
Effects of Escherichia coli Shiga-like Toxins
(Verotoxins) in Pigs

Victor P.J. Gannon, Carlton L. Gyles and Brian P. Wilcock

ABSTRACT

Escherichia coli K12 strains
TBl(pCG5), with the genes for Shiga-
like toxin Ilv from an edema disease
isolate of E. coli and TB1(pCG5-1),
with the toxin genes inactivated by
transposon mutagenesis, were used to
test the hypothesis that Shiga-like
toxin lIv was the same as edema
disease principle. Ammonium sulfate
precipitated culture supernatants
from the pair ofE. coli K12 strains and
from a wild edema disease isolate ofE.
coli (E145) were tested for their ability
to induce signs and lesions of edema
disease in intravenously inoculated
weaned pigs. Similar preparations
from E. coli which produce Shiga-like
toxins I and II were also tested.
Preparations from E. coli TB1 (pCG5)
and E145 contained high levels of
Shiga-like toxin IIv and induced signs
and lesions similar to those seen in
edema disease, whereas preparations
from E. coli TB1 (pCG5-1) failed to
induce signs or lesions of edema
disease. All Shiga-like toxin prepara-
tions produced delayed neurological
signs, fibrinoid necrosis of arterioles
and hemorrhages in the cerebellum of
pigs. High doses of Shiga-like toxin
lIv were associated with superficial
necrosis of the colonic epithelium and
vasculitis. Shiga-like toxins I and II
resulted in kidney lesions but no
enteric pathology. Shiga-like toxin II
preparations had the lowest median
lethal dose for pigs, Shiga-like toxin
lIv was intermediate and Shiga-like
toxin I was the least toxic.

RESUME

Cette experience portait sur la
souche K12 TB1 (pCG5) d'Escherichia
coli, detentrice des genes lui permet-
tant de produire la verotoxine lIv et
isolee d'un cas de la maladie de
l'oedeme, ainsi que sur la souche TBI
pCG5-1) detentrice des genes precites,
qu'inactive la mutagenese dun trans-
poson; elle visait a verifier l'hypothiese
selon laquelle la verotoxine IIv
correspond a celle de la maladie de
l'oedeme. On precipita dans du sulfate
d'ammonium le surnageant de cul-
tures des deux souches precitees d'E.-
coli et de la souche E145, isolee d'un
cas de la maladie de l'oedeme; on
verifia ensuite l'habilete de ce surnage-
ant a produire les signes cliniques et les
lesions de la maladie de l'oedeme, a la
suite de son injection intraveineuse a
des porcelets recemment sevres. On
verifia aussi des preparations sim-
ilaires du surnageant de cultures de
colibacilles qui produisent les verotox-
ines I et II. Le surnageant des souches
TBI (pCG5) et E145 contenait beau-
coup de verotoxine lIv et provoqua
des signes cliniques et des lesions
semblables a ceux qu'on observe dans
la maladie de l'oedeme, contrairement
a celui de la souche TB1 (pCG5-1).
Toutes les preparations qui conte-
naient de la verotoxine produisirent
des signes nerveux tardifs, de la
necrose fibrinoide des arterioles et des
hemorragies cerebelleuses, chez les
porcelets. De fortes doses de la
verotoxine IIv, s'accompagnerent
d'une necrose epitheliale superficielle

et d'une vasculite du colon. Les vero-
toxines I et II produisirent des lesions
renales, mais pas d'intestinales.

Les preparations de verotoxine II
afficherent la DL50 la plus faible;
celles de verotoxine lIv demontrerent
une DL50 intermediaire, alors que
celles de verotoxine I se revelerent les
moins toxiques.

