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The relatively unsatisfactory results of many years emphasis upon
humoral factors in the defense against infectious diseases have grad-
ually led to a reéxamination of some of the underlying mechanisms
involved, and as a result the cellular reactions of immunity are now
receiving more attention. This is not surprizing in view of the many
disappointments following attempts to secure preventive and cura-
tive serums, the transitory nature of passive immunity and the fail-
ure of protection at times in the presence of high concentrations of
immune bodies in the serum. On the other hand, the permanency
of active immunity, as after an attack of typhoid fever or small-pox,
or from the administration of certain vaccines, offers possibilities
of prevention far superior to those hitherto attained by the use of
serums.

The emphasis upon cellular mechanisms of defense received re-
newed stimulus through the attention paid to the mesenchymal tis-
sues by Aschoff ! in the reticulo-endothelial system. The principal
merit of Aschoff’s work probably lies in its development of certain
morphological aspects of defensive mechanisms; as a result, prin-
dples enunciated by Metschnikoff are now receiving more serious
attention and are being revealed as fundamental in all considera-
tions of the basic problems of immunology. Furthermore, accumu-
lating evidence points increasingly to the dose relationship between
phagocytic cells, particularly macrophages, and antibody-formation,
so that at present it is no radical concept that antibodies may be
merely excess products resulting from the ingestion of antigenic sub-
stances by phagocytes. If this view is correct, the attempts to ob-
tain serums or solutions of antibodies may be concerned mainly with
by-products, the fundamental reaction actually occurring within the
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phagocytic cells. This does not imply that antibodies per se are un-
important; it does suggest the need of directing more attention to
the cells themselves.

A further impetus to the enlargement of our concepts of tissue-
immunity was furnished by Besredka ? in his studies of local im-
munity. Although Besredka’s interpretations of the mechanism of
local tissue-immunity are not accepted by many, his ideas have
stimulated much investigation and have aided in the clarification of
a difficult problem of immunology. We also owe much of this clari-
fication to the work of Gay and his associates, * ® who have greatly
extended our knowledge of tissue-immunity and have done the most
to correlate immune processes with histological changes in the tis-
sues, thus furnishing a basis for the development of a field of his-
tological immunology. In an extensive investigation of the problem
of experimental streptococcic empyema, Gay and his collaborators
have shown clearly that in this condition increased resistance of
pleural cavities to streptococci is due primarily to an actual increase
in numbers of tissue-macrophages in the wall of the thorax. Previous
irritation of the pleural surfaces by the injection of such substances
as gum arabic broth leads to the development or mobilization of
large numbers of macrophages beneath the parietal pleura and these
actively phagocytic cells ensure protection against large dosages
when streptococci are later injected into the pleural cavity.

Opie 7% 9 has also made observations of the greatest impor-
tance in his studies of anaphylactic inflammation. He has demon-
strated that when rabbits are injected intradermally with foreign
proteins such as horse serum or crystalline egg albumin, much of the
material is quickly demonstrable in the blood stream by precipitin
tests, but “with repeated injection of the antigen the quantity of for-
eign protein that enters the blood stream diminishes and finally with
advanced immunization none enters unless massive doses have been
employed.” Furthermore, in the immunized animal the foreign pro-
tein is fixed at the site of injection, a fact of significance because this
is where the anaphylactic inflammation occurs. This inflammation
is characterized by a rapid infiltration of polymorphonuclear leuco-
cytes at the site of the inoculation, with edema and the deposition
of fibrin. The small blood and lymph vessels are injured and throm-
bosis frequently occurs, leading, especially in the rabbit, to necrosis
(Arthus phenomenon). Since a similar reaction occurs when antigen
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and antibody are simultaneously injected into the tissues of a rabbit,
but not when antigen and normal serum are so injected, and since
the same effect is observed when antiserum is injected into the tis-
sues of a sensitized animal, Opie concludes that “‘anaphylactic in-
flammation occurs because antigen and antibody have met in the
tissues.” If we assume that at least part of this union occurs within
tissue macrophages, the intracellular reaction may conceivably either
give no effect or may give anaphylactic inflammation, depending
upon the amount of antigen entering sensitized macrophages in a
short period of time, or the relative concentration of intracellular
antibodies available for the reaction with the antigen. In either case
a too violent reaction could be followed by a certain degree of dam-
age to the surrounding tissues with injury to capillaries, thus in-
creasing their permeability for the plasma and cellular elements so
prominent in inflammation, anaphylactic or otherwise. It is a rea-
sonable hypothesis that at least some of the cutaneous reactions
which we regard as anaphylactic or allergic may be due to an altered
reactivity of these phagocytic cells, both as to rate of phagocytosis
and rate of intracellular digestion of antigenic substances, as deter-
mined by the number of phagocytes available, their state of reactivity
and the amount of antigen utilized per unit of time. Where anaphy-
lactic inflammation occurs, the extent of the cellular infiltration may
depend upon the degree of the chemotactic stimulus; at times the
very violence of the reaction may overshadow the beneficent action,
giving the “ two-edged sword”’ effect of dissemination of the antigen.

