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Figure 1. Air system of germ-free rearing unit HMC
®-Desicator.
@-Thermo sterilizing
® and @-Air temperature
® and 4D-Small
glass-wool filters. @-Rearing tank. @-Germicidal trap

-2: @-Cooling unit.
®-Air pump. @-Gas meter.
®-Air cooler.
®-Glass-wool air filter.

®-Water cooler.

plant.
regulator.

for exhaust.

WEREELRIEINTH b, K
IR REEE 2 2 5o MEE T
WCEHERBEA = ¥ 7 20§ 4
3o

(0) ZEGMRE: BWHI N
EKPERICE TEAYLY
3BT, BENREREIHES
BT5h. COMERHELNG,
@RS,

() o RAT~A 744 &~
EFE30cm & 3 10cm OEEHK
T D5, FBICHE 10 cm
DEBEHRTI Thbo T DHE



18 S W EEECET AFE —3—

25 1 RO®ITFE T ' IRV y FREELEADTH S, E1IRORID
(@Y INFFARY =T 4 AR~ FTART —~ L R T, »

) BBExY7: COMBIRE2R
i, ZOAREESHGRUEAEITH
%o 5mm §R % U TIED T2 mER
BTRED & v 7 THEE 60 cm FEEE 120
emThd, A¥v27OHHIE3cm DR
JEREE EOURELHO2TH B,

(&) Fivszvz: AFREEALRICTRE
T Th b, 2xv 7 AEROKIRUHE
BEIRE2 v LABETH B0, ¥ 7
THCHYBATRD 25 v F2HL, X
797 EEBFRETIIRE DT
: ' BE v 2 RUFiH X v 2 OFHI »
Figure 2. Ext.ernal view of operating tank and FFL A Vﬁ%ﬂli%%éﬁ%z‘lﬂm Lo
germ-free rearing tank. T vy HECEEY v TEE SR
TWbo RABE VI ROFI & v 7 O
Ty —HOBRAIE % R IE 5 Kom
{ThH3,

(h) FpAEEe: PE25cem, BEE
65cm OWNE Y2 THDOT, BBEXVZ
P INEERE EIRA < & &k K, %
e & BY, WEX v 7 EEUILE
EERE2EL, BET TRBEER
PEAU, #v7NERHEETUDIR,
AKXy 7 ICEBLUTHAFRELZFALT
e MEB X v 7 HILRA T 50 Wik
Ath & v 7 WTEY, ARG, RBRAERE
Figure 3. Internal view of germ-free rearing RERBHT SN LN Do
tank, ‘ : (i) $¥~3V¥M4F N EFZ S M
BUEBI2PH%HE % v 7 FIKiAT
BEDIFNS 25 » P THDOT, Fkt
BERLIAURCREB# v 27 iKESL,
BIEVARESE T, SRR v R B A 2 W
U, COBBARR 25 v 7P T
L%, IATNEPiE, €OXRME»
Bl & 77 ¥ Tk RV, BEEK TURE
Ut &o y AR X b AN, BREHK
Pic—EREE D 12, 47 »y THIR X
WERB 4 27 NichRERIETOTH
%0 ‘

() ZEFAy7 40N X~ MEL
, BE 2 EWREE % v 7 MICTBBIA T
- Figure 4. Internal view of operating tank. BIOOEBTH D, MBX v 2 OEsE




lﬂ:

& 235 %

Fil & v 7 IR TR BN, + A
» 400 FERARIE, TRRERH, R B A,

ol

v=— v - FEERAACELVEER2EA
3o '
FAEx Vv Z7RICZ 2 v ZORFICEAEL

THHHEADTORFEROSER, BEES
. Bk, B, BEIY S, ¥Ry, §
ﬂm,M%&Em%wjﬁ%M,fvtw

Figure 5. Longitudinal section of rearing

tank and operating tank:

®-Operating

tank. (@-Rearing tank. (@-Operating trap.

®-Operating table. (6)-End door.

©®©-Inner

door. @®-Connecting link. ®-Inlet pipe for
steam or air. (@-Outlet pipe for cold water.

