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In order to establish an animal model for disseminated M. avium complex (MAC)
infections frequently encountered in AIDS patients, we studied growth of M. intracellulare
in visceral organs (lungs, livers, spleens, kidneys), in blood, and in footpads of mice with
defined immunodeficiencies, such as SCID mice with T and B cell-defect, BALB/c athymic
nude mice with matured T cell-defect, and beige mice with NK cell-defect. In addition,
Sprague—Dawley rats with acquired immunodeficiency induced by cyclosporine—treatment
were also examined. The following results were obtained.

1) SCID mice : First, SCID mice were infected sc with 6.1x10° CFU of M. intracellulare
N—260 (virulent SmT colonial variant) into the hind footpad. The organisms grew in the
footpad remarkably during the 12 weeks after infection in SCID mice, where the growth rate
was much greater than that in CB—17 strain mice with the same genotype as SCID mice and
in BALB/c mice with Beg® genotype (CB—17 and BALB/c mice are MAC-susceptible).
Furthermore, in SCID mice, bacteremia and dissemination of organisms to the visceral
organs were observed but not in the two control strains of mice.

Second, SCID mice were infected iv with 4.8%10% CFU. The bacterial loads in the
viscera of SCID mice after infection were larger than those of CB—17 mice except for livers.
However, the incidence and the degree of gross lung lesions were much less in SCID mice
compared to CB—17 mice, presumably due to the defect in T cell-mediated immune
reactions in SCID mice.

* From the Department of Microbiology and Immunology, Shimane Medical University,

Izumo 693 Japan.
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2) BALB/c athymic nude mice and beige mice : Various strains of mice (BALB/c athymic
nude, beige, SCID, CB-17, BALB/c euthymic) were infected iv with 4.8x10° CFU of M. intra-
cellulare N—260. The severity of the pulmonary lesions and the size of bacterial loads in the
lungs were the greatest in beige mice. On the other hand, the bacterial loads in the spleens
and kidneys of SCID mice and BALB/c athymic nude mice were similar and higher when
compared to those in beige, CB—17, and BALB/c mice.

3) Cyclosporine—treated Sprague—Dawley rats : In the cyclosporine—treated rats, iv
infection with 2.1x10" CFU of M. intracellulare N—260 resulted in a slight increase in the
bacterial loads in the lungs and spleens during the first 8 weeks after infection. This
suggests that persistent infection was inducible in the cyclosporine—treated rats. In
contrast, organisms were gradually eliminated from lungs and spleens in normal rats.

These findings indicate that a systemic infection can be induced by challenging M.
intracellulare into the footpad of SCID mice. This experimental system may serve as a
model for the disseminated MAC infections seen in immune compromised hosts such as
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AIDS patients.
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Fig. 1 Changes in the bacterial loads in the
footpads of SCID (O), CB-17 (@) and
BALB/c (A) mice during the course of
M. intracellulare infection. Animals
were infected s.c. with 6.1x10° of M.
intracellulare into the right hind footpad.
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Table 1 Number of CFUs Recovered from Mice 12 Weeks after
Subcutaneous Infection into Footpad with M. intracellulare”

Number Log CFU/organ (mean*SEM)
Mouse of
strain mice Lung Liver Spleen Kidney
SCID 4 4.33+0.49®  5.68+0.16 6.37+0.06 4.32%0.61
CB-17 4 3.96=0.27 3.70+0.11 4.64=*0.16 -9
BALB/c 4 3.77+0. 34 2.40+0.52 4.05=%0.31 -

1) Mice were infected subcutaneously with 6.1 X 10° of M. intracellulare into the right

hind footpad.

2) Statistically significant differences were noted between the values for SCID mice and

those for other strain mice except for lungs.

