenopi
(No. 44), M. fortuitum (No.49) %\ > THEEHITHE:
B & {Rich Ty, v— bRIREE BITERER L ©

AEBR LB B2 Tl A7,

BOBBUIM OB EBMALELLTH L5 TH DA,
&R AEEE OB @ 17 1% M. tuberculosis (Kurono) ,
M. kansasii(No.3), M.intracellulare(CK.8) LIA D
M~ v A2 X Y EE TH O,

DEET 212, HONCETEORELZRL TV 5D
1% M. tuberculosis(Kurono) #fE~w AD L T, flid
AMGEBHIT, IR 2R & LTE <, 2 DI ETRU
— @B DMEE D 5 bbb, M. intracellulare (CK. 8)
3 E O TR LB EBbh s 2, o
it M.intracellulare §EBEVEHE HOSEEET, =
DEETE YR 2 2T e N BOAMIC A 7 BEia
WMEEKL, M. intracellulare FE#FHEE G & o> T\ B,
CK.EEM AR  SMBIX TR L RAIMNAEE K T ho
7o

(v) JHREMAMENITR

BEEMER 6 O OB FIITRAX 2, 3, 4
TR Lic, R5IMELERF~ Y 2Dt B TH 5,
M. tuberculosis(Kurono) 12 X 25RZEK 2 D2 &
BEOO ¥ AR DfEEA & Kurono #koihiz i
BRRL TS, BT EREL . TE R 05
BEAREICEN Shic, —J7 AM R X 5%
Jeo v AT, BEOU X AWLERMI 75 U W HE
D DRI R LIC (X 3,4), BETIIERIF &60F
2, 3D/ PAFEIBEL T2 L D0MNFEA ETH
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H, HEEEPOHERE b Kurono HRERG~ v A TILHREN
CHEBELTEEAOh DK LT, AMBRETILize
A DOBHEEBRENII LTEEL T, 2hbidd
~NT AM OFESEL B LTV,

3) EEEEOBWAEAE L rapid grower 1= X 5F

R

R dd B~ A% B\, M. fortuitum (No.49) &
M. chelonei(No.52) DEEFEK 0.4 ml (FERHEEK0.5
mg) & F R E NI O BRIRER 2 T2t B
W% 2 BRI X M. fortuitum B~ v A DEERD
PEIH, 5 b 4 TIHTTE U TRHAN G BESEE) 2 R
LT\ 2 DRHRONMNREDFENE X bivic, Th
BO <y AR TS 4TI L, —H M.
chelonei F&Ge~ v A TIIMFEID b & D3 B R 31
DEFER TRBT HIER DTS fehotc, WEME 4818
Lt~y ARG Lichs, M. fortuitum i~ A
LB OEWIER & SR OMKIEIHEREN D b
., SHTRFENBEESEXREE LU T, M.
chelonei FFj~ v A TIXBOREBEN AR DI IZNE
2 BN FR AN IR Bl e a2, B, BT,
PRI EE R~ v A LS B S0 e IRADRZE I LEED
SR IeH DT JREH AT BTl M. fortuitum &3
BB AR MERE S LRFEORA A DR, I
1% Kupffer cell oFEX &+ D FBEOHIIRELRD b
M—ICIEAFEYROEMZ R LT\ e, M. chelonei
RGBTl EEEORT IR E CHilsRE D A 5R0 % 6l
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Fig.2. Lung, 6 weeks after inoculation with
M. tuberculosis (Kurono). Diffuse proliferation

of mononuclear cells having large nuclei with
light chromatin and one or two nucleoli was
demonstrated all over the lung. Some of the
cells appear to be transforming into foam cells
with swelling of the cytoplasm.

Diffuse proliferative pattern, advanced.

(H.E. x 100)

Flg.. ung, 6 weeks after inoculation with
M. intracellulare (C.K.8). Small tubercle with
proliferation of mononuclear cells.

Granulomatous pattern. (H.E. x 100)

A % ” o &
Fig.6. Kidney, 4 weeks after inoculation with
M. fortuitum (No.49). Tubercle formation with
large mononuclear cells with light cytoplasm was
demonstrated with exudation of small round cells
in the peripheral area. Renal tissue around the
tubercle showed atrophy with infiltration of
plasma cells. Hyaline casts were demonstrated
in the tubules. (H.E. x100)

, - ;
Fig.3. Lung, 6 weel
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2

after inoculation with

M. kansasii (No.3). Proliferation of mononu-
clear cells with large nuclei was demonstrated.
Moderate exudation of polymorphnuclear cells
was also demonstrated with slight thickening
of alveolar septa.

Diffuse proliferative pattern.

(H.E. x100)

(H.E. x 100)

R i : =

Fig.7. Kidney, 4 weeks after inoculation with

M. chelonei (No.52).  Perivascular cuffing of
small round cells was demonstrated.
(H.E. x100)
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