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RESISTANCETO THE ACTION OF THE ENDOTOXINS
OF ENTERIC BACILLI IN MAN'

By HERBERTR. MORGAN2

(From the Thorndike Memorial Laboratory, Second and Fourth Medical Services [Harvard],
Boston City Hospital, and the Department of Medicine, Harvard Medical School, Boston)

(Received for publication May 22, 1948)

The somatic or "O" antigens of the gram-nega-
tive, enteric bacilli represent the principal toxic and
antigenic constituents of these organisms (1, 2).
Injected intravenously in man in minute amounts,
these antigens produce marked physiological re-
actions consisting of headache, malaise, chills, fever
and granulocytopenia (1). Following repeated
injections, the severity of the successive reactions
declines until the patient may show no reaction
to the injections.

In rabbits injection of these toxic somatic anti-
gens produces similar effects. The decreasing
severity of the reactions in the rabbits was shown
to be independent of circulating antibody for the
antigen injected (2). This "resistance" was also
active against certain other somatic antigens which
are chemically similar but immunologically distinct
(3). Because this resistance is independent of the
presence of homologous circulating antibody, the
term "tolerance" was suggested (1). The results
of further observations on the nature of this toler-
ance in man are presented here.

MATERIALS ANDMETHODS

Preparation of antigens. The somatic antigens of Sal-
monella typhosa and S. schottmuelleri were prepared by
the technique previously described (2). The phenol ex-
traction technique (4) was used to prepare the material
from Shigella dysenteriae.3 The stock solutions of an-
tigen were prepared in distilled water and further dilu-
tions made in sterile saline for injection.

Methods of administration. The patients selected for
study included three normal subjects (KD, GF, MB),
two patients with gonorrheal infections (SW, IF) and
two with asymptomatic, serological syphilis (ML, SM).

1Presented at the Annual Meeting of the American
Society for Clinical Investigation, May 3, 1948, Atlantic
City, N. J.

2 Senior Fellow in the Medical Sciences of the National
Research Council. Present Address: Department of
Epidemiology, School of Public Health, University of
Michigan, Ann Arbor, Michigan.

3 Obtained through the kindness of Dr. Manson Meads.

The group included four males and three females. Four
patients (SW, IF, ML and SM) were receiving treat-
ment with crystalline penicillin G. The injection of an-
tigen in from 0.5 to 1 ml. of saline was given into the
median basilic vein. Observations of rectal temperature,
pulse and respirations were made just before the injection
and at hourly intervals thereafter for six hours or until
the temperature fell below 1000 F. The febrile reaction
is expressed in terms of fever units considering one de-
gree Fahrenheit above 1000 F. for one hour as one unit
of fever.

Serological tests. The "O" agglutinin titers of the
serum of each patient for S. typhosa (typhoid), S. schott-
muelleri (paratyphoid B) and Sh. dysenteriae (Shiga)
were determined before the antigen was given and at in-
tervals thereafter. This test was used as a measure of
the antibody response to the somatic antigen since pre-
vious studies had indicated that it was an accurate meas-
ure of the presence of specific antibody for the somatic
antigen injected in rabbits (2) and man (1).

RESULTS

Effective dosage and systemic reactions follow-
ing injection of antigens. Following their intra-
venous injection in doses ranging from 0.5 1g. to
2.0,ug. these somatic antigens induced reactions.
Within 40-50 minutes, the patients developed se-
vere, throbbing, frontal headaches, began to feel
chilly and then had shaking chills and muscular
aches. In some instances, they became nauseated
and vomited. The temperature rose, reached a peak
in about two to three hours and then fell slowly
to normal levels in from six to eight hours. The
Shiga antigen appeared to be the most toxic, pro-
ducing severe reactions in a dosage of 0.5 Mg. while
the somatic antigen of S. schottmuelleri was some-
what less active. The typhoid somatic antigen was
the least active, requiring about 5 pg. to induce a
severe reaction. Typical fever curves obtained in
four of the patients following injections of one of
the somatic antigens are presented in Figure 1.

