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Data pertaining to 20 strains of Yensinia enterocolitica isolated from the cecal
content of swine slaughtered at Toronto Abattoirs are presented. Fifteen of 20
cultures belonged to the two predominant human serotypes in Ontario (i.e., sero-
type 0:3 and 0:5,27). Seven cultures of Y. enterocolitica 0:3 belonged to the
"Canadian" human phage type 9b. These findings are further proof that swine
are reservoirs for Y. enterocolitica human infection. Seventeen Y. enterocolitica
cultures were isolated by the cold enrichment method only. Difficulties encoun-
tered in isolating Y. enterocolitica from feces specimens are discussed. It would
appear that the reported rate of Y. enterocolitica isolation from feces specimens is
far below the actual incidence. Fourteen isolates of Y. pseudotuberculosis sero-
type III were isolated during the same survey.

The number of Yersinia enterocolitica species
diagnosed in humans has increased consider-
ably during the last decade. There has been a
steady increase in the recorded incidence of
infection and the number of countries which
report Y. enterocolitica infections. Clinical as-
pects of the disease have widened, and the
various animal species or environmental speci-
mens in which this bacterium is found have in-
creased.
There are many unknown aspects to human

yersiniosis; one is the lack of knowledge as to
the natural reservoir of human infections. Al-
though there have been more than 5,000 re-
corded cases of human yersiniosis and five out-
breaks produced by Y. enterocolitica (2, 6, 9,
15), the human carrier rate is very low. Yersinia
has never been isolated from food involved in
outbreaks, and strains isolated from epizootics
in chinchillas, from hares, rodents, and water
specimens, as well as other environmental
sources, proved to be bioserotypes, which are
seldom involved in human infection.

In Europe and Japan Y. enterocolitica sero-
type 0:3, phage type 8, the most predominant
human serophage type in these areas, was iso-
lated from swine, the only animal species which
consistently harbors this human serophage type
(1, 4, 12, 14, 16). These isolations suggested the
possibility of a relationship between some hu-
man infections and swine. The European spe-
cialists have long expected that Canada would
confirm this epidemiological link because Y. en-
terocolitic'a serotype 0:3 is the most predomi-
nant serotype in Canada and belongs to a spe-
cific phage type, 9b, referred to as the "Cana-
dian" phage type. Phage type 9b has never been
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isolated in Europe, Africa, Asia, or else-
where (7). The purpose of this study was to
search for the presence of Y. enterocolitica in
swine and to determine their phage types.

MATERIALS AND METHODS
From September 1974 to June 1975, we examined

544 specimens of cecal content collected from swine
slaughtered for human consumption at an abattoir
in Toronto. About 1.0 g of cecal content was taken
immediately after slaughter and immersed in 10 ml
of 0.067 M phosphate-buffered saline, pH 7.6 (8.5 g of
NaCl, 120 ml of 0.067 M KH2PO4, and 880 ml of 0.067
M Na2HPO4), in a screw-cap bottle (8, 12). Prior to
this survey, four different fluid media (Selenite-F
Enrichment, Banxang and Elliott, cooked meat
broth, and 0.067 M phosphate buffer solution, pH
7.6) were tried in parallel to study their "cold
enrichment" capacity for the isolation of Y. entero-
colitica from feces specimens. These four fluid media
were inoculated with the same amount of feces sus-
pension into which one of seven Y. enterocolitica
strains was added (Y. enterocolitica serotypes 0:3
[three different strains]; 5, 27; 6, 30; 8; and 9). Each
of these four fluid media was plated on MacConkey
and Salmonella-Shigella (SS) plates after being
stored at +4 C for 1 day and 1, 2, 3, and 4 weeks, as
well as for 2 and 3 months. The phosphate-buffered
saline, fluid medium yielded the highest number of
Y. enterocolitica isolates and was therefore used for
the collection and enrichment of specimens from
swine. There were more Yersinia isolates after 3
weeks of storage at +4 C than at any other period.
The phosphate-buffered saline specimens were

plated on SS and MacConkey media (pH 7.2 to 7.4)
after 1 day and again after 3 weeks at +4 C. The
last batch of 198 specimens was inoculated on a plate
medium called Y-L in addition to MacConkey and SS
plates. This medium was successfully used by T.
Saari for the isolation of Yersinia from water speci-
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mens in Denver, Colo. (personal communication; in
press). The plates were examined after overnight
incubation at 30 C and again after another 24 h at
room temperature. A plate microscope with direct or

oblique illumination was used to examine the plates
(10). Small lactose-negative colonies were picked
with a straight platinum wire and inoculated onto a

triple sugar iron agar and a semisolid o-nitrophenyl-
8-n-galactopyranoside-PA-M medium (5). Biochem-
ical identification of cultures was carried out by
standard methods used for identification of Entero-
bacteriaceae (3). Some of the tests were modified ac-

cording to Wauters (13). Serological typing was done
by slide agglutination using cultures grown on

Trypticase soy slants or blood agar plates incubated
for 24 to 48 h at 33 C. We used 34 "O" Y. entero-
colitica and 8 Y. pseudotuberculosis absorbed and
unabsorbed antisera prepared in rabbits by our

laboratory. The phage typing was performed at the
Yersinia Center, Institut Pasteur, Paris, by H. H.
Mollaret.