INTRODUCTION

Edema disease (ED) of pigs is a
toxemia which results from prolifera-
tion of Escherichia coli of certain
serogroups in the intestine (1,2). The
toxic activity is heat-labile and may be
recovered from intestinal contents of
pigs which have died of ED or extracts
of E. coli implicated in the disease (1-
4). Pigs or mice inoculated parenter-
ally with these preparations develop
signs and lesions characteristic of the
natural disease (1-4). The toxin in
these preparations has been called
edema disease principle (EDP) and
suggested to be a protein of molecular
weight between 50,000 and 100,000
daltons (3), but has never been
purified.

Verotoxins or Shiga-like toxins
(SLTs) are a class of E. coli toxins
characterized by cytotoxicity for Vero
cells, enterotoxicity and lethality for
mice (5-7). Production of SLT is a
common feature of E. coli of 0
serogroups 138, 139, and 141 (8-12),
the serogroups most frequently asso-
ciated with ED, and recent studies
have suggested that EDP and SLT of
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E. coli implicated in ED may be
identical (8-12). Cytotoxicity of EDP-
containing extracts for Vero cells
correlated well with their capacity to
induce neurological signs and death in
mice (12). Furthermore, Smith et al(8)
transferred SLT activity from an ED
strain to E. coli K12 and reproduced
ED in pigs inoculated parenterally
with extracts of the SLT+ K12
organism. However, since genes other
than the SLT genes may also have
been transferred to the E. coli, it was
not certain that ED was the result of
the newly acquired SLT activity.
We have used the term SLT-IIv to

refer to the SLT associated with ED
strains of E. coli, to distinguish it from
Shiga-like toxins I and II (SLT-I and
SLT-II), and to recognize its relation-
ship to SLT-II and its association with
edema disease ( 1,13,14). Strains of E.
coli of porcine origin occasionally
produce either SLT-I or SLT-I and
SLT-II (9), but the effects of these
types of SLT in pigs are not known.
The three SLTs can be differentiated
on the basis of neutralization by
antisera (6,13) and by rates of heat
inactivation (13). There is cross-
neutralization between SLT-II and
SLT-IIv but not between SLT-I and
other SLTs. Furthermore, SLT-II and
SLT-IIv have approximately 90%
homology in their amino acid and
nucleotide sequences (14).
The objectives of this study were to

determine whether experimental ED
in pigs inoculated with SLT-IIv
preparations could be attributed to
SLT-IIv and to assess the effects of
parenterally administered prepara-
tions of SLT-I and SLT-II in pigs. We
used an E. coli into which the gene for
SLT-IIv was cloned and a SLT-Ilv-
transposon mutant of this strain to
assess the effects of SLT-IIv adminis-
tered intravenously to weaned pigs.
We also compared the effects of
extracts from the E. coli with the
cloned SLT-IIv genes with those from
a wild SLT-IIv+ E. coli, and deter-
mined the effects in pigs of prepara-
tions of SLT-I and SLT-II derived
from porcine and human isolates of E.
coli.

MATERIALS AND METHODS

CLONING OF SLT-Ilv GENES

Shiga-like toxin-IIv positive E. coli
strain 412 (0139:K82), received from
D.A. Barnum, University of Guelph,
was the source ofDNA for cloning the

SLT-IIv genes. Phage vector lambda
EMBL3 and E. coli NM539, host for
recombinant lambda EMBL3, were
purchased from Biocan Scientific
(Mississauga, Ontario). Plasmid
vector pUC18 was obtained from J.
Brunton, Mount Sinai Research
Institute, Toronto, Ontario. Escheri-
chia coli TB1 lac pro rpsL ara thi 80 d
lacZ M15 hsdR, (Bethesda Research
laboratories (BRL), Burlington, Onta-
rio), was the host for the pUC 18 vector
and recombinant plasmids. Phage
lambda 467 b221 rex::TnS c1857
Oam29 Pam8O was obtained from
N.M. Harnett, Agriculture Canada
Animal Pathology Laboratory,
Guelph, Ontario. Escherichia coli
C600 was the host strain for propaga-
tion of lambda::Tn5.

