43502

». E,?"{,‘ Nationsb ibrary Bibliothdnue nationale CANADIAN THFSES THESES CANADIENNFS
B35 of Canada de Canada OV MICROFICHE SUR MICROGFICIHT
NAME OF AUTHOR N OM DE | *A1JTEUR M YRNA _C M GA L

VITLE OF THESIS/TITRE DE LA THESF, ) GROWT’"‘

and. Iscca tion of

Yﬂ.r‘szn:é_, enterocoll ca

UNIVERSITY ZUNIVEERS ! TE . of ': ;

DESREE FOR WHICH THASIS WAS TRESENTED/, B
GRADFE POUR 120001 CETE THESE FUT PRESENTFE

M'Stc .

YIAR THIS DEGREE COLTYRIED - 4 NEE D°OETENTION DE CF GRADE

NAME OF SUPERVISOR/NOM DU DISECTEUR DE THESE

1979 -

DRr.

Harold', © Jacksan .

Permission is heredy agranted to the NATIONAL LIBRARY OF
CANADA to microfilm 'this thesis and to lend or ¢all copies
of the film,

The ~author resuivae ot punticaiion rights, ana rneither the
thesis nor extensive extracts from it may be ’premﬂlvi cr othar-

wise reproduced without the author’s written perrhission.,

SIGNEN/SIGNE,

UATED/OATE 23"4___3‘-*3 1979

__':g‘,\r\ O

°

L'autorisaiion est, par la présente, accordée & Iz BIRLIQOTHE -

COQUE NATIONALE DU CANADA de microfiImer cetle thése ot

e prérer ou de vendre des excmplaires du filmn.
L'zutecr se rdserve les autres dioits de publication, nila
thdse ni de loigs extraits de celle-ci ne doivent étre imprimés

ot autrement reproduits sans 'autorisation écrito de Iauteur,

C- Nongal
~JT

PERMANENY ADDRESS/RESIDENCE FIYE T _# 3n

- — 4 —

N0 - 12t ST

P e o e oAl - i s - e .

Cdmadan Qubude.

“«
e e e e e e n i

EE - rl————— s ot

ToG acs,

-

NI v (3-74)




I* National Library of Canada

Cataloguing Branch
Canadian Theses Division

Ottawa, Canada
K1A ON4

NOTICE

The quality of this microfiche is heavily dependent upon
the quality of the original thesis submitted for microfilm-
ing. Every effort has been made to ensure the highest
quality of reproduction possible.

If pages are missing, contact the university which
granted the degree.

Some pages may have indistinct print éspemaHy if

the original pages were typed with a poor typewritetr
ribbon or if the university sent us a poor photocopy.

Previously copyrlghted materials (]ourna| articles,
published tests, etc.) are not filmed.

Reproduction in full or in part of this film is governe‘d

by the Canadian Copyright Act, R. S.C. 1970, c C-30:

Please read the authorization forms which accompany
this thesis.

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

NL-339 (3/77)

Bibliotheque nationale du Canada

Direction du catalogage
Division des theéses canadiennes

AVIS

;)
La qualité de cette microfiche dépend grandement de la
qualité de la thése soumise au microfilmage. Nous avons
tout fait pour assurer une qualité supérieure de repro-
duction.

S'il manque des pages, veuillez communiguer avec
I'université qui a conféré le grade. .
" La quallte d'impression de certaines pages peut
laisser a désirer, surtout si les pages originales ont été
dactylographiées al'aided'unruban usé ou sil'université
nous a fait parvenir une photocopie de mauvaise qualité. .

Les documents qui font déja |'objet d'un droit d'au-
teur (articles de revue, examens publiés, etc.) ne sont pas
microfilmés.

La reproduction, méme partielle, de ce microfilm est
soumise a la Loi canadienne sur le droit d'auteur, SRC
1970, c. C-30. Veuillez prendre connaissance des for-
mules d'autorisation qui accompagnent cette these.

LA THESE AETE
MICROFILMEE TELLE QUE
NOUS L'AVONS RECUE



.

THE UNIVERSITY OF ALBERTA

-

3

GROWTH AND ISOLATION OF YERSINIA ENTEROC‘;OLITICA

-

by

@ MYRNA .C. MUNGAL

A THESIS
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE

OF MASTER OF SCIENCE

DEPARTMENT OF FOOD SCIENCE

-

EDMONTON, ALBERTA

FALL, 1979



THE UNIVERSITY OF ALBERTA

FACULTY OF @RADUATE STUDIES AND RESEARCH

4

The undersigned certify that they have read, and
recommend to the Fécu1ty of Graduate Studies and Research,

for acceptance, a thesis'éntjf1ed
GRONTH AND ISOLATION OF YERSINIA r ENTEROCOLITICA

submitted by MYRNA C. MUNGAL

in partial fulfilment of the requirements'fof the:degree of

Master of Science.

Date . .\.0\.'.59\-7\’; Q4. -



o ABSTRACT . .. %

| “ 4 . ‘ ) l‘
~The cardinal growth temperatures of three cultures of Yersinia

enteroéolitig{iﬁ&re investigated in trypticase soy broth (TSB, pH 7.0)
4\ A

'us1ng a*temper ture grad1ent incubator and refr1gerated water baths.

‘

N.M1n1mum growth temperature varied between 0.5 and 1.4°C while the max1mumg

,'l
was recorded at 42°C. Optimum growth temperature for all cultures was.

f0und to be 32°C. Subsequent studies, uging Y. enterocolitica Sefotype
3,.1nc1uded a study on growth in TSB at pH 6 and 5, growth in TSB with
edded sodium eh1oride, and growth in a minima1 medium, Glucose Salts -
medium, at pH 7, 6 aed'S.‘ | | |

Growth responses of Y. enterocolitica, selected Evterobacteriaceae

and a psychrophilic pseudomonad were determined at refrigerated tempera-

) *, .
- ‘tures using commercially available enteric media. Y. enterocolitica

etrains and the Pseudomonas sp. showed good growth on Violet Red Bile

‘Glucose agar incubated at 6°C for 5 days; but Y. enterocolitica strains

were, found to be seesﬁtive to Salmonella-Shigella (SS) end Bri11ieﬁt
Green.(BG) agars at low temperature incubationn/ The uee of selective
enteric media at low temperature would appear go:be a usefu1eeid in the
iselatioh of this ofganism from food produets. ' _ Vt

J Viable counts of Y enterocolttzca 1nocu1ated in raw pork, as

] °

detenm1ned frop representative, conf1nned co]onhes p1ckeﬁ from trypt1case;"

soy agar p1ates, increased over a 12-day period at 0¢ 5 ‘and 10°C.
:Resu]ts obta1ned b{ Tow temperature isolation on V1o1et Red Bile Glucose

"agar were 50-80% lower than those obtained on TSA.

