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t I .
purpose of the current stndy was to (1) assess the iniminogenicity of

enterthacterial axrron antigen (CA) in the guinea pig as measured by cutaneous
delayed by hypersensitivily ard hunoral antibody response to CA; (2) determine whether
protection against infectious challenge, as measured by survival, is evoked in
mice iitinunized with erythrccytes treated with CA; (3) assess strains of out-bred ,
in-bred and gnotcbiotic mice for a tissue antigen cross-reactive with CA as measured
by the capacity of tissue extracts to nodify RBC for he~agglutination and to inhibit
CA h~ nagg1utination. CA engendered both hunoral and cellular responses in guinea
pigs. Swiss white albino mice intnunized with heterologous erythrocytes treated with
CA are significantly, albeit transiently, protected against infectious challenge
with a CA producing entercpathogen. An antigen which cross-reacts with CA was
dønonstrated in the spleens, livers, or kidneys of Swiss white albino, (~~7BtJ6HA,
and DBA mice. Likely, the reactions observed by h~ nagglutination-inhibition and
ra1~~it-iimiunization protocols do not reflect contamination by enteric microbial
flora; tissues e~~ised frcai gnotthiotic Swiss white albino mice produced similar
patterns of cross-reactivity with

It is conclided that many questic~~~~ ust be resolved relative to CA and its
influence in ininunity and disease. Chief ~ çng these questions is the relationship
CA has to normal or healthy anim al and hunan tá~ sue. A clear definition of this
relationship may help us understand the caprici~~~4nfluence Gram-negative enteric
microorgani~~~ have cii animals and man. With this u~ Ierstandin , we will have better . .. j
recourse to effective managEnent of subjects at risk.
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The purpose of the current study was to (1) assess
the immunogenicity of enterobacterial common antigen (CA)
in the guinea pig as measured by cutaneous delayed type

• hypersensi~ .vity and huxnoral antibody response to CA ; (2)
determine whether protection against infectious challenge ,
as measured by survival , is evoked in mice immunized with
erythrocytes treated with CA ; (3) assess strains of out-
bred , in-bred and gnotobiotic mice for a tissue antigen
cross-reactive with CA as measured by the capacity of
tissue extracts to modify RBC for hemagglutination and
to inhibit CA hemagglutination . CA engendered both humoral
and cellular responses in guinea pigs. Swiss white albino
mice immunized with heterologous erythrocytes treated
with CA are significantly, albeit transiently, protected
against infectious challenge with a CA producing entero-
gathogen . An antigen which cross—reacts with CA was
demonstrated in the spleens, livers, or kidneys of Swiss
white albino, CS7BL/6HA , and DBA mice . Likely , the
reactions observed by hemagglutination—inhibition and
rabbit—immunization protocols do not reflect contamination
by enteric microbial flora ; tissues excised from gnoto-
biotic Swiss white albino mice produced similar patterns
of cross—reactivity with CA.

It is concluded that many questions must be resolved
relative to CA and its influence in immunity and disease .
Chief among these questions is the relationship CA has
to normal or healthy animal and human tissue . A clear
definition of this relationship may help us understand
the capricious influence Gram—negative enteric micro-
organisms have on animals and man. With this understand-
ing , we will have better recourse to effective management
of subjects at risk .
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FORWARD

All -research proposed by the Principal Investigator
and sponsored by the U.S. Army Medical Research and
Development Command under Contract DADA l7-73-C-3047 has

• been addressed. The purpose of the proposed research has
been accomplished; 10 reprints of each of the 6 publica-
tions (see Literature Cited , page 11) resulting from this
research were submitted earlier to the Contracting Officer
in compliance with requirements. Written permission
has been obtained from each of the Publishers (Literature
Cited , references 1—6) to quote or reproduce copyright
material. Other references required to introduce the
research and to discuss the data obtained are identified

- 

- in the 6 publications resulting from the current study.

