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INTRCDUCTION

The bacterium Erysivelothrixz insidiosa 1s the causative

organism of swine erysipelas, 2 disease of considerable eco-
nomic importance to the swine industry in Europe, Asia, and
Yorth smerica, The organism was first isolated in Europe in
1878 fror an experimentally infected mouse, and ir 1882 was
found to be associated with the disease of swine.

In spite of the long history of swine erysipelas, and
the vast amount of literature on the disease, there is rela-
tively little specific information on its eplzootiology.
Statements 1n veterinary literature on this aspesct of the
disease have been based largely on observations of the occur-
rence and characteristics of natural outbreaks. It is gen-
erally accepted that the erysipelzas organism can be trans-
mitted by way of feed, water, or soll, and that it can be
found in feces and urine of pigs with the dlisease, which pro-
vides a means for contamination of the environment. However,
a complete determination of the routes and times of elimina-
tlon of the orcanism from clinically affected vlzs has not
been revorted.

The purvose of this project was to determine the routes
by which EZ. insidiosa is eliminated into the environment, and
when elimination occurs during the course of clinical illness

in experimentally infected swine.



REVIEW OF LITERATURE

The bacterlum now known as Erysipelothrix insidiosza (5),

formerly Erysipelothrix rhusiopathiae, was first discovered

in 1878 in Germany by Hobert Koch (25, po. 83-37), who iso-
lated from an experimental mouse an organism which he called
the "bacillus of mouse septicemia.," Furthesr studizss on this
bacillus were reported by Loffler (30) in 1881, A similar
organism isolated by Pasteur and Thuillier from swine affected
with rouget was briefly described by Pasteur in 1882 (38).
Loffler is credited with giving the first accurate descrip-

tion of Schweinerotlauf, or swine erysinelas, and its causa-

tive organism in 1882, although this work was not published
until 1886 (29), by which time other reports had appearazd in
Lurovean literature (8, 45).

In the United States, the organism was found in a pilg in
1885 by Theobzld Smith ¢f the United States Cepartment of
Agriculture (60, p. 196), and again in 1888 by Moore (32).
Swine erysipelas was not recognized as a serious disease 1in
this country, however, until 1931 (10, 57), although reports
of its occurrence had appcared in the intervening years (9,
15, 61, 65).

Throughout the history cf swire erysipelas, the epl-
zoctlology of the disease has not been fully understood.

Various factors relating to its occurrence have been sug-
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gested, but are without proof. Pasteur (38) believed that
"improved"” white breeds of plgs were more llikely to contract
the disease than the more common breeds. Friedberger and
Frohner (13) alsoc mentioned breed as a factor in susceptibil-
ity, although Harrington (19) saw no such relationship,.
Nutritioral deficiencies (59) and weather conditions (24)
have been related to cccurrence of ths disease. Aitken (1)
reported outbreaks which appezrsd to be relatsd to accldental
access to a corn fleld, feeding of new corn, or introduction
into new pasture. Kurek (28) reported that susceptibility
was increased by a high protein diet. Variations of inci-
dence related to cyclic years and to season of the year have
been mentioned (1, 17, 26). Early workers observed that the
disease appeared to be confined to certain zeorraphical
areas, Nocard and Leclainche (33) stated that although dif-
fusion from "permanent" infection zones into "secondary"
zcnes sometimes occurred, the disease did not tend to persist
in the latter. Vallée (62) and Francke and Goerttler (12)
also stated that the disease was confined to certailn dis-
tricts.

The repeated occurrence of swire erysivelas in certain
areas, sometlmes with several years elapsing between out-
breaks, led to the bellef that the causative organism ver-
sisted for long perlods in the soll. This view still com=-

monly is held, althouzh it is supported only by circumstan=-



tial evidence. Hesse (21) repvorted experiments in which E,
insidiosa survived only a few days in acid scils, but could
be recovered for at least 90 days from alkaline soils. He
concluded that the organism could live a year or more in soil
of alkaline reaction., Marmorstein (31) reported that the
organism would grow at 37° C. in sterile earth mixed with
alkaline liquid stable waste or hay infusion. Vallée (62)
reported that culture media containing filtrates of soil
taken from areas whsre erysipelas was enzootic would supvort
growth of E. inslidiosa; but samples from areas where the
disease did not occur would not support growth. The behavior
of E. insidliosa in soll under laboratory conditions has been
investigated also by Hosenwald (41), Bowsell (43), Sukhoret-
skii (53), Gurova (13), and Szyhkiewicz (56). Their results
indicated that the organism does not persist in the soil.
Altken (2) pointed out an apparent correlation between alka-
1linity of soil and the occurrence of natural outbreaks. ©On
the other hand, Connell and langford (7) stated that they
found no evidence of geographical distribution of the disease
according to soil type. They reported the incldernce was pro-
portional to swine population.

There are no reports of 1solation of E. insidiosa from
soil under ratural conditlons. Vallée (62) and Obreshkov
(34) failled in attempts to find the organism in soll of areas

where swine erysivelas had occurred. Rowsell (43) could not




establish a permanent population after repeated lnoculations
into soil takeh from enzootic areas. Szynkiewicz (55) re-
ported that E. insldiosa added to scll samples was destroyed
by protozoa, and postulated that thls was the probable fate
of many pathogenic bacteria in the soil., Sukhoretskii (53)
stated that the fallure of the erysipelas organism to survive
in soll for long periods 1s ccmparable to results reported
for other non-spore-forming bacteria, and that the soil can
be regarded as a source of infection only when continucusly
and directly contaminated. Doyle (11l) believed that it is
doubtful that the soll is the main source of infection, al-
though =. insldlosa may survive long enough after being shed
by infected animals to bs a hazard to susceptible pigs.

The existence-of asymptomatlc carriers of Z. insidlosa
amonz swine has been known for many years. 01t (36), Bauer-
meister (4), and Pitt (39) demonstrated the vpressnce of the
organisz in the tonslls and intestines of slauzhtered pigs
that had no clinical evidence of erysipelas infection. These
firdinzs have been confirmed by a number of investigators (3,
6y, 7, 14, 20, 42, 54, 53, 68). Furthermore, I. Insidiosa has
been isolated Ifrom tonsillar secretions taken from live
healthy plgs (27). Spears (52) 1solated the organism from
femoral red marrow of slaughtersd pigs.

The carrier rate among healthy ples is estimated to vary

from 30 to 50, (11), tut the significance of such animals as



disseminators of the organism has not been conclusively
determined., Outbreaks of swine erysipelas frequently coin-
clde with the introduction of apparently healthy pigs to a
herd, indicating that the carrier plg may have an important
part in the spread of the disease., Hutyra et al. (23) con-
sldered asymptomatic carriers to be as infectious as clinical
cases and suggested that they were the cause of apparently
spontaneous outbreaks. Gledhill (16) stated that subelinical
infectlions 1in plgs ares common in enzootic areas, and suggested
that such animals can spread the disease., On the other hand,
Francke and Goerttler (12) believed that carriers do not cre-
ate a serious hazard to susceptible pigs. Rowsell (43) re-
ported eiperlments indicating that E, insidiosa could resist
the acidity of the étomach long enough to pass into the more
favorable environment of the intestinal tract. He believed
this to be the most likely route of élimination by the tonsil-
lar carrier. Kurek (28) isolated £. insidiosa from 3 out of
454 fecal samvles from 67 healthy unvaccinated swine. He
concluded that such animals excrete the organism in the feces
only sporadically.

Excretion of the erysipelas organism by clinically
affectsd swine has been reported. Cornevin (8) stated that
he could transmit the disease with fecal material from dead
or dylng pilrs, but could not do so with urine. Hutyra et al.

(23) and Preisz (40) mentioned observations by Zuropean




workers that erysipelas could be transmitted through feces

and urine of pigs durlng 1llness and for several days after
recovery. Howsell (44) demonstrated the presence of the
organism in feces of plgs with acute erysipelas induced by
oral infection. Kurek (28) found E. insidiosa in feces of 8
out of 10 pigsrill with spontanecus erysipelas. Such con-
taminated body excrstions no doubt prrovide a commnon source of
infection, since it 1s known that susceptible pigs can con-
tract erysipelas by inzestion of contaminated feed, water,
and scil, as well as through superficial skin wounds (48).
Transmission by direct contact also is a possibility, accord-
ing tc Van s and MeGrath (63), although Goerttler (17) be-
lieved that this seldom occurs.

The ublquity of E. lnsidlosa in natures 1s a factor which
complicates attempts to delineate methods of transmission.
The organism has been 1isolated from many specles of mammals,
birds, and insects, and from both marine ard fresh-water fish
(48) . Hettche (22Z) found the organism in city sewage from
abattolrs and suburban stables, Olsuf'ev et al., (35) 1so-
lated the organism from stream water and from rodents inhabit-
ireg the banks. Wellmann (67) found that rodents, birds, and

insects could act as intermediate carriers, but stated that

their signiflcance remainsd tc be proved.



METEOD OF PROCEDURE

The general plan of these experiments was to infect pilgs

with selected strains of Erysivelothrix insidiosa and to col-

lect samples from the blood and various body excretions for

cultural examination until death or 10 days poest-exposure.