The potent1a1 public hea]th hazard of Y. enterocoltttca, as related

to raw meat‘%&;tiéicussed 7 gﬁ - o <

iv
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INTRODUCTION | RS

Certa1n spec1es of sa1mone11ae, sh1ge11ae, staphy40cocc1
c]ostr1d1a and streptococc1 have 1ong been recogn1zeo as Important
causes’ of food borne bacter1a1 d1sease The clinical p1cture, ep1dem-b
1o1ogy, pathogen1c1ty, lsoﬂat1on, 1dent1F1cat1on and contro1 of the
diseases are well documented. Within the’ 1ast 20 years ?ibrio
parahaemolyticus, Baciiius cereus and aflatoxins have been added to the
Ynown food- borne hazards, largely as a result of 1mproved Taboratory
methods and 1ncreased levels of surve111ance The most recent add1t1on ‘
to the causative agents of food-borne bacter1a1 disease is Yersznta
enterocolitica. |

Y. enterocolitica, a member of. "the' E'ntez;obacter'iaceae, .is a éram;
negat1ve, facu]tat1ve anaerobic asporogenous bac111us 1.0 to 3.5 um by
o 0, 5 to 1.3 um in size. Irrespect1ve of'b1otype~or'serotype;-th1s
organism has been described as motile ‘via per1tr1chous f1age11a at 25°Ca
and non-motile at 37°C although a few strains have been reported mot11e
or poorly mot11e when grown at 37°C (N11ehn, 1969). In broth cultures -
.1ncubated at 25°C Y. enterocoltttca has been reported to be actively
motile d1sp1ay1ng a. tumb11ng,_sp1nn1ng motion in contrast to the absence
of mot111ty when growth has occurred at 37°C. Occasionally, rare non—
Rmot11e 1so]ates may a]so be encountered (Bottone, 1977).
temperature range for growth is reported to be between -2 and 45°C w1th
an opt1mom of 30-37°C (Bergey's Manual of Det. Bact., 1924). ‘A11
strains are;non-pfgmented and not encapsulated.

-

The- genus name.fereinia_was proposed by Van Loghem in 1944 in
. . m . N .

honor of the French'bacterio]ogist, A.J.E. Yersin, who first isolated



the plague b5c111us Yers{nia (Pasteurella) pestis in 1894. 1In 1954,
Thal proposed the inclusion of those organisms cobmprising the genus
Yersinia (Y. {Pasteurella] pestis and 7. [P&steﬁrella] pseudotuberculosis)
into the family Enterobacteriaceae. The validity of this proposal was
supported by Sneath and Cowan (1958) and Talbot and Sneath (1960) who
showed a high degree of similarlity between these species and members of
the family Enterobacteriaceae.
Working with the so-called "Pasteurella X", Smith and Thal (1965)
substantiaied Frederiksen's (1964) assignment of this species to Yersinia
 enterocolitiea and further highlighted its similarity to Y.'pseudo—.
tuberculosis and its distinctiveness to Y. pesfis (Bottone, 1977). Y.
enterocolitica is currently c]assified in the genus Yersinia within the
family Enierobacteriaceae - a change that is reflected in the 8th edition
of Bergey's Manual for Determinative Bacteriology (1977).
* Reasons for placing Yersinia in the family Enterobacteriaceae could

be summarized: |

1. Both groups are fermenters, i.e. utilize rarhohydrates by fermen-‘
tative pathways;

2. Both reduce nitrate to nitrite;

3. Two of the three Yersinia, when motile (at 25°C, but not at 37°C) =
have peritrichous flagella Tike the Enterobacteriaceae;

4. Both groups are insensitive to bile saTts - i.e. they grow on
MacConkey agar (Darland et al., 1974);

5. Antigenic relationship between the two groups exist (Diaz, 1973);

6. The DNA base composition of Yersinia is c1osevto that of several

Enterobacteriaceae (Domaradskij et al., 1973);



4
7. DNA/DNA homology studies support the relative closeness of the.2
groups’ (Ritter et al., 1966).

The first recognized description of Y.‘enterocolitica in human
pathology was rendered in the U.S. in 1939 by Schleifstein and Coleman
who isolated an unidentified microorganism pa;hogenic for man similar to
Bacterium liguieri and Pasteurella pseudotuberculosis and called it
Bacterium enterocoliticum. It was first isolated from two patients with
cervical adenitis and three with acute enteritis and terminal ileitis.
Six additional cases in the U.S. were reported from 1940-47; no other
cases of human infection were recognized in the U.S. for the next 21
years when a case of Y. enterocolitica meningitis with panophthalmitis
was reported in Missouri by Sonnenwirth (]9§8).

European investigators in the meanfgme were devoting their efforts
to ¥nvestigations of the occurrence of this unnamed species in various
animal hosts, which led to the recognition of the pig, hare ané
chinchilla as import&nt reservoirs. In these reports, the organism was
designated Pasteurella pseudotuberculosis type b, Pasteurella X and
Germe %. In 1949, Hassig et al. isolated strains of bacteria which
they identified as human Pasteurella pseudotuberculosis but 1a£er Knapp
and Thal (1973)>conc1uded that these Hassig straiﬁs did not belong to
that species but to one closely related. In the early 1960's, clinical
bacteriologists obtained a number of new isolates of bacteria which they
described as "Pasteurella pseudotuberculosis", “"Pasteurella pseudo-
tuberculosis-1ike organisms and "Pasteurella Y". By 1965, Wauters and
Mollaret and Winblad et al. in 1966 reported on the isolation of

Y. enterocolitica from human sources. In 1964, Frederiksen found



Pasteurellabx and the Hgssig strains to be similar to the straiﬁ isolated
by Schleifstein and Coleman, and proposed‘a new name for the species -
Yersinia enterocolitica. The confusion surrounding the naming and classi-
fication of this organism no doubt contributed to thé slow progress in
recognizing and establishing its role in human disease.

During the next few years, reports of isolates from human sources
continued to appear in some parts of the world, particularly in Europe.
By 1970, 642 cases of yersiniosis were diagnosed, while in 1972, Mollaret
Had over 1000 cases recorded. Also in this year, the first isolations of
Y. enterocolitica from humaﬁ cases were described in Japan by Zen-Yoji
and Maruyama and in South Africa by Rabson and Koornhoj. At present,
over 5,800 isolates of Y. enterocolitica have been reported and
indications are that the numbers will continue to increase.

Culturally, Y. enterocélitica grows well on a variety of artificial
media utilized in the Taboratory; however3 some strains show a marked
degree of-variabi]ityhin their ability to develop on these substrates.
For example, while most strains belonging to Serotypes 3, 8 and 9 (the
mdst frequently encountered serotypes in human infections) grow on Endo,
Eosin Methylene Blue (EMB), MacConkey, Desoxycholate, Hektoen-Enteric
(HE), Salmonella-Shigella (SS), and Xylose-lysine-deoxycholate (XLD)
agars, rhamnose-positive strains of Serotypes 14, 16 and 17 fail to
develop on HE and SS agars and grow poorly on XLD, even when incubated
at 22°C (Bottone et al., 1974; Chester and Stotzky,m1976).

On enteric media‘capab1e of supporting the growth of Y. entero-
eolitica strains (i.e. Endo, S.S. and MacConkey) colonies usually

develop slowly. Aftér,incubation for 24 hrs at 37° or 22°C, colonies:



are pinpoint to 0.05 mm in diameter aé contrasted to colonies of'E. coli
or Salmonella sp. which achieve a colony size of 4 to 5 mm during the
same interval. After incubation for 48 hrs at these two temperatureg,
Y. enterocolitica colonies approach a diameter of 0.5 to 2.5 mm.
Because of their s1ower growth rate at 37° and 22°C, these colonies may
easily be overlooked when present in small numbers and surrounded by
cg]onies of other gntgric organisms as in the case when attempting the
recovery of Yersinia sp. from food specimens. Hence, to facilitate the
isolation of this organism, Wauters (1970) and Toma (1973) have
suggested scanning the, enteric agar surfaéés with- the aid of a stereo-
scopic ﬁicroscope usin ogjigye illumination. Pinpoint colonies may

then be selected for isolation as potential Y. enterocolitica

colonies.

