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ABSTRACT

Enterotoxigenic colibacillosis
was experimentally produced in
four colostrum-deprived calves
given 1010 Escherichia coli
strain 210 (serotype 09+:K30+:
K99-:F41-:H-) orally and the his-
topathological changes com-
pared to those seen in colostrum-
fed calves infected in an earlier
study with strain B44 (serotype
09+:K30+:K99+:F41+:H-). Es-
cherichia coli strain 210 caused
diarrhea, atrophic villi with
cuboidal epithelium, and focal
accumulations of a few neutro-
phils in the dome villi above
Peyer's patches but neither the
clinical nor the histopathologi-
cal changes were as pronounced
as with strain B44. The extent
and distribution of adherence to
the mucosal surface differed
between the two strains. Strain
B44 adhered as a continuous
layer over most of the absorptive
epithelial surface of both the
jejunum and ileum. Adherence
of strain 210 was restricted to
the ileum and the bacteria often
adhered focally in "clumps"
rather than as a continuous
layer, especially on the distal
half of the villous surface.

Key Words: Enterotoxigenic E.
coli, histopathology, neonatal
calves, bacterial adherence.

RPSUMR

Cette experience visait a pro-

duire une colibacillose entero-
toxinogene, chez quatre veaux

prives de colostrum; on leur
administra a cette fin, par la voie
buccale, 1010 de la souche 210
d'Escherichia coli, laquelle cor-

respond au serotype 09+: K30+:
K99-: F41-: H. On compara en-

suite les lesions microscopiques
ainsi provoquees a celles qu'on
avait deja enregistrees chez des
veaux egalement prives de co-

lostrum et qu'on avait infectes,
au cours d'une experience ante-
rieure, avec la souche B44 qui
correspond au serotype 09+:
K30+: K99+: F41+: H-. La souche
210 causa de la diarrhee, de l'a-
trophie des villosites, une meta-
plasie cubique de leur epith&
lium et l'accumulation de quel-
ques neutrophiles, au sommet de
certaines des villosites qui sur-
plombaient les plaques de
Peyer; ni les signes cliniques, ni
les lesions microscopiques, n'e-
galerent cependant ceux que
provoqua la souche B44. L'e-
tendue et la distribution de
l'adhesion a la muqueuse, pro-
pre a chacune des deux souches,
afficherent des differences. La
souche B44 adhera sous la forme
d'une couche continue, au-
dessus de la plupart des cellules
absorbantes du jejunum et de
l'ileon. L'adhesion de la souche
210 se limita a l'ilhon et les coli-
bacilles adheraient en paquets,
seulement ici et la, plutot que
sous la forme d'une couche con-
tinue, surtout sur la moitie dis-
tale de la surface des villosit6s.

Mots cles: Escherichia coli entero-
toxinogenes, histopathologie,
veaux nouveau-nes, adhesion
bacterienne.

INTRODUCTION

Enterotoxigenic colibacillosis is
a common enteric problem in
calves under five days of age. The
pathogenesis of this disease
involves colonization of the small
intestine by strains of enterotoxi-
genic Escherichia coli (ETEC)
resulting in acute, profuse, watery
diarrhea which is often fatal. An
initial step in the colonization pro-
cess appears to be attachment of
the ETEC to the intestinal epithe-
lium followed by the formation of
microcolonies which cover the villi
(1). Enterotoxigenic E. coli iso-
lated from a variety of animal spe-
cies, as well as humans, have been
shown to possess pili which are the
mechanism of attachment. The
first pilus identified on bovine
strains of ETEC was the K99 anti-
gen (2).