Development of tolerance following repeated
antigen injections. During the course of consecu-
tive injections of antigen, the response of the pa-
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FIG. 1. EFFECTS OF INTRAVENOUSINJECTION OF Toxic SOMATIC ANTIGENS OF ENTERIC
BACILLI IN MAN

tients became less marked until they showed no
reaction to its administration. Table I presents re-
sults of the effects observed in two of the seven pa-
tients studied which are representative. In both

TABLE I
Increasing tolerance to injection of toxic somatic antigens

Antigen*
Patient Day and Fever units Symptomst

dose

Ag.
KD 1 S 0.1 3.6 ++

2 0.2 4.2 +++
3 0.4 1.5 4
4 1.0 10.0 ++++
5 1.0 1.2 ++
6 1.0 5.6 ++
7 1.0 0.4 0
8 1.0 0 0

SW 1 T 1.0 0 0
2 4.0 1.8 +
3 8.0 0 0
4 20.0 0.6 .
5 100.0 6.6 +++
6 100.0 2.6 +
7 100.0 0 0
8 100.0 0 0

* S = Shiga antigen; T = typhoid antigen.
t Symptoms: + + + +, severe; + + +, moderate; ++,

mild; +, slight; 0, none.

patients, after several consecutive injections, the
reactions became less marked until there was no

response to the injection of an amount of antigen
which had produced symptoms when first given.
Further injections increase the degree of this re-

sistance as seen in the results with patient SW.
Specificity of tolerance produced following injec-

tion of a toxic somatic antigen. It was of interest
to determine whether the resistant state was effec-
tive against antigens other than the one with which
the tolerance was produced and whether any ob-
served tolerance to the injection of other antigens
could be correlated with the presence of circulat-
ing antibodies for these materials. The reactions
of the patients to injections of heterologous anti-
gens and the "O".agglutinin titers of their sera are
summarized in Table II.

From the data presented in Table II it is ap-

parent that tolerance induced by the injection of
either Shiga, typhoid or paratyphoid B antigens
is effective not only against the toxic effects of the
homologous antigen but also against the heterolo-
gous antigens. Injections of similar doses of test
antigens at the same time in control patients pro-
duced characteristic symptoms and febrile re-

REACTIONS TO PURIFIED SOMATIC ANTIGENS
103- I.F TYPHOID - M.L. PARA B

102I 0.005 MG. 0.001 MG

101 I

LI GHILLS, HEADACHE 'tQ CHILL i*, HEADACHE

Lcw 103- M0.B. TYPHOID - K.D. SHIGA
X ~~~~~~0.005 me. / 0.01 me.

102 2 X-

99_ / _ WAUSEA, VOMITING
41 CHILL *, HEADACHE 4 CHILL W, HEADACHE,MYALGIA
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TABLE II

Heterologous tolerance following injections of
toxic somatic antigens

"O" agglutinin titert

Pa- Day Antigen* Fever
tient . in- and units Symptoms Para-jected dose

Typhoid phoid Shiga
B

_g.1Ag-
KD 1 S 0.1 3.6 + + <8 <8 <8

4 S 1.0 10.0 ++++
8 S 1.0 0 0 <8 <8 128
9 T 6.0 1.4 0 <8 <8 128

SW 1 T 1.0 0 0 <8 <8 <8
2 T4.0 1.8 +
5 T 100.0 6.6 +++

10 T 100.0 0 0
11 S 5.0 0 0 >2048 2048 <8
12 B 10.0 0 0 >2048 1024 <8

ML 1 B 0.1 0 0 <8 <8 <8
2 B 1.0 3.2 ++
8 B 1.0 0 0
9 T 1.0 0 0 64 1024 <8

10 S 0.5 1.2 i 64 1024 <8

IFt 1 T 1.0 2.4 ++ <8 <8 <8
2 T 5.0 6.0 +++
3 S2.0 10.1 ++++ <8 <8 <8

MBt 1 T 5.0 6.0 +++ <8 <8 <8
2 B 1.0 2.8 ++ <8 <8 <8
3 S 0.5 4.8 +++ <8 <8 <8

* S = Shiga antigen; T = typhoid
typhoid B antigen.

t Expressed as the reciprocal.
t Controls.

antigen; B = para-

antibody is not necessary for the action of this
tolerance to the toxic action of purified somatic
antigens prepared from S. typhosa, S. schottmuel-
leri or Sh. dysenteriae.

Duration of the tolerant state. Between four to
five weeks after the injections of antigens were
stopped, patients KDand MLwere again found to
be susceptible to the toxic effects of the somatic
antigens with which they had been injected as
demonstrated by the data in Table III.