Two modified media for the recovery of Y. enterocolitica from
foods have been described by Lee (1975). .Because Twee:>80 is heat
stable, soluble, and easy to use, it is incorporated into two commonly
used media to facilitate the selection of Y. enterocolitica colonies. fﬁ
one medfum, 10g of T;Een 80 and 0.2g of CaCl, are incorporated into one
litre of MacConkey agar. After 48 hr of incubation at 25°C on this medium,
the Tween-positive strains of Y. enterocolitieca produce flat, wrinkied
‘colonies surrounded by a zone of precipitate which imparts a sheen-like
effect to the agaf medium. Lee further suggests that while this mediuh
is useful for detecting Tween-positive Y. enterocolitieca of Biotypes 1

and 2, not all biotypes display this capability equally, and also other

enteric organisms such as Serratia liquifaciene and some Pseudomonas



species may impart identical reactions. However,ic61onia1 character-
istics of these enterics differ from those of Y. enterocolitica. The
second medium described by Lee to be used in conjunction w;th co]dv |
enrichment procedures consists of incorporating 10g Tween 80, 10g
sorbitol, 0.3g sodium dodecyl sulfate and 0.2g of CaCl, per litre of
deoxyribo%uc]ease (DNase) agar. Following steri]ization-and cooling to
50°C, 40 mg/L acridine orange and 25 mg/L of fi]fer—sterijized triphenyl
‘tetrazolium chloride are added to the DNase medium. " On this medium, Lee
reports that Y. enterocolitica colonies are typically frans]ucent,
colorless or pink with 1ittle or no Tween reaction or nuclease reaction
whén examined under long-wave ultraviolet 1ight;

Y. enterocolitica sur?iVesAyery well in nature,'especia11y at Tow
temperatures (Morris and Feeley, 1976). Reports indicate that this
organism will grow at 4°C and because of this; it has beén suggested
that cold temperature.(4° to 7°C) enrichment'protedures_wou1d enhance
the recovery of Y. enterocolitiea from food sources (Paterson and Cook,
1963; Zen-Yoji et al., 1972; Tsubokura et al., 1973; Feeley et al.,
1976); .

Presently, thefe are no standard laboratory methods for the
isolation and enumeration of Y. enterocolitica. Various techniques have
been used by investigators and found to yield good recovery of this
organism. Feeley et al; (1976) in the "Compendium of Methods for the
Microbiological Examination of Foods" prepared by the'Americanqub1ic
Health Association (APHA) and editedvby M.L. Speck, and Highsmith et dl.
(1977)- recommend the following procédure for the iso]ation and identi-

fication of Y. enterocolitica from foods:

-



259 food sample added to
a 225 m 1/15 M sodium
phosphgte buffer, blended for 2 mins

Plate 0.1 m] aliquots onto Inoculate 0.1 ml into 10 mls

Incubate 21 days MacConkey and SS agar magnesjug cg?oriq?{ma1ac21te
4°C ——— to obtain isolated colonies ITEEM arbinicy [11n medium
9 or Selenite F broth

‘ \\\\1///”

Incubate 25°C, 48 hrs

Select 5 lactose negative colonies

SCREENING TESTS

» ) TSI - 25°C overnight
v LIA '25°C overnight
' UREA 25°C 24 hrs

Motility ,25°C 24 hrs
{36°C 24 hrs

. . PRESUMPT.IVE IDENTIFICATION TESTS
e . y Oxidase
Lysine decarboxylase’ 36°C
Arginine dihydrolase 36°C

Ornithine decarboxylase 25°C; 36°C
Phenylalanine deaminase 36°C
Indole 1 36°C

CONFIRMED TESTS 36°C

Lactose
Maltose .
Sucrose
Melibiose
Raffinose
Rhamnose

OPTIONAL TESTS.

7

biotype
serotype



75

Two of the more wide1y utilized cold enrichment procedures are

those 6f Wetzler (1970) who recommended inoculating isotonic saline:-with

“or without 25 ug/ml potassium tellurite followed by subculture after

24 hrs at 4° to 7°C,.and Paterson and Cook (1963) who uti]izea 0.067 M
phosphate buffer (pH 7.6) at 4°C wilth subtu]ture at intervals ranging up
to 28 days, Greenwood et al. (1975) and Toma and Deidrick (1975)
favoured Paterson and Cook's proposal since it yie1ded‘a greater
percentage of Yersinia isolates. With cold temperatuqé“enrichment.
procedures, Yersinia specieé continue to muTtip]y’while other vegetative
micrébigl species do not grow or are slowly killed, tﬁereby enhancing
recovery (Feeley et al., 1976).

By 1960, Y. entérocolitica strains isolated from humans, animal
and food sources, had been recognized to be biochemicé]]y heterogeneous.
Typical isolates of this organism ferment a variety'of carbohydrates
anaerogeﬁica]]yf Glucose,. sucrose, arabinose, ga1actpse, mannitol,
sorbitol, treha]ose,-¥y1ose.and cellobiose @re all utilized at both 375
and 25°C within 24 hrs with little or no variation. Rhamnose,
rg}ffnose, dulcitol and adonitol are usually not utilized, while acid
er% sa]jEin and esculin hydrolysis is strain variable. ,Ma1tose-is
utf]ized best af %2°C gnd lactose fs rarely attacked within 48 hrs and
usua]iy requires an igéubationyperiod of up to 30 days in order to
detect a visible acid Lﬂ cﬁange in the indicator (Niléhn, 1969).

' Rapidity of utilization of any of the above substrates may vary
slightly with”teﬁperature, but tests for acetylmethyl carbinol (Voges-
Proskauer),vérowth in poﬁassium'cyanide, ornithﬁne decérboxy1ase

activity and motility are solely tempgrature’depggdent'and'ére expressed
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at 22° but absent at 37°C.

5 Y. enterocolitica lacks enzymatic activity for oxidase, gelatinase,
phenylalanine deaminase, citratase;“1ysine decarboxy]ase ahd arginine
dihydrcolase, but possesses catalase, g-galactosidase, nitrate reductase
type B and urease activitigs, while extracellular deoxyribonuclease i§
strain variable. It has been reported that urease production is readily
demonstrated on Christensen's urea agar but is not obvious in the more
highly puffered formu1ationc;f Rustigan and Stuart (1941). Urease
activity may be delayed or even absent upon initial isolation, but usually

‘f011owing subculture and re-testing, urease production is evident within
5 hours (Ni1éhn, 1969; Bottone et al., 1974).