RESULTS

A total of 20 Y. enterocolitica and 14 Y. pseudo-
tuberculosis strains were isolated (Table 1). Fif-
teen of 20 Y. enterocolitica cultures belonged to
the two predominant human serotypes in On-
tario (10), 10 isolates of serotypes 0:3 and five
isolates of serotype 0:5, 27 (Table 2). Seven Y.
enterocolitica serotype 0:3 strains have already
been phage typed, and all belong to the same

Canadian human phage type 9b.
All Y. pseudotuberculosis isolates belonged to

serotype III. This is perhaps the only serotype
present in swine, or it is possible that only this
particular serotype grows on the conventional
enteric bile media which we used. It is known

that Y. pseudotuberculosis does not grow well
on enteric bile plates and is very seldom, if ever,
isolated from feces specimens or intestinal
content.
The rate of isolation was higher during the

cold months, November to March (6 to 12%),
than during the warmer months of September/
October and May/June (1 to 5%).

Seventeen Y. enterocolitica cultures were iso-
lated by the cold enrichment method, and only
two cultures were isolated by direct plating
(Table 3). The number of Y. pseudotuberculosis
strains isolated was approximately the same
using either method. The last 198 specimens
yielded six Yersinia (two Y. enterocolitica and
four Y. pseudotuberculosis). Five out ofthese six
cultures were isolated from the Y-L medium
only, either by direct plating (two cultures) or
after cold enrichment (three cultures).

DISCUSSION
The epidemiology of Y. enterocolitica infec-

tions is still obscure. It is probable that human

TABLE 3. Isolation of Yersinia from swine (cecal
content)

Method of isolation
No. of IdrcCulture cultures Direct Indirect Both
isolated plating meth-plating (cold en- od

richment)

Y. enterocolitica 20 2 17 1
Y. pseudotubercu- 14 7 6 1

losis

TABLE 1. Isolation of Yersinia from swine (cecal content)

Isolates

Batch no Date of collection No. of speci- Y. enterocolitica Y. pseudotuberculosismens

No. % No. %

1 Sept-Oct 1974 102 3 (3) 2 (2)
2 Nov-Dec 1974 138 9 (6.5) 7 (5)
3 Feb-Mar 1975 106 6 (6) 1 (0.9)
4 May-June 1975 198 2 (1) 4 (2)

TABLE 2. Isolation of Yersinia from swine (cecal content)

Y. enterocolitica Y. pseudotuberculosis
Batch Cultures
no. isolated 0:3a 5, 27 5 6, 30 7, 13 8 14 isolated III

1 3 - 3 - --3-32 2
2 9 7 1 1 7 7
3 6 2 1 1 1 1 1 1
4 2 1 1 - 4 4

a Serotypes.
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infection occurs through the oral route, but
the possibility of airborne transmission has
been considered, especially during outbreaks in
groups of infants. Healthy carriers are known
to occur, as shown in contacts with Yersinia-
infected patients or by different epidemiological
surveys. Certainly carriers represent an impor-
tant factor in the spread of this infection, but
the ultimabe reservoir and the main sources of
human contamination have not yet been discov-
ered.
At the present time the only help the labo-

ratory can give to trace the epidemiology of Yer-
sinia is to compare the main biochemical, sero-
logical, and phage type features of human cul-
tures with those cultures isolated from animals
or environmental sources. There are biosero-
types common to particular animal species: e.g.,
biotype 5, serotype 0:2, isolated mainly from
hares, and biotype 3, serotype 0:1, responsible
for most epizootics or isolated infections in chin-
chillas. Neither of these two types of Y. entero-
colitica has been isolated from humans. The pre-
dominant human serotype 0:3 has been only
rarely isolated from dogs, cats, or cattle, but
has been isolated quite regularly from a single
animal reservoir, that is, swine (1, 4, 12, 14, 16).
Our findings are further proof that the swine

population is a reservoir of human infections
for the following reasons. (i) Fifteen of the 20
Y. enterocolitica isolates from swine belonged
to the two predominant human serotypes in On-
tario, serotypes 0:3 and 0:5, 27; and (ii) the
serotype 0:3 isolates from both humans and
swine belonged to the same phage type, the
Canadian phage type 9b.
There are many difficulties involved in the

isolation of Y. enterocolitica from feces speci-
mens, some of which may be overcome by the
use of fresh, quality-controlled plate media, a
plate microscope having oblique illumination
(10), and experience in the recognition of Y.
enterocolitica colonies on isolation plates and
screening media. Xylose lysine deoxycholate
agar and Hektoen enteric agar media have been
proven unsuitable for the isolation of Y. entero-
colitica because they contain sucrose, which is
fermented by this organism. Xylose in xylose ly-
sine deoxycholate medium and salicin in Hek-
toen enteric agar medium are also fermented by
some Y. enterocolitica. The Y-L medium, intro-
duced in the latter part or our survey, proved to
be highly suitable. Five of the six Y. enteroco-
ltica cultures were isolated from this medium
only and not from MacConkey and SS plates.
This strongly indicates that some Yersinia iso-
lates have been previously missed in our labora-
tory, either in feces specimens or during the
present swine survey.

Difficulties encountered in isolating Y. en-
terocolitica are further suggested by following
example. Two laboratories in Europe processed
same specimens from animals in order to isolate
Y. enterocolitica (14). As a result of this joint
project a total of nine Y. enterocolitica strains
were isolated. Only three cultures were isolated
simultaneously by both laboratories, whereas
the other six Y. enterocolitica were isolated by
one participating laboratory only.
The above-mentioned factors indicate that the

reported rate of Y. enterocolitica isolation from
feces specimens is far below the actual incidence.
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