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A germiree animal may be defined as one that has been born and raised under
sterile conditions so that it has had no contact with bacteria and thus has
never experienced any bacterial invasion of its tissues, It is a matter of great
interest to determine the effects of such a germiree life on lymphatic tissues,
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Methods

The guinea pigs that we use are of the Gifu uniform strain obtained by
brother-sister breeding. We have obtained and reared germiree guinea pigs
using the M-31 and M-36 germiree systems that 1 described previously! and
¢lsewhere in this monograph. However, the rearing capacity of both of these
systems is limited to 10 animals at one time, so that it is impossible 1o main-
tain a sufficient supply of animals more than 100 days old for the purpose of
examining their lymphatic tissues. Consequently, we have reared the germ-
free animals until they are 40 to 50 days of age and then supplied several ani-
mals to several experimental groups, the results of which are supplemented by
data obtained from an experiment on germfree animals more than 30 days old.
Some of our germfree guinea pigs had a series of specific symptoms, such as
alopecia, prolapsus ani, and hernia.  These we consider due to the deficiency
of essential nutritional elements, probably caused by a disturbance of ingestion
and resorption in the bowel; therefore we have excluded these animals as un-
suitable for the experiments.  Kobayashi fluid diet NG-27 (taprLe 1) is given
as soon as the young are born, on the fifth day after birth Kobayashi solid diet
NG-36¢ (rasre 2) is mixed with the diet NG-27, and at the end of the first
month the NG-36 diet solely is used. NG-30 solid diet has heen found satis-
factory for the long-term rearing experiment, but NG-27 diet, a liguid formula
for voung guinea pigs, still needs improvement before it can be used satis-
factorily. Therefore a comparison has been made with respect to the growth
within 20 days of birth between germiree guinea pigs reared on the Kobayashi
diet and natural guinea pigs reared with the same diet.  The result indicated
that the germfree animals grow more slowly than those reared in a natural
environment.  After 30 days of age the average increasing rate of body weight
per day of the germfree animal becomes parallel with that of the natural ani-
mals reared on the Kobayashi dict.  Because there was a handicap of growth
during the first 20 days of life, the body weight of the germfree animals is
always less than that of normal animals of the same age. Keeping this fact
in mind, we have made efforts to reduce the body weight of the control animals
to the level of the germfree ones.  Both germfree and control animals were
kept in the same environmental conditions, that is, all experimental animals
were reared at a temperature of 25° 4 3% CLand in the humidity range of 50 4=
5 per cent, We also used a considerable number of natural animals as a pre-
liminary experiment, as well as the paired germfree and control animals.

2



232 Annals New York Academy of Sciences

TaBLe 1
Comrosirion o NG-27 Doer (Kosavasin) erer 300 oam oF RATION

L R i O . o 0| 100 gm.
Negoelost - oo o ST 200 ml.
S licaminill s s s s e 1.5 ml.
Panvitan (vitamin mmplc\) .................. 3 pellets
Folicacid: cous 7.5 mg.
Vitamiin, Wil ms W s s T v A | 7.5 mg.
Nilamin Buamsmseme fnasibenm v s 30.0 pg.
T T T { T R i i o P e b T o o e 300.0 pg.
LCH TR T T A Lol e SRS ) el LA ML U 0.15 gm.
L AR TR T TS TN e N WLt 1.5am.
Civereslracte . weocac i s I . e 75.0 mg.
) b S L s ) Y 300.0 mg.
[ £ 2N S R s L 1T - 15.0 mg.
I G s iz o e v s e F s e S 27.0 mg.
Ribolavin. .. ... TS R R AT A s s 6.0 mg,
PR IO s s st st i s aliibins L 0.1) mg.
WIlaming sy v sn s ao i s se : 20 to 25 mg./2 days

