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M a n y  invest igators have a t t empted  to produce chronic gastric 
ulcers experimentally.  These experiments have been performed on 
various species of animals, and a great  va r ie ty  of methods  has been 
used in causing the original in jury  to, or defect  in the gastric mucosa.  
All these a t t empts  have failed, and the cont inui ty  of the gastric mu- 
cosa was always restored by  p rompt  he~tling unless the procedure  
caused a complete stoppage of the blood supply to a pa r t  of the 
stomach.  This  was followed in some instances by  infarction and by  

perfora t ion and its sequelae. 

Recently Rosenow I has published some interesting investigations on the pro- 
duction of acute and chronic gastric ulcers in rabbits and dogs. His full report 
has not yet appeared. He isolated anhemolytie streptococci, so called Strepto- 
coccus viridans or mitis, from 96 per cent of a series of gastric ulcers removed 
from human subjects at operation. Recently isolated cultures were injected 
intravenously into animals, and in 60 per cent gastric ulcers were found. In a 
few animals which were allowed to live for a considerable time after their inocu- 
lation, in some instances several months, chronic ulcers were found at autopsy. 
From these results Rosenow has reached certain conclusions which may be 
briefly summarized as follows: 

1. Anhemolytic streptococci can be recovered by a special technique from 
practically all gastric ulcers removed at operation. 

2. The streptococci from this source possess a specific affinity for the stomach 
which enables them to localize in this organ, when recently isolated cultures 
are injected intravenously into animals. 

3. About 60 per cent of the animals inoculated in this manner develop gastric 

* This work was done under the tenure of a George Blumenthal, Jr., Fellowship. 
1Rosenow, E. C., and Sanford, A. H., Jour. Infect. Dis., 1915, xvii,219; Jour. 

Ind. State Med. Assn., 1915, viii, 458; Jour. Am. Med. Assn., 1915, Ixv, 1687. 
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ulcers. Other lesions also occur following these inoculations, but with less 
frequency. 

4. Streptococci can be recovered from these experimental ulcers and can be 
demonstrated histologically. They reach this location by the blood stream and 
are deposited in the capillaries of the gastric mucosa. 

5. These streptococci are identical with those inoculated. 
6. Anhemo!ytic streptococci are, therefore, the cause of gastric ulcers in man, 

and these organisms reach the stomach by a hematogenous route. 

The following experiments were undertaken following Dr. 
Rosenow's presentation of his investigations in New York in April, 
1915. The technique which we employed in isolating and injecting 
the streptococci is identical with his. We are indebted to Dr. 
Rosenow for having furnished us with a description of his technique 
before the publication of his work. 

Material. 

Eight chronic gastric ulcers removed at operation from human sub- 
jects were examined bacteriologically and histologically We have 
also studied one ulcer occurring at the ostium of a gastrojejunostomy. 
The results obtained from these examinations and the animal experi- 
ments performed with the organisms recovered from these ulcers 
form the basis of the following report. Although the number of speci- 
mens studied has not been large, the consistency of the results ob- 
tained by all three methods of investigation seems to us to justify 
the present communication. 

The eight gastric ulcers studied were all of the chronic indurated 
type. All the cases from which they were removed had typical 
gastric symptoms which varied in duration from 2 months to 8 
years. Two of the ulcers were located at the pylorus and six on the 
lesser curvature. 

On examination of the stomach at operation the ulcer-bearing area 
was found thickened and indurated and either a defect in the mucosa 
or a crateriform ulcer was felt. 

Brief descriptions of the gross appearance of the specimens exam- 
ined follow. 

A. Small piece of ulcer removed. Ulcer felt crateriform to operator. 
C. Funnel-shaped ulcer of the greater curvature, near pylorus, 1.5 cm. in 

width, with firm fibrotic margins. 
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D. Ulcer of the lesser curvature, 1.5 cm. in width, extending through the 
entire gastric wall into the gastrohepatic omentum. Edges overhanging, firm, 
and fibrotic. 

E. The same appearance as D. 
G. Ramifying, irregular ulcer involving the lesser curvature, the entire pyloric 

antrum, and the first cm. of the duodenum. I t  has a punched out appearance 
with sharp edges, not overhanging; the base extends into the muscularis. 

J. At the middle of the lesser curvature of the pyloric antrum there is an ulcer 
2 cm. in width, perforating entirely through the stomach wall into the gastro- 
hepatic omentum, with sharp, firm edges that do not overhang. 

L. Round, punched out ulcer, 1 cm. in width, with firm edges which slightly 
overhang. The ulcer extends almost through the entire wall of the stomach. 

M. The specimen consists of a segment of the middle 7 cm. of the stomach. 
The middle of the posterior wall is occupied by a perforated ulcer, 3 cm. in 
diameter, with sharp edges. 

Gastrojejunal Ulcer.--This specimen was removed from a patient on whom 3 
years previously a posterior gastrojejunostomy by the Murphy button method 
had been performed, together with a pyloric exclusion by the string method for 
a perforated duodenal ulcer situated just beyond the pylorus. 

