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Hemorrhages, superficial crosions and definite ulcer-
ation of the mucous membrane of the stomach and duo-
denum occur not infrequently during severe infections
in man and in experimentally infected or otherwise
severcly intoxicated animals. In some of these instances
there can be no question but that infection in some
instances plays a role in the etiology of wleer.r Uleer
also has been produced experimentally by injecting bac-
teria into the gastric artery. The association of fmouth
and tonsillar infections with ulecer of the stomach has
been emphasized. It is said that uleer of the stomach
is more common in regions in wifich throat infections are
particularly prevalent. Clinicians have obscrved aggra-
vation of symptoms in uleer of the stomach or duodenum
following sore throat. Iixperimental proof, however,
showing that certain bacteria may have a special affinity
{or the stomach mucous membrane, producing a localized
infection, and hence may play a role in the causation of
the common acute and chronie peptic uleer in man where
the usual symptoms of infection are slight or wholly
absent has not been brought forward. Tn a short note on
the etiology of rheumatism? 1 pointed out that uleer of
the stomach followed not infrequently intravenous injee-
tions of organisms isolated from rheumatism, especially
after animal passage; of laboratory strains of strepto-
cocei after they had attained a certain grade of virulence
from animal passage, and of emulsions of tonsils which
were removed chiefly during convalescence in cases of
theumatic arthritis. I wish here to report experiments
along this line,

Uleer of the stomach or duodenum, or both, have been
produced by intravenous injection of certain streptococei
in cighteen rabbits, six dogs and in one monkey. The
uleers are usually single, although at times two or more
may be present.  The primary hemorrhages and luter the
uleers are small and deep. The base of the uleer is
usually clean or filled with a brownish blood-clot. There
Mmay or may not be a localized peritonitis. Perforation
into surrounding adhesions occurred in two dogs and in
the monkey. The tendency to bleeding in these uleers
18 great, Two dogs died of an acute hemorrhage, while
another was bleeding when chloroformed. The rabbits
often showed considerable blood in the intestines,

*I'rom the Memorial Institate for Infections Diseases, Chicago.

1. Ifor a comprebenslve dlscussion and Dbibliography on the
Dathogenests of uleer of the stomach see Moller: Ergebn. d. inn.
Med., 111, vil, 520.

2. Rosenow, 1. C.: The Ttiology of Artlenlar and Muscular
Rheumatlsm, THE JOURNAL A. M. A., April 10, 1913, p. 1223,

although death could not be attributed definitely to hem-
orrhage in any. Both punctate hemorrhages and ulcers
have been found most frequently in the pyloric end of
the stomach, then in the fundus, and least often in the
duodenum. 1t should be pointed out that the hemor-
rhages and ulcers in these experiments are small and
sharply cirecumscribed, and there is not the tendency to
digestion and sloughing of mucous membrane—in con-
tradistinction to hemorrhages and erosions—observed
after anaphylactic shock, after overwhelming bacteriemie
infections and other severe intoxications. In most of
the rabbits and in some of the dogs which showed ulcers
there was also atthritis, in some myositis and the picture
of an “ascending™ nephritis. Cholecystitis, with begin-
ning formation of gall-stoncs, and appendicitis have also
been found.

It must not be supposed that the uleers are accidental,
because they oceur, commonly, only when streptococei of
a certain grade of virulence are injected. To illustrate:
Strain 319, originally a pneumococcus which was isolated
from the blood in lebar pneumonia six years ago, and
which had lost its virulence, resembling now a strepto-
cocens, was paseed through nineteen rabbits.  The first
thirteen passages (intravenous injections) failed to show
uleer in any, while the next six passages showed uleer of
stomach three times. Strain R51A, originally a pneun-
mococeus isolated from the bleod in pneumonia nearly
eleven years ago but recently transformed into a hemo-
lytic streptococcus, was passed suecessively through
twenty rabbits, In the first fifteen animals ulcer was
not found, while the next five passages showed uleer of
stomach twice. The strains from rheumatism before
animal passage produced uleer in two out of sixteen
animals; after from two to five passages ulcer was pro-
duced in seven out of eichteen rabbits, while after from
five to ten passages again only once in eight animals
injected. When the virulence is very low uleer occurs
very rarely ; when virulence is of a certain grade, slightly
higher than that of the streptococcus from rhenmatism,
it occurs commonly; but when the virulence becomes
still higher ulceration of the mucous membrane is again
rare. It is practically impossible to produce this type
of ulcer of the stomach with Streplococcus viridans as
isolated from the blood in endocarditis or with highly
virulent hemolytic streptococei or pneumococeci. )

