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I. EXPERIMENTAL TUBERCULOSIS INFECTION IN GERM-FREE
AND CONGENITALLY ATHYMIC NUDE MICE

Katsumoto UEDA*

(Received for publication August 22, 1977)

Two aspects of host defense mechanisms involved in tuberculosis infection were studied using
exotic experimental animals; germ-free (GF) and congenitally athymic nude mice.

Germ-free mice were used to investigate the role of microbial flora on resistance to tuberculosis
infection. A low level of resistance to a virulent strain of Mycobacterium bovis was observed in
GF mice, showing shorter survival time and higher number of bacillary counts in organs as well as
severer lesions than in flora-bearing mice having the same genetical background. The low level
of resistance to the infection in GF mice seemed to be correlated with inadequate tuberculin
hypersensitivity, which was revealed by footpad reaction, macrophage disappearance reaction and
macrophage migration inhibition test. The induction of sensitized lymphocytes seemed to be
influenced by concomittantly existing intestinal floral organisms. However, the reconstitution of
microbial flora resulted in only tuberculin hypersensitivity but not the full recovery of resistance
to infection.

The role of the thymus in resistance to a virulent strain of M. bovis was investigated using
congenitally athymic nude mice. In nude mice, septicemic infection with wide-spread necrotic-
exudative foci but rather slight pulmonary involvement was produced. Such fulminating infection
was prevented to some degree by reconstituting the immunological activity of nude mice through
thymus grafing or transfer of thymus-derived cells from syngeneic haired mice. This was confirmed
by longer survival times and lower bacillary counts in organs than non-reconstituted nude mice,
and severer pulmonary lesions and epithelioid granulomas comparable to in euthymic mice. With
Japanese BCG, a limited degree of resistance was observed in nude mice with a plateau of
bacillary growth curves and restriction of spreading of lesions in the liver and lymphoreticular
organs, while they had progressive lesions in the lungs and kidneys. Various connective tissues,
especially of subcutaneous and periosteal regions as well as in the brain were also involved,
suggesting these lesions might be responsible for clinical symptoms observed at the final stages of

the prolonged infection with BCG.

"% From the Institute of Medical Science, University of Tokyo, Shiroganedai, Minato-ku, Tokyo 108 Japan.
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Use of these exotic experimental animals i
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n regard to the microbial and genetic conditions

seems to be of advantage and even essential to elucidate the host defense mechanisms to tuberculosis

infection,

AR BV HIEEF A AR mD THEHME T, BfE
TeREMN, EEAUITGH S OENHITIE O L ER A D
Eicppg L Bbh b2, BEUEROCHIIIEE SEN
B\, EEMNEREN O—HE L L THRRRRE s
FIRT 57 7 r—F03d 5, BEMEDHIERERC K
IFTHBCOXRE LBl ~ v A AV, X
OHERRRG Bs U C R R 7 e D E Rt Licde
KEIFIRRRIE X — ¥~ A% AVIBIZE, ©2onT, &
N E TREBIRICEEA RN Lo,

A. BETIREZAVICHR

1. 7wv— 5 &5k

WS, £ LUBRAMEE UTre—-37) 28
DI RBYEC S S T R 52 T\ %
ZEE, TRy 27 = F—FF4EHTD Dubosii T m
— IMRRE IR Y AR AV ER» OIRIEL, i
B IO TEYRBERTE I, 1L BHO
AN BT DN KRB DX 5 & F DEFELX R TH,
B (GF) B v RE Ze ik dhy, FAERB R
LDOEEHRINTND, THICH LEEOEMIL = v~
v gk ik, fILMAYERE S T ien b
DT, O EERI TR OB H HTER 0%
FEOBREAROTRE RGN L <, LE LIEERICEK
YL L c DT, TOX D IR A R e D L
LCSPFEMnH Y, KERTILZDSPF ~v 2% 7
v — 5 h OB~ AL LTHER L,

2. fEE~ v A OMMEHRRY

M ~ v A & SPF =w 2 (ICR %, outbred) i
Mycobacterium bovis Ravenel #% 10%v.u. #IREEMH
URRRFAC T, TAEREEZ RS &, B 2 BUSEE

