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ABSTRACT

The length of incubation for 36 eight and
12 week old swine in eight experimental pas-
sages averaged 11 days and ranged from five
to 24 days. The duration of diarrhea for 24
of these swine averaged 6.4 days and ranged
from two to 19 days. The consistent macro-
scopic lesion was a colitis and, subsequently,
a typhlitis. In the swine euthanized on the
first day of diarrhea, the colitis was most in-
tense in the coils near the apex of the colon
and, frequently, these swine had a hyperemia
of the fundus of the stomach. The amount of
visible blood in the colon varied. Organisms
identified microscopically and ultrastructural-
ly as spirochetes were observed commonly in
the feces and the mucosal glands of the colon
of swine with a diarrhea, but not in the ad-
jacent mesenteric lymph nodes. These spiro-
chetes which were the most numerous on the
first day of diarrhea, could not be isolated
and propagated in vitro. Swine which recov-
ered naturally or were medicated at the height
of a diarrhea, developed a resistance to swine
dysentery. Colon from infected swine re-
mained infectious when stored at -77°C for
nine months but not when stored at -16°C.
Feces from infected swine were not infectious
after lyophilization and storage at -12°C.

varia de cinq at 24 jours et dura en moyenne
11 jours. Chez 24 de ces sujets, la diarrhie
persista en moyenne 6.4 jours, allant cepen-
dant de deux a 19 jours. La lision macroscopi-
que constante se traduisit par une colite, suivie
de typhlite. Chez les porcs sacrifies des le
debut de la diarrhee, la colite s'avera particu-
lierement intense dans les replis avoisinant
l'apex du c6lon et la muqueuse de la grande
courbure de l'estomac manifesta souvent de
l'hyperemie. La quantite de sang deelable
dans le c6lon s'avera irreguliere. On observa
souvent dans les feces et les glandes de la
muqueuse du c6lon des porcs diarrheiques,
mais non dans les ganglions m6senteriques
correspondants, des organismes que la micro-
Ecopie et l'ultra-structure permirent d'identi-
fier comme spirochetes. On ne put isoler et
cultiver in vitro ces organismes que l'on ob-
serva en plus grand nombre le premier jour
de la diarrhee. Les porcs qui guerirent natu-
rellement ou que l'on traita au plus fort de
la diarrhee devinrent resistants 'a la dysen-
terie. Le colon des porcs infectes conserva sa
virulence pendant neuf mois lorsqu'on le con-
gela i -77°C, mais non ia -16°C. Les feces de
ces sujets perdirent leur virulence ia la suite
de la lyophylisation et de l'entreposage 'a
-120C.

INTRODUCTION

RESUME

Au cours de huit passages experimentaux
effectues chez 36 porcs 'ages de huit et 12 se-
maines, la periode d'incubation de la dysenterie
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Many of the clinical observation3 on
swine dysentery have been made on infect-
ed herds and not on individual swine (10).
The length of the incubation period has
been known to vary considerably. Some have
questioned whether swine develop an en-
during immunity to the disease (13). Pre-
viously, Vibrio coli was considered to be
the cause of swine dysentery (1-4, 8, 10).
More recently, the principal etiological
agent is thought to be a spirochete, Tre-
ponema hyodysenteriae (5-7, 14, 15). The
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TABLE I. Length of Incubation and Diarrhea in Swine Infected with Swine Dysentery and Used
for the First Eight Passages of the Disease

Length of Incubation Length of Diarrhea

Age of Swine, No Swine Average Range No Swine Average Range
Weeks Observed Days Days Observed Days Days

8 ................
12 ................
Both age groups

c.ombined.........

12 10.4
12 13.8

36 11

5-24
5-23

5-24

17 6.8 3-19
7 4 2-5

24 6.4 2-19

consistent method of inducing swine dysen-
tery in susceptible swine is by the oral
administration of either feces or diced colon
from swine that have developed clinical
signs of the disease.

This study is a report on: 1) the latitude
in susceptibility, clinical course, and lesirons
induced with 16 passages of swine dysen-
tery; 2) efforts to isolate and propagate
spirochetes in vitro; 3) ) the developmeint
of immunity to the disease; and 4) the
preservation of infectivity in infected colon.