"The grade of virulence of the organisms when uleer is
obtained, commonly, is such that they disappear from the
general circulation and the uninjured tissues. This fact
afforded opportunity to study the exact relation of the
organisms injected to the small areas of hemorrhage in
the mucous membrane and to the ulcers. The areas of
hemorrhage and ulcers were cut out, in four animals,
together with corresponding pieces of the healthy stom-
ach wall, washed thoroughly in rcpeated changes of
sodium chlorid solution, crushed in a mortar, suspended
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in sodium chlorid solution and a series of blood-agar
plates made. Cultures from the blood were also made.
In one animal which died twenty-four hours after a
third injection the blood still contained a moderate
number of streptococei. Streptococci were recovered
from the healthy, the hemorrhagic and the ulcerated arca.
The healthy area showed five, the hemorrhagic arca
cighty-two, the ulcerated area sixty colonies. Saprophy-
tic bacilli and colon bacillus were present in small num-

Ifjg. 1.—Ncecrosis with lwglmlln{; uleceration of mucous membrane
of stomach in a dog injected Intravenously thirteen days pre
vim,_sly with u streptococcus of low virulence; from photograph
X o,

Yers in cach. In the other three in wlhich the blood was
sterile the cultures from the healthy portion showed no
streptococei in any, while the uleerated or hemorrhagic
arcas yielded streptococei in varying numbers in cach
instance. Smecars and blood-agar plate cultures from the
vase in other acute and in more chronic uleers showed
streptococei resembling thosze injected.

I'lg. 2.—Deep, round ulcer nt pylorie end of stomach of dug
injected intravenously one month previously with a steain from
rheumatlsm after ten animal pussages; from photograph X 5.

MICROSCOPIC ANATOMY

The areas of hemorrhage which occur within twenty-
four hours after injection usually extend through the
whole thickness of the mucous membrane. The blood
escapes fromn the capillaries in the acini and not from
a larger veseel in the submucosa. It is most marked and
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extends over a wider arca as the inner surface is reached.
Leukocytic infiltration is already present in twenty-four
hours, while at the end of forty-cight hours when uleer-
ation has begun it is often quite marked and later is
found to extend into the subinucosa and muscular coat.
The reaction indicating an infection in some wulcers
largely disappears after the ulcer has existed for a long
time. This is especially so in those ulcers in which
invasion of the underlying structures is absent or slight.
The wulecration beging on the surface and rapidly
extends to the submucosa. The tendency to invade the
submucous and muscular coat is marked and was pres-
ent in every instance when marked hemorrhage was
observed (Iig. 5). The margins are usually abrupt,
often undermined and infiltrated. The carly picture is
well illustiated in Figure 6 and the later appearance in
IFigure 5. In the former ulceration has not yet extended
through the entire thickness of the mucous membrane,
whereas in the latter the round-cell infiltration and uleer- -
ation have extended well into the muscular coat. In the
latter there is a layer of leukocytic infiltration invading
the normal tissue. Inside of this the cells show granular
degeneration, the nuclei become fragmented as they lose

Fig. 3.—Ulcer of stomach in monkey injected intravenously with
a stinin of streptococcus from rheumatism after it had been con-
verted into the hemolyzing varlety and pasred through one animal;
from photograph X 5.

their aflinity for stains until finally a more or less homo-
geneous necrotie layer lines the nleer. In horizontal see-
tions the ducts along the margin of the uleer frequently
are found to contain leukocytes-and red blood-corpuscles,
Under high power the early infiltration in the wall of the
uleer is found to be made up chiefly of leukocytes and
red  Dblood-corpuscles; later lymphoeytes and large
mononuclear cells predominate. Here, also, what appear
to be plasma cells are found in small numbers, Giant
cells have not been observed. The chief cells disinte-
grate carlier than the parictal cells, giving the erroncous
impression that the latter have actively multiplied. The
connective tissue stroma of the acini is most resistant
and can be made out for considerable distance beyond the
place where the other cells, including leukocytes, have
disappeared.