In conducting the research described in this report,
the Principal Investigator adhered to the “Guide for
Laboratory Anima l Facilities and Care ” as promulgated

- 

- 
by the Committee on the Guide for Laboratory Animal,

• Resources, National Academy of Sciences - National
Research Council.
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BODY OF REPORT

INTRODUCTION

_ _ _ _ _ _ _
It is known that species of Enterobacteriaceae con-

tam a common antigen (CA), first described by Kunin
et al., which is found in the ethanol-soluble (ES)
fraction of supernatant fluids of 100°c-killed cultures
(HKS) and modifies erythrocytes (RBC) for aggultination
by CA antibodies. Ethanol soluble CA and not its precur-
sor HKS which contains endotoxin (lipopolysaccharide),
engenders humoral CA hemagglutinins in rabbits and human
subjects. Moreover, the administration of CA or CA

• antiserum protects rabbits against experimental infection
with Proteus mirabilis, a heterologous species which
possess CA. However, the same CA preparation evokes

- 

- minimal or equivocal antibody responses in the mouse and
• only transient protection, dependent on the mouse strain

or challenge dose used. It is proposed that antigenic
mimicry between animal tissue and enteric bacteria accounts
for the seemingly anomalous immunologic indifference to
CA noted. This concept was explored in mice and guinea
pigs. Specifically , the purpose of the research program

• undertaken was to:

1. assess the immunogenicity of CA in the guinea
pig as measured by cutaneous delayed-type hypersensitivity• and humoral antibody response to homologous and
heterologous sources of CA.

2. determine if protection against infectious
challenge is evoked in mice immunized with isolo-
gous or heterologous RBC treated with CA.

3. assess strains of outbred, inbred , and
gnotobiotic mice for tissue antigens cross-
reactive with CA.

The results of the current study have been reported
(1—5) and reviewed in part (6)

.4
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MATERIALS AND METHODS

Strains and Immunogens. Smooth strains of Escherichia
• coli 0l4 ,Olll , and 086 , Salmonella t~phimurium and Pseu—

~~i~bnar aeruginosa were selected from our stock culture
collection. The methods for the preparation of antigens
and immunogens to include ES fractions have been
described (1).

Animals. The following female animals were pur-
chased from commercial sources: mice- (outbred Swiss white
albino, inbred C57B4/6Ha, inbred DBA, and gnotobiotic
Swiss white); Hartley albino guinea pigs; albino rabbits.

Tissue Extraction. Mice and rabbits were sacrificed with
ether and their spleens, livers, or paired kidneys asepti—

• cally removed , minced , and homogenized in sterile phos-
phate buffered saline (PBS) (pH 7.3); subcultures on
aerobic media were sterile. Supernate fluids of heated
tissue hemogenates and subsequent ES fractions were
employed to modi fy erythrocytes, inhibit CA hemagglutin-
ation , and immunize animals in accordance with procedures

• previously described in detail (2-5). Guinea pigs were
tested for delayed-type hypersensitivity to CA by the
method outlined earlier (1).

Measurement for Humoral Antibodies. Serum samples
of immunized animals were assessed for CA antibodies
by a micro-titer modification of the passive hemaggluti-
nation test.

Infectious challenge. One week after immunization
• with CA—treated RBC, mice were challenged intraveneously

with 0.5 ml 10 LD50 S. typhimurium grown 16-18 hours in
nutrient broth. The numbers of surviving mice were
recorded each day until all mice had died; S. typhimurium
was recovered in pure culture from heart’s blood o~frandom dying of dead mice.

Statistical Analysis. The significance of differences
in survival rates between immunized and control mice
was determined by the chi- s~uare test. The significance
of the cutaneous delayed-type hypersensitivity was
calculated by a series of standard t—tests, using the
skin reaction-site areas as raw scores. The results of
these t-tests were confirmed by an analysis of variance
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between the experimental and control groups.

RESULTS

Active immunization with CA elicits both humoral
and cellular responses in guinea pigs as measured by
serum hemagglutinin titers and cutaneous dialyzed hyper-
sensitivity (Tables I-Ill, reference 1). Although
minimal titers of serum antibodies are recorded, it is
likely that manipulating the amount, route, or schedule
of antigen administration would enhance these titers.

The administration of small amounts of CA on heter-
ologous RBC significantly delays mortality of Swiss
white albino mice challenged with the highly virulent
S. typhimurium (Tables 1 and 2, reference 2). These
findings complement and extent an earlier report that
CA ~~~ se transiently protects mice against infectious
death with S. typhimurium and recent evidence that it
protects rabbits against renal disease induced by
Proteus mirabilis.