MATERIALS AND METHODS

SWINE

A total of 69 specific-pathogen-free
(SPF) swine of Yorkshire-cross breeding
were used for this study. Of these swine, 37
eight and 12 week old were used for the
first eight passages of swine dysentery in
the following order: 24 were permitted
either to die or recover from the disease;
three were euthanized on the first day of
diarrhea, three were euthanized after two
days of diarrhea, two were euthanized after
four days of diarrhea, one never developed
diarrhea, and four were used in the experi-
ment on the inducement of immunity. Six
eight week old and six 12 week old SPF
swine which were euthanized on the first
day of diarrhea were used for the last eight
passages. An additional 20 eight week old
SPF swine were used for experiment II on
the inducement of resistance, controls on

the inducement of resistance, and testing
the infectivity of frozen inoculum. Most of
the euthanized swine were used to provide
infective inoculum for drug studies. All
swine were born and raised at the Veterin-
ary Research Farm, University of Missouri
and they never had been given antibiotic3

in their feed before the time of exposure.
The experimental swine were fed a ration
containing 16% protein and 80% corn.

INOCULUM

Each pig was exposed by administering,
orally, approximately 30 gm of fresh diced
colon from swine infected with swine dysen-
tery.'

CRITERIA FOR EVALUATING INFECTION

Criteria used to evaluate the presence or
absence of infection were: 1) attitude and
appetite, 2) duration and type of diarrhea
such as bloody or blood-free, 3) observation
of spirochetes in feces, 4) death, and 5) le-
sions. To be designated as infected, all
swine had to have a diarrhea with spiro-
chetes in the feces. Swine were observed
four times a day.

FECAL STAINING

Smears of feces from each pig prior to
developing diarrhea and during the period
of having a diarrhea were stained with vic-
toria blue 4-R2 in an attempt to identify
spirochetes (11).

NECROPSY

All swine were necropsied and portions
of the colon, cecum, posterior ileum, fundus
of the stomach, and the mesenteric lymph
nodes of the colon were fixed in 10% buf-
fered formalin.

1Inocu}um was originally recovered from an epizootic
of swine dysentery in Missouri.

2Hellige. Garden City, N.Y.
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Fig. 1. Intestines from an eight week old pig on the first
day of diarrhea which was hemorrhagic. The incuba-
tion period was five days. Notice the muco-hemorrhagic
appearance (A) of the middle of the colon and the nor-
mal appearing cecum (B). Small intestine (C).

BACTERIOLOGICAL ISOLATION

Procedures and media previously de-
scribed were used in an attempt to isolate
and propagate T. hyodysenteriae from mu-
cosal scrapings of the colon from swine on
the first day of diarrhea (7). The same
procedures were used for isolating Vibrio
spp. Fecal swabs from swine with diarrhea
were streaked on brilliant green agar in an
attempt to isolate Salmonella spp during
the period when the swine had a diarrhea.

HISTOPATHOLOGICAL AND ULTRASTRUCTURAL
TECHNIQUES

IFormalin-fixed tissues were dehydrated,'
cleared,' infiltrated and embedded with
paraffin.' Sections were cut 6 p.t thick and
stained with hematoxylin and eosin and vic-
toria blue 4-R (12). Using standard tech-

3Dehydrant and Clearing Agent, Technicon Co., Chaun-
cey, N.Y.

41'araplast, Aloe Scientific, St. Louis, Mo.

niques, thin sections were cut from the
colon of infected swine on the first day of
diarrhea and viewed with an electron mi-
croscope (12).

EVALUATION OF IMMUNITY

In experiment I, one naturally infected
and four experimentally infected swine
were subsequently exposed three times to
infective inoculum at intervals of four
weeks. With each subsequent exposure, one
previously unexposed pig was exposed. The
last three experimentally infected swine
(C,D,E) were medicated with streptomycin
sulfate two days after the development of
their initial bloody diarrhea to prevent pos-
sible death. In experiment II, the three of
nine swine which survived infection were
reexposed twice again at six week intervals.

PRESERVATION OF INOCULUM

Colon and contents from infected swine
were stored at -77°C and -16°C for nine

Fig. 2. Magnification of the colon (rectangle) in Fig. 1.
Notice the strains of fibrin (arrow).
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as the six recovered swine were equally
divided between the two age groups. The
Pi;g which did not develop a diarrhea after

:-X.; ........the first exposure was resistant to a sub-
sequent exposure. Of the 12 swine exposed

I7-...A`.'11_-, L-, iin the last eight passages, all developed
either a bloody or blood-free diarrhea.