To what degree can we regard this reaction as a mechanism of de-
fense? The answer will be determined by the behavior of properly
sensitized tissues to the entrance of pathogenic microtrganisms.
Probably the essential difference between the effects of infectious
agents and of inert antigens is in the ability of the former to multi-
ply and to invade tissues. If both multiplication and invasion could
be prevented to a large extent because of a local union of antigen and
antibody through an agglomerating reaction, such as agglutination
or precipitation of the microsrganisms or their products, the tend-
ency to dissemination of the germs would be greatly lessened. If,
in addition, an increased number of macrophages, especially ones
sensitized by previous experiences with the antigen, were present in
the area of invasion, phagocytosis should be quantitatively in-
creased. Finally, if the reaction to injury through this local meeting
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of antigen and antibody were followed by a secondary infiltration of
cells of inflammation into this area, the infectious agents should be
even more effectively localized. This entire mechanism should then
be considered as cellular and a type of tissue-immunity. Evenin the
presence of marked necrosis at the site of inoculation, if such a local
reaction prevents the dissemination of the infectious antigen, the
effect nevertheless is protective and an evidence of immunity. As
Opie says, “the apparent susceptibility of the protected animal to
local injury is a paradox explained by changes which serve to protect
the organism as a whole.”” In other words, a scar from a furuncleis a
small price to pay for the prevention of pyemia.

A phase of tissue-immunity which has received much attention
within recent years is the problem of local immunity. In regard to
this, we feel that too much emphasis has probably been placed on
the localized nature of the immunity and on the réle of antibodies in
the phenomenon. Besredka defines local immunity as an “immun-
ity without the obligatory participation of antibodies.” Such a con-
ception, if correct, would materially modify the usual conceptions
as to the relative importance of cellular and humoral factors in im-
munity. Besredka’s ideas are based, principally, on the evidence of
an acquired immunity of local tissues, such as the skin and mucous
membranes, in the absence of any significant degree of antibody-
concentration in the blood serum. This, however, does not neces-
sarily exclude the possibility of antibodies being within the cells or
around them in the area of localized tissue-immunity; indeed, there
is evidence that local concentration of antibodies may play a con-
siderable part in the local tissue-immunity. Gay’s definition of local
immunity as an immunity “due to a locally superior mechanism for
the disposal of a particular microérganism,” seems to be much
broader and more in conformity with the facts. This mechanism
may or may not be associated with the action of antibodies, but until
we know what function antibodies have within phagocytic cells and
how quickly they may appear there, we cannot arbitrarily exclude
them from participation in immune processes merely because they
may seem to be of little significance as shown by the usual serologi-
cal tests, especially in view of the increasing evidence that the usual
site of antibody formation is in the individual cells of the mesenchy-
mal tissues.

The demonstration of a localized type of immunity does not neces-
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sarily imply the absence of protection elsewhere; resistance locally
as well as generally is relative and a matter of degree. Nevertheless,
by proper dosage, and by localized immunization, several investi-
gators have shown that certain tissues may acquire an enhanced abil-
ity to resist invasion by microérganisms as compared with other tis-
sues of the same individual. In such conditions of local immunity
more evidence is needed as to the factors concerned, whether cellu-
lar, humoral, or both. Morphological evidence, particularly, is
desirable, either of local dissolution or agglomeration of bacteria
injected, or of an increased number of phagocytic cells in the area, or
of increased metabolic activity of such cells. Curiously enough, al-
though Besredka speaks of certain “receptive cells’’ which are
dominant in localized areas of immunity, it seems that he has made
little study of them from a histological viewpoint; nor have most of
the other workers in this field given much consideration to this point.