HEB NN, SPF = v A TR EEIMER ¥ ok
TR B RIS & M ~ v A CIXEBEA R L, %
B~ Akt SPF =v 2D DIEFHNDEN TR —FTD
BT L5 L O0EMCOE, FCHFTUBIC X bt
CHEIL LT Lo RoEVEE~Y AL, T0Ob &
itz SPF = 2D FHREXTAV V-2 THEL
B Lieny, ik BilgisEsnibh, EE~ v ADK
FIMECHEEIZ 7 — 52 R D TH D T EHHRL
TR IR,

3. WE<TADYSNALIY YV e TUAF—
WICHEE ~ 7 A DR RYURHidE LB LTy <A 2
) VT UK — OWE R [Tt 104v. u. $EE PPD
X BRERIEEZ NS LY 2~3 T SPF =7 2
T BRI BIER R G A % B B DIER LI ~ 7 Al
13 A ERIG Lichote, BIC-4T 7 4 VIREITH TR
VE1% 2 B TR TS B R ~ ¥ A DR IGHEIYES
DD, ZOERMERE~ 7 R 7y — DHERG, EEE
I (PE) #ifaz A5~ 27 v 7 »— kNI (MMI)
RBRCLER ~ v ADKIEA SPF =y A X hEn 2 &
DHERINI®, ThbOMEND, BE~ v A
FRORBGT K LIEH VBV R OER DL LT, &K
Pl RAFDORBEMN 7 r — T RO~V ALY LS
5 ENEELBRAEOLE L b,

4, R~ ADY 7Y Ve T UL F - KRG

DR

E~ 7 ACHBREY S )V - T UAF—ER
JEHED SR E DL O B R % D2 FB OB i
R % 00wt Lic, B&fE SPF < v 2o PE fiffak
MEALE DAEE ¥ L O SPF < 2 0 B B8 LRI
PPD % ¥4t L CRIIZHERELZRAD L, EE~Y A

Table 1. Microbial Condition of Experimental Animals

Class

Qualification of microbes*

GF Germ-free
(axenic)

SPF Specific pathogen free
(monoxenic to holoxenic)

CV Conventional
(holoxenic)

GN Gnothobiotic
(mono-, di, ---polyxenic)

CVZ Conventionalized
(holoxenic)

Free of detectable microbes

Free of specified pathogenic microbes
No qualification

Associated with known microbe(s)

Associated with non-qualified microbes

* Includinggecto-sand endoparasites.
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Fig.1. Normal Ability of Macrophages from Sensitized GF Mice to Express DTH
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Fig.3. Effect of Association of Floral Microbes on Recovery of DTH and Resistance
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Table 2. Various Hypotrichotic Mutant Mice
Name Symbol Authors Abnormal thymus development
Hairless hr Brooke 1926 ?
Naked N Lebedinsky 1927 No report
Rhino hrrh Howard 1940 Dysplasia, Kawaji 1967
Bald hrba Garber 1952 No report
Furless fs Green 1954 No report
Alopecia Al Dickie 1955 No report
Nude nu Flanagan 1966 Aplasia, Pantelouris 1968
Motheaten me Green 1975 Hypoplasia, Green 1975
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Fig.4. A Scheme of Development of Lesion by M.bovis Ravenel (104) in the Liver of Nudes
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Fig.5. Survival Time and Main Affected Organs in T-cell
Reconstituted (TG or TC) Nudes after Infection with
M. bovis Ravenel (10%)
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Table 3. Reconstitution of Antituberculous Resistance
in Nude Mice

Procedure Effect

Thymus grafting -+
Thymocyte transfer +
Spleen cell transfer

Normal cell +

Immune cell 4
Peritoneal exudate cell transfer

Normal cell —

Immune cell +
Bone marrow cell transfer —
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Fig.6. Granulomas in the Liver of a Nude Mouse
15 Weeks after Infection with BCG (108)
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Fig.7. A scheme of Development of Lesion by BCG (106) in the Liver of Nudes
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