Operation and Speclmen.--At the site of the former duodenal ulcer there is an 
indurated area. The string is still in place and the pylorus almost completely 
closed, barely admitting the tip of the little finger. The gastrojejunostomy 
opening is considerably stenosed and admits only the tip of the little finger. 
The edge of the ostium appears soft and normal over about two-thirds of its cir- 
cumference. The remaining one-third feels indurated and the serous surface 
over this is bright red in color and shows a few very recent, fibrinous adhesions 
between the jejunum and the transverse mesocolon. The anastomosis between the 
jejunum and the stomach was separated with difficulty. Beneath the reddened 
portion of the ostium was found what appeared to be a definite and somewhat 
indurated ulcer of the stomach, 1.5 cm. in size. This portion was resected and 
a new gastrojejunostomy was performed at the same site, by tile suture method. 

Methods. 

I m m e d i a t e l y  af ter  the operat ion pieces of ulcer were removed  for 
cul ture  and  the remainder  of the mater ia l  was fixed in 70 per  cent  
alcohol. Some of the pieces were incubated  in deep tubes of glucose- 

serum-bouil lon for 24 and 48 hours  and  then  fixed in alcohol. Sections 

were p repared  by  bo th  the paraffin and celloidin methods  and  s tained 
with hematoxy l in  and eosin, Giemsa and Unna -Pappenhe im  stains, 
and  b y  the Gram-Weiger t  method.  

Formal in  fixation was not  used as this interferes wi th  the demon-  
s t ra t ion  of bacteria .  The  aniline oil, gent ian violet  used in the Gram-  
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Weigert method was always filtered through Berkefeld filters to re- 
move any bacteria present which might be deposited on the section 
and lead to confusion. 

Microscopical Studies. 

Microscopical examination reveals a great similarity in the patho- 
logical processes in the specimens. All the ulcers show certain promi- 
nent characteristics. The edge of the ulcer is sharp, as though cut 
off, even when it is overhanging. The mucosa at the edge shows only 
a superficial degeneration and a moderate grade of chronic in- 
flammation consisting of congestion, edema, and diffuse infiltration 
with mononuclear leukocytes, plasma cells, and a few polymorpho- 
nuclear leukocytes. The glandular structures at the edge of the 
ulcer show slight degenerative changes of their cells. Some of the 
glandular acini or crypts also have the appearance of being cut off 
and do not reach the surface of the mucosa but terminate at the edge 
of the ulcer. Whenever found, the cells of the acini are contained 
within their basement membrane and show no tendency to hyper- 
plasia or malignant transformation. The lining, i. e., the surface 
of the ulcer, consists of a narrow layer from one-eighth to one- 
third the diameter of a low power field of the microscope in thick- 
ness and resembles very much the degenerating tissue which is 
found situated in tuberculous lesions between the areas of caseation 
and the surrounding tuberculous granulation tissue. The layer of 
degenerating tissue fuses with or is transformed into dense fibrous 
tissue, although the line of demarcation is clearly seen. The fibrous 
tissue extends for a considerable distance, in places as much as 1 
cm., into the submucosa and muscularis. I t  has the typical charac- 
teristics of scar tissue and seems to form a wall beneath the ulcer. 
Some of the ulcers have completely penetrated the stomach wall, 
but the edges are always covered by the above structures and the bare 
muscularis is never exposed. The connective tissue septa which lie 
between the muscle bundles and are accompanied by blood vessels, 
are increased in size by fibrous tissue and dense infiltration with 
mononuclear leukocytes. Similar areas of fibrosis and infiltration are 
found beneath and in the serosa. 

Occasionally, but only rarely, prolongations of the degenerat- 
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ing surface layer, several ram. in size, are found in the dense fibrous 
tissue layer, but  these are always completely limited by  the latter. 

With the special stains for bacteria, especially with the Gram- 
Weigert stain, organisms are found only in or upon the lining of the 
degenerating tissue but  never in the depths of this except in the pro- 
longations described above. The organisms usually occur in small 
clumps or as sparsely scattered individuals, and are not found in the 
dense fibrous layer, the stomach wall, the connective tissue septa, or 
the areas of leukocytic infiltration of the serosa. The chief organisms 
found are minute cocci (streptococci), peculiar forms of yeast, and vari- 
ous types of bacilli. The same forms are found in great numbers 
throughout the tissue which was incubated in bouillon before it was 
fixed in alcohol, but  are most numerous on and near the surface of the 
ulcer. The types of organisms observed in the preparations from 
the material fixed immediately and the organisms recovered in cul- 
tures are given in parallel columns in Table I. 

In all, 109 tubes were inoculated either with emulsions or pieces of 
ulcer. Streptococci were present in 32 tubes, occurring in pure cul- 
ture in 11. 13 tubes remained sterile, and the other 64 tubes con- 
tained various types of organisms. 

The streptococci were anhemolyfic and had the following morpho- 
logical and cultural characteristics. 

Morphology.--Stained preparations. Small, Gram-positive cocci, forming 
short and long chains. No capsule. Hanging drop of growth in deep tubes of 
glucose-serum-bouillon shows long convoluted chains. 

Bouillon.--Slight diffuse cloudiness; many granular clumps adherent to the 
sides of the tube and also deposited at the bottom as sediment. 

