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The K88ac antigen, thought to he a pilus on

Escherichia coli, has been determined to be one of the
'virulence factors in neonatal porcine colibacillosis.
U:.d..ng five different E. coli strains, the suppression of
thi s antigen was e tud.i ed on Tergi tol·-7 (:1.\7) and Nutrient
Agar (Nut) at 18°C and 35°C. Monospecific K88ac antisera,
the guinea pig red blood cell manno ae reai stant aggluti
nation test, and isolated poz-ctne gut cell adherence test
were u sed to demonstrate the presence or absence of K88ac
act i vi ty. When tested after various incubation times,
the phenotypic suppression was different among strains.
v'Then tested for gut cell adherence, the expression of
K88ac ant l gen , did not affect the results, whereas Fx
an t i gen , a new antigen found on certain E. coli strains,
was directly related to the gut cell adherence reaction.
Tae use of transmission electron microscopy f'a.i.Led to
demonstrate any vi sible morphologi cal changes consi s t ant
\.,ri th the suppr-eaaton of the K88ac antf.gen ac tf.vf ty. The
lack of morphological changes, the relati.onship of Fx
anti.gen and its effectnpon adherence, Lead.s one to specu
late that the K88ac may not be a true pilus and tha.t more
tr:an one factor is involved in gut cell adherence by these
organisms ..
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INTRODUGTION AND REVIEW OF IJITERATURE

Escherichia coli, a prokaryote, is a member of the

bacterial family Enterobacteriaceae. It is a straight,

gram negative rod, 1.1 to 1.5 by 2.6 to 6.0...«m, that may

occur singly a~d in pairs. It is motile by peritrichous

flagella. E. coli, the only member of the genus Escheri

chia, has numerous biotypes and serotypes. This organism

is ubiquitous in nature and may be found in the lower in

testine of most warm blooded animals and some cold blooded

animals. Most serotypes, like those of other bacteria,

are opportunistic pathogens, wi th a limi ted number being

closely associated wi th diseases in specific animals

(Gowan, 1974).

E. coli is composed of the following organelles:

ribosomes, mesosomes, granular inclusion bodies, plasma

membrane, cell wall, capsule, pili, flagella, nuclear

material, and plasmids (Fig. 1). The ilagella, cell wall,

capsule, pili, and plasmids play an important role in the

disease process and in serotypic identification ..

The flagella's primary function is that of locomo-
e

tion.. Flagella vary in size, 3 to 12p by 120 to 250 A.

They consist of a triple helix of a globUlar protein which

is appropriately called flagellin. At the most internal

end of the flagellum is a basal body that is attached to

the cell by means of a hook. Furthermore, the hook has

four parallel rings which proVide contact with the plasma
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Fi gure 1. Bacterial cell structure (Davi s et 3.1., 1973)
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membrane, peptidoglycan layer, and lipopolysaccharide

membrane. A single gene provides the code for the protein

filament, whereas eleven genes are encoded with informa

tion for basal bodies (Davis et al., , 1973). These pro

teins dictate the composi tion of H, flagellar, antigen.

Flagellated organf sm s appear to have the following advan-

tages over nonmotile strains: (1) an increased rate of

exchange of environmental fluids at the cell surface,

allowing for maximum nutrient uptake, (2) widespread and

random distribution of bacteria, and (3) directional

mobili ty toward favorable environments (Duguid, 1964).

The rigid cBll wall gives the organism its charac

teristic morphology. Gram negative cell walls are composed
e

of a layer of peptidoglycan, 20 to 30 A thick, covered by

lipopolysaccharides (LPS) and lipoproteins. The lipo

proteins join the internal peptidoglycan layer to the

more external "layer of LPS (Fig. 2). The LPS portion is

composed of lipid, which is the same in all E. coli, and

of polysaccharide, which is variable. The lipid portion

provides the endotoxin, and the polysaccaride determines

the 0, somatic, antigens.

The cell wall of some bacteria is covered by a

polysaccaride coating called a capsule. A capsule has

been appropriately defined as n ••• a continuous covering

layer that lies outside the cell wall and is firm enough

to remain intact and undispersed when the bacterium is
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1'----- 0 antigen side chat n
(polysaccharide)

Fi gure 2. Gram negati ve cell wall (Davt s et al.; , 1973)
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suspended or washed in water'l (Duguid, 1964, p. 2). Most

capsules are more than 0.2 ]A wide, although microcapsules,

less than 0.1 M in width, have been found. Capsu'Le s are

composed of approximately 2 percent polysaccharide and 98

percent water.. Because the water content is so high,

capsules are very hard to observe by electron microscopy;

capsules, however, may be observed with an indirect stain,

India ink, and common light microscopy. A defini ti ve test

for the presence of capsules is serotyping.

The capsule is thought to have three functions: (1)

dispersion of the organism, (2) protection of the organism,

and (3) stabilization of the organism's microenvironment

(Duguid, 1964, and Davis et al., , 1973). The capsule is

hydrophilic and has a high negative charge, which prevents

the organi sms from adhering to each other and allows dis

persion of individual cells. The protective function is

three-fold. First, the capsule interferes with phagocy

tosis (Van Dijk e t al., , 1979),. second, it prevents enzymes

from directly attacking the cell wall, and third, it allows

water and nutrients from the environment to remain in close

proximi ty to the cell. Besides the above three functions,

which relate to survival of the organism, the capsule is

also antigenic. The capsule is the sf. te of the po.Lysac-c.

charide K antigen used in the serological characterization

of the E. coli.

While s tudyLng flagella, Houwink and Van Iterson
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(1950) observed the final structure to be found, pili.

