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Abstract
A retrospective study (1980-1989) was conducted to
describe the clinical, pathological, and bacteriological
findings in 55 cases of hemorrhagic gastroenteritis
(HGE) caused by Escherichia coli in piglets. The con-
dition occurred in weaned and suckling piglets and was
associated with several serogroups of E. coli. Most of
the isolates of E. coli possessed the adhesin F4 (K88)
and were hemolytic. Only a few of the isolates of
E. coli tested produced verotoxins. Clinical signs and
pathological findings noted in these cases were com-
patible with shock.

Resum6
Le gastro-ent6rite A Escherichla coil des por-
celets: aspects clinique, pathologlque et
microbiologique
Cette etude retrospective (1980-1989) fut entreprise
dans le but de caracteriser les aspects clinique, patho-
logique et bacteriologique de 55 cas de gastro-enterite
hemorragique associee a Escherichia coli chez les
porcelets. Cette maladie affectait les porcelets sevres
ainsi que ceux a la mamelle et etait associee a plusieurs
serogroupes d'E. coli. La plupart des isolats d'E. coli
e'taient hemolytiques et possedaient l'adhesine F4
(K88). Seulement quelques isolats d'E. coli etaient
verotoxigenes. Les signes cliniques ainsi que les le'sions
observees etaient compatibles avec un etat de choc.

(Traduit par Dr Therkse Lanthier)
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Introduction
nteric infections caused by Escherichia coli in

Lpiglets are ubiquitous in the swine industry.
Among the clinical manifestations, diarrhea, particu-
larly in suckling piglets, is the most frequent. At the
time of weaning, or immediately after, edema disease
and postweaning gastroenteritis (PWGE) caused by
E. coli also occur sporadically (1). The manifestations
of PWGE may range from peracute and fatal to
chronic with delayed growth (2). In peracute and acute
cases of PWGE, there is a shock-like syndrome in
which marked gastric and enteric congestion occur,
with occasional hemorrhages in the intestinal lumen.
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Hemorrhagic gastroenteritis (HGE) is a descriptive
term referring to this severe form of PWGE (1,3) and
is the main subject of the work reported herein.
Hemorrhagic gastroenteritis is generally described

as a postweaning condition, and is associated with the
serogroups 0138, 0139, 0141, and 0149 of E. coli
(1). Although this condition has been recognized for
some time, the pathogenesis of the disease continues
to be poorly understood. The purpose of our investiga-
tion was to study cases ofHGE submitted to our diag-
nostic laboratory during a period of 10 years and to
describe the clinical, pathological, and bacteriological
findings that characterize this form of the disease in
Quebec.

Materials and methods
All cases from pigs diagnosed as enteric E. coli infec-
tion submitted to the diagnostic laboratory of the
Faculte de Medecine veterinaire de l'Universite de
Montreal from 1980-1989, inclusive, were considered
in the study. Cases selected for further study were
those characterized grossly by marked congestion of
the gastrointestinal tract, with or without blood-tinged
intestinal contents. The pathological diagnoses for
these cases varied and included postweaning gastro-
enteritis, postweaning hemorrhagic gastroenteritis,
E. coli hemorrhagic gastroenteritis or enteritis, coli-
toxicosis, E. coli enterotoxemia, intestinal colibacillosis,
and E. coli diarrhea. Clinical information for each
case was provided by the attending veterinarian; it
included the age and the clinical signs observed for
other pigs in the herd as well as those submitted.
Tissue sections that were available were reexamined
histologically.
For each case, the intestinal population of E. coli

was estimated based on Gram's-stained direct smears
from mucosal scrapings and by the number of lactose-
positive colonies cultured on MacConkey agar from
the intestinal contents. Methods used to identify and
serotype enteric E. coli from these cases have been
described by Lariviere and Lallier (4). Isolates of
E. coli from cases of HGE were examined for
hemolysis after a 24-hour culture on sheep blood agar
plates (BAP). Isolates were also examined for produc-
tion of adhesins K88, K99, and 987P by methods
described previously (5).