Comrogition o NG-30 Dier (Kosavasi) rer 100 Gan or Ratiox

Bosted soy b Noue . oo b i Beiii., . 70,0 gm.
BTG g et R R = ¢t T ‘ 0.0 gm.
T R L A S S € L ) 12.0 gm,
T T Tl S O SRS gl .7 ) . 7.0 gm
Panvitan (vitamin complex) . [oveertin” ) 1 pellet
Yoleaaitl il e el oot 2.5 mg.
ATATETS 1) 1) R SO ‘ 2.5 mg.
LTI TT | S s | 15.0 pg.
BRI et s i boaa o A . 100.0 nir.
Choline . TR R B ek e e 0.3 gm
b (o L T A et s R 0.5 gm.
DU e U €71 o] DR I e A | 25.0 mg.
Inositol 5 e e e e SR SR A 100.0 mg.
Pantothenic acid -Ca. . 10.0 mg
PRI sl G G e e e R R B 5.0 mg
Thiamine A T P AR D N S T R | 9.0 mg.
IADORENING & 7 i Tt ase s m, o aToe e e BT 2.0 mg.
Pyridoxine S e VR Dol s e 2.0 mg.
Vitamin ¢ . e N e s I 25 mg./2 days

Resulls

The experimental results were as follows,

First, we made o preliminary investigation on many conventional animals,
ranging in development from fetus to adult, in order to discover the essential
stites of the lvmphatic apparatus in the nasal cavity. TFor this purpose the
examinations were made by serial frontal section of 50 animals and sagittal
section of 4 animals.  The results reveal the fact that the anatomical structure
of the nasal cavity in the guinea pigs is complicated. A prenatally formed
Ivmphatic apparatus on the central line of the floor of the nasal cavity extends
from the posterior edge of the foramina palatina to the position of the fourth
molir. Most of the lvmphatic tissue contains postnatally formed secondary
nodules with clear centers designated by Hellman? as Reactionszentrum.  Tor in-
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stance, in the 40-day-old conventional guinea pig, well-developed lymphatic tis-
sue was found in the nasal cavity, wherein not only solid secondary nodules hut
also clear-centered secondary nodules, called Flemming-type nodules were
formed. The ciliated epithelium in the mucous membrane became stratified
(r16URES 1 to 4).  Ingermiree guinea pigsof the sameage, similar lymphatic tis-
sue and occasional solid secondary nodules were found at the nasal floor, but no
clear-centered nodules (Froures 1, 2, 5, and 6). In an attempt 1o investigate
the lymphatic tissue in the sinus maxillaris, this cavity was examined in 30 nat-
ural animals ranging in development from fetus to adult, serial section specimens
being made. The results of the examination revealed that the sinus maxillaris
of the guinea pig is a complicated cavity that is not completely encircled by
bone, but is open on both sides.  As FIGURE 7 shows, distinct secondary nodules
were formed in the tunica propria of the mucous membrane of the sinus maxil-
laris in 40-day-old control animals, and clear centers were recognizable in the
nodules.  The ciliated epithelium of the mucous membrane of sinus maxillaris
has also become stratified.  However, in germfree animals of the same age
neither secondary nodules nor even lymphocytic infiltrations were found in the
tunica propria of the sinus maxillaris; therefore a monotonous picture is seen,
The cilinted epithelium covering the sinus maxillaris was arranged regularly
in a single layer (FIGURE §). s

Second, we examined the number of Peyer’s patches in the cecum of the
following 103 natural animals: 30 cases from birth to 20 days of age, 10 cases
about 40 days of age, and 43 cases 150 to 200 days of age. It was revealed
that 6 to 25 patches were observed in the young animals shortly after birth,
8 to 15 in 40-day-old animals, and 8 to 16 in the 150- to 200-day-old animals.
The maximum number of patches in each group was 12 in the young animals,
11 or 12 in the 40-day-old ones, and 13 in the 150- to 200-day-old animals; thus,
it ranged from 11 to 13, This fact indicates that the number of Peyer’s patches
is settled before birth.t®  However, the examination of 17 cases of more than
40-day-old germfree guinea pigs has shown the number of Peyer’s patches to
be from 6 to 8, However, it is not clear whether the smaller number has any
significant meaning.  Histologically, only o few secondary nodules with clear
centers were found in the Peyer’s patches in the cecum of the natural young
shortly after birth, but great numbers of the nodules were found in the 40- to
200-day-old natural animals. FFor instance, in the Peyer’s patches of a 40-
day-old control guinea pig one can see that a distinet and clearly bordered
sccondary nodule with clear center has appeared (F1Gure ). On the other
hand, in the Peyer’s patches of a 40-day-old germiree guinea pig, as may be
seen in FIGURE 10, secondary nodules with clear centers were not found, and
the Peyer’s patch itself is very poorly developed.