@-Outlet pipe for steam or air.
pipe for cold water. @-Hot water tank.
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Figure 6. Growth curves of guinea pigs: Curve
@® shows the average growth of 42 germ-free
reared guinea pigs compared with the growth
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curves of conventionally reared (®, ®) and artifi-

cially reared (@, (®) guinea pigs. Artificial rearing
includes feeding on sterilized diet and maintaining
a temperature the same as germ-free rearing.
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Figure 8. Resident state of large amount of E.
coli Fg and small amount of E. coli M;: E. coli
F, (about 7x10*) and E. coli M, (about 2x10%)
were administered to 3 germ-free reared guinea
pigs on the 20th day after birth. Number of bac-
teria in feces of each arimal was examined and
E. coli Fg and E. coli M; were separated, using
phage tpying method, and .calculated. Column
graph shows the number of E. coli Fy (ECFy) in
the papillar cavities of the mucous membrane, in
each part of the intestinal camnal, at the end of
the experiments. J, I and C represent jejunum,
ileum and colon respectively. This figure shows
one result out of 3 experiments. '

1213 14 15 16 17 18 19 20 21 2

NUMBER OF BACTERIA PER GRAMS

W E COLIM
£ &0 Fe

2 3 4
bAYS

Figure 7. Resident state of E. coli M,
and E. coli Fg: E. coli M, and E. coli Fy
(about 7 x 10*) were administered to 3
germ-free reared guinea pigs on the 20th
day after birth. Number of bacteria in
feces of each animal was examined and
E. coli M; and E. coli Fy were separated,
using phage typing method, and calculated.
Column graph shows the number of E.
coli M; (ECM 1) in the papillar cavities
of the mucous membrane, in each part
of the intestinal canal (0.2g), at the end
of the experiments. J, I and C represent
jejunum, ileum and colon respectively.
This figure shows one result out of the
5 experiments.
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Figure 10. Resident state of L. acidophilus and
E. coli M;: L. acidophilus (about 4x107) were
administered to 5 germ-free guinea pigs on the
20th day after birth, E. coli M,; (about 3x10%)
were administered to them on the 21st day after
birth. Number of bacteria in feces of each
animal were examined and L. acidophilus
and E. coli M; were separated, using spe-
cific culture media, and calculated. Co-
lumn graph shows the number of L. acid-
ophilus (LA) and E. coli M; (ECM 1) in
‘the papillar cavities of the mucous mem-
brane, in each part of the intestinal canal,
at the end of the experiments. J, Iand C

represent jejunum, ileum and colon. re-
spectively. This figure shows one result
out of the 5 experiments. It is noted in
all these cases that the symbiotic resident
phenomena between the two kinds of ba-
cteria, both in feces and in the papillar
cavities, are observed, and the number
of E. coli M, is always found of less than
that of L. acidophilus. -
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Special growth. of L. bifidus
mono-infected guinea pigs: A and B show
growth. rate curves of two germ-free re-
‘ared animals administered with L. bifidus
(about 8x107) on 17th day after birth. C,
M and D show the growth. curves of germ-
free reared animals. C and D represent
maximum and minimum growth rate of
the 80 germ-free reared animals. About
sixty per cent of them are very much like
the curve M. Increasing ratios of A and
B after 18th day are approximately the
same. as that of conventionally reared
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the 17th day after birth, E. coli M;
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than L. bifidus.

Figure 11. Resident state of St. faecalis and Column graph shows the number
E. coli M,: St. faecalis (about 3x107) were of L. bifidus (LB) and E. coli M,
administered to 5 germ-free guinea pigs on (ECM 1) in the papillar cavities
the 20th day after birth, and E. coli M, (about of the mucous membrane, in each

3x10®) were administered to them on the 21st
day after birth. Number of bacteria in feces
of each animal were examined and St. faecalis

part of the intestinal canal. This
figure shows one result out of the
5 experiments.

and E. coli M; were separated, using specific
culture media, and calculated. Column graph
shows the number of St. faecalis (STF) and
E. coli M; (ECM I) in the papillar cavities of
the mucous membrane in each part of the
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intestinal canal, at fche end of the experiments.
J, T and C represent jejunum, ileum and colon
respectively. This figure shows one of the
result out of the 5 experiments. It is noted in
all these cases that the symbictic resident