3) Lower than detectable level (=1.77).
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Table 2 The Incidence and Degree of Gross Lung Lesions in Various Strain
Mice Infected with M. intracellulare® Intravenously
Number of mice with indicated lung lesion score at? :
Mouse Number
Strain of 4w 8w 12w
mice - 1+ 2+ 3+ 4+ - 1+ 2+ 3+ 4+ - 1+ 2+ 3+ 4+
SCID 3 3 0 0 0 0 2 1 0 0 0o 1 2 0 0 0
CB-17 3 3 0 0 0 0 0 1 2 0 0 0 1 2 0
Athymic 3 3 0 0 0 0 1 2 0 0 0 1 2 0 0 0
BALB/c
BALB/c 3 3 0 0 0 0 0 O 2 1 0 0 O 1 2 0
Beige 3 6o 0 3 0 0 0 O 0 1 2 0 0 0 0 3

1) Mice were infected with 4.8x10° CFU of M. intracellulare N—260 intravenousely.

2) Lung lesions were scored as described in Table 2 .

Table 3 Effect of Cyclosporine Treatment on the Growth of
Organisms in the Organs of Sprague—Dawley Rats
Infected with M. intracellulare® Intravenously

Log CFU/organ (mean=*=SEM)

Cyclo-
sporine Lung Spleen
Day 1 Week 8 Day 1 Week 8
- 5.14=%0. 05 4.10=%0. 09 5.880. 07 4.39%0.11
+? 5.04%0.07 5.11£0. 06 5.88=+0. 05 5.99+0. 09

1) Rats were infected with 2.1 x 107 CFU of M. intracellulare N—260 intra-

venously.

2) Cyclosporine was administered subcutaneously at 20mg/kg twice a week
and at 40mg/kg once a week, starting at 2 weeks before infection and
continuing till the end of the experiment.
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Fig. 2 Changes in the number of colony forming units (CFU)of

organisms recovered from visceral organs of various
strain mice infected i. v. with 4.8x10° of M. intracellulare.
Symbols ; O, SCID ; A, Athymic BALB/c ; [], Beige ; @,
CB-17; A, BALB/c. Each symbol and bar indicate the
mean and standard error (n=3), respectively.

% %

SCID = ¥ 213, Tk & BN D KEAREDSRTEHRAE D
BEZHOBREFICLORMLTEY, RIFECREEED
R Y v/ SHIIEE L TRV A MR T, &
BMgh o mkiziz e A EMNFHRTH 52, BESY
25VED SCID v v 2 BHENEEREIC XD, BREIA
TOFELVEHOMIEE, 25~0OHAi%#A», SCID <
YA VEOBLEFLVEYE LTEhTVWAE I LK

SLTHELTWS,

4E, bhbhd M. intracellulare N—260 EHEA
BEEEERTH, SCIDRYRADNY 2759V FThHbB
CB-17 = v 2i{itfic BALB/c =9 ZIZBWVWTIE, &
Bk OB ORE & & &I E » DR DOFERR « 3
HEB LN LT, SCID vy ZATRING LIF
W EYIRAL T OE OB A S, NIEA OB Q8
LRI 2FICHLTE L - fo T EICHIRAERETIZ,
SCID = & Z 1 $ \\ T (3 il D PIAR B 4S I 4 BT R RZS 13



322

CB-17= v AW L TRETH - 7o, Mllioic® &
D O i@ TE R ALY 8 LI CB-17 = v 22 B 1T
50 bEh ok, T, BHRIC1.8Xx10°~1.8x107
HEHEEAOEZEREL-FRTR, My 20E3EHD
BRBIIRELTED, BAROBMNRELE & btk
&L ot CREET—%),

LI FofER LD, SCID =9 2 TRELEMBERLD
SENEHGLPTVERDN, ThoORERIERA
WK BT 3 EEZ 505 MAC 8 AIDS BEITRK
BL, PHTREEBEUBRPANLHERL TOBEE
T, DT EIESCID = v 205 MAC €7
NVEETZ DG B EIREMEE R L TV B b DL Ebh 5,