Luria Bertani (LB) broth or agar
(15) was used for routine growth of E.
coli and propagation of phages, and
YM broth (15) was used for growth of
E. coli TB 1 (pCG5) used in transposon
mutagenesis (16).
Chromosomal DNA was prepared

from E. coli 412 by the method of
Roussel and Chabbert (17) and
plasmid DNA was prepared by
alkaline lysis (18). Strains were
transformed with plasmid DNA as
described by Curtiss (19). Restriction
endonucleases were purchased from
Pharmacia (Montreal, Quebec) and
BRL and were used as recommended
by the suppliers. Restriction mapping
was performed by standard techniques
(19). Phage lambda DNA digested
with EcoRI-HindIII and a 123 bp
DNA ladder (BRL) were used as
molecular weight markers.
A library of E. coli 412 DNA was

constructed by cloning 9-23 Kb
fragments produced by partial diges-
tion with Sau3A DNA into lambda
EMBL3 (20). Following packaging of
the lambda DNA, recombinants were
selected by plaquing on E. coli
NM539. Pools of phage were propa-
gated on E. coli NM539 and the
supernatants of lysates were tested for
cytotoxic activity in the Vero cell
assay. Insert DNA was subcloned into
pUC18. Transposon mutagenesis was
performed as described by de Bruijn
and Lupski (16). Individual colonies
which had acquired plasmids with Tn5
insertions were tested for production
of SLT Ilv by the Vero cell assay (9).

SLT PREPARATIONS

Bacterial strains used for SLT
preparations are described in Table I.

Strains of E. coli were grown in brain
heart infusion broth (BHI) (Difco
Laboratories, Detroit, Michigan) for
24 h at 37°C on a rotary platform
shaker (GIO Gyrotory Shaker, New
Brunswick Scientific, Edison, New
Jersey) at 200 rpm and passed through
a cellulose acetate membrane filter of
mean pore diameter 0.45 mi. Solid
ammonium sulfate was added to the
culture filtrates to 60% saturation and
the mixture was kept overnight at 40 C,
then centrifuged at 8,000 x g for 20
min at 4° C. The supernatant was
removed, and the sediment resus-
pended in one-fifth volume (vol) of
0.85% NaCl, and dialyzed against 50
vol of distilled water for 24 h, followed
by 50 vol 0.07 M phosphate buffer, pH
8.2, for 6 h. The dialysate was
centrifuged at 30,000 x g for 60 min
and the supernatant was removed and
stored at -20°C. Protein concentra-
tions in the preparations were deter-
mined by the method of Bradford (21),
and cytotoxicity was assayed on Vero
cells in microtiter plates (9). Cytotoxic
titers were expressed as log median
cytotoxic dose (CD50) per mL.

Control SLT- preparations con-
sisted of preparations from the SLT-
lIv- E. coli strain TBI(pCG5-1) or
from preparations of SLT which had
been inactivated by heating at 800C
for 30 min (13).
ANIMALS

Weaned Yorkshire-Landrace pigs
(four to eight weeks of age, 7-20 kg in

TABLE I. Strains ofE. coli Used as Sources of
Shiga-like Toxins

Strain Serogroup SLTs Produced
Porcine strains
E145 0141:K85 SLT-IIv
5481 0130:H38 SLT-II (SLT-I)a
Human strains
CL13 0145:H- SLT-II (SLT-I)a
B2F1/3 091:H21 SLT-II
K12 strains
711 0 rough none
711(H19)b 0 rough SLT-I
TBl(pCG5)c 0 rough SLT-IIv
TB1(pCG5-1)d 0 rough none

aSLT-I constitutes a minor component (< 1%)
of the SLT activity in SLT preparations from
the strain
bE. coli donor of the SLT-I phage genome is
shown in parentheses
cPlasmid containing the cloned SLT-IIv genes is
shown in parentheses
dThe SIT-IIv gene was inactivated by insertion
of transposon Tn5
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weight) were obtained from a specific-
pathogen-free herd. The pigs were
housed in groups of six to eight
animals per pen in animal isolation
facilities, fed a commercial ration of
hog grower (containing 16% protein)
twice daily, and supplied with water ad
libitum. After a minimum of three to
four days in the facility, pigs were
inoculated intravenously with SLT
preparations, containing sodium
deoxycholate at a final concentration
of 0.2% (wt/vol) (3).