- CLINICAL SIGNS

The mean for the incubation period for
| v <the swine used in the first eight passages

was 10.4 days (ranged from five to 24
'i ,, ',days) for the eight week old swine and 13.8

days from five to 23 days) for the
12 week old swine (Table I). Combining

ro~~ ~ both age groups, the mean for the incuba-
tion period was 11 days. The mean for the

I duration of diarrhea in the eight week old
and 12 week old swine was 6.8 days (ranged

|si ifrom three to 19 days) and four days
(ranged from two to five days), respec-
tively.

Fig. 3. Enlarged submucosal glands which appeared as

opaque spots (arrows) on the serosal surface of the AR"

coo fro a day 'oif

colofrm apig euthanized on the second dyo

monthea. Bloody feces from infected swine -% { A

were lyophilized and stored at -12_C for A
nine months.

RESU LTS

SUSCEPTIBILITYB
Of the 37 swine exposed in the first eight

passages, 36 developed either a bloody or a
blood-free diarrhea characteristic for swine
dysentery. Of the 24 swine in the above
group in which the disease was allowed to -Eu '
run its course, 18 died. Of the six swine
which recovered, five developed a bloody
diarrhea and one had a blood-free diarrhea. Fig. 4. Dilated mucous glands (A) in the colon of an
No difference in susceptibility was seen be- infected pia on the second day of bloody diarrhea. Mu-

tNN-een the eight week and 12 week old swine, cosa is infiltrated with numerous erythrocytes and sometweentheeight ~~~~~lymphocytes (B). H & E 95X.
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The diarrhea in all swine was preceded
by a soft stool which lasted from six to ten
hours. During the first and second day of
the diarrhea, there was a copious amount
of mucus. In some swine, the first mucus
was relatively free of blood; whereas, in
other swine it was mixed with blood. In
some swine, the diarrheic state remained
blood-free throughout the course of the dis-
ease. The amount and duration with which
mucus and blood were prominent in the
diarrhea varied between swine and with the
length of the diarrhea.

After two or three days of diarrhea, all
of the exposed swine were gaunt. The feed
consumption and stamina during the period
of diarrhea varied among swine. The swine
with a blood-free diarrhea frequently ate;
whereas, most of the swine with a bloody
diarrhea did not. With some swine, anor-
exia was intermittent. Some of those swine
with a blood-free diarrhea lived for several
weeks and became progressively weaker un-
til they could hardly stand; yet these swine
would occasionally nibble feed.

MICROSCOPIC EXAMINATION OF FECES

Spirochetes similar to those previously
reported were observed in stained fecal
smears obtained from all swine with a diar-
rhea (5, 6, 7). Spirochetes were most nu-
merous in the feces at the beginning of the
diarrhea and in the feces containing visible
blood. Erythrocytes were observed micro-
scopically in the feces and colon sections of
swine with macroscopic blood-free diarrhea.

ISOLATION OF SPIROCHETES

The spirochetes in the colon on the first
day of diarrhea could not be isolated and
propagated in vitro using the techniques
previously described (7). Organisms iden-
tified as Vibrio spp were isolated in four
of five attempts at culturing scrapings of
the infected colon.

MACROSCOPIC LESIONS

In swine euthanized on the first day of
the diarrhea, the colitis was most intense
in the several centrifugal and centripetal
coils near the apex of the colon (Figs. 1
and 2). In all swine euthanized on day 2,
the inflammation involved the entire colon

but not the cecum. All of these swine had
moderate amounts of feed in their stomach
and many had a hyperemia of the fundus.
In all of these swine, the mesenteric lymph
nodes draining the colon were congested.
The colitis was more intense and had ex-

tended into the cecum in the swine euthan-
ized on the fourth day of diarrhea. The
amount of blood in the colon varied. All of
the swine which died from swine dysentery
had a colitis, typhlitis, and a hyperemia of
the fundus of the stomach. Those swine that
died having a bloody diarrhea, al3o had con-
gestion in the mesenteric lymph nodes.
As the disease progressed, many swine

developed a diphtheritic membrane in the
colon. Strands of fibrin were often visible
over the serosa of the colon. Frequently,
the submucosal glands of the colon were
enlarged and visible through the serosa
as opaque spots (Fig. 3). No visible lesions
were observed in the rectum or ileum of
any infected swine.

Fig. 5. Spirochetes (arrow) in the dilated mucous glands
of the colon on the second day of a f+'ody d!arrhea.
Slide stained with victoria blue 4-R. 1,700 X.