Materials

Animals

Eighteen specific-pathocen-free (SPEF) pigs were used in
these experiments. Twelve of the plgs were males, and 6 were
females. Threce of the males were of the Hampshire breed, and
the remainder of the pilgs were of mixed breeding, and pre-
deminantly whilte in color. All -piless had been obtained by
hysterectomy, given no colostrum, vaccines, antiserums, or
antibiotics, and rearsd in isolation on concrete floors.
When used in the experiments, the plgs were 4 1/2 to 8 months

of age, arnd welghed 89 to 187 pounds.

Zquipment for snimal confinement

A galvanized stesl metabollsm cratel designed for sheep
was modifled for use with swine, Modification consisted of
the installation of removable rigid aluminum panels at the

sides and rear of the crate, sloping irward in order to 1limit

lyanmann Manufacturirg Co., Baltimore, Md.
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movement by the plz when in the standing position, while pro-

viding sufficient space for the animal to lie down (Figs, 1,
2). The front of the crate was equipped with a stanchion
(Fig. 2) for restraint of the head when necessary for sample
collection. The floor of the crate was made from expanded
metal of sufficient strength to support the animal, while
allowing urine of males to pass through into collecting

equipment (Fies., 2, 3).

Equipment for feces collection

An opening was maintained in the floor of the crate ot
the rear for dropplngs to fall through. Dropvings from males
were collected in a disposable 12 by 13 by 24-inch bag of
0.0015-inch polyethylene (1l0-gallon garbage can liner). The
opening of the bag was stretched over a 12 by l4-inch wood
frame which was inserted intoc the opening in the floor at the
rear of the crate (Figs. 1, 3). Droppingss from females were
deflect=d with a sloping, trough-shaped viece of 1/4-inch
mesh galvanlized wire cloth into a pall lined with a dispos-

able polyethylene bag (Fig. 6).

Zaguipment for urine collection

Urine was collected from males by means of a 14 by 22-
inch rectanguler catchine funnel under the floor of the crate
(Figs. 1, 4). The funnel was made from 1/4-inch mesh gal-

vanized wirs cloth suvported by a wood frame at the vperiphery
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of the base, and with a 2 by 2-inch opening in the wire cloth
at the apex. The inner surface of the funnel was lined with
a double layer of disposable 0.0015-inch polyethylene sheet
with a small opening at the apex. To prevent splashing of
urine, cheesecloth was lald over the top of the funnel and
fastened to the wocd frame with thumbtacks. From the catch-
ing funnel, urine passed through a sterile glass funnel into
a sterile 2000-ml, asplrator bottle.

Urine was collected from females by means of a 14 by 14-
inch catching funnel of construction similar to that for
males, The funnel was suspended at the rear of the crate
under the slopling wire cloth used to deflect fecal drop-
pings (Figs. 5, 6). From the funnel, urine passed into a

sterile 1000-ml. wide-mouth jar,

Media and solutlons

Tryptose serum broth Tryptose broth base was pre-

pared as described by Packer (37). Sterile horse serum was
added to gilve a concentration of 5%. The medium was dis-
pensed aseptically into flasks, incubated overnight at 370 c.
to determine sterility, and stored at 4° ¢. The final pE

rance was 7.3 to 7.4.

Selective liguid medium A liquid enrichment medlun

utilizing high concentrations of antibiotlcs for the selec-

tive culture of E. insidiosa was developed, and has been




Flg. 1. A view of the metabollsm crate used for confine-
ment of pigs. The sloping panels restricted
movement by the animal when in the standing
position. The crate 1s fitted with equipment
for separate collection of feces and urine
from males,

Fig, 2. Front view of the metabolism crate, showing the
sloping side panels, stanchior, and expanded
metal floor
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Flg. 3. Rear view of the metabolism crate with rear
panel removed to show the expanded metal floor
and the feces collecting bag used for msale pigs
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Fig, 4. Close-up view of equipment used for collection
of urine from rale pigs
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Fig. 6.

Side view of the metabolism crate with side

panels removed, showing the sloping rear panel.
The crate 1s fitted with equipment for separate
collection of feces and urine from female pigs.

Close-up view of equipment used for separate
collection of feces and urine from female plgs
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described and tested for its efficiency (71). The medium con-

sistently permitted cultural detection of the organism in pig

feces containing 6 to 11 viable cells/Gm.,

For use 1n the present experiments, the medium, modified
by the addition of buffering salts, was preparad in quanti-
ties of 25 to 30 liters as follows: A broth base was pre-

pared, containing 0.3% beef extract, 1.5% tryptose, and 0.5%

NaCl. To each liter of brecth base was added 5.4 Gm, of

NapHPOy, 0.64 Gm. of KHoPOy, and 50 ml., of horse serum, The

preparation was sterilized by filtration with a Eormann model
ST-80 filter press.1 After filtration, 400 pg./ml., of kana- w
mycin,2 50 pg./ml, of neomycin,3 and 25 pug./ml. of Vanc:omycinl‘L q
were added aseptically. The pE range of the final prepara- jﬁ
tion was 7.3 to ?.4. The mediﬁm was dispensed aseptically i
into sterile flasks and tubes and stored at 4° C, Nedium I
not used within 2 weeks was discarded. i

Beef infusion broth Ground defatted beef was added I

to distilled water at the rate of one pound/liter, After
standing overnight at y° C., the mixture was cooked for one

hour at 80° to 900 C., allowed to stand for 2 hours, and

lp, 4, Eormann and Co., Newark, N. J. i
2Kantrex, Bristol lLaboratories, Syracuse, N, Y.
3Mycifradin, the Upjohn Co., Kalamazoo, Mich.

uVancocin, £11 ILilly and Co., Indianapclis, Ind.
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filtered through a layer of muslin. For zach liter of infu-
sion, 10 Gm, of Bacto-—peptone1 and 5 Gm., of NaCl were added.
The pE was adjusted to 7.6 with 47 NaOH. The preparation was
autoclaved at 121o C. for 30 minutes ard filtered through No.
2 Whatman fllter paper., The medium then was dispensed into
flasks, autoclaved again, and stored at 4° C. The final pH
range was 7.3 to 7.4,

Beef infusion azar An infusion of beef, suvplemented

by 10 Gr. of Bacto-peptone and 5 CGmu., of NaCl/liter, was pre-
pared as described for besf infusiorn broth. Agar was added
at the rate of 20 Gm./liter, and the pHd was adjusted to 7.6.
The medium was autoclaved at 121° C. for 30 minutes and fil-
tered through non-absorbent cotton. The medium then was
autoclaved again, dispensed into sterile petri plates, and
allowed to harden. The plates were incubated overnight at
37° C. and stored at 4° ¢. in covered cans. The final pd
range was 7.3 to 7.4,

Packer's medium (37) Bacto-azide violet blood agar

base1 was prepared according to the manufactursr's direc-
tions, except that horse serum at the rate of 5% was added
instead of whole blood. The medium was dispensed into ster=-
1le petri plates and allowed to harden, The plates were in-

cubated overnight at 3?0 C. and stored at 40 C. in covered

1Difco Laboratories, Detrocit, lMich.
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cans. The final pH range was 6.8 to 7.0.

Commerciallv preparsd medis Bacto-nutrient gelatinl

tubes and Bacto-triple sugar iron agarl slants were prepared
according to the manufacturer's directions, and stored =zt 4°

C.

Base medium for fermentable carbon compounds A base

medium, containing Andrade's indicator, aporopriate ferment-
able carbon compounds, and a 107 concentration of horse serum,
was prepared as described by White and Shuman (70), disvensed
into tubes, and stored at 4° c.

Buffered NaCl solution Buffered NaCl solution (pH

7.5) was prepared by dissolving 8.5 Gm, of NaCl, 5.4 Gm. of
NapHPOy, and 0.64 Gm. of KH,POy in each liter of distilled
water and autoclaving at 121° C. for 20 minutes.

Buffered veptone solution One per cent buffered pep-

tone solutlion (pH 7.5) was prepared by dissolving 10 Gm. of
Bacto-peptone, 5.4 Gm, of NasHPOy, and 0.64 Gm. of KHoPOy in
each liter of distilled water and autoclaving at 121° C. for

20 minutes,

EXposure cultures

Three freeze-dried smocth strains of E. insidiosa, sero-

Pt}
—

type "a", were used for ex»osure of plgs. The strains, iden-

1pifco Laboratories, Detroit, Nich.
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tified 3s El-5P, HC=-585, and de Castro, were from the stock
culture collection at the National Anlmal Cisease Laboratory,
Ames, Iowa. They were selected for ths=ir ability to induce
swine erysipelas in susceptible pigs with a reascnable degree
of predictability as to the clinical course of the disecase.

Strain E1-57 had been obtained as follows: A virulent
strain identified as El-51 was passed serially in 2 pigzs,
both of which died of the infectlion. A pure culture of the
organism recovered from the spleen of the second plg was
freeze-dried and designated stock strain E1-8P. This strain
was used te produce severe illness with death or reccvery.

Strain HC-535 was from a stock of freeze-dried culture
that had been used for percutaneous exposure of vigs and for
other experimentallpurposes at the National Animal Diszase
Laboratory (46, 47, 49, 50, 69). This strair was used to
produce less severe 1lllness with develooment of character-
1stic urticarious rhombecid skin lesions and subsequent recov-
ery.