Indole production in Y. enterocolitica strains thus isolated ig
variable (Coleman, 1950, Niléhn, 1969, Ahvonen, 1972; Knapp and Thal,
1973), with most European iso1§tes being“repofted as indo]é negétiQe:as
comﬁared to the U.S. where most iso]ates are indole positive. Bottone
et al. (1974) iﬁdicétéd that testing for indole production is dependent
upon substrates ut{1ized, incubation temperature and choice of }éagent.
Ni1éhn (1969)'repohted strong reactions with Kovac's reagent using
tryptone broth incubated at 37°C and Ahvonen (1972) showed that all
jsolates of Serotype 9 were weakly indole positive, especially at 25°C.

Becausevof the.biothemica1 heterogeneity that exists among
strains of Y. enterocolitica, Niléhn, in 1969, first proposed arranging

~ the strains accdfaiﬁg to their biochemical reactions into groups or
"hiogtypes" (Table 1). Keeping methodologies and incubation temperatures

constant, she investigated 330 Y. enterocolitica isolates and, on the

_basi§iof positive characters, devised 5 biotypes. In the following year,
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TABLE 1

Biotypes of Yersinia enterocolitica

«., ° Y. enterocolitica biotypes
. “Niléhn Wauters Knapp and Thal
Tests 12 3.45 1 2 345 12 3* 4

Lecithinas; ! Notvtested + 0 0 0 O
Salicin (acid) - - 00 00  Not tested 0 0 + vy
Esculin hydrolysis . + 0 0 0 O Not tested = 0 0 + V
Indole production + + 0 0 O + +(L)0O 0 0O 0 + + Vv
Xy]osé (acid)® + + + 0 0 + 4 -{i() 0 VvV + + Vv
Lactose (acid, of medium)® + + + 0 0 + + + 0 0
Nitrate reduction + + + + 0 ; + + + 0
Trehalose (acid) + 4+ + + 0 + + 4+ + 0
Sorbitol (acid)  S +K‘+ 0 Not tested
Ornithine decarboxy]aseC + + + + 0 ’ + o+ o+ 4+ 0
Voges-Proskauer® | + o4 o+ 40 " Not tested
B—Ga'lactosid_aseC + 4+ + + 0 + o+ o+ 4 'O
Sucrose® + + + + 0 Not tested | »
Sorbose + + + + 0 Not tested

Note: OF, oxidation-ferméntation; +, positive; 0, negative; V, variable.

'

4Strains in Group 3 may produce gas in glucose.

.bStrains in Group 4 may show atypical reactions; i.e. lactose, rhamnose
positive.

-YCTest performed at 25°C.

Adapted from Bottone, 1977.
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Wauters, using lecithinase activity as an additional characteristic and
omitting some substratés utilized by Ni]éhn, deviéed a simijar classifi-
: 'cétibn scheme in which isolates were divided into 5 biotypes.

On the other hand, Knapp and Thal (1973) separated Y. enteroco-
‘Iitica and Y. enterocolitica-like organisms into four groups on the basis
of production of indole and of acié in xylose, escu]in and salicin.
Strains belohging to the first group show typical Y. enterocolitica
reactions; strains of the second group represent Y. enterocolitiea
isolates that are indole-positive, while stwains of Groups 3 and % are
biochemically atypical.

Serologically, there are 34 "0" thermostable antigens and 19 "H"
antigens recognized (Winblad, 1967; Wauters et al., 1972. The former
author established an antigenic schema with 9 serogroups; this was
followed by Wauters' schema of 17 serogroups and a supplemental schema
of 34 éerogroups.' Recently, Knapp and Thal (1973) proposed a simplified
schema containing 6 O;groups indicating that further o-groups and sub-
groﬁps will be proposed in the future.

A phage typing system has been devF1oped in Europe by NicoT]e
et al. (1972) at the Pasteur Institute in Paris. He isolated strains of
Y. enterocolitica phages whicﬁ allow grouping of Y. enterocolitica
strains {nto 9 main phage types; type 10 consists of strains not typable
by phage. Most of the isolates from the United States are insensitive(
to the European typing bacteriophages (Lafleur et al., 1972). This
typing system has been useful in separating Canadian and European sero-
type 3; the former beionging to a "specific Canadian" type, 9b, and the

_latter to either phage type 8 or 9a.



12

The mechanism_of pathogenicity of this organism hés not been
elucidated. Eariy investigation byAM011arei and Guillon (1965) resulted
in no appropriate animal model being established since Y. enterocoiitica
iso]qpes were described as non-pathogenit when introduced by the intra-
beritonea], intravenous or subcutaneous routes inté fifteen species of.
Taboratory animals. However, Carter et al. (1974), Quan et al. (19?4)
and Alonso et al. (1975) have recently confirmed and extended animal
pathogenicity studie; first éonducted and recorded By Schleifstein and
Coleman in 1939. | |

Carter and Collins in their paper, described a c1inic§1 isolate
highly virulent for mice by the intrgvenous and oral routes producing
infection similar to the naturally acquired infection in man and that
induced in micg. Quan and his co—Workers reported killing of mice by
'two human isolates of-Y. enterocolitieca and one isolate of f]ea'origin.
Similarly, Alonso et al. have shownAathymic mice to be of value for
pathogenicity testiné.

In describing experimental infectfons in mite caused by Yf entero-
colitica'iéolates, investigators have ihpfoved our knowledge énd E
insight into the factors.éontfibuting to the mechanism of human
infection; However, such experiments haye not fu}]y elucidated the
péihogenic mechanism of this organismb(Bottone, 1977). Obviously,
continuous monitoring in this area of research will be fequired.to confirm
and validate the pathogenicity of Y. enterocolitica isb]ates.

The clinical manifestations'caused by Y. enterocolitica'are'very
diverse and are dependent upon the age and physical state of the host.

Several of the presentations such as acute mesenteric 1ymphadenitisiand‘
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/
“terminal ileitis are seen mainly in older children and young adults,

while typhoid-like septicemia usually occur in the aged, debilitated or
patients on immunosuppressants (Hasﬁig et al., 1949;‘Dén1e1s et al.,
1965; Toma, 1973; Keet, i974; Rabson.et al., 1975). Erythema‘nqdosum ;
and arthritis are observed main]y‘;n‘adu1tsb(Nﬁnb]ad, 1969; Jﬁcobs, 1975;
Winblad, 1975); wﬁi]e symptoms suggeétive of enterocolitis are seen '
mostly in children (Schleifstein, 1943; Lafleur et al., 1972 ; Toma et al.,
1972; Delorme ez .l., 1974). cher ménifestations.incTuﬁe myocarditis
(Anvonen, 1972), subacute localized abscesses of 1ivér,and spleen (Raﬁson
et al., 1972;'1975), meningitis aﬁd panophthalmitis (Sonnenwirtﬁ, 1968),
cellulitis (Abramovitch et al., 1973; Rabson et al., 1975),‘erysipe1as—
like eruptiOns'(Hayen et‘al., 1974); Reiter's disease (Solem and Lassen,
1971;‘Aho et al., 1974); hemolytic anemia (Vonignorring and Pettersson,
- 1972) and é furuncle caused by Y. enterocolitica (Lawrence et 51., 1975).