Third, in regard to lymph nodes, a preliminary investigation has been made
on these nodes in popliteal, abdominoinguinal, mesenteric, and cecal areas of
30 of the young animals shortly after birth, 9 of 40- to 30-day-old ones, and 39
of 130- to 200-day-old animals.  As result of the examination of the lymph
nodes of 211 germfree animals we can say that the lymph nodes in germfree
animals develop more poorly than do those in natural guinea pigs. Tt is con-
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Iilcure 2. Sagittal sections of the skulls of conve_ntional :1‘nd gernﬂrcc guinea pigs, show-
ing the lymphatic tissue of the nasal cavity and the sinus maxillaris,

sidered that the mesenteric and cecal lymph nodes have different functions in
relation to the intestinal tracts.  Even though they are germfree, these ani-
mals could not be exempted from the influence of stimulation originating from
food in the bowel, Histologically, we could recognize solid secondary nodules,
but few secondary nodules with clear centers in the natural guinea pig shortly
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Frevre 3. Frontal seetion of the skull of a conventional guinea pig.  Note the well-
developed lymphatic tissue in the tunica propria of the nasal cavity. Distinct clear-centered
secondary nodules are visible,  Hematoxylin-cosin stain, X 280,

Fieure 4. Sagittal section of the skull of a conventional guinea pig.  Note the well-
developed lymphatic tissue in the tunica propria of the nasal eavity.  Clear-centered see-
ondary nodules, as well as solid ones, are visible, - Hematosylinecosin stain, - X280,
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Fieure 5. Frontal section of the skull of a germfree guinea pig. Note the poorly de
veloped lymphatic tissue in the lamina propria of the nasal cavity. No clear-centerec
nodules are visible. Hematoxylin-eosin stain. X280,

Ficure 0. Sagittal section of the skull of a germiree guinea pig. Note the poorly de-
veloped lymphatic tissue in the tunica propria of the nasal cavitv.  No clear-centered
nodules are visible. Hematoxylin-cosin stain, X280,



Freere 7. Frontal section of the skull of a conventional guinea pig, showing distinct
secondary nodules in the tunica prog of the mucous membrance of the sinus maxillaris.
Note the clear-centered nodules,  Hematoxvlin-csoin stain, X280,

Fravee 8 Frontal seetion of the skull of w germfree guinea pig.  Neither sccondary
nocules nor even lymphatic infiltration are visible in the tunica propria of the sinus maxillaris.
Hematoxylin-cosin stain, X280,
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Fieure 9. The cecum of a 40-day-old conventional guinea pig.  Note the well-developed
Pever’s patch and the clear-centered nodules.  Hematoxylin-eosin stain. X280,

after birth. However, in the 40- to 200-day-old animals we could find numerous
clear-centered secondary nodules, particularly in the mesenteric and cecal
lymph nodes. In the 40- to 200-day-old animals, some of the cases have shown
that pyronin-stained large cells and typical Marschalko-type plasma cells ap-
pear in the medullary cords. For instance, in the popliteal lymph node of a
40-day-old natural control guinea pig, not only solid secondary nodules but also
clear-centered secondary nodules on the cortex and numerous pyronin-stained
large cells and typical plasma cells on the medullary cord were observed (F1G-
ure: 11).  On the other hand, in the popliteal lymph node of a 40-day-old germ-
free guinea pig, no clear-centered secondary nodules were found, but plasma
cells appeared on the medullary cord (FIGURE 12).

Let us now consider the behavior of the lymph nodes in the cases contami-
nated by single species of bacteria. We have made an investigation of 19
guinea pigs that were monocontaminated because of a failure in the germfree
unit during the rearing process. Nine of these animals were contaminated by
a single species of spore; the other 10 were contaminated by a single species of
Coccus.  Five succumbed to a bloody watery diarrhea and, in 3 of the 5 deaths,
similar involvement was observed in the cecum. MNlacroscopically, emphysema,
necrosis, and bleeding were observed; microscopically, the breakdown of Peyer’s
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Trevre 1L The cecum of @040 day-old germivee guinea pig. Note the poorly developed
Peyer'’s patches and the absence of clear-centered nodules. Hematosylin-cosin stain, - X280,

patches into numerous small picces by air vesicles was seen in the wall of the
cecum (FIGURE 13).  Secondary nodules with clear centers were also found in
the cecal lymph nodes (riGure 14). Numerous large-sized cells with large
nucleoli were observed by making stamp specimens of the node. However,
the origin of the large cells cannot be determined.  Marschalko-type plasma
cells were often detectable on the stamp specimen of the lymph nodes of the
germfree animals, as shown in F1GurRe 15. However, noabnormalities occurred
in the conventional animals that were challenged by the same single species of
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Ficure 11, Popliteal lvmph nodes of a 40-day-old conventional guinea pig. Note the
solid and clear-centered nodules.  Hematoxylin-cosin stain, X280,