Strain de Csstrc was a culture receilved from Brazil,2

where 1t had bezn isolated from the tonsils of an apparently

lorigiral culture kindly supplied by Dr. . F. Lawson,
Connaught Medlcal uaesearch Laboratories, University of Tor-
cnto, Toronto, Canada,

2Criginal culture kindly supplied by Dr., A, F, Pestana
de Castrc, Instituto Bioldgliec, S8c Paulo 3. P.,, Brazil,
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healthy piz (6). This strair had been found to ts of low
virulence in swire (51), and was used to produce a mild form
of the disease,

A fresh ampule of freeze-dried stoc: culture was used
for exposure of each plg. Each culture was prepared as fol-
lows: The contents of an ampule were reconstituted and
inoculated ihto 100 ml., of tryptose serum broth. The broth
culture was incubated 24 hours at 370 C. and used for direct
inoculation of the_animal. A count of the viable bacterial
cells/ml, of each culture was made by plating tenfold dilu-
tions in triplicate. The average count of cach strain is

given in Table 1.

Table 1, Number of viable cells of E. insidlosa in
exposure cultures

No. of No. of viable cells/ml,
Strain cultures Hange Average
8 8
E1-67 9 5,10 to 9.90 x 10 5.73 x© 10
HC-585 i 1.25 to 2.60 x 107 1.75 x 107

9

De Castro 5 1.27 to 1.30 x 10 1.28 x 107
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Animal Handlirng and Sampling Schedule

The experiments werzs conducted with one pig at a tlme.
Zach pig was maintained in the crate corntinuously during ob-
servation. Samvles from the mouth, tensils, nasal passazes,
conjunctival sacs, skin, and blood were taken once daily, be-
tween 8:30 and 9:30 A,M, Feces and urine were collected con-
tinuously, and were removed from the collectinz egquipment at
8:30 A.M, and between 4:00 and 5:00 P.M, daily. In addition,
clirical observations were recorded twilce daily. These 1in-
cluded rectal temperature, avpetite, general attitude, and
the appearance and characteristics cof urticarious leslons.

Feed and water were glven after the morning and after-
noon sample collections. The ration at each feeding con-
sisted of 1 1/4 to 2 pounds of commercial pig grower (147
crude protein); the amount dependihg on size of the pig.

For purposes of data recording, each experimental day
was designated as the 24 hours between completion of sample
collections and feeding at 9:30 A.lM, 4t thls time each
morning the crate, the surrounding arsa, and all equipment
used for animal handling and sample collection were cleaned
with a 3% solution of a commercial detergent-phenolic dis-
1nfectant,1 and replacesable components were changed. The

feces collecting bag was changed after each afterncon col-

lves-phene, Vestal Laboratories, Inc., St. Louls, Ho.



23

lection also.

Samples collected from each pig duringz the first experi-
mental cday werzs ussd for pre-exposurs control data and the
ple then was exposed to infectlon at the beglinning of the
second experimental day (9:30 to 9:45 A,M.), Observation was
terminated by death from acute erysipelas or by euthanasia 10
days after exposure., Post-mortem examinztions were made, and

from each plz the tensils, gall bladder, and a segment of the

terminal part of the ileum including the ileocecal valve, JJ
were removed and réfrigerated in sterile contalners until

cultural examination. In addition, post-mortem samples were |
taken with sterile cotton-tipped applicators from the mouth, Hhi
nasal passages, conjunctival sacs, and anus of each pig that |

diled of the disease,

Exposure Procedures I

Exposures to E. insidiosa were made by parenteral 1injec- w
tion. The number of pilgs given each strain, amounts of cul- ‘Y
ture given, and routes of injection are shown in Table 2. “f
Intradermal injections were zilven on the left side, about 4
inches lateral to the dorsal midline and Jjust posterlor to
the shoulder; intramuscular injections were given in one or
both hind legsj; and intravenous injections were glven in an
ear vein. Before injections were given, the halr was clipped

from the area and the skin was cleaned with three or four
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Table 2. houtes of injection, amounts given, and number of
plgs exvosed to each strain of E. insidliosa

Exposure nmoute of Ml. of Number of plgs exposed
strain injection® culture Male Female Total
E1-67 T. M, 4.0 2 1 3
E1-6P 1M, 6.0 1 0 1
El1-67 1.3, 8.0 i 0 i |
Le Castro 1.0, 0.1 p ¥ 0 1
LCe Castro I.Vs 5.0 2 2 4

8I.D. = intradermal; I.M, = intramuscular; I.V. = intra-
venous.,

applications of eth=r, and allowed to dry. After completion
of an intradermal injection, the site was covared with a
patch of transparent nolysethylene sheet fastened to the skin
with adhesive tape (Fig. 7). This was done to pravent pos-
sible contamination of the environment from the site of in-
Jection, wnile allowlng observation of the development of a
local skin lesion. Sites of intramuscular and intravenous
injections were covered with a small pad of absorbent cotton

held in place by adhesive tape.
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Sampling Procedures

. Feces

In addition to the samples removed twice daily from the
collecting equipment, feces eliminated by a pigz while being
attended at the close of each experimental day (between 8:30
and 9:30 A.lM.) were caught in sterile hand-held contalners.
The feces eliminated during each experimental day thus were
divided into 3 saumples (afternoon, overnight, and morning)
for separate examination, Feces eliminated by females while
being attended at 4:00 to 5:00 P.M, were caught in sterile
hand-held contaliners and included with the afternoon sample,
but examined separately. Each sample was distributed into

sterile 8-ounce covered plastic cupsl at the time of collec-

tion, and refrigerated at 3° C. within ocne hour, The samples

were kept under refrigeration until prepared for cultural

examination.

Urine

The samples of urine removed twlce dally from the col-

lecting equipment were refrigerated within one hour. The two

collections (afternoon and morning) during the first day
after exposure of a vig were separately examined. All other

collections were coabined into sirgle dally samples, except

lpalcon Plastics, Los Angeles, Callf.
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that urine eliminated by females while being attended at 8:30
to 9:30 AM. ard at 4:00 to 5:00 P.M. was caught in sterile

hand-held contalilners for separate examination,

Mouth

Secretions in the mouth were sampled by swabbing the
areas lateral to the upper and lower molars and under the

anterior portion of the tongue with sterile cotton-tipped

applicators (Fig. 8).

Tonsils

The surfaces of the tonsils were scraped with the end of
a sterlle wood tongue blade (Fig, 9). The material collected

was transferred to a sterile cotton-tipped avrlicator,

Conjunctival sacs

Lacrimal secretions were sambled by drawing the lower
eyelid away from the eyeball with forcevs and swabbing the
conjunctival surface near the medial canthus with cotton-
tipped applicators molstened with sterile buffered NaCl solu-

tion (Fig. 10).

Nasal passaces

Samples were collected from the nasal passages with the
head of the pig restrained in a lowered vosition. The sur-
face of the snout was cleaned with 70% ethanol. Each nasal

passare then was washed twlce with aoproximately 20 ml, of
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sterile buffered NaCl solution, The solution was forced into
the nasal passages with a sterile rubber bulb and allowed to
flow out into a sterile plastic cup (Fig. 11). The collected
washings (approximately 75 ml.) were immediately transferresd

to a sterile 250-ml. screw-capped flask.

Skin

Samples from the surface of the skin were taken routine-
ly from areas of the neck posterior to the ears and from the
dorsal midline in the sacral region. The hair was clipped
from the latter area before sampling was begun on the first
experimental day. On the second day, immediately after expo-
sure of each plg, the surface of this a2rea was cleaned with
ether., On 4 of the plzs, a 4 by b-inch covering patch of
polyethylene sheet was attached to the skin by adhesive tape
with the anterlor side left open (Fig. 12), This was done
in an attempt to prevent external contamination of the area
to be sampled.

Samples were taken by rubbing the skin vigorously with
cotton-tipped applicators molstened with sterile buffered
NaCl solutlon.

The surfaces of urticarious leslions were cultursd when

present,




Plg. 7s

Fig. 8.
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N
Transparent polyethylene patch covering the site {f
of intradermal injection of E. insidiosa (strain N;
HC-585), photogravhed at 48 hours post-exposure. g
Note the dark area of local inflammation at the i
site of injection. L

Procedure for obtaining samples from the mouth
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Fig. 9. Prccedure for obtalning samples from the tonsils
by scraping the surfaces with a wood tongue
blade

Fig. 10. Procedure for obtalning samvles from the
conjunctival sacs







Filg. 11. Procedure for obtaining washings from the -
nasal passages

Fig. 12. Procedure for obtaining samples from an area
of the skin covered by a polyethylene patch
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Blood

Thres to 4 ml, of blood were drawn aseptically from the

anterior vena cava.
Preparation of Samples for Culture

Feces

The samples of feces collected during each experimental
day were prepared for cultural examination within 6 hours
after the close of the day. Each sample was weighed and
divided into portions of 40 to 50 Gm., and each portion was
placed in a pint mason jar, Sterile one psr cent buffered
~ peptone solution was added to make a total volume in each jar
of approximately 220 ml, A stirring rod with a 2-inch pro-
peller was placed in each jar, which then was covered with a
flat mason 1id that had a hole in the center for the shaft of
the stirring rod. The 1lids were secured with standard mason
rings. The contents were mixed for 10 minutes with stirring
motors operated at 1600 R,P,M., transferred to 250-ml. glass
centrifuge bottles, and centrifuged for 10 minutes at 1950
E.,P.M. (1000 R.C.F.) in an International model UV centrifuge.l
Tne cloudy supernatant fluid in each bottle was decanted into
a 250-ml, screw=caoped polyprooylene centrifuge bottle and

the residue was discarded. The fluid was centrifuged for 10

lInternational Equipment Co., Boston, lass.
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minutes at 9000 R.P.M. (13,200 %.C.F.) in a Sorvall SS-3 cen-

L with a type GSA rotor. The supernatant fluld was

trifuge
discarded, and each pellet of residue was resuspended in 500
ml., of selective liquid medium,

FPecal samples weighing less than 20 Cm. were inoculated
directly into 500 ml, of selective liquid medium_after first
being broken up and suspended in a small volume of the medium.
Samples weighinz 20 to 40 Gm, were susnended in five times
thelr welght of buffered peptone solution and then were
handled in the same manner as described for the 40 to 50-Gm.
porticns.

