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The sharing of antigenic substances by widely separated phylogenetic groups
received its first experimental demonstration in the work of Ehrlich and Mor-
genroth (1) who, in 1901, demonstrated the formation of goat and sheep hemo-
lysins in rabbits immunized with ox erythrocytes. In 1904, Ballner and von
Sagasser (2) reported that sensitization of rabbits with red yeast resulted in the
formation of antisera which agglutinated a wide variety of Gram-negative or-
ganisms as well as red yeast. Soon thereafter, Forssman (3) described the de-
velopment of sheep hemolysins after immunization of rabbits with guinea pig
tissues, heralding a period of intensive study of heterologous antigens in nature.
The Forssman antigens have since that time been described in a wide variety
of organisms and tissues, including Gram-positive and Gram-negative bacteria,
yeasts, and tissues of certain mammals, birds, and fish (4, 5). Significant steps
have been made towards gaining an understanding of the chemical nature of
these antigens (6).

The Forssman antigens do not, however, represent the only type of hetero-
phile relationship existing between bacterial and mammalian species. Other
heterophile antigen systems, which have been found to be independent of the
Forssman antigens and of each other, have been described. They include anti-
gens shared by human erythrocytes of all types and the Shiga bacillus (7), anti-
gens present in human erythrocytes of Group O and the Shiga bacillus (8), anti-
gens common to human erythrocytes of Group A and the Paratyphoid B baciltus
(9), and antigens shared by human erythrocytes of Group A and the pneumo-
coccus (10). Antigens shared by Group A red blood cells and pneumococci have
subsequently been associated with pneumococcus Type XIV (11, 12). Schiff’s
original description of shared antigens between human erythrocytes of Group
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722 BACTERIAL INDUCTION OF HOMOGRAFT SENSITIVITY. I

O and the Shkige bacilius has been extended by Springer and his associates, and
by Iseki, to include a wide variety of other Gram-negative bacteria (13, 14).

The demonstration of cross-reactions of Group A streptococcal antigens with
human and rabbit heart and skeletal muscle by Kaplan and associates (15-20),
and by Zabriskie, Freimer, and Seegal (21) constitutes an important addition
to the list of known heterophile antigen systems. These observations have been
further supported by the report of Markowitz and Lange (22) that nephrito-
genic streptococci and human glomeruli may possess antigens in common. The
possible relevance of these findings to the role of Group A streptococci in the
pathogenesis of rheumatic heart disease and glomerulonephritis (23, 24)
prompted an evaluation of the effects of sensitization with Group A streptococci
in another form of mammalian altered tissue response, the homograft rejection
reaction.

Preliminary observations have demonstrated that Group A streptococci in-
duce in the guinea pig a state of altered reactivity to skin homografts similar
to that observed following sensitization of the recipient with a first-set skin
homograft (25). The present report confirms and extends this observation, and
demonstrates that the type of homograft response obtained following sensitiza-
tion of guinea pigs with streptococci is indistinguishable grossly and histolog-
ically from that observed after pretreatment with homologous guinea pig tis-
sues. Effects of sensitization of guinea pigs with 6 other Lancefield types of
Group A streptococci are described and discussed in the light of their pertinence
to the localization of the factor(s) in the streptococcus concerned with sensiti-
zation to skin homografts.

Materials and Methods

Experimental Animals and Bacterial Preparations.—Qutbred male guinea pigs of the Hart-
ley strain, fed on a standard Purina pellet diet, were used in this study. The animals were be-
tween 2 and 4 months old, and weighed 250 to 350 gm.

Bacterial strains used were Rockefeller University stock streptococcal strains Group A,
Type 4 (T4/95/RBS), Type 5 (T5B/126/1), Type 6 (S4B/100/4), Type 11 (T11/81/2), Type
12 (T12/36/4), Type 14 (T14/46/5), Type 49 (B737/71/1), grown in dialysate media prepared
by the method of Wannamaker (26). Modified dialysate media prepared by substituting phy-
tone (BBL) (Papain digest of soy beans) for peptone, and bacto-asparagine (Difco Laborato-
ries, Inc., Detroit) and bacto-yeast (3 per cent) (Difco Laboratories) for dialysate of beef
heart infusion was used to eliminate animal tissue derivates from the preparative media.

