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Streptococcal exotoxin and staphylococcal enterotoxin share several biological
properties, including pyrogenicity, lymphocyte mitogenicity, and enhancement
of gram-negative endotoxin lethality. These analogies of the toxins prompted
comparative pyrogenic studies. When American Dutch rabbits were immunized
by repeated intravenous injections of small amounts of staphylococcal
enterotoxin, they exhibited a decreased febrile response upon challenge when
compared with control animals not previously injected. The same animals
responded similarly to control groups when challenged with streptococcal
exotoxin A, B, or C. No cross-reactivity was observed in reciprocal cross-tests,
using animals immune to the streptococcal toxins and challenging with staphylo-
coccal enterotoxin. No cross-reactivity between either the streptococcal or
staphylococcal toxins and bacterial endotoxin was observed.

Streptococcal pyrogenic exotoxin (SPE) (Syn-
onyms: Dick toxin, erythrogenic toxin, scarlet
fever toxin, streptococcal exotoxin) and staphy-
lococcal enterotoxin (SET) are interestingly
similar in several respects, sharing certain
chemical and biological properties. In contrast
to the more ubiquitous pyrogen gram-negative
bacterial endotoxin, both SPE and SET are
extracellular products obtained from gram-
positive microorganisms. Both SPE and SET
are rather small molecules; the sedimentation
coefficients were determined as 1.8 and 3.0,
respectively (1, 10). Enterotoxin A was found to
have a molecular weight near 28,000; the toxin
was determined to be a single polypeptide chain
(16). Purified exotoxin A yielded a molecular
weight value of approximately 29,000 (10, 14; K.
V. Kushko, Fifth International Congress of Bio-
chemistry, vol. 9, abstr., p. 47, 1963). The
exotoxin was found to be made up of a single
polypeptide chain with glutamic acid as the
N-terminal residue (13), although some purified
preparations also contained associated hyalu-
ronic acid (10).

Pyrogenicity of SPE in rabbits has been well
established (10, 21). The pyrogenic response of
cats to SET has been documented (2, 3), and
this paper will show that the toxin is pyrogenic
upon intravenous administration to rabbits.
One of the most striking biological features of

SPE is its dramatic potentiating effect of gram-
negative endotoxin lethality, as demonstrated
in rabbits, monkeys, and mice (10, 11). The
probable clinical implications for human dis-

ease have been pointed out (11). SET also
enhances bacterial endotoxin lethality, as dem-
onstrated in either the mouse or rabbit (20).
Further analogy of the toxins is provided in

that both are mitogenic for lymphocytes. SPE is
a potent agent for the transformation of human
peripheral blood lymphocytes, requiring only
0.00005 ,sg/ml of culture for 50% transformation
(11). The toxin is also active on mouse, guinea
pig, and rabbit lymphocytes (12). SET is also a
potent mitogen, as determined by using lym-
phocytes from the guinea pig (6), mouse (15,
18), or human (15).
The above analogies prompted comparative

pyrogenic studies of the staphylococcal and
streptococcal toxins. The specificity of the pyro-
genic response to each toxin was also distin-
guished from that resulting from the adminis-
tration of gram-negative endotoxin.

MATERIALS AND METHODS
Glassware and equipment. All glassware used was

freed of pyrogen contamination by heating at 190 C
for 5 h. For injections, sterile, pyrogen-free disposable
syringes and needles were used.

Water and buffers. Water used for solutions and
buffers was first deionized and then made pyrogen-
free by distilling in a glass still. Freshly distilled water
was kept for short periods of time at 80 C or stored
briefly at 4 C. Care was taken that any buffers
prepared were free of pyrogen contamination.

Bacterial strains. Group A streptococcal strains
were used to produce streptococcal pyrogenic exo-

toxin. Strain NY5 (type 10) was used for the produc-
tion of exotoxin A. The NY5 strain, originally from
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Rebecca Lancefield of the Rockefeller University,
came from NMRU-4, Great Lakes, Ill. Strain Cook B,
received from the late Aaron H. Stock, Department of
Microbiology, University of Pittsburgh, was used for
the production of exotoxin B. T18P strain, isolated at
NMRU-4, Great Lakes, Ill., was used for exotoxin C
production.

Toxins. Production and purification of group A
streptococcal pyrogenic exotoxins has been previously
described (10, 19, 21; K. W. Brunson, Ph.D. thesis,
University of Minnesota, Minneapolis, 1973). Briefly,
a heavily inoculated dialyzable medium (10) was
incubated for 6 to 8 h at 37 C, and the chilled
supernatant fluid was precipitated with cold ethanol.
The crude precipitant was dissolved in acetate-buf-
fered physiological saline, pH 4.0, and 0.005 M
acetate. Five to ten repeated precipitation steps
yielded a highly purified toxin preparation which
retained potent biological activity (10; K. W. Brun-
son, Ph.D. thesis, University of Minnesota, Min-
neapolis, 1973).

Staphylococcal enterotoxin was obtained from Ed-
ward Schantz of Fort Detrick, Md. It was supplied in
the lyophilyzed form as purified staphylococcal en-
terotoxin A, lot CA-2-E.