All mixing jars, 1lids, stirring rods, centrifuge bot-
tles, and other equipment ceming in contzsct with the fecal
material were cleaned and sterilized by autoclaving after

each use, and kevt in coversd pans.

Urine

The urine collesctzed during each experimental day was
prepared for cultural examinatlion within 4 hours after ths
close of the day. The volume of zach sample was measurad,
and the urine was centrifuged., Samples of more than 1000
ml, were centrifuged in a Sorvall S5-11/X33-1 four-tukte "3t.

%

Gyorgyl and Blun"™ ccntinuous flow system™ operated at 12,000

R.®.M. (17,300 3.C.F.). Samples of 1000 ml., or less were

;
“Ivan Sorvall, Norwalk, Conn.
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distributed into 250-ml. screw-capped polyprcpylens bottles
gnd centrifuged for 10 minutes in the SS-3 centrifuge with
the type GSA rotor operated at 9000 R.P.M., (13,200 R.C.F.).
After centrifugation, the clarified urine was discarded and
the pellets of residue werc combined and resuspended in 100
to 500 ml, of selective l1liquid medium, depending cn the
eamount of residue.

All centrifuge bottles, tubes, components of the con-
tinuous flow system, 2nd other equipment coalng 1rn contact
with the urine were clean=d 2nd sterilized by autcclaving

after each use, and kept in covered pans,

Nasal washings

Within one hour after collection, each sample of nasal
washings was distributed into sterile 50-ml. nylon centrifuge
tubes, which were cavped and centrifuced for 6 minutes in the

SS=3 centrifure with a type 33-34 rotort

operated at 12,000
i.P.M, (17,300 Z.C.F,). The supernatant fluid was discarded
and the residue was resuspended in 100 ml., of selective

liguid medium,

Blood
Each samnle of blcod was nlaced directly into 50 ml. of

beef infusion broth immediately after belng obtalined.

1ivan Sorvall, Norwalk, Conn.
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Other samvples

Cultures from the mouth, tonsils, cconjunctival sacs, and
skin were made immedlately after samoling by snavping off the

cotton tip of each applicator into a tube of selective liquild

medium,

Post-mortem specimens

Specimens removed from pigs at post-mortem were prepared
as follows:

Tonsils The surroundirg tissues were trimmed away and
the oral surfaces of the tonsils were scored with a flamed
scalpel by makinz numerous cuts of 1/8 to 1/4 inch deep. The
entire structure was placed in 100 ml, of selective liguid

medium,

Gall bladder The attached tissues were trimmed away

and the gall bladder was opened with flamed scissors. After
the bile was drained out, the entlire structure was placed in
100 ml. of selective liquid medium.

Intestine The lymphold tissue near the lleocecal
valve and in the wall of the adjacent ileum was scraped off
with a flamed scalpel, and the material obtained was placed
in 100 ml, of selective liquid medium,

Other post-mortsm cultures Cultures from the mouth,

nasal passages, conjunctival sacs, and anus of each plg that
died from acute .erysipelas were made lmmediztely after sanm-

pling by snavping off the cotton tip of each avplicator into
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a tube of selective liquid medium,

Cultural Examinations

Culture vorocedure

After inoculation, all 1liquid cultures were incubated at
37° C. for 48 hours and subcultured onto plates of Packer's
medium. One vlate was inoculated from each flask or tube of
liguid culture by spreading the contents of a 20-gauge wire
looo (i.d. 3 mm.) evenly cver the surface of the agar. The
plates were incubated at 3?0 C. for 72 hours and examined

under a dissecting microscope for colonles of E, insidiosa.

Jdentificaticn of E. insidios=a

Tentative 1ldentification of the organisz was based on
colonial characteristlcs on Packer's medium, From each plate
that had bacterlal growth consldered to be E. irsldiosa, pure
culture 1solations were made on beef infusion agar and in beef
infusion broth. TFositive identification of the organlism was
based on: (1) characteristic growth in gelatin stab cultures
(5); (2) reaction in triple sugar iron agar (64); and (3) the
pattern of acid production from 20 ferrentable carbon com-
pounds (Table 12), using the method reported by White and
Shuran (70). From each piz, the culturss subjected to these
tests consisted of: (1) the first culture of E. insidiosa

recovered from each source of samples; (2) a pocled culture
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from each source of samples, comprising all isolztions of the
organism made during the observaticn period; and (3) each
culture recovered fromn specimens obtained at post=mortenm
examination. 1In addition, each culture prepared from stock
for exposure of a plg was subjected to the same tests to pro-
vide a bzasis for comparison with ceultures recovefed from the

animal,
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FINDINGS
Clinical Response after Exposure to E., insidiosa

The clinical response of each pig is given in Table 3,
and includes the peak temnerature and presence or absence of
other signs of infection. In addition, individual charts for
the 18 piss can be found in the Appendix (Figs. 25-42), and
include temperatures as recorded twice daily and the time of

appearance of other sizns of infection.

Pizs exposed to strain El1-54P

Each of-the 9 plgs exposed to straln E1-6P developed
local inflammation at the site of injection within 24 hours.
The pigs became visibly 111 24 to 48 hours post-exposure, and
had peak tempsratures of 106.4° to 108.4° 7, within 24 to 79
hours., Death occurred 48 to 96 hours post-exposure in 4 pigs
exposed by 1lntradermal injection, and approximately 78 hours
post-exposurs 1in one pir exposed by intramuscular injection.
Four pigs survived after exposure by intramuscular injection.
Inappetence and deprsssion were observed in all 9 pigs ex-
posed to strain E1-6P, and 3 pigs developed urticarious skin
lesions 72 hours post-exposure. The skin lesions were slignt-
ly raised, irregularly shaped areas of erythema, which were
spread diffusely over the body. The 4 surviving pigs re-
galned normal appetite and attitude, with dlsappearance of

skin leslions, by the fifth tc ninth day post-exposure.




Table 3. Clinical response of plgs after exposure to E. lnsidiosa

Peak Visible signs of infection®
Pig Lxposure temp. Skin
ro. SexP? 3Strain Houte® imount (°F,.,) Inappetence Depression lesion Death
1452 M E1-6P L. e 0.1 ml; 107.6 + + - T
1454 M E1-6P I.:Ds 9.3 1, 107.6 + + + #
1654 M 21=-6P I.D. 0,1 ml, 106 .4 + + - +
14554 F E1-6P I.Ds Bl ml, 107.6 . + * § 5
981 M £1-6P I.M. 6.0 ml, 108.4 - + + -
930 M 21-5P LMs B0 ml, 106.9 + + - w
994 M £l=-6P 1.8 4.0 nil. 107.4 + * - -
1332 ] c1-6P I.M., 4.0 ml, 107.6 + + +
1334 il EC-535 1.0. 0,1 ml, 107.5 + g + -
1450 M HC-535 I.De¢ Q.1 ml, 106.6 o g 5 =
13334 F HC-585 Tl Ul mls 108.0 i 5 2 * -~
14524 F HC-585 Tabs 01 ml, 105,.8 - - + -
1446 M DeCastro 1I.V. 5.0 ml, 105.0 - - o -
1449 F LeCastro 1.V. 5.0 ml. 104,2 - - +
14514 F LeCastro I,V, 5.0 ul, 104 .4 - - % -
1345 H DeCastro I.D. 0.1 ml, 105.2 - ¥ - -

8presence or absence 1s indicated by + or -, respectively.
by = male; F = femzle,

CI.D. = intradermal; I.4. = intramuscular; I.V. = intravenous.

™
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Pies exvosed tc strain HC-585

Each of the 4 pigs exposed to strain HC-585 by intra-
dermal injection developed local inflammation at the site of
injection wlthin 24 hours. Signs of gzeneralized infection
were observed 31 to 72 hours post-exposure., Three pigs had
lnappetence and depression, and subsequently returned to nor-
mal appetite and attitude on the sixth to ninth day post-
exposure. One pig (No, 14524) had no loss of appetite or
change in attitude. Peak temperatures of 105.8° to 108.0° =,
were recorded 3 to 6 days post-exposurs, Cne pig (No. 13334)
had pronounced diphasic temperature peaks of 106.4° F. at 31
hours and 108.0° F. at 6 days post-expcsure (see Fig., 35).
All 4 pigs exposed to strain HC-585 developed urticarious
skin leslions over the shoulders, bacik, rear quarters, and
sides 48 to 72 hours post-sxposure., These were well defined,
ralsed, rhomboldal areas of erythema, The leslons began to
recede on the seventh to ninth day post-exposure, but were

still visible at the time of euthanaslia on the tenth day.

