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Abstract:
The work reported in this paper had two main purposes.

1. To determine whether organisms normally found in rabbit feces had stimulated production of
circulating antibodies in their hosts.

2. To determine what effect, if any, an increase in specific circulating antibody would have on the
intestinal population.

Circulating agglutinins were found in low titers against the two test organisms, Bacillus pumilus and
Streptococcus faecalis, isolated from the feces. These agglutinins were capable of agglutination in a 1:8
dilution of sera.

An increased agglutinin concentration showed two effects on the fecal organisms studied.

1. As the titer against Bacillus pumilus increased the numbers of Bacillus pumilus decreased. After the
peak titer was reached and sustained for a short length of time a new organism, Lactobacillus sp., was
found in the feces of the immune rabbits. This organism had not been demonstrated previously.

2. No decrease in the numbers of Streptococcus faecalis was found. However, a shift in antigenic type
occurred. The original sero-type disappeared from the immune rabbits. The controls, however, still
contained only the original sero-type.

Although efforts were made to demonstrate the presence of coproantibody in the feces of the immune
animals it was not possible with the methods used in the experiments.
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ABSTRACT
The work reported in this paper had two main purposes.,
1. To determine whether organisms normally found in rabbit feces had
stimulated production of circulating antibodies in their hosts.
2, To detexrmine whaf effect, if any, an increase in specific circulating
-antibédy would héve on the intestinal p0puiation;

Circulating .agglutinins were found in low titers against the two test

organisms, Bacillus pumilgs anH.Streptocoggus faecalis; isolated from the
feces, These agglutiﬁiﬁé‘Wefe éapable 6f‘agéfﬁfiﬁéﬁion in a 1:8‘&ilﬁtion
of sera. | |

AnAinFreased agglutinin conéentration‘éh0wed two effects on the fecal
organisms studied.

1. As the titer against Bacillus pumilus increased the numbers of "

Bacillus pumilus decreased. After the peak titer was reached and sustained

for a short length of time a new organism, Lactobacillus sp., was found in

the feces of the immune rabbits., This organism had not been demonstrated
previously.

2, No decrease .in the numbers of Streptococcus faecalis was found,

However, a shift in.antigenic type occurred. The original sero-type dis-
appeared from the immune rabbits, The controls, however, still contained
only the original sefo--type°

Although effortsvwere made to demonstrate the presence of coproantibody
in the feces of the immuﬂe animals it was not péssible with thé methods used

in the experiments.




CHAPTER I
INTRODUCT ION
Early interest in the natural antibédies was prompted by the observation.
of the blood group agglutinins. The early hypothesis stated that these were
genetically controlled, Later information pointed to outside stimuli as the
causative agents responsible for the production of the natural antibodies.
Interest in coproantibody was prompted by the observation that it was
demonstrable before serém antibody éould be found. Thus coproantibody could
be of diagnostic value'in the early determinatioﬁ ;f the causative agent of
disease.
The purpose of this study was to obtain information relating to the
production of circulating antibodies in rabbits by some native intestinal
organisms and to determine the effects an increased antibody titer would

have on the intestinal organisms.’




CHAPTER II

_ REVIEW OF LITERATURE

Naturally»occurring antibodies

The pccurrencé of the so-called ndatural antibodies in the bleod has
bgen n&ted from the earliest da&s of immunology. Landsteiner (1936)
described isohemagglutinins.as reported in his paper in 1900, However,ﬁo
completély reasonable explamation of the natural antibodies has been .
proposed until recently.

Smith and Br&aﬁt répor;éé:in’1927 th;f‘cértéiﬁ éfréins of

Escherichia coli from the ileum of calves suffering from diarrhea or scours

7

mutated and gave rise to forms which had lost their capéﬁlaf substance and
were of decreased virulence, However, the mutant ceils showed great increases
in ability to be agglﬁtinated and in ease of phagocytosis.

Bailey (1928) Sbserved,that experimental intranasal snuffles produced

in rabbits by a strain of Bacterium lepisepticum, now known as Pasteurella

multocida, containing a heterophile antigen caused production of a potent
anti-sheep hemolysin. His results indicated that under natural conditionms
heterophile antibody is produced in rabbits by infectiom with similar strains

of Bacterium lepisepticum, thus accounting for seme of the variability in

natural hemolysin content!of sera from these animals.

Gibson (1930) studied natural agglutination as exemplified by serum
reactions in 9 animal species with a variety ofﬁacteria° This wérk revealed
that the sera of different amimal species showed an oxder of agglutination

activity almost constant for all organisms used. He foumd that the mnatural
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agglutinating substance differed from the immuneAagglutinating-substance in
that the natural substance was present in‘graater degree in the aarbonic
aaid-insoluble fraction of the sera than in the carbonic acid-soluble
fraction., The immune substance was chiefly located imn the carbonic acid-
solubla fraction.

Gibson also Shamed in this report that agglutination depends on non=
specific and specific fa.‘ctors° Far normal serum, the agglutination of
bacterla 1s a, 2-fold mechanism°'(a) a non- specific effect reactlng 1n o
varylng degree W1th‘a11 organlsms, and (b) a serles of speclfic affects‘.

‘ reacting as true .'natural antibodies".

In 1931, Gibson reported on nafural agglutinins and their relatiomship -
to somatic and flageilar antigens. of bacteria. He found that normal sera
from various mammalian.animals contained agglutinims which reactéd with the
"H" and "0" antigenic canstituents of many'bacteria,. Agglutinin-absorption
experiments were used to show that the specificity’of‘naturai agglutinins
was dependent chiefly on the "H" type antigen,

Curnen and Finland found in 1938 that when ﬁorses were iﬁmunized
against type XIV pneumococci, their serum contained aggluainins in high
titer for human erythrocytes of all four major blood groups. Only low
titers of these agglatinins were found in non-immunized horses. Normal
rabbit sera were found to contain agglutinins im low titer agaiast the ‘AB
and A blood groups.

"Emslie-Smith (1948) found at least seven distinct agglutinins for

coliform and paracolon bacilli in the sera of two nmormal rabbits. -
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_ Mcpullough, Eisele, and Beal (1949) tried prolonged feedings of killed

Brucella organisms composed of equal portions of Brucella abortus and Brucella

suis to ﬁealthy humans and failed to produce signifiéant agglutination titers
or dermal sensitivi£y. When using a maximum dosage of 49-billion organisms,
they were able to stimulate demonstrable opsonic activity in some of the
individuals, but no high agglutination titers,

Gillespie, Steber, Scott and Christ (1950) isolated aerobic and
faqultativgly apgerob;q bactgria.f:om fecal specimens of two heg;phy,bgmans
aﬁd faﬁwéééiﬁfi;;;géﬁstitérévéé;;ﬁ§£:£h;ir sera,:lTﬁéy faund iﬁ‘;oékﬂéagéé '
that the orgénisms‘from a subject were agglutinated by his serum.

Wiener stated iﬁ 1951 that: "Evidence relating to the problem of the
origin of natural antibodies, especially hemagglutinins and ﬁemolysins; has'
been critically reviewed. Basédﬂon this aﬁalysis it is conpluded that
natural antibodies are, with. possible rare exceptions, of immune origin."'
Wienerx als§ stated: "Naturgl immunity to‘bacteria and viruses is .generally
conceded to be due to undiagnosed or symp%émless infections, since 'such
immunity is most frequent'among individuals who have beén exposed to the
disease or who carry the microorganism in their bodies." It has been shown
;ha;lpolysaccharides isolated froﬁ the capsyles of pneumococci possess
chemical structures similar to the blood groups aﬁtigensa He also states:
"Naturél éntibodies for red célls, such as the blood‘group antibodies and
cold hemagglutinins, are shown to be of héterogepetic immune origin and are
attributable to the presence of related antigens-in-bacteria and animal

parasites,'
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Wilson énd Miles (1955) state that the more commonly accepted view as
to natural antibody formatiom is that these antibodies arise as the result
of the response of the antibpdy»forming apparatus to external environmental
stimuli., Such stimuli usually consist of overt or latent infections,

Springer, Horton, and Forbes (1959) have shown that germ-free chicks .