They called the structures filaments, since they were

straight and much smaller than flagella. Then in 1955

Duguid et al , named them fimbriae, and finally Brinton

called them pili (Duguid, 1968). Pili are like .flagella

in that they arise from a basal body in the plasma mem

brane and are composed of the protein,. pilin, but pili

are smaller, 0.2 to 1.0M.. by 7.0 mjJ., and usually more

numerous. The function of pili seems to be that of an

adhesion. They are also the source of the second type o.f

K antigen, the protein K antigen (Davis et al., , 1973;

Duguid, 1968; and Kline, 1976). Since this structure is

the proposed adhesion in colibacillosis and other diseases

caused by E. coli, it will be discussed in detail later in

the paper.

The last of the cellular organelles to be discussed

are plasmids. Plasmids are small, autonomously replicating

cyclic DNA molecules. In E. coli the following .factors

have been linked to plasmids: hemolysin production,

colicin production, drug resistance, pili formation, and

enterotoxin production (Gyles, 1972). Each of the above

traits is controlled by one plasmid, and each may be

transferred independently.

The expression of a detectable trait is known as

the phenotype, so each new plasmid acquired gives its

bacterium a new phenotype. As defined in Webster's Seventh
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New Collegiate Dictionary, phenotype is n. • • the detect

able expression of the interaction of genotype and environ

ment constituting the visible characters of an organism,"

and genotype is defined as II ••• the genetic constitution

of an individual or group" (Webster's, 1967). An organism

may carry a trait, genotype, in its genetic code, but until

it is expressed in the environment, phenotype, it is not

detectable. The difference is important to the thesis in

that the expression of the trai t, K88ac, will be determined

without regard to the actual loss from the genome.

Plasmids may be divided into two groups based upon

physical size and biological properties. The large plasmids,

to which K88ac and enterotoxin belong, have a molecular

weight of 60 X 106 to 140 X 106 daltons, may contain from

100 to 200 genes, and are transmissible. The small p1asmids

have a molecular weight of 4 X 106 to 5 X 106 daltons, con

tain about 15 genes, and are not transmissible by them

selves. The transferable plasmids are comprised of three

portions; a portion: (1) to transfer the plasmid, (2) to

carry the phenotypic trait, and (3) to contain a repressor.

Transfer of the plasmid is thought to occur as follows.

The transfer factor establishes a bridge between the two

bacteria, which initiates asymmetrical DNA replication.

One strand remains in the donor and the other is passed to

the recipient. The new strand then undergoes replication

in the new host, leaving a new circular DNA. In E. coli
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there are twelve genes which control the transfer process

of whi ch seven are concerned wi th the formation of the

bri dge , .AI so E• .£.£l.i can contain only one or two copi es

of the same plasmid (Davis et al.;, 1973; Goebel et al., ,

1974; and Leth Bak et al., 1972).

The surface structures discussed above (cell wall,

capsule, pili, and flagella) are responsible for eliciting

a specific antibody response. The use of these antibodies

to name an organism is known as serology. This is impor

tant in f.ollowing the epidemiology of the disease in that

the serotype is specific, and both pathogenic and nonpatho

genic strains frequently may have the same biotype. For

example, most of the E. coli found in the human gastro

intestinal tract are of the same biotype, but 20 serotypes

account for 81.7% of the cases of diarrhea (Difco, 1976).

This number is qui t.e small when it is considered that there

are greater than 150 different 0 antigens, 90 different

K antigens, and 50 different H antigens which may be found

in combination (Cowan, 1974).

When classifying the organism serologically, numbers

are used to indicate the specific antigen preceded by 0, K,

or H to tell the typ~. The number sequence is based upon

the sequence of di scovery, L .. e., K1 was identifi ed before

K2. When naming serotypes the 0 followed by the K followed

by the H antigens are named in sequence. For example, an

E. coli which can be found in swine is called 0149:K91,
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K88ac:H10. As far as is known to date, each strain may

have one 0, a polysaccharide and protein K, and one H

type per cell. All cells will have an 0 type, but not all

cells will contain K or H antigens.

E. coli causes intestinal di seases in calves, lambs,

neonatal pigs, older pigs, chickens, and human s , En t e r-

estingly, two plasmid-derived factors, adhesions and

enterotoxins, have been shown to contribute to most cases

of colibacillosis of young ani.mal.s , Clinical symptoms

include diarrhea, septicemia, bacteremia, and enteri tis ..

The mortality in baby pigs has been reported to vary from

o to 100% within litters of the same herd (Soderlind et al.,

1976).

The current literature indicates that two virulence

factors in E. coli, the adhesion factor (K) and enterotoxin

(Ent.) contribute to the disease colibacillosis. It has

been shown that an animal fed E. coli which is Ent+ K+

develops a severe diarrhea. When fed Ent- K+, a mild

diarrhea is produced, and when Ent+ K-, no diarrhea is

produced (Falkow et a'I .. , 1976).

Two types of Escherichia coli enterotoxins have

been described, heat labile, LT (Kunkel and Robertson,

1979), and heat stable, ST (Alderate and Robertson, 1978).

ST and LT both interact with receptor sites on the cell,

causing fluid accumulation in the gut. ST is a nbnimmuno

genic, heat stable, polypeptide which ranges in size from
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24,000 to 100,000 daltons (So et al,m 1978). LT is immuno-

genic, denatures with heat (6000 for 10 min.), and ranges

in st ze from 102,000 to 180,000 daltons (Freeman, 1979).