Apparently the only histopathological study of the cellular reac-
tions of the skin of the guinea pig to staphylococcus infection ac-
cording to the methods of Besredka, is that of Freedlander and
Toomey.!® These workers made a detailed examination of the in-
flammatory response in the subcutaneous tissues of normal guinea
pigs, and of ones previously treated with broth compresses and
staphylococcus filtrates prepared according to the methods of Bes-
redka. A definite localized protection was observed following the
application of broth compresses, which protection persisted longer
than twenty-four hours and less than seven days. The protection
seemed to be non-specific and was correlated with histological
changes in the subcutis where there was a significant increase in the
numbers of clasmatocytes, fibrocytes and lymphoid cells following
the application of sterile broth compresses for forty-eight hours.
The inflammatory response to the subcutaneous injections of staphy-
lococcus cultures in such animals was characterized by an infiltration
of cells of inflammation in the subcutis, much more marked in degree
than in normal animals similarly infected. Also, although poly-
morphonuclear leucocytes were the predominant cells in each case,
they tended to degenerate in the control animals, whereas they
retained their normal appearance in the broth-protected ones. In
addition, in the latter animals there was an increased infiltration
of small mononuclear cells and a greater prominence of clasmato-
cytes, with fibroblasts tending to organize the process at an early
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stage. The authors concluded that “the clasmatocytes in large
numbers diminish the virulence of the bacterial attack and also,
by ingesting the polymorphonuclear leucocytes which contain
staphylococci, they prevent a recurrence of bacterial activity.”

An important study of the inflammatory reactions of the sub-
cutaneous tissues of normal and immunized mice, using streptococci
and pneumococci, was also made by Tsuda ! in Lubarsch’s labora-
tory. In normal animals this response varied with the degree of
virulence of the microorganisms injected, but with weakly virulent
germs the organisms remained at the site of inoculation, were quickly
surrounded and phagocytosed by leucocytes and then encapsulated
by connective tissue cells. There was thus no dissemination of the
microérganisms through the adjacent tissues. With highly virulent
microérganisms, however, there was an early injury to the tissues
at the site of inoculation with very little phagocytosis of the germs,
and with a consequent rapid dissemination of the latter throughout
the surrounding tissues. In immunized animals both virulent and
avirulent bacteria were quickly injured, as shown by evidences of
degenerative changes such as swollen and poorly stained forms,
inequality of size, etc. There was also a marked tendency to ag-
glutination followed by active phagocytosis by the leucocytes and
macrophages. This observation of agglutination in vivo, while not
emphasized by Tsuda, is obviously of great significance. Tsuda states
that “if the immunity is strong enough, the injected cocci show at
the site of injection agglutination phenomena in the form of floccular
clumps and aggregations of microdrganisms.”

More recently Imschenetzky !2 has shown that the application
to rabbits of dressings saturated with isotonic salt solution or with
staphylococcus antivirus solutions leads to a distinct inflammation in
the subcutaneous tissues, with hyperemia, edema and an increased
prominence of histiocytes and increased numbers of infiltrated leu-
cocytes. Similar dressings saturated with a 1 per cent solution of
trypan blue in salt solution led to the appearance of granules of dye
in the histiocytes, but only after forty-eight-hour application of the
dressings, and then only when there were evidences of slight injuries
to the epidermis which had increased its permeability.
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EXPERIMENTAL PROCEDURES

Our studies have been concerned with the cellular reactions of de-
fense in the skin of normal guinea pigs and of others previously
immunized by the intracutaneous injection of a staphylococcus vac-
cine. More than 100 different animals have been observed during
the course of the investigation. A strain of staphylococcus aureus
freshly isolated from a furunde was used. For immunization, a
twenty-four-hour growth on agar slants was suspended in 1 cc. of
sterile 0.9 per cent salt solution and heated at 60° C for one hour.
Two-tenths of a cubic centimeter of this vaccine was injected intra-
dermally at daily intervals for ten days into the anterior abdominal
wall of guinea pigs weighing from 200 to 300 grams, thus infiltrating
an area of skin of approximately four square centimeters. The ani-
mals were then allowed to rest for twenty-five days in order to permit
the skin to return to approximately normal conditions in so far as
external appearances were concerned. Then these animals, and nor-
mal ones of the same size, were injected intradermally with 0.2 cc. of
a living virulent culture of the organism, the growth from one agar
slant again having been suspended in 1 cc. of sterile salt solution.

At intervals the guinea pigs were anesthetized and the areas of
inflammation were excised after attaching the peritoneal surface to a
cork frame by means of bamboo pegs. The tissues, usually averaging
from one to one and a half centimeters in width, were immediately
fixed in formol-Zenker fluid and subsequently embedded in celloidin
and sectioned at 1o microns. The sections were stained routinely
with Maximow’s hematoxylin-eosin-azur II as well as with spedal
stains such as Mallory’s connective tissue stain, Goldmann’s car-
mine stain and Gram’s stain.