)

treated with live smooth Escherichia éoli 086 develop agglutinins fo; the
human blood group B. These agglutinins were not present in the chicks until
after the infestation. Hoﬁevg#Jgheyjdid‘find”an?ihuman B agg}ﬁginins‘preseﬁt
in normal'chickén | N | | | ‘

Osawaand Muschel (1960) found_that some substamce was mnecessary for the
bac;ericidal action of normal serum, even when the properdin system was
present. This necessary substénce was antibod&.:

| Cohen, Cowart, and Chgfry (1961) reported finding antibodies against

Staphylococcus aureus in the serum from non-immunized rabbits, The rabbits

used were free from'the specific pathogen at the time of tgsting. Tests
were also run on the sera of rabbits obtained from a commercial source.
These were found to comtain other antibodies for staphylococci in addition
to the two qund(in the specific-pathogen-free rabbits,

‘Michael, Whitby, and Landy (1962) made studies oﬁ natural antibodies
to Gram-negative bacteria in the normal serum of several species of animals,

They found antibody for several genera of the family Entercbacteriaceae in

normal human serum. Serum from germ-free rats and chickens did not have

demonstrable antibody titers against Escherichia coli ox Salmonella typhosa,

while no appreciable difference in titer was found between germ-free mice and
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conventional mice with regard to the ‘same two oerganisms,

Coproantibody

Sherman (1919) described an experiment in whieh.the'lerge intestine ef
a dog.was severed frém the small intestine and tied off. The'free end of
the small intestine wae sutured to an artificial anus. The.sec?etions froﬁ
the large intestine were collected and found to contain hemdlyeiﬁs:
quantitatively the same as those in the blood.‘\ |

Dav1es (1922) was, the first to describe coproant1bod1es in the.feces.
He found these wh11e inveseigatlné the serologlcal propertles ofmstools from
cases.qf dyeentery. | |

Burrows and Havens'(1947) found that immune globulin, immunologically
indistinguishable from serum globdlin, is excreted in the-feees and urine
of'actively immunized guiﬁea pigs and humans. . These fecal and urinary
antibodies are jndependeet of seruﬁ antibody and ere not derived from it.
This excretion is a normai process gﬁd the’antibody titer is dee to the
partiel substitution of immune globulin for normal'globdlin; This copro-
aneibody is excreted 'in the feces and urine of guinea pigs passively, |
immunized with homelogous'or heterologous antiserum.

:Burrows, Elliett, end Havens (1947) found antibody activ;ty in the
feces of guinea pigs with enteric cholera. This was found ﬁoth in the case
of immunized and iﬁfected'animals. This activie? was shown to be due to the
presence of.immune globulin., They found that the coproantlbody did not per-

sist long in the feceé. It appeared early, peak titers sl1ght1y preceded

peak serum antibody titers, but disappeared in 3 to 4 weeks, while the serum
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antibody titer persisted for much longer. -They stated that the pattern of
vibrio excretion in relation to %he total fecal-flora was asscciated with
the presence of coproantibody at the time of infection.

In 1947, Harrison and Barvard reported on coproantibody exzcretion during
enteric infections, Thgy examined patients with enterig infections and
found that coproantibodies were excreted in 96,7 per cent of the cases
studied. This they concluded madé coproantibﬁdy a significant diagnostic
factor in thg‘detepqiﬁatioq‘pf the causative organisms of infectiqﬁ, " This
ié'e;p;ciaiiﬁitrﬁé(sigcéjgﬁ;‘bbprgahtibody §é§;é¥Ere£ed during the active
phase of the.inieétion; or'in the case of chrénic infection, during periods
of clinical activity of the disease.

Koshland and Burrows (1950) studied methods of quantitative measurement
éf.antibody response fo the whele bacterial antigen;‘ They used complement
fixa£ion testg modified for use with a particulate antigen. In this study -
the rate of coproantiboﬁy:proéuction was taken as a measure of the rﬁte.pf'
antibody production. It was found tﬁat the agglutinating and complement-
fixing antibodies to the cholera vibrio O antigen were closely similar if
not idgﬁtical, Also that fecal antibody behave independently of serum
antibody formation, |

Barksdale and Ghoda (1950a) obsérved reactions of fecal extracts:and
sera from a number of caées of Flexner and Somne types of dysentery tested

against the phase antigens from wild type Shigella paradysenteriae W,

Shigella sonnei and certain of their serologically "nmon-specific" mutants,

The serum and fecal extracts differed in the titer and specificity of. their




agglutinins.

Barksdale and Ghoda (1950b) observed a low titéf of coproantibody and

serum aggiutinins against strains of Escherichia coli in humans suffering with

salmonellosis and/or shigellosis. The E.-ggli (97-C-K) was not agglﬁtinéted

by standard salmonella or shigella antisera. In caées of bécilléry dyéentery'
. . _ _ L

the rise_aﬁd fall in coproagglutinins directly against E. coli (97-C-K)

roughly paralleled thaé of thé agglutinins directed against the causal

shigella.

Barks&ale, Ghoda, and Okabe (1950) found, in a case of énteric~éisorder
falling into tﬁe general category of chronic ulcerative colitis, that
cbproantibodies were present.which gave agglutination of numerous antigens
common to the shigella group of pathogens. Also a coliform organism was
isoiated which was capable of completely absorbing these various
coproantibodies. |

Gordon, Bennett, and Barnes (1950) used vaccine against Shigella
flexneri. Coproantibody increase was found in enly one group and only when
the samples were collected one #o two days after'compleﬁion‘of a course of
sh%gella vaccine. They showed that in a significant percentage of gubjects,‘
the parénéergl shigella vaccine caused ;he excretion of fecal agglutinins,
the appearance of which was early, transitory, and prgceded the period
during which the serum antibody response was at a maximum.

Gonzalez and Koppisch (1951) 0pe}ated on normal and iﬁmune rabbits to

produce an isolated segment in their bowels, They tied off the vermiform

appendix and injected a suspension of Shigella paradysenteriae, type I, into
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;he_lumgn.‘ After different lengths of time, the animals were killed and the
contents of the appendices Wére.examiﬁéd for viable bacilli and for antibody,
Agglutinins ﬁgre féﬁnd in low titer only in 5 immgne rabbits and one of the
norméi.rabbits whigh had'received, in addition to the §gigelia suspension,
1.0 ml of.imﬁpne rabbit's serum. A probable explanation for the low level
?f antibody titer in-the immune rabbits, and the disappeafance of the
agglutinins in the normal rabbits was the absorption of aéglutinins by the
homolog&ﬁS‘bac;eria'ip the }ntestines,'or the, disintegration of antibody
éaﬁséd;sﬁ‘enéym{c ;ctioﬁ$; - | | | |

Koshland (1952) found that when cholera vaccine and adjuvant were injected
into the abdominal cavity of young guinea pigs no excretion of aﬁtibody was
. observed, even though a.parenteral-injection of cholera vaccine alone gave
significant fgcal antibod& concentrations., Higﬁ titers of antibody were
found in the sera of animals which received the vacgine and- ad juvant., Thus
it was éuggested that serum and fecal antibody do not have a common origin
and that neither the bile nor the lymphocytes-are responsible for the
transportatién of demonstrablg amouﬁts of immune globulin to thelbowels,
Fe;al éntiﬁody is syﬁthesized independeptly of serum antibody, probably in
local sites albng‘the‘intéstinal tract.’

Burrows and Ware (1953) found that prophylactic immunity, like immunity‘
to infection witb overwhelming doses, ié associated wi?h the active secre-
tion of an;iﬁodf into the bowel, and suggested that coproaﬁtibody plays an

integral and significant part in prophylactic immunity to enteric infectionm.