Besides differing physi cally,. the meehanf sm of acti on on

the small intestinal epithelial cell also differs. LT is

thought to activate membrane-bound adenylate cyclase with

an increase in intracellular cyclic adenosine 3',5'-mono

phosphate, and ST activates guanylate cyclase causing an

increase in cellular cyclic guanosine 3',5'-monophosphate

(Kunkel and Robertson, 1979).

While enterotoxins released into the environment

actually cause the pathology, the bacteria must be held in

the proper environment for growth, which is the role of

adhesions. Many organisms besides E. coli have been re

ported to contain pili or an adhesion as a virulence factor.

Some of those reported as containing pili are Klebsiella

pneumonia (Farder et al., 1971), Salmonella typhimuriurn

(Duguf d et al , , 1976), Streptococcus pyogenes (Kline, 1976),

Neisseria gonorrheae (Kline, 1976), and Moraxella bovis

(Simpson et al., 1976).

Many different classes of pili may be found on~. coli.

Duguid in 1968 classified pili into six classes, along wi th

the F-pilus (sex pilus) and the mannos e resi stant group of

pili to which K88ac belongs. Before discussing pili antigens

known to have host specificity that play a role in virulence

of E. coli infections, the six
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common types of pili will be described.

Type-1 Pili. This is the most common type found; it

appears on almost all genera in the family Enterobacteriacae.

Type-1 pili are 7.0 to 10.0 m}cA in width by 0.2 to 1. 5 M in

length and have the following properties: (1) a low densi ty

of negative surface charge, (2) adherence to animal, plant,

and fungal cells, (3) frequent formation of a pellicle in

liquid media, and (4) agglutination and adherence inhibi ted

by D-mannose. Type-1 pili are peritrichous and number from

50 to 400 per bacterium. The expression of these pili is

by chromosomal genes (Duguid, 1968).

Type- 2 Pili. These are very similar in physi cal

appearance to type-1. Although number and distribution on

the bacteria are the same, type-2 pili lack both hemagglu

tinating and adhesive properties.

Type-3 Pili. This pilus is thinner, 4.8 lJl#., than

type-1 and may number up to 1,000 per bacterium. Type-3

has different adhesive properties from those of type-1.

Type-3 has a strong attraction for fungal elements whereas

no adherence to red blood cells or animal tissue has been

shown.

Type-4 Pili. These are like type-3 with one noted

exception. Type-4 adhere to or agglutinate red blood cells.

Type-2 Pili. This type of pilus has only been re

ported on Pseudomonas.!ll2. It is monopolar, approximately

5 r11J.k. by 1)J..., and is nonhemagglutinating.
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Type-6 Pili. These have only been reported on

Klebsiella ozoneae. Type-6 is a very large pilus with

measurements approaching 10 mM- by 10M_ It has been found

on about 5% of the strains tested and to date does not

appear to have adhesive properties.

Type-F Pili. The sex pilus forms a bridge through

which genetic material is transferred between two bacteria.

Usually 1 to 10 type-F pili occur on a single bacterium.

It is approximately 9.5 ID,M. by 20M.. When an F+ strain

rna tes wi th an F- strain, the new strain becomes F+, indi ea

ting that a transfer factor is passed with the other genetic

material, i.e., K88ac, during conjugation.

Pilus types 1 through 6 described above are either

nonhemagglutinating, or the hemagglutination is blocked by

the addition of D-mannose. Another group of pili which is

resistant to D-mannose has been described on E. coli. These

pili appear to be host specific. The mannose resistant pili

and their hosts are K88 in pigs, K99 in sheep and cattle,

9871' in pigs, and Colonizing Factor Antigen (CFA) in

humans.

The first of the mannose resistant pilus antigens

to be discovered and described was the K88 antigen from

swine in 1961 (¢rskov et al., 1961). In 1964 the K88 was

shown to have two serotypes, K88ab and K88ac (¢rskov et al.,

1964), and in 1979 a third class, K88ad (Guinee and Jansen,

1979), was described. All three classes of K88 have the
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same chemical analysis and function, with the only means of

differentiation being serologi cal. The K88 is plasmid con

trolled and protein in composition (¢rskov and ¢rskov, 1966).

The pilus was isolated and analyzed (Stirm et al., , 196?b);

it is a protein, is insoluable between pH 3 .. 5 to 5.5, has a

36.75 sedimentation rate, and is immunogenic. Electron

microscopy was used to demonstrate that K88 was a pili

(Stirm et al., , 1967a).

CFA was first described in 1975 as a virulence factor

in human diarrhea (Evans et al., 1975). Further controlled

studies demonstrated CFA to be a pilus and to be the viru

lence factor (Deneke et al., 1979; Evans and Evans, 1978;

Evans et al., 1978a; and Evans et al., 1978b). Two differ

ent serologi cal classes of CFA have been described, CFA/I

and CFA/II .. CFA/I is USUally associated with 0 types 15,

25, 63, 78, and 128 and CFA/II wi th 0 types 6 and 8 (Evans

and Evans, 1978). Also organisms which contain CFA/I or

CFA/II may contain LT and ST (Evans et al , 1979).

In 1972 Smi th and Linggood described an enterotoxi

genic E. coli strain found in calves and lambs (Smi th and

Linggood, 1972); the antigen was called K99 (¢rskov et 31.,

1975). The pilus was purified and shown to be a protein

(Isaacson, 1977) which was antigenic (Acres et al., , 1979).

While K99 is primarily involved in cattle and sheep coli

bacillosis, it has been found in pigs (Moon et al., , 1977) ..