Thrombosis of adjacent blood-vessels has not been
found in the acute ulcers but has been found in veins in
two of the more chronie, deep ulcers in dogs. One of
these died of acute hemorrhage. The other was chloro-
formed while bleeding was going on. Sections stained
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for bacteria by the Gram-Weigert method showed diplo-
cocei and short chains in the ulcers, as early as forty-
cight hours and as long as twenty-cight days after single
injections of streptococei. These were found here
repeatedly when the cultures proved their absence in the
blood, pelvis of kidney, joints and gall-bladder. TFigure
¥ shows a moderate number of organisms. They are
approximately half way between the free surface of
the uleer and where the cells still stain in a normal way.
In this instance the injeetion of an emulsion from the
tonsils was made thirteen days previously (see protocol,
Dog 22). The organisms were casy to find.  Some areas
showed many hundred streptococel in linear arrangement
in the connective tissue stroma of the disintegrating
acini. Single diplococei were found in the deeper and
less disintegrated arveas (Fig. 7). The ulcer in one dog
which was chloroformed twenty-cight days after a single
mjection showed fewer diplococei, well down from the
free surface of the uleer. Lieukoceytie infiliration in this
instance had almost entirely disappeared,

It is interesting to note that in all the examinations
which were made for bacleria only two Gram-stnining
bacilli were  found
and these were on the
surface of the uleer-

ated area. Gram-
staining  diplocoecei
were  found in the

thrombus of an adja-
cent vein in one in-
stance. A painsfaking
search  for  similar
organisms  was made
in the normal strue-
tures away from the
uleer, but none were
found.

ILLUOSTRATIVE
PROTOCOLS

The rabbits were fed
earrots, hay and oats,
the doos a mixed diet
with liberal quantities
ol meat,

Rapprr  475.—-Injeeted

bel"ig. 4.—Ulcer of duodénnm Just intravenously on May 9,

yond pyloric ring in rabbit in- 2 15 & ( 7 he
Jected lntruvcnonslf with a strepto- 12, 15 and 19, with the
focens of low virulence.

growth from 16 ec.e. of
ascites-dextrose-broth  of
Stl‘ui11 744 from a case of articular and muscular rheumatism.
jM“.\' 19: Tamencss in and swelling of rieht koee-joint; very
i, Mury 22: Chloroformed and examined at omee. A few
lesions in the flat muscle of the groins and shoulder. Myo-
cardium, gray and flabby, shows a few whilish areas in
Papillary museles.  Clear fluid in perieardial s1e. ¥Fluid from
three joints turbid, containing leukocytes, while that from
nother joint is clear, The stomach is normal exeept for the
Presence of two cireumseribed, punched-out uleers in the pylorie
end, The larger is 4 by 2 mm. The base of cach is ocenupied
y brownish clotted blood. The marging are clevated, nnder-
l'l‘llne(l and infiltrated (Figs. 4 and 6). Duodenum is normal,
'he contents of the large bowel are dark brown in color and
give g strong Weber test for blood. The kidneys show no
changes except a few whitish clongated areas in the medullary
Portion, The gall-bladder is filled and the ducts are distended
with g slightly greenish viscid mueus containing large masses
of pus. Pressure on the gall-bladder, after the plug of pus
and coneretions in the ampulln of Vater is removed, easily
°j"0919 the contents into the lumen of the intestines. The
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masses of pus, on washing and disintegration, are found to
contain concretions the size of millet-sced which have the
consistency of putty. Smears of the pus show many leuko-
cytes and streptococei, The addition of hydrochlorie acid to
the concretions liberates carbon dioxid. In the wall of the
gall-bladder are found three small round whitish aress which
scem to involve chiefly the mucous membrane.  Over the largest

-of these at the fundus there is an adhesion to the omentum.

kg, D—8ection or uleer of stomach fu Dog 225 died from hemos-
rhage (sce prolocol). Note the leukoeytle Inflltration in the sub-
mucosa at base of ulver, the great depth and extenslon of the
ulcer beyond the mueous menmbrane.  lematoxylin and eosing; from
photograph X 49,

