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Our knowledges about mycobacteria have been obtained mostly from the bacterial cells grown
on artificial culture medium, and the bacteriology as such has been contributing much to the control
of tuberculosis through their application to prophylaxis and therapy. However, these knowledges
are sometimes controversial and paradoxical, particularly concerning the basic aspects of tuberculosis
pathogenesis. To answer the still unsettled problems in this field, we think that “in vivo bac-
teriology” will be needed.

Research on mycobacteria grown in wvivo can be made in two different ways; one is the
morphological and cytochemical observations in situ of the bacilli staying in the infected tissue
and the other is the bacteriological, immunological and biochemical studies on the bacilli separated
directly from the lesions.

In this symposium, Ueda reported about his histopathological observations on mycobacteria
growing within mouse macrophages including the case of congenital thymus-deficient nude mice.
He emphasized the close relationship between intracellular multiplication of mycobacteria and the
state of cellular immunity. However, M. avium was rather exceptional in this regard as this
species of mycobacteria could continuously multiply within “immune” macrophages.

Kondo separated and purified M. bovis from experimentally infected mouse lungs. Her studies
on these in vivo bacilli showed that they were more virulent and less immunogenic than the
corresponding in wvitro bacilli. The former bacilli had a much lower content of adjuvant-active
lipids. As an indication of macrophage-bacillus interaction, the iz wvivo bacilli were found to be
closely associated with cholesterol esters. This host lipid, together with phthiocerol dimycocerosate
as a possible surface lipid of M. bovis, was considered to play a role as a protective layer of the
bacilli staying in vivo.

Azuma compared lipid composition between M. lepraemurium grown in vivo and in vitro.
The results showed no significant difference in the general pattern of lipid composition between
these two kinds of bacilli. However, an interesting observation was that M. lepraemurium
was very similar to M. avium in the chemical properties of mycolic acid and the immunological

specificity of protein components.

*, From the First Department of Bacteriology, National Institute of Health, Kamiosaki, Shinagawa-ku,
Tokyo 141 Japan.



490

A=

HE

fEOE OE Sl ®E B 125

Mori studied the cytochrome pattern of M. lepraemurium in comparison with other mycobac-
teria. A most interesting observation was that M. lepraemurium grown in vivo and in vitro had
cyt by and cyt c; but was lacking in cyt ¢ and cyt a. On the other hand, M.avium (Kirchberg)
grown ¢n vitro had all these cytochrome components, but when these bacilli were grown in vivo
they lost cyt ¢ and cyt a. From these observations, he suggested that mycobacteria may change
adaptively their terminal electron-transport system depending on iz vivo and in wvitro environments,
but M. lepraemurium can not do this. He suspected that this would be the reason why it is
difficult to cultivate murine leprosy bacilli in vitro.

Takahashi was interested in the morphology, probably L-form, of tubercle bacilli in caseous
lesions. He undertook a simulation study to produce L-forms in witro providing an environment
analogous to caseous lesion to tubercle bacilli. He was successful in producing nonacidfast cocci-like
structure from tubercle bacilli by cultivating them in a medium of his device under fairly anaerobic
conditions, and in reverting them to the original acidfast rods by bringing them back to an
aerobic environment. From these observations he discussed about the ecology of tubercle bacilli in
caseous lesions and cavity.

He

stated that a part population of nonacidfast bacilli in the lesions can be stained by this method.

Iwai reported about his experiences of Nyka stain of tubercle bacilli in caseous lesions.

He further proceeded to an in witro model experiment with HgRv strain grown on Sauton
synthetic liquid medium and stored by being overlayered with liquid paraffin at 37°C for 12 years.
It was surprising that viable tubercle bacilli were still recovered from this long stored culture.
There were also many ghost cells retaining their original dimension in resisting autolysis. This
culture was further studied by Nyka stain, scanning- and transparent- electronmicroscopy to
confirm the above observations. Valuable suggestions were presented from this study concerning