In vi tro studies wi th isolated porcine epi thelial cells also
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demonstrated that K99 would adhere to swine intestinal cells

(Isaacson et al., 1978; Runnels et al.,1980).

E. coli strain 987 was found to be enteropathogenic

for pigs but lacked the K88 or K99 pili (Nagy et al, 1976).

The 987 strain (09:K103,987:P:NI1) was enriched for pilus

production, the new strain being 987:P (Nagy e t al., 1977)~.

Very little is known about 987:P except that only ST seems

to be associated wi th it (Moon et al., 1980).

Wi th the di scovery of the K antigens and the abili ty

to produce mono specific antisera to them, typing of E. coli

for epidemiological studies became a routine procedure in

E. coli identification. Investigators are now able to

collect more precise epidemiological data on porcine coli-

bacillosis. The following data from international studies

suggests a role for K88 antigens in neonatal porcine coli-

bacill 0 si s.,

Poland. Ciosek and Truszazynski (1976) studied 1150

strains of E. coli obtained from porcine colibacillosis in

Poland of which 78% (822) were typeable. Of the 78% that

were typeable 43% (357) were associated with 0 groups con

sidered pathogenic in swine. When the K antigen was associ

ated with the 0 serotype, the most prevalent isolate was

0149:K91,K88, and approximately 25% of the isolates con

tained the K88 antigen.

Sweden. The work of Soderlind et ala is the most

detailed work published on the serotype frequencies of
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E. coli causing colibacillosis in neonatal swine. In the

first study approximately 4 million piglets were cultured

out of which 20% contracted colibacillosis before weaning.

Using 13 0 antisera the following data was obtained: 0149-

24%, OB--4%,. 0139--4%, 064--4%, and not typeable--51% of

those isolates from sick pigs (Soderlind et al.; , 1976) •.

They then found that greater than 90% of the 0149:K8B+

strains produced enterotoxin and only 13% of the 0149:K88

strains produced enterotoxin.

In the second study (Soderlind and Mallby, 1979)

isolates from sick and healthy pigs were compared. From

the sick pigs 53% were 0149 and 34% not typeable, and in

the healthy pigs 1% was 0149 and 61% were not typeable. Of

the 0149 strains 96% contained both K88 and Ent were from

sick pigs; the 4% lacking K88 and Ent were from heal thy

pigs. Since 0149:K88:Ent+ E. coli were found in all of the

sick piglets and none of the healthy ones, it was concluded

that this strain was a significant agent in baby pig enter

itis in Sweden.

Canada. Two studies have been reported which deter

mine the serotypes of E. coli involved in colibacillosis.

The first was done by Gyles e t al., (1971) wi th 200 E. coli

isolates from known cases of porcine colibacillosis. From

the 200 isolates the following breakdown of 0 groups was

obtained: 63--08,. 47--0116, 21--0147, 24--0138, 9--045,

2--098, 2--0101, 1--09, 1--04, and 11 were not typeable.
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But when the presence of K antigen waS tested for, 132 of

the E.. coli isolates contained K88.. From these studi es the

o groups cannot be implicated like Soderlind did in Sweden,

but the K88 can be implicated as a virulence factor ..

In a study by Glantz and Kradel (1972) the KB8 anti

gen was again implicated.. \\l11ile numbers were not given ;

they stated that 0149 :K91 ,K88ac:H 10 was the strain most

frequently isolated from pigs with colibacillosis at the

Veterinary Science Animal Diagnostic Center.. Glantz and

Kradel also isolated a new serotype of E. coli, 0157:K88ac.

In 1971-72 the 0157:K88ac strain was isolated in 74% (89/

120) of known cases of colibacillosis at the Western College

of Veterinary Medicine (Saskatchewan) and in 82% (54/66) of

known cases of colibacillosis at the Ontario Veterinary

College (Guelph). During the same time period 454 B.. coli

isolates from healthy pigs at the same institutions were

obtained. From this number only 9 were 0157 and none con

tained K88 (Glantz and Kradel, 1972).

Many different methods of examining the E.coli

isolates from porcine colibacillosis have been used. While

the 0 group has been studied in all cases, the K antigen

and enterotoxin production has not. By combining the data

from Sweden and Canada stated above, the following state

ments can be made.

1. The prevalent 0 group is 0149.

2. The K88 antigen is necessary for the
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di sease process.

3. Enterotoxin is necessary for the disease

process.

0149 was found in 48% of the diseased neonatal

swine in Poland and in 53% of th.ose in Sweden. The only

excepti on was found in Canada wh er-e 0157 was found mo s t >

frequently.

The information stated earlier in the paper indi

cates that the pilus is a means of adherence to cells,

that there are more than one type of pilUS, and that pili

are found on many cells. It has been shown that the pheno

typic expression of pili can be controlled with media or

temperature such as wi th K. pneumonia (Farder et al., 1979)

where piliation was expressed in broth and not on solid

media or wi th N. meningi tidi s (McGee et al., , 1979) where

piliation was maintained on Chocolate Agar with Iso Vitale X

but not on the same media without blood added.

Wilson and Jacob (1976) reported that the K88 anti

gen on E. coli could phenotypically be suppressed with media

and that wi th a change to fresh media the K88 antigen could

again be detected. Porter et al , (1978) passed K88+ ~. coli

through immunized pigs. When testing isolates, K88 was not

detectable thus giving an indication, according to Porter,

that the immuni ty affected the K88 expression.