Gram-negative endotoxin was prepared from Sal-
monella minnesota, wild-type smooth, or from Salmo-
nella typhosa as described by Kim and Watson (9).
The concept of the minimal pyrogenic dose at 3 h

(MPD-3) has been thoroughly described and dis-
cussed elsewhere (22).

Experimental animals. Young adult American
Dutch rabbits, about 3 months old and weighing 1.0 to
1.5 kg each, were used. They were obtained from a
single local supplier, kept in air-conditioned rooms in
cages which were regularly cleaned, and fed a diet of
Purina rabbit chow checkers (Ralston Purina Co., St.
Louis, Mo.).
Pyrogen test. For the pyrogen test, rabbits were

retained in a rack having 15 separate stalls (Chemical
and Pharmaceutical Industry Co., New York, N.Y.).
A wooden collar secured the neck of the animal rather
loosely, but served to immobilize the head while
injections were made.

Individual rabbit temperatures were measured by
an electric universal thermometer, type TR3 (Elek-
trolaboratoriet, Copenhagen, Denmark). Fifteen sep-
arate leads and thermocouple probes were used; a
probe was inserted into the rectum of each rabbit and
secured with a soft lead solder wire wrapped around
the tail.

Before use in the pyrogen test, incoming rabbits
were routinely conditioned in the rack for 3 to 5 h, a
day or more before the test. On the day of the pyrogen
test, the rabbits were contained in the rack for 1 h
before injections to allow temperature equilibrium
after handling. All injections were made into the
marginal ear vein.
A group of at least five rabbits was injected with a

substance being tested for the febrile response. Indi-
vidual rabbit temperatures were then recorded subse-
quently at 30-min intervals for 5 h. Temperatures of
the five animals were then averaged, and changes
from the 0-h reading were plotted to graphically
depict the fever curve. An average temperature

change greater than 1 F (-17.2 C) was considered
significant based upon extensive experimentation in
this laboratory (22, 23).

Immunization. Rabbits were injected intrave-
nously every other day for a total of seven injections,
with doses of ten MPD-3 of SPE per kg (10). For
immunization with staphylococcal enterotoxin, the
dose was 1.0 tggkg. If rabbits were not immune upon
challenge, this series was repeated. Immunization
with endotoxin was accomplished by increasing the
daily intravenous administration (22).

RESULTS

Normal unimmunized rabbits respond to
SET with a febrile response (Fig. 1). These
same animals could be immunized to yield a
depressed response when challenged with the
same dose of SET. There was no pyrogenic
cross-reactivity with SPE A, B, or C, respec-
tively (Fig. 1). A homologous challenge (Fig. 1)
shows that the experimental animals retained
pyrogenic immunity to the challenging dose of
SET. Furthermore, the SET material employed
exhibited no pyrogenic cross-reaction with
gram-negative endotoxin (Fig. 2).

Similar results were obtained in reciprocal
pyrogenic cross-tests. Figure 3 depicts the es-
tablishment of pyrogenic immunity in three
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FIG. 1. Test for pyrogenic immunity. For heterolo-

gous challenge, closed figures represent rabbits im-
mune to SET-A, and open figures represent control
rabbits (not immunized). For homologous challenge
with SET-A, x x represents immune rabbits and
x ---- x represents controls. Challenge with SET-A,
1.0 ug/kg, compares immune animals (x x) with
controls (x----x). When rabbits immune to SET-A
were challenged with 10 MPD-3 of either SPE-A (-,
0), SPE-B (-, 0), or SPE-C (A, A), no cross-
immunity was noted. After cross-testing, rabbits
immune to SET-A (x x) were again challenged
with the homologous toxin and were found still
immune when compared with controls (x ---- x). Each
curve represents the average febrile response of five
rabbits when injected with the toxin indicated.
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FIG. 2. P>yrogenic cross-test. Endotoxin-immu-

nized rabbits, when challenged with 10 MPD-3 of
endotoxin, were found to be immune (0) compared
with nonimmunized controls (U). When challenged
with SET-A, 1.0 lig/kg, the endotoxin-immune ani-
mals (0) exhibited a febrile response similar to
challenged controls (0). Each curve represents the
average febrile response of five rabbits.

groups of rabbits when immunized with either
SPE-A, SPE-B, or SPE-C. Immune animals
were compared with normal, unimmunized con-
trols when challenged with the respective ho-
mologous toxin preparation. When SPE-
immune rabbits were challenged with SET, the
response was essentially the same as in control
animals (Fig. 4). Further pyrogenic tests
showed that rabbits immune to SPE-A, SPE-B,
or SPE-C responded the same as control ani-
mals to a challenge with gram-negative endo-
toxin, indicating no cross-reactivity with this
commonly encountered pyrogen (Fig. 5). Figure
6 depicts retention of immunity to the respec-
tive homologous toxin challenge of SPE-A,
SPE-B, or SPE-C. Pyrogenic immunity was
complete in the groups of rabbits immunized
with either SPE-A or SPE-B; a good partial
immunity was retained in the group immunized
with SPE-C.