EXPERIMENTS

SLT-IIv - To minimize the number of
pigs required for the study, groups of
two pigs were inoculated with SLT-IIv
preparations from the wild E coli strain
E 145 in order to establish a range for
median lethal dose (LD50) determina-
tions. Once doses for 0 and 100%
mortality were determined, five pigs
were tested for each of three dose levels
within this range. Pigs were observed
every 2 h during the first 12 h postinoc-
ulation (PI) and every 4 h thereafter.
Pigs that became very ill were euthan-
ized by rapid intravenous administra-
tion of concentrated barbiturate and
were treated as pigs that died without
further intervention. Median lethal
dose estimates were calculated by
probit analysis (22) and expressed on a
log CD50/kg and mg protein/kg basis.
Confidence limits and z values were
calculated in the comparison of probit
values for individual SLTs. Heat-
inactivated SLT-Ilv preparations at a
dose equivalent to twice the LD50 of the
unheated preparation were adminis-
tered intravenously to two pigs. One pig
which developed neurological signs 14
days after vaccination with an SLT-IIv
preparation from E. coli TBI(pCG5)
(13) was also examined for gross and
histopathological lesions.
The effects of SLT-IIv preparations

from the K12 SLT-IIv+ E. coli strain
TB 1(pCG5) were compared with those
of preparations from the SLT-Ilv-
mutant of this strain as follows. Each
of four pigs was inoculated with two
LD5Os of SLT-ITv preparation from E.
coli TB1(pCG5) and each of four pigs
was inoculated with a control prepara-
tion from the SLT-Ilv- mutant E. coli
equivalent to five times the amount of
the SLT-Ilv preparation. Eighteen
hours PI, pigs in both groups were
euthanized and necropsied.

Other SLTs- Varying doses of SLT-I
preparations from the E. coli K 12
derivative 71 1(H19) were adminis-
tered intravenously to groups of two
pigs in an attempt to identify a dose
range for 0 and 100% mortality
attributable to SLT-I activity. Prepa-
rations from the E. coli K 12 strain 71 1
served as negative controls.

Shiga-like toxin-II preparations
from the porcine E. coli strain 5481
and from the human isolate CL13
were administered to pigs as described
for E. coli E145 above, except that
only two doses were tested within the
range of 0 and 100% mortality. The
SLT-II preparations from E. coli
strain B2Fl/3 were administered as
were the other SLT-II preparations,
but only two pigs were used for each
dose of SLT preparation. Heated
preparations of SLT-II (strain B2Fl/
3) at a dose equivalent to two LD50s of
the unheated preparation were used as
a negative control.

Gross patholoqy and histopathology
- A necropsy was performed at 12-36
h PI on a minimum of four pigs for
each type of SLT and the preparation
from the SLT-Ilv- transposon mutant
of strain TBI(pCG5-1), and two pigs
for each heat-inactivated preparation.
Samples of brain, eye, subcutis, large
intestine, jejunum, stomach, kidney
and lung were taken for histological
examination.

Intestinal and ocular tissues were
fixed in Bouin's solution while others
were fixed in 10% formalin buffered at
pH 7.0. Following fixation, tissues
were embedded in paraffin, sectioned
at 6 ,um and stained with hematoxylin
and eosin.