Other investigators have worked with K99+ E. coli

and demonstrated that temperature and media may play a role
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in pilus phenotypic suppression. It has been demonstrated

that passage through a liquid media enhanced the K99 ex

pression (Guinee e t al., 1977) and that cells grown at 1800

do not produce pili but at 3700 pili are produced (Isaacson,

1980). Work done by DeGraaf et al. (1980) and Svanborg Eden

and Hansson (1978) demonstrated that E. coli grown in the

presence of high glucose levels do not produce as many pili

as those grown at low glucose levels.

To determine the expression of the K antigens, more

specifically K88, four in vitro tests have been used by

different laboratories. The four tests are (1) adhesion

to intestinal epithelial cells, (2) serotyping with mono

specific antisera, (3) mannose resistant hemagglutination

of guinea pig erythrocytes (gp-rbc test), and (4) electron

microscopy. In no studies have all four been employed and

compared to indicate if all tests are measuring the same

factor.

Since it has been demonstrated that E. coli K88

adhesion factor is associated wi th disease in swine, I plan

to study phenotypic expression of the K88 antigens. To do

thi s I will use solid media, both enri ched and selective,

and vary the incubation temperatures. The reason for using

solid media is that most field isolates are sent to a sero

typing laboratory under these conditions. The 18°0 and

35°0 temperatures were selected because it has been reported
o

that the pili would not be produced at 18 0 but would be
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produced at 35°C.

The four methods mentioned above will be compared

for detecting the presence of K88 antigen. The results

of these studies will be discussed in relationship to the

importance of virulence antigens in disease, the stability

of the antigens, and the probability that heretofore uniden

tified antigens may be involved wi th adherence and disease.

MATERIALS AND METHODS

Bacterial strains. Five field strains isolated from

pigs with colibacillosis were selected for this study.

They were obtained from Dr. R.A. Wilson*, Syntex, Tnc , ,

Palo Alto, California, and the serotypes were confirmed by

Dr. Paul Glantz, Penn State University. The strain number

and serotype of the five strains are: 1429(0149:K91,K88ac),

P155( 0149 :K91 ,K88ac:H 10), 1362( 0149:K91 ,:K88ac), 045( 045:

K88ac), and 47a:(0101::K88ac). The bacterial cultures were

received on agar slants,trans:ferred to 2 mls of TSB broth,

incubated overnight at 35°0, then mixed wi th 2 mls skim

milk, and frozen at a -70°C until needed.

Media and bu:ffers. .Difco Nutri ent Agar (Nut) wi th

the :following :formulation: Beef Extract--3g, Peptone--5g,

NaCl--8g, Agar--15g, and distilled H20--1000 mls was used

:ltPresent address: Penn State Uni versi ty, Universi ty

Park, Pennsylvania.
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as the nonselective media throughout this study. Difeo

Tergi tol-7 Agar (T7) with the following forinulati on:

Proteose Peptone No. 3--5g, Yeast Extract--3g, Lactose--10g,

Agar--15g, Tergitol-7--0.1 ml, Brom Thymol Blue--0.025g,

and di stilled H20--1000 mls was chosen as the sel ecti ve

media for the study. Both media were autoclaved at 15 lbs.

at 121 0C ~or 15· ..l. mln. allowed to cool, and dispensed at

15 mls per 15 X 100 petri plate. The plate was incubated

overnight and used fresh the next day. Thi s was done to

maintain standard media conditions between tests.

When organisms were stored between repetitive trials,

the organisms were propagated in Difco Tryptic Soy Broth

(TSB), and Difco Skim Milk was added before freezing. The

formula for TSB is as follows: Tryptone--17g, Soytone--3g,

Dextrose--2.5g, NaCl--5g, Dipotassium Phosphate--2.5g, and

distilled H20--1000 mls. Skim milk was rehydrated to a

final concentration of 100g in 1000 mls distilled H20 

Both media were sterilized in the autoclave and stored at

4°C until needed.

For the enrichment of pili Minca medium was used

according to the formula of Guinee (Guihee et al., 1977).

The formulation is KH 2P04--1.36g,
Na~P04-2H20--10.1g,

glucose--1g, trace salts solution--1 ml, Casamino Acid--1g,

and distilled H20- - 1000 mls. The pH is 7.5. The trace

salts solution contains per liter MgS04-7H 20--10g,

M CI· AU ° 19 FeCI
3-6H 20--O.135g, and CaC1 2-2H20--O.4g.n 2 - ,+U 2 -- . ,
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All dilutions were made in phosphate buffered saline

(PBS) pH 7.2 unless otherwise stated. The formulation for

PBS (grams/liter) is: Na~P04--5.6, KH 2P04--2.7,
and NaCI-

4.1. For the mannose sensitivity test 19 of D-Mannose was

added per 100 mls of PBS (PBS@ 1% D-mannose).

McFarland standard. The standard was made by com

bining 0.5 mls of 1% BaCl 2and 99.5 mls of 1% H
2S04,

All

bacterial suspensions were adjusted to this standard before

testing.

Antisera. The K88ac monospecific antisera was pur

chased from Dr. Paul Glantz, Penn State Uni versi ty. For

all tests the 1:2 dilution as obtained from Dr. Glantz was

again diluted 1:40 in PBS giving a final dilution of 1:80.

The K91 antisera was also purchased from Dr. Glantz and

used at a final dilution of 1:80.

The Fx anti sera was prepared in thi s laboratory.

