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INTRODUCTLOX 

I\VESTIC~ATION into the subject of bacterial sensitivity has been hampered 
by the physical state of the bacterial cell itself participating in in viva anti- 

gen-antibody reactions. It is always difficult to evaluate the role of an intacr 
cell as a true antigen in studying hypersensitivity phenomena, as its particulate 
nature and cellular function might suggest a biologic effect a.part from a8 sms- 
gected role in immunologic reactions. Then, too, biochemical laboratory pro- 
zcdures desgine’d to fractionate the living cell into protein, carbohydrate, and 
Lipid components entail the risk of creating new compounds that might result from 
the splitting and/or rearrangement of the labile, complex, molecular aggregates 
that may have been characteristic of intracellular st,rncture.l The report of 
Dworetzky and co-workers2 has demonstrated the physiologic and i~l~~l~l~~~o~~c 
action of Staphylococcus aureus preparations obtained by grinding ii\:e microor- 
ganisms in a ball mill, and our studies3 have demonstrated the retaiued anti- 
genicity of Xtaphylococcus aureus cytoplasm recovered from the disrnption of 
live bacterial cells when exposed to ultrasonic vibrations. This availabiiity of 
antigenie bacterial cytoplasm. has furnished a con.venient tool for the furtbcr 
study and consideration of bacterial hypersensitivity for in a soluble state 
biologically active XtamphyZococcus aureus bacterial preparations may lend them- 
selves to participation in such attempted in vivo antigen-antibody reactions as 
anaphylactic shock, Arthus cutaneous reactions, and experimentally induced 
Lesions of vascular sensitization in experimental animals. 
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EXPERIMENTAL PROCEDURES AND RESULTS 

Antigens.-All bacterial antigens used for immunization and challenging 
procedures were derived from broth cultures of the same strain of Staphylo- 
coccus aureus, Wood 46. 

1. Vaccine: Saline suspension of phenol killed whole bacterial 
cells. 

2. Undenatured cellular protoplasm: Prepared by subjecting sa- 
line suspensions of whole live bacterial cells to the effects of ultrasonic 
waves at 17,000 cycles per second. Bacterial debris consisting chiefly 
of cell walls was separated from the soluble cellular contents by cen- 
trifugation and Seitz filtration. The resultant sterile filtrate contained 
1 mg. nitrogen per milliliter. 

3. Toxoid: A culture filtrate of Sta*phylococcus aureus treated by 
pepsin digestion and containing 10,000 dermonecrotizing units per 
milliliter. 

Experimental Animals.-Male rabbits varying between 2.5 and 3.5 Kg. in 
weight were used throughout in active immunization procedures for the pro- 
duction of antisera and for all passive sensitization and challenge experiments. 

Antisera.- 
1. Antibacterial sera: This was prepared by immunizing rabbits 

with intravenous and intradermal injections of vaccine for a total dose 
of 21 billion bacterial organisms administered in divided doses over a 
twenty-one-day period. Seven days after the last injection the rabbits 
were bled by cardiac puncture; the sera were pooled and sterilized by 
Seitz filtration. The antiserum was capable of agglutinating Staphylo- 
coccus aure,us bacteria,1 cells in in vitro macroscopic tests in a serum 
titer of 1:2,560 and formed interfacial precipitate when overlayed in 
test tubes with saline dilutions of Staphylococcus aureus soluble cyto- 
plasm and toxoid. 

2. Antitoxilz: This was prepared by immunizing rabbits with 
intramuscular injections of toxoid adsorbed on aluminum hydroxide 
cream adjuvant at multiple sites for a total dose of 100,000 dermonec- 
rotizing units. Twenty-one days later the animals were bled by cardiac 
puncture; the sera were pooled and sterilized by Seitz filtration. This 
antiserum was capable of agglutinatin, w Staphy,lococcus aureus bacterial 
cells in in vitro macroscopic tests in a serum titer of 1:80 and formed 
interfacial precipitate when overlayed in test tubes with saline dilu- 
tions of Staphylococcus aureus soluble cytoplasm and toxoid. 

Ana,phyZaxis.-Anaphylaxis was uniformly produced in normal rabbits 
following passive sensitization and challenge experiments with Xtaphylococcus 
aureus antisera-antigen systems. Passive sensitization was accomplished by the 
intravenous administration of 5 ml. of homologous species antisera capable of 
agglutinating Staphylococcus aureus bacterial cells in a serum titer of 1:2,560. 



Thirty minuxes later they were challenged with a sohble preparation of S~c~,ph.qh- 
c0cczLs nureus cellular protoplasm. Within 2 to 3 minutes after receiving the 
minimal critical dose of 0.25 mg. N, typical signs a,nd symptoms of fatal anaphy- 
Jactie shock appeared with the resultant gross pathologic finding of right hearr 
dilata.tion. Abnormal signs and symptoms were completely absent in the eon- 
~01. series of animals receiving either the 5 ml. of antiserum or 0.25 mg. N of 
soluble bacterial eel1 protoplasm alone. 