RESULTS

CLONING OF THE GENES FOR SLT-IIv

A recombinant phage EMBL3
(L42) containing an 11.5 kilobase

pairs (kb) fragment of DNA from E.
coli strain 412 produced SLT-IIv
activity. A 7.5 kb SalI-EcoRI frag-
ment of L42 DNA, cloned into
plasmid pUC18 (pCG5), contained the
genes for SLT-IIv. Transposon muta-
genesis of pCG5 generated several
insertion mutants, including pCG5-1,
which had lost SLT-IIv activity.

COMPARISON OF LD50 ESTIMATES FOR
SLT-I, SLT-Il AND SLT-IIv IN PIGS

Shiga-like toxin-II preparations
had the lowest LD50 estimates based
on cytotoxic dose (Table II). The
values for SLT-II from the porcine
isolate were not significantly different
from those for the isolates of human
origin. The LD50 estimates for SLT-I
in pigs could not be determined
because the highest dose tested (log 6.2
CD50/ kg) elicited a predominantly
endotoxic response and did not result
in mortality. Thus the minimum lethal
dose and the LD50 for SLT-I were
> log 6.2 CD50 per kg.

EFFECTS OF SLT-IIv

Features associated with endotoxin
contamination of preparations (vomi-
tion, inappetence, dyspnea and
depression) occurred in the majority
of pigs within 1 h of inoculation of
SLT-IIv preparations. However, with
the exception of two pigs given high
doses of SLT-IIv preparation from
strain E145, which died at 8 and 12 h
PI, these clinical signs remitted within
2-6 h PI.
Edema of the temporal region,

eyelids, and conjunctiva were noted
10-24 h PI. In some pigs, dyspnea and
alteration of the squeal were noted.
Neurological signs occurred shortly
after subcutaneous edema was appar-
ent (from 12 to 36 h PI) and consisted
of mental confusion, ataxia and a
staggering gait. In the final stages of
illness, pigs were unable to rise and
displayed a range of signs including

TABLE II. LD50 Estimates for SLT-IIv and SLT-II in Weaned Pigs

LD50

SLT Strain n Log CD50/ kga mg Protein/ kga
SLT-IIv E145 15 6.0 (5.8-6.2) 0.21 (0.14-0.34)
SLT-II 5481 lb 10 4.6 (4.0-5 3) 0.005 (0.002-0.024)
SLT-II CL13b 10 4.7 (4.2-5.3) 0.011 (0.004-0.045)
SLT-II B2Fl/3 4 4.4 (3.8-5.0) 0.014 (0.004-0.060)
n = number of pigs inoculated
a95% confidence limits are shown in parentheses
bSLT preparations from strains 5481 and CL13 each contained a minor component (< 1%) of SLT-1
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Fig. 1. Colonic lesions (24 hours PI) in a pig given SLT-IIv preparation from E. coil strain E145. A.
Diffuse necrosis of the colonic epithelium, with hemorrhage into the lumen are evident (H & E; bar-
= 140,um). B. Fibrinoid necrosis of a submucosal arteriole, mural edema, and occlusion of the lumen
are demonstrated (H & E; bar = 410 ,um)

tremors, paddling of the limbs,
extensor rigidity, convulsions and
coma. Pigs that developed severe
neurological signs were euthanized.

In addition to these clinical features,
bloody diarrhea was observed at 24
and 18 h in two pigs which received log
6.5 CD50/kg of the SLT-IIv prepara-
tions from strains E145 and
TB 1 (pCG5), respectively.

Pathological changes were evident
in the spiral colon of all pigs given
SLT-IIv preparations but were most
severe in pigs given high doses of the
toxin. Lesions ranged from colonic
edema to ischemic necrosis of the
epithelium (Fig. 1 A), with hemor-
rhage into the lumen and fibrin and
necrotic debris adherent to the
mucosal surface. Necrosis was readily
apparent in the small arteries and
arterioles of the submucosa (Fig. 1 B).
These lesions are consistent with those
described in naturally occurring and
experimentally produced ED.