Strain 1362( 0149:K91 ,K88ac) was grown for 64 hrs. at 180C

on Nut. The cells were washed from the plate and suspended

in PBS to the McFarland standard. Whi te rabbi ts were

vaccinated IV with the antigen according to the following

schedule: Day 1--0.5 ml, Day 4--1.0 ml, Day 8--1.5 mIs,

Day 11--2.0 mIs, Day 15--2.5 mIs, and Day 18--3 mls. On

Day 22 the rabbit was exsanguinated. This antisera was

absorbed for 24 hrs. with whole cells of strain 1429(K91+,

K88ac+) to remove any K91 or K88ac antibodies and then with

boiled strain 1429 (autoclaved 1 hr.) to remove 0 antibody
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specific.i ty. Only 1362 and 045 were Fx positive on sero

typing.

Serotyping. Bacterial suspensions were made in PBS

to the density of the McFarland standard. One drop of bac

teria in PBS and one drop of antisera (K91--1:80, K88ac-

1:80, and Fx--1:100) were placed in a clear glass depression

plate and graded according to the following scale: 4+-

rapid «1 mi.n , ) macro clumping, 3+--slow (>1 min.) macro

clumping wi th a clear background, 2+--s1ow (> 1 mi.n , ) macro

clumping with a cloudy background, 1+--micro clumping, and

negative--no clumping.

Hemagglutination assay. To test for the sensi ti Vi ty/

resistance to D-mannose in hemagglutination a modification

of the test developed by Jones and Rutter (1974) was em

ployed. Bacterial suspensions (McFarland standard) were

made in PBS or in PBS@ 1% D-mannose. A 3% suspension of

guinea pig red blood cells in PBS was made according to the

following protocol: gp-rbc I s obtained by cardiac puncture

were collected in sodium citrate; the cells were washed 3X's

in cold PBS and suspended to the original volume. Three

mls of washed gp-rbc's were added to 97 mls of cold PBS to

obtain a 3% working solution. The test was done according

to the following procedure.

1. Used a V-bottom 96 well Cook microtiter

tray. Added 1 drop of bacteria in PBS to

a well in row A ~~d a drop of bacteria in
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PBS@ 1% D-mannose in row B. Continued

until all test samples were set up so that

rows A, C, E, and G had PBS and B D F, , ,
and H had PBS@ 1% D-mannose.

2. Added 1 drop of 3% gp-rbc to each well.

3. Controls--PBS and PBS@ 1% D-mannose with

out bacteria.

4. Incubated overnight at 40 C.

5. Hemagglutination in both PBS and PBS@ 1%

D-mannose (+/+) were considered positive

for K88.

6. No hemagglutination or in only one of the

wells (-/-, +/-, or -/+) was considered

negative for K88.

7. Neither of the controls should have demon-

strated hemagglutination for a positive

test to be valid.

Gut cell adherence assay. The isolated intestinal

epithelial cell test for adhesion as developed by Wilson

and Hohmann (1974) was mo di f'Led for use. The gut cells were

obtained from 1 to 4 week old pigs of various breeds.

To obtain isolated cells the piglet was starved for

18 hI'S. and then sacrificed. The small intestine was re

moved and placed in cold PBS. A six inch portion of the

intestine was tied at one end and inverted over a 10 m1

pipet and placed in PBS for 10 m1n. Using a vortex mixer
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at maximum rpm's, the intestine was vibrated for 5 min. to

remove dead cells and mucous. The intestine was then placed

in fresh PBS and vibrated an additional 15 min. Thi s pro

cedure was repeated for the entire length of the intestine.

The pooled cells were washed 3X's in PBS and stored at 4°C.

The test procedure is as follows:

1. Made bacterial suspension in cold PBS to

11cFarland standard.

2. Diluted isolated epi thelial cells to a

concentration of 106/ml.

3. Added 0.5 ml bacteria and 0.5 ml of gut

cells to a flat bottom 10 X 75 mm tube.

4. Placed on an oscillating shaker at 200

rpm's and 35°C for 15 min.

5. Removed from shaker and placed at 4°C for

! hr.

6. Washed 3X' s in cold PBS, spinning at 1000

rpm's for 5 min. on an lEC Clinical Cen

trifuge to remove excess bacteria.

7. Counted 10 brush border epithelial cells

under high power and averaged to deter-

mine adherence.

Electron microscopy. The procedure for preparation

of the electron microscope grids is as follows:

1. A drop of bacterial suspension was placed

on a 1.5 cm2 block of 3% Agarose on a
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microscope slide and allowed to dialyze

and evaporate to dryness.

2. The surface was covered wi th 1% collodion

in amyl acetate, wi th excess removed wi th

filter paper and allowed to dry.

3. The edges of the block were beveled inoat

a 45 0 angle.

4. The collodion film and bacteria were

floated off the block onto the surface of

a 1% phosphotungstic acid @ 1mg/ml sucrose.

5. A 400 mesh copper grid was placed on the

film.

6. After 45 sec. in the stain a metal rod,

slightly larger than the grid, was used to

push the grid-collodion-bacteria assembly

under the surface.

? The pin-grid-collodion-bacteria assembly

was removed and allowed to air dry.

8. The grids were examined with a Hitachi HS?

electron microscope at 11,9001 magnifica-

tion.

9. Photographs were taken of representative

organi sms using Cronar Ortho S Li tho/ .007"

film with an automatic exposure meter.

10. The prints were made on polycontrast paper

using filters at a final magnification of
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59,500X.

Phenotypic suppression assay. Enough cultures from

the original. slants were' frozen down so that all tests were

run on the same passage from the original i solation. The

test procedure follows:

1 -700C f• rozen cultures

2. Thawed at room temperature

3. Plated onto 2-Nut and 2-T7*

4. Incubated plates 1 each at 35°C and 180C

5. 16 hrs.**tested for K88ac

6. 40 hrs.**tested for K88ac

7. 64 hrs. **tested for K88ac ***

*When performing the gut cell test the organ-

isms were incubated overnight in Minca before

placing on solid media.