Escherichia coli isolates available for study were
tested for the production of verotoxins using mono-
layers of Vero cells in 96-well tissue culture plates
(Nunclon, Gibco Canada Inc, Burlington, Ontario) as
described previously (6,7). Briefly, approximately 105
Vero cells suspended in Ml99 medium (Sigma Chemical
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Company, St. Louis, Missouri, USA) were placed in
each well two days before use. Isolates of E. coli grown
under agitation in Evan's broth overnight at 37°C were
centrifuged and filtered using 0.2 ltm pore size filters
(Millipore, Mississauga, Ontario) and 0.05 mL of cul-
ture filtrate was added to each well. Tissue culture
plates were incubated at 37°C in 51o CO2. Morpho-
logical changes of Vero cells were recorded daily for
four consecutive days.

In some cases, the fluorescent antibody test (FAT)
was used for detection of transmissible gastroenteritis
(TGE) virus (TGE virus conjugate supplied by the
Institut Armand-Frappier, Laval des Rapides, Quebec)
and rotavirus (Rotavirus conjugate supplied by
Dr. E. H. Bohl, Ohio Agricultural Research and
Developmental Center, Wooster, Ohio, USA) using
methods described previously (8).

Results
From 1980-1989 inclusive, 55 cases of HGE, involv-
ing 82 piglets, were selected from necropsy submis-
sions. Sixty-two of the piglets were submitted dead and
20 were alive. The pigs came from 47 commercial
breeding herds. The number of cases of HGE and the
age distribution of the piglets affected are shown in
Table 1.

Case histories
Clinical information provided by the attending veter-
inarians often included descriptions of animals sub-
mitted as well as of other animals in the herd. Diarrhea
associated with E. coli, TGE, sudden death,
salmonellosis, colitoxicosis, septicemia, and coccidiosis
were the diagnoses considered by the practitioners at
the times of submission. In 40070 of the cases, the
major finding was rapid death in apparently healthy
pigs with cyanosis of the extremities. In 56Gb of the
cases, a yellow-to-brown diarrhea was observed in
some piglets on the farm. Polypnea was evident in five
cases, and nervous signs such as trembling, paralysis,
and opisthotonos were noticed in five others. In a few
cases, vomiting was observed. Slow growth of pigs was
preceived as a problem on two farms.
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Gross pathological findings
At necropsy, intestinal congestion was noted, espe-

cially involving the jejunum or ileum, and sometimes
the duodenum or the ascending colon. In 35 cases,
blood-tinged intestinal contents, mostly confined to
the ileum, was present along with congestion of the
intestinal wall.

Intense congestion of the gastric mucbsa was noted
in 19 cases. In fewer than 2007 of the cases, the
mesenteric lymph nodes were reported to be congested.
Diffuse pulmonary congestion with edema was found
in two cases, and necrosis of the ileal mucosa was

observed in one case.

Histopathological findings
Among the 55 cases of HGE selected for study, 42 had
tissues available for histological examination. Gastric
congestion varied from slight to severe, and was more
prominent in the mucosa and submucosa than the
muscularis and serosa in all cases examined. A similar
pattern of congestion was found in the intestinal wall
with occasional hemorrhages in the jejunal or ileal
lamina propria mucosae. In most cases, many rod-
shaped bacteria were evident on the villus epithelial
cells of the small intestine. In many cases there was
a moderate infiltrate of neutrophils within the
intestinal villus lamina propria mucosae. Necrosis of
the villi with marked infiltration of neutrophils
occurred in severe cases. In these, microvascular
fibrinous thrombi were common and particularly
numerous in the mucosa and submucosa of the stomach
and intestines. Except for the adhesion of bacteria to
epithelial cells, the histological alterations found in the
small intestine were also observed in the colon,
although less extensively. A summary of the histo-
logical changes of the gastrointestinal tract in cases of
HGE is shown in Table 2. Different degrees of severity
in intestinal lesions are illustrated in Figures 1 and 2.