Litmus Milk.--Acidified but not coagulated. 
Gelatin.--Not fluidified. 
Inulin-Serum-Peptone-Water-Medium.--Not fermented. 
Bile.--No solution of organisms. 
2 Per Cent Glucose-Serum-Agar.--Dry, granular, fairly profuse growth. All 

strains cause precipitation, most of them marked precipitation3 
Plain Agar.--Sparse, dry growth, mostly as minute, discrete, pearly white 

colonies. 

Libman, E., Jour. Med. Research, 1901, i, 84. 
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TABLE I. 

Ulcer. 

A 

C 

D 

E 

G 

Types of organisms found in sections 
of ulcers. 

Few groups of round bodies, 
suggestive of cocci, upon surface 
of ulcer. 

Small groups of cocci, few ba- 
cilli, some of them diphtheroids 
found in and on degenerating 
lining near edge of ulcer. 

Few clumps of 15 to 20 small 
cocci on surface of ulcer. 

Large numbers of organisms 
singly and in clumps found on de- 
generating surface of lining of 
ulcer. These are mostly small 
cocci in long chains; many large 
bacilli and a few slender bacilli. 

Few organisms in and upon de- 
generating lining of ulcer. These 
are mainly large and small bacilli 
and a few cocci. 

Organisms recovered in cultures from ulcers. 

Streptococci and several unidentified ba- 
cilli. No pure cultures. 6 tubes inocu- 
lated; 2 contained streptococci. 

Streptococci, Bacillus subtilis, Micro- 
coccus tetragenus, large Gram-positive bacilli, 
diphtheroid bacilli. 8 tubes inoculated. 
Streptococci pure in I and together with 
bacilli in another. 

Streptococci, yeast, Staphylococcus albus, 
Gram-positive and Gram-negative motile 
bacilli, Gram-positive non-motile bacilli. 
14 tubes inoculated, 2 of which contained 
pieces of ulcer. In one of the latter strep- 
tococci were found in pure culture; in 1 
other tube they occurred together with 
Gram-positive bacilli. 

Streptococci wel'e seen in cultures but 
could not be isolated; slender Gram-positive 
bacilli, staphylococci, spore-bearing Gram- 
positive bacilli, and a pleomorphic Gram- 
positive bacillus were isolated. 13 tubes 
inoculated, 2 of which contained pieces of 
ulcer. In the latter cocci in long chains were 
seen; 4 tubes were sterile. 

Streptococci, Gram-positive bacilli, mo- 
tile Gram-negative bacilli, Staphylococcus 
albus, Bacillus subtills, Gram-negative spore- 
bearing bacilli. 14 tubes inoculated, 2 of 
which contained pieces of ulcer. In 1 of 
the latter streptococci were found in almost 
)ure culture and in the other there were a 

few chains of streptococci and Gram-nega- 
tive motile bacilli. 

Of the remaining 12 tubes, 1 contained 
streptococci in pure culture, and 4 con- 
tained streptococci together with 1 or more 
other organisms. 
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Ulcer. Types of organisms found in sections of ulcers. Organisms recovered in cultures from ulcers. 

M 

Gas- 
tro- 
jeju- 
nal. 

Few bacilli on surface of ulcer. 
In a prolongation of the necrotic 
lining of the ulcer into the depth 
there are yeasts, scattered and in 
large clumps; small cocci, some 
of which are in chains; large 
COCCi. 

In and upon the degenerating 
lining are found masses of yeast 
but no bacteria. 

In and upon the degenerating 
lining are many cocci, some in 
chains. There are as many 
bacilli present as cocci; some of 
the bacilli are large and in chains 
and some are small. Yeasts in 
tube-like stems are also found. 

No bacteria demonstrable by 
Gram-Weigert method. 

Streptococci, yeast, staphylococci, Bacille.s 
subtilis, spore-bearing Gram-negative ba- 
cilli. 16 tubes inoculated, 2 with pieces of 
ulcer, which contained streptococci to- 
gether with Gram-positive bacilli. In  3 of 
the remaining tubes streptococci were found 
in pure culture, in 4 together with other 
organisms, and 1 tube was sterile. 

Yeast, Staphylococcus albus, small Gram- 
positive bacillus. 12 tubes inoculated. 
None contained streptococci, but yeast and 
Staphflococcus albus were recovered from 
all. 

Streptococci, yeast, Bacillus subtilis, staph- 
ylococci, Gram-positive bacilli, large strepto- 
bacilli. 15 tubes inoculated, 2 with pieces 
of ulcer. The latter contained streptococci 
together with other organisms. Of the re- 
mainder, 2 contained streptococci in pure 
culture, 1 contained streptococci and 
bacilli, and 7 were sterile. 

Streptococci, staphylococci, short Gram- 
positive bacillus. 11 tubes inoculated, 1 
with piece of ulcer. Streptococci recovered 
in pure culture from 3 tubes and together 
with staphylococci in 2 tubes. 1 tube was 
sterile, 1 contained a short Gram-positive 
bacillus, and 4, including the tube inoc- 
ulated with a piece of ulcer, contained 
staphylococci. 