The lungs, liver, brain, intestines, appendix and adrenals show
no changes. The spleen is not enlarged. Cultures from tlhe
blood, peritoneum, pericardium, pelvis of kiduey and two joints
prove sterile. The most turbid joint fluid gives a few and
the bile a large wumber of slightly hemolyti¢ streptococei
in pure culture, while the base of one of the uleers in the

g, G.—Section of ulcer of stomuaeh in Rubbit 475. Note the
nemoerrhagic base (dark materind), the tendeney o undermining of

margln, and the cellwdar infitration at Dbase.
cosin ; from photograph X o,

Henmntoxylin and
stomach gives n few of these and saprophytes. One of tle
conerctions, thoroughly washed in sodium chlorid solution,
then erushed and used for plate cultures gives a pure culture
of streptorocci,
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Doe 22.—Small young dog. Injeeted Mareh 18, 1913, with
5 c.c. of an emulsion of a tonsil, removed from a patient fol-
lowing an attack of tonsillitis and  articular rheumatism,
March 19: Lame in left front leg. Smears from left front
wrist-joint show leukocytes and Gram-positive diplococei. Cul-
tures yield green colonies only. Mareh 21: Cultures from
blood show a few hemolytic colonies only. Iameness still
present, wrist-joint swollen, March 24: TLameness absent,
wrigt-joint no longer swollen, has lost in weight, lies quietly
in corner, drinks water but eats little. Cultures from blood
negative, March 29: Still quite well but has grown thin,
does not eat. March 30: Dead. Muscles, mucous membrane
and other tissues very pale; hemoglobin 12 per cent. Smears
from the blood show a few reds and leukocytes. Recent,
probably agonal, intussuscepiion at ileocecal valve, easily
reduced, Large quantity of partially digested blood in bowel
above intussusception, nothing below. Stomach normal exeept
for a deep uleer in the pyloric ring, measuring 7 by 4 mm.,,
long diameter vertical. The uleér is filled with a brownish
blood-clot, the margins infiltrated and grayish red (Tig. 5).
Tie peritoneum is thickened directly over the ulcer and there
is adhesion to the omentum. Heart, kidneys, liver, spleen,
adrenals and brain show no changes, Cultures from blood,
pericardium, joints, pelvis of kidney and bile sterile, but a
blood-plate from material at the base of the ulcer after
removing the blood-clot gives an almost pure culture of strep-
tococei (Fig. 7).

Doa 21.—Small, brown and white., Injected intravenously

March 13, with the growth from 300 c.c. of ascites-dextrose- .

hroth of Strain 734, ten anima.
passages after isolation from

a casc of rheumatism. Dysp-
nea, vomiting and great

weakness following injection:
March 14: Seems fairly well
but has developed severe idou-
Lle  conjunctivitis;  smears
from pus contain Gram-stain-
ing diplococei. March 15
Blood-ugar plates from pus
from cyes show almost pure
cultures  of green  colonies
resembling  those  injected.
March 18: Seems ill; has lost
in weight. Marked tenderness
and swelling of right wrist
and clbow-joints. Museles of
back and about shoulders
seem tender. Mareh 21: Cul-
tures from joints show few
grcen colonies. Seems better but eats very little and continues
to lose in weight. IHeart action slow and very irregular. Dis-
charging sinus above right wrist. March 23: Cultures from
discharging sinus contain chiefly green colonies. April 10:
Chloroformed. Mucous membrane and tissues quite pale. Sinus
above wrist leads along muscle sheaths. Fluid from elbow-
joint turbid; no connection between elbow-joint and the sup-
puration adjucent to it. Pericardium empty; whitish linear
areas in myocardium; endocardium normal except for a nodular
thickening in posterior leaflet of tricuspid valve. Localized
adhesive pleuritis. Stomach normal. Duodenum shows a rather
large, round ulcer, 2.5 em. from the pyloric ring and measuring
8 mm. in diameter, The margin is thickened and undermined,
the buse covered with a brownish blood-elot. The omentum
is adherent. The contents of the large intestine blackish and
gives a strong Weber test for blood. Liver shows moderate
fatty degeneration. The kidneys present a number of small
whitish areas in cortex. There are a number of whitish streaks
in skeletal wmruscles, most numerous in the muscles about
shoulder and in intercostal muscles; none in diaphragm. Sev-
eral teeth are loose and there is osteomyelitis of lower jaw,
Smears from pus around elbow-joint and lower jaw contain
large mumbers of Gram-staining diplococei.  Cultures from
blood, pelvis of kidney and pericardial sac sterile, from elbow-
jont give a moderate number, from pus of discharging sinus