The foregoing indicates that human infection with Y. enterocoiitﬁca A
ha§ severa1~c1inica1 ﬁanifestations; thus it .would be worthwhile to
emphasize the more important characteristics asséciaﬁed with the clinical
syndromes most frequently encountered in yersiniosis.

o | ENTERITIS

Enteritis Was‘firsflobserQedJas early as 1939 by Schleifstein ﬁnd'
Coleman {n the U.S. who first desfribed and recogﬁized this infection
caused by Y.»énteroéolitica. If is the moét frequently encountered
Tanifestation of yersiniosis and is-;onsidered by most researchers to
comprise at 1east two-thirds of all reportéd céses'(ﬁ611aret, 1972).
fhis disease, which occufﬁ primari]y in infants and young children, is

characterized by diarrhea which may last from two to seVera] weeks,
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occas1ona11y accompanied by b1ood and mucus in the stool (Zen-Yoji et al.,
1973 and Bergstrand and Winblad, 1974). Vom1t1ng may be present but is
usually not prominent. Severe abdominal pain in the right lower quadrant,

highly suggestive of acute appendicitis, may also be encountered - a

finding usually followed by surgery, particularly in children and young

adults between the ages of 10 and 19 years of age. L

I

InfectiGQJJyﬁu¥i¢%%4%-enter&co%itica p?bdﬁtesteatnica1'symptoms
almost indistinguishable from those caused by other enterppathogens
(Salmonella, Shigella and enteropathogenic E. coli) (Rabson et-al., 1972;
Vandepitte et al., 1973; Delorme et al., 1974; andJSchieven and Randall,
1974). Hence, diagnosis depends solely upon recovery of this micro-
‘organism from enteric contents during the acute enteric phase. Usually,
Y. enterocolitica Serotype 3, Biptype 4 and'SerStype 9, Biotype 2, and.

- less frequently, Serotype 8, have been associated with enteritis when .
this organism was isoTated and further identified in clinical 1abpratories.

The 1nc1dence of Y enterocolzttca enter1t1s is reported by some’
spec1a11sts to have surpassed the 1nc1dence of Shigella, being next
only to Salmonella (Toma, 1973) Cases of enter1t1s caused by this
organism reported within the 1ast denade havekbeen either sporad1c or
conf1ned to small family outbreaks. Such reports were described in
Canada (Toma et al., 1972); Japan (Zen Yoji, 1973), Finiand (Ahvonen,
1973) and in the U;S.A. (Gutman et al., 1973; and Black et aZ.,,1978ji
| " ACUTE MESENTERIC L[YMPHADENITIS AND TERMINAL ILEITIS

These two closely associated diseases were first described in 1953
:by Masshoff in children who demonstrated symptoms c11n1ca11y indisting-

uishable from acute-append1c1t1s.; Normally, patients suffer1ng from
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these Y. enterocolitica infections experience acute paigadn the Tower

- right quadrant section of the apdomen simulating acute appendicitis. At

surgery, in most cases, the append1x is. found to be gross]y nonna1 or
only slightly 1nf1amed in appearance However enTarged’]ympp node;(ere
usually observed. Saebo (1974) in his paper "Some: surg1ca1 man1festat1ons
of mesenter1a1 1ymphaden1t1s associated with 1nfect1on of the Yersznza
enterocolztzca" reported the obggryQQ1onaof,e§tens1ve swe111ng of the

mesenteric lymph nodes to the extentﬁofvﬁfmickfng a tumor. Pathologically,

inflammation is restricted tO”the terminal ileum and cecal section of the

intestines, but histodogically, the 1ymph nodes indicate proliferation of'f

large pyroninopy{]fc cells with large nucleoli in the cortical region of
the pulp (Ahlqvist et al., 1971). "
- | ARTERITIS
The associetion of Y. enterocolitica {nfection and arthritis was
firet described in Fin1andAbyvAhvonen and His co-workers in 1969. They

found thatﬁit;was,almost always associated with yersiniosis in young

_adu]té and rarely in infants, and that the symptoms were mani fested mainly

in_the joints of the knees, ankles and fingers. Fellowing this report '
numerous other researchers (Laitinen et aZ.,'1972;_Aho“et ai.; 1974,
Jacobs, 1975 and wianad 1975) have published papers associating post
1nfect1ous arthr1t1s with Y. enterocolmtzca 1nfect1ons

‘In European countries, patjenps demonstrat1ng post‘infectious

arthritis are_dsue11y previously exposed to infection with Y. entero-

coZitica,§erotype 3 or 9. In Canada, Y. enterocolitica Serotype 3’,, ﬂuz\

Biotype 4 is ‘the most'common strain recovered, however arthritis:

following yersinfosis have not been observed in patients (Toma and
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Lafleur, 1974). 1In South Africa, Y. enterocolitica infections were first
described fn 1971 by Rabson et al., but the picture is the same as th;;
observed in Canada with respect to post infectious arthritis associated
with Y. enterocolitica.

ERYTHEMA NODOSUM

Erythema nodosum was first Hescribed by Mollaret and Destombes
(1964) in a female patient following an enteric infection with Y.
enterocolitica. This patient was described as developing a typical
erythema nodosum 17 dajs after surgery which revealed mesenteric
lymphadenitis. Erythema nodosum manifests itself usually on the lower
extremities of the patient, foillowed by the arms , and, on occasion, the
upper trunk (Arvastson et al., 1971).

SEPTTCEMIA

Septicemia due to Y. enteroerlitica is a disease now receiving
undu; attention since a 50% mortality rate has been reported in patients
suffering from this céndition (Mollaret et Z., 1971). It has been
observed primarily in thé aged and immune-deficient or immune-suppressed
patients whose host deferises have been lowered (Winblad, 1973).

This disease may have a rapid onset and is usually accompanied by
high fever, general malaise. vomiting and diarrhea. This is the acute
septicemic manifestation mimicking typhoidlfever or malaria, as described
by Rabson et al. in 1975. Another clinical presentation described by
these workers, is the subacute localizing form, resembling amebic
hepatjtis, in which a history of recent diarrhea and vomiting is usually
absent. -
“ " ANTIBIOTIC SUSCEPTTBILITY |

PresentTy; theré 1s no7sing1e antibiotic regime that could be
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adopted for the treatment of Y. enterocolitica infection. 1In 1974 in
Ontario, Canada, Toma performed susceptibility tests on stock cultures
and Y. enterocolitica isolates and found that they were highly
susceptible to the tetracyclines (except two cultures), amino-
glycosides (gentamiciﬁ, kanamycin, strebtomycin), chloramphenicotl,
nalidixic acid, colistin and sulfadiazine (except three cultures).
Gutman et al. (1973) furtger found the combination of trimethoprim and
sul famethoxazole to be highly effective against Y. enteroecolitica.
reported by Toma. Partial resistance to ampicillin and erythromycin
with moderate to little resistance or susceptibility to cephaloridine
and carbenicillin waé also recorded.

The administeriné of antiobiotics in cases of Y. enterocolitica
Enfection should be done with reservations. Antibiotic therapy is not
recommended in enteritis since this infection is usually mild and self-
Timiting. However, in more severe infections where Y. enterocolitica
may become systemic, antibiotic therapy (chloramphenicol and colistin)
is highly recommended since extreme cases of yersiniosis may develop
if left untreated.