. phenomena between both kinds of bacteria,
both in feces and in the papillar cavities, can
be observed.
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Figure 13. Resident state of L. bifidus and E.coli
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M;: L. bifidus (about 6 xX107) were administered to

5 germ-free guinea pigs on the 20th day after birth,

<E. coli M, (about 3x10%®) were administered to them

on the 21st day after birth. Number of bacteria in
feces of each animal was examined and L. bifidus
and E. coli M, were separated, using specific culture

- media, and calculated. In this case E. coli M; could

not be found in feces after 10 or 14 days after -the
administration of E. coli M;. -
Column graph shows the number of L. bifidus

(LA) in the papillar cavities of the mucous mem-

brane, in each part of the intestinal canal. This
figure shows one result cut of the 5 experiments.
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Figure 14. Bactericidal power of sera of germ-
free reared guinea pigs: Left fisure shows the
low bastericidal power of serum of germ-free
reared animal compared to that of E. coli Fg
mono-infected. Right figure shows the low bac-
tericidal power of serum of germ-free reared
animal compared to that of conventionally re-
ared. Serum of the animal was diluted into 1:
1, 1: 2and 1:4 with saline, and the bactericidal
power of each diluted serum was tested.

bacterium is Salmonella typhi 0-901.
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Figure 15. Bactericidal power of szra
of L. acidophilus mono-infected guinea
pigs: Sera of two animals those were
administered with L. acidophilus show
lower bactericidal power than that of E.
coli M; monc-infected and conventional
animals.
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Figure 16. Bactericidal power of sera of

E. coli M, and L. acidophilus double in-

fected guinea pigs: Order of power of the
sera.is as follows;

Contventional or L. acidophilus and
E. coli mono-infected” E. coli M; infected
> Germ-free

Test bacterium is Salmonelia typhi 0-
901. :
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CL+CS 5.3 949 CL + C;S 5.2 90%
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G,L + G,S 3.0 80% G,.L+GS 2.8 74%
GL + C;S 5.4 929% CL+CsS 5.6 86%

Figure 17. Comparative illustration of phagocytic activity of leucocyte of germ-free
and conventional guinea pigs: Four groups of animals each consisting one germ-free
and one conventional animal were examined. Phagocytic activity of leucocytes of
germ-free animals is as a whole lower than that of the conventional.

G: Germ-free guinea pigs. GL: Leucocyte of G. GS: Serum of G. C: Conven-
tional guinea pigs. CL: Leucocyte of C. CS: Serum of C. A. N. ST: Average
number of St. aureus (Terajima) ingested by leucocytes (phagocytic - index).

P. P. L.: Percentage of phagocitosis leucocytes (phagocytic percentage).
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= | .
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Figure 18. Phagocytic activity of leucocyte of germ-free, double infected and con-
ventional guinea pigs: Phagocytic activity of leucocyte of germ-free animal is as
a whole lower than that of the conventional and double infected (L. bifidus and E.
coli M,) animals. Order of the phagocytic activities of the three kinds of leucocytes
are as follows; :
Conventianal > Double infected > Germ-free.

Order of the three kinds of sera in combined action (opsonin action) of serum and
leucocyte are as follows;
Conventional > Double infected > Germ-free.

C: Conventional guinea pig. D: Dcuble infected guinea pig. G: Germ-free guinea
pig. CL: Leucocyte of C. DL: Leucocyte of D. GL: Leucocyte of G. CS:
Serum of C. DS: Serum of D. GS: Serum of G. A.N.ST.: Average number of
St. aureus (Terajima) ingested by lucocytes (phagacytic index). P.P.L.: Percentage
‘of phagocytosis leucocytes (phagacytic percentage). :
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Figure 20. Titre of complement of
haemolysin reaction: Group D shows the
titre of conventionally reared guinea pigs.
Group C and E show the titre of L. acido-
filus and E. coli mono-infected animals
respectively. A clear difference between
C, D and E could not be found. Haemolysin
titer (3U.) and erythrocyte (3%) are
used.