Plain Blood Agar.--Srnall discrete or fused colonies, gray  by  reflected light,  
and  opaque and  surrounded b y  a narrow green zone b y  t r ansmi t t ed  light. No  
hemolysis.  

From seven ulcers we recovered anhemolytic streptococci; strepto- 
cocci were seen in cultures from the eighth but could not be isolated, 
and from the ninth no streptococci were recovered. 
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Yeasts were recovered from four ulcers. They were not identified, 
but grew luxuriantly aerobically on all the ordinary laboratory 
media. Morphologically slight variations in the strains were noted. 
They resembled morphologically the Saccharomyces described by 
Besson2 

Method of Inoculation. 

Recently isolated cultures were injected in most of the experiments, 
the exact generation being given in the table, "first generation" mean- 
ing the original culture. The material for inoculation was prepared 
as follows: 

1. A 24 hour growth of streptococci was obtained either in deep 
tubes of glucose-serum-bouillon or on slants of glucose-serum-agar. 
About 20 cc. of the growth in bouillon were centrifuged, washed twice 
with normal saline solution, and the resulting sediment was taken up 
in 2 to 5 cc. of normal saline solution. The 24 hour growth from 
one to four glucose-serum-agar slants was similarly washed with 
normal saline solution and the sediment resuspended in salt solution. 

2. A milky emulsion of a 24 hour culture of yeast on glucose- 
serum-agar was made in several cc. of normal saline solution. 

The entire amount of suspension prepared was used for intravenous 
injection into the ear vein and from 1 to 2 cc. for injection into a 
branch of the gastric artery. For the gastric artery injection the 
animals were etherized and a laparotomy was performed under aseptic 
precautions. The stomach was delivered and a branch of the gas- 
tric artery, usually on the anterior wall, was injected with a very 
fine needle and Record syringe. The part  supplied always blanched 
during injection, but the color immediately returned on withdrawal 
of the needle. Very little hemorrhage followed and this was quickly 
controlled by compression. The wounds in every animal healed per 
primam and none developed peritonitis. Subsequent investigation 
was made through, a laparotomy wound, opening the stomach widely 
and inspecting the entire mucosa directly. These gastric incisions also 
healed promptly and in several animals the stomach was opened a 
second time without apparent injury. 

3 Besson, A., Technique microbiologique et s~rotMrapique, Paris, 5th edition, 
1911. 
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Animal Experiments. 

Rabbits and cats were used in our experiments. Most of the 
rabbits were injected intravenously with streptococci, but in some the 
injections of either streptococci or yeast were made directly into a 
branch of the gastric artery. Streptococci were injected into a branch 
of the gastric artery in two cats and a yeast in the other two. 

Table II gives in a condensed form the experiments and their 
results. ~ 

Gastric Lesions in Rabbits Following Intravenous Injection of 
Streptococci. 

Thirty rabbits were injected intravenously with streptococci. 
Gastric lesions developed in four (13.3 per cent). 

Rabb# A I/ / .--Killed 2 days after injection. 
Stomach.---Over the anterior wall of the stomach near the eardia there are 

three pale, almost circular areas seen on the serosa. One of these is at the ter- 
mination of a group of blood vessels springing from the lesser curvature. Be- 
neath these areas are what appear to be defects in the mucosa, from 2 to 10 ram. 
in width. The edges are abrupt and irregular and one cannot tell whether the 
base of the defects is covered by the mucosa or not. 

Microscopical Examination.--The defects extend almost through the mucosa, 
with slight inflammatory reaction about them. Gram-Weigert stain shows vari- 
ous types of bacilli and cocci along the entire surface of the mucosa and defect. 
The same organisms occur in the tissues just beneath the surface, but at no greater 
depth at the site of the defect than elsewhere. No predominance of cocci. 

Rabbit C/ / / . - -Ki l led  1 day after injection. 
Stomack.--The anterior wall of the cardiac region is bright red. The mucosa 

beneath this is also bright red. No defects found. 
Microscopical Examination.--(Two blocks.) Section 1. From non-hemorrhag- 

ic area. Tissues are normal. There are no bacteria in the mucosa, but on the 
surface are found the large Gram-positive bacilli that occur on the surface of all 
stomach sections. 

Section 2. From hemorrhagic area. There is an engorgement of the capil- 
laries in the mucosa just beneath the surface, and slight extravasation. No 
bacteria in this area. At the other end of the section, which includes normal 
tissue, just beneath the surface of the mucosa, there is a very large clump of 
Gram-positive cocci, some of them in chains, but mostly occurring as diplococci or 

4 A number of experiments were performed with organisms recovered from other 
gastric ulcer cases, which we hope to embody in a later report. 
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as bacillary forms. There is no inflammatory reaction found around this area 
and ordy a slight, almost insignificant amount of extravasation of red blood cells. 

Rabbit G IV.--Killed 2 days after injection. 
Stomach.--On the anterior wall of the pyloric antrum, near the lesser curvature 

are two hemorrhagic areas in the mucosa, 2 by 4 ram. in size, and a few ram. from 
one another. There is a superficial defect over these areas and the mucous mem- 
brane around them for a distance of 2 ram. is slightly reddened. 