Of the mouse-tissue preparations studied, only the
ES fraction of the livers of Swiss white albino and C57BL/6Ha
mice clearly showed capacity to inhibit CA-hemagglutina-
tion ; titers were reduced approximately 98% (Table I,
reference 3). These same preparations administered
to rabbits failed to initiate a CA hemagglutinin re-
sponse; however, 3 days after booster with CA, these
identical animals demonstrated titers which were 3 or 4
fold higher than controls primed with PBS (Table II,
reference 3). On day 30, 10 days af ter booster with
PBS, rabbits primed with tissue-extract were sacrificed
and their spleens removed, homogenized and examined
for their capacity to form rosettes (RFC) with CA—treated
RBC. Marked cellular activity , as rated by the signif i-
cant numbers of RFC formed , was present in rabbits immunized
with spleens or livers of either mouse strain (Table
III, reference 3). Perusal of Tables I-Ill , reference
3, reveals that the antigenicity and immunogenicity of
cross—reacting antigen in target organs of mice depend
upon the mouse strain examined , the extraction procedure
employed , and the in vivo testing method used.

The cross—reactivity recorded between mouse-tissue
extracts and CA cannot be attributed to indigenous micro-
bial flora , colonization, or to contamination from the

-- 
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intestinal lumen; aseptic procedures were employed in
excising each organ and subcultures invariably were
sterile. Moreover, repeat experiments produced similar
results (Tables I and II , reference 4). Significantly ,
as seen in the latter Tables, gnotobiotic mice (known to
be free of microbial populations) clearly revealed or-
gans with cross—reacting antigen. These data with tissue
extracts of gnotobiotic mice were corroborated and extended
in a detailed study separately recorded and published
(5). It can be seen (Tables 1-3) that, according to
the parameter of CA hemagglutination-inhibition, cross-
reactive antigen is present in spleens , livers , and
paired kidneys, but absent in colons. However, the
identical preparations , including colons, primed rabbits
to engender specific CA hemagglutinins after a single
administration of CA. Also, spleens of these same
rabbits were colonized with rosette-forming cells against
sheep RBC treated with various enterobacterial sources
of CA.

DISCUSSION

The results obtained in the current studies have
been comprehensively discussed in the basic publications
(1-5). The following narrative explores the biologic
significance of CA, engendered antibodies ,and mimicry
between host tissue and CA.

Ethanol-soluble CA is stable to heat; immunogenicity
and antigenicity are essentially unchanged after one
hour at 100°C or 20 minutes at 120°C. In the small
amounts required to engender CA antibodies, CA is not
toxic, as shown by cytotoxicity studies with monolayers
of guinea pig peritoneal -macrophages and by mouse letha-
lity tests (7). However , the possibility does exist
that large amounts of CA may be slightly toxic to certain

• laboratory animals and to man, because ethanol-soluble
CA is not completely devoid of contamination with trace
amounts of endotoxin. Therefore, further purifications
and characterization are required prior to classifying
CA as an unequivocally inocuous immunogen.

In theory, an antigen shared by all species of Entero-
bacteriaceae, and capable of engendering humoral or
cellular events against other bacilli within this family ,

- -- _• -. -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —. -. -—~ - • •--- •• .~~~~~~ •
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is of potential importance as a prophylactic vaccine.
This thesis was first explored in mice. CA , extracted
from culture of E. coli serotypes 014 or 0111, was admin-
istered intraperitoneally to Swiss white albino and

• C57BL/6Ha mice, which were subsequently challenged with
100 LD5Ø of S. ~yphiinurium . Both mouse strains showed
tran sient but statistically significant resistance , com-
pared with uninoculated control animals infected at the
same time; the Swiss white mice were the better protected.
A major contribution regarding the protective role of
CA was made by McLaughlin and Domingue (8). These
investigators demonstrated that a majority of their
rabbits administered CA resisted renal infection to
retrograde challenge with Proteus mirabilis or to hemato-
genous challenge with E. coli 075; less than 20 per cent
of the immunized animals dè~~ loped renal pathology, while
more than 50 per cent of the control rabbits had pyelone-

• phritis. Moreover , none of the vaccinated animals had
grossly visible abscesses. It is of further interest
that none of the rabbits with CA hemagglutinin titers
of 10,240 or more had pyelonephritis or pyelitis. Earlier,
Frentz and Domingue (9) showed that rabbits with CA

• antibody titers higher than 640 were protected against
hematogenous challenge with E. coli 06, whereas those
with lower titers were not. It appears, therefore, that
the efficacy of CA as a vaccine is determined by the
specificity and titer of ixniuunoglobulins engendered in

• selected animal models.