Pigs exvosed to strain de Castro

In the 4 plss exposed tc strain de Castro by intravenous
injection, no deviatlons from normal appetite and attitude
were observed. Temperaturcs remained in the normal range
(see Figs. 38-41), except for a brief rise to 105.0o F, re-

corded 7 hours post=-exposure in one pig (No, 1446), Urti-
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cariocus skin lesions were observad on a2ll pigs 2 to 5 days
post-exposurz., These conslsted of one tc filve slizhtly
ralsed, pale, 1lrregularly shaped areas of erythzma in the
region of the shoulders. The leslons bepan to recede on the
elznth to ninth day vpost-exposure, arnd generally were not
visible at the time of euthanasia or the tenth day.

Exposure of ons plg (No, 1345) to strain de Castro by
intradermal lnjectlion produced local inflammatlon at the site
of injection in 24 hours. This consisted of a slightly
r2ised, pale area cf erythema apvroximatzly 3/% inch in diam-
eter. The lesion persisted for less than 24 hours. No signs
of generalized infection were observed. A brief rise in
temperature to 105.2o F. was recorded during the sixth day

post-cxposure (see Fig, 42),
Recovery of Z. insldiosa from Infected Pigs

Sources of recovery

Erysivelothrix insidiosa was not found in any pre-

exposure samples., After exposur= of 18 plgs, the organism

was rzcovered on one or nore days from the tlood of 17, urine
X .

of 17, feces of 16,  tonsils of 14, mouths of 12, nasal oas-

sages of 11, skin of 6, ard conjunctival sacs of 5 (Fiz. 13).

1y positive fecal sanple from plg No. 13334 on day b
nost-exvosure was not ccunted bscause accidental ccrtamin-
atlon from urine was cusp=2cted (see Fir. 3%)



FPig, 13.

Number of pligs from which E. insidliosa was
recovared after exposure, In grouv 1,
recoveries frox tonsils and conjunctival sacs
of 3-pigs werc msde at post-mortem only (see
Table 10).
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Graphlc records of the incidence of recovery of E. insidiosa
from each plg during the observation period are shown in the
Appendix (Figs. 25-42),

In order to provide convenient means of identification
and to make comparstive observations, data from the 18 pigs
were divided into 5 groups, according to the strain of E.
insidiosa used for exposure and the severity of clinical re-
sponse, The group assignments, by pig numbérs, are given in
Table 4.

Zrysipelothrix insidiosa was recoversd on one or more

days post-exposure from all sources of samples in group 1
except the sikin, from all sources in group 2, and from all
sources in groups 3 and 4 except the conjunctival sacs (Fiz.
13). In grour 5, consisting of one pig (No. 1345), E.
insidlosa was recovered only from the skin at the site of
injection, The patch covering the site of injection on this

pig was removed on the third day post-exposure, and the area

was swabbed daily for cultural examination during the remainder

of the observatlon periecd. The organism was recovered on days

3, 4, and 5 post-exposure,

Time of first recovery from each source of samples

Ervsipvelothrix insidiosa was recovered frocm the btlood

stream 24 hours post-exposure in all pigs of groups 1, 2, and

4, ard in 3 piegs of zroup 3. In one pig of group 3 (No.




)

Table 4. Assignment of data from pigs into groups, according
to exposure strain of E. lnsidiosa and clinlcal

response
Pig Exposure
numbers strain Clinlcal response Group
1452
1454
1654
14554 Severe generalized
1459 El1-5] infection, fatal 1
281
g30
9G4 Severe generallzed
1332 E1-6P infection, non-fatal 2
1334
1450
1333A Less severe generalized
14524 HC=-535 infection, non-fatal 3
1446
1447
1449 Mild generalized
14514 DeCastro infection, non-fatal L
No signs of
1345 DeCastro generalized infection 5

13334), the organism was detected in the blood 72 hours post-
exposure (Flg., 36). In pig No. 1345 (group 5), all bloecd cul-
tures were negative (Fie, 42).

Data from the 15 pigs that had bacteremia 24 hours vost-
exposurz vere used to determine the redian day of first re-
covery of X, insidlosa from the feces, urine, tonsils, mouth,

nasal passazes, and skin. For data on the first appearance
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of the organism in feces, each day was divided approximately
into thirds to correspond with the times of sample collection
(afternoon, overnight, and morning). Similarly, the time of
collectlion of the afternoon urine sample during the first day
post-exposure was designated as approximstely 1/3 day post-
exposure,

The medlian day post-exposure of first recovery of E.
insidiosa from each scurce was as follows: feces and urine,
2; tonsils, mouth, and nasal passages, 3; and skin, 4 (Table
5). The organism was recovered from the conjunctival sacs on
days 2 to 4 post-exposure in 4 pigs of group 1, and on days
9 and 10 in é plgs of group 2. A median day of first recov-
ery from the conjunctival sacs could not be determined.

Time of flrst recovery of E, insidiosa in
relation to first observatlion of signs of infectlon

In the 16 pilzs that had bacteremia 24 hours post-
exposure, one or more visible sisns of infection (inappe-
éence, depression, urticarious skin lesions) appeared 1 to 5
days post-exposure (median: 2 days), In these pigs, the in-
cidence of first recovery of £. lnsidlosa before, simultan-
eously with, and after the appearance of visible signs of in-

fection 1ls given in Table 6.
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Table 5. Times of first recovery of E. insidiosa from plgs
that had bacteremia Z4 hours after exposure

Source Time of first recovery

of No. of pigs (No., of days post=exposure)
samples vositive Hange Median
Blocd 16 1 1
Tonsils 14 1-6 3
Feces 16 1/3=-5 2/3 2
Urine 16 1/3-4 2
Mouth 12 1-4 3
Nasal passages 11 _ 1-5 3
Conjunctival 2-4ab .

sacs 6 G=10 llone®
Skin 3 4-5 4

aGroup 1 (4 pigs).
bGroup 2 (2 pigs).

CNo median, due to wide variation between groups 1 and 2.

Incidence of recovery on eaca day post-exposure

Combined data from grouvs 2, 3, and 4, consisting of 12
plgs that had non-fatal generallzed infectlon, were used to
determine the inclidence of recovery of E. insidlosa from each
source of samples on each of 10 days vost-exvosure. Such
data were not avallable from pizs that died of acute erysip-

elas (Group 1) or that falled to develop seneralized infec-



rTable 6. Time of first rLGOVer of £. insldlosa in relation to the first
observation of signs of infection in pigs that had bacteremia 24
hours after exposure
First recovery Flrst recovery First recovery
before signs simultaneous with after signs
Source of infection® slgns of infection of infectionP
of No., of plgs No., of Fer No. of Fer No, of Fer
samples positive plgs cent ples cent pigs cent
Blood 16 14 87.5 2 1245 0 0.0
Tonsils 14 2 14,3 2 14.3 10 714
Feces 16 . 43,8 1 * Bl 8 50.0
Urine 16 6 37.4 5 31.3 5 313
Houth 12 1 8.3 3 2540 8 66.7
Nasal
passages 11 1 9.1 2 18.2 8 72.7
Conjunctival '
sacs 0 0.0 0 0.0 6 100.0
Skin 5 0 0.0 0 0.0 5 100.0

8Range of days: 1/3 to U4,

Phiange of days: 1/3 to 4.

0$
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tion (Group 5).
Blood The organism was recovered from the blood of 3

or more plgs on each day. necoveries were made from 8 to 11
ples on days 1 through 5, and from 3 to 5 plegs on days 6
through 10 (Fig. 14).

Tonsils The orgaanlsm was recovered froxr the tonsils
of one or rors piss on each day. Hecoveries were made from 1
to 4 pigs on days 1 through 3, and from 6 to 8 ples on days 4
through 10 (Fig. 15).

Feces The crganiszi was recovered from feces of 2 or
more vlizs on each day. &Heccverles were made from 2 pizs on
day 1, 4 piegs on day 2, and from 6 to 9 ples on days 3
through 10 (Fig. 16).

Urine The organism was recovered from urine of 6 to
9 pigs on each day (Fig. 17).

Mouth The organlsm was reccvered from thne mouth of
one or more pigzs on each day. Hecoverlics were made from 1
plz on day 1, 2 pigs on day 2, and from 4 tc 5 piss on days
3 through 10 (Fig. 18).

Nasal pnassarges The orzanism was recovered from the

nasal passages of one or more vigs cn each day. XHecoveries
were made from 1 plr on day 1, 2 pics on day 2, and from 4 to

5 nigs on days 3 through 10 (Fig. 19).

Conjunctival sacs The organlsm was recovered from

the conjunctival sacs of ore pis on days 9 and 10 only (Fig.
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20).

Skin The organism was recovered froz the surface of

the skin of one cr more pigs cn days 3 through 10. EHecoveries

were made from 1 plg on day 3, 5 pigs on days 4 and 5, 4 rigs

™

on day 7, and 2 pi on days 6, 8, 9, and 10 (Fig. 21). BEe-

g
n
n

coverles frox the skin include thosz made both from routinely
sampled areas and from urticarious lesions, Of 23 positive
cultures, 7 were from the surfaces of urticarious‘lesicns.