the fate of tubercle bacilli in tuberculous lesions.
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In vivo HOEALEN), MESENBH 5\ WIREZERE
MENDEADERT, LFNTOIBEONEY, B
BN DREE OBGENDIBRS, MEELTUL, =7
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AR G LRI « < v A Tl @ Bl 7o fs
MasmincES, Bl d 87 L ok mB Lk
W3, Ao B o R b B AR AT X S D RS A AR
OB BT 5, X & E20 oL DT
AR T Clafki 55 iR, M ORI &
2, FF, Bi7R & Tl - oA R b, FEHERSD
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o, RO, R, BRRBRoWEC X 50, Biko 2
SOMZHITT 5, WHEHOWEEE LA PIwD
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WIREAER S N D, FCIRRSE 2 TR T 2 @ 23s
75, FEE R AREVERSES & B ) ki S B o HiEE
ROBND, B, V) VIS LEOL WL DOEIE A %,
FHUCTIIED THBOWE BRI F A MEREHE L H
BLL7c, BCG REYHEEIED L (3~6 » ) KIE
AR olatkrsizi L, R BE» A Lo De &
REES WA TRD B, Hrch b IFE BT OB
TR N5 IR MBI L 22 B2 R L, X Uil
RIS A ToME L O\ %208, TS iafEs (12 7
A) EaRPRC BRI NS b OAET S DA T
EREBERATH L, 2 OF51x PAS 3% % % Grocott
Yt Bt 2%, O X 5 Il MR BEREEL R, M
)V oRE, BB Abhic, BREAIRRIYE L BEE
BB AT X b B Blh e, BREEROSE D
Yt 3~6 M AEED ER— F=v ADEHAITIXE~
O CHFER & &b MRENE R NREL, B
JEFE ORI B TR B L, BRE T,
% — F=y 2DLIeHT, Jlis do~ v b i
JafUEgaE A A b, Kalg, B R A e e ST B
L7,
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FEAERBRILWA, D TER, #5400 B2 &)
TR - SRR R 2 5 E8 L BE IR,

PhE, fEx DBIDOREN <Y R EHEBEOAHS 5D
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HIEHL OB & &R LT, 7ok, MO TERASMET
T, FIMEYFARATLHET2EEn 55281
b,

2. In vivo BOMR L Y A-BEFEEHR

EEMvAR QIR TE R

FLFEL Y — bV EEEEH ERE Ok M. bovis (Ra-
venel #f) T~ v A% BHEREL, T o BIEEMOM~
EURA LI DARELE Y Sy v X o TER
IVERSSIL, —hi in vivo FIEARL LTz, in vitro s
lmg/ml 5@ 5 EF—REL L, MEDERKMI Y
HBLicL & A, in vivo BEARLHIZSD LWERK
Ll F72, ZOHEICHEERIRE TH 5 phthiocerol
dimycocerosate & arabinose mycolate D4, H5H\»
EAASH ) EVDORER G S @ tuberculostearic
acid O % 5fi%k in vitro B & LI LICHE EL, in
vivo BEEARDFEIID TEWZ RS,

L L7eas b, in vivo iYL in vitro B &R H B
KHETKIZ X oL, 4% NaOH % 90% 7+« F Vi
XTLREC LML TERBEMREL, T, mEM

o S

KD Z A v V' — 2 KEEERIERA R L, FiLFD
MEN S ORNTEEREATH D =AT AT = L A
TR-LOENREDLRE, EESEEMRE O LVE
Brdb, TOWEXEBCREL TV IERARLR

DX S in vivo BEEAL F\ T, EFRHUNT
BCG g~ Ao BT AFNHRBD in vitro &
BlLickzn, i, BTOEKBERICKT AMEOER
RGRE I EE TH ok (Fig.1, 2), in vivo EILM
EER, BRO—FIIE % LB & & e R p iz i
WEBMAL, 7o, BCG #fEc X 2RSS LT
LRBEZMENDIRL, FTOERTHEIDOE W ENRIA
o