Based on Sephadex fractionation and susceptibility
to 2-mercaptoethanol, CA antibodies belong to the 19S
(1gM ) class of imniunoglobulins (10). At present, there
is no explanation for the fact that these antibodies fail
to agglutinate heterologous bacilli containing CA, although
this antigen is present on the bacterial surface , as
shown by fluorescent antibody studies (11). Nor will
CA antibodies always precipitate CA; certain , but not
all high titered CA antisera produce precipitin lines
in gel (12). It is of academic interest that, indepen-
dent of the source of CA employed as immunogen , CA
antibodies are bactericidal for E. coli 014 but not for

• other enteric bacteria. Of biologic significance are
reports that CA antiserum obtained from immunized rabbits
and human subjects will opsonize heterologous enteric
bacilli for phagocytosis by rabbit and human polymor-
phonuclear leukocytes, respectively . These observations
suggest that CA antibodies may protect against enterobac-
terial infection. Indeed , preliminary studies with mice
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have shown that CA antiserum (rabbit) provides slight
to moderate, although temporary, protection against in—
fectious challenge with S. typhimurium. More convincing

• evidence of protection by CA antiserum was documented
in rabbits by Domingue et al. (13). These investigators
showed that even low-titer~~ CA antiserum provides signi—ficant protection against pyelonephritis if administered
intravenously four hours prior to hematogenous challenge

• with Proteus mirabilis. The concept that the observed
reduction in morbidity reflects directly the influence
of CA antibodies is supported by control experiments in
which CA antiserum failed to prevent pyelonephritis in
animals challenged with Pseudomonas aerugenosa, which
is devoid of CA. Moreover , removal of CA antibodies
abolished the protective activity of the antiserum; rabbits
challenged with P. mirabilis in this group displayed
renal histophatology four weeks after infectious insult.

Currently, only limited information is available on
the biologic significance of CA antibodies in healthy L
human subjects and patients with various infections.
These antibodies are either absent or present only in
relatively low titers in norma l serum samples. A modest
increase in titer has been observed in some , but by no
means all, children with shi gellosis, salmonellosis, or
urinary tract infections caused by Gram-negative enteric
bacilli (14) . More recently,  Neter et al. ( 15) showed
that CA hemagglutinins were produced in significantly 

-

elevated titers in 86 per cent of the pediatric patients
they had observed with pyogenic peritonitis. Whether

• these antibodies reflect the immunogeneic influence of
the etiologic agent possessing CA or of a cross-reacting
tissue antigen de-repressed during cellular infiltration ,
has not been determined . In this regard, it is of interest
that a heightened humoral immune response to E. coli 014
has been demonstrated in patients with inflammatory bowel
disease. Moreover, it has been proposed that stimula-
tion by cross-reacting bacterial antigen, e.g. CA of ~~• coli 014 , may be an important contr ibuting factor for
autoantibody formation in ulcerative colitis (16).

The occurrence of heterogenetic antigens in widely
separated phylogenetic groups has been known since the
turn of the century. Notably, the classic Forssman anti-
gen has been found in bacteria , yeasts, nematodes, and
in tissues of bird s, fish , and mammals. Also, heterogenetic
antigens other than Forssman exist between bacteria and
mammalian species. In this regard , an immunologic rela—
tionship has been shown between ~~~~. coli 014 and colon of

• • --——--•-
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the germ-free rat (16). Moreover, Rowley and Jenkin (17)
propose that mice are susceptible to S. typhimurium
infection because they. possess an antigen in their tissue

• which cross-reacts with the pathogen; as a result,
infection ensues because the animal fails to recognize
the microorganism as foreign.

The premise that enterobacterial CA shares charac-
teristics or determinants with animal or human tissue (16)
requires exploration. Preliminary data obtained in
our laboratory support this concept; an antigen which
has antigenic or immunogenic attributes indistinguishable
from CA has been identified in certain, but not all ,
target organs of inbred mice. The cross—reactivity
observed cannot be ascribed to the indigenous microbial
flora or to contamination during excision of the organ ,
because this antigen has also been recovered from certain
organs of gnotobiotic mice. Moreover , subcultures of

— tissue homogenates were always sterile.

It is speculative whether or not CA will prove to
be biologically significant in human medicine. However,
the data and reports reviewed are in accord with the
conjecture that this antigen and engendered antibodies

• should not be ignored as potential mediators of resis-
tance to or recovery from Gram—negative bacterial in-

4 fections. Many investigators endorse the thesis that the
presence of CA in tissue accounts, in part, for the in-
explicable spectrum of susceptibility , refractiveness,
or equivocal response animal and human subjects have to
enterobacterial immunization or infection.
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