Diffuse congestion was observed to a variable degree
in all other organs examined, particularly in the liver
and kidneys. Congestion of the renal medulla was gen-

erally marked, with occasional focal hemorrhages.
About one-third of the lungs evaluated had slight and
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Table 1. Age distribution of piglets with HGE and the E. coil serogroups of isolates
identified in each case
Age 0149: 08: 0157: 0138: 045: 0138: 08: Total number of
(days) K91:F4 K"4627":F4 K"V17":F4 K81:F4 KE65:F4 K81 KX105 N.A.' cases (piglets)
1-7 1 2 - - - - - - 3 (3)
8-14 6 2 1 - _ _ _ 2 11 (18)
15-21 7 2 2 - - - - - 11(20)
22-28 9 1 I b _ 2 13 (16)
29-35 4 - Ic 1 IC IC 3 9 (15)
36-42 2 1 - - - - - 2 5 (7)
43-49 - - - - - - - 1 1(1)
50-56 - 1 1 - - - - - 2 (2)

Total 29 9 6 1 1 1 1 10 55 (82)

aNot available
bTwo E. coli serogroups were isolated from the same case
'Three E. coli serogroups were isolated from the same case



diffuse infiltrates of neutrophils and macrophages
within alveolar septa. Slight lymphoid hyperplasia was
observed in the white pulp of 23 spleens and, to a more
severe degree, in the cortex of a mesenteric lymph
node, with focal necrosis of lymphocytes in one case.
Foci of small rod-shaped bacteria were observed in the
subcapsular sinus of a mesenteric lymph node in one
case.

Microbiological findings
In the 55 cases of HGE selected, seven serogroups of
E. coli were recovered, generally in moderate to large
numbers, from cultures of the small intestine. The dis-
tribution of each serogroup according to the age of
the piglets is shown in Table 1. Ten isolates of E. coli
were not typable at the time of this study.

In 52 cases, E. coli isolated from the small intestine
were hemolytic on blood agar plates. In the three other
cases, both hemolytic and nonhemolytic colonies
of E. coli were observed. As shown in Table 1, most
of the 48 isolates of E. coli, representing 45 cases
from which serotyping results were available, pro-
duced the adhesin F4 (K88). Of the 48 isolates, 24 (rep-
resenting 21 cases) were available for further investiga-
tion. These consisted of 12 isolates of serogroup
0149:K91:F4, four of 0157:K"V17":F4, four of
08:K"4627":F4, and one isolate each of serogroups
045:KE65:F4, 08:KX105, 0138:K81:F4 and 0138:K81.
Verotoxic activity was present in culture supernatants
of seven of these, from seven different clinical cases.
Three isolates were of serogroup 0149:K91:F4, two
of 08:K"4627":F4, and one each of 0157:K"V17":F4
and 0138:K81. Four of the VT-producing isolates of
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E. coli came from weaned piglets and three from
suckling piglets.

Frozen sections of gut from 21 of the 55 cases were
examined for common enteric porcine viruses, such as
the rotavirus type A and the TGE virus, using the
FAT. Two cases were found positive for the rotavirus
and none for TGE. In one case, a few coccidia were
present within epithelial cells of the small intestinal
mucosa.

Discussion
In swine, marked congestion of the small intestine
which is sometimes associated with blood-tinged
intestinal contents has been reported frequently in
postweaning colibacillosis (1,2,9,10). Terms such as
hemorrhagic gastroenteritis and colibacillary shock
have been used to describe this form of the disease (11).
Our results suggest that descriptive names for this con-
dition such as "postweaning hemorrhagic gastro-
enteritis" might be inappropriate, as we found cases
of HGE in piglets between one and 56 days of age,
and many (69%) were less than 28 days old. Most pro-
ducers in our area wean their piglets at about 28 days
of age.
No pathognomonic clinical sign characterizes HGE

(2). Rapid death of apparently healthy piglets with
slight cyanosis of the extremities were the most salient
clinical signs noted in our study and are considered
by some investigators to be indicative of shock (9).
Vomiting, polypnea, and terminal nervous signs,
observed in some pigs in our study, also occur in
animals with shock (12,13). As also observed by others
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Table 2. Histological lesions of the gastrointestinal tract
in 42 cases of HGE