Cuilant?nesus Reactions.--The intradermad injection of saline dihtions of 
.btaphylococcus aureus soluble cell protoplasm preparations in normal ra.bbiis 
resulted in the development of cutaneous lesions of erythema, edema, and in- 
duration over a twenty-four to forty-eight-hour period at the site of injection 
and usually progressed to resemble the dermonecrot,ic lesions observed in rabbits 
tollowing t,he intradermal injection of Stqh:ylococczcs LWTWS culture liltra,te 
x toxoid. The development of these skin lesions following antigen injecl,ions 
alone prevented the study and evaluation of the ability of Xtaphylococcus e%UTe%? 
antigen-antibody systems to participate in in vivo cutaneous hypersensitivity 
rca.ctions of t,he Arthus reaction type in sensitized rabbits prepared for challenge 
5,y the intradermal route. Cutaneous reactions failed to develop in rabbits in 
whom local skin sites were prepared by intracutaneous injections of antibacterial 
agglutinating antiserum or precipitatin, q antitoxin and subsequently challenged 
with the intravenous administration of soluble bact,erial cell protoplasm and 
toxoid, respectively. 

8&e&&.-The techniques previously described, favorable for the pruduc- 
tion of lesions of pulmonary periarterit,is and panarterit,is with horse serum-anti- 
horse serum4 and streptococcus toxin-antitoxin5 systems, were extended to 
evaluate potential vascular sensitizing properties of Xtaph~lococcus auI’P,U.x 
antigen-antibody systems. In this procedure normal animals are passively 
sensitized wit,h the intravenous administration of a high-titer antiserum. ~Bfter 
an incubation period of t,hirty minutes t,he subsequent intravenous challenge 

TABLE 1. THE NUXBER OF RABBITS DEVELOPIXG LESIONS OF Puzxoh-ARY PERIARTEIWIS AXIJ 
PASARTERITIS FOLLOWIP\TG PASSIVE SENSITIZATION WITH HOMOLOGOUS SPECIES R~BIT 

AGGLUTINATING ANTISERA VEXUS STAPHYLOCOCCUS AUREUS BACTERIAL 
CELLS ORANTITOXINAND SUBSEQUENTLY CH~~LE~-GI~DWITFI SOLUBLE 

CELL PROTOPLASM OR TOXOID OF THE &ME BBCTERI~L SPECIES 
---.. -- 

SENSITlZISG ANTISERUM CHALLENGING AXTIGEN 
NO. 0' VERUS STAPHPLOCOCCUS S'JJAPHYLOCOCCCS NO. OF asIIv~4r.,s 

.LNI?dALS AIUREUS / AUREUS i WIT11 IXSIONS .~.. 
6 .5 ml. antiserum for whole Cell protoplnsGzz~~g. N 

cell 5 
6 5 ml. antiserum for whole 

cell 0 
6 Cell protoplasm 0.25 rng~ S 0 
.5 .i ml. antiserum for whole Toxoid 5,000 dermonecrotizinp ._ 

cell units 1 
5 ml. antitoxin Cell protoplasm 0.25 N mg. 4 
3 ml. antitoxin Toxoid 3,000 dermonecrotizing 

units 4 
____ Toxoid 5,000 dermoneerotizing 

units 0 

The control series of animals received only the antisera or w'epsrations of the Isacteriai 
antigens. 
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Fig. l.--Sections of lung tissue from rabbits that had been passively sensitized 
homologous species Staphybcoccus az~reus antisera and subsequently challenged with 
intravenous administration of subanaphylactic doses of soluble Staphylococcus QU?WUS anti 
The involved arteries and arterioles show marked perivascular and adventitial infiltn 
of eosinophils and some polymorphonuclear leukocytes and, to a lesser extent, of a 
lymphocytes. Some intimal reaction can be seen in A and C. Eosinophils can be seen 1 
trating the media and intima in E. Collections of eosinophils are found within the 11 
of vessels seen in B and G, and early thrombus formation has occurred within the lumr 
one vessel seen in 23. High-power magnifications of sections E and F demonstrate 
eosinophilic cellular perivascular and adventitial infiltrates. 

(Pig. 1, C to G on. ofwosite page.) 
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of these animals with the soluble specific antigen is started. A. total dosage of 
antigen previously determined to be the minimal critical dose capable of pro- 
ducing fatal anaphylactic shock is divided into four fractional dosages, each 
given at fifteen-minute intervals in graded increasing concentrations over the 
period of one hour in an attempt to effect an asymptomatic subacute anaphy- 
lactic reaction. Twenty-four hours later the animals are sacrificed by air 
embolism; sections are taken from the internal organs, prepared, and stained 
for histologic study. 