EFFECTS OF THE INTRADERMAL INJECTION OF A STAPHYLOCOCCUS
VACCINE UPON THE SKIN

Sections of skin taken twenty-five days subsequent to the ten in-
tradermal inoculations of killed staphylococcus vaccine show the
principal effect in the subreticular zone of the subcutis. Here there
is an extremely marked increase in macrophages. In the looser areas
many sizes and types of non-granular cells may be seen, varying from
typical lymphocytes and monocytoid forms to typical macrophages.
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In the denser areas the latter are elongated and compressed and at
times resemble fibroblasts. Mallory’s connective tissue stain, how-
ever, shows but slight increase in the amount of collagen, although
there is a definite increase of collagen in the densest areas of macro-
phages. Mitotic figures are not seen in the regions of thickening, and
the multiplicity of mononuclear types, from lymphocytes to typical
macrophages, suggests that, as maintained by Maximow, the latter
may be differentiated forms of cells of hematogenous origin, partic-
ularly lymphocytes or monocytes (see Fig. 1).

THE BEHAVIOR OF INDIA INK INJECTED INTO NORMAL SKIN AND
INTO SKIN PREVIOUSLY IMMUNIZED AGAINST STAPHYLOCOCCI

. The intradermal injection of 0.2 cc. of a 4 per cent suspension of
India ink in sterile isotonic salt solution into a normal guinea pig
was followed by a diffuse dispersion of the particulate material
through the subcutis. Sections showed much of the ink caught along
the collagenic fibrils, although some of it was engulfed by tissue mac-
rophages. A moderate infiltration of polymorphonuclear leucocytes
occurred at the end of twenty-four hours, but these did not engulf
the particles of ink to any extent. When the same quantity of ink
was injected into an area of skin of a guinea pig which had previously
been given ten intracutaneous injections of plain peptone broth, the
effects were not noticeably different from those observed in the nor-
mal animal. When a similar quantity was injected, however, into
the skin of a guinea pig which had previously been immunized by
ten intradermal injections of the killed staphylococcus vaccine, there
was a distinct tendency for the ink to remain localized near the site
of inoculation rather than to be dispersed through the subcutis.
Fig. g shows the distribution of the ink in the skins of the three ani-
mals and Fig. 2 illustrates the mode of disposal of the ink particles
by the macrophages of the subcutis. It is interesting that monocy-
toid cells, lymphocytes and polymorphonuclear leucocytes show
little tendency to engulf the particles of ink. These observations sug-
gest that merely the presence of increased numbers of macrophages
increases quantitatively the engulfment of particulate material and
thus effectively aids the localization of such material after its inocu-
lation. It is also possible that local hindrances to lymph flow may
further prevent, to some extent, the dissemination of the particu-
late material.
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GENERAL RESULTS

The inflammatory response to the living staphylococd was mark-
edly different in the skins of the two groups of animals. In the nor-
mal guinea pigs the intradermal inoculation led to a serosanguineous
inflammation which spread as a diffuse cellulitis through the subcu-
taneous tissues and frequently led to the death of the animal in from
eighteen to twenty-four hours. In the previously immunized ones,
however, the intradermal injection was followed by a localized small
area of suppuration which tended to ulcerate and heal with no seri-
ous consequences to the host. It is evident from these differences in
the reactivity that the intradermal injections of the killed culture of
staphylococcus led to an increased resistance of the skin to the later
injection of the living virulent organisms. Examination of the tissues
confirmed the above observations and in addition suggested an ex-
planation for the increased resistance of the skin of the immunized

ErrFects oOF INTRADERMAL INJECTIONS WITH LIVING STAPHYLO-
COCCUS AUREUS SUSPENSION UPON NoRMAL GUINEA Pics

The inflammatory response is well developed within six hours, as
shown in Fig. 6. The prindpal finding in the skin of the normal
animal at this stage is edema of the subcutis with separation of the
collagenic fibrils and a beginning infiltration of cells of inflamma-
tion. Polymorphonudlear leucocytes comprise the vast majority of
the incoming cells and these are actively phagocytosing the staphy-
lococci as shown in Fig. 3. In spite of this fact, however, the
staphylococci are diffusely spread along the subcuticular tissue in
the form of a developing cellulitis. There is no evidence of any
localizing tendency of the microdrganisms, as shown in Fig. 10, nor
are there evidences of injury to the bacteria, such as numerous swol-
len or distorted forms or frequent Gram-negative cocc. The infec-
tion is predominantly dispersive and generalizing. In the later
stages, twelve, eighteen, and twenty-two hours, the picture is similar
except for the greater infiltration of cells of inflammation, prind-
pally polymorphonuclear leucocytes (Figs. 6a, 76 and 8a). In
spite of the activity of the microphages in ingesting many staphylo-
cocd, the infection progresses; in other words, the natural resistance
is inadequate as a defensive mechanism.
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ReAacTioNs IN SkIN PREVIOUSLY IMMUNIZED BY INTRADERMAL
INjJECTIONS OF A KILLED STAPHYLOCOCCUS VACCINE