Overnight cultures grown at 37°C were collected and washed twice in sterile saline; they
were resuspended in saline and heat-killed in a 56°C water-bath for 45 minutes (27). The heat-
killed organisms were resuspended in media 199 (Microbiological Associates, Bethesda, Mary-
land) and emulsified in Freund’s incomplete adjuvant (Difco Laboratories). The final bacterial
concentration in this preparation was 12.5 mg (dry weight) per ml. The animals were given
0.1 ml of this emulsion in each foot-pad. Bacteria grown in modified dialysate media were
treated in a similar fashion.

Control animals included untreated guinea pigs, as well as recipients injected with similar
volumes of Wannamaker’s media, media 199 (Microbiological Associates), Freund’s incomplete
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adjuvant (Difco Laboratories), or emulsions of these materials in Freund’s incomplete adju-
vant.

FEleven to 14 days after injection, the guinea pigs were challenged with skin homografts ob-
tained from normal unrelated donors. Simultaneously, untreated control recipients received
first-set skin grafts from the same donors.

Method of Grafting.—The grafting techniques employed throughout this study were based
upon the method of Billingham and Medawar (28), and of Sparrow (29). They consisted of the
delineation of an 11 mm circular defect on the thoracoabdominal surface of the recipients with
a Castroviejo trephine, followed by complete excision of the host dermis by sharp dissection,
exposing the panniculus carnosus and the overlying vascular channels. A fitted, full-thickness
skin homograft was applied to the graft bed, and apposed to the host skin with interrupted
5-0 silk sutures. A pressure dressing was applied, and changed on the 3rd postoperative day.
After this time, the grafts were examined and dressed daily. Surgical procedures were per-
formed under parenteral nembutal anesthesia (20 mg per kg body weight). Strict sterile pre-
cautions were observed.

Method of Graft Observation.—The gross appearance, vascular status, and histologic charac-
teristics of test and control skin homografts were studied at daily intervals after the 3rd post-
operative day. The method of Taylor and Lehrfeld (30) was employed for stereomicroscopic
observation of the graft surface, utilizing a Bausch and Lomb stereomicroscope at 19, 45, and
90 magnifications. This method made possible visualization of the superficial vessels of the
graft, and of blood flow through their lumina. Graft biopsies for histologic study were fixed
and stained with hematoxylin and eosin.

Criteria for the Determination of Homograft Rejection.—The behavior of first-set and of re-
peat-set skin homografts from the same donor has been described in detail in the guinea pig
by Sparrow (29) and by Bauer (31); their observations served as background for this study.
Skin grafts rejected before the 6th postoperative day were considered to have undergone ac-
celerated rejection, giving evidence of a state of homograft sensitivity. This criterion was ap-
plied to white grafts and to accelerated rejection reactions. Grafts surviving for 6 days or more
were considered to have evoked a first-set type of response; i.¢., to have given no evidence of
host sensitization. The determination of homograft rejection was based upon gross, stereomi-
croscopic, and histologic criteria.

Gross criteria: In the case of the first-set type of homograft response, criteria of rejection
included progressive graft edema and cyanosis, petechial hemorrhages, confirmed by subsequent
escharification.

Three types of responses were noted as evidence of accelerated rejection. The first was the
white graft reaction (31), characterized by a parchment-white surface, epidermal ulceration,
and non-adherence of the graft to the recipient bed. The second was the accelerated rejection re-
action, in which rapid progression of edema, cyanosis, and hemorrhage occurred between the
3rd and 5th postoperative day. The third type of response included reactions intermediate be-
tween white graft and accelerated rejection. Such reactions presented features of white grafts,
but also exhibited hemorrhagic changes associated with partial vascularization (32).

Stereomicroscopic criteria: The determination of homograft rejection by observation of vas-
cular changes at the graft surface was described by Taylor and Lehrfeld in the rat (30), and
has been used to study homograft behavior in other species (33, 34). Recent reports indicate
good correlation between stereomicroscopic and histologic determinations of homograft re-
jection (32, 33). In vascularized grafts, early dilatation of graft vessels, followed by cessation
of blood flow, provided a reliable standard of rejection. This was confirmed by the rapid ap-
pearance of punctate thrombi along the course of the vessels, vessel breakdown, and diffuse
hemorrhages.

White graft reactions and intermediate or mixed white graft reactions were characterized
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724 BACTERIAL INDUCTION OF HOMOGRAFT SENSITIVITY. I

by the absence of vascularization and parchment-white color, coupled, in the case of mixed
white graft reactions, with spotty areas of hemorrhage and thrombosis.

Gross and stereomicroscopic determinations of homograft rejection were confirmed in all
instances by (e) escharification and sloughing of the graft, or (5) histologic examination of the
graft.