Efforts to revea1 the mode of transm1ss1on of Y. enterocolmtzca» )
-from its natura1 reserVOTr to pf;duce hﬁman 1nfect1ons have, to date
vbeen futile. A]though there are numerous reports describing both
single cases of enteritis and large outbreaks involving sevéra]rmembers
in various group situations, only one of these cases has been definitely
traced back to a specific source. In this outbreak, the drinking of

contaminated chocolate milk was epidemiologically associated with
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Y. enterocolitica infection (Black et al., 1978). Person to person
transmission of Y. enterocolitica from i11 children to household contacts
did ndt occur in this reported outbreak, a fdnding similar to that in
three Japanese school outbreaks (Asakawa et al., 1973; Zen-Yoji et al.,
1973) but in contrast to two other outbreaks in which person to person
transmission was suggested (Toivanen et al., 1973; Gutman et al., 1973).
Recent reports indicate that the animal kingdom serves as a major
reseryvoir for Y. enterocolitica (Toma and Deidrick, 1975; Kapperud and
Jonsson, 1976). Howaver, strains recovered from rodents (Kapperud, 1975),
havos (Mollaret et al., 1965), chinchillas (Hubbert, 1972; Vandepitte
et al., 1973) and water sources (Lassen, 1972) are usually a bioserotype
not associated with human disease. On the other hand, Y. enterocolitica
strains of serotype and phage type identical to those recovered from -
human hosts have been isolated from animals, particularly swine
(Tsubokura et ai., 1973; Zen-Yoji et al., 1974; Toma and Deidrick, 1975).
Furthermore, 1nvestidatd}s in Europe (Mollaret, 1971), Japan (Tsubokura
et al., 19&3; Zen-Yoji et al., 1974), South Africa (Rabson and Koornhof,
1972) and Canada (Toma, 1973; Toma et al., 1975)'haye a11 demonstrated
that swine serve as the major reservoir for Y. enterocolitica Serotxge'S
stra1ns u1t1mate1y encountered in-humans. Serotxgé 9, isolated in
. Europe and Canada only, and thought to be carried and transmitted so1e1y
by man, has also been recovered from the pig (Esseve]d and Goudzwaard,
1973) and from a dog and a cat with symptoms of enteritis (Ahvonen
ét al., 1973). Serotype 8 - encountered predom1nant1y in the U.S. and
also isolated in the Western areas of Canada (Toma, 1974) has been

isolated from a variety of mammals (Hubbert, 1972). Keet.(1974), in his’
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report of septicemia due to Serotype 8 Y. enterocolitica in man, has
suggested the possibility of the deeF'serving as a reservoir for this
serotype in the U.S.

Based purely on kircumétantia] evidence, it would appear that this
organism can also be spread via direct or indirect human transmission.

A number of reports (Albert and Lafleur, 1971; Zen-Yoji and Maruyama,
1972; Bergstrand and Winblad, 1974; Delorme et al., 1974) present
evidence in which Y. enterocolitica infections occurred 1n young children
who have not had animal contact. Further reports involving familial and
interfamilial outbreaks (Ahvonen and Rossi, 1970; Gutman et al., 1973)
and sporadic outbreaks (Toivanen et al., 1973; Zen-Yoji et al., 1973,
Olsovsky et al., 1975) also support the interhuman moae of transmission.

Very little work has been carried out on methods of controlling
the spread of this disease. This area of knowledge cannot be developed
further until (1) the means through which Y. enterveolitica is spread
is understood and (2)‘1ts reservoirs’ are knownA; This organism is wide-.
spread in nature in b?th 11v1ng and non-1iving systems. - Therefore
fgenera] techn1ques of env1ronmenta1 hygiene and san1tat1on w1th regard
to food and water should app]y in contro111ng disease causéd by
Y. enterocolitica (Morr1s and Fee]ey, 1976).

Yersinia enterocolitica can be truly described as a uniquely
elusive microorganism since factors contributing to (1) the geographic
distribution and localization of certain serotypes, (2) its mode of
transmission, (3) its reservoirs and (4) bathogenicity still remain to
r'be resolved, irrespective\ofythe'vast number of yéars that Eurppean,
Canadian and ‘American researchers have Been dévé£ing their efforts to

-t
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the un-covering of this microorganism.

A review of the Titerature showed that information on the growth
temperature relationship of Yersinia enterocolitica was limited. The
main objective of this 1nvestigafion‘was to establish definitive
information on the temperature response of this organism in complex
meﬁium, minimal medium, and meat. In addition the effects of sodium
chloride and pH were to be studied. A sécondary objective was to
evaluate the use of enteric media inoculated at refrigerated temperatures
for isolation of Y. enterocolitica. If successful, this method could be
a significant addition to current methodology for isolation and

differentiation of members of the family Enterobacteriaceae.
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MATERIALS AND METHODS

A. TEMPERATURE STUDIES

Test Organism and Growth Media i

Three cu]tures of Y. enterocolitica were obta%ned from the Depart-
ment of Medical Bacterip1ogy, Univérsity of Alberta, Edmonton, Alberta,
Canada. One culture originated from the American Type Culture Collection
(ATCC 23715), Rockville, Maryland, USA and-the other two were clinical
jsnlates, designated Serotype 0:3 and Serotype 0:9. The latter were used
in the study because they have been reported to be the predominant human
serotypes isolated from Europe and Canada (Toma and Lafleur, 1974). Each
of the test cultures was maintained as a stock on Trypticase Sgy Agar
(TSA) slants stored at 4°C. At monthly intervals, a loopful of the
stocks was transferred to fresh TSA slants, iﬁfubated at 37°C for 48 hrs,
‘and then returned to §torage at 4°C. Purity of cultures was examined by
Gram staining at each monthly subculture. ‘

Trypticase Soy Broth (TSB, Baltimore Biological Laboratory [BBL])
constituted the complex medium and Glucose Salts Medium (GSM) was the
minimal broth employed. The forhu1a for GSM was adaptéd from
"Microorganisms in Food 1", Thatcher and Clark (1975): /

Tryptone 2g

NaCl 5g

Potassium monohydrogen phosphate 0. 3g
Ingredients were dissolved in 900 mls distilled H,0. 10g glucose was
made up to 100 mls in"dist111ed H20; sterilized separately and miXedﬂto_ﬂ

the sterilized salt solution after cooling.
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.pH of the growth med1um was adJusted us1ng hydroch]or1c acid
be fore ster111zat1on S0 that the des1red pH was obta1ned after sterili-
zation. The sod1um ch10r1de (NaC]) content of ‘the med1um was. adJusted
1by the addition of- appropr1ate quant1t1es before ster1117at10n |

A1l media were prepared and ster111zed as st1pu1ated by the
manufacturers. | | |

Preparation of Inoculum

A 250 ml Erlenmeyer flask conta1n1ng 100 ml a11quots of growth .
medium (TSB or GSM) was 1nocu1ated with a. 1oopfu1 of the test organ1sm
from theestOCk agar slant. Th1s was 1ncubated at 37°C in-a Gyratory
Shaker (New Brunswick Scientific Company, New Brunswick, N.J.)‘operated
at 150 rpm. An aliquot from this culture at the mid-stationary phase
(determined by a growth curve experiMent) was transferred to a new |
pretempered flask containing 100 m1 growth medium. Three such sub-
cultures were performed, the final subcuiture constituting the inoculum.

. A 1% inoculum was used constantly throughout the study.