Tissue examined

Microscopic Stomach Duodenum Jejunum Ileum Colot
findings n' = 13 n=4 n=47 n=45 n=23

E. coli adhesion 0 4 31 43 0
to surface
epithelial cells

Infiltration of 0 3 39 45 12
neutrophils in
superficial LPMb

Villus necrosis 0 2 39 36 3
or superficial LPM
necrosis

Congestion of
mucosa 13 3 45 45 20
submucosa 13 4 47 45 20
muscularis and 13 4 33 34 12
serosa

Thrombosis in
mucosa 13 4 47 45 23
submucosa 13 2 36 36 20
muscularis and 0 0 0 2 0
serosa

aNumber of tissues examined from different piglets
bLamina propria mucosae

n

3



Figure 1. Slight to moderate microscopic changes to the Figure 2. Severe microscopic changes to the ileal mucosa
ileal mucosa in a piglet (submitted alive) with E. coli HGE. in a piglet (submitted alive) with E. coli HGE. Several
Desquamation of epithelial cells at the tips of the villi with necrotic villi with inflltration of neutrophils. Diffuse con-
infiltration of neutrophils, congestion, and thrombosis in gestion of the mucosa with thrombosis.
the lamina propria. Numerous rod-shaped bacteria between
the villi.

(1,2), diarrhea was often observed in the herd, but not
necessarily in the piglets submitted for necropsy.
The gross and microscopic lesions observed in this

study were similar to those described previously for
this condition (1,2,9-11). Splanchnic congestion, often
found in organs examined in our study, is also
observed in endotoxic shock (12-14) or shock due to
other causes (15). Microvascular thrombosis within the
mucosa and submucosa of the stomach and intestines
was a striking change found in this retrospective study.
Severe lesions involved the jejunum and ileum and
sometimes the colon. However, in most cases, only
slight changes were found in the large intestine. In
severe cases, lesions can be confused with those of
enteritis caused by Clostridium perfringens type C
(16). Ischemic necrosis of the villi of the small intestine
occurred in many cases, and was associated with the
presence of thrombosed vessels and neutrophils in the
area. The presence of endotoxemia may explain the
observed microscopic lesions, especially fibrinous
thrombosis (17).
Although shock appears to be an important com-

ponent in this disease, its pathogenesis continues to
be poorly understood. It has been proposed that pigs
are sensitized to lipopolysaccharides of E. coli and that
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rapid absorption of E. coli endotoxin from the
gastrointestinal tract results in anaphylactic shock
(3,18-20). A second theory suggests that HGE is the
result of endotoxic shock (1,12,14). After the rapid
multiplication of enterotoxic E. coli in the gut,
endotoxins may be absorbed from the intestinal tract,
enter the blood stream, and complicate the enteric
disease (21). Several investigators have suggested that
the size of the intraintestinal pool of endotoxin, its con-
tinuous systemic absorption, and the efficiency of the
reticuloendothelial system to detoxify it are important
factors influencing the rate of free circulatory endo-
toxin (22-24). However, this theory remains contro-
versial, because of the difficulty in assessing the
intestinal pool of endotoxin and measuring its absorp-
tion (15). In vitro, the intestinal absorption of
endotoxin does not appear to affect significantly the
integrity of the intestine (25). However, the patho-
physiological circulatory disturbances that occur at the
level of the intestine in shock (26,27) may partially
explain the lesions observed in piglets affected with
HGE.

Various serogroups of E. coli were involved in these
cases of HGE. Serogroup 0149 was the most common
isolate, followed by isolates of serogroups 08 and
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0157, and a few cases involved 0138 and 045. Results
of our study suggest that HGE is not commonly asso-
ciated with the edema disease serogroups (0138, 0139
and 0141) but rather with the classical enterotoxigenic
F4-positive serogroups (0149, 08 and 0157). The lat-
ter were found in piglets of all ages (Table 1).
Serogroups of E. coli that have been previously
associated with HGE are 0138, 0139 (1,2,10,11),
0141 (1,2,10), 08 (11,14), 0157 (11), and 0149
(1,11,14).