Histologic crileria of homograft rejection: The studies of Sparrow (29) and of Bauer (31)
formed the basis for the evaluation of skin homograft responses in this study. First-set grafts
(Figs. 1 to 4) showed the usual pattern of early vascularization and epidermal proliferation,
with the appearance of mononuclear cell infiltrates and progressive vascular congestion by the
5th or 6th postoperative day. Subsequent epidermal necrosis, disorganization of dermal ele-
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Tex1-F16. 1. Homograft response in guinea pigs sensitized with Group A Type 12 strepto-
cocci.

ments, and diffuse hemorrhages provided a reliable index for the determination of graft rejec-
tion. White graft reactions were recognized by the absence of vessels and necrosis of the graft.
Such grafts stained diffusely eosinophilic and exhibited epidermal necrosis, fragmentation of
dermal collagen fibers, and minimal cellular infiltrates. The line of contact of graft and host
bed was marked by the “black line” of Bauer (31), a dense network of mononuclear, spindle-
shaped cells, which also filled the interstices of host dermal collagen fibers in apposition with
the graft. Numerous areas of hemorrhage were also noted in this region (Figs. 5 to 8).

It is of interest that only a minimal degree of host cell invasion occurred in the white graft
reactions. This criterion provided a difference between the white graft, and mixed white graft
reactions, in which partial vascularization of the deeper layers of the graft was associated with
varying degrees of polymorphonuclear leucocyte infiltration. This infiltrate was partic-
ularly noted in the subepidermal layers (32). In addition, there was evidence of vessel break-
down and hemorrhage in the deeper dermal layers of such grafts (Figs. 9 to 12).

Accelerated rejections (Figs. 9 to 12) were characterized by graft vascularization and epi-
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dermal proliferation, followed rapidly by massive hemorrhages, infiltration of the graft with
mononuclear cells, and epidermal necrosis. These changes occurred by the 3rd or 4th postoper-
ative day. Accelerated rejection, as well as white graft reactions, differed markedly from the
first-set type of response, which, during this same period, gave no evidence of graft damage.

EXPERIMENTAL RESULTS

Effects of Sensitization with Group A Type 12 Streptococci.—Text-fig. 1 illus-
trates the response of 89 consecutive guinea pigs to sensitization with Group A
Type 12 streptococci. Sixty-six recipients gave altered responses to first-set skin
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TEexT-F16, 2. Homograft response in guinea pigs sensitized with Group A streptococci grown
in modified dialysate media.

homografts. The latter included 44 white graft reactions, and 22 accelerated
rejections at 4 to 5 days. Twenty-three guinea pigs had first-set responses, with
survival of the grafts extending from the 6th to the 14th postoperative days.

As noted in Figs. 1 to 8, histologic patterns of graft response observed in ani-
mals exhibiting either accelerated rejection or white graft reactions were iden-
tical to those described for such reactions after sensitization of the recipients
with guinea pig tissues (29, 31). First-set rejections in this group of animals did
not differ from those noted in untreated animals (Figs. 1-4).

In order to exclude the possible participation of culture medium constituents
derived from animal tissue in the induction of the observed reactions, guinea
pigs were pretreated with streptococcal cells grown in a modified dialysate
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media. Text-fig. 2 illustrates the response to skin homografts in 20 such animals.
Seventeen of the 20 recipients exhibited white graft reactions, and 3 animals
gave first-set responses at 7, 9, 19 days, respectively.

Effects of Sensitization with Other Types of Group A Streptococci.—Six addi-
tional Lancefield types of Group A streptococci were examined for their ability
to induce homograft sensitivity. As noted in Table I, 72 animals were sensitized
with heat-killed streptococcal cells. There were 58 altered responses, including
38 white graft reactions, and 20 accelerated rejections at 4 to 5 days. Fourteen
animals rejected their grafts in first-set fashion, at 6 to 11 days. There was no

TABLE I
Homeograft Response in Guinea Pigs Sensitized with Other Group A Streptococcal Types

Response of recipients to first-set skin homografts
Group A streptococcal No. gf g}li&nals
studie; First-set Accelerated re- Whit it
re?izscti?n Jecsﬁ&{i‘;' of relagtgg’
Typed................. 9 3 0 6
TypeS5................. 17 4 6 7
Type6................. 17 2 11 4
Typell................ 10 3 3 4
Type 4. ... ... ... 9 2 0 7
Type49................ 10 0 0 10

Total number of animals studied, 72.
First-set responses elicited, 14.
Accelerated rejections and white graft reactions, 58.

significant difference between the ability of different types of Group A strepto-
cocci to induce homograft sensitivity in guinea pigs.