The inflammatory response to the injection of 0.2 cc. of the same
suspension of living staphylococci into the skins previously immun-
ized is markedly different. As may be seen in Figs. 5b, 65, 7b and 8b
the principal difference is one of degree. At the six-hour stage there
is an enormous infiltration of cells of inflammation in the subcutis of
the immunized skin, much more abundant than in the normal ani-
mal at this stage. Furthermore, there is a qualitative difference in
that there are many more lymphocytes and monocytoid cells pres-
ent. These cells tend to become massed around a region of marked
bacterial concentration and here there are many evidences of ne-
crosis of the cells of inflammation, with accompanying hemorrhage
and even thrombosis of the capillaries. Outside this area there are
very few staphylococci to be seen; the infection is definitely localized
and non-dispersive. A point of interest and probably of great im-
portance is that in the area where the staphylococci are massed they
are not present as individual organisms, but occur extracellularly
in clumps and clusters, large and small, even in the six-hour stage.
The appearance is that of agglutination #» vivo (Figs. 11 and 12). It
is around these clumps of staphylococci that the infiltration of leu-
cocytes is densest, with the microphages nearest to the bacteria con-
taining large masses of microérganisms. Here also the macrophages
contain countless numbers of cocci, as shown in Fig. 4. It is obvious
that the infection is localized to the immediate vicinity of the site
of inoculation and that the acquired resistance is adequate as a de-
fensive mechanism.

DiscussioNn

It is an interesting fact that Metschnikoff showed in 1884 * that
the principal difference in the reaction to the subcutaneous injection
of virulent anthrax bacilli in normal rabbits, and in others previously
immunized, lay in the greater degree of phagocytosis in the latter.
He noted that within a few hours after the injection of the organ-
isms into the normal animal there was an exudation rich in fluid and
poor in leucocytes, in spite of the fact that the blood vessels in the
vicinity were distended with blood and therefore could not be con-
sidered as unable to bring the leucocytes to the infected area. In the
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vaccinated rabbits, however, there was an exudate rich in leucocytes
at the site of inoculation and these were actively phagocytosing the
badlli. Metschnikoff concluded that the essential difference de-
pended upon the sensitiveness of the leucocytes which exhibited a
negative chemotaxis in the normal rabbit, but a marked positive
chemotaxis in the immunized ones.

The effects of the entrance of pathogenic bacteria into the skin
will obviously depend upon their ability to gain a foothold, multiply
and disseminate throughout the body. There is no doubt that micro-
organisms vary in their ability to adapt themselves in the animal’s
body, this probably being a property inherent in the microdrganisms
themselves. The growth energy of certain highly virulent strains
may possibly be so pronounced at times that dissemination occurs
before the body cells or fluids can mobilize to hinder this dissemi-
nation.

Under more usual conditions the ability to adapt, multiply and
disseminate is prevented by the defensive forces of the body. These
may be both cellular and humoral. The early mobilization of phago-
cytic cells at the site of bacterial infection may serve to restrain the
rapid increase in numbers of bacteria and in most cases the rate of
engulfment by the macrophages may exceed the rate of multiplica-
tion of the bacteria. This, plus probable mechanical hindrances
from the accumulation of fibrin and cells around the region of infec-
tion, will effectually localize the latter. In any event, the infection
is obviously localized and the dissemination of the microérganisms
is prevented.