CHAPTER III

METHODS AND MATERIALS

Method of cage breparétibn'for fecal collection

The rabbits'.feges were collected as-éseptically as possible while the
animals‘remained cageé. "The refuse.trays'weré cieaned thoroughly with soap
and water and disinfected with a 2% émbhyi solution. Fresh clean newspapers
were placed in the bottom of the trays and a layer of beet pulp one half
_inch in depth placed on the newspaper. .Mofg_newspaper, three léyers in
‘dépgh, whicﬁ had'bééﬁ §tér£iized in'an~éu£6cia§é.at'17 1bs for 20 minutes
was placed over thé beet pulp. The trays were then inserted into the cages.
Newspaper was used '‘as the sterile cover because of its water absorbency and

availability, and beet pulp was used because of its absorbency.

Isolation and classification of two fecal organisms

Ohce-the cegeé were prepared, they were checked every half hour until
fresh fecal pellets weré droppea. At this time a few pellets from each
rabbit were placed in tubes containing 10 ml of ste?ile buffered water
(PhQSphate buffer, pH 7.0). This was done with the aid of forceps which -
.nge sterilized by flaming after immgrsion in 70% alcohol. Tﬁe fecal
pellets were broken up with é sterile applicator stick. Some of fhe
résulting fecal suspensions were streaked with sterile cotton swabs onto

the following types of media: (1) nutrient agar (Baltimore Biological.

Laboratory, 01-138), (2) Streptococcus faecalis agar (BBL, 01-320), (3)
Eosine Methylene Blue agar (Difco, 0076-01), (4) crystal violet agar

(nutrient agar # 1.0 ml of 1.0% aqueous crystal violet solution and
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(5) azide dextrose agar (BBL, OifSIa‘plus 1.5% Bacto. agar, Difco, 0140-05).
Some of the fecal suspensioﬁs were smeared on slides, stained with Gram's
stain, and examined micfoscopically. This.gave an idea of the typeé of
organisms presgng in the féces.

The organ£sm§fygre iﬁcubated at 35 C unless‘otherwise staigd, éfter
incubation for an‘gppropriate iength of time, 24 hours for the nut;ient
agar and 48 hours fér the other media, some of the feéuiting coloﬁies were
ﬁicked, stained.with Gram's stain and examined microscopically. . These
organiSm;Awere tﬁen“réétréaked;upon the‘tyﬁeé"of media bn'whibh éﬁéyAhad
originélly appeared. The fregﬁly inoculated plates were incubated for an
'appfopriate length of time, after wﬁich.sdme of the resulting cbloniés were
transferred to'tubes coﬁtaiﬁing 10 ml of trypticase soy.broth (BBL, 01-162),
The tubes were incubated for_24 hours, samples of tﬁe cell suspensions were
Gram staineq and inoculated into differential media for.id?ntificatiqn
purposes, B _ | ]

The two most prevalent organisms isolated.from the feces by these
methods were designated as the two test organisms, Sy and Bj. The §;

isolate was later identified as Streptococcus faecalis, and the B] isolate

identified as Bacillus pumilus. These two organisms grew well with ordinary

culture methods and were easily determined from the other organisms present
in the feces by their reactions on SF and EMB agars.
The two chosen organisms were then identified according to their

morphology and reactions on various differential media,
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Determination of the total number of each teét organism per gram of feces

The cages were prepared as before ;nd checked évery half houf untii
fresh fecal pellets were dropped, The fecal pellets were removed from the
tray and weighed on sterile paper. The sample weighf was kept as close to
1.0 gram as possible without necessitating the splitting of a pellét. The
yeighed fecal pellets were placed in sterile Waring blenasrs and enough
sterile buffered water (phosphate buffer, pH 7.0) was.added to each blendor
to give a 1:100 dilution Qf.pellet; to water, Thé mixture was agitated on
the Waring Slendor a£ low.speed until a uﬁiform susbension‘was achieved.
This usually required 10 minutes,

Serial dilutions were plated to qetermine the number of test organisms
per gram of feces, EMB agar wés used for éhe By organism and SF agar for
the §; organism. The plates were allowed to solidify and then invef;ed and
incubated for 48 hours. Depending on the number'of colonies brésent on thé
plates, the counts were either made by the unaided eye or with thé-aid of a
Darkfield Quebec Colony Counter.

The SF agar indicated the presence of the test organism S; by the
formation of a yellowish zone around the ¢olony. The EMB agar plates
?pdicated the presence of the test organism By due to the typical coiony

form which this organism displayed on the medium,

Preparation of bacterins and cell suspensions
The preparation of the various bacterins and cell suspensions differed
in the methods of growing the organisms, formalin treatment; and standardization,

The 8; organism was grown in the following manner., Five §; colonies were
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picked from a SFraéar pléte and inoculated into oune tube'containing 10 ml of
trypticase.soy'broth. The tube was incubated for 24 hours, after which a
Gram stain was made of the resulting cell suspension, A'sample of the cell
suspension was.streaked on a SF agar plate and incubated for 48 hours.
Following this time 6 coIoniés were picked from the plate and each was
inocula;ed into a separate tube containing 10 ml of trypticase soy broth,
The tubes were incubated for 24 hours, Samples were removed from each tube
and inoculated into differential media to ascertain if each tube contained
the‘séme.organism.

Samples were removed from each tube and inoculated into two 250 ml glass
Serval centrifﬁge bottles containing 200 ml of trypticase éoy broth, These
bottles were then incubated for 24 hours., After this time, & sémpleé were
removed ' from éach bottle, each was smeared on a slide, and Gram stained as
a check against contamination.

The Bj organism was grown in the foll@wing manner. Six colonies were
picked from an EMB plate and Gram stained. ©Cells from the picked colonies
were streaked onto 6 new EMB agar plates and incubated for 48 hours.. At the
end of the incubation period, one colony from each plate was picked at ranaom
and inoculated into a tube containing 10.ml of. trypticase soy broth. The 6
tubes were incubatéd for 24 hours. Samples wegé taken from each tube and
inoculated iﬁto differential media to ascertain if each tube containea the
same organism.,

Samples Wergnthen transferred from the 6 tubes into one tube containing

10 ml of trypticase soy broth. The tube was incubated for 24 hours after




which time, 1.0 ml of the cell suspension was ¥eﬁoved and used to iqoculate
two slants. The slants were made by placing 13,0 ml of trypticase soy agar
. in milk dilut;on bbttles, plugging the béttles, and autoclaving for 20
minutes at 17'1bs; The bottlés'wére remo&ed and plaéed-on their sides until
the agar solidified. One-half ml of cell suspension was added to each slant
and swished arouna the'agar surface, The bottles were inverted and the
exéess.cell suspension- poured off. The inoculated slants were incubated

for 24 ﬂours in thg inverted;positiop. :

ufhersi.ceilshwere‘hgévesééd by centrifugiﬁg tﬂe bot;les“for 20 minutes
at 1000 rpm in a Serval'féffigerated centrifuge. The supernatant was removed
and 160 mllof sterile saline added to each bottle. The cells were resuspended
and again cehtrif;ged at 1000 rpm for 20 miﬂutes. The cells were washed-in
thié manner 3 tiﬁes.A After the third wash, the cells were fesuSpended in
100. m1 of salin; containing 0.5% formalin.

The By cellsvwere harvested by addition of 10 ml of saline to each slant
and loosening the cells with sterile, curved glass rods. Tﬁe resulting cell
suspension was plécéd in sterile Sérval centrifuge tubes and washed three
_ times withﬁs;erile saline. This wa; ghe same for both the living cell
suspénsion ana the killed bacterin, The difference in the methods of
preparation was that the cells for the killed bacterin were resuspended
after the third washiné with 10 ml of‘sgline containing‘o.si fofmalin, whilg
only saline was used:in the living celi preparation.

The cell éusPensibns wefe standardized éccording_to two methods. " The

method of Hopkins was used for the Sj bécterin, and the nephelometric-method
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‘bf'McFetlend was used for the By preparations. Both these metheds are given

in Clinical Diagnosis by Laboratory Methods (Todd, Stanford and Wells, 1953}.

The method of'Hopkihs consisted of filtering the bacterial suspension
through cotton into aA256'm1 Erlenmeyer flask. Ten ml of the filtered cell
suspension were placed in each of 4 Hopkins centrifuge tubes-and_run at 2800
rpm‘for'30 minutes in a clinical centrifuée. At the end of this time, the
supernatant fluid ahd all the bacterial sediment above the 0,05 ml mark on .
the Hopkins tubes were, removed with sterile capillary pipets. Saline con-
ta1n1ng 0.5% formalln was added to the 5 0 ml mark in each tube and the cells
resuspended, Th;s gave a 1% cell suspension; which for the 51 organ?sm was
equal to a concentration_of 8 x.1010 cells per ml. The.1l% suspension was
then diluted-hith saline-containing 0.5% formalin to two:concentrations. The

0l0

first contained 1 x 1 'cells per ml and was used for the injections, The

secoqd contained 2 x 101.O cells per ml ahd was used for the agglutination
cests.
| The B; cells were standardized by turbidity. The cell suspension was
filtered through cotton, and one ml of the filtrate was added to a standard -
test tube. Saline-formalin mixture was used to dilute the killed bacterin
to agree with the Mcfarland tube # 7. Saline.was used to dilute the 1.0 ml
of cell suspension for the living cell mixture to the McFarland tube # 7.
The amount of fluid necessar& to dilute the 1.0 ml of cell suspension to
_ this concentration was noted and the rest. of the cell suspension was diluted
aecordiﬁgly. This gave a.cell concentration of 2.1 x 1010 cells per ﬁl,

N

which was used for the aggiutination tests, Twenty ml of this suspension
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was then diluted l:é to give 1 x 1010 cells per ml, which was used for injections.

The diluted cell suspensions were placed in sterile vaccine bottles, capped
and labeled. Those which were formalin treated were incubated for 24 ﬁours,
Following this, 1.0 ml was removed from each bottle and inoculated into sterile
fluid thioglycollate tubes and into brain heart infusion tubes, The tubes
were incubated for 48 hours to test organism kill, |

As a check for.possible serologi; changes in the fecal test organisms by

nthe end of the experiment, cell suspensions were made of tﬁe organisms which
appeared on the last set of plates for the fecal organism counts, Plétes
with low numbers qf organiéms were chbsen; and every colony on the plétes
ﬁicked and inoculated into tubes coptaining iS ml of trypticage soy broth.
The tubes were incubated for 24 hoﬁrs. '

After incubaéion the Sj-like organism suspensions were-transferred to
sterile centrifuge tubes. The tubes were centrifuged, the supernatant- fluid
was poured off and the cells resuspended in 10 ml of ;aline. The cells were
washed 5 times as before, After the last washing the cells were reSuSpen&ed
in 10 ml of saline containing 0.5% formalin; The resulting‘cell suspensions

_weﬁe_stan@ardized by the Hopkins method, and diluted to concentrations of |
2 x 1010 cells per ml, Thése cell'suSpensiohs were used in agglutination
tests against both the sera collected from the rabbits at the start of the
injection period and the sera from the final bleedings.

The Bj-like organisms were inoculated from the tubes onto slants of
‘tryéticase soy aga;-aﬁd incubated for 24 hours, Following this, the organisms

were washed off each slant with saline and curved glass rods and placed in




17
sterile Serval céntrifuge tubes. The cells were washed three times and
resuspended in saline. The resultiﬁg cell suspensions were standardized
using McFarland tube # 7. The cell suséensions were used in agglutination
tests against the original sera and éera from the final bleedings.

A bacterin of Escherichia coli (Montana State College stock culture # &)

was made to check for nonspecific agglutinins in the rabbits' sera,

The organism was inoculated into 10 ml of trypticase soy b;oth and
incubated for 8 hours.' At the end of this period the resulting céll sus~
pensionlﬁas stréakgd onto milk dilution‘bottle slants. The cells were ’
grown, harvested, and treated as previously explained for the Bj cell sus-
pension, The suspension was standardized against McFarland tube #. 7, which
gave an approximate concentration-of. 2.1 x 1010 celils per ml.i\This was the

concentration used for the agglutination tests,

Determination of circulating antibody titer against the test organisms

‘Blood was -collected from the rabbits by the earxr puncture and heart
puncture techniques. Weekly Blgeéings were done dqrihg the teét period,
starting one week Sefdre the first injection. At the time of the ear
bleedings 10 to 15 ml of blood was collected from each rabbit. The blood
was allowed to clot at room temperature for three hours, then the clots
were ringed with sterile’applicatﬁr sticks and stored over night at 5 C.
The next ﬁorning the expressed sera were poured into sterile glass
centrifuge‘tubes and spun at 1000 rpm for 20 minutes. The supernatant
fluid was poured into sterile metal capped tubes and used immediately, In

the heart puncture technique 40 to 50 ml of blood were collected and treated -
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as mentioned above.
The sera collected by these two methods were used in the agglutination

tests. The test method used was a modification of that described in Carpenter's

Immunology gnd Serology (1956). The’modification was in the dilutions used.
Thé dilutions used in this experiment are shown in Table I. For the B;
organism, it was necessary to use dilutions in the range of 1:4,096, and
for the'S1 orgénism, it was necessary to use dilutions-in the range of
'1:131,072.

The égglutination tubes‘were shaken and incubated in a 37 C water bath
for 24 hours. At the end of this time, the tubes were read. This was the
only temperature used in the agglutination-studies.

| Agglutination tests were run on the serum from each rabbit every week
during the injection period, Tests were made with each serum against both
tbe Bl'and él bacterins,‘ At the end of the experiments agglutination tests

were also run with the various sera using E. coli and the Sj~like and Bj-

1ike'organisms as the antigens.
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TABLE I

Dilutions used in the agglutination tests

tubes . saline serum’ antigen dilution
: ml . ml [ m

1 0 0.5 0.5 1:2

2 0.5 - 0.5 0.5 1:4

3 0.5 0.5 of 1:2 0.5 1:8

4 0.5 0.5 of 1:4 0.5 1:16

5 0.5 0.5 of 1:8 0.5 "1:32

6 0.5 0.5 of 1:16 0.5 1:64

7 0.5 0.5 of 1:32 0.5 1:128

8 - 0.5 0.5 of 1:64 0.5 1:256
-9 0.5 0.5 of 1:128 0.5 1:512

10 0.5 0.5 of 1:256 0.5 1:1024
11 . 0.5 0.5 of 1:512 0.5 1:2048
12 0.5 0.5 of 1:1024 - 0.5 1:4096
13 0.5. 0.5 of 1:2048 0.5 1:8192
14 0.5 0.5 of 1:4096 0.5 1:16,384
15 0.5 0.5 of 1:8192 0.5 1:32,768
16 0.5 0.5 of 1:16,384 0.5 1:65,536
17 0.5 0.5 of 1:32,768% 0.5 1:131,072
18 control 0.5 g.5

* Discard 0.5 ml from last tubg

Method of increasing the circulating antibody titer

After the original circuléting antibod; titer had -been determined against
the test organisms, the rabbits recefved,injééfibﬁs'of the two test bacterins.
Of the test animals, 2 were chosen to,?gceive’the_Bl Suspenéion, 2 to receive
the S; bacterin, and the remaining 2 were kept as controls. The route of

injection was through the marginal ear vein,

"The injection schedules used were as given in Garpenter's Tmmunology and
Serology (1956)., Two different schedules were used due to the two different

types of bacterins. These are given in Table II.
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TABLE II

Schedules followed to administer bacterins

Time after ’ Amounts
first injection -

Days | ‘ S1 bacterin¥* By cell suspension
0o - . 0.1 ml 0.1 ﬁl wk
1 o ' 0.2.ml **
2 | B ST 0.3 ml R
3 | : | | "0,3 ml 0.1 ml *
4 | | | 0.2 ml %
5 . o : 0.3 ml*
7 | osm

10 ' 1.0 ml : 0.5 ml *
14 , 2.0 ml |

* Cell suspension containing 1 x 1010 cells per ml,

*% Cell suspension containing 1 x 108 cells per ml.

Determination of coproantibody concentration in the feces

The feces were coliected as before except the cover newspaper was not
sterilized. The feces were weighed 55 close as possible to 4 grams without
cutting a pellet and were diluted 1£4 with saline, At first this was done
in 30 ml beakers. The beakers were shaken on a rotary. shaker for 10 minutes,
Thée supernatant fluid was poﬁréd into plggtic,Sexygl centrifuge. tubes and

spun at 7,000 rpm for 10 minutes. The supefhatant’was poured off into sterile
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test tubes and agglutination tests were run on this fluid uéing'the By and
S1 organisms as the antigens, |
Because the first dilution possiblevwith this method was 1:8 and there
. . - -
was not agglutination recorded, the fluid was concentrated. All the super~
natant fluid present after pentrifﬁgationiﬁas placed in dialysis bags and
alléwed to evaporate, When this was firét done, the concentrate was one
half of the original volume, Agglutination tests were run on this material
but no agglutinafiqn was present, |
| Another method wasAused in which the fecai sampleé ﬁeré ground up and
plgcgd in plastic centrifuge tubes with 4 ml saline added for each gram of
feces. Ihe tubes were capped, and shaken for 2 minutes., The tubes were
placed in a Serval refrigerated centrifuge and spun at 7,000 rpm for 10
minutes. The supernatant.was removed and placed in dialysis bags and again

evaporated., The fluid was concentrated 8 fold and agglutination tests rumn

with it as the antiserum.




CHAPTER IV,

EXPERIMENTS AND RESULTS

Description of test organisms

The organisms isolated from the rabbits' feces were designated B; and

S1. Based on the various reactions and characteristics the isolates.

exhibited;(Table III), they were identified according to Bergey's Manual of

Determinative Bacteriology (Breed, Murry, and Smith, 1957). The B] isolate

was identified as Bacillus pumilus. The S; isolate was identified as

Streptococcus faecalis.

TABLE III

. Characteristics of the Bl'and Sy isolates

convex, 2 mm in

diameter, smooth
and mucoid.

Test B. pumilus S. faecalis
Gram reaction f ¢
02 requirement. aerobic facultatively anaerobic
Spore formation # - )
Swelling due
to spores - ' -
Size - 0.7 by 2.0 u 0.7 u
Colonies on EMB circular, entire absent

Growth in broth

pellicle formed

Colonies on SF absent circular, entire
: convex. . 1 mm in
diameter, smooth
and mucoid.
Capsule present - -
Cells found singly in chains or pairs
aerobic flocculent

heavy sediment.

Motility

# in SIM medium

- in SIM and hanging
drop
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Test B. pumilus 8. faecalis
Temperature range .

10 C absent 14

20 C 2 4 34

28 C 4 # 4 4

35 ¢ 4 f 4 f

45 C 2 4 2 4

56 C absent absent

1 # equals slight growth, 2 # equals fair growth,

Gelatin liquefaction

3 # equals good growth, 4 # equals abundant growth,
7 _

-

Starch hydrolysis

=

Litmus milk peptonized reduced in 24 hours,
) acid curd in 48 hours

6.5% NaCl broth growth growth’

7.0% NaCl broth growth -

9.0% NaCl broth , - -

pH 9.6 broth - #

glucose acid acid

lactose " acid acid

sucrose acid acid

galactose acid acid

arabinose acid acid

mannose acid -

maltose acid =

Number of test organisms per gram of feces

These experiments were designed to show any change in the number of

test organisms per gram of feces during a period of active immunity.

Bacterins of the two test organisms were given to groups of rapbits. The

number of each test organism per gram of feces was checked in rabbits

immunized with the B; bacterin, in rabbits immunized with the S; bacterin,

and in non-immunized rabbits.

The feces were collected as previously déscribed. After being diluted




24
1:100 with phosphate buffered water the fecal mixtures were agitated for 10
minutes in Waring blendors. Serial dilutions were made and the material

plateds

To determine the‘number'of Bacillus pumilﬁs organisms per gram of
feces, EMB agar was used as the plating medium; On EMB agar the organism
produced a colony form similar“to that produced by species of Aerobacter,

The colonies were-circﬁlar, entire and convex. Their average size was 2
mm in diameter. They contained a dark purple center with light purple edges.

To determine the number of Streptococcus faecalis organisms per gram

of feces, SF agar.was used as the plating med ium, On'SF agar the organism
produced a yellowish zone around the colony.

Plate counts were run weekly, starting one week before the first in~-
jection and proceeding through the injectidn pericd. The last counts were
made 46 days after the first injection. The counts were tabulated according

to which bacterin the animals received, Group 1 animals received the

Qacillus pumilus bacterin, group 2 animalé received the Streptococcus
faecalis bacterin, and group 3 received no bacterin and was the control
group; Each group‘consisted‘of two rabbits.

As tﬁe cixcuiating antibody concentration against B. pumilus increased
in the group one ?abbits which had received the B. pumilus bacterin; there
were no appreciable differences in the number of B. pumilus organisms found
per graﬁ of feces as shown on the EMB azgar plates. There were also no
appreciable differences in the numﬁer of S. faecalis organisms per gram of

feces. The counts are shown in Table IV.
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TABLE IV

‘Number of Bacillus pumilus and Streptococcus faecalis organisms
.per gram of feces from rabbits immunized with a B. pumilus bacterin

|

~ Time after Rabbit #1 .. ] . Rabbit #4
first injection B, pumilus | S, faecalis B. pumilus | S, faecalis

Days ' Counts x 104

O% 41 15 60 18

7 ‘ 4 13.5 30 13.7
14k 5 12 37 | 8.3
22 4.5 12 9 4
25% %% 13 16 50 ‘ 10.2
29 . ‘ 7 23 o - 19 19.5
36 65 ‘ 30 16.5  |. 4
39 : 120 55 | 38 45
44 | 57 .20 41 31
45 120 - 80 . 500 180
46 50 30 ' 600 137

# Time on which immunization with a formalin killed Bacillus pumilus
bacterin began.
%% Time on which immunization with a 11v1ng cell suspen51on of Bacillus

pumilus began.
*%% Time on which the peak circulating antibody titer was reached.

To determine the effect upon the test organism &hrimg the period of

immunization additiomal isolations were made. When the final plate counts

were made 46.dayé after the étart of the imjection period, all the colonies
from the EMB and SF agar plates with the lowest number colomnies were picked
ap@_;rgnsfefred to tubes containimg 15 ml of trypticase soy broth. One EMB
and one SF agar plate was used pér rabbit.

~ Twenty-seven colonies were picked from the EMB agar plates containing

the fecal samples from the B. EUmllus immunized group of rabbits., Of the 27

tubes contalnlng the 1solates, two showed aerobic growth The other 25

" tubes showed growth only in the bottom 2/3 of the broth. Samples from all
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27 tubes wefe transferred to tubes of fluid thioglycollate medium and te the
same differential media used to idemntify the origimal B. pumilus test
organism, The céll suspensions remaininé in the trypticase soy tubes were
then standardized according to the method of McFarland using standard #7.

All the colonies picked from the EMB agar plates comtaining theAfecal
samples from groups 2 and 3 grew aercbically in the trypticase soy broth,
Eight tubes were randomly chosen from edach group and samples from each tube
were inocculated -into thioglycolléte medium and the differéntiél media used to
identify the ofiéinal B. Edmilusu The‘;emaining suspensions in these tubes
were standardized according to thé method of McFarland using standafd #7.

The 25 orgaﬁisms from group 1 which grew in the lower 2/3 of the trypti-
case soy broth also grew that way in the thioglycollate medium. . Because of

_ their reaction and characteristics on the differemtial media, they were

identified as members of the genus Lactobacillus. The 2 aercbic organisms

were found to be members of the species B. pumilus, All the organisms from

groups 2 and 3 which were tested were found to be members of the species

B. pumilus.

Agglutination tests were run on the 27 organisms from group 1 and om

the 16 erganisms from groups 2 and 3. The tests were dome using sera .
collected. from the group 1 rabbits before immunication and sera collected

after immunizétion. The immune sera contained agglutimins agaimst B.
pumilus in a titer of 1:2048. The sera collected from the rabbits before
immunization'contained agglutinins against B, pumilus in a titer of 1:8.
Agglutination tests were also run against the 43 isolated organisms using

sera from the group 2 and 3 rabbits. These sera contaimed agglutinins
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A

against B. pumilus in a titer of 1:8.

The 25 Lactobacillus organisms were found to have nof titer in the low

titer sera from gfoup 1, 1In the éefa from this group containing agglutinins
against B, pumilus in high titer, these 25 organisms showed titers of 1:16
as compared to titers of 1:2048 for the B. pumilus organism. The 2 isolates
from the final plafe count which were identified as Ql pumilus showed
agglutination titers of 1:8 in the low titer sera and 1:2048 in the immune
sera, These 2 organisms were therefore considered to be the same das the

original B. pumilus organism, Thelresults are shown in Table V.

TABLE V.

Circulating antibody titers present in rabbits immunized with
Bacillus pumilus bacterin against the Lactobacillus sp. and
B. pumilus organisms isolated during the final plate counts

Organism Low titer sera Immune sera
Original B. pumilus 1:8 1:2048
Final B. pumilus ‘ 1:8 1:2048

. Lactobacillus o . 1:16

The 16 organisms isolated from the feces of groups 2 and 3 showed the

same titers as the original B. pumilus organism in both the low titer and

‘immune_gera collected from the group 1 rabbits.

Thev25 Lactobacillus organisms showed no titer in the‘sera from the
groups 2 and 3 rabbits. The 2 B. pumilus isolated‘from the final plates
containing the fecél samples from group 1 showed the same titer in the
sera‘from the groups 2 and 3 rabbits as the 6rigina1 B. pumilus organism

(Table VI).
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TABLE VI

Circulating antibody titers against Bacillus pumilus and
Lactobacillus sp. in sera from groups 2 and 3

~ -
Organism ' Group 2 Group 3
Original B. pumilus ' 1:8 1:8
Final B. pumilus 1:8 . N 1:8
Lactobacillus .0 ; 0

The plate count methods did not show any effect of increased antibody
coﬁcéntrations on thelnumber qf colonies resembling thosé of B, Bgmilus and
S. faecalis per gram of fécesa However, the increased aptiquy concentrations
did have effect oﬁ the organisms, ﬁhen the antibody concén;ration against

B. Rumilus was increased, the number of g. pumilus o;ganisms found per gram

of fecgs decreased and a Lactobacillus producing a colony similar to that of
B. pumilus was found in large numbers, This organism was only found in the.
feces of the B, pumilus immunized rabbits, not in the other two groups,

As the circulating antibody concentration against S. faecalis
increased in the group 2 rabbits which had received the S. faecalis bacterin,
there was no appreciable differences in the number of §. faecalis organisms
found per gram of feces as showﬁ'by the SF agar, There-were alsoc no

appreciable differences in the number of B. pumiluslbrganisms {(Table VII).
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TABLE VIT

Number of Streptococcus faecalis and Bacillus pumilus organisms found
per gram of feces in rabbits immunized with a S, faecalis bacterin

Time after . Rabbit #2 Rabbit -#5
first injection S, faecalis | B, pumilus S, faecalis | B. pumilu
Days o I Counts x 104 ’
o* 1.9 18 4.8 5.2
7 . 2.2 7.5 3.7 3
14 1.2 4 3.1 4.3
22%% «D 3.7 5.9 3.9
39 ' 100 153 3 3
44 6 8.3 4 5.9
45 ' 700 "1000 - 30 85
46 5.5 | 31 4.9 10.1

* Time on which immunization with the Streptococcus faecalis bacterin began.
*% Time on which the peak circulating antibody titer was reached,

Twenty-five colonies were picked from the SF agar plates containing the

fecal samples from group 2. This was the group of rabbits which received

the Streptococcus faecalis bacterim. ALl 25 tubes showed the same growth
the original §. faecalis possessed in this medium. Samples from each tube

were inoculated onto the came differential media as were used to idemntify

- the original S. faecalis isolate. The remaining cell suspensions in the

tubes were standardized according to the method of Hopkins.
All of the colonies picked from the SF agar plates containing the fecal
samples for groups 1 and 3 exhibited the same type of growth im the trypticase

soy tubes as the original S. faecalis., Eight tubes were picked at randem -

' from each group and samples imoculated imto the same type of differential

media as were used to identify the origimal §. faecalis organism. The cell

suspensions remaining in these tubes were then standardized accordimg to the
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method of Hopkins;“
From their réactions and charactéristics on the various differenti§1.
media, all of the>picked organisms from the three groups were identified as

members of the species Streptococcus faecalis.

Agglutination tests were run on the 25 organisms isolated from the rab-
bits immunized with a S. faecalis bacterin aﬁq'on the 16 organisms isolated

from groups 1 and 3., These tests were done using sera collected from the

.group 2 rabbits before the immunization with S. faecalis began and with

sera collected after immuﬁization° The low titer sera contained agglutinins

_against S. faecalis capable of agglutination in a 1:8 dilution. The immune

sera contained agglutinins against S. faecalis in a titer of 1;65,556e
Agglutination tests were also run against the 41 isolated organisms using

sera from groups 1 and 3. These sera contained agglutinins against S.

faecalis in a titer of 1:8.

The 25 organisms isolated from the feces of the group 2 rabbits were
found to have no agglutination titers in the serum from the non-immunized
rabbits, In the immune sera these 25 organisms were found to have

agglutinins in the titer of 1:16 as compared to titers of 1:65,536 for

"the original S. faecalis organism. The results arg'shown in Table VIII.

TABLE VIII

Circulating anﬁibody titer present in rabbits immunized with
Streptococcus faecalis against the S. faecalis organisms
present in the final plate counts

Organism <, Low titer sera Immune sera
Original S. faecalis - , 1:8 1:65,536
Final S. faecalis ‘ 0 - 1316
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The 16 organisms from groups 1 and 3 showed the saﬁe titers as the
qriginal S. faecalis organism in both the imﬁune and low- titer sera from
the group 2 rabbits.,

The 25 organisms from group 2 did;not show any titer with the séra from
groups 1 and 3, |

The plate count methods did not show any effect of incfeased antibody
concentrations on the number of colonies resembling those of B, pumilus and
S. faecalis per gram of feces. Héwever, the increased antibody coqcentrations
did have effect on the érganisms. When the circulating antibody titer was
increased against §. faecalis a complete sero-type shift was found in the
S. faecalis organisms isolated from thé feces. Because of the mannmer in
which’tﬁe bacterin was made, all major sero-types of the organism‘which were
present in the feces would have been included.

During the course of thé experimént, the control gfoup showed only a
normal fluctuation in thé number of B. pumilus and S. faecalié orgénisms
found per gram of feces. This fluétuation would be expectéd using ﬁlate,
count methods and differential plating niedia. The comsistency and water
Sgp;entvof the rabbits' feces varied from count to count. This would also

give a fluctuation in the organism count.(Table IX).
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TABEE IX

Number of Bacillus Eumilﬁs;andw&treptococcus faecalis organisms

found per gram-.of. feces in the control rabbits

Rabbit 73~

Time after Rabbit #6
first injection B. pumilus | S. faecalis | B. pumilus | §. faecalis
Days Counts x 10%
0 23 49 35 83
7 3 4.4 22 40
14 4,1 3.9 7.4 2.1
22% 3,3 4.4
39 120 137 .
44 50 - . 38
45 | .- 800 20
. 46 B B " 43 Tl 16,57

* Rabbit #6 died from an over-dose of Nembutal,

COpyéantibody

Koshland and‘Bﬁrrows (1950) stated that in immunization both serum and
fecal antibody are produced. Because of.this; an experiment was performed
to demonstrate‘the presence of cbproantibody in the feces from the immunized
rabbits, This would explain how the iﬁcreased circulating antibody con-
éentration affected the fecal qréanisms. However, when the feces were
collected and treated as previously explained, fhe presence of coproantibody
'gguld not be demon§trated. Agglutination tests were run with fecal éggrgcts
and the test bacgerins, but no agglutination was found in any concgntration°
This could be due to a reaction of the fecal organisms and the coproantibody
in the animals rather tﬁ;; to the non—productio# of coproantibody.

Because of the possibility of introduction of organisms through the

feed, an experiment was done to determine the presence 6r absence of the

test organisms in the feed., Plate counts were made of the feed durihg
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various periods in the experiment.
One gram of feed was colleéted and diluted 1:100 with phOSpha;erbuffer,
The mixture was agitated for 10 minutes in a Waring blendor and serial
dilutions were made. .The samples were plated with Both-EMB and SF agars
used as the plating media.

Bacillus pumilus was found in every sample of food tested. Streptococcus

faecalis was found in the first platings but not in the others., The B,
pumilus and S. faecalis organisms isolated from the feed were the same as
thé'originél organisms isolated from the feces. The results are shown in

Tab le X ®

TABLE X

Number of Bacillus pumilus and Stfeptococcus faecalis organisms
found per gram of feed

Time after start . Sample - #1 "~ Sample #2
of Experiment B. pumilus | S, faecalis B. pumilus | 8. faecalis

Days _ A . Counts x 107 )

0 - 180 ' 3.3 135 3.8

7 30 <0.1 55 - <0.1

14 - 73 “€0,1 40 <0.1

44 165 <0,1 98 <0.1

45 79 0,1 167 <0.1

46 50 <0.1 94 <0.1

Sample #1 taken from the main feed bin.
Sample #2 taken from a cage feeder, picked at random.

Determination of circulating antibody titers in,rabbits'u
The sera collected from the rabbits before the start of the immunization
period were checked by agglutination tests for the presence of circulating,

antibodies against the two fecal test organisms. This work was done in order
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to determine if organisms while in the intestines could stimulate the produc-

tion of antibody.

The sera were collected through ear bleedings, Agglutination tests were

run against the sera .using the Bacillus pumilus and Streptococcus faecalis
céll suspensions. Sera were collected from each ragbit.

It was found that the sera from the non-imﬁunized rébbits contained
agglutinins in low titer against the test organisms. All 6 animals hag
agglutinins capable of agglutination in a 1:8 diiution wigh S. faecalis,
Fi?e of the 6 rabbits'contained agglutiﬁins capable of agglutination in a
1:8 dilution with B. gumilus; the other animal contained aggiutinins_capable

of agglutination in a 1:4 dilution. The results are shown in Table XI.

TABLE XI

Agglutination titers present in non-immunized rabbits against
the Bacillus pumilus. and Streptococcus faecalis organisms

Rabbit Titer against B. pumilus Titer against S. .faecalis
#1 1 1:8
#2 '
#3
#4
##5.
#6

.
.
.
.
.
.

e e
os es ae

Co 00 00 00 &
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0o 00 00 00 O
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Emslie Smith (1948) had reported the presence of agglutinins against

bl

strains of Escherichia coli in the sera from normal rabbits, Therefore
agglutination tests were run using the sera from the 6 non-immunized rabbits
and a cell suspension of E. coli. This was done to see if agglutinins

against E. coli were present in the rabbits and if the low agglutination
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titers fecorded iﬂ this experiment against the two test organisms were due
to non-specific agglutinins, |

The agglutination tests were'done. The itubes. were shaken aﬂd incubated
in a water bath for 24 hours, No agglutination was observed in any of the
tubes in.dilutions as low as 1:2,.

The sera collected before immunization from the 6 rébbits were then
treatéd with the E. coli cell suspension to remove any non-specific
agglutinins present in the sera, |

Twé ml of sera from each rabbif we;e placed in a tube and 2 ml‘éf the %

E. coli cell suspension were added to each tube, The tubes were shaken and

incubated in a water bath for 24 hours. At the end of this time the E. coli |

cells were removed by centrifugation at 2000 rpm for 30 minutes, The
supernatant fluid was poured off and used to rum agglutination tests against
the B. pumilus and S. faecalis bacterins,

When the agglutination tests were run using the absorbed sera and the
B. pumiius and §. faecalis'bacterins, no differences in titer were found
’ be;ween_ﬁhe absorbed and non-absorbed sera. Both sera showed the l;Sltiter
with the S, faecalis bacterin, Five of the 6 sera showed a 1:8 titer with

B. pumilus, while the other sera showed a 1:4 titer with B. pumilus (Table XII),

TABLE XII

Agglutination titers found with Bacillus pumilus and '
Streptococcus faecalis using absorbed and non-absorbed sera

Rabbits i Absorbed sera ) Non-absorbed sera
. B, pumilus S. faecalis R. pumilus S. faecalis
#1 A 1:8 1:8 1:8 1:8
#2 1:4 1:8 1:4 1:8
#3 1:8 1:8 1:8, 1:8
#4 . 1:8 1:8 1:8 1:8
#5 1:8 1:8 1:8 1:8
#6 1:8 1:8 1:8 1:8
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Michael, Whitby, and Landy (1962) have found that strains of Escherichia

coli will tend to remove agglutinins again&:vafious organisms from thg sera,
especially against the enterobacteria., Also that many rabbits contain
agglutinins agains E. coli. These are the two reasons that this organism
was ﬁsed as a possible method of determiniﬁg whether or not non-specific.
agglutinins were respomnsible for the agglutination‘of the two fecal test

organisms in the sera from the:non-immunized rabbits.

Determinatibn'of'aﬁtibody‘increase'dufing injection period

While the giréuléting antibody was being increased for the determination
of its effects on thé fecal organisms, a side experiment was rum to check
the rate of antibody p:oductioﬁ on a weekiy basis.

The_animals were bled épproximately once a week during the injection

period. The sera were collected and agglutination tests run with the

appropriate bacterin. The Bacillus pumilus bacterin was used for group 1,

the Strepfococcué faecalis bacterin for group 2, andlboth bacterihs were
used to test the sera from group 3. The animals Qere also bled at the end
of the expérimgnts.

| Group 1 received‘a_formalin killed B. pumilus bacterim at the beginning
of the injection period, After 2 weeks no definite rise in titer had been
found. The rabﬁits in this group were then given a living B. pumilus cell
suspension, One week after the beginning of the living ;ell injections the
titer had started to rise, The rise continued until a peak titer of 1:2048
was reached 11 days after the first injection wiih the 1iving'celisq This

peak titer was maintained for at least 21 days at which time the last
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agglutination tests were run. Five months later the sera was tested and
the antibody concentration had returned to the titer found before the start

of the immunization period, 1:8 (Table XIII).

TABLE XIII

Antibody rise following injections of Bacillus pumilus into rabbits

Time after .
first injection Titer in Rabbit #1 Titer in Rabbit #4

Days, ’

0% 1:8 1:8

7 1:8 1:8
14%% 1:16 1:16
22 1:256 1:256
25 1:2,048 1:2,048
29 1:2,048 1:2,048
36 1:2,048 1:2,048
39 1:2,048 1:2,048
44 1:2,048 ‘ 1:2,048
46 1:2,048 “ 1:2,048
5 months 1:8 1:8

* Injecﬁion started with formalin killed bacterin of B. pumilus,
*% Injection with formalin killed bacterin 'stopped and injections with
living B. pumilus started.

Group 2 rabbits received a bacterin of formalin killedS. faecalis
‘qrgﬁpismg. Within 7 days after the first injection the agglﬁtination
‘titer had started to rise. This rise continued until 22 days after the
first injection at which time a peak titer of 1:65,536 was reached. This
peak was maintéined for at least 24 days; at which ;ime.the last aéglutinan
tion tests were run., Five months later.the sera was tested and the

antibody concentration had returned to the titer of 1:8, which was the

same as ‘had been found in these rabbits before immunication. The results
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are presented in Table XIV.