In the brain, edema of the meninges
and petecchial hemorrhage from
meningeal vessels was limited to
regions overlying the cerebellum.
Histologically, hemorrhagic foci were

scattered througout the cerebellum
(Fig. 2A). In some sections, vascular
changes similar to those in the colon
were evident (Fig. 2B); in others,
only vessel remnants were present in
the centers of hemorrhagic foci.
Edema, hemorrhage and angiopathy
were also noted in the retina of some
pigs given high doses of SLT-IIv
preparations (Fig. 3). Neither edema
of the stomach wall nor degenerative
lesions in associated vasculature was
apparent.

In the pig which developed neuro-
logical signs 14 days after inocula-
tion with an SLT-IIv preparation
from TBl(pCG5), fibrinoid necrosis
of arterioles in the brain was more
widespread than in the acute cases
(Fig. 4). A peculiar feature of
angiopathy in the brain was the
perivascular accumulation of eosi-
nophilic globules of unknown origin
(Fig. 4). Colonic lesions and subcu-
taneous edema were not evident in
this pig.

Pigs inoculated with heated SLT-
lIv preparations or with preparations
from the SLT-Ilv- mutant strain
TB1(pCG5-I) remained healthy

Fig. 2. Hemorrhage and vascular lesions in the
cerebellum of a pig given SLT-Ilv preparation
from E. coi strain E145. A. Note meningeal
edema and hemorrhage (H & E; bar = 320 Mm) B.
Perivascular edema (+) and medial necrosis (-)
of a small cerebellar artery (H & E; bar = 425 Mm)

throughout the period of observation
and no significant pathological
changes were observed on necropsy.

EFFECTS OF SLT-I
AND SLT-II PREPARATIONS
At high doses of SLT-II (10 LD50),

death occurred within 9.5 to 12 h PI
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Fig. 3. Comparison of the retinas of two pigs (18 hours PI), one (A) given SLT-IIv+ preparation
fromE. coliTB1(pCG5)and the other (B) given SLT-Ilv- preparation fromE. coliTB1(pCG5-1). A.
Note hemorrage and edema surrounding venule traversing the nerve fiber layer (H & E; bar 160 =

jAm) B. A similar region in a pig given the SLT-IIv- preparation has normal architecture (H & E; bar
= 160,m).

and the time to death increased with
decreasing dose. In one pig which had
received a low dose of SLT-II,
neurological signs were first observed
at 100 h PI.

Lesions in pigs which developed
delayed neurological signs from SLT-I
preparations were similar to those in
pigs which died following administra-
tion of SLT-II preparations. Gross
and histological lesions in the brain

and eye were identical to those
described for SLT-IIv preparations.
However, lesions were not present in
the gastrointestinal tract and, in
contrast to the response to SLT-IIv
preparations, renal pathology was
observed in response to SLT-I and
SLT-II. Cortical edema and hemor-
rhage and necrosis of renal tubules
were observed in all pigs which
developed neurological signs follow-

ing administration of SLT-I or SLT-II
preparations.

DISCUSSION
To determine if SLT-IIv was

necessary for clinical and pathological
features associated with ED, prepara-
tions from the pair of E. coli K12
which differed only with respect to the
SLT-IIv genes, were compared for
their effects in pigs. The cloned DNA
containing the SLT-IIv genes has been
mapped and sequenced and the data
have confirmed the identity of the
SLT-IIv genes in the clone and the
location of the inactivating transpo-
son in pCG5-1 in the gene encoding
the A subunit of SLT-IIv (Gyles,
DeGrandis, and Brunton, unpub-
lished observations). The responses in
pigs showed that ED developed only
in those pigs which received prepara-
tions from the SLT-IIv+ member of the
pair and that the effects of SLT-IIv
produced by this laboratory strain of
E. coli were indistinguishable from
those produced by SLT-IIv from a
wild ED isolate.
Among the SLTs that were investi-