0.01

002

WRABOLN ALY, BiCK
W EADOFE—3INIERE2ELC LM
Hnhol, 20T, BB 2RICT
% 22VLD¥ER AR HE R BRicd 3 871G
DR PR O MR E 2 FIE U TERR
UTH 2 EEIOROMEER E2DIZAD
L, EEABOWRTIEAK3IFAL» L
#®whmds LA 303, EEERTENEO
EADEL MR 3 BRI EAPRS

L0 o (-] @ x
_ ol Y X X X
E—ons- X XXX XS XK
&
&
to,x— X
=
Z 015 °
3
0z |- X X8 XX € ® -]
PR YRTEN N 0 S N WU B AN N NS YO T X W T T O N P O T O 0 B 6 0 ¢ BN
36 .40 48 56 64 72 80

0"24@8101214161820'262«832

DAYS AFTER BIRTH

Figure 19. Variation in titre of complement
of guinea pigs according to rearing term: Titre
of complement of conventionally reared animals
show a low value frcm the 5th to the 13th day,
and after the 14th day the titre increases ra-
pidly. Titre of complement of germ-free reared
animals show a low value until the 20th day,
and thereafter titre of some of the animals
reach the value of conventionally reared ani-
mals, but in some cases it remains at a low

value.
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Bacteria strains

Group I
directly relating to the
protective power

Group I
intermediately relating to
the protective power

Group 10
not relating to the prote-

ctive power

U
Group I infected ‘Germ-free Group I infected
Animal Body Animal Body - Animal Body
(1) C.P.A. + (1) Complement Producing (1) C.P.A. +
(no change) ‘ Activity -+ (no change)
(2) B.A.P.A. H (2) Bactericidal Agents (2) B.A.P. A. o il
(increased) Producing Activity + (no change)
(3 P.A.L. H# || (8) Phagocytic Activity of || (3) P.A.L. “+-
~ (accelerated) Leucocyte (Slightly accelerated)
(4) A.P.A. - (4) Antiboedy Producing (4) A.P.A. : ?
(induced) Activity — (Unknown)
(5) R.E.S. is developed (5) Reticulo Endothelial Sy- (5) R.E.S. is developed
to some extent, but stem remains at embry- fairly well.
paftially injured. -onic state.

Figure 21. Schematic illustration concern.ing the relationships between so called

protective power of living body and initial intestinal infection with bacteria.

Group I includes Escherichia coli, Pseudomonas, Salmonella, Shigella, Clostridium

welchii etc. Group I includes Lactobacillus group, certain kinds of aercbic spor-
forming bacteria etc. Group JII includes certain kinds of yeast and that of staphylo-
coccus. (1)-represented by complement for haemolysin titre. (2)-represented by
bactericidal power of sera against Salmonella typhi 0-901. (3)-represented . by
phagocytic activity of leucocyte against Staphylococcus aureus Terajima. (4)-repre-
sented by agglutinin titre for Salmonella typhi 0-901. Heavy arrow shows the route

for influence of group I and light arrow shows that of group II.
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Figure A. Insertion of the animal into the operating trap: The hair of the animal
is cut from her abdomen, a large area over the abdomen is cleaned with a de-
pilatory, washed with warm detergent and the entire abdominal surface is swabbed
with tincture joditi and alcohol. The animal is then tied down to the operating
board. This figure shows that the animal is now ready to be inserted into the
operating trap.

Figure C. View of the operation field from the viewing port of the tank: The
space over the membrane can be filled with the germicide directly before the
operation.

Figure B. Pregnant animal in the operating trap: The.animal is insertéd-in the

trap, and put on the operating table. Then the animal pushed up until its
abdominal skin touches the vinyl membrane. (@®-Steel frame to press the rubber
plate and vinyl membrane to edge of the trap (®--Rubber plate having an opening
for operation. (®-Vinyl membrane through which the pregnant animal can be
operated on @-Rubber packing. (®-Screw to bolt the frame. @-Operating table.