Growth Response

Growth response in relation to incubation temperature was
determined in two ways. A Temperature Gradient Ihcubatoﬁ (Model #TGI,
Scientific Industries Inc., N.Y.) was used tor temperatures in the
range 10°-50°C. The Temperature. Gradient Incubator (TGI) was set to
give the desired tehperature range. Special L-shaped culture tubes
conta1n1ng 15 m1 of growth med1um were placed in the Joles in the TGI

. and a]]owed to equ1]1brate overn1ght The temperature of each. tube’
. ,was determ1ned w1th a thermocoup1e 1nserted 1nto a dup11cate set of -

"\tubes Temperatures were: mon1tored and recbrded throughout the durat1oh‘"'
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of the experiment. The pretempered culture tubes were inoculated with
0.15 mi of the prepered test culture and agitated at 45 strokes/min.

" Temperature relationships in the'range 0°-8°C were determined from
e%periﬁentsTusing 2. 2 Erlenmeyer flasks. vOne litre aliquots of growth
* medium were dispensed into the flasks together with a Teflon coated
magnet1c st1rr1ng bar Afteh sterilization the flasks were placed in
12" x 12" x 12" perspex tanks into which water of the des1red temperature
was circulated from temperature control units (Precision Sc1ent1f1c,
v‘Ch1cago, I111no1s) The.StfrFihg'hervwas'activated by placingvthc_
A perspex tank and culture f]ask on a non- heat1ng magnet1c stirrer (Bellco
G]ass Inc , V1ne1and N J ) The f]asks ‘were a11owed to equilibrate- for
24 h pr1or to 1nocu1at1on |

'Growth was determined by measuhement of ahsorbance (600 nm) at
hourly intervals for the first fwe1ve hours and subsequently at 24 hr
intervals, using a Specﬁronic 20 (Bausch and Lomb, Rochester, New York)
and by viable colony count. Viable counts were made by surface plating
apprppriate decimal dilutions oh prepared predried»TSA plates. The plates
were incubated at 37°C for 48 hr and then'eounted. The results were
expressed as colony forming hnits (c.f.u.). A1l dilutions were made 1in
0.1% Bacto-peptone, pH 7.2.
B. SELECTIVE ISOLATION STUDIES

Test Organisms and Growth Media

Members of the family Enterobacteriacsae were used in‘this investi-
,;gat1on | These 1nc1uded the X enterocol%t%ca cultures used in the
J‘.prev1ous study, and d1fferent spec1es of the fo]]ow1ng SaZmoneZZa,

A ‘Shtgella Klebszella Proteus Serratza Artzona Enterobacter

;_Cztrobacter, Escherzchma and Provzdenc1a as we11 as, psychroph111c
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f@eudamonés sp.

A1l cultures wére'isolated and biochemically identifiedvat the
Provincial Laboratory of Public Health, Edmonton, Alberta, Canada.

Stock ;u]tufes were maintained at 4°C on Tryg}icase Soy Agar, subcultured
and Gram-stained monthly.-

Enteric media investfgatea:were: Bismuth Sulfite (BS), B}illiant'
Green‘(BG) Deoxycho1ate C1trate (DC) Fosin Methy]ene Blue (EMB), Endo,
MacConkey, Sa]moneT1a-Sh1ge11a (sS), V1o1et Red Bile (VRB) and,VicJét ﬂ'

Red Bile Glucose (VRBG). The non-selective, comp]ex medium, Trypticase -
vSByIAgéf,(TSA;iBBL)vWaéAfﬁc1udéd4jn ihis.sfudyﬂfbf goﬁﬁarative purposes.

A1l enteric media were obtained from foco Laboraforiés Ltd.;
Detrbif; Michigan, USA, ahd were prepared as recommended by the manu-
facfurérl - | |

Preparation of Inoculum

- A 10 ml aliquot of Trypticase Soy Broth (TSB) was inoculated with
‘a 1oopfu1'0f the test‘organism from the stock agar slant. This was
incubated in a hot air incubator at 37°C for 16 hrs. An a11quot from
this culture at the mid-stationary phase (determ]ned by a growth curve
experiment) was transferred to a sterile tube of pretempered TSB. Two
such subcu]fures were made, the final subculture representing the
inoculum. Inoculum for all test cultures used in-the experiment was
prepared as described above.

Viable Counts

Dilutions of the TSB cultures were prepared by transferring 1.0 mi
a11quots to 9. 0 m] ster11e peptone water blanks (0.1% Bacto-peptone, pH

7.2). D11ut10ns were vortexed for fi fteen seconds and ten-fold serial
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di1utions (107! to 1077) were-prepared VO 1 ml aliquots of the appropriate
dec1ma1 d11ut1ons were then surface plated, 1n dup]wcate, on. pre drled TSA
plates (inoculum count), and on the appropriate se1ect1ve med1a TSA )
plates were incubated at 37°C for 48 hrs. Colonies formed_after.incubation
were counted with the aid of a dark tie1d cqjony:counter aﬁé the number
of-co1ony forming units (e.ftu.) in the 5#12?333 sample was calculated.
During preliminary testing and screenjng of temperatures, enteric
media plates were streaked with a Toopful of undiluted-inoculum (16 hrs =~
growth culture) in order to obtein iso]ated colonies. In subsequent
quantitative studies, enter1c plates were 1nocu1ated w1th the appropr1ateL
hdec1ma1 d11ut10ns of 1nocu1um which was surface plated, and 1ncubated
at test temperatures until colonies were observed. The percentage (%)
recovery rate was ca]cu]ated.

'C. PORK INOCULATION STUDIES

Test Organism and Inoculum Preparation

Yersinia enteroeolitica Serotype 0:3 was selected as the test
’organ1sm because reports indicate’ that pigs serve as the major reservoir
 for thlS Serotype u]twmate]y encountered in humans‘(Mo11aret et aZ -
i971 Toma, 1973). The inoculum, grown 1n TSB, was prepared as prevtous1y
described in "Preparation of Inoculum”

Media

In.the enumeration of total Viab1e counts, TSA plates were used.

Y. enterocolttzca counts were obtained on VRBG and BS agars. VRBG agar
was chosen b@cause results obtained 1n the previous study indicated
that it was the most suitable for 1so]at1ng Y. enterocolitica. In a

comprehensive report by Hanna et al. (1977) it was suggested that BS
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agar be utilized when isolating Y. enterocolitica from meats, hence the
feasibility of its .use was also investidated in this sfudy. B

Meat Samples

Pork loin poastvfor ﬁnoCulaﬁion‘wéﬁ,swabbed,with étﬁanol and the

' .sﬁdes:§1%Ced off witﬁra gfe;i1e kni fe thus eprsing.a-relativejy aseptic.
centre poftfon.A Samples (4 x 4 x 1/2 cm), Qeighing.apbroximate]y 109 »
were placed in sterile polythene bags andvequi1ibrated at the test
temperatures. Pork samples were then inbéd]ﬁted byiépréading 0.1‘@1
inbcﬁ{um over the upper surface. At each éémp1ing interva1, duplicate
bags were removed fbom the incubator and viab]g_copntg were berformed.
Uninoculated controls, which were sampled at O hr aﬁd at the énd of the
experimental period, were 5150 included in the study. |