F7c in vivo WEER T INEFEEE L, WE)-257 4 v

Fig.1. Virulence of In vivo and In vitro Bacilli in Normal Mice
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Fig.2. Virulence of In wvivo and In wvitro Bacilli in BCG-vaccinated Mice
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Fig.3. Isolation of A Toxic Lipid from M. Bovis
Grown In vivo Bacilli
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Wiz, in vivo BT B\ T 7 r e KA LT ED
hard wax 23470 <, —JF soft 7x wax A AMEXFANC
H DT, TOLDDHHETTHIEDH, TOLHE
dz phthiocerol dimycocerosate & 7 DREZME M L O
BEMN in vitro WX D bEL, i, in vitro BTk
main ) v FTH% glyceryl monomycolate p34: < 7o\
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Table. Sensitizing and Protective Immunogenicities in Guinea Pigs of
Oil-Suspended Heat-killed M. Bovis Grown In wvivo and In vitro
Vaccinated Vaccine Tuberculin allergy Protection
im. dose Average size of skin | Viable counts of
; : reactions to 1 pg PPD | challenge strain(HjzRv)
with (dry weight) (mm) from 100 mg lung tissue
In vivo 1mg 19.5+3.70 1,620%1, 000
bacilli 0.025 mg 0 27,800%6, 610
In vitro 1 mg 25+2.65 380330
bacilli 0.025 mg 20+3.65 670560
None 0 9,130%2, 350
* Qil-in-water suspension prepared with the aid of tween 80
Vaccination - erreerrerereseeeens Challenge: -«+ooereeerreeeeneees Sacrifice
3 wks 1 3 wks
Tuberculin test
TEREG Lo, “uncoat” DBEEREZIY & HLEIL, Tk vivo RGO & & X PICEBIEE S R DT,

3. In vivo &V in vitro TEE L7~ M. lepraemurium Hawaii

DREIER S DELFRIAE
RIS 3 PR

4o X 51z Mycobacterium lepraemurium (358
HEPIC S WO TRICh e D AT T 5 0 RBE RS
HEREESRPBE TH D, FENISIK 1% DI T
M. lepraemurium Hawail thd in vitro F5FIZHID
L7z, ABFFRI in vitro (RIEHEEN £B B L O in vitro
(1% /NNDpEEER) AF D M. lepraemurium Hawaii
FROBMERS (FE L L THIRRESD DA L3EaI 52 m L C

WH DI H T,
R mycobacteria \ZIs\) % 3 EORLE R B H AN
L EwAME L’Cﬂ?‘;:b?}’tf:o

In vitro ;= EH By CGH =v 20 Tz
lepraemurium Hawau HORBEH OFFEABHEL,

6 » A BB ED, hE YA ABSEROC X
DER LI, < v AEIREDOBALER OB HREHHE

o M. lepraemurium Hawaii

TR L U, AR R HRAR & L O
Vi X 0 MfaBER SREL L ic, In vitro LEHEI/DI

X v b5 ht, M. lepraemurium Hawail #: &
1% /NI EHZ 2 » B8 L TEcBitk% Sorvall
HFaE T 40,000 Psi TRFE L ZiEE i X b 1572
TAIaEEE S, BICRASRRERATE, HHEEEMT
i 0 U O SN R R 5 A SR U7,

In vivo 3 YO in vitro H£F D M. lepraemurium
Hawaii EfE7 SRS Lol IR RT X 512t h
i mycolic acid % 34.3%, 28.4%, arabinogalactan
(FIESHER) % 80.4%, 32.5% LXhEhi20% O

i (R

mucopeptide % 4 ¥r, Mucopeptide DFERERAS &
L, alanine, glutamic acid, diaminopimelic acid,
glucosamine, muramic acid #%3s, DI EDOFEE N B
in vivo, in vitro -EHD M. lepraemurium Hawaii
BEOHEADHIIEE L fihd mycobacteria D IfEEE & R4k
1z “mycolic acid-arabinogalactan-mucopeptide” #&
EORAMELHT 5 Z LA TH S,

HREEDS B 7 4 U KIS X D 735k mycolic acid
HAFNZATAELTCHE/ rn< 277 4 —BLT
BEANZ PV X D50, WAaEE
acid & 4 3 & L T4 %D mycolic acid (mycolic acid
-a,-b,~c,-d) 75 7c b, mycolic acid-a (L3P 3
afiniz Co O A, BHLIT
KEEFEEE T T2 Cru~Co DHEEGTIEFRTHDZ &N
B ST T,

[t ﬁ&?wwufmﬂgh“¢@%ﬂ%iD—
arabinose & D-galactose 775 7¢% arabinogalactan C
HD, HAEECHRELIcELEy MIFL T A2 D
BEARRIG R AL, PR LS\ Lk S e & D i
F}Tﬁ(‘{gij‘j‘o Bz M. lepraemurium Hawaii(in vivo