Total recoveries from six routss of elimination on sach

day post-exnosure From a combinaticn of six sources con-

sidered tc be routes of elimination (feces, urine, mouth,

nasal passages, conjunctival sacs, skin), the total number of
recoveries on each day 1is shown for groups 2y 3, and 4 in
Flg. 22. The largest number of recoveries occurred on day &4

in group 2, on day 3 in group 3 and on day 7 in group 4,

Total recoveries from each source of samples

From the 12 pigs comprising groups 2, 3, and 4, the total I
number of daily recoverles of E. insidiosa from esch source of
samples during 10 days post-exposure is given in Tatble 7 and !
ls shown gravchically in Fig. 23. A total of 67 recoveries
was made from the blood, and 56 from the tonsils. From the
slx sources ccnsidered tc be routes of elimination, the total

numters of recoveriess were as follows: urine, 70; feces,
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Table 7. Total number of recoveries of Z. insidiosa in
groups 2, 3, ard 4 during 10 days post-exposure

Source

of Group 2 Group 3 Group 4 Total
saxzples (4 pies) (4 pics) (4 pirs) (12 pirs)
Blood 31 15 20 67
Torsils 30 1 25 | 56
Feces? 34 16 67
Urine 35 17 18 70
Meuth 27 6 5 33
Nasal passages 23 7 2 37
Conjunctival sacs 2 0 0 2
Sxin 9 8 6 23

80ne or more positive fecal samples frem a rig during
cne day was countasd as one recovery.

67;1 mouth, 35; nasal passares, 37; skinr, 23; and conjunc-
tival sscs, 2,

Total recoveries from six routes of
elirination in each of zrouns 2, 3, and 4

The total number of dally recoverles from the six routes
of elimirnation during 10 days post-exposure 1s shcwn for esach

of grouvs 2, 3, and 4 ir Flg. 24, A total of 135 recoveries

lcne or more npositive fecal samvles frocm a »ig during
cne day was counted as one recovery.
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Fig. 14, DNumber of pigs in grcups 2, 3, and 4 having 5.
E. insidiosa in the blood on eac: day post=-
exposure

lJ

iz, 15. DNumber of pigs in groups 2, 3, and 4 having
BE. insidiosza in the tonslls on each day
post-exposure
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Fig. 18. Number of pigs in groups 2, 3, and 4 having
E. insidiosa in the mcuth on each day post-
exposure

Fig., 19. ©Number of plgs in groups 2,
E. insidiosa in the nasal va
day post-exposure

4 having
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20,

Number of pigs in grouvs 2z, 3, zrd 4 having
L. lnsidiosa in the conjunctival sacs on each

day post-sxvosure

Number of pigs in groups 2, 3, and 4 having
E. insidiocsa on the skin (including
rticarious lesions) on each day post-
exvosure
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Total number of recoverles of E. irsidiosa

from six routes of elimination (feces,
urire, mouth, nasal passages, conjunctival
sacs, skin) or each day post-exposure
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ig. 24,

Total number of recoveries of E. inslidiosa
from each source of samrles in groups 2, 3,
and 4 durine 10 days vnost-exposure

Total number of recoverles of Z, irsidiosa
from six routes of elimination (feces, urine,
mcuth, nasal passages, conjunctival sacs,
skin) durine 10 days vost-exposure
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was made from group 2, 55 from group 3, and 47 from grouv 4,

Comparlison of recovaries from fatal
and ron-fatal cases of swine erysinelas

To compare the frequency of recovery cf E., insidlosa
during fatal and non-fatal 1llness, data collected during the
first 72 hours post-exposure were taken from 4 of the 5 pigs
in group 1 and from the 4 pigs in group 2, Data from plg No.
1452 were excluded because the plg died 48 hours post-exposure
(see Pig. 25).

In sach cf these grounrs, the total number of recoveries
fror each source, as well as the number from all sources com-
bined, are given in Table 8, A few of the recoveries from
fatal czses were made shortly after death, which occurred at
72 hours. A tectal of 40 recoveries was made from fatal

cases, and 43 from ncn-fatal cases,

~uantities of feczs and urins examined

The total amcunt of feces and urine examined prs-exXposure
and the averace amount examined ver day post-exposure from
each plg are given in Table 9. The quantities glven reflect

the totzl amount eliminated by each animal during observatlon.

Fost-mortem findings

Results of rost-mortem cultural examinations for the
presence of I, insidiosa in the 5 pigs that died of acute

erysipelaz (Group 1) arz given in Table 10.
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Table 8. MNumber of recoverles of E. insidiosa during 72
hours post-expcsure from fatal ard ncn-fatal cases
of swire erysivelas induced by strain E1-5P

Source Eecoveries from necoveries from

of fatal cases non-fatal cases
samples (4 pigs) (4 pigs)

Blood 12% ' 12

Tonsils 30 5

Peces® 7 6

Urine 5 10

Mcuth 5% b

Nasal passages g 6

Conjunctival sacs 28 0

Skin 0 0

Total 4o L3

20ne recovery was made from a plg shortly after death
at 72 hours.

Prwe recovaries were made from plzs shortly after death
at 72 hours,

COne or more vositive fecal samples from a plg during
one day was counted as one rescovery.

Fesults of post-mortem cultural =xaminations of the 13

ples that survived after exvosure (ecrouns 2, 3, 4, and 5) are

given in Tatle 11.



Table 9. uantities of feces and urine examined

Grams of feces examined Filliliters of urine examined

Pigp Weight Total amount Average per day Total amount Average per day
no. (pounds) pre-exposure post-exvosure pre-exposure post-exvosurs
1452 138 582 a3 1045 1100

1454 161 866 188 1070 1275
1654 39 ) 324 810 952

14554 1.37 5§7 419 _ 1160 -850

1459 139 7081 257 1255 1393

981 187 268 238 2010 1776

990 185 918 403 . 1850 1474

994 125 238 286 1270 1205

1332 127 392 189 1060 8L2

1334 160 334 211 1120 9L 8

1450 150 599 361 1200 1651

13334 145 521 256 1120 1067

14524 136 974 321 2550 2108

1446 120 578 431 1940 2637

1447 143 239 L 2080 1755

1449 143 840 355 2620 2011

14514 170 706 373 1500 1247

1345 123 9oL Lh? 2200 961

89




Table 10, hesults of post-mortem cultural examinations for E. lnsigiosaa in pigs
that died from infsction by strain El1-6F

Approximate

Pig time of Gall Nasal Conjunctival

no. death® Tonsils bladder Intestine HFouth passages sacs Anus
1452 L8 hours + + + + 4+ 4 +

1454 96 hours + “ + + + - +

1654 72 hours - + + + - + +

14554 72 hours + + + + - - +

1459 78 hours + + + A+ + - +

&fFresence or absence of tne organism is indicated by + or -, resvectively.

PNumber of hours post-exposure,

69
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Table 11. hesults of post-mortem cultural examinations for
E. insidiosa® at 10 days post-exposure in pigs
that survived infection by strains E1-6P, HC-585,
and de Castro

Pig Exposure Gall

no, strain Tonsils bladder Intestine

981 El1-6F + - +
990 E1-6P + + +
99L E1-€P + - +

1332 El1-6F % + +

1334 HC-585 - - -

1450 HC-585 + - +

1333A HC-585 - - -

14524 HC-3585 - - -

1446 De Castro ¥ - -

1447 Be Castro + - +

1449 De Castro + - +

14514 De Castro - - =

1345 Ce Castro - - -

8Presence or absence cf the organism

i1s indicated by +

or -, respectively.

-Tdentiflcatlion of E.

insldiosa

The stock cultures of exvosure strains E1-6F, HC-583,

and

the snimals

identification.

"t2st tube trush" growth in gelatir stab cultures

gen

with =a

sulfide

de Castro and ths culturss of these strains recovered from

produced 1ldentical results in the tests used for

characteristic
{5)s

was rroduced in triple sugar iron agsr slants,

All tested cultures prcduced

Eydro-

shaxv line of cdemarcation as descrited by Vickers arnd
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Bierer (64). The pattern of acid vreduction (Table 12) from
fermentable carbon compounds by each culture was ldentical to

that describsd by White and Shuman (70).

Table 12. Acid oroduction from fermentable carbon compounds
by E. insidiosa, strains El-6P, HC-585, and

de Castro

Compound Eeaction® Compound Heaction®
Arablnose - lMaltecse +
Dextrin & FMannitol -
Dulecitol - ' Mannose +0°
Fructose + faffinose -
Galactose _+ hhamnose -
Glucose + Salicin -

| Glycerol - Sorbitol -
Inositol - Sucrose ic
Inulin - Trehalose -

‘ Lactcse + Xylose -

8Presence or absence of azcid in 48 hours is designated
by + or -, raspectively.

bicid production is slow (5 to 10 days).