Viable Counts

Viable cell counts were determined by surface-plating in triplicate,
0.1 ml aliquots of the serially diluted homogenate on TSA;.éﬁd incubating
at 37°C for 48,hrs.. jhe'ﬁomogenaté was Srepéréd by "stomaching" the
sample in 90 mls sterile 0.1% Bacto-peptone water fQﬁ 3 mins}
- SeTectivé.fsﬁ1atidn'Of Y. én#erocqliticquﬁs,detefmined’by surfaéef
plating, in duplicate, 6;1 mi anqQoté of the'hqmoéénaié oﬁ VRBG aﬁd BS
agars and incubated at 5°C for 107day§. ‘ |

Bacteriological Identification

The distribution of microflora.was determined by using a template
and randomly picking 10;co1onigs from countable plates (i.e. plates
containing 30-300 colonies) and inoculating them on TSA plates at 37°C
fofvdé hrs. Key biochemical tests were performed (Gram stain, catalase

and oxidase) and Y. enterocolitica counts were‘confinned“By use of the
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- API 20E microtube system (Analytab Products, P1ainvfew,’N.Y.) on all Gram
négatfve,'ox{dase ﬁegéfivg rods. 'f.‘énfefocoiitica cguntstfrﬁaﬂTSA |
plates wefé calculated from the total éounts‘and the percentage of this

“organism among the isolates picked from countable plates.



. RESULTS

’
3

- The results of this study are most conveniently considered under
three sections: 1) Temperature re]at1onsh1ps of Yersznta enterocolitica,
g%gRSe’Iectwe isolation at refr1gerated temperature using enteric med1a,
and 3) DeVe1opment of Y. enterocolitica inoculated onto raw pork samp1es.

1. TEMPERATURE RELATIONSHIPS OF Y. ENTEROCOLITICA

'A. Growth and Viability in TSB, pH 7.0

The growth of three strains of Y. enterocolitica in TSB (pH 7.0),
as determined by absorbance, are presented in Figs. 1-6. The growth
" pattern of the three strains was comparatively similar. The optimum
temperature for a]] strains is approximate1y 32°C, and the maximum
growth temperature is 42° C The m1n1mum growth temperature for ¥..
’enterocolttzca ATCC 23715, and Serotypes 3 and 9 was found to be 0.5°,
v 1. 4° and 1.2°C respectively after 7 days 1ncubat10n. Serotype 3 grew,at
‘>0 .6° C after a 1% day 1ncubat1on per1od e ‘ ‘ -
. Growth _.rates of Serotype 3, expressed as‘generat1on t1me; are
shown in Fig. 7.. | h
The growth of the'tﬁree atratns of T. éﬁteyveolitica as determined
'h!by v1ab1e counts, is shown in Figs. 8-13. ‘1Figs- 8, 9 and 10 do not
represent true growth curves s1nce they are based on only three points.
However, they5d0 1nd1cate maximum population dens1t1es and trends in
viabi]ity; At temperatures above 20°C poputation'densities from 2 x 10°
to 5 x 10° c.f.u:/ml werelachieved within 24 hours (Figs. 8, 9 and 10).
_ Similar population densities were achieved at lower temperatures after

more prolonged incubation (Figs. 11, 12 and 13). Loss of viabiTity was

28
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most rapid'at ﬁigher temperatures of incubation and in general was
directly related to tempEraturé. '
B. Growth and Viability in TSB, pH 6.0 and 5.0

. / ,
Due to similar growth gatterns pbtained for the three strains,

Y. enterocolitica Serotype 0:3 was used in further experiments; because
. .

it is the serotype most frequently encountered in human infections jn |

Canada (Toma and Lafleur, ]974):

“ Growth and viabi]ity‘in TSB, pH 6.0 and 5.0 is presented {n Figs.
14, 15 and 16. The main difference between growth at pH 6.9 and 7.0 is
seen in optimum growth\tempe;;ture (25° v 33°C; Figs. 14 and 3), and
minimum growth temperature (4° v 1.4°C)7~ Maximum population densities
| at temperatures 32-40°C were greatly reduced at pH 6.0 (Figs. 14 and 15).

No growth occurred at pH 5.0 and there was a rapid loss of viabi]%ty
at all temperétures of incubation (Fig. 16). Rate of loss of vi&bi]ity

increased with increasing temperature.

C. Minimum pH for Growth in TSB

The results on growth at pH 6.0 and 5.0 indicated the minimum pH
for growth is-between-these two levels. In oFder\to detenniné the
minimum pH for growth, cultures were incubated at 37°C in TSB, pH‘5.4,
5.5, 5.6 and 5.8. The.results are breSented in Figs. 17 and 18. It can
be seen that‘the minimum pH for growth is pH 5.5 under thesevéxperi@enta1
conditions.

D. Effect of NaCl on Growth and Viability

The results on growth and viabilityﬁof Y. énterocolitica'Serotype
0:3 in TSB (pH 7.0) in-the presence of added NaCl (5, 10 and 15%) are
shown in Figs. 19-23. 1In the presence of 5% NaCl, growth occurred at

]
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all temperatures from 9-38°C. There was a gradual loss of viability at
temperatures below 9°C (7,‘3 and 0°C) and é]so at 41°C.  Maximum |
populationrdensities were achieved at 5 and 15°C. This is in contrast
to results in the absence of Napi (Fig. 9), although it should be“ﬁoted
the time to reach maximum 1evels-1s much longer.

The;nost noticeable effect -of 10% NaCl is the extension of the
lag phase of Y. enterocolitica (Fig. 21). The minimum temperature for
growth 1in thé\presence of 104 NaCl is 13°C.

The presence of 15% NaCl inhibited growth at all temperatures from

0-40°C (Fig. 23) énd all cultures showed a progressive loss of viability.

E. Growth and Viability in GSM

The results of growth and vfabi1ity in GSM are shown in Figs. 24-
28. At pH 7.0, the optimum growth temperature was 20-24°C and the _
minimum was 4.5;@'and lag periods were much longer than those‘ogzgrved
in.TéB (Fig. 24). Maxihum viable counts were found at 20-25°C (Fig. 25).

At pH.6.0, thevobtimum growth temperat:re was 15-20°C with a
minimum of 6°C (Fig. 26) and maximum viable counts were found at 15-20°C.
No growth was observed at pH 5;0 and there was a progressive‘1oss of
viability at all temperatures of incubation (Fig. 28).
2. SELECTIVE ISOLATION AT REFRIGERATED TEMPERATURE USING ENTERIC MEDIA

Yersinia enterocolitica has been reported capable of growing at
4°C (Feeley et al., 1976 ; Highsmith et al., 1977). This observation is
the basis of cold temperature enrichment procedures presently in use for
the selective isolation of this organism. However, such procedures
require a very long incubation period, 28 days, before positive identi-

fication is possible. The results of the present investigation support
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the earlier findings on growth of 7. enterocolitica at low temperatures.

In an attempt to hasten and improve the isolation of Y. entero-
colitica it was felt that the capacity for growth at low temperature
could be exploited. If the organism could grow on enteric media at Tow
temperature, direct isolation could be possible. The inability of most
other members of the Enterobacteriacéae to grow at refrigerated
temperatures would support this hypothesis.

The first experiments were undértaken to establish the growth
response of Y. enterocolitica, selected members of the Enterobacteriