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THE INCIDENCE OF PILUS ANTIGENS ASSOCIATED WITH
ENTEROTOXIGENIC PRODUCING =. COLI ISOLATED
BY THE KSU VETERINARY
DIAGNOSTIC LABORATORY

INTRODUCTION:

There are several syndromes of enteric disease caused by Escherichis
coli. These syndromes have been documenfed in domestic animals, birds,

and man. There are various forms of enteric disease caused by E. coli

and range from local enterotoxic to invasive-septicemic.

Pathogenic and nonpathogenic are ways of referring to E. coli

that do and do not cause disease respectivelv. The potential to
cause disease "of an enteric nature" is described as enteropathogenic

by Netter.2 These organisms can be further described as enterotoxigenic
or non-enterotoxigenic referring to the ability to product toxins.3

Certain strains of E£. coli possess special virulence properties;

among these are production of pili and toxins. Bacterial pili or
fimbriae are nonflageliar filamentous appendages on the bacterial

SLum‘ac:c—_1.4’:J

Pi1i are made of polymers, or repeating subunits of

pilin and consist mainly of protein with a high content of hydrophobic
amino acid. The pili, are extremely hydrophchic proteins, and are

easily contaminated by other bacterial surface antigens such as outer
membrane protein and }ipopo1ysacchar1de.6 The presence of comtaminants
makes purification of pili difficult. This has lead to the classification

of E. coli pili based on fimbriae referred to as colonization factor

antigens [ and II on human enterotoxigenic E. coli. The tvpe I pili

are described as being 7 wm in width and causing mannose-sensitive
agglutination of guinea pig erythrocytes. The 987P strain of animal,

E. coli resembles the type I pili morphologically, but cause mannose-



-2-

resistant agglutination of human and bovine erythrocytes, making them

similar but distinct from those found in>>?+10

human intestines. Animal
K88 pili strains resemble K99 pili strains of L. coli in that both
are plasmid mediated.

The colonization factor or pili of enteropathogenic E. coli

found in domestic animals, namely bovine, ovine, and procine are known

as K88, K39, and 987P antigens.ll»12

It is generaily accepted that
colonization of the mucosal surface of the small intestine by enter-
otoxigenic E. coli (ETEC) occurs without tissue invasion and is one of

13 Colcnization

two necessary components in the pathogenesis of diarrhea.
adepends on the ability of the ETEC strain present to adhere to the
villus epethelium. This attachment is mediated by the pili. The pro-
duction and release of heat-labile (LT), or heat-stabile (ST), or both,
enterotoxins are required for a strain to be enterotoxigenic, and the
amount formed is related to the productive potential and population
size of the colonizing strain. The LT is reported to cause increased
fluid secretion by activation of adenylcyclase in the intestinal

mucosa.14 The mechanism of induction of fluid secretion by ST is

unknown but thought to be the same.15
The sequence of events in enterotoxic colibacilloses is:
1. Proliferation of ETEC in the lumen of the small intestine.
2. Attachment to the villus epethelium by the pili.
3. Production and release of enterotoxins.
4, Induction of excess fluid secretion by the enterotoxins.

5. Net loss of isotonic fluid into the intestinal Tumen with

subsequent expulsion of liquid feces.
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6. Sustained Toss of fluid and electrolytes causing d=hydration,
hemoconcentration, and acidosis often leading to death.15
Accurate and specific etiologic diagnosis of infectious diarrheal
diseases of domestic animals is difficult to obtain. Reasons for
this are: Mixed or multiple agents involved; asymptomatic infections
with some of the agents; signs are often nonspecific.
The primary objective of the present study was to determine the

frequency of the various pili antigens among the ETEC isolated at.the

Kansas State University (KSU) Diagnostic Laboratory.

HMateriais & Methods

Test Cultures

A total of 100 E. coli isolated from calves and pigs with diarrheal
disease that were collected at the KSU Diagnostic Laboratory were used
in this study. The isolates, once in pure cultures were tested for LT

17

by the Y-1 mouse adrenal cell culture test™’ and then tested for ST

by the infant mouse assay.18 The cultures were selected randomly and
on the basis of their ability to produce toxin, either ST or LT. The
jsolates wera collected from February 20, 1380 to October 10, 1980
and after they were tested for presence of toxin they were stored on
Tryptocase soy agar slants at room temperature in the dark.

Pili Antisera

A1l the antiserums used in this study were of rabbit origin. The
K99 and 987 pilus antisera was purchased from Dr. Paul Glantz, University
of Pennsylvania. The K88 antisera was produced by Dr. Robert Phillips,
KSU by injection of rabbits, with purified K88 pili. The strains of

E. coli used to produce the antisera are K87-K88ab 4-G-7, K87-K88ac



s

0149, K99-K99 0101 B85, K99 0101 B41, 987-P987-K30, OP987-K35, 0P987-
K99,

These sera were considered to be monospecific pilus antisera and
were used in agglutination tests at dilution of 1:10.

Pilus Antigen Detection

A1l cultures were inoculated into one ml of Trypticase soyvbroth,
grown for 18 hours at 37%¢C without shaking, 0.02 ml of the culture was
placed on a slide and combined with 0.02 ml of K88 pili antiserum.

The slides were then rotated for four minutes to complete the slide
agglutination test, and any agglutination recorded. Positive isolates
were then tested for agglutination with normal rabbit serum to rule
out any false positives from self aaglutination.

Isolates that remained KB8 negative were reinoculated on trypticase
soybroth and incubated for 18 hours at 37°C without shaking and then
tested for aaglutination with P987 antisera. As before any poéitives were
tested for autoagglutination with normal sera.

Isolates that were negative to both K88 and P987 pili antisera
were then inoculated in 2 mi of Minca IS broth and incubated at 37°¢C
for 18 hours without shaking. The Minca broth is a minimal salts media
containing Isovitalex developed to enhance K99 pili expression.
Following the initial incubation, 0.2 ml was transferred to a new 2 ml
tube of Minca broth and the culture was reincubated aé before. Upon
being passed to fresh broth two times the slide agglutination test for
presence of K99 pili was completed and all positive agglutinations

rechecked with normal sera.



Results

Enterotoxin Type (Table 1)

Forty of the isolates produced LT, 56 of the isolates produced
ST, and 4 isolates produced LT and ST toxins.

Pilus Antigens (Table 1)

Forty-two of the isolates produced K88 pili, 33 isolates were K99
pili producers, and 3 were found to axpress 987P pili. The remaining
22 isolates did not express pili or agglutinate with the antisera.

Species of Animal (Table 2)

Ten of the isolates came from calves, all of which produced stabile
toxins. Of these 10 isolates, 8 were positive on the slide aaglutination
test for production of K99 pilus and 2 did not express pili.

The other 90 isolates all came from pigs, 42 of these were K88
positive. Twenty-five were K99 positive, 3 were 987P positive, and 20

produced no pili.

Table 1. Enterctoxin types and pilus antigens detected.

ka8 k99 987p no pili
LT 34 3 0 3
ST 7 30 3 16

LT/ST 1 0 a 3




Table 2. Number of isolates per species of animal and types
of pili found in each.

isolates K38 K99 987 no piti
calves 10 Q 8 0 2
pigs 90 . 42 25 3 20

Discussion

The above results indicate that 56% of the toxin producing isolates
produce stabile toxin, 40% produce labile toxin and only 4% produce
both toxins. It must be considered tnat this study was completed on
(+) toxin producers and not on all isolates. The results also show
that 42% produce K88 pili, 33% produce K99 pili and 3% produce 987 pili.
The remaining 22% did not express any pilus production according to
the plate agglutination test. [t has been shown in other studies that
987 piliated strains of E. coli do not readily produce diarrhea in

19 Moon also

pigiets even when innoculated in very high concentrations.
reports that 987 antigen were not detected until isolates were grown

in vive. This may be respensible for the low number of 1‘so]ate52{J of the
937 group present in this study, as he further indicates the piliated
phase tends to grow in the small intestine and the nonpiliated phase

in vitro. One can only postulate that 987 is of lesser significance

as anh enteropathogenic strain due to its rapid ability to charnge phases

from piliated to nonpiliated. This also lends credibility to the

immunoflourescent tests which is done on freshly necropsied intestines
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and would detect more readily the colonization of villus epethelial
ceﬂs.l4
Many K99 ETEC are difficult to recognize when grown in vitro due
to lack of pilus expression.22 The most sensitive diagnostic method
is the use of immunoflourescence of sections or scrapings of the ileum

23 The

on animals suspected of diarrheal disease due to K99 ETEC.
difficulty in growing these isolates in vitro and_getting them to
express their pili may explain the preponderance of ST producing E.
coli in this study that did not express pili on the slide agglutination
test. Studies indicate a high incidence of K99 pili associated with

stabile toxin production in E. coli.®®

Conclusions
This study is consistent with the findings that K99 pili are often
associated with diarrheal disease in calves. That 987 is also a

25 in calves could not be supported, probably due to

cause of disease,
too few isolates from calves and in vitro culturing techniques which
are not conducive to pilus expression.

This study is also consistent with K88 pilus producing E. coli
predominating as the most likely cause of diarrheal disease in pigs,

26 ¥ ETEC are an

and being associated primarily with labile toxins.
important cause of enteric disease and while almost all (30 out of 33)
produced stabile toxins, 3 isolates produced Tabile toxins. All of the
987 pilus producing ETEC in this study were found as isclates of pigs,

but this only comprised 3% of all isolates indicating difficulty in

pili expression as well as low virulence.
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Pilus antigens can be used in identifying ETEC infections because
they are virulence attributes and because they occur most commonly on
ETEC.

The incidence of each serotype is significant in that it may aid
in predicting the possible protection that could be expected from a

pili vaccine containing any or all of these serotypes.



SUMMARY

Enterotoxigenic Escherichia coli isolated from pigs and calves
were examined for the presence of K88, K99 or 987P pili. A total
of 42% possessed K88 pili, 33% produced K39 pili and 3% produced 987P
pili. The remaining 22% did not express any pilus production according
to the plate agglutination test. The K88 possessing E. coli were
isolated primarily from swine and the K99 came from calves with severe

diarrhea.
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A COMPARISON OF ESCHERICHIA COLI BACTERIN VACCINE
AND PURIFIED PILI VACCINE IN GUINEA PIGS

G.L. Baughman and R.M. Phillips

SUMMARY

Escherichia coli serotype K87-K88ab was used to produce a whole

formalized bactrin and a pili vaccine. The pili was purified by
homogenization, ammonium sulfate precipitation, and DEAE-Sephadex
“ column chromatography. The vaccine was injected into 4 groups of guinea
pigs with and without aiuminum hydroxide adjuvant. The antibody titer
was determined by serial dilutions.

The higher titers of circulating antibody in guinea pigs injected
with purified pili vaccine and aluminum hydroxide, led to the conclusion

that the pili was a superior means of stimulating antitody response.

INTRODUCTION

In swine, production of neonatal diarrhea stems from ingesting

Escherichia coli with the ability to produce enterotoxin and attach
1

to the qut wall epithelial cells.” The toxin increases the adenylcyclase

activity in the epithelial cells resulting in severe fluid 1055.2

Portions of the intestine, however, are affected more than others. The
colon seems to be little affected by the toxins, while the small intestine
is severely affected. For disease to occur, the E. coli must remain

3

in the upper portion of the small intestine by attachments. Pili, a

nonflagellae hairlike appendage of bacteria make the attachment possibie.4

Somatic pili differ from the sex pili necessary for conjugal DNA transfer.
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Somatic pili are found covering the bacteria at all locations and are
more numerous than the sex pili. Pathogenicity of E. coli requires

both toxin production and pili for attachment.

The principle of a pili vaccine is to produce antibodies in the
host animal to eliminate bacterial attachment to the gut wall epithelial
cells and decrease colonization of the small intestine. Such a vaccine
would have the advantage of preventing pathogenic E. coli from spreading
within the herd as in the "milk vaccine".

Our objectives were to compare the circulating antibody production
to the pili antigen consisting of assemblies of identical protein
subunits and the antibody production of the killed E. coli formalized
bacteria of serotype K38ab. Alhydrogel adjuvant was used with each

type of vaccine to enhance the immune response.
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MATERIALS AND METHODS

E. coli strain. The strain used to produce both the purified

pili, and the bacterin was K87-K8Bab, obtainad from Dr. Paul Glantz,
Pennsylvania State University. This strain was positive on the infant
mouse test and produced heat-stable enterotoxin. Production of the
piliated phase was identified by plate agglutination of 24-hour, small-
mucoid colonies grown on blood agar.

Growth of the Bacteria. The small colonies just described were

picked from blood agar and inoculated into trypticase soy broth (TSB)
and incubated 24 hours at 37C without shaking. These cultures were
inoculatad into 1 liter of TSB and incubated 18 to 20 hours at 37C with
shaking.

Purification of the Pil1i. The pili was purified by Isaacson's

method, which is briefly described.

The bacteria were removed from the media by centrifugation at 3200
x g for 30 minutes.

The precipitated bacteria from each liter were resuspended in 20 ml.
of 0.05 M sodium phosphate buffer, pH 7.2 containing 1.0 M sodium
chloride.

The bacteria were then homogenized at #7 setting in a Sorvall
Omnimixer for 30 minutes at 4C.

Bacteria were removed by centrifugation at 17000 x g for 10 minutes
at 4C, leaving the pili in suspension.

Homogenization and centrifugation were used a second time on the
precipitated bacteria, the two supernatants were pooled and then stored

at -20C until used.
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Ammonium Sulfate Precipitation. 10.6 g/100 m1 of ammonium sulfate

was added to the pooled supernatants with constant stirring for 30
minutes at 4C.

The insoluble precipitate is removed by centrifugation at 20,000 x
g for 10 minutes.

11.3 g/100 ml of ammonium sulfate is again ;dded with constant
stirring and the insoluble precipitate is collected by centrifugation
and resuspended in PBS. This solution is then dialyzed overnight against

PBS until the ammonium sulfate is removed.

DEAE - Sephadex Column Chromatography. The dialyzed solution is

applied to the DEAE-sephadex A-50 coiumn (215 x 40 cm.) after the column
has been equilibrated and developed with 300 ml of PBS pH 7.2.

Following the sample application, 300 ml of PBS was applied to.
the column and the pili were recovered in the void volume.

The purified pili were collected and concentrated to 1¢ ml with PBS,
then stored at -70C until ready to use. -

Preparation of the Whole Cell Vaccines. The bacteria were grown

as described above in TSB. Plate agglutination was used to determine

the presence of the pillar antigen. The media were plated out to
determine the titer of organisms present after 18 to 24 hours'
incubation. Once the titer was determined, the bacteria were centrifuged
at 3200 x g for 30 minutes and resuspended in 1% formalin and saline at

a concentration of 9.4 x 107 ug. per miililiter. This soiution was
allowed to stand at room temperature 48 hours. To ascertain that all
organisms were killed, we plated the solution out on blood agar and

incubated it at 37C for 24 hours--with no growth.
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Vaccination Procedure. The 15 guinea pigs used were divided into

five groups of three with a control group. The guinea pigs were injected
twice subcutaneously 17 days apart over the shoulder. The first group
was given 0.8 ml of aluminum hydroxide adjuvant plus 50 micrograms of
purified K88ab pili in 0.8 ml PBS for a 1.6 ml dose of vaccine; the
second group was given 0.8 ml containing 50 micrograms of K88ab pili;

the third group was given 0.8 ml of aluminum nydroxide plus 1 ml1 of
culture containing 9.4 x lO7 organisms; the fourth group was given 1 ml
of culture with 9.4 ><'107 organisms. The control guinea pigs were not
injected.

Collection of Blood. Twenty-one davs after the second injection,

each guinea pig was bled from the heart.

Plate Agglutination Procedure. Two-fold dilutions with 0.05 ml

of serum in 0.05% formalized saline were made. To each dilution was
added 0.05 ml of culture containing 4.7 x 106 organisms. The plate
was then rotated 5 minutes before the test was read and the results
recorded.

Results. The importance of the K88 antigen, which enables entero-

toxigenic E. coli to attach to the epithelial cells, has been expressed
6,7,8

by other investigators. The pili allows close association of the
toxin producing E. coli with the cells of the intestine to cause enteric
disease and economic losses. Control of this disease by husbandry and
antimicrobial agents has not been effective. Even the results of various
immunological approaches have not been gratifying.

The results of this study clearly indicate much higher Tevels of

circulating antibodies to the purified pili antigen than to the whole
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bacterin (Table 1). The titers of circulating antibodies in pili-
vaccinated guinea pigs were at least twice the level found in pigs
vaccinated with the whoie-cell vaccine. An a]uminuﬁ hvdroxide adjuvant
enhances the immune response to the purified pili (compare groups 1

and 2). But no difference in the immune response to the adjuvant
appeared in groups 3 and 4, vaccinated with the whole bacteria.

The ¢linical response of the guinea pigs to administration of the
vaccine was clear. None of the animals in group 1 or 2 showed more
than the axpected discomfort from the injeétions. Response to the
bacterin injected by groups 3 and 4 was marked. Groups 3 and 4 guinea
pigs exhibited endotoxic shock, increased respiration, and sguealing
15 to 20 seconds after injection with hyperesthesia. Some appeared weak,
while others underwent repeated toxic contraction of limbs and trunk
and skeletal muscles. None required treatment, and all recovered
uneventfully in 10 to 15 minutes.

Both from clinical and immunclogical aspects, the pili antigen
appears to be a superior way to stimulate immune response. The present
methods of pili purification need to be improved to make the vaccine

economically feasible.



e oCO

— i
4 =

He
O QO
—

QOO

auLpes

Lw T wsiuebdo 0T X #°6

L

ueAnfpe apLxoapiy
wnurwnie bu Qf + auL|es
jw T ul wspuebao moH X ¥'6

Lptd sweabouaoiw Qg

jueanfpe apLxo.4pAy
wnutwnie swesboasLw gy
pue t1td jo sweaboudiu 0§

S1#

b1#
ET#

AL
LL#
OT#

o#
8#
L#

9#
v#

£
ot
I#

dnoun |oudqu0)

Bird eauLng
wsiuebao 9 oYM pazl|ew.oy

¥ m:OLw

bLd eaurny
Jueanfpy
HOIY % WsSLuebuo 3|CyM Pazl |vuwuog

¢ dnodp

bLd eauLny
Lid patjlang

Z dnoJay

L

BLd eauLhy
jueanfpe HOTy % LlLd patjtung
1 dnoag

paosnpodd saipoq
-ljue Jo 4931}

uorjaalul
/suLadeA jo AjLjuend

. “jueAnfpe aplLXoJ4pAy wnuiwnpe 3noylLM Pue yiLm uLuajloeq
pazieuios ILoyM 03 pue jueAn(pe spLxoupAy wnuiwnie Inoyjim pue YIim titd patjrand
qeggy /84 9dAjouas 031 sdnouab surdoea 1102 "3 J4nog ay3 ul sbid esurnb jo asuodsay -1 a|qel




B

DISCUSSION

To properly assess the rasponse of circulating antibedies to the
purified pili and the whole bacterin, a review of the essential features
of antigenicity is necessary. To be antigenic, molecules must have
three qualities--large size, rigidity, and be chemically complex.
Macromolecules of complex structure like proteins9 and pili are considerably
better antigens than simple large polymers with identical repgating
subunits. So lipids, carbohydrates, nucleic acids, and monoamino acid

polymers are relatively poor antigens. The outer covering of E. coli

is composed of lipopolysaccharide and lipoprotein, components that do
not make the best antigens. Proteins of the piii and the nature of the

]10

cel wall of the E. coli organism make both relatively rigid and, in

that respect, good antigens. Considering the complexness of the pili

and whole bacterin, the protein chain of the pili has readily available
surface areas against which immune responses tend to be directed and with
which antibodies tend to bind. The interchanging components of 1ipo-

11 of the cell wall make recognition of

polysaccharide and lipoprotein
surface areas or antigenic determinants more difficult, which leads to
less antigenicity, and less cross-reactivity of the various strains of
the same bacteria. The E. coli with no pili stimulate 1ittle immune
response and low protection even among similar strains.

Our findings tend to confirm those ideas. The excellent antigenic
properties of the purified pili, displayed as greater circulating

antibody titer, conclusively indicates the advantages it has as an antigen.

These findings confirm that it is a desirable instrument of immunization.
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It is extremely risky to extrapolate between different species
of animals, but the immunologic responses and the mild clinical reaction
of the animals indicate exciting possibilities for the purified pili as
vaccination for pregnant swine. The possibility for abortion from whole
bacterins makes the pili type vaccine even more attractive. The lipo-
polysaccharide components, also called "endotoxin" in the céll wall

12 Use of Tive

of whole bacter%ns, has been incriminated by Wilson.
whole bacterins has been encouraged by some investigatorsl3 but that
presents the problem of propagating virulent bacteria on the farm, which
could be avoided with purified pili. Details must be worked out before
the pili vaccine becomes available. The purification process must be

refined before production of a vaccine will be economically feasible.
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YACCINATION WITH CRUDE PILT AND WHOLE CELL
BACTERINS IN PREGNANT GILTS TO CONFER IMMUNITY
TO OFFSPRING: A COMPARATIVE STUDY

INTRODUCTION:

Colostral immunity against K88, K99, and 987 pili has been shown
to prevent severe diarrhea and death in suckling piglets challenged with

homologous strains of pili producing enterotoxigenic Escherichia colf
Y4843

(ETEC). Colonization of the mucosal epithelial cells of the surface

of the small intestine is necessary to provide for absorption of toxin.4’5
This colonization is mediated by pili which are nonflaggellar, hairlike
appendages of identical protein subunits sequentially arranged.6 These
so called K-antigens are quite different and distinct from the poly-
- saccharides that make up the capsule of bacterial organisms. These
pili may be present or not, depending on growth conditions.7 The ability
to clone for piliation has allowed growth, concentration, and pili
purification in guantities sufficient for identification and immunization.
The objectives of this study were:
To confirm that pregnant dams vaccinated with a crude pili
preparation of K88, K99, and 987 will confer protection to

suckling pigs against diarrheal disease following challenge

with those respective strains.

To determine the relative serum antibody titers produced as a
result of the crude pili vaccine, and to compare these titers
with those of gilts vaccinated with a whole cell formalyzed

bacterins using the same strains.
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To determine the colostral titers by vaccinated animals

and contral animals.

To determine the relative numbers of K88, K99 and 987
E. coli found in the small intestines of these piglets

following intragastric challenge.

Materials & Methods

Pregnant gilts were either vaccinated subcutanecusly behind the

ear with a suspension of: (1) a Escherichia coli K88, KS9 and 987

pili, {2) a whole-cell formalin killed bacterin (multiple strains as
above), or were left as non-vaccinated controls. After birth the piglets
were allowed to suckle their dams for 12 to 16 hours and then were
challenged orally with one of the three enterotoxigenic strains above.
Colostrum was milked from each of the sows immediately postparturition

to determine colostral antibody titers against the same three strains
mentioned earlier.

Challenge strains of E. coli and inocula

Four strains of ETEC were used to prepare the vaccine in this
study and were also used as challenge organisms. The strains used
were as follows: (0149:K91:K88ac, 08:k87, X88ab, 0101:K30:k99NM,
09:K103, 987p:NM). These strains were obtained from Dr. Paul Glantz,
Pennsylvania State University. The K88ac and K88ab strains were positive
in the Y-1 adrenal cell culture assay9 and produced heat-labile enterotoxin.
The K99 and 987p strains were positive in the infant mouse testlQ and

produced heat-stable toxins. The production of piliated phase was
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identified by plate agglutination of 24~hour small mucoid colonies
~grown on blood agar.l1 Colonies containing cells agglutinable by
monospecific antisera were picked from blood agar and innoculated
into 10 ml tubes of Trypticase Soy Broth (TSB) containing .25 percent
Dextrose and incubated overnight at 37°C without shaking. These
cultures were innoculated into 1 liter flasks of TSB and incubated

13 to 20 hours at 37°C with shaking. This procedure was used for

all strains with the exception of K93 which was grown on TSB with

12 Jnd the 1 liter flasks were incubated 18-20

.125 percent Dextrose
hours but without shaking.

The bacteria were harvested by centrifugation at 3200 x g for 30
minutes and resuspended in 0.05M sodium phosphate buffer (PBS) pH 7.2,
containing 1.0 M sodium chloride, using 20 ml of buffer, for each liter
of culture concentrated.

The bacteria were then homogenized at #7 setting in a Polytron
mixer for 5 minutes, then pelleted by centrifugation at 10,000 x g for
10 minutes at 4C. The bacteria were removed leaving the crude pili 1in
solution. Homogenization and centrifugation were repeated on the bacteria
precipitate, and the salt dialyzed out of the supernatant using phosphate
buffer sclution. The two supernatants were pooled and stored at -20C
until ammonium sulfate precipitation was done.

Ammonium Sulfate Precipitation

Ammonium Sulfate (i0.6 gms/100 ml1) was added to the pooled super-
natants with constant stirring for 30 minutes at 4C.
The insoluable precipitate was removed by centrifugation at 20,000

x g for 10 minutes to purify the pili by removing larger cell wall debris.
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Ammonium Sulfate (11.3 gms/100 ml) was acain added with constant
stirring in the cold and the insoluable precipitate was collected by
centrifugation and resuspended in PBS. This solution was then dialyzed
overnight against PBS until the ammonium sulfate was removed. Lowry
protein determinations were run on the solution and then stored at

-70C until ready to use.

Preparation of the Whole Cell Cultures

The bacteria were grown as described above in TSB. Plate ag-

glutination was used to determine tihe presence of the pillar antigen.

The bacteria were plated out to determine the number of organisms present
after 18 to 24 hours incubation. Once the organism number was determined,
the bacteria were centrifuged at 3200 x g for 30 minutes and resuspended
in .2% formalin and saline. This suspension was allowed to stand at

room temperature 48 hours. To ascertain that all orgcanisms were killed,
they were inoculated on blood agar and incubated at 37C for 24 hours

with no growth.

Preparation of the Whele Cell Vaccine

The whole cell bacterin 1ike the crude pili vaccine contained the
4 serotypes K88ab, K88ac, K99 and 987. Bacterial suspensions contained

2.4 x 107

organisms of K99 and 987p. The K8Bab and K88ac contained
1.2 x 109 organisms for a total of 2.4 x 109 organisms for the K88
serotype collectively. Each injection contained 7.2 x 109 organisms/ml
and was prepared using 3 ml of K99 and 987p, and 1.5 ml of K88ab and
K8Bac for a total of 9 ml plus 5 ml of aluminum hvdroxide used as the

adjuvant.

Vaccination Procedure

At 4 weeks prior to farrowing, bred gilts were purchased from
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Kansas State University Swine Research and were identified and assigned
to one of 3 groups. The gilts were given subcutaneous injections of
10.10 m1 of crude pili, 14 ml of whole ceil bacterin, or no injection
(for control group). The first injection was given at 4 weeks prior

to farrowing followed by a second injection at 1 week prior to farrowing.

Trivalent Vaccine Preparation

The crude pili preparation was brought out from -70C storage
and quickly thawed. Using the known concentration of each serotype,
K88ab, K88ac, K99, and 987p a trivalent crude pili vaccine was pre-
pared. This contained 3 mg of K39 and 987p, and 1.5 mg of K88ac and
Ke8ab to form a resulting solution of 9 mg total crude pili per injection.
This was suspended in 5.10 ml of .2% formalin and saline. To this
was added 5 m1 (250 ug) of aluminum hydrcxide per injection. The
total injection was 10.10 ml. |

Piius Antibody Titers

Blood was drawn from each gilt immediately prior to vaccination
at 4 weeks prior to farrowing, at one week prior to farrowing and on
the expected farrowing date. Two fold dilutions with 0.05 ml of serum
in 0.05% phenolized saline were made. The plate agglutination test
was done using serotype Kg88ab, K88ac, K99, and 987p and using standardized
suspensions of bacteria. These suspensions were standardized using
spectrophotometry at a 90 absorbance reading with a wavelength of 600 nm.
Colostrum samples were collected just prior to challenge, clarified
by centrifugation at 95,000 x g and stored at -70C. Pilus antibody
titers were determined by plate agglutination of pilated bacteria

standardized as described above.
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A11 observations and measurements were performed with samples coded
to avoid subjective bias in laboratory samples.

Experimental Infections & Observations

At parturition each piglet was identified by ear notching.

Piglets were then actively aided in receiving colostrum. The piglets
were aliowed to suckle for 8 hours and then were challenged with a
singie strain of organisms. Immediately prior to the challenge each
pig was weighed, and any weighing less than 800 grams was eliminated
from the exneriment. Any pigs in excess of 12 per Titter were also
eliminated from the experiment. The chalienge innoculum consisted of
20 m1 of fresh TSB ccntaining 2 ml of the appropriate challenge strain.
A1l pigs in the lifter received the same strain. Each pig was weighed
daily and recorded along with information on diarrhea, death and general
appearance. From each Titter beginning on day 5 post-challenge, the

pig that had gained the least or lost the most weight was sacrificed,
and a 10 cm portion of the ileum was removed 10 cm anterior to the
ileocecal junction to determine the number of viable challenge organisms
at the site. A1l pigs were given a "complete necropsy" and gross
lesions were recorded, as well as tissue from the liver, kidney, lung,
and intestine saved for nistopathological study to confirm lesions
consistent with enterotoxigenic colibacillosis.

In each group of 3 gilts one litter received K38ab challenge
organisms, one received K99 and one received 987p organisms. The
groups were kept separate in isolation stalls at the KSU Clinical
Science Building at the College of Veterinary Medicine. The gilts

were maintained in standard hog crates with heat lamps with divider
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screens to prevent intermingling of the piglets.
Results

The results of this study are based on four parameters: weight
gained or lost by the piglets, intestinal titer of challenge E. coli
per 10 centimeters of ileum, circulating antibody titers of the gilts
and colostrol titers of the gilts. Clinical records were kept of
appearance and relative amounts of diarrhea, however as these are
subjective data they will be treated as such. Necropsys were completed

on each piglet and were to rule out death or disease other than

colibacillosis.

Table 1. Weight Gained in Challenged Pigs

Vaccine Challenge organism Challenge
Group K88 K99 987 Group Ave.
of Weight gained
Crude pili 16% 31% i 20% 22.33%
gilts
Bacterin 20% 15% 27% 20.66%
gilts
Control 13% 22% 12% 15.67%
gilts

The data on the weights, recorded daily on pach pig was used to
determine the percent that each pig gained or lost from birth to
necropsy on or before day 5. These weights were used to arrive at an
average for each litter which are summarized in Table 1. In the 3
litters vaccinated with the trivalent crude pili, the K99 challienge
1itter showed no diarrhea clinically at any time which may be reflected

in the weight gained by this group. The K88 challenge litter had no pigs
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with diarrhea. The 987 challenge litter displayed no signs of colibacillosis
at any time during the challenge.

"The 3 litters vaccinated with the whole formalized trivalent
bacterin, postchallenge the K99 litter appeared to be depressed. This
litter seemed to appear as thin gaunt pigs that didn't vigorously
nurse or gain well. The K88 challenge litter had four pigs with an
orange pasty diarrhea which developed over the first two days postchallenge.
The other pigs in the litter were only mildly affected with diarrhea
for the first day. The 987 challenge litter had some pigs with
diarrhea and others without diarrhea. Those affected in this-]itter
had diarrhea for only one or two days and were not affected the last
three days of the 5 day test period. The diarrhea again was pasty
and orange not very fluid in nature.

In the Control group, the K99 challenge litters were depressed
within a few hours postchallenge. These pigs became thin and possessed
a very fluid white diarrhea. This litter remained depressed and gaunt
throughout the test. The second day the most severely affected pig
was almost comatose when necropsied. The Titter challenged with
K88 all displayed diarrhea but were not as depressed as the K99 litter.
The nature of the diarrhea was semi-fluid yellow in color, and lasted
2 days. The 987 Titter all were depressed by the following day post
chailenge and evidence of a yellow pasty diarrhea was found on the
pigs. This litter did not remain depressed but did not do well, and
appeared thin throughout the test period. Tne percent weight gainad
from birth recorded in Table 1 is listed according to challenge organism
and type of vaccine used on each respective litter. The challenge

group averages are seen in the far right hand columns. The crude pili
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group average indicates a 6.66% greater weight gained in the 5 day

test period, than the control group. The whole bacterinchallenge group
gained 4.99% more than the control group, while a 1.67% difference is
seen between the crude pili group and the whole bacterin groups.
Statistical analysis of the weights of each piglet showed a significant
relationship between weight gained on Day 2 and Day 3 and the number

of E. coli present in the intestine. The analysis was completed using
alpha at the .05 level. Day 1 weights are the birth weight so Day 2
and Day 3 weights refiect the effects of the chalienge. Day 4 and Day 5
weights did not significantly correlate with E. coli numbers, due to
elimination of the most severely affected piglets from the test by
necropsy, and those who could physiologically compensate for the
pathogenic organism.

Data pertaining to the titers of challenge E. coli isolated from the
10 centimeter sections of ileum are summarized in Table 2. The groups
wera analyzed recording the number of organisms plated out folfowing
serial dilution. These values are seen in the table showing the range
and the arithmetic mean of each challenge litter. The composite average
for the three litters in each challenge group (designated according
to type of vaccine used) are shown in the challenge grcup average column
at the far right of Table 2.

The challenge group average for the control group was 7.73 X 108
organisms for the 10 cm section of ileum. The whole bacterin group had
1.57 x 108 organisms, indicating 4.92 times more organisms in the control
group than the bacterin group. The crude pili group had 1.15 x 108

organisms, indicating 6.72 times more organisms in the control group than
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this group. These values also show there to be 1,37 times more organisms
present in the 10 cm section of ileum in those vaccinated with whole
bacterin than those vaccinated with the crude pili.

~ Using statistical methods to analyze the E. coli numbers present
in the 10 centimeter section of ileum, there was determined to be a
significant difference between various litters, or vaccination groups.
There was also determined to be significant difference between the types
of vaccine used. These observations are valid for alpha at the .001
level. As can be seen from the values in Table 2 the most significant
difference is between the control group and the two vaccine groups.
Although there was a difference between weights gained, and the number
of E. coli present in the intestine, there was not in this study, a

significant difference statistically between the crude pili preparation

and the whole bacterin vaccine using a .05 alpha level.

Circulating Antibody Titers of the Dams

These titers represent the titers taken three times during the
study. The first serum samples were taken as "prevaccination serum"
samples just prior to giving the first injection. The second samples
were taken immediately prior to the second injection 14 days later and
will be referred to as "First injection titers". The last samples were
taken as close to farrowing as possible 7'days following the second
injection after the gilts were in the farrowing crates and will be called
"Second injection titers". These titers are summarized in Table 3 below.

A11 three gilts in the crude pili group responded with four-fold
rises in titer to the K88 antigen on the first injection, a titer that

remained at that level following the second injection. Two of the gilts

in this group responded with two-fold rises in titer following both the
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first and second injection to K99 pili antigen. No consistent change in
titer could be detected in any group in response to 937 antigen. In
reference to the bacterin group two of the gilts demonstrated a two-fold
rise in titer to K88 antigen and one showed a decline in titer. This

same group had only one gilt that responded with a two-fold rise in titer
to X99 antigen while the other two gilts did not respond or show any

change at all. In the Control group only one titer changed extensively,

a four-fold rise in titer to K99 in one of the gilts. The Crude pili group
showed consistently better response in a four-fold rise in titer to K88 and
K99 while the Bactrin group only showed a two-foid rise at best to these
antigens. In comparison, the Control group showed little to no response

to K88 and the one gilt showed two-fold rise to K99 while the other two
demonstrated no rise in‘titer to the K99 antigen.

The statistical analysis of the serum titers of all the sows in the
study showed significant correlation between the strain of piliated
organism given, and the rise in titers seen. This was especially true of
the X88 serum antibody response which was significant at a .0001 alpha
level. Again relying on statistical means the response to the K99 antigen
could not be shown to be significant at a .05 level, but was at a .1 Tevel,
an indication that the two-fold rise in titer seen was not as strong as the
response to the K88 antigen. The 987 antibody titers were not high
enough to be significant in statistical terms on the prevaccination and
first injection samples, however there was a significant response (.001
level) on the second injection sample.

There was a significant correlation between type of vaccine given
and the antibody response toward all three pili types for all serum

samples taken except in one instance. This was the response to 987
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organism after the second injection, which did not consistently rise or
fall in any of the vaccinated or control groups.

There was a significant correlation between the serum antibody
responses to K88 and K99 antigens, to the .001 alpha Tevel. No correlation
was seen between 987 and K88 that was statistically significant, and there
was no correlation between the K99 and 987 titers even though they have

the same "0" or somatic antigen.

Colostrum Titers

The colostrum samples were collected immediately postparturiant
and frozen. Titers were determined by plate agglutination and the results

are recorded in Table 4.

Table 4. Colostral Titers-Immediately Post Parturient

Challenge Organisms

Vaccine
Group Dam No. K88ab K89 987 K88ac
Pili 27-6 1:128 1: 1:64 --
24-11 1:64 1:8 1:2 1:16
i2-2 1:64 1 i 1:4
Bacterin 26-12 1:16 1316 1:8 --
5-6 1:64 15 1:4 --
17-13 1:16 T 1:16 -
Contral 30-6 1:32 1:4 1:2 --
19-28 1:2 1:4 - -

30-1 1:32 - 1:16 -
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The titers for the chailenge groups in the colostrum data
demonstrates the pili group to have roughly two-fold higher titers than
the bacterin group to antigen K88, and K99, The 987 antigen does not
show any definite pattern; the titers recorded in this study do not indicate
any one type of antigen to be superior to no antigen at all. The |<88aC
antibody response is only seen in the crude pili group even though the
antigen was present in both the pili vaccine and the whole bactrin. The
control group titers to K88, demonstrated in the gilts here to be double
those in the bactrin group. The K99 titers are equal to thése of the
bacterin group and about one half those in the crude pili group.