**16, 40, 64 hr. test bacteria were from the

same plate.

***No change occurred in the K88ac expression

after 64 hrs. The test was run to 182 hrs.

When plating onto solid media, half the plate was

covered with a lawn and the other half was used to obtain

iSOlated colonies to check for purity. After proper incu-

bation a loop was used to remove a representative population

from the lawn to make the PBS samples for testing. All sam

ples were coded so that the source would not be known and

all tests were performed in duplicate.
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RESULTS

Correlation between serotyping and the gp-rbc test

for the detection of K88ac. The E. coli strains that were- - ----
used in the phenotypic suppression studies were used in this

study. All K88ac- strains were obtained by phenotypic sup

pression of the five K88ac+ strains. The data in Table 1

indicates that in 338/345 (98%) of the tests the gp-rbc test

and serotyping with monospecific K88ac antisera measure the

same factor. The 6 tests in which K88ac is posi tive by

serotype and negative by gp-rbc test were all from strain

1362 which was phenotypically suppressed on various media

and at different times. In all cases the organism was nega

tive by both tests the next day. The one incident in which

K88ac was negative by serotype and positive by gp-rbc test

was 1362--T7--18oC--16 hrs. Also the 40 hr. test of this

culture was negative by both methods.

Comparison of K88ac and Fx serotype, gp-rbc test, and

~ cell adherence. After the Fx antisera was tested against

the 5 E. coli strains, only two strains, 1362 and 045, had

Fx antigen which was detectable. Strains 1429, P155, and

47a were all Fx negative. Only Fx positive strains 1362 and

045 exhibi ted adherence of bacteria to the gut cells (Table

2). The presence of K88ac by serotyping or gp-rbc test did

not affect the gut cell adherence test.

Also when K88ac is positive and Fx is positive, the
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'I'abl e 1. The comparison of serotyping and the guinea pig

red blood cell mannose resistant agglutination

test for the detection of K88ac on E. coli.

Serotype Rx GP-RBC Rx # Tests

K88ac + K88ac + 192 (55.7%)

K88ac -* K88ac - 146 (42.3%)

K88ac + K88ac - **6 ( 1 .7%)

K88ac - K88ac + **1 (0.3%)

* All K88ac - were obtained by phenotypic

suppression of the K88ac + strains.

** All of these test results were from

strain 1362 treated under various

conditions.
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Table 2. Comparison of serotype, gp-rbc t.est , and gut

cell adherence test.

# Tests Serotype GP-RBC Test Gut cell adherence

K88ac/Fx PBS/PBS@mannose # Tests Positive

64 +/- +/+ a

24 +/+ +/+ 24 I
I

-/- -/- a ,
8 j

24 -/+ +/- 24 j
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gp-rbc test is positive in both PBS and FBS@1% D-mannose.

vlhen K88ac is posi ve and Px is negative, again the gp-rbc

test is posi ti ve in bo th, but when K88ac is negative and Fx

is negative, the gp-rbc test is negative in both. But when

K88ac is negative and Px is posi ti ve, the gp-rbc test is

positive in PBS and negative in PBS@ 1% D-mannose.

Electron microscopy. Upon examination of the elec

tron micrographs the data in Table 3 was obtained. No pili

were observed on 1429 or P155 neither when K88ac was ex

pressed nor suppressed. On 1362, 045, and 47a pili were

observed when K88ac was both expressed and suppressed.

Figures 3 through 8 are representative photographs of E.

coli wi th and wi thout pili and K88ac expression.

K88ac phenotypic suppression. The use of environ

mental conditions, media and temperature, with time to

suppress the phenotypic expression of the X88ac antigen was

carri ed out on all five strains. The effect of media wi th

temperature being held constant (Tables 4 and 5) and the

effect of temperature with media held constant (Tables 6

and 7) are compared. Eight different trials were performed

on each strain, wi th all five strains run siroul taneously.

For the organism to be considered posi tive for K88ac, it

had to be positive in 6 out of 8 trials. After examining

the tables the following results can be observed:

1. 18°0 has a greater influence on the K88ac

suppression than 35°0.
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Table 3 • Comparison of the presence of pili and flagella

by electron microscopy to K88ac and Fx serotype

and gut cell test ..

strain K88ac Fx Pili Flagella Adherence

1429 + - - + -
1429 - - - + -
P155 + - - + -

P155 - - - + -
1362 + + + + +

1362 - + + + +

47a + - + + -

47a - + + --
045 + + + - +

045 + + - +-
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Figure 3. E. coli strain 1362(0149:K91,K88ac) cultured

on T7 at 35°C for 16 hrs. K88ac (+), Fx (+),

gp-rbc (+/+) , and adherence (+). Pili and

flagella are visible. 47,600 X.
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Figure 4. ~. coli strain l362(0149:K91,K88ac) cultured

on T7 at laoe for 16 hrs. K88ac (-), Fx (+),

gp-rbc (+1-), and adherence (+). Pili and

flagella are visible. 47,000 X.
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Figure 5. !2.. coli strain l362(0149:R91,K88ac) cultured

on Nut at 350C for 16 hrs. R8Bac (+), Fx (+),

gp-rbc (+/+), and adherence (+). Pili and

flagella are visible. 47,600 X.
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.:

Figure 6. E. coli strain 1429(0149:K91,K88ac) cultured

on Nut at 35°C for 16 hrs. K88ac (+), Fx (-),

gp-rbc (+/+) , and adherence (+). No pili are

visible, only flagella. 47,600 X.