TABLE XIV

Antibody rise following injection of Streptococcus faecalis
' organisms into rabbits

Time after
first injection Titer in Rabbit #2 Titer in Rabbit #5

Days

0 1:8 1:8

7 1:32 1:32

14 1:512 1:512

- 22 . © 1:65,536 ' 1:65,536

39 1:65,536 1:65,536
L4 1:65,536 1:65,536
46 1:65,536 1:65,536
5 months 1:8 k 1:8




CHAPTER V
DISCUSSION

Bacillus pumilus and Streptococcus faecalis isolated from rabbits' feces

Bacillus gumilus and Streptococcus faecalis were found in the feces of
every rabbit tested. At Ehe beginning of the experiment the feces from 13
‘rabbits were examined for the presence of these two organismsol Under direct
microscopic examination of fecal smears, many types of organisms were present,
'However,'when the fecal samples were streaked onto plates and grown under
aerobic conditions, only'four main colony types were present, All four
types grew on nutrient agar but only two grew on EMB and SF agars. The
type which grew on SF agar was identified as 8. faecalis and the type which
' greﬁ on EMB agar as B. pumilus. Of the four coiony types which appeared under.
aerobic conditions gll were composed of gram positive organisms. No gram
negative organism was isolated from the feces. Because the bacillus gnd
streptococcus grew abundantly under aerobic conditions and were
distinguishabie on differential media, SF and EMB agars, they wére chosen
as the two test organisms.

_?he.two“;est organisms were alse found to ée present in thg fgedlgiven
-the ;abb;ts_du;iﬁé the course of the experiment. The B. Rpm?ius»ogganism was
demonstrated every time the feed was tested. The S. faecalis organism was
found present the first time the feed wéé tested but not in the succeeding

examinations.,

Naturally occurring antibodies

After the Streptococcus faecalis and Bacillus pumilus organisms had been

v
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isolated and classified, bacterins were made of each. These bacterips were
used to test the sera of the 6 test rabbits for the presence of circulating
natural antibody. These antibodies being natural only in the factythat the
animals had noé been formally immunized, This test was done before the
immunization began.
All 6 rabbits contained agglutinins capable of agglutination with the

§. faecalis in a 1:8 dilution of sera, Five of the 6 rabbits coﬁtained

agglutinins capable of agglutination with the B. pumilus in a 1:8 dilution

of sera, the other rabbit showed agglutination in a 1:4 dilution of the serum.

This agglutination is believed due to the presence of specific agglutinins

against the two organisms rather than non-specific agglutinins because:

1. The S, faecalis organisms isolated from group 2 at the end of 'the
élate count experiment did not show agglutination in any dilutiom with the
sera collected from the group 2 rabbits before the immunization period.
There was aiso no agglutination in any dilution with the sera collected
during the experiment from the group 1 and 3 rabbits, ‘If the agglutination
recorded in the sera against the original S. faecalis organism was due to
gon-sPe?}fic agglutinins,’then there should have been‘agglutination with the
‘new S. faecalis and the original sera,

2. The sera were absorbed with Escherichia coli and them tested against

the B, pumilus and S. faecalis organisms. The E. ¢oli would not remove the
specific agglutinins against the two test orgamisms, but could remove any
non~specific agglutinins present in the sera.

There were no differences in agglutination titers between the absorbed
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and non-absorbed sera. Thus the agglutination titers recorded should be due

to specific agglutinins against the two test organisms,

Coproantibody

Koshland and Bﬁrrows (1950) have reported the production of coproantibody
followﬁng injections with various bacterins. These appear during period§ of
active immunity. A modification of the method of Koshland (1952) was used
to demonstrate the presence'of coproantibody in the feces, Regardless of
the concentrations of fecal supernatént used it was impossible to show the
presence of the coproantibody. This is felt to be due to a combining of the
antibody and test organisms in the feces rather than to the lack of production
of antibody, This is suggested by the work of Gonzalez and Koppisch (1951),
No methods were used which could disrupt the antibody-antigen complex and
liberate free antibody. 1In further sfudies_of coproantibody against the
native intestinal organisms such a method would probébly be necessary to
demonstrate the production of the coproantibody.

- Although the presence of coproantibody was not demomstrated through
agglutination tests, its effects were found, After the circulating‘antibody
cgnpgptfétion in the rabbits had been raised changes were found in the fecal
organisms. |

The S. faecalis organisms isolated at the end of the:e#periment from
the group 2 rabbits were not the same sero-type as the origimal organism.
The other two groups of rabbits contained the original sermatybe of the S.
faecalis. The change in sero-type was.limitedlto the rabbits which had

received the S. faecalis bacterin.
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The rabbits which received the B. pumilus bacterin showed a marked
decrease in_the numbeg of that organism per gram of feces, This decrease
was not found in the other two groups of rabbits.

These changes.wopld seem to indicate some reactions in the intestines
of the rabbits. The cause of thege changes is believed to be due to the

production of coproantibody.

- Plate count method

The use of plate counts to detefmine:the number of test organisms éer
gram of feces did not prove satisfactory. The SF agar gave the‘number of S.
faecalis per gram'of feceé but Qid not show the sero~type change which took

place., The EMB agar gave.a number of organisms present, but a Lactobacillus

sp. which had the same colony characteristics as the B. pumilus organism
appeared on it. This new organism could not be distinquished from the B.
éumilus by colony morphology on this medium., A different method of
determination of the numbers of organisms per gram of feces would be

necessary if further woxk is to be done on this experiment.




CHAPTER VI
_smensry
The work reported in this paper had two main purposes:
i. fo determine if orgénisms normally found in rabbits' feces had
stimulated production of circulating antibodies in theirAhost;,
2. To aetermine what effect)'if any, an increase in specific
circulating antibody would have on the intestinal population,
Two organisms were isolated from the feces of every rabbit tested.

These were Bacillus pumilus and Streptococcus faecalis, When the sera from

non-immunized rabbits were checked for the presence of circulating agglutinins
against these organisms the agglutinins were found in low titer. The
agglutination wa§ demonstrated in a 1:8 dilution of serum for both organisms.
The agglutinins were shown to be specific rather than non-specific for these

organisms. The sera were absorbed with Escherichia coli to remove any non-

specific agglutinins present. WNo differences were found in the agglutination
titers between the absorbed and non=absofbed sera,

A plate count method was used to determine the number of B, pumilus and
S. faecalis orgénisms per gram of feces. The counts ramged from a low 5 x
103 organisms per gram of feces for the S. faecalis te a . high of 100 x 105
organisms per gram of feces for B. pumilus. With this method me appreciable
differences were shown in the number of organisms per gram of feces as the
circulating antibody concentration increased., When the organisms recovered
from the feces at the end of the experiment were examined howe-vérs it was

found that there had been a population change in the feces,
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EMB agar was‘u§ed fo; the counts of B. pumilus per gram of feces. At
the end of the study it was foun¢ that the number of B. pumilus organisms

had decreased as the titer rose, and a new organism identified as a

Lactobacillus species had éppearedﬂin the feces. This was .shown by
identification of thé colgnies present on the final EMB plates. Tﬁis change
was found only in the rabbits which had been immunized with a B. pumilus
bacterin, The control rabbits did not show this change in. their fecal flora.

The B. pumilus and Lactobacillus organisms could not be differentiated

according to colony type on the EMB agar. Therefore the counts made at the
end of the experiment contained both B. pumilus organisms and the

Lactobacillus organisms,

SF agar was ﬁsed,for the counts‘of S. faecalis orgamisms per gram of
feces., At the end of the study the organisms isolated, from the feces on the
SF agar were examinéd° All the organisms present were S. faecalis. However,
the organisms present on the plates from the rabbits immunized with a S.
faecalis bacterin showed a change in sero-type, None of the originél sero=
type organisms were- found on the plates. The control rabbits did not show
thié chﬁngg. _They contained only the origimal sero-type S. faecalis organisms.

The feces from the immune rabbits were examined for the presence of
coproantibody. With the use of agglutination tests it was impossible to
demonstrate the presence of c0proantib6dy against the two fest orgamisms .

in the feces of the rabbits,
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