Microscopical Examination--Serial sections of superficial defect. Gram- 
Weigert stain. A V-shaped defect, half way through the mucosa, in the midst of 
the hemorrhagic area. Very large bacilli are invading the defect from the sur- 
face. No streptococci. No bacteria in any of the blood vessels. 

Rabbit G VI.--Animal became sick and was killed 3 days after injection. 
Stomach.---On the mucosa on the anterior wall of the pyloric antrum there is 

a superficial hemorrhagic defect, 2 by 4 mm. The mucosa around it is reddened, 
and adherent to it is blood-stained mucus. 

Microscopical Examination.--A considerable area of mucosa shows slight 
hemorrhagic infiltration, with hyaline thrombosis in a few of the superficial 
blood vessels and moderate degeneration of the superficial third of the mucosa. 
Just beneath the center of this area are several arteries and veins in the sub- 
mucosa which show slight inflammation of their walls but no change in the lumen. 

Serial Sections.--Gram-Weigert stain. No cocci in any of the vessels 
going to the mucosa. No bacteria except surface bacteria of various types. 

Gastric Lesions in Rabbits Following the Injection of a Branch of the 
Gastric Artery with Streptococci. 

I n  e ight  r abb i t s  a b r a n c h  of the gas t r ic  a r t e r y  was  in j ec t ed  w i th  

s t reptococci ,  accord ing  to the  m e t h o d  descr ibed above .  Gas t r ic  

lesions developed in  six (75 per  cent) .  

Rabbit C IV.--Killed 3 days after injection. 
The peritoneal cavity contains a small amount of fluid and clotted blood, and 

the omentum and portions of the stomach are infiltrated with blood. Omen- 
turn adherent over stomach. Serosa over injected area is pale, and shows be- 
neath it a few pin-head, cream-colored areas, which look like miliary abscesses. 
Mucosa over these areas shows small hemorrhagic patches with slight defects 
in the mucosa, as well as miliary, cream-colored areas similar to the above. 

Microscopical Examination.--There are several large hemorrhagic areas in 
the serosa and collections of leukocytes almost to the degree of abscess formation. 
There are about half a dozen depressions along the surface of the mucosa which 
are V-shaped, and about these depressions is a slight hemorrhagic infiltration 
with partial degeneration (?) of the structures. These areas reach half way 
through the mucosa. Over most of these depressions the surface epithelium is 
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intact but slightly degenerated and there is a slight fibrinous exudate adherent to 
the surface. 

Gram-Weigert stain. Upon the mucosa over the hemorrhagic and purulent 
areas are a great number of bacteria, most of them large bacilli; no bacteria are 
found in the hemorrhagic and purulent areas in the mucosa. Bacteria are pres- 
ent in the serosa and correspond to those on the surface of the stomach. These 
are probably secondary invaders. 

Rabbit G VIL--Killed 5 days after injection. 
Stomach.--The branch of artery injected is identified by a small hemorrhagic 

spot at the site of injection. Distal to this the vessel seems empty. On the 
serous coat, in the portion directly supplied by the injected artery, an area, 1.5 by 
3 cm., shows beneath the serosa a thin layer of thick, cream-colored pus. Be- 
neath this is seen, from the mucosal side, an irregular, punched out defect, 1 by 
0.5 cm., with raised, edematous edges, and an area of edema around it, 2 cm. 
in width. The base of the defect is formed by a very thin, transparent portion 
of the wall of the stomach. About 2 cm. from the defect is a hemorrhage in the 
mucosa, 2 ram. wide. The remainder of the stomach is normal. 

Microscopical Examination.--The base of the defect shows degeneration and 
necrosis almost as far as the serosa. The edge of the defect is fairly sharp and 
shows a similar condition of degeneration. 

Gram-Weigert stain. In  the depth of the defect, just beneath the serosa and 
reaching for a short distance into the muscularis, are found solid clumps of strep- 
tococci filling the capillaries and small blood vessels. Between these, scattered 
throughout the tissues, are diffuse collections of streptococci. On and immedi- 
ately beneath the necrotic surface of the defect are large clumps of bacilli. Indi- 
vidual bacilli also lie scattered between the clumps. 

On cross section of a portion of the stomach with arteries near the defect, one 
of the arteries is seen to be filled with an organizing thrombus; the other arteries 
are normal. There are no bacteria in the thrombus. 

Rabbit G VIII.--Died 4 days after injection. 
Stomach.--About one-thlrd filled with food. Delicate adhesions between the 

cardiac half of stomach and surrounding viscera. Over the cardiac half of the 
stomach, especially near the greater curvature, the mucosa shows numerous 
minute hemorrhages. No defects. 