The Staphylococcus a’ureus heterologous species rabbit antisera used for 
passive sensitization consisted of 5 ml. of either an antiserum for the whole cell 
with a bacterial agglutinating titer of 1:2,560 or a precipitating antixoin. The 
Staphylococcus a,ureus antigens used in challenging the passively sensitized rab- 
bits consisted of either: (1) soluble bacterial cell protoplasm in divided doses 
of 0.025, 0.05, 0.75, and 0.1 mg. N, or (2) toxoid in divided doses of 500: 1,000, 
1,500 and 2,000 dermonecrotizing units. The results are summarized in Table I. 

Pccssi~e sensitimtion ,with antisera for the whole bacterial cell: When 
challenged with soluble cell protoplasm, five out of six rabbits showed pul- 
monary vascular lesions. When the animals were challenged with toxoid, pul- 
monary vascular lesions were demonstrated in four out of five rabbits. 

Passive sensitization with antitoxin.: When challenged with toxoid, four 
out of five rabbits showed pulmonary vascular lesions. When the challenge was 
made with soluble cell protoplasm, pulmonary vascular lesions were demonstrated 
in four out of five animals. 

Lesions of the pulmonary vasculature could not be found in six rabbits 
receiving only antiserum for the whole cell, five rabbits receiving antitoxin, 
six rabbits receiving only soluble cell protoplasm, and six rabbits receiving 
toxoid alone. 

In those series of animals where lesions were demonstrated following passive 
sensitization and challenge experiments, the pulmonary vasculature was found 
to be chiefly involved (Pig. 1). The small pulmonary arteries and pulmonary 
arterioles showed marked perivascular and adventitial infiltration of eosinophils 
and, to a lesser extent of polymorphonuclear leukocytes and some lymphocytes. 
Eosinophils were also found infiltrating the intima and media of the small 
arteries and arterioles, and in several instances collections of eosinophils and 
early thrombus formation were found within the lumina of these vessels. In 
several sections varying degrees of hyperplasia of the endothelial cells of the 
intima, cloudy swelling of the muscle fibers with hydropic degeneration of the 
media, and some adventitial edema were found, Scattered and light interstitial 
infiltration with some eosinophils was seen occasionally within some alveolar 
walls. 

DISCUSSION 

Typical symptoms and gross pathologic findings of anaphylactic shock in 
rabbits were uniformly elicited in animals passively sensitized by the intravenous 



udministration of homologous species Xtaphyiococclm ~LWUS allGbal:te:*ii:t :i,g- 
gj~tinating sera and subsequently challenged with the soluble cellular prom :)- 
t)!asmic contents of the same bacterial strain. Bact,erial cells have pre~iousl;~ 
ken shown capable of causing anaphylactoid reactions in sensitized anima!s, 
but the role of the cells as antigen in these instances has been difficult to evaluate 
because of the toxicity of the bacterial preparations, per se, and because of thci~ 
particulate nature. Thus, it has not been possible to rule out their role as i~ltuct 
particles in possible thrombus formation and/or embolization.G ETowever, the 
reduction of cells to undenat.ured cellular antigen by the gentle but effective 
disrupting action of ultrasonic waves on the cell wall and the employmcwt of 
this soluble material as the challenging antigen would tend to avoid such con- 
plieating factors and offer evidence to suggest a true sensitizing role for Rapkyl9- 

COCCUS aureus cytoplasm in such in vivo reactions of hypersensitivity as anaph:ir- 
!axis. Lit,tle need be said regarding the value of the established techniqae oI 
passive sensitization and challenge in allowing for the controlled evaluation! 
of in vivo effects of the action of either antibacterial serum or the ~t~~~i.~~~~~}~~~~:~ 
~NW~US antigen. This further lends itself to the establishment of a minimaI 
critical dose of challenging antigen prerequisite for anaphylaxis. In this re~;ard. 
its value in circumventing the interfering factor of possible anaphylactoid W- 
actions in nonsensitized animals resulting from toxic effects of larger doses oi’ 
bt~h~l~~occus uureus bacterial antigen is evident. 