All cases of HGE studied were associated with
isolates of E. coli that were hemolytic on BAP. In a
recent study from Nebraska, it was shown that all cases
of shock associated with intestinal colibacillosis in
swine involved hemolytic strains of E. coli (11).
Hemolytic E. coli can be found in healthy pigs
(14,28-30) and the hemolysins of E. coli have not been
shown to be important in enteric disease (31,32). Both
hemolytic and nonhemolytic E. coli produce diarrhea
and edema disease in pigs and the role of the hemolysin
in intestinal infection by this bacterium remains
obscure (32,33). It has been suggested that the
hemolysin could damage the intestinal mucosa, thereby
providing a portal for endotoxins to enter the vascular
system (34), but this has not been demonstrated exper-
imentally. The lipopolysaccharides of E. coli may be
complexed with the alpha-hemolysin of the bacterium
and may result in increased toxicity (35). The contri-
bution of the hemolysin in HGE remains speculative
but deserves mention in light of our results and those
of others (11).

In all 45 cases in which a serotype of E. coli was
available for this study, the bacteria produced the
adhesin F4 (K88). These results agree with those of
Moxley et al (11) where 94% of the isolates of E. coli
associated with HGE expressed the F4 pilus antigen.
Gram-negative rods were attached to the mucosa of
the small intestine in most of the cases in our study.
The site of colonization of F4-positive E. coli involves
almost the whole length of the small intestine, in con-
trast to F5- or F6-positive E. coli which colonize only
the distal jejunum and ileum (36). This extensive col-
onization of the small intestine by F4-positive E. coli
could hypothetically create a larger pool of endotoxin,
hemolysin (or their complex), or another unknown
toxin or virulence factor, to be absorbed from the
intestinal lumen and result in shock.
Approximately one third of the isolates of E. coli

available at the time of this study were verotoxin-
positive (VT +). Verotoxin-positive E. coli isolates
have been found in weaned piglets suffering from
edema disease (37-40) and diarrhea (6,38,40), in suckl-
ing piglets suffering from diarrhea and septicemia (37),
as well as in normal pigs (38). In one study, VT +
E. coli isolates were cultured from bloody stools of
weaned pigs (38). Verotoxins produced by E. coli are
cytotoxic to Vero cells and may act in a similar way
on intestinal epithelial cells in vivo by inhibition of
protein synthesis (6,41). High concentrations of toxin
in the intestine may account for local damage (39).
A combination of production of adhesin and vero-
toxin by the same E. coili may contribute to its
pathogenicity (42,43). Serogroups producing verotoxin
in this study have been shown previously to be occa-

sionally VT + (38), however 08:K"4627":F4 does not
seem to represent a frequent verotoxigenic serogroup.
The importance of verotoxins produced by E. coli in
cases of classical E. coli diarrhea of piglets (44) as well
as in HGE remains to be demonstrated. Results from
our study suggest that verotoxins do not play a signif-
icant role in the pathogenesis of HGE because most
of the E. coli isolates from these cases were
nonverotoxigenic.
Our results suggest also that intestinal coccidiosis,

porcine coronavirus, and rotavirus are not likely to be
predisposing factors for this condition. Septicemia was
not a feature noted in the cases of HGE that we
examined. Nevertheless, terminal bacteremia has been
observed occasionally in this form of enteritis caused
by E. coli (1,2).
From this study, we conclude that E. coli HGE is

a condition that is not restricted to the postweaning
period, as it affects suckling as well as weaned piglets.
Most of the isolates recovered from pigs with HGE
were hemolytic and produced the F4 adhesin. The
clinical signs and the pathological findings noted in
these cases were compatible with shock. Further stud-
ies are needed to clarify the pathogenesis of shock that
characterizes this often lethal colibacillary enteric
infection.
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