TABLE III

Duration of the tolerant state induced by injections
of somatic antigens

"O" agglutinin titert
Anti-

Pa- Day* gent Fever symptoms
tient injected and units Para-

dose T-phoid typhoid Shiga

Jug.
KD 2 S 0.2 4.2 +++ <8 <8 <8

4 S 1.0 10.0 ++++
8 S 1.0 0 0 <8 <8 256

40 S 1.0 2.2 +++ <8 <8 256

ML 3 B 1.0 3.2 +++ <8 <8 <8
8 B 1.0 0 0 64 1024 <8

40 B 1.0 2.2 ++ <8 512 <8
114 B 1.0 4.2 +++ <8 256 <8

* Injections were given daily for eight days and sub-
sequently only on the days indicated.

t S = Shiga antigen; B = paratyphoid B antigen.
T Expressed as the reciprocal.

sponses. Patient KDwho developed tolerance fol-
lowing eight consecutive doses of Shiga antigen
also developed a resistance to the toxic effects of
typhoid antigen. At the time this resistance was

active against both Shiga and typhoid antigens,
the patient's serum showed "O" agglutinins only
for Sh. dysenteriae. Likewise the tolerance de-
veloping in patients SWand MLfollowing the ad-
ministration of typhoid and paratyphoid B anti-
gens, respectively, was shown to protect against
the toxic effects of all three antigens in spite of
the fact that serum agglutinins were demonstrable
only for the organism which possessed the somatic
antigen originally injected or an immunologically
related antigen. As would be expected, the sera of
patients injected with typhoid or paratyphoid B
somatic antigens showed agglutinins for both or-

ganisms since these organisms possess a common,

somatic, antigenic factor.
These data demonstrate that specific circulating

These results indicate that individuals have re-
turned to their original state of susceptibility one
month after the injections of antigen are stopped.
This loss of tolerance occurs in spite of the per-
sistence of high titers of serum antibody for the
antigen injected. These observations give ad-
ditional evidence for the independence of the toler-
ant state from this antigen-antibody reaction.

DISCUSSION

Tolerance to the toxic action of somatic anti-
gens prepared from S. typhosa, S. schottmuelleri
and Sh. dysenteriae develops readily in man fol-
lowing repeated intravenous injections of these
antigens. Symptoms produced following their in-
jection are commonly encountered as part of the
clinical manifestations of infection with these bac-
teria. Furthermore, in animals, the injection of
typhoid somatic antigen produced a type of damage
to tissues which shows certain similarities of the
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lesions observed in fatal cases of typhoid fever in
man (5). This may indicate'that this potent tissue
toxin may play a role in the production of changes
observed in the organs of patients dying of ty-
phoid fever.

In the case of typhoid fever, evidence has been
presented (6) that the somatic antigen may ap-
pear in the free state in the blood stream during
the early stages of the disease. It is at least
strongly suggestive then that the toxic somatic
antigens may have an important role in the causa-
tion of some of the clinical and pathological aspects
of typhoid and paratyphoid fevers and perhaps also
in bacillary dysentery. The phenomenon of toler-
ance to their toxic action is therefore of consider-
able clinical interest and may be of importance in
the natural infections caused by these organisms.
Preliminary tests on a patient convalescent from
typhoid fever have indicated that this tolerance
may develop during the course of the disease and
further studies are now in progress to corroborate
this observation (7).

The studies presented here and previous reports
(1, 2, 8) indicate that tolerance is not dependent
on the presence of specific circulating antibody.
The lack of specificity of this resistance with re-
gard to immunological relationships may suggest
that some more general function is responsible.
Beeson's experiments in rabbits (9) present evi-
dence that this state of resistance is due to an in-
creased activity of the reticulo-endothelial system
which removes the pyrogenic materials from the
blood stream. So far, no evidence has been pre-
sented to show that the tolerance observed in man
is due to the same sort of mechanism.

SUMMARY

1. Following repeated intravenous injections of
the somatic antigens prepared from the typhoid
bacillus, paratyphoid B bacillus and the Shiga dys-
entery bacillus in man, tolerance develops to the

toxic effects of these antigens as indicated by the
failure of the antigens subsequently to produce the
characteristic febrile response and constitutional
symptoms.

2. Tolerance developing following the adminis-
tration of any one of these three antigens confers
resistance against all three.

3. This resistant state had disappeared in from
four to five weeks when the subjects were again
tested by injections of these antigens.

4. Tolerance to these somatic antigens does not
appear to be related to the presence of circulating
antibody for the toxic antigen as measured by the
presence of "O" agglutinins.

5. The possible role of this phenomenon in hu-
man disease produced by these enteric bacilli is
discussed.
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