It was impossible to evaluate any potential for localized skin-scnsitiziup 
&e&s of intracutaneously administered solubie bacterial cell protoplasm bci- 
cause of the local cutaneous reactions of erythema, edema, indllsation, amI 
progression to necrosis that resulted from the local injection of this materid 
in dosages considered prerequisite for interreaction with specific antibody- 
containing homologous species serum for the production of local Arthus ro- 
actions. Kahn7 has noted similar inflammatory type “Aare-up” reactions in 
raabbits injected intradermally with killed suspensions of staphyloeorc:rs and 
attributed these to the natural immunity possessed by this animal to these 
inicroorganisms. However, the results of agar gel diffusion plates in an attempt 
to resolve Xtn’phylococcus a;ureus cytoplasm into constituent antigens wouid 
suggest that the dermonecrotizing effects observed may be partially d~lc to the 
actual exotoxin content demonstrated within the bacterial cell iself in the particn- 
!ar strain of this microorganism studied and reported here.3 

Previous studies41 5l s-1o employing the t,echnique of passive sensitizatiol;! 
and challenge have demonstrated that pulmonary lesions of periartcritis arrd 
panarteritis in the rabbit arise as a result of in viva antibody-antigen rcact,ion 
and probably as a tissue manifestation of subacute anaphylaxis. The resurts 
of the experimental procedure concerned with Xta~phyLococc.us aurexs antibody- 
antigen systems reported here would tend to offer further evidence in this W- 
gard. These lesions may arise as a result of hypersensit,ivit.y reactions irwo!virig 
either the cellular cytoplasm and/or the exotoxin of St~p~~~1ococcu.s CI.U’TEUS and 
do not differ significantly in histologic detail from those resulting from. rhc 

action of other protein antigen-antibody systems, such as horse serum-antihc~rso 
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serum. Their development, therefore, probably depends upon a tissue response 
to reactions of hypersensitivity rather than to any particular specific charac- 
teristic of the nature of the bacterial antigen or antiserum employed. 

In vitro cross reactions in macroscopic agglutination and precipitin tests 
and precipitin band reactions of identity in agar gel diffusion plates have been 
observed between various Staphylococcus aureua cellular protoplasmic and toxoid 
antigens when tested against their respective antisera.3 These probably arise 
as a result of each sharing some immunologically similar or identical component 
antigens. The fact that tissue lesions of vascular sensitization can arise in rab- 
bits after challenge with either staphylococcus cellular protoplasm or toxoid, 
regardless of whether the animal has been passively sensitized to the bacterial 
antisera or to the antitoxin, would point out the possibility of similar cross re- 
actions occurring in viva, as well as in in vitro test procedures. Ehrichll has ob- 
served the development of primary mesenchymal reactions in rabbits following 
the intravenous injection of whole bacteria. However, the control studies 
utilizing only preparations of cell protoplasm, toxoid, a,ntibacterial serum, or 
antitoxin suggest that lesions of pulmonary periarteritis and panarteritis de- 
scribed here arise as a result of tissue response to Xt~phybococc~s a;ureu.s anti- 
body-antigen reactions apart from any other tissue effect, toxic or otherwise, that 
may possibly be exerted by Xtaphylococcus aureus antigens or the presence of 
their antisera. 

..’ SUMMARY 

1. The sensitizing properties of Staphylococcus aweus (Wood 46 strain) 
were studied, utilizing soluble cell protoplasm obtained by exposing live bacterial 
cells to the disrupting effects of ultrasonic vibrations and pepsin-digested culture 
filtrate (toxoid) as antigens. 

2. In rabbits passively sensitized with high-titer bacterial agglutinating 
antisera, fatal anaphylaxis could be uniformly elicited by subsequent intravenous 
challenge with a soluble preparation of bacterial cytoplasm. 

3. When the previously determined critical anaphylactic dose of soluble 
bacterial cellular protoplasm was administered intravenously in fractional 
dosages over a sixty-minute time period to rabbits passively sensitized with 
the same high-titer bacterial agglutinating antiserum, lesions of pulmonary 
periarteritis a,nd panarteritis were demonstrated twenty-four hours later. 

4. Lesions of pulmonary panarteritis and periarteritis were also observed 
when similar techniques were employed in rabbits passively sensitized with high- 
titer bacterial agglutinating antiserum and challenged with toxoid and in rab- 
bits passively sensitized with antitoxin and challenged with either toxoid or 
soluble bacterial cellular protoplasm. 

5. Neither anaphylactoid reactions nor the development of lesions of pul- 
monary periarteritis or panarteritis were observed in normal rabbits receiving 
only the same bacterial agglutinating antisera, antitoxin, soluble bacterial pro- 
toplasm, or toxoid. 
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6. The intraentaneous injection of preparations of soluble bacteria! .:i!il-Liia. 
protoplasm in normal nonsensitized rabbits resulted in the development of 
cutaneous lesions of erythema, edema, infiltration, and necrosis. This resembled 
the dermonecrotizing action of Staphylococcus aureus toxin and may have been 
dne to the antigenic exotoxin components previously demonstrated within 
8taphylococcus aweus bacterial cells. 

7. The sensitizing properties of the cytoplasm and toxin of XCqhyiococcu~ 

aureus, their antigenic relationships, and their ability to participate in such in 
viva reactions of hypersensitivity in the rabbit as anaphylaxis and the develop- 
ment of tissne manifestations of vascular sensitization have been demonstrated. 
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