BF) BEoOMIaEED B 72 arabinogalactan |1fE 4
D mYCObaCterla TR B P LR i RUG
% DI B9 nocardia, corynebacteria O fIEIZ
LT 2N Ex 7T &b,
Hawaii 7»578 53 % arabinogalactan, mycobacteria,

» mycolic

a-mycolic acid TH D,

M. lepraemurium
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Table Chemical Compositions of the Cell Walls Prepared from the Cells of M. lepraemurium Hawaii
Grown on Ogawa’s 1% Egg Yolk Medium and in C;H Mice

Compositions

The cell walls prepared from the cells of
M. lepraemurium Hawaii grown:

on 1% Ogawa’s egg yolk medium

in C;H mice

Lipids(mycolic acid) 28.4%
Polysaccharide 32.5%

sugar composition
(molar ratios)
Amino acids and amino sugars

alanine 0.278(2.29)
glutamic acid 0.185(1.52)
@, e-diaminopimelic acid 0.215(1.77)
muramic acid 0.113(0.93)
glucosamine 0.121(1.0)

aspartic acid 0.032(0. 26)
serine 0.022(0.18)
glycine 0.043(0. 35)
leucine 0.027(0.22)

arabinose (2. 73)
galactose (1. 0)
#M/mg (molar ratios)

34.3%

30.4%
arabinose (2. 80)
galactose(1.0)

0.336(2.36)
0.165(1.16)
0.189(1.33)
0.141(0.99)
0.142(1.0)
0.052(0. 36)
0.036(0. 25)
0.094(0. 66)
0.057(0. 40)

nocardia, corynebacteria 1 3E38 D 1 iE KIS HEHATH
55 EFE2 BI5, Arabinogalactan DIAREEIZ DU
THHET &, M. bovis BCG OFh &3 RIEE DRSS
HHETLZENAL T S

M. lepraemurium Hawaii(in vivo 4£7F) #ll i BED
mucopeptide 7 DILAEFECOWTL ME L, b o
mycobacteria OfifAEE & R N-acetylglucosaminyl-
B-1, 4-N-glycolylmuramic acid # 3L K ¥ 7 & T %
glycan #f4r& Ala-Glu-Dpm-Ala o tetrapeptide 3
Srbieh tetrapeptide 4o G FRIC X EN D
D HIREEE L U CORMBEMEAIRD TN D 2 EAH BT S
iz,

PIEDFERNSB LML X 51T, in vivo BXO in
vitro HF DO M. lepraemurium Hawail Ffo IR
TIRIERBROE MR EE LTk D, Millaseiic
REWELRDD Z LN TEIRMDI,

TIZ in vivo 38 L O in vitro 45 O M. lepracmurium
Hawaii OWEE L Y IUK S DFFECTRARIGHRE~ 7
24 Fafs8ll, fBd mycobacteria, nocardia, cory-
nebacteria DA X D RO L TRERL L 72 R G

4. HEFPETE

PNSONES EX I

1952 4F Gray 134 {APIHE D BURE Y AT v — v
TN BTN TR OB 2 ME T 21, Iz ciE
CRASHEEBRNRLNISNT ERIRE LT, 19564
17 Segal & Bloch 1ZFEEIZIS T = ¥ AT

TEA P EDENR G E BET LI, In vivo 51O
in vitro *=F M. lepraemurium Hawaii ¥:DE kDD
WEELUICE IR 7 24 FIZ TR FROBEETHRIEL
TeEE Yy MCH UMGCBER DR ARIEERL, E\
TR X IGHEA R L, M. avium 4110 ¥ & hssps
DX IEMER 7R LTz pMiid mycobacteria, nocardia,
corynebacteria IR N RIGMER R I Dts,

(#53m)  In wivo, in vitro 2F D M. lepraemurium
Hawaii #D#IflaBE DA LMD O E, MHIcEN
b b olc, FITHIlEEE DA LAY R 2 B IR
BT 2 A N ORI G D M. lepraemu-
rium Hawail R0 E M. avium 2302 BIZ)BT
2HbDEEZLND,

X ik

1) Azuma, 1., Yamamura, Y. Tanaka, Y., Kosaka,
K., Mori, T.and Itoh, T.: J.Bacteriol., 113 : 515,
1973.