DISCUSSION
All bacterial toxins used in this study typi-

cally elicited a biphasic febrile response when
appropriate doses were administered intrave-
nously to American Dutch rabbits. The time

interval between fever peaks was generally
about 2 h. The peaks usually occurred at 1 and 3
h after injection with bacterial endotoxin; for
either of the exotoxin preparations, febrile
peaks at 2 and 4 h postinjection were more
common.
Complete pyrogenic immunity could be ob-

tained with SPE or with SET; that is, suppres-
sion of both of the febrile peaks below the
"normal" 1 F (-17.2C) limit of change was
exhibited in immune animals. In rabbits ren-
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FIG. 3. Test for pyrogenic immunity to homologous
challenge with 10 MPD-3 of SPE. Open figures depict
immune rabbits; closed figures indicate controls (not
immunized). A depressed febrile response is exhibited
by either of three immunized groups when compared
with nonimmunized controls. The challenging toxins
are SPE-A (0,0), SPE-B (0, U), and SPE-C ( ,A).
Each curve represents the average febrile response of
five rabbits.
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FIG. 4. Pyrogenic cross-test of rabbits immune to
either SPE-A (0), SPE-B (A), or SPE-C (0) when
challenged with SET-A, as compared with SET-A
challenged control (normal, unimmunized) rabbits
(0). Each curve represents the average febrile re-
sponse of five rabbits.
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FIG. 5. Pyrogenic cross-test of rabbits immune to
either SPE-A (0), SPE-B (A), or SPE-C (0) when
challenged with gram-negative bacterial endotoxin.
as compared with the endotoxin response of normal.
unimmunized rabbits (a). Each curve represents the
auerage febrile response of five rabbits.
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FIG. 6. Test for retention of pyrogenic immunity in
immune rabbits (open figures) when challenged with
the homologous toxin, as compared with unimmu-

nized controls (closed figures). The challenges are

SPE-A (0, *), SPE-B (A, A), or SPE-C (0. *).
Complete pyrogenic immunitv has been maintained
in rabbits immunized with either SPE-A or SPE-B;
partial immunitv is exhibited by that group of ani-
mals immunized with SPE-C. Each curve represents
the average febrile response of five rabbits.

dered immune to the pyrogenic effect of endo-
toxin, only the second peak was depressed.
Evidence is strong for the involvement of

antibody in the protection against pyro-
genicity of endotoxin. Passive transfer of

immune serum was found in serum fractions
containing 19S immunoglobulins (7, 8). Anti-
serum to streptococcal toxin, when incubated
with toxin in vitro before injection, was found to
neutralize the toxin's pyrogenic effect. Activity
of the antiserum was found to be type specific
for the toxin involved (21). Specificity of ac-
quired pyrogenic immunity to each of the SPEs
A, B, or C can also be demonstrated by pyro-
genic immunity cross-tests (21).
That the pyrogenic response to the various

toxins used is specific can be demonstrated by
multiple cross-tests. Thus, even though a gen-
eral stimulation of the reticuloendothelial sys-
tem may aid the host upon encountering a
pyrogenic toxin, this cannot account for com-
plete protection, as shown by cross-testing.
The pyrogen test using American Dutch rab-

bits has distinct advantages as a biological
assay system for pyrogenic bacterial toxins.
With immunized animals it is specific, distin-
guishing febrile responses to toxins derived from
three different genera of' bacteria. Further speci-
ficity is possible in that three different immuno-
logical types of SPE can be separated on the
basis of the pyrogen test. Preliminary work
indicates that a fourth SPE may also be distin-
guished by this method (17). Specificity has
been observed for at least two different types of
SET when injected into cats (3). With SET-A, a
depressed pyrogenic response was obtained
after repeated administration by the intrave-
nous but not by the intraventricular (cerebral)
route. Immunization of rabbits with bacterial
endotoxin extracted from one gram-negative
species usually yields pyrogenic cross-reactivity
with other endotoxins. This cross-reaction is
apparently due to similar molecular construc-
tion of the "lipid A" portion of'endotoxin, which
has been amply demonstrated to contain the
pyrogenically active site (5).

Fairly small amounts of' pyrogenic toxins are
needed for the pyrogen test. The MPD-3 of'
SPE-A is 0.07 gg/kg, using an intravenous dose
in the American Dutch rabbit (10). MPD-3
values of SPE-B and SPE-C are somewhat
larger, being 1.2 and 4.5 yg/kg, respectively (K.
W. Brunson, Ph.D. thesis, University of Min-
nesota, Minneapolis, 1973). For SET-A,
amounts of' 1.0 ,tg/kg administered intrave-
nously to the rabbit produce fever consistently.
Smaller doses are effective in cats, and the
measure of pyrogenicity has been suggested as a
more sensitive alternative to the emetic dose
response in such animals (3). The MPD-3 for
endotoxins is generally about I to 10 ng (9); this
compares favorably with amounts needed for
complete coagulation in the limulus lysate test
(4).
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Several in vitro tests have been designed for
monitoring bacterial toxins both qualitatively
and quantitatively; these are important in rou-

tine assays. When one wants to ascertain biolog-
ical activity of the toxins used in this study, the
pyrogen test is probably the method of choice.
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