C31irht acid nroduction.
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DISCUSSICN

BErysinelothrix insidiosa was recoversd from all sources

investigated as possible routes of elizination from infected
swine. The xost fregquent ard ccnsistent sources of recovery
were tine urine and feces, as indicated by the number of pigs
with one or mores positive semples (Fig. 13), and by the total
number of recoveries during 10 days éost—exposure (Table 7,
Fig. 23). A moderate nunbter of recoveries were made froz the
mouth and nasal passazges, whereas recoveries from the skin
were comparatlvely infrequent. The organism was found only
occasionally in the conjunctival sacs.

Excretion of E. insidlosa from the body appezred to be a
result of the presence of bacteremia, From 12 pigs that had
nor-fatal generallzed infesction, the highest 1lrcldence of
eliminaticn of the orgenism cccurred during days 3 through 10
pcst-exposure, following a hizh inciderce of bacteremla durlng
days 1 throuzh 4% (Figs. 14-21). This suzgests a causal resla-
tionship of bacteremis to excretlion of the organism from the
body. Further evidence lies in the fact tkat no recoverles
from external sources were m=de before bacteremia was de-
tected, excent from the feces of pigs 14524 and 1442 (Fics.
37, 40) and tke urine of nig 981 (Fig, 30) durine the flirst
24 hours post-exposure. These early recoveries were belleved

to bes due to the existence of bacteremla before the first




e

73

post-eXxposure blood sample wes taken.

The tlmes of first appearzance of Z. insidicsa in the ex-

ternal sources varied within ranges of several days, but a
! determination of the median days of first recovery revealed
that the organism generally avpezred first in the urine and
feces. This was followed by recovery from the tonsils,
mouth, and nasal passages, and later from the skin.

The presence of E. insiclosa in the feces of 7 pigs and
in the urine of 6 pigs before clinical signs were evident
indicztes that the practice of isoclating visibly ill pigs in
herd outbreaks cf erysivelas would not remove z2ll of the ani-
mals shedding the organism. If pigs are isolated on the
basls of clinical sigrs only, including elevated tempera-
tures, a number of shedcders may go unnoticed, since theyv can
be cetzcted only by examinaticn fer preserce of the organism
in the blocd or body excretions.

Considerable difference in the incidence of elimination
was observed between pigs exposed to different strains of B,
| insidiosa, and althcugh there was some relaticnship to viru-
lence, the differences were not entirely commensurate with

the severity of clinical illness. The rumber of rccoveries

' in groun 3, exvosed to strain dC-585, was less than half the
number in group 2, exposesd tc strain £1-6P, and only slightly
more thzn the ngmber in group 4, exvosed to strain de Castro

(Fig. 24). 1In view of the severity of illness induced by
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strain HC-585, the comparatively infrequent and inconsistent
shedding by the pigs exposed to this strain was unexpected.
These characteristics may have been related to the compara-
tively short durztion of bacteremia, which did not persist
beyond the fifth day post-exposure in any rigs of grcup 3
(Fiz. 14),

In addition to the differences in total recoveries ob-
served between vigs exposed to different strains, there were
differences in the time of highest number of recovsries., The
total number of daily recoveries from all routes of elimina-
tion increased in groups 2 and 3 to peaks at 4 and 3 days
post-exposure, respectively (Flg. 22). BKRecoveries from group
L, however, increased to a peak at 7 days post=-exposure,
after having decreased during the first 3 days.

Dissemination of E. insidicsa from pigs can be brought
about by the establishment of bacteremia without a state of
clinical 1llness, as indicated by the results from pilgs ex-
vosed to strain de Castro. The few urticarious lesions ob-
served on these plgs were the only visible evidence of infec-
tior, and could have been overlocoked withcocut closs examina-
tion. Excretion of a straln of such low virulence by a pig,
however, may depend upon the ability of the organism to reach
the blood stream after natural exposure of the animal,.

No significant difference in the extent of shedding was

observed betwzen fatal and non-fatal cases of swine eryslo-
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elas produced by strain E1-6P. Although the factors which
cause death of a2 pvlg after exposure to a2 virulent strain of
E. insidiosa reraln unkncwn, there 1s apparently no relatlon-

ship between death or survival of the animal and the inci-

dence of shedding.
Results of vpost-mortem cultural examinations of the ton-
sils, gall bladder, and intestine varied with the exposure

strains, Erysivelothrix insidiosa was rescovered from the

tonsils and intestines of all plgs exvosed ﬁo strain El1-6P,
but from the gall bladders of only those which died of infec-
tlon or stlll had bacteremlia at the tire of euthanasia, Cul-
tures from the gall bladders of all other pigé were negative.
Differences between strairs 1n the establishment of the
organism in tonsils and intestiral lymphoid tissue were not
related to virulence, as indicated by the results in pigs
exposed to strains HC-585 and ce Castro. Although strain
de Castro was cavpable of producing only a mild clinical in-
fection, it had a greater tendency to btecome establlished in
these areas than did the more virulent strain HC-585. Strain
HC-585 seems to be an exception to the suggestion of Howsell
that E. insidlosa may have a predeliction for tonsillar tis-
sue (44).

These experiments have showrn that a straln of Z. insidi-
osz of low virulence can become localized in the tonslls and

other lymphold tissue of a pig after intravenous exposure,
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and that when bacteremla 1s present, such a iz can be a per-
sistent shedder of the organism by way of the urine and
feces, This surgests a possibility thet, if an asymptomatic
carrier pig underwent lntermlttent phases of bacteremlia orig-
inating from a localized depository of the organism such as
the tonsils, the animai could bte also an intermittent shedder.

Rowsell's belief that the most likely route of eicretion
of E. inslidlosa by the tonslllar carrier is through the
digestive tract (43) was not supported by the results of
these experiments, nor did it appear that the tonsils were a
source of excrztion by way of the mouth or nasal passages.
An examination of Figs. 25 through 41 reveals that =, insidi-
osa was recovered from the mouths of 7 plzs, the nasal pas-
sages of 6 plzs, and the feces of 12 pigs either before being
recovered from the tconslils or without being recovered from
that source at all, However, it may not be valid to extra-
polate results obtalned from plgs with clinical evidence of
infection in order to form a hypothesis concerning asympto-
matic carriers. FPFurther research 1s necessary to determine
the sisnificance of the carrier vigz as a disseminator of the
erysipelas organism.

In the ples exposed to virulent strains in these experi-
ments, clinical responses, including the time of appearance

of E. insidiosa in the blood and the appearance of clinical

sisns, were similar to descriptions of acute erysipelas glven
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by Wellmann (66). In order tc induce the desired clinical
response with each strain, it was necessary to expose piss by
different parenteral routes. Exposure to strain £1-4P by
intramuscular injection generally resulted in non-fatsl 111~
ness, although death of one pig occurred. The amount of cul-
ture given 2 pics (Nos. 981, 990) was 1ncreased in unsuccess-
ful attempts to produce death, The routz of exposure was
chanzed to intradermal, znd fatal illness was 1lnduced con-
sistently in 4 pigs., Exposure to strzin HC-SSS by intrader-
mal injection induced the clirical response desired. bowever,
eXposure to strain de Castro by this route failed to induce
generalized infection, ard it was necessary to use the intra-
venous route 1in order to obtain a satisfactory clinical re-
sponse,

Hegardless cf the route of €Xposure or the amount of
culture given, bacteremiz was detected 24 hours vost-exposure
in 16 of the 17 pips that had generalized infection. This
consistent fzctor indicated that nelther the routes of paren=-
teral injection nor the amounts of culture given were sig-
nificant variables in the exXperimental procedure, except =s
related to the presence or absence of subsequent generalized
infection,

The pronounced diphasic clinical response of one plg in
group 3 (No. 1333a), althoueh not typical of the clirical

slgns seen in these experlments, was sinilar to observations
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reported by Wellmann (66), The delayed appearance of bac-
teremia in this pig was similar to observations of percutan-
eously infected pigs reported by Rowsell (4i4).

Since no evidence of generalized infection was found in
pig 1345, exposed to strain de Castro by intradermal injec-
tion, the brief rise in temperature recorded on day 6 post-
exposure was not beliesved to be associzated with infection.
Thls plg was unusually restless during confirement in the
crate throurhout the experiment, and made persistent efforts
to escape, The increased temperature may have been due to
such a perlod of agitation. Generally, the pigs used in the
experiments became quite tractable after one or 2 days of
confinement,

The source ong. insidlosa found on the surfaces of nor-
mal skin and urticarious lesions could not be determined con-
clusively, although there was some eviderce that the organism
can be exuded through the skin during gererallized infection.
Of the 4 pigs on which plastic patches were fastened in
attempts to exclude external contamination (Nos. 1450, 13334,
1447, 1451A), recoveries were made from one (No. 14514), HRe-
gardless of the source of the organism, however, the demon-
stration of its presence on the skir in these exXperiments
indicates a possible source of dissemination by dirzct con-
tact, as suggested by Van Es and McGrath (563).

The use of more males than females in the experiments
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was due to the availability of animals at given times durlng
the several months' duration of the project, and also because
of anticipated difficulty in obtaining continuous fecal and
urine samvles from females without crocss-contamination, How-
ever, due to the habits of elimination developed by these
vpiles in confinement, 1t was possible to collect-more than
half of the fecal and urine samples separately in hand-held
coentainers at the time of elimination, In addition, it
developed that the risk of cross-ccntaminatior of feces and
urine fromr the 6 females was of little consequsnce, for the
following reasons: Twc fenales (Nos. 14524 and 1449) had no
fecal and urine samples in which E, lgg;@lgggjwas detected
simultaneously. In 3 females (Nos. 14514, 1459, and 1453a),
all simultaneously positive fecal and urine samples had been
collected separately by hand. Only one plg (No. 13334) had
simultaneously vositive fecal and urine samples that were
suspected of being cross-contaminated (Fig. 36). Since the
orgarlism was rscovered frox one subsesquent urine sample, but
from nc other fecal samvles, the positive culture in question
was corsidered to be from the urine only.