In this localization of the bacteria at the site of inoculation the
exact mechanism is still somewhat obscure. Are the organisms local-
ized because of the intense infiltration of cells and fluids which me-
chanically hinder the further spread of the bacteria in the sense of
the allergic inflammation of tuberculosis as conceived by Krause,*
or are the organisms first localized by a mechanism of immunity and
secondarily encapsulated because of the infiltration of cells of in-
flammation? The work of Opie would suggest the latter explanation
as better fitting the facts and our results indicate the same probabil-
ity. For example, the demonstration in the immune guinea pig
within six hours after the injection of distinct extracellular dump-
ing of the staphylococc with an accompanying failure of dissemi-
nation of the microdrganisms strongly suggests a primary localiza-
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tion of the bacteria through their reaction with antibody. Further-
more, no such tendency at any stage was noticed in the normal
animals so that it does not seem probable that the bacterial masses
are colonies growing in the tissues. It is of course possible that the
clumping of the bacteria in the immune animal may be due to me-
chanical interferences with lymph flow which, with the dense layer of
macrophages surrounding them, may keep the staphylococci local-
ized. This conception seems less probable, however, when one sees
how easily the polymorphonuclear leucocytes infiltrate the area and
surround the masses of bacteria. We suggest, rather, that there is
an actual antigen-antibody reaction in the tissues; as a result of this
reaction chemotactic substances are formed which quickly lead to a
pronounced infiltration of cells of inflammation, which are both
quantitatively and qualitatively different from those responding in
the normal animal (anaphylactic inflammation). Added to this,
also, is the evidence that phagocytosis by the histiocytes is more
abundant quantitatively than in the normal animals, in addition to
the greatly increased number of histiocytes available in the former.
The experiments with India ink, described above, strongly suggest
hat an increase in histiocytes alone tends to localize particulate
materials, but whether this is the result of increased phagocytosis or
of a mechanical barrier remains uncertain. In active infection, how-
ever, it is probably the summation of all of these forces, specific as
well as non-specific, that ensures an effective resistance against ex-
tension of the infection.

Additional support to the conception of the specific reaction is fur-
nished by the experiments of Mudd, Lucké, McCutcheon and
Strumia, !> !¢ which show the correlation between agglutination, co-
hesiveness, opsonization and phagocytosis of bacteria. If such cor-
relations also obtain within the body, the evidences of agglutination
and phagocytosis in our experiments may furnish a further clue to
the function of immune bodies. Agglutination of the staphylococci
may have furthered the tendency to their localization near the site of
inoculation; their coalescence into small masses may also have in-
creased the defensive efficiency of the phagocytes, both leucocytes
and macrophages, since more microérganisms per phagocyte may
be ingested following chance contacts than if the organisms were
single and dispersed. Furthermore, if the agglutinating tendency
and increased cohesiveness have an opsonizing effect, phagocytosis
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will be further increased. In this connection it is interesting to recall
the earlier conceptions of Bull ¥ in his statement that “the degree of
agglutination and opsonization of bacteria within the animal body is
inversely parallel to the infectiousness of the bacteria for the host.”

The relative importance of non-specific and specific agencies in
localized tissue-immunity is difficult to evalute. Certainly non-
spedific factors may be sufficient to protect against many multiples
of the lethal dose of an infectious agent, as was well shown in the
experiments of Gay and his collaborators in the study of strepto-
coccic empyema. Rivers and Tillett,’® and Mallory and Marble,*
found that the injection of plain meat infusion broth protected the
skin of rabbits against later injections of streptococcus and staphy-
lococcus. Miller ® also demonstrated a definitely increased resist-
ance of the skin of guinea pigs to staphylococcus, and of rabbits to
streptococcus infections following previous treatments with dress-
ings saturated with bouillon and peptone water. In all of these
experiments, however, the results do not prove that such non-spe-
cifically increased resistance would have been adequate for larger
infective doses of the microdrganisms used, or that even better pro-
tection might not have been secured by the aid of specific modes
of treatment.

The mechanism of the non-specifically increased resistance may be
explained in at least two ways: first, in a local infiltration of leuco-
cytes and bactericidal substances which may more effectively dispose
of the infecting organisms later injected, or second, in a stimulation
of the local fixed-tissue cells to increased functional activity. Evi-
dence for the second possibility is suggested by Katsunuma and
Sumi * in their observation that when rabbits were injected subcu-
taneously with a suspension of staphylococci on one side, and with a
similar quantity of salt solution on the other side, followed a few
hours later by an injection of an emulsion of staphylococd into both
sides, the exudates collected showed much more active phagocytosis
on the side previously injected with the staphylococd.

The evidence is quite convincing, however, that non-specific fac-
tors are not exclusively responsible for the increased resistance in
localized tissue-immunity. For example, Gay and his associates
found in testing the protection of the pleural cavity to streptococcus
infection that “‘the degree of protection acquired by the repeated
administration of living streptococd subsequent to broth or aleu-
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ronat preparation of the cavity is markedly increased over the pro-
tection obtained by a single injection of the broth or aleuronat.”
More recently Clark 22 has shown the importance of specific mecha-
nisms in experiments concerning tissue-immunity to pneumococcus
infections of the pleural cavity of rabbits. With this organism no
protection was obtained following the injection into pleural cavities
of substances which had previously been shown to protect com-
pletely against infection with the streptococcus through the mobili-
zation of macrophages. When the pneumococci, however, were
treated with immune serum before being injected into the prepared
pleural cavity, there was marked protection in cavities containing an
exudate rich in mononuclear cells and with a pleural wall fortified
by increased numbers of macrophages. These experiments clearly
show the significance of specificity; the opsonization of the organ-
isms is thus an important feature which favors increased phagocy-
tosis by the macrophages.