BEGEAL <Y ZAND M. intracellulare N—260
HIRPIEERE T3, NK flasxkanL, CD8* T Mo
BEDMET LTV 3 beige = 7 R DI TR & 0 F
LOWEHOEHESA SN, ThiZESBOBRTICE R
BOIWA, TOTENDBWVIE MAC BRYERICE
7 5 NK #ifdd 2\ i3 CD8" T HIJADOEEM:ZA 5 bt
bEB3bDhbLNEY, £/, Brown SDEHEY i
& 1 cyclosporine 25 L7 5 v b Tld, EIIHERR «
WLEns LR R EOREEZE LI, ol
LidH 50T MACRYSERICEBIT 5 CD4™ THlao
FEHAERELTVS 006 LAKVY, b
OREHcE bt —4, SCID v 7 R & athymic BA
LB/c v v 2 DHIBIC BT 2B OBEEOFEE IC KEEDs 73
Dot Ekb, MACEYERICTEB T 2 Bl %E]
BNEVWHDEVSTEVDTIIH B F W,

beige =7 213, MAC B FVEY & L THES
NbDTHBEMNY, bhbhdSED M. intracellu-
lare K> W T OARE % H W IZRET TR, Milckid 3
B E DR 13 SCID 8 XU athymic BALB/c =
U REWVS LD RERET Y 2D BV IIHIEO CB-
17 X BALB/c =9 2%2ERE LY, BBLUE
BT Z2EOMEORERE X, SCID 8 & ¥ athymic
BALB/c =9 R0 A0FH L, LIid->7T beige vV
23 BIEEHRLE LB E LTRSS LIRS
NREDBDEFVABLVDTIRENLS D b

L%, IhoofELA%2BEA T, Lo#EYE MAC
LHEREERGEE F VYRR IO LWTOWNEEED 3
TEMBETHH D,

i

B

SCID, athymic BALB/c 8 XU beige =7 XU
IZ cyclosporine #%5 5 v MIZ M. intracellulare %
R TS5 WIEEHRNERE L, ChosoBioa 5%
R FvE LTCOFRIc o LTRET L, B

O BB E 4

an

ToMRER",

1. SCID = v 2~ EHENEFE T I3 B ORGP T
DGR X OIHFR R~ O H BN O A~ O & D B A
BAETH - 12,

2. BIRNEFEICK D, beige ¥V XA TIIERLEREL &
YINT®, %7:SCID v v X, athymic BALB/c =
Y 2 TREBLOBENTOELVEOMIENS S,

3. cyclosporine ¥¢5-5 v b~OEIRNEEREIC K D If
BLUM TR, FRELEofHEzE Lol T, Ik
W w b TRIBGRE, HHOKEE &S ICHORBDHS
SN,

E il B

beige ¥ v 2 %435 L TIEW - @k L2 TERR S
() L9,

X ik

1) Horsburgh CR Jr, Selik RM : The epide-
miology of disseminated nontuberculous
mycobacterial infection in the acquired
immunodeficiency syndrome (AIDS). Am
Rev Respir Dis. 1989 ; 139 : 4-7.

2) Custer RP, Bosma GC, Bosma MJ, et al. :
Severe combined immunodeficiency (SCID)
in the mouse.. Am J Pathol. 1985 ; 120 : 464—
471.

3) Gangadharam PRJ. Edward II CK, Murthy
PS, et al.
Mycobacterium intracellulare disease using
beige mice. Am Rev Respir Dis. 1983 ; 127 :
648—649.

4) Yogi Y, Nakamura K, Inoue T, et al. :
Susceptibility of severe combined immuno-

: An acute infection model for

deficient (SCID) mice to Mycobacterium

leprae : multiplication of the bacillus and
dissemination of the infection at early stage.
Jpn J Leprosy. 1991 ; 60 : 139-145.

5) Saxena RK, Saxena QB, Adler WH : Defec-
tive T—cell response in beige mice. Nature.
1982 ; 295 : 240-241.

6) Brown ST, Edwards FF, Bernard EM, et
al. : Progressive disseninated infection with
Mycobacterium avium complex after intra-
venous and oral challenge in cyclosporine—

treated rats. J Infect Dis. 1991 ; 164 : 922—927.