Control Studies.—One hundred fifty-three guinea pigs served as concurrent
controls. One hundred two animals were tested with skin homografts in the
absence of any other form of treatment. Text-fig. 3 illustrates the patterns of
homograft responses observed in this group. Such grafts had survival times ex-
tending from 6 to 13 days, with a mean survival time of 8.10 days. There were
no white grafts or accelerated rejections.

Table II illustrates the response of 51 animals to bacteria-free constituents
of the suspensions used. These included Incomplete Freund’s adjuvant, media
199 and Wannamaker’s media, and emulsions of the latter two substances in
incomplete Freund’s adjuvant. All recipients gave first-set types of homograft
responses, with rejection times extending from the 6th to the 14th postoperative
days, and a mean survival time of 8.98 days. No white grafts or accelerated re-
jections were observed.
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TexT-F16. 3. Behaviour of first-set homografts in untreated guinea pigs.

TABLE II
Homograft Response in Guinea Pigs Treated With Bacteria-Free Reagents
Response of recipients to first-set
homografts
No. of
Type of reagent used ani.an_a}ls
studie: L Accelerated .
First-set \oce; White graft
re}resctis:n r:]fe:gioxﬁa %0‘ rela.‘c!tlsor:
Media199.... ... .. ... ... ... ..., 10 10 0 0
Incomplete Freund’s adjuvant.......... 12 12 0 0
Wannamaker’smedia.................. 8 8 0 0
Emulsion of media 199 in Freund’s incom-
plete adjuvant...................... 12 12 0 0
Emulsion of Wannamaker’s media in
Freund’s incomplete adjuvant......... 9 9 0 0

Total number of animals studied, 51.
Number of first-set responses elicited, 51.
Number of accelerated rejections or white graft reactions elicited, 0.

DISCUSSION

Results of this study indicate that, under the experimental conditions de-
scribed, heat-killed Group A streptococci have the ability to induce in the guinea

/102
/02
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pig a state of altered reactivity to skin homografts which is indistinguishable
on gross and histologic examination from that observed after sensitization with
skin homografts. An interesting and unexplained component of this observation
is the apparent lack of individual specificity of the response in that skin grafts
obtained from any randomly selected donor elicited this response. This differs
from homograft sensitivity induced by mammalian tissues, which has been re-
ported to exhibit individual specificity (33, 36). Studies of the effects of hyper-
immunization of human recipients with skin homografts or other sources of
transplantation antigens may have some relevance to this problem. Application
of repeated skin homografts from the same donor, or intradermal injection of
transplantation antigens, have induced in such recipients accelerated rejection
of skin homografts from the leucocyte donor, as well as of grafts obtained from
other unrelated subjects (37-43). This observation raises the possibility that a
similar state of hyperimmunization may be involved in the apparent lack of
individual specificity of the responses noted in this study.

Skin autografts applied to recipients at the same time as test homografts did
not share the fate of such homografts. Rather, they became vascularized, and
assumed the appearance of the surrounding normal skin. This observation lends
support to the impression that the bacterial induction of homograft sensitivity
is not the result of a non-specific form of altered vascular reactivity, but may
constitute another example of tissue reactions associated with sensitization to
Group A hemolytic streptococci. In this respect, the induction of homograft
sensitivity in guinea pigs by pretreatment of the recipients with streptococcal
cells may be pertinent to the studies of Schwentker and Comploier (44), Cavelti
(45, 46), and Jaffe and Holz (47), who have described tissue damage after treat-
ment with emulsions of homologous tissue and Group A streptococci. In the
present instance, however, the response observed did not require the use of
homologous tissue in pretreatment of the subject.

The results of this study are in keeping with the observations of Murphy and
Swift (48, 49), Robinson (50), Xirschner and Howie (51), and Glaser et al. (52),
on the induction of cardiac lesions in rabbits after repeated infection with Group
A streptococci. The report of Markowitz, Armstrong, and Kushner (53) on the
induction of glomerular lesions in rats after intraperitoneal implantation of dif-
fusion chambers containing nephritogenic streptococci, and the induction of
runt-type disease is neonatal mice by repeated injections of Group A strepto-
cocci described by Ekstedt and Nishimura (54) may also be of relevance to the
present observations.