Vol. 38- January, 1974 1 1



4)

.0

0la

Cl

z

C _

._

N _ N H H >~

4) 4)

~0~0
0

z z z

A pqIz

2
N4

0

0r
,-4 -4

CO

00 co c14 C1

. .

00

MICROSCOPIC LESIONS

On the first day of diarrhea, the mucous
glands of the colon were dilated (Fig. 4).
Spirochetes were consistently observed in
these glands in sections stained with vic-
toria blue 4-R (Fig. 5). As the disease pro-
gressed, the goblet cells of the mucous
glands became depleted of mucus.
The initial lesion in the colon was a

copious discharge of mucus. This was fol-
lowed by an exudation of plasma and ery-
throcytes which varied greatly. Necrosis
was minimal and involved only the super-
ficial mucosa. Often, a pseudomembrane
consisting of necrotic tissue and fibrin
adhered to the imucosal surface. Ery-
throcytes were observed outside of the ves-
sels in the lamina propria in swine with
either a bloody or blood-free diarrhea;
however, generally, there was not a marked
infiltration of neutrophils or lymphocytes.
Plasma cells were rarely seen.
The mesenteric lymph nodes draining the

colon were enlarged, edematous and often
contained large amounts of blood in the
peripheral sinuses. Spirochetes were never
observed in microscopic sections of the
lymph nodes stained with victoria blue 4-R.

Microscopically, there was a dilation of
the blood vessels in the mucosa of the gas-
tric fundus in the swine with visible hype-
remia of this region; however, erythrocytes
were never observed outside of these ves-
sels.
No microscopic lesions were observed in

the colon, cecum or stomach in the exposed
swine which previously had developed
either a bloody or blood-free diarrhea, but
either had recovered naturally or were

- treated while having a diarrhea.
.;4
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MEM

ELECTRON MICROSCOPIC APPEARANCE
OF SPIROCHETES

Numerous organisms with a protoplasmic
cylinder and surrounded by a thin envelope
containing 12 to 18 axial fibrils were ob-
served in thin sections of the mucous glands
of the colon from swine euthanized on the
first day of diarrhea when viewed with an
electron microscope. These organisms were
approximately 0.3 pu in diameter and 9 ,u
long. These features were characteristic of
the spirochetes previously reported as the
possible etiological agent for swine dysen-
tery (5, 6, 7). Migration of the spirochetes
into the tissues had been observed but not
fully evaluated.

Can. J. comp. Med.
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DEVELOPMENT OF RESISTANCE

None of the five swine, which developed
a bloody diarrhea after the first exposure
to infected colon, had macroscopic blood in
their stool after the second and third ex-
posures (Table II!). In contrast, the diar-
rhea, after the second exposure, was blood-
free and transitory. One pig was resistant
to the third exposure and none developed a
diarrhea after the fourth exposure. The
three swine in experiment II which sur-
vived the initial exposure to swine dysen-
tery, were resistant to the second and third
exposures.

PRESERVATION OF INOCULUM

Colon and contents from infected swine,
which were stored at -77°C for nine months,
were proven to be infective in two groups
of swine. However, the colon and contents
from infected swine, which were stored at
-16°C for nine months, and the bloody feces
from infected swine which were lyophilized
and stored at -12°C, were not infective for
susceptible swine.

DISCUSSION

The clinical signs of the infected swine,
which varied between swine and passages,
were the length of incubation, duration of
diarrhea, type of diarrhea, and the attitude
and appetite. The clinical sign consistently
observed was a diarrhea except for one of
60 exposed swine which never developed a
diarrhea. No explanation can be presented
for this natural resistance, although it has
been suspected from field observations.
The macroscopic lesions that were vari-

able, was the amount of blood in the colon
and feces. The consistent macroscopic le-
sions in those swine which died of the dis-
ease was a colitis and a typhlitis. The con-
sistent microscopic lesion was a muco-
hemorrhagic colitis with spirochetes in the
dilated mucous glands. Frequently, a hyp-
eremia of the fundus of the stomach was
observed.

The variation observed in the length of
the incubation period in this study may
partially explain why an epizootic of swine
dysentery has the characteristic of linger-
ing in a herd for many months. One reason

for the variation in the length of incuba-
tion may be several factors which could
alter the concentration and pathogenicity
of the causative agent before it reaches the
colon, such as the juices of the stomach
and intestine.

It is possible that the severity of the dis-
ease could be decreased by the presence of
certain secondary bacteria. These organ-
isms may expedite the development of a
pseudomembrane which aids in decreasing
the massive exudation.
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