Microscopical examination was not made. 
Rabbit J IlL--Killed 7 days after injection. 
Operation.--Attempt to make injection into a branch of the gastric artery 

near the cardiac end of the stomach on the anterior wall failed. Injection was 
made into another blood vessel on the anterior wall of the stomach, though it 
could not be determined whether it was a vein or an artery. No blanching of the 
portion of the stomach injected. Previous attempt at injection resulted in a 
large hematoma at the lesser curvature of the stomach. Two large branches of 
the gastric artery on the posterior wall of the stomach were injured in delivery 
of the stomach. Animal returned to cage in good condition. 
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Stomach.--Hematoma along the lesser curvature. About the vessel on the 
anterior wall which was injected there is an area about 1 by 0.5 cm. showing 
hemorrhages and a small amount of thick pus beneath the serosa. On the poste- 
rior wall of the fundus near the greater curvature, corresponding to the area sup- 
plied by the injured arteries, the stomach is adherent in two places to one of the 
lobes of the liver. The mucosa of the stomach immediately beneath these ad- 
herent areas shows an irregular defect 0.5 cm. in width which extends half way 
down through the gastric wall. The base of the defect is reddened; the edge is 
edematous and slightly reddened. Beneath the hemorrhagic areas, on the 
anterior wall of the stomach where the injection was made, there are no changes 
in the mucosa. The stomach is otherwise negative. 

Microscopical Examination.--Defect on posterior wall. Superficial defect 
half way through the mucosa with degenerative changes, slight hemorrhages, etc. 
One large vein in the submucosa shows beginning mural thrombosis. No strepto- 
cocci or other bacteria in the depth of the defect. Various types of bacteria 
present on the surface of the normal portion of the stomach and on the surface 
of the defect. Adhesions over the serosa contain no bacteria. Gastric arteries 
supplying the area of the defect are normal. 

Gram-Weigert stain. Usual types of bacteria on surface of defect and neigh- 
boring normal mucosa, none in tissues except a few surface type organisms in 
the hemorrhagic area of the serosa. 

The serosa of lesions on the anterior wall shows edema and slight hemorrhagic 
and leukocytic infiltration. Vessels and mucosa are normal. Gram-Weigert 
stain. Usual surface bacteria are present, but no organisms are found "in the 
tissues. 

Rabbit M/.--Killed 7 days after injection. 
Stomach.---On the serous surface of the anterior wall of the fundus, in the 

center of the region supplied by the injected artery, there is a creamy yellow area, 
1 by 2 cm., where the omentum is adherent. There are other smaller areas of 
thickening of serosa. Beneath the large area, practically the entire thickness of 
the stomach wall from the mucosa outward is necrotic, forming a defect with 
hemorrhagic edge and necrotic base. The branch of artery injected is in good 
condition. 

Microscopical Examination.--There is a defect of the mucosa. Beneath the 
defect the gastric wall shows large masses of pus cells, edema, congestion, and 
degeneration of tissues, amounting almost to necrosis in places. No thrombi 
in veins or arteries. 

Gram-Weigert stain. There are masses of cocci in the inflamed and degener- 
ating area and similar masses in the overhanging edge of the defect apparently 
lying in the capillaries or lymphatics. 

Rabbit M IIL--KJlled 7 days after injection with killed culture of streptococci. 
Stomach.--Minute scar at the point of injection of the artery. Mucosa of 

fundus, near the greater curvature, shows a few minute hemorrhages but no de- 
fect over them. 
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Microscopical Examination.--Congestion of superficial capillaries. No hemor- 
rhages. Gram-Weigert stain. No cocci, or other bacteria, except a few usual 
types on the surface. 

Gastric Lesions in Cats Following the Injection of a Branch of the 
Gastric Artery with Streptococci. 

I n  two  ca t s  a b r a n c h  of t he  ga s t r i c  a r t e r y  was  i n j e c t e d  w i t h  s t r e p -  

tococci .  B o t h  a n i m a l s  d e v e l o p e d  de fec t s  in  t he  g a s t r i c  m u c o s a ,  w h i c h  

soon b e g a n  to  hea l  a n d  were  o b s e r v e d  to  h a v e  h e a l e d  c o m p l e t e l y  in  

33 d a y s .  

Cat J / . - -Cat  well 9 days after injection. 
Stomach Operation.--Explored under ether anesthesia. Few adhesions found 

between the anterior wall of the stomach and the omentum, and between 
the posterior wall and the posterior wall of the lesser peritoneal sac. Along the 
lesser curvature there is an indurated area about 1 cm. wide in the region supplied 
by the injured artery. Beneath this is seen a punched out area in the mucosa 
that  may be either a shallow erosion or healing defect. Stomach otherwise 
negative. The incision in the stomach, which was parallel to the greater curvature 
and 1 cm. from it on the anterior wall, was closed with a double row of sutures. 
33 days after injection the abdomen was opened under ether anesthesia. No 
sign of defect found on serous or mucous coats of stomach. Animal killed. 

Cat J / / . - -18 days after injection. Cat has remained entirely well and well 
nourished. 

Operation.--Performed under ether anesthesia. Stomach free and nowhere ad- 
herent. At the lesser curvature, where the injected artery enters the stomach, 
there is an indurated area involving the entire wall of the stomach, 1.5 era. wide 
and about the normal stomach wall in thickness. The stomach was opened on 
the anterior wall parallel to the greater curvature for a distance of 4 cm., 1.5 cm. 
from the greater curvature and the same distance from the indurated area. Be- 
neath this indurated area is a shallow, irregularly round defect in the mucosa 
with indurated margins. The edge of the defect is formed by a bright red line, 
apparently of granulations, as though it were healing. Stomach closed. Animal 
returned to cage in good condition. 33 days after the injection the cat was again 
etherized. Slight puckered scar of serosa over the site of the previous defect. 
Mucosa at  corresponding point shows slightly puckered area, entirely healed. 
Animal killed. 