Figure 7. E. coli strain 47a(010l:K88ac) cultured on

Nut at 35°C for 16 hrs. K88ac (+), Fx (-),

gp-rbc (+/+), and adherence (-). Only pili

are visible. 47,600 X.

36



Figure 8. E. coli strain P155(0149:K91,K88ac:HIO)

cultured on Nut at 3SoC for 16 hrs.

K88ac (+), Fx (-), gp-rbc (+/+) , and

adherence (-). No pili are visible.

47,600 X.

37
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Table 4.. The effect of media on the expression of the

K88ac antigen ..

Incubation at 35°0 on Nut/T7 for:

+

+

+

+47a

045

1362

P155

1429

Strain 16 rrrs , 40 hr-s , 64 hr-s ,

+=K88ac antigen detected by serotype and

gp-rbc technique



Table 5. The ef.fect of media on the expression of the

K88ac anti gen.

Incubation at 18°0 on Nut/T7 for:

39

Strain

1429

Pi55

1362

47a

045

16 h rs ,

+ +

+
+

40 hr-e ,

+

64 hz-s ,

+=K88ac antigen detected by serotype and

gp-rbc technique
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Tabl e 6. The effect of temperature on the expression of

the K88ac antigen.

Incubation on nutrient agar at 35°0/18°0 for:

Strain 16 hrs. 40 h.rs, 64 hrs,

1429 ++

+P155 +

1362 + +

47a + +

045 + +

+=K88ac antigen detected by serotype and

gp-rbc techni que
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The effect of temperature on the expression of

the K88ac antigen.

I ncubation on T7 agar at 350 C/ 18oC for:

Strain 16 hrs , 40 h ra, 64 hr-s ,

1429

:Pi55

1362

47a

045

+=K88ac antigen detected by serotype and

gp-rbc techni que
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T7 has a great·er influ•• ence on' the K88ac
suppression than N tu •

At 35°0 neither rnedl'a seems to exert a

greater influence.

4. The 3 strains of 0149 (1429, P155, and

1362) all reacted independently.

After the organisms were suppressed, each suppressed

organi sm was transferred to fresh media and reincnbated.

In all cases the strains became posi ti ve for K88ac again.

DISCUSSION

The data indicates that, contrary to the belief held

by many investigators (Stirm et al., 1967a, and Wilson and

Hohmann, 1974), K88ac may not be a pilus. The electron

mi crographs demonstrate that the presence of K88ac serotype

does not correspond to the presence of pili on the cell

surface. On E. coli strains 1429 and P155 no pili were

observed when K88ac was expressed. When strains 1362, 045,

and 47a were examined, no detectable change in the pili was

seen n ther when K88ac was expressed nor suppressed.

When comparing the in vi tro tests, serotyping, gp

rbc test, and gut cell adherence, it appears that more

than one factor is involved in adherence. When comparing

th e detection of K88ac by serotype and the gp-rbc test, my

resul ts compare wi th those of Jones and Rutter (1974),

suggesting that the two tests indicate the presence of the
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same antigen on the bacterial cell. But contrary to the

work done by Wilson and Hohmann (1974), the presence of

K88ac did not demonstrate any correlation to adhesion on

isolated porcine gut cells., This lack of ag t. reeillen between

K88ac • s presence and adhesion to the gut cells may indicate

that genetic selection of breeding stock has resulted in

aru.mal,e which lack the K88ac r~ceptor .si t.ea, Hoon et al ,

e1980) and Nagy et al., (1976) have'reported on strains of

enteropathogenic .E. coli which lack the K88 antigen but

will colonize the porcine intestine. So it appears that

serotyping may not be as important in the detection of E.

coli which will attach to the gut cell as previously believed,

and the gut c ell adhesion test may become more important.

ILrt indication of the importance of the gut cell

adhesion test may be' found in the detection of the antigen

called Ex, Antisera to Fx was prepared from phenotypically

suppressed strain 1362. This antigen was found on two of

the fi ve strains, 1362 and 045. Both of the strains had

posi tj ve gut cell adherence tests,. whereas the other three

strains were negative. The lack of K88ac adherence and the

presence of the new antigen, Fx, as it relates to adherence,

give a strong indication that more than one factor may be

involved in the adhesion process.

The use of Nutrient Agar and Tergitol-7 Agar at

ineub on temperatures of 35°C and 18°0 indicate that

each strain of E .. coli behaves independently in its ph.eno-.
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typic suppression of K88ac as shown. earlier by "Tilson and

Jacob (1976). Based upon the Phenotypic suppression data,

the length of time and the temperature of storage must be

considered before classifying an E. coli stro::.~n· a 'n . t.
- - . u..J.S nega 1 ve

for K88ac by e e ro type, ,Since some strains can lose the

K88ac expression with time, all K88ac negative CUltures

from suspected cases of colib~cillosis should be transferred

to fresh media and retyped. Also this suppression may be

a method in which E. coli strains may lie dormant in nature,

and, then, when ingested by the swine, the elevated body

temperature of the animal and the nutrients found therein

allow the E. coli to grow, re-expressing the K88 and colon

izing the gut to cause colibacillosis.

The information obtained by thi s study indicates

that K88ac is no t a pilus, but it may be a protein coating

e n the cell whi ch the pilus acquires as it passes through

the K88ac layer. Also more than K88ac is involved in the

adherence to gut cells because the presence of Px antigen

was shown to playa role in adherence. The phenotypic sup

pression of K88ac on E. coli cannot be observed as a physi

cal change by electron mi croscopy, indicating that the sup

pression may be metabolic or may be a structural change in

the protein.
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