The ability of Group A streptococci to induce homograft sensitivity in guinea
pigs was not limited to Type 12, but was found in all streptococcal types tested.
This observation suggests that the streptococcal factor(s) concerned with the
induction of homograft sensitivity are not related to the M protein moiety of
the streptococcal cell wall (55). Such factors may reside in other cell wall com-
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ponents, in the cell membrane, or in the internal portion of streptococcal cells.
This possibility is pertinent to the reports of Kaplan and associates (15-20),
Zabriskie, Freimer, and Seegal (21), and Markowitz and Lange (22), who have
described antigens cross-reacting with mammalian tissues in these components
of Group A streptococci.

The relevance of the bacterial induction of homograft sensitivity to other
tissue responses to Group A streptococci awaits elucidation of the mechanisms
whereby this response is mediated and the isolation and characterization of the
factor(s) responsible for its induction. Such studies, as well as the evaluation of
the ability of streptococci to induce altered homograft reactivity in other mam-
malian species are currently under investigation.

SUMMARY

Heat-killed Group A hemolytic streptococci can induce in guinea pigs a state
of altered reactivity to skin homografts which is indistinguishable from that
which results from sensitization with homologous tissues. Challenge of suitably
prepared recipients with first-set skin homografts obtained from unrelated ran-
domly selected donors elicits white graft reactions or accelerated rejection of
such grafts. The gross and histologic appearance of these grafts is identical
with that observed in similar reactions obtained in guinea pigs sensitized with
homologous tissues. The ability of Group A hemolytic streptococci to induce
homograft sensitivity in the guinea pig is a property shared by Types 4, 5, 6,
11, 12, 14, and 49 of Group A streptococci.

The authors express their appreciation to Mr. Wilbur Matson, Miss Sally Short, Mrs.
Dorothy Stern, and Miss Arline Zisman, for the excellence of their technical assistance. We
are also grateful to Dr. Alex C. Solowey and Dr. Donald Wood-Smith for professional assist-
ance.
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EXPLANATION OF PLATES

PrATE 52

Fics. 1 and 2. First-set skin homograft in an untreated control guinea pig on the

5th postoperative day. Note the epidermal proliferation, vascularization of the graft,
and infiltration by mononuclear cells. Fig. 1, X 100, and Fig. 2, X 250.

F16s. 3 and 4. First-set skin homograft in an untreated guinea pig, at the time of

rejection of the graft (8th postoperative day). Note the epidermal necrosis, disorgani-
zation of dermal components, diffuse hemorrhage, and mononuclear cell infiltrates.
Fig. 3, X 100, and Fig. 4, X 250.
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Fic. 5. White graft reaction induced in a guinea pig by sensitization with homolo-
gous skin. Section taken on the 5th postoperative day, illustrating epidermal thinning
and necrosis, avascularity, and disorganization of dermal elements. X 100.

F1c. 6. White graft reaction induced in a guinea pig by sensitization with homolo-
gous skin. Section taken on the Sth postoperative day, illustrating the network of
mononuclear, spindle-shaped cells found at the base of the graft, (black line of Bauer)
(31). x 250.

Fic. 7. White graft reaction induced in a guinea pig by sensitization with Group A
Type 12 streptococci. Sections taken on the Sth postoperative day, illustrating thin-
ning and necrosis of the epidermis, avascularity of the grait, and disorganization of
dermal elements. X 100.

Fic. 8. White graft reaction induced in a guinea pig by sensitization with Group A
Type 12 streptococci. Section taken on the 5th postoperative day, illustrating the net-
work of mononuclear, spindle-shaped cells found at the base of the graft (black line
of Bauer). X 250.
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F1cs. 9 and 10. Accelerated rejection induced in a guinea pig after sensitization with
Group A Type 12 streptococci. Sections taken on the 4th postoperative day, illustra-
ting vascularization of the graft, multiple hemorrhages, and prominent infiltration by
mononuclear cells. Fig. 9, X 100, and Fig. 10, X 250.

Fic. 11. Mixed white graft reaction induced in a guinea pig after sensitization with
Group A Type 12 streptococci. Section taken on the 5th postoperative day illustrates
necrosis and thinning of the epidermis, partial vascularization of the graft, areas of
hemorrhage and leucocyte infiltration. Many of these cells are polymorphonuclear
leucocytes. X 100.

Fic. 12. Mixed white graft reaction induced in a guinea pig after sensitization with
Group A Type 12 streptococci. Section taken on the 5th postoperative day, illustra-
ting the network of spindle-shaped cells found at the base of the graft (black line of
Bauer). X 250,
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