Microscopical Examination.--The mucosa is completely regenerated over the 
site of the ulcer. I t  is made up of glands which are slightly atypical. A slight 
defect in the submucosa has also been repaired. Gram-Weigert stain shows no 
bacteria. 
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C~zstric Lesions in Rabbits Following Injection with Yeast. 

Three rabbits were injected intravenously. Two of these animals 
developed minute hemorrhages in the gastric mucosa. 

Rabbit L III.--Died 12 hours after injection. 
Stomach.--Many minute hemorrhages in mucosa. 
Microscopical Examination.--Negative; no yeast. 
Rabbit L IV.--Killed 7 days after injection. 
Stomach.--Few minute hemorrhages in mucosa, not examined microscopically. 
In addition a branch of the gastric artery was injected in one rabbit (L II). 

The animal was killed on the 7th day and showed no lesions at autopsy. 

Gastric Lesions in Cats Following Injection of Yeast into a Branch 
of the Gastric Artery. 

Two cats (L I, M I) were injected. The animals died on the 12th 
and 13th days respectively, and no lesions were found at autopsy. 

Summary of Cardiac Lesions. 

Of the thirty rabbits injected intravenously with streptococci, 
fourteen (47 per cent) developed cardiac lesions. In two, minute 
vegetations containing streptococci were present. The remainder 
showed either petechial hemorrhages or the gross appearance of 
myocarditis, and practically all of these hearts contained micro- 
scopical lesions of the Bracht and Wachter type. 5 

Of the eight rabbits in which a branch of the gastric artery was 
injected two (25 per cent) developed minute hemorrhages in t h e  
endocardium. 

Of the three rabbits injected intravenously with yeast one showed 
hemorrhages in the endocardium. 

DISCUSSION. 

As a result of the above studies it is impossible to decide defi- 
nitely whether or not the gastric lesions produced by the injection of 
streptococci are to be considered ulcers. The superficiality of the 
rabbit lesions following the injection by the intravenous route as well 
as the entire absence of inflammatory reaction in the deeper gastric 

Thalhimer, W., and Rothschild, M. A., Jour. Exper. Med., 1914, xix, 429. 
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tissues leads us to the belief that these defects are certainly not analo- 
gous to the chronic gastric ulcer seen in the human stomach. 
The promptness of healing of the embolic lesions in the cats tends to 
strengthen this conclusion. This point will be discussed more fully 
below. 

Apparently striking results were obtained in Cats J I and J II,  
where the injection of streptococci into a branch of the gastric artery 
resulted in the formation of shallow, indurated defects that might be 
considered ulcers. However, these defects were found to be healing 
on the 10th and 18th days respectively, and were completely healed 
on the 33rd day. 

I t  has been demonstrated by Bolton, n Wilensky and Geist, 7 and 
others that defects produced mechanically in the gastric mucosa and 
muscularis of cats heal in 2 to 4 weeks. In the defects produced in 
the rabbits by injection into a branch of the gastric artery strepto- 
cocci were found in great numbers in the tissue about the lesions. 
By analogy it may be assumed, even in the absence of microscopic 
proof, that streptococci were also present at some time in the lesions 
in the cats. The embolic lesions in the stomachs of the cats in our 
series healed spontaneously within approximately the same length 
of time as those mechanically produced. I t  is evident, therefore, 
that  in these instances the injected streptococci failed to retard the 
process of healing. 

The constant presence of an anhemolytic streptococcus in human 
gastric ulcers might be adduced as an argument in favor of the part  
played by this organism as the cause of the chronicity of the lesion. 
If streptococci could be demonstrated in considerable numbers in the 
depth of human gastric ulcer this conception would gain a firmer basis. 
Rosenow 1 has found streptococci in all the coats of the stomach, 
some of the organisms even lying just beneath the serosa. No men- 
tion is made of the number of organisms in this position. In our 
series of ulcers, however, despite the examination of many sections, 
the streptococci were found only on or beneath the surface of the 
defect. 

e Bolton, C., Jour. Path. and Bacteriol., 1915, xx, 133. 
7 Wilensky, A. O., and Gelst, S. H., Jour. Am. Med. Assn., 1916, lxvi, 1382. 
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T h e  case of gas t ro je junal  ulcer described above seems of impor-  

tance in this connection. This  ulcer migh t  readily be considered as 

due pr imar i ly  to pure ly  mechanical  factors.  Streptococci  were re- 
covered cul tural ly  f rom emulsified pieces of tissue. Al though the 

histological p ic ture  was identical  with t ha t  of the other  ulcers in the 

series the mos t  careful search failed to show the presence of s t repto-  
cocci on the surface of the lesion or in the tissues abou t  it. One m u s t  

consider the possibi l i ty tha t  in this case the streptococci  were direct ly  

deposited upon a preexist ing mechanical  defect and were not  the essen- 
tial causat ive  factor  in the format ion  of the ulcer. 8 