ig. 7.—Streptococel in the
disintegrating conncctive tis-
suc in the margin of the ulcer
shown in Pigure §5; X 1200.
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and pus in lower jaw a large number of slightly hemeolyzing
colonies,

MonkEY.—Injected mto vein of forearm on March 18 and 20
with the growth from 100 c.c. ascites-dextrose-broth of Strain
T34H. ])'c(l on April 2 after severe dinrrliea, Only the changes
in the stomach are given liere. The stomach is normal except
for three deep ulcers, two near the pyloric end, the other and
the Jargest in the pyloric ring. All have a clean base and are
undermined with infilirated marginsg, The largest has bridges
of mucous membrane over undermined portions (Iig. 3). The
omentum is adherent and, on dissection of the adhesions over
the largest ulcer, a small perforation of the serous coat is
found. Small intestines normal. The mueous membrane of
the large intestines is red, the lymph follicles are much swollen
and a number show superficial ulceration. The Iymph-nodes
in the mesentery and about the pyloric end of the stomach
are enlarged and hyperemic. Purnlent material in one ulcer
in the stomach shows saprophyles and colon baeilli only, but
from a small piece of the wall of one uleer, thordnghly washed
and crushed, there are obtained in addilion to aydew coutami-
nating organisms fifteen colonies of streptocogel, whereas a
similar portion of adjacent healthy mucous mdmbxunc shows
no streptococei,

SUMMARY

Intravenous injection of streptococei of the proper
grade of virulence may be followed by uleer of stomach
and duodenum. The ulceration is due to a localized
infection and secondary digestion. The ulcers are usually
single and deep with marked tendency to hemorrhage
and perforation, and resemble the human gastric ulcer
in many respects. When we take into consideration this
close resemblance, that injecetion of streptococei which
have grown in tonsils produce the lesions, and that the
virulence of the germs when the affinity for the stomach
is greatest is of such chavacter that a general infection
docs not oceur, it appears altogether reasonable to sup-
pose that in man gastric ulcer may be caused by strepto-
cocci also. The supposed relation between infected ton-
sils or gums and gastric vleer may be due not to the
swallowing of bacteria, as usually supposed, but to the
enirance into the blood of streptococei of the proper
kind of virulence to produce a local infection in the wall
of the stomach. Many other observations might be cited
guch as associated infections of the gall-bladder and
appendix, which suggest that gastric ulecer may be duc
to streptocoeci.

122 South Michigan Avenue,

Then as Now.—We are prone to surround the past with a
kind of mystic glamor. We do not give honor where honor
is new, but reserve our panegyrics for times and methods
whose innceessibility denies all chance of refutation. Ior
example, we think the middle ages knew something about
toxicology. So they did, but not a tithe of what we vaguely
give them credit for. The old apothecary was not a pocket
Borgia. Men were asked out to dinner and they sometimes
died after it. But post cibos is not necessarily propter cibos,
and one man’s meat was not always poison for another, There
was not always death in the pot. If we look at a sixteenth-
century menu we have a general feeling, not of amazement
that men should occasionally die after a banquet, hut rather
of surprise at the survivors. Then it is probable that modern
surgery would have saved some of these moribund postpran-
dialists—that perforation, not poison, ushered them into the
Iwigkeit. In fact, these terrible toxicologie tales suffer from
exaggeration. The morality of the times demanded sudden
death in convenient form, and an alleged supply arose. It is
much the same as if our day was judged by its patent-
medicine advertisements. Reading them, a truthful age would
sigh and offer illimitable gold for what we can buy for
1s. 1%d. As a matter of fact, we do not buy them. We know
that some men are liars now, but we forget that there were
liars in those days.—Med. Press.
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