Ficure 12. Popliteal lvmph node of a 40-day-old germfree guinea pig. Hematoxylin:
eosin stain, X 280.
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Frevre 13, Cecum of a germiree guinea pig contaminated by a single species of spore.
Note the breakdown of the Pever's patch into small fragments by air vesicles. Hema-
toxvlin-eosin stain. X 280.
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Ficrre 14, Cecal lvmph node of a germfree guinea pig contaminated by a single species

of spore.  Note the appearance of clear-centered nodules. Hematoxylin-eosin stain. X280,
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Fioure 15. Stamp specimen of the cecal lymph node of a germfree guinea pig contam-
inated by a single species of spore. Note Marschalko's plasma cells. Hematoxylin-eosin
stain, X 900.

Figure 16, Abdomincinguinal lvmph node of u 40-day-old germfree guinea pig con-
taminated by a mild species of Cocens. Note the bare, clear centers without peripheral
dark rings. Hematoxylin-eosin stain. X280,
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Frovre 17, Popliteal lvmph node of a conventional guinea pig that had heen injected in
the foot pad with 16 mg. sterilized egg albumin. Distinel clear-centered nadules are visible,
Hematoxylin-cosin stain, X280,
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Freee 18, Popliteal lymph node of a germfree guinea pig that had been injected in the
foot pad with 10 mg. sterilized cgg albumin,  Hematoxylin-cosin stain. X400,
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spore. It seemed to us that the result described above has indicated the exist-
ence of an antagonism between certain microbes in the natural world; in other
words, certain bacteria that do not cause pathogenicity under the antagonisms
in the natural conventional animal appear to cause pathogenicity in a mono-
contaminated germfree animal. An investigation of the lymph nodes in the
germiree guinea pigs monocontaminated by mildly virulent Coccus has revealed
that numerous secondary nodules with clear centers and without distinet dark
rings appeared.  For instance, in the abdominoinguinal lymph node of the
40-day-old germfree guinea pigs contaminated by a mild species of Coccus,
numcrous bare clear centers without peripheral dark rings were apparent.
They are like those described as bare germinal centers by Conway® (FIGURE 16).
Consequently, the results of the experiment indicate that some contamination
by mildly toxic bacteria such as cocci contributes essentially to the production of
the clear center in the lymphatic tissue. Next, we examined the lymph nodes
of germfree animals injected with sterilized egg albumin.  Preceding this ob-
servation, a preliminary investigation of the changes in lvmph nodes of the
66 conventional guinea pigs injected with egg albumin was made; this revealed
the fact that the clear-centered secondary nodules on the cortex increased in
number and that plasma cells on the medullary cord were prominent on the
injected side on the sixth to tenth day after injection as compared with the
noninjected side when the precipitation reaction was positive. For instance,
40-day-old conventional guinea pigs that have been injected with 10 mg. of
sterilized egg albumin in the foot pads have shown distinct secondary nodules
with clear centers and dark rings in the popliteal lvmph node in 48 hours
(vigure 17).  After a similar procedure, 40-day-old germfree guinea pigs have
shown no nodules with clear centers, but numerous large pyronin-stained cells
of diffuse appearance with a large nucleolus that contains ribonucleic acid have
been observed. It would be interesting to learn whether these cells gather to-
aether to form a nodule (ricure 18).

Conclusion

We have thus learned that the development of lymphatic tissue in the germ-
free animal is less advanced than in the conventional animal.  Insofar as we
have heen able to discover, typical clear-centered nodules have never been
found in the lymphatic fissue of germbree animals, but such nodules have heen
produced most casily by monocontamination by a mildly toxic species of Coceus,
Since lymphatic tissue is widely considered as the main site of antibody forma-
tion,-10 the gamma-globulin value of the serum and the state of antibodies
such as precipitin and agglutinin in the treated germfree animal are of definite
interest.
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