A possible explanat ion of the occurrence of s treptococci  in gastr ic 

ulcers m a y  be found in some observat ions of Cushing and Livingood. 9 
These  invest igators  found tha t  whereas there is a more  or less definite 

bacter ia l  flora of the i leum and large intestine,  this is not  t rue of the 

upper  por t ion  of the a l imenta ry  tract .  The  s tomach  and the duo- 

denum and a t  t imes also the upper  j e junum become free or pract i -  

cally free of bacter ia  af ter  a certain period of fasting, whereas  during 
and  shor t ly  af ter  a meal  g rea t  numbers  of organisms of different 
types  are found. These  are grea t ly  reduced in number  when sterile 

food alone is taken.  Cushing and Livingood,  therefore, concluded 
t h a t  the normal  s tomach  has no definite bacter ial  flora bu t  t ha t  this 

is dependent  upon the bac ter ia  taken  with  the food. 

s Since this article was completed we have studied another gastroiejunal 
ulcer that had the gross and microscopic appearance of a chronic gastric ulcer. 
No bacteria were found with the Gram-Weigert stain either upon the surface 
of the lesion or in the underlying tissues. Anhemolytic streptococci were 
isolated from several tubes of glucose-serum-agar inoculated with the emulsi- 
fied ulcer. Other bacteria similar to those described in the body of the paper 
were also recovered. 

Six rabbits were injected intravenously with the second generation of the 
streptococcus and were killed at periods varying from 2 to 10 days. At 
autopsy there were small hemorrhages in the duodenal mucosa of one rabbit, 
hemorrhages in the tricuspid valve in two others, and minute tricuspid vege- 
tations in a fourth. The structure of these vegetations on microscopical ex- 
amination as well as the absence of streptococci in smears and sections indi- 
cates that the injected organisms were not the cause of the lesion. No other 
lesions were found in these four animals, and in the remaining two the autopsy 
was entirely negative. No streptococci were found either culturally or micro- 
scopically in the hemorrhagic area in the duodenum. 

9 Cushing, H., and Livingood, L. E., Johns Hopkins Hosp. Rep., 1900, ix, 543. 
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Cushing and Livingood showed that neither the acidity nor the 
digestive ferments of the gastric secretion have marked lethal effect 
on the bacteria in the stomach. They believe that the stomach be- 
comes aseptic chiefly through the mechanical removal of organisms 
in the passage of the ingesta, and that bacteria cannot adhere to nor- 
mal gastric mucosa nor do they enter or remain in the glandular 
crypts. Whether bacteria can adhere to the surface or penetrate into 
the depths of defects in the mucosa remains to be determined. These 
writers further state that there were two organisms from which the 
stomach freed itself with difficulty, and which were found in a num- 
ber of examinations many hours after the intake of food. These 
organisms were a minute Gram-positive diplococcus and yeast. The 
same forms were found almost constantly in our series of gastric 
ulcers both in sections and in cultures. 

In the light of the work of Cushing and Livingood one must bear in 
mind the possibility that these organisms which are commonly found 
ill the stomach and duodenum might remain upon or immediately 
beneath the degenerating lining of the ulcer because of favorable 
mechanical or structural conditions. 

The nature of both the experimental gastric and cardiac lesions 
indicates that the streptococci recovered from the ulcers are of a low 
grade of pathogenicity, such as is usually found in the same type of 
organism isolated from other sources. Whether, having established 
themselves on the surface of a gastric ulcer in man, they are innocuous 
or manifest a low grade of pathogenicity tending to retard healing 
requires further investigation. 

In addition to the streptococcus other organisms were invariably 
recovered from the inoculated tubes. No at tempt was made to iden- 
tify these strains culturally. The same types were usually identified 
microscopically in sections, proving that the isolated organisms other 
than streptococci were not accidental contaminations. Furthermore, 
these bacteria were quite as numerous in the sections as streptococci, 
and penetrated to the same depth in the ulcer. The types most 
frequently encountered were a yeast and a thick Gram-positive ba- 
cillus. Some of the isolated strains of yeast proved pathogenic for 
rabbits on intravenous inoculation. Our data are insufficient to 
warrant an expression of opinion as to the significance of these 
organisms. 
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CONCLUSIONS. 

I t  must be assumed that some cause is operative in certain cases 
preventing the healing of defects in the gastric mucosa and is inop- 
erative in others. Even though anhemolyfic streptococci are present 
in practically all gastric ulcers, we cannot convince ourselves that these 
organisms have been proven as yet to be the factor which either 
initiates the ulceration or prevents healing. Nevertheless, the con- 
stant presence of streptococci in this type of lesion is a suggestive fact 
and further experiments to determine their significance are being 
undertaken. 

We wish to express our thanks to Dr. A. A. Berg, at whose sug- 
gestion this investigation was undertaken. We are further indebted 
to him for the material studied, for the privilege of reporting abstracts 
from his clinical records, and for other courtesies extended to us 
during the progress of this work. 