gated, SLT-IIv produced clinical and
pathological features most typical of
natural or experimental ED, with
edema of the subcutis of the facial
region, spiral colon and mesocolon
evident (2,23,24). However, certain
features in this study differed from
those of previous experimental work
(2,8,24) and the naturally occurring
disease (1,23), namely: 1) edema and
vascular changes were not evident in
the stomach wall, 2) lesions in the
brain were largely confined to the
meninges and the cerebellum rather
than the brain stem, and 3) hemor-
rhage was present in the meninges,
cerebellum, retina and spiral colon.
While it is possible that the dose of
toxin, time of death, and composition
of the toxin preparations may account
for some of these discrepancies,
further study is required to define
more precisely features of experimen-
tal intoxication with SLT-IIv.

Escherichia coli associated with ED
have been implicated in hemorrhagic
gastroenteritis (25), and mucosal
destruction and intestinal hemorrhage
have been reported in pigs inoculated
orally with ED strains (26). However,
in both hemorrhagic gastroenteritis
and the study described by Berschin-
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Fig. 4. Arteriole in the midbrain of a pig
euthanized 14 days after intravenous adminis-
tration of SLT-IIv preparation from strain
TB1(pCG5). Fibrinoid necrosis of the vessel
wall, vessel occlusion and perivascular accumu-
lation of eosinophilic globules (+) are evident
(H & E; bar = 400 jim).

ger and Pohlenz (26), mucosal damage
occurred in the small intestine, and
edema with no mucosal damage was
observed in the large bowel. One
explanation for this difference may be
the route of toxin exposure: in the
natural disease and that produced by
oral challenge, necrotic lesions occur
in the areas of bacterial colonization,
namely, the small intestine. High toxin
concentrations in the intestine may
account for local damage.
Edema, neurological signs, and

damage to the colon are not unique to
pigs exposed to SLT-Ilv preparations.
Shiga-like toxin-producing E. coli are
associated with hemorrhagic colitis in
humans (27) and hemorrhagic colitis
and typhlitis occurred following
administration of Shiga toxin to
rabbits (28,29). Edema and neurologi-
cal signs are both manifestations of the
prodromal stage of the hemolytic
uremic syndrome (HUS) in humans
(30), a condition associated with both
SLT-positive E. coli (31) and Shigella
infection (32). Patients with shigellosis
may experience neurological disorders
including convulsions and seizures
(33).
The effects of preparations from

porcine E. coli containing the two

other types of SLT (I and II) were
consistent with the existence of
differences and similarities among
SLTs (7,11,13). Relative toxicities of
the three types of SLT for pigs parallel
those reported for mice (6). The SLT-I
and SLT-II preparations resulted in
neurological signs and pathology
identical to those produced by SLT-
lIv preparations, but SLT-I and SLT-
II induced renal pathology and failed
to cause subcutaneous edema or
damage to the large intestine. The
renal lesions associated with SLT-I or
SLT-II may be a result of vascular
damage, but the lesions differed from
those observed in HUS, in that
thrombosis and renal necrosis were
not evident. This may be due to a
difference in the response of renal
tissue for the two species, age of the
lesions, or the involvement of factors
other than SLT in the pathogenesis of
the condition.

Fibrinoid necrosis of small arteries
and arterioles was evident with all
SLTs and is considered basic to the
pathology of ED (24). A similar lesion
occurs in the kidneys of patients with
HUS (34,35) and in the brain of
rabbits given Shiga toxin (36).
The presence of endotoxin in SLT

preparations gave rise to characteristic
signs and early deaths, as have been
described for other studies in which
extracts of ED strains of E. coli were
administered parenterally to pigs
(2,8,24,37). The effects of endotoxin
were evident despite treatment of the
SLT samples with sodium deoxycho-
late, which is reported to moderate the
effects of endotoxin (24). Although it
is possible, in this and other studies, to
distinguish responses attributable to
endotoxin, it is not possible to rule out
a role for endotoxin in edema disease
until a pure EDP or SLT-IIv prepara-
tion is available.
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