Statistical analysis of "colostrum-type of vaccine" correlation,
shows significance with respect to titers of K88, K99 and 987 antibodies
in the colostrum, indicating a better response to the crude pili vaccine
than to the whole bacterin, and of the two vaccines with respect to the
control. This was confirmed by the significant "serum level-colostral
level"” correlation which held true for alpha at .01 levels.

Although no relationship was found between the serum levels and
weight gained, there was a significant correlation between numbers of

E. coli present and weight gained. There was also a significant correlation

between cclostrum titers and weight gained for the first four days after
birth. No correiation could be seen between colostral titers and weight
gained on day 5. There was also a significant difference in weight gained
and challenge organism, with more weight gained by pigs challenged with
987 than with K99 or K88. The K88 challenged pigs gained the least, less

than the K99 pigs.
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DISCUSSION

The data obtained in this study would indicate passive protection is
passed to suckling pigs of pregnant gilts vaccinated with crude pili.

This protection refers to diarrheal disease caused by ETEC possessing
homologous pilus types. Pigs suckling these gilts were more resistant
clinically than those suckling control gilts or gilts vaccinated with

whole killed organisms with identical pilus present. These results support
the hypothesis that a crude pili prep ration can be effective in conferring
protection against ETEC infection. |

The challenge pigs born to gilts vaccinated with the ﬁrude pili had
Tower incidence of diarrhea, diarrhea for shorter duration and greater
weight gain from birth to day 5 of the test.

The data of the intestinal titers of challenge organisms/10 cm of
ileum would indicate that the crude pili vaccine was superior in decreasing
the numbers of ETEC present of pilus types K88 and 987. The number of
organisms present of the K99 pilus type were equal in the bacterin and
pilus challenge pigs. The control group had significantly higher numbers
of organisms present than either the bactrin or the crude pili challenged
pigs. As this study was not designed to determine the exact mechanism
or protection, the assumption is based on correiation of high antibody
titers versus weight gained, numbers of organisms present and clinical
observations of diarrhea, correlated with necropsy and histopathological
studies consistent with findings of colibacillosis in neonatal swine.

The circulating antibody titers in the pregnant gilts correlate with
those done earlier in guinea pigs with K88 purified pili indicating the

feasability of the crude preperation of pili vaccine. These titers also
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correlate well with those found in the colostral samples of this study
for K883p and K99, where higher titers were found in the crude pili
group than the bacterin group. The importance of these high serum and
colostral titers is consistent with the proposed mechanism of pili
function, that antibodies prevent bacterial colonization by inhibiting
bacterial adhesion to the intestinal villus epithelial cells. Another
mechanism is that these antibodies act in opsonizing or agglutinating
the ETEC.

That the crude pili vaccine was not statistically superior to the
whole bacterin may have been due to the small quantity of animals used in
the test. The parameters used to compare the two vaccines as explained
above would indicate that the crude pili is a supesrior means of protecting
neonatal pigs from colibacillosis, without the risk of abortion due to

endotoxin in the whole cell formalized vaccine.
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ABSTRACT PAPER I

Incidence of Pilus Antigens Associated with
Enterotoxigenic Producing Escherichia coli
Isolated By the KSU Veterinary
Diagnostic Laboratory
Enterotoxigenic Escherichia coli isolated from pigs and calves were

examined for the presence of K88, K399 or 987 pili. A total of 42% possessed ,
K68 pili, 33% produced K99 pili and 3% produced 987 pili. The remaining 22%
did not express any pilus production according to the plate agglutination
test. The K88 E. coli were isolated primarily from swine and the K93 came

from calves with severe diarrhea.



ABSTRACT PAPER II

A Comparison of Escherichia coli Bacterin Vaccine
and Purified Pili Vaccine in Guinea Pigs

Escherichia coli serotype K87-K8B8ab was used to produce a whole
formalized bacterin and a purified pili vaccine. The pili was purified
by homogenization, ammonium sulfate precipitation, and DEAE-Sephadex
column chromatography. The vaccine was injected into 4 groups of guinea
pigs with and without aluminum hydroxide adjuvant. The antibody titers
vere determined twenty-cne days after the second injection by serial dilutions.
The higher titers of circulating antibody in guinea pigs injected with
purified pili vaccine and aluminum hydroxide, Ted to the conclusion that

the piti was a superior means of stimulating antibody response.



ABSTRACT PAPER I1I

Vaccination with Crude Piii and Whole Cell
Bacterins in Pregnant Gilts to Confer
Immunity to Offspring:
A Comparative Study

This study designed to compare vaccination of pregnant gilts with a
crude pili and a whole cell bacterin indicates that greater passive proteciicn
is passed to suckling pigs vaccinated with crude pili. Pigs suckling these
gilts were more resistant ciinically than theose vaccinated with the whole
cell bactrin or the control animals. Incidence of diarrhea, diarrhea for
shorter duration and greater weight gain from birth to dav 5 of the test were
seen in offspring of gilts vaccinated with the crude pili.

Intestinal titers of challenge organisms/10 cm of ileum indicate
that the crude pili was superior in decreasing the numbers of ETEC present of
pilus types K838 and 987. Organisms of the K99 pilus tvpe were equal in whole
bacterin and crude piﬁus vaccination groups.

Circulating antibody titers in the pregnant gilts were higher in those
vaccinated with the crude pili and correlate well with titers found in the
colostral samples to K85 and K99, which were also higher than in bacterin
vaccinated giits. No correlation to 987 titers could be shown in either
serum or colastral samples.

The crude pili vaccine could not be shown statistically to be superior
to the whole bacterin, which may have been due to the small quantity of animals
used in the study. However, it seems difficult to explain how the pili
could be statistically superior to the whole cell hacterin when each parameter
was examined and not statistically superior when all the parameters were

compared collectively.