The specific factor in our experiments seems to be mainly an ag-
glomerating force which we believe is true agglutination #n vivo.
Certainly the microdrganisms occur in clumps in the immune skins
and are not thus seen in the normal skins. It is possible that the
increased number of macrophages present in the immunized skins
interferes with lymph flow in a mechanical fashion and thus en-
courages approximation of groups of cocci; experiments now in prog-
ress may throw further light on this phase of the problem. If we
assume that the agglomeration of the staphylococci is specific agglu-
tination in vivo, we have concrete evidence of a fundamental im-
munological role of such antibodies in aiding the local fixation of
antigen in tissues. Opie’s experiments clearly prove this for pre-
cipitins and he has shown that such precipitates are strongly
chemotactic for polymorphonuclear leucocytes which probably de-
stroy the injected antigen by intracellular digestion. We believe
that this concept is of the utmost importance when applied to the
fate of living antigen introduced into the tissues. In our experi-
ments the facts are clear that the staphylococci disseminate dif-
fusely throughout the subcutaneous tissues of the normal animals
with no tendency to agglomerate or agglutinate. On the other hand,
in the immune animals the tendency to agglomerate is noticed as
early as six hours after injection of the microtrganisms. Coinci-
dently, there is a localization of the staphylococci near to the site of
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inoculation, with a pronounced infiltration of cells of inflammation,
both granulocytes and agranulocytes, around the bacteria. Local
injury to this area occurs, but the animal itself is protected. In the
words of Opie “vital organs are protected at the expense of local
injury.”

SumMarY AND CONCLUSIONS

This paper describes histopathological studies of the skin and sub-
cutaneous tissues of the abdominal wall of normal guinea pigs and of
ones previously immunized by intracutaneous injections of a staphy-
lococcus vaccine, all infected by the intracutaneous injection of a
live virulent culture of staphylococcus aureus. The inflammatory
responses were markedly different in the two groups. In the normal
animals the inflammation was characterized mainly by an infiltra-
tion of polymorphonudear leucocytes which actively phagocytosed
the micro6rganisms. In spite of this the staphylococci showed no
tendency to localize, but disseminated throughout the subcutaneous
tissues in the form of a cellulitis.

In the previously immunized animals, however, the staphylococd
tended to remain localized near the site of inoculation where they
were seen agglomerated in bacterial masses of various sizes, pre-
senting the picture of a genuine agglutination s vv0. Coincidently
the infiltration of cells of inflammation led to further localization of
the microdrganisms so that only a localized area of necrosis resulted.

The previous immunization by intracutaneous injections of the
staphylococcus vaccine was followed by a marked thickening of the
subreticular layer of the subcutis, due mainly to increased numbers
of tissue macrophages having been either activated or produced.
Evidence is presented that many of these are derived from agranu-
locytes of the blood. These macrophages were actively phagocytic
for the live staphylococci and furnished an effective barrier against
extension of the infection.

The immunity secured by the above procedures is predominantly
cellular in type with the tissue-macrophages playing the dominant
part, due to increased numbers and also probably to increased meta-
bolic activity. In addition, localization of the microdrganisms by
the action of agglutinating or opsonizing antibodies is suggested as
of primary importance in preventing the dissemination of the infec-
tious agent. The combination of humoral and cellular mechanisms
ensures an adequate resistance against the bacterial invaders.
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DESCRIPTION OF PLATES

PLATE 140

1. Drawing made at the level of the substage with the aid of the camera
lucida, Leitz Oc. 4, Obj. 2 mm. apochromatic, showing the effects of intra-
cutaneous injections of a staphylococcus vaccine upon the subcutis of a
guinea pig. Note the types of agranulocytes, varying from typical lympho-
cytes and monocytoid forms to typical macrophages. The tissue was ex-
cised twenty-five days after the end of the period of immunization. Stained
with hematoxylin-eosin-azur II.

2. Oil immersion drawing made at the level of the substage with the aid
of the camera lucida, Leitz Oc. 4, Obj. 2 mm. apochromatic, stained by
Goldmann’s carmine method. This illustrates the mode of disposal of par-
ticulate material by macrophages in the subcutis of the guinea pig after
intracutaneous immunization by ten injections of staphylococcus vaccine.
This animal was injected intradermally with o.2 cc. of a 4 per cent suspen-
sion of India ink in 0.85 per cent sodium chloride solution, and the skin
excised twenty-four hours later. Note the active ingestion of ink particles
by the macrophages and the absence of such ingestion by the lymphocytes,
polymorphonuclear leucocytes and monocytoid cells. Note also the ad-
herence of small particles to fibrils of collagen.