Figure D. Skin incision: The skin along with the membrane is picked up, the

fold is cut through with an operating knife, and fasted with hemostats. The
small incision is extent front and rear, the edges of incised skin and membrane
must be fasted and sterilized with the germicide step by step according to the
operating process. After the skin is incised, the edges of the wound are covered
with gauzes wetted with the germicide and these gauzes are secured to the skin
with hemostats.
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Figure E. Exposure of the uterus The abdominal muscles and the peritoneum
are-cut with an operating knife and scissors, retractors are used to seperate the
edges of the wound, and then the uterus is exposed and is laid out on sterile
gauzes

Figure G. Rearing manipulation through the artificial rubber gloves.

Figure F. Delivery of the young* The exterior of the uterus is swabbed with the
germicide and is cut open using a pointed scissors, the young are exposed and
the amnions are removed, then the umbilical cords are cut after clamping them
off with hemostats This figure shows the young soon after the Caesarean section.

Flgute H. The germ.free rearing guinea pigs 10 days old The milk formula is
given by hand-feeding every three hours during the beginning three or five days.
After the fifth day from birth both milk and solid diet are served to the animals
and the animals can eat at their own will. This figure shows a hand-feeding ot,'
milk' to the animal, but it is only a try
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Figure LA : Microscopic feature of the
mesenterial lymph node of conventionally
reared guinea pig. 40 days old. 25 Xx.

Figure LC: Microscopic feature of the
mesenterial lymph node of E. coli M;
mono-infected guinea pig. 27 days old;
animal died of bacteremia caused by the
bacteria. 25 x.

s

mesenterial lymph node of Bacillus X (cer-
tain kind of aerobic spore-forming bacil-
lus) mono-infected guinea pig. 40 days old.
25 x.

MR () — 23—

Figure LB : Microscopic feature of the
mesenterial lymph node of germ-free re-
ared guinea pig. 40 days cld. 70 x.

Figure LD: Microsocpic feature of the
mesenterial lymph node of L. acidophilus
mono-infected guinea pig. 40 days old. 25
X.

Microscepic feature of mesenterial lymph
nedes of the animals is summarized as
follows:

In group A, structure of the cortex and the
medulla are complete and these two porticns
are clearly ditinguishable; plenty of cells
among the reticular tissues and the germinal
centers (Flemming’s secondary nodes) are
observed.

In group B, distinction between the cortex
and the medulla is not clear, and a small
amount of cells are thinly distributed among
them. Lymph node is generally rough in
appearance.

In group C, structure of lymph nodes is
generally developed to some extent, and the
cells among the reticular tissues are many
but mass of cells undergoing degeneration can
be found among them. The capillaries filling
with erythrocytes are observed. No germinal
center exists.

In group D, structure of the cortex and the
medulla is like group C, but degenerated
cells cannot be found and few of the nodules
of transitory type are detected.

In group E, structure of the lymph nodes is
properly developed as in group A, and plenty
of cells can be observed in it, many germinal
centers are observed.



Figure IA: Micrescopic feature of the
ileum of conventionally reared guinea pig.
46 days old. 280 x. ‘

B B (V) w1l

Figure IB: Microscopic feature of the
ileum of germ-free reared guinea pig. 40
days old. 280 x.

Figure IC: Microscopic feature of the
ileum of E. coli F; mono-infected guinea
pig. 40 days old. 280 x.

Figure IE: Microscopic feature of the
ileum of Bacillus X (certain kind of ae-
robic spore-forming bacillus) mono-in-
fected guinea pig. 40 days old. 280 x.

Figure ID: Microscopic feature of the
ileum of L. acidophilus mono-infected gui-
nea pig. 40 days old. 280 x.

Microscopic feature of ileum of the animals
is summarized as follows:

In group A, the subepitherial connective
tissues are properly developed, the free cells
of the tissues and a small number of wande-
ring cells can be observed.
~In group B, the subepitherial connective
tissues are poorly developed and very few
free cells can be found.

In group C, D and E, the subepitherial
connective tissues are developed to some ex-
tent, particularly, in group C free cells of
the tissue and wandering cells can be ob-
served.