2) Azuma, I., Yamamura, Y. and Mori, T.: Japan.
J. Microbiol., 19 : 333, 1975.
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Fig.1. Oxido-reductive Difference Spectra of Cytochromes in
Mycobacterium lepraemurium
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Fig.2. Oxido-reductive Difference Spectra of Cytochromes in
the other Mycobacteria
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BUlE o mafaih b v v S KRR RIS O H
LR EMLT, 7=V A2 LOBEERYLBN
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B L UEAREEE I e DR GAS, 2~ 7 BRIBUKSEER
FERIATOAETHD 7 27 SV A P AT o4 b
Mz T AT RIGASEF T L7e o R R L, DX
572 EnBRBEOMREFILERLIIET S &I
72072,

Fig. 1 AP L O 1% NI EE iz 0 238
JES 5 BJEE O, Fig.2 &R L 5 2 MonHEE
DI LRTE A7 PV EIR LTS, Fig.l it4hbhd X
SITEGPEIEOFIEE O F + 7 » — 2121L 560 mp @
cyt by & 630mp @ cyt az (F&HBN LA, 550mp D

5;50 660 6?0nm

cyt ¢ & 605mp @ cyta RNHZ b, FHICKLT
Fig.2 2Z b5 L O ICBHITERTE AHHEOF b
7\ — 2R TRT 550 my {3 eyt ¢ DEDFHIHE
Hahz, Lasic Fig. LIcRT & 5 s Mk 7 BUE
T 1% /N DR i ST L7535 T B IS hds
b5 8 H TN TOEBIT B\ TEERIBEIED ~ 7 1 #k
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Fig.3. Oxido-reductive Difference Spectra of
Cytochromes in In vivo grown Myco-
bacterium avium Kirchberg
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With the recent advancement in the chemotherapy of tuberculosis, it became necessary to
discuss whether the present definition of aggravation would be adequate or not. We have firstly
discussed on this problem, and secondary, investigated how much the rate of relapse or aggrava-
tion being changed with the development of recent chemotherapy.

In the first investigation, changes occured among patients with negative sputum at monthly
interval over a period of three consecutive months and showing stability or improvement in chest
X-ray findings were subjected to the analysis.

The following conclusions were derived.

a) Smear positive but culture negative status of sputum related not necessarily to an aggrava-
tion during the course of the disease in most of these patients.

b) The expansion of the shadows and/or the appearance of new shadows on roentgenogram
were often recognized within six months after the initiation of chemotherapy, but most of these
shadows were cleared up thereafter during the course of the same treatment. About 10% of the
expanded shadows and about 50% of new shadows were found to be non-tuberculous inflamma-
tions. Based on these findings, it must be cautiously decided that whether these roentgenographic
changes are tuberculous aggravations or not by taking into account the response of these changes
to chemotherapy and bacteriological findings.

¢) Cavitation alone without expansion of shadows did not indicate an aggravation under the
effective treatment.

Concerning the second problem on changes in the rate of relapse:in accordance with the
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recent advances in chemotherapy, the following findings were obtained.

a) The rate of the occurrence of bacteriological relapse has decreased with the introduction of

recent intensive chemotherapy including RFP in both previously untreated and treated patients.

b) Of patients who were treated initially with the intensive regimen including RFP for more than

six months, and converted to negative sputum within the first three months after the initiation of

treatment, continuous negative cultures were confirmed for 1 to 6.5 years after the discontinuation

of chemotherapy.

c) Resected specimens from patients with continuous negative sputum for at

least six months by the treatment with SM, INH, RFP or SM, INH, EB, never showed positive

cultures. These findings clearly show that the relapse of tuberculosis has been reduced by the

recent intensive chemotherapy in comparison with the previous chemotherapy before the introduc-

tion of RFP and EB.
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1. Aggravation and Relapse of Tuberculosis

Studied According to Therapeutic Regimen and Background Factors
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3. Aggravation and Relaps of Pulmonary Tuberculosis:

A Survey, Focused on the Significance of Roentogenologically Newly Appeared Lesions
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