Recently, other attachment fac-
tors have been found on bovine
ETEC. Morris et al demonstrated
F41 pili, which often occurs
together with K99 pili on ETEC
which also have 09 or 0101 somatic
antigens (3, 4). This pilus has
recently been biochemically puri-
fied (5). In addition, Girardeau and
co-workers identified two other
pili, called (F)Y and F31a on

bovine isolates and suggested that
they may be involved in coloniza-
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tion (6, Girardeau, J.P., H.C.
Dubourguier and M. Contrepois.
1979. Attachment des E. coli
enteropathogenes a la muqueuse
intestinale. In gastro-enterites neo-
natales du veau, Societe Frangaise
de Buiatrie. pp. 53-66). Other
workers have compared the ability
of strains of ETEC which possess
different combinations of somatic,
capsular and pilus antigens to col-
onize the small intestine (7, 8, 9).
While the strains used in these stu-
dies were not examined for the
presence of the recently discovered
pili, maximum colonization in
calves was seen with K99+, encap-
sulated strains, and was reduced
when K99- or acapsular mutants
were used. We recently reported
the histopathological changes in
the small intestine during natural
and experimental infections of
calves with ETEC strain B44
(09:K30+:K99+:F41+:H-). These
included: 1) stunted jejunal and
ileal villi covered by cuboidal
epithelium, 2) layers of Gram neg-
ative bacteria adherent to the
infected mucosa and 3) focal
accumulations of neutrophils
above the dome areas of Peyer's
patches (10). The present study
was done to determine the histopa-
thological changes seen in colo-
strum deprived calves infected
with an encapsulated strain of
ETEC which lacks K99 and F41
pili, and to compare the lesions to
those seen in colostrum-fed calves
infected with strain B44.

MATERIALS AND METHODS

STRAIN OF E. COLI

A strain of E. coli with the sero-
type 09+:K30+:K99-: F41-:H-
(VIDO strain 210), which pro-
duced heat stable enterotoxin as
detected by the infant mouse assay,
was supplied by Dr. H.W. Smith,
Houghton Poultry Research Sta-
tion. Strain 210 is a laboratory
derivative of an 09:K30:K99 calf-
enteropathogenic strain, believed
to be reference strain B44, pre-
viously designated as the 0+K+99-
variant by Smith, and obtained by
the methods previously outlined
(7). When grown on Minca agar

containing 1% isovitalex (Minca-
IS, BBL, Cockeysville, Maryland)
this strain did not agglutinate in
standard K99, K88 or 987P antise-
rum but did agglutinate in K30
antiserum. In addition, this strain
did not possess F41 pili as deter-
mined by immunofluorescent
staining of cell cultures (personal
communication, J.A. Morris).
Other pili, as yet unidentified,
were detected on strain 210 by
electron microscopy (11).

PREPARATION OF ANTISERA

The K99 antiserum was pre-
pared by inoculating an adult New
Zealand white rabbit with purified
K99 antigen (supplied by Dr. R.E.
Isaacson, Department of Epidemi-
ology, University of Michigan,
Ann Arbor, Michigan) and had an
agglutinating titer of 1/2048 when
tested against K99 reference
strain B41 (0101:K99). The K30
antiserum was prepared as de-
scribed previously (1) and had an
agglutinating titer of 1/64 against
strain 210 grown on blood agar.
Antiserum against 987P was also
provided by Dr. R.E. Isaacson, and
that against K88 was obtained
from the Diagnostic Laboratory,
Department of Veterinary Micro-
biology, Western College of Vete-
rinary Medicine.

INOCULATION OF CALVES

Three newborn Holstein bull
calves were removed from their
dams immediately after birth and
prior to nursing. They were placed
in individual isolation rooms and
were challenge exposed orally by
inoculating a trypticase soy broth
culture of E. coli strain 210 into the
back of the mouth using a 20 mL
syringe as outlined in Table I.
Immediately following challenge
inoculation, each calf was allowed
to suck 1-2 L of homogenized milk
from a nipple bottle. A fourth calf
(calf 80-52), also deprived of colo-
strum, was challenge inoculated in
a similar manner with 2.0 X 1010
viable E. coli when three hours old.
Immediately after inoculation the
calf was anesthetized using halo-
thane (Fluothane, Ayerst Labora-
tories, Montreal), a laparotomy
was performed in the left para-