From the results of these experiments, 1t was corcluded
that pigs are gensrally frequent shedders of E. insidiosa
during generallzed swine erysipelas infection. Dlssemination
of the organism.into the envlironment is asscciated with the

nce of bacteremla, ard often occurs before infectlon can

M

pres
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be detected visually. The urine and feces are the earliest
and most persistent routes of elimination during clinical
illness, and therefore zre the most significant methods of
disseminatlon bty the infected vlg. Execretion of the organism
by way of the mouth and nasal passazes and its presence on
the skin may constitute significant methcds of dissemination,
but these sources are seccndary in importance. Lacrimél

secretions are not a slgnificant route of elimination.
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SUMMARY

Eighteen specific-vathogen-frez (SFr) plos were confined
individually in a restraining crate and exposed to Zrysipelo-

thrix insidiosa by parenteral injecticr.. Three strains of

the organism were used to induce clinical illness of differ-
ent degrees cf severity. Samples fror the blcod, tonsills,
mouth, nasal pascsages, corjunctival sacs, ard surface of the
skin were taken dally for cultural examination. Feces and
urire were collected continucusly and examined culturally.
Collection of samples extended from one day befors exposure
until death from acute erysipelas or until euthanaslia 10 days
after exposure, |

lilne pirs exposed tc strain Z1-6P developed severe
clinical 1illness, frcm wnich 5 plzs died. Four plgs exposed
to strain HC-535 developed less severe clinical illness with
recovery. Flve viss were exposed tc strain de Castro, which
irduced =z mild form of the disesase in 4 »ies, and no evidence
of generzallized infectlion ir one pizg.

crysivelothrix 1lnsidlosa was not found ir any pre-

exposure samples, After exposure of the 18 pilgs, the organ-
ism was recovered fror the blecod of 17, urine of 17, feces of
16, tonsils of 14, mouths of 12, nasal passazes of 11, skin
of 6, and conjunctival sacs of £. Frox 12 pigs that nad non-
fatal generalized infectlon, the following numbers of dailly

recoveries were made during 10 days post-exposure: blood, 67;
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urine, 70; feces, 67; tcnsils, 563 mouth, 38; nasal passages,
37; skin, 23; and conjunctival sacs, 2. The medizn day post=-
exposure cf first recovery from each source was as fcllows:
blood, day 1l; urline and feces, day 2; touslls, mouth, and
nasal pessages, day 3; and skin, day 4., A mediar day could
not be deterrxined for the conjunctival sacs. Exeretion of
the organism from the bodyv was preceded or accompanied-by
bacteremia,

It was concluded thst piess are generally frequent shed-
ders of E. insidlosa durirg generalized erysipelas 1infectlon.
The urine and feces are the zarllest and most pzrsistent
routes of elimination, and often contaln the organism before
infection can be detected visually., Excrzstion of E. insidil-
osa by way cof the mouth énd nasal passages and its presence
ocn the skin may be significant methcds of disseminétion, but
these sources are seccndary in importance, Lacriral secre-

ticns are not a significant route of elimination.
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APPENDIX

Figures 25 through 42 consist cf individual charts sux-
marizing the data obtained from each of the 12 pigs used in
the experiments. Temperaturss are glven as recorded twice
daily (8:30 A.M, and 4:02-5:00 P.M.,). 1In each chart, the
presence cf cne or more visible siens of infzction (see Table

3) is represented by a gray bsr showirgz the period during

(o]
o
©
|
ot
H'
<
o
.
H
o
m

which consecutlve observatlionrns werse presence
of E. 1nsidlosa in each source is represented by a stiprled
bar showirng the periods during whicn rscoveries were rade
from consecutive samples. Opsn spaces in bars represent
negative results. 3Zach chart 1s accomvanied by descriptive

infermation on the individual pliz, includine breed, sex, age,

welgzht, exposure stralrn used, and grour assignment,.
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Summary of data from pig No., 1452

Breed: [Mixed; white in color

Welght: 132 oounds

EXnosure:

Strains dl1-6F
doute: Intradermal
Amount of culture: 0.1 ml.

Group assignment: 1
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Fig. 26.

Summery of data from pig No. 1454

Bresd: Iliixed; white in color
Sex: DMale
hdges 8 Ionfhs
Weight: 161 pounds
EXposure:
Strain: Z1-6F
Houte: Intradermel
Arount of culture: 0.1 ml.

Group assigrment: 1
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Fiz, 27. Summary of data from pig Ho. 1654
Breed: Xixed; predominantly white in color
Sex: Male

~

Age: 5 nmonths
Welzht: 89 pounds
wXposure:
Strain: El1-67
noute: Intradermal

Amount of culture: 0.1 ml,
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28.

Summary

Bre=sd:

of data from pig No. 14554

Mixed; wnite in color

Sex: Female

Age: 8

Welzht:

Exposure:

months

137 pounds

Strain: El-5P

noute: Intradermal

Amount of culture: 0.1 zl.

Group assignment: 1
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Fig,

N

Summary of data from pigs No. 1459

Breed: IMixed; vredominantly white in color
Sex: [Female
Age: 8 months
weleht: 139 vpounds
Exposure:
Strain: El-6F
aoute: Intramuscular
Amount of culture: 4,0 =z1.

Group assignment: 1
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ig. 30. Summary of data from pig No. 981

to

resed: hampshire

Sexs: lale
Age: 6 1/2 months

Weicht: 187 vounds
Lxposure:
Strain: El1-6P
Equte: Intramuscular
Amount: 6.0 ml.

Group assignment: 2
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Fig,

31.

Summary of data from pig M

Breed: Eamopshire
Sex: Male

8 months

Age
Weight: 185 pounds
pxposure:

Strazin: El1=-0P

Route: Intramuscular

Amount of culturs: 8

Group assignment: 2

No, 990

o Ml
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32.

Summary of data from pig lo.

Breed: Hampshire
Sex: HMale
Age: 6 months
Weight: 135 pounds
Zxposure:
Strain: El=-62
houte: Intrarnuscular

Amount of culture: 4.0

Grecup assignment: 2
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33.

Sumrary of data from pig Yo,

Breed: Kixed; predominantly white in color

Sex: Male
Age: 4 1/2 months
Welght: 127 vounds
ZXposures:
Strain: El-6P
Route: Intramuscular

Amount of culture: 4.0

Group assignment: 2

1332

ml,
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Summary of data from pig Ne. 12334

Breed: M

ized; predominantly white in cclor

Sex:s Male

Age: 5 months

Weight:

Zxposure:

160 vounds

Strain: HC-585

Houte: Intradermal

1
L-‘YP"

Crous cagsimrmment: 2
lOL-*J oo - -J._.CIL s & >,

(o]
)

ulture 0.1 ml.,
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Summary of data from vigz No. 1450

Breed: NMlxed; prsdominantly white in color
Sex: HMale
Ages 6 1/Z months
Welght: 150 pounds
Exposures
Strain: HC-585
Houte: Intrazdermal
Apcunt of culture: 0,1 ml,

Group assignment: 3
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Summary of data from pig No., 13334
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redominantly white in cclor

Amount of culture: 0,1 zl.
Group assignment: 3
Note: The positive fecal sample shown on day U

post-exposure was considsrsd to be the result of
contanination from urine,
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uzaary of data from piz No. 14524

W

Breed: Mixed; predominantly whits 1n color
Sex: Female
Aga: 7 l/Ermonths
Weight: 136 pounds
EXposure:
Strain: HC=585
Foute: Intradermal
Amount of culture: 0.1 ml,

Greup assignment: 3
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Summary of data from pig No,

Breed: Iiixed; white in color

Sex: Male

Age: 5 months

Welght: 120 pounds

Exposure:
Strain: de Castro
houte: Intravenous
amount of culture: 5,0

Group .assignment: 4

14456
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Summary of data from pig No., 1447

Breed: Mixed; whites in color
Sex: lale

montins

g

Q
w
O

Weight: 143 pounds

Straln: de Castro
Eoute: Intravenous
Anount of culture: 5.0 ml.

Group assignment: &4
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Summary of data from pig No. 1449

Breed: Mixed; white ir color
Sex: Female
Age: 5 1/2 months

Weignt: 143 pounds

train: de Castro
Boute: Intravenous
Amount of culture: 5.0 ml.

Group assignment: &4
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Summary of data from pig Wo. 14514

in color
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Age: 6 months

Weight: 170 pounds

Zxvosure:
Strain: de Castro
houte: Intraverious ._
Arount of culture: 5.0 ml.

Group assignment: &4
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ig, 42, Summary of data from pig No. 1345

Breed: Mixed; white 1n color
Sex: Male
Age: 6 months
Weight: 123 pounds
ExXposure:
Strain: de Castro
Houte: Intradermal

Amount of culture: 0,1 ml.

Group assignment: 5
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