3. Oil immersion drawing, made at the level of the substage with the aid of
the camera lucida, Leitz Oc. 4, Obj. 2 mm. apochromatic, stained with
hematoxylin-eosin-azur II. This drawing is from the subcutis of a normal
guinea pig six hours subsequent to the intracutaneous injection of o.2 cc.
of a living virulent suspension of staphylococcus aureus. Note the active
ingestion of staphylococci by the polymorphonuclear leucocytes, which cells
are almost the only ones responding at this stage of the inflammation.
Note also the diffuse distribution of these cells and of the microsrganisms.

4. Oil immersion drawing, made at the level of the substage with the aid
of the camera lucida, Leitz Oc. 4, Obj. 2 mm. apochromatic, from section
stained with hematoxylin-eosin-azur II. From the subcutis of a guinea pig
previously immunized intracutaneously by injections of staphylococcus
vaccine, and infected intracutaneously with o.2 cc. of a living virulent sus-
pension of staphylococci. Tissue excised eighteen hours after the infection
shows many macrophages actively phagocytosing staphylococci. The in-
fection remained localized to the site of inoculation.
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PLATE 141

5. Photomicrographs of sections through the skin and entire abdominal
wall of (a) normal guinea pig and (b) intracutaneously immunized guinea
pig. The tissues were excised six hours following the intracutaneous in-
jection of o.2 cc. of a living virulent suspension of staphylococci into each
animal. In (a) there is slight edema of the subcutis with beginning infiltra-
tion of cells of inflammation. In () note the increased thickness of the sub-
cutis and the more intense infiltration of cells of inflammation. x 23.

6. Photomicrographs of sections through the skin and entire abdominal
wall of two other guinea pigs treated as described in Fig. 5. The tissues
were excised eleven to twelve hours following intracutaneous infec-
tion. X 23.

7. Photomicrographs of sections through the skin and entire abdominal
wall of two other guinea pigs treated as described in Fig. 5. The tissues
were excised eighteen hours following intracutaneous infection. X 25.

8. Photomicrographs of sections through tke skin and entire abdominal
wall of two other guinea pigs treated as described in Fig. 5. The tissues
were excised twenty-two hours following intracutaneous infection. x 25.

Note in all instances the more intense inflammatory response in the subcutis
of the immunized animals.
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PLATE 142

9. Photograph of celloidin-embedded tissues of the entire thickness of the
abdominal wall from three guinea pigs, each having been injected intracu-
taneously twenty-four hours before with o.2 cc. of a 4 per cent suspension
of India ink in 0.85 per cent sodium chloride solution. (¢) Normal. (b)
Previously given ten intracutaneous injections of sterile peptone broth. (c)
Previously immunized by ten intracutaneous injections of the staphylo-
coccus vaccine, the last injection given eleven days before. Note the dis-
semination of the suspension of ink along the subcutis in Nos. 1 and 2 and
the tendency to localization of the ink near the site of inoculation in No. 3.

10. Photomicrograph of the subcutis of a normal guinea pig six hours fol-
lowing the intracutaneous injection of o.2 cc. of a living virulent suspension
of staphylococcus aureus. Note the diffuse distribution of the microsrgan-
isms with the tendency to spread along collagenic fibrils and to occur singly
or in small clusters. x 1400. '

11. Photomicrograph of the subcutis of a previously intracutaneously im-
munized guinea pig six hours following the intracutaneous injection of
0.2 cc. of the same suspension of staphylococci injected into the animal
shown in Fig. 10. Note the greater tendency to concentration of the micro-
organisms, with the occurrence of the staphylococci extracellularly in co-
alescing clumps and clusters. The appearance is strongly suggestive of
agglutination in vivo. X 1400.

12. Photomicrograph of the subcutis of a guinea pig previously immunized

intracutaneously, twenty-two hours following the intracutaneous injection
of 0.2 cc. of a living virulent suspension of staphylococcus aureus. Note
the large masses of extracellular staphylococci, in clusters large and small,
suggesting agglutination in vivo. These masses were completely encircled
by a dense accumulation of cells of inflammation, principally polymor-
phonuclear leucocytes and macrophages. There was no tendency for the
infection to disseminate beyond this area of microdrganisms. x 1400.
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