lumbar fossa using sterile surgical
technique, and a biopsy (approxi-
mately 0.5 x 1.0 cm in size) of the
ileal wall was taken from a location
approximately 30 cm anterior to
the ileocecal junction. For addi-
tional samples, taken at 2, 4, 6, 8,
10, 12 and 18 h after challenge
inoculation, the location of each
biopsy was 10 to 15 cm anterior to
the previous site. During the time
between biopsies the surgical inci-
sion was closed and the calf
allowed to regain consciousness.
The calf died 18 h after inoculation
at the time the last biopsy was
taken.
To ensure that the broth cultures

used for challenge were K99-, they
were tested for agglutination with
standard K99 antiserum and were
also streaked onto Minca-IS
immediately before inoculating
the calves. Following incubation at
37°C for 16 h ten isolated colonies
were picked from the Minca-IS
plates and tested for agglutination
with K99 antiserum.

COLLECTION OF SAMPLES

Each calf, except 80-52, was fed
2 L of homogenized milk twice a
day and was examined at regular
intervals following challenge
inoculation for the presence of
diarrhea. Following the onset of
diarrhea, calves were euthana-
tized by an intravenous injection of
sodium pentobarbitol (Euthanyl,
MTC Pharmaceuticals, Hamilton,
Ontario) and tissue sections were
taken from five equally spaced
sites in the small intestine and pre-
served in 10% neutral buffered
formalin. The first site was located
approximately 90 cm distal to the
pylorus and the last site (section 5)
was the same distance anterior to
the ileocecal junction. The fixed
tissues were dehydrated, em-
bedded in paraffin, sectioned at
6,m, and stained with hematox-
ylin and eosin (H & E). Tissue sec-
tions from the same locations were
also stored at -70°C for fluorescent
antibody staining with K99, K88
and 987P antiserum by the method
described previously (11). Fecal
samples and ileal contents were
also collected at the time of eutha-
nasia from calves 80-40 and 80-42
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and serial tenfold dilutions of each
sample were made in phosphate
buffered saline (0.1 M, pH 7.2) and
plated onto MacConkey's agar to
determine the number of viable E.
coli, and onto Minca-IS for detec-
tion of K99 antigen. Ten colonies
from each sample were picked
from MacConkey's agar or Minca-
IS and tested for agglutination
with K30 or K99 antiserum respec-
tively. Ileal contents were also
examined for the presence of
bovine rotavirus using an enzyme-
linked immunosorbent assay
(ELISA).

RESULTS
CLINICAL AND NECROPSY FINDINGS

None of the broth cultures used
to challenge the calves, nor any of

the ten colonies grown from each
challenge culture on Minca-IS
reacted with K99 antiserum.
Calves 80-40, 80-42 and 80-44 all

became diarrheic within 25 h fol-
lowing challenge (Table I); feces
were watery, yellow and copious
and although diarrhea continued
until the time of euthanasia, none
of the calves became clinically
depressed, dehydrated or anorec-
tic. At necropsy the small intestine
appeared similar to those found in
colostrum-fed calves challenged
with K99+ E. coli. Yellow, watery
contents were present at all levels
of the small intestine and in the
cecum and spiral colon, but no
other gross abnormalities were
noted. The number of viable E. coli
in the ileal contents ranged from
7.3 x 108 to 1.0 x 109 and were
slightly higher in feces (Table I).

None of the 20 colonies grown on
Minca-IS from ileal contents or
feces taken from calves 80-40 or
80-42 agglutinated with K99
antiserum; however, all 20 colonies
from each calf reacted with K30
antiserum. Feces and ileal con-
tents of all three calves were nega-
tive for the presence of rotavirus.

HISTOPATHOLOGICAL
OBSERVATIONS

The morphological changes
observed in the small intestine of
calves infected with E. coli strain
210 are summarized in Table II.
Pathological changes were re-
stricted primarily to the ileum
with only a few changes noted in
the lower jejunum of one calf.
Lesions were absent in the duode-
num. In general, the intestinal
pathological changes seen with

TABLE I. Age at Onset of Diarrhea and occurrence of E. coli in Ileal Contents and Feces of Calves Following Oral Inoculation
with E. Coli Strain 210 (09:K30+:K99 :F41-:H-)

Number of Colonies Agglutinated'
Challenge Age at (h) E. coli per mL (CFU)Y K30 K99

Calf dose Onset
Number (CFU)a Challenge diarrhea Ileum Feces Ileum Feces Ileum Feces
80-40 1.0 x 1010 3 28 1.0 x 109 2.8 x 109 10 10 0 0

80-42 3.8 x 1010 3 20 7.3 x 108 2.5 x 109 10 10 0 0

80-44 6.0 x 109 14 31 ND ND ND ND ND ND
'CFU - colony forming units
bNumber of colonies out of a total of ten, which agglutinated with K30 or K99 antiserum when grown on MacConkey's agar or Minca-IS
respectively

TABLE II. Intestinal Pathological Changes in Calves Inoculated with E. coli Strain 210 (09:K30':K99-:F41-:H-)

Cuboidal Bacterial Focal Focal
Calf Age (h) at Villus Absorptive Adherence Epithelial Neutrophil
Number Necropsy Atrophy Epithelium to Mucosa Cell Loss Emigration

Da J I D J I D J I D J I D J I
80-40 42 - + + - + + - + + - - - - - +

80-42 24 - - + - - + - - + - - - - +

80-44 30 - - + - - + +

80-52 18 NDb ND - - ND - + ND - +

)D, J and I represent duodenum, jejunum and ileum respectively
bND represents not done

TABLE III. Comparison of the Frequency of Intestinal Pathological Changes Between Calves Infected With a K99' E. coli
(Strain B44) and Those Infected With A K99- Strain (210)

Cuboidal Bacterial Focal Focal
Serotype Villus Absorptive Adherence Epithelial Neutrophil
of E. Coli Atrophy Epithelium to Mucosa Cell Loss Emigration

-

Da J I D J I D J I D J I D J I

09+:K30+:K99+:F41+:H- 0/8 7/8 8/8 0/8 7/8 4/8 0/8 6/8 8/8 0/8 6/8 6/8 0/8 6/8 8/8

09+:K30+:K99-:F41-:H- 0/4 1/4 3/4 0/4 1/4 3/4 0/4 1/4 3/4 0/4 0/4 1/4 0/4 0/4 3/4

'D, J and I represent duodenum, jejunum and ileum respectively
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Fig. 1. Ileum of calves infected with a K99- E. coli strain 210 (A), a K99+ E. coli strain B44 (B) and a control calf (C). The villi of
both infected calves show a similar degree of atrophy compared to the control. With strain 210 the stunted ileal villi were covered
by an intact layer of cuboidal epithelium with basal nuclei (A) compared to the control with columnar epithelium and apically
situated nuclei (C). With strain B44 (B) cuboidal epithelium was evident in both the ileum and jejunum and focal areas of
epithelial loss were observed on some villus tips (H & E stain).

Fig. 2. Ileum of calves infected with E. coli strain 210 (A), E. coli strain B44 (B) and a control calf (C). Bacterial adherence was
often focal (arrow) with strain 210 (A) compared to a continuous layer of adherent bacteria with strain B44 (B) (H & E stain).
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strain 210 were less extensive, and
observed less frequently than were
the changes seen in colostrum-fed
calves infected with strain B44 (10)
(Table III). Villous atrophy
occurred to a similar degree with
both strains (Fig. 1) but strain B44
affected a larger segment of the
small intestine. The epithelium
covering the stunted villi was
cuboidal rather than columnar
with both strains, but the focal
degeneration and exfoliation of
absorptive epithelial cells at the
tips of jejunal and ileal villi in
calves infected with strain B44
was not observed in the group
infected with strain 210. Ileal
epithelial nuclei were invariably
situated basally in infected calves
in contrast to control calves of the
same age in which the nuclei often
occupied an apical position in the
cell.
Both strains of E. coli adhered to

the epithelial surface of the small
intestine but the extent and distri-
bution of adherence differed
between the two (Fig. 2). Strain

Fig. 3. Ileum of a calf infected with E.
coli strain 210 showing the continuous
layer of bacteria adherent to the prox-
imal villus epithelial surface near crypt
openings compared to the focal adher-
ence seen on the villus tips of the same
calf (Fig. 2A) (H & E stain).

B44 adhered as a continuous layer,
often several cells thick, over much
of the absorptive epithelial surface
of both the jejunum and ileum.
Adherence of strain 210 was
limited mainly to the ileum and the
bacteria usually adhered in focal
areas as "clumps" of bacteria
rather than as a continuous layer.
This focal bacterial adherence was
especially prominent on the distal
half of the villous surface (Fig. 2A)
whereas on the proximal portion of
villous epithelium, near the crypt
openings, the bacteria often
adhered as one continuous layer
(Fig. 3). When tissue sections from
the ileum of calves infected with
strain 210 were stained with anti-
K30 antiserum a sparse layer of
fluorescent bacteria was seen
adhering to the villous surface
(Fig. 4A). This was in contrast to
the continuous layers of bacteria
several cells thick which were seen
in sections from calves infected
with strain B44 and stained with
K99 antiserum (Fig. 4B). No fluor-
escence was seen in sections from

Fig. 4. Ileum of calves infected with either E. coli strain 210 or strain B44 and stained with fluorescent antibody. With
homologous OK antiserum, E. coli strain 210 were seen as an incomplete layer covering the villi (A). Bacterial adherence was
much more intense in the ileum of a colostrum fed calf infected with strain B44 and stained with K99 antiserum (B) Continuous
layers of bacteria several cells thick were seen on the villi. No fluorescence was seen when ileal sections from calves infected with
strain 210 were stained with K99 (C), K88 or 987P antisera (not shown).
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calves infected with strain 210 and
stained with K99 (Fig. 4C), K88 or
987P antisera (not shown).
Increased neutrophil emigra-

tion through the "dome" villi above
Peyer's patches occurred in the
calves infected with strain 210
(Fig. 5A) but it was not nearly as
prominent as in calves infected
with strain B44 (Fig. 5B).

DISCUSSION

The results indicated that E. coli
strain 210, which lacks the known
attachment factors but which pos-
sesses another unidentified pilus,
can cause diarrhea and pathologi-
cal changes in colostrum-deprived
calves. Attachment of cells of
strain 210 to the epithelial surface
was focal on the distal villous sur-
face and limited mainly to the
ileum. This distribution of attach-
ment differed from that seen with
strain B44 which adhered as a

more continuous layer throughout
the jejunum and ileum (8, 9, 10).
Previous studies by other workers
suggested that the maximum
degree of colonization of the small
intestine in calves is achieved by
strains of ETEC which possess
both K99 antigen and capsule (7, 8,
9). However the strains used in
these earlier studies were not
examined for the presence of F41
antigen or other potential attach-
ment pili and hence the relative
contribution of the pili and the
capsule to the colonization process
remains unclear. The mechanism
by which strain 210 attaches is
unknown and could involve the
unidentified pilus or the K30 anti-
gen; however, further studies will
be required to determine this.

It is tempting to try to relate the
difference in the amount of adher-
ence between strains 210 and B44
to the differences observed in the
clinical disease and the intestinal
pathological changes caused by the

respective strains. Calves infected
with the extensively adherent
strain B44 developed severe diar-
rhea in six to eight hours and soon
became severely dehydrated and
weak. Calves infected with the
focally adherent strain 210 devel-
oped diarrhea later after inocula-
tion and did not become severely
dehydrated or depressed even
though they were deprived of col-
ostrum. Similarly, although both
strains elicited similar pathologi-
cal changes including villus
atrophy, cuboidal absorptive
epithelium in the distal small
intestine, and focal neutrophil
emigration through dome villi
above Peyer's patches, the changes
were quantitatively much more
extensive with strain B44. Al-
though this correlation between
degree of bacterial adherence and
mucosal pathological changes
seems real it is difficult to give an
adequate explanation for the dif-
ferences.

r A AWW& iI- va & _ -#Ji.um -"Z-,.. -w *w. W -.

Fig. 5. Ileum of calves infected with E. colistrain 210 (A), E. coli strain B44 (B) and a control calf (C). With B44 large numbers of
neutrophils emigrated through the dome villi above Peyer's patches into the lumen (B) whereas with strain 210 only a few focal
areas of neutrophils (arrows) were seen in dome villi (A) and uninfected calves had no neutrophils (C) (H & E stain).
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The colostrum-deprived calves
infected with strain 210 were com-
pared to colostrum-fed calves
infected in an earlier study with
strain B44 (10). The conclusions
therefore are based on the assump-
tion that the time difference and
the colostrum had no appreciable
effect on the different enteric his-
topathological changes found in
the two groups. Attempts to infect
colostrum-fed calves with strain
210 were unsuccessful. Although
neutrophil emigration into the
intestinal lumen of pigs can be
influenced by their immune status
(12) and the presence of colostrum
in the calves infected with strain
B44 may have, in a similar way,
had some effect on the large
numbers of neutrophils seen in
that group, this seems unlikely
because the colostrum fed to the
calves had no detectable aggluti-
nating activity for the B44 strain
(10).
Focal epithelial cell loss from the

tips of villi observed with strain
B44 (10) was not a prominent fea-
ture of the intestine infected with
strain 210. The debate about
whether focal epithelial cell loss
from the villous tip in calves
infected with strains of ETEC is a
"lesion" (10) or an "artefact" (8, 13,
14) is worthy of comment. Pearson
and Logan showed that intestinal
samples collected from an anaes-
thetized calf infected with E. coli
and rotavirus had an intact epithe-
lial surface whereas samples from
the same calf collected five to seven
minutes after death had loss of
epithelium from some villus tips
(14). Similarly, Hadad and Gyles
found that intestinal samples col-
lected from an anaesthetized calf
infected with a K99+ E. coli had an
intact epithelial surface whereas
samples collected 15 minutes after
death showed loss of epithelium
from the tips of villi (8). Pearson
and Logan, however, also showed
that uninfected control calves did
not show the loss of epithelial cells
from villus tips if samples were
taken five to seven minutes after
death (14). Similarly, we found
that the epithelial loss seen in

calves infected with K99+ E. coli
did not occur in control calves in
which samples were collected from
the same sites and at the same time
intervals after death (10). What is
important in this set of observa-
tions is not whether the epithelial
cell loss is referred to as an "arte-
fact" or a "lesion" but rather that
there are differences between the
infected and uninfected animals
that could relate to the pathogene-
sis of the disease. The fact that this
change occurs i-n infected animals
at five minutes postmortem and
not in controls strongly implies
that the bacteria and/or their pro-
ducts are exerting some delete-
rious effect on epithelial cells.
Although there may not be
denuded villi in vivo there has been
some change in the epithelium of
infected calves that results in the
very rapid exfoliation that is not
present in uninfected animals.
Certainly, the other changes noted
in infected calves, including villus
atrophy, cuboidal absorptive
epithelium, replacement of vacuo-
lated epithelial cells with apical
nuclei by nonvacuolated epithelial
cells with basal nuclei, all, in the
absence of obvious crypt injury,
imply an increased rate of epithe-
lial exfoliation in infected calves
and lend further support to the
notion that the bacteria have a
degenerative effect on the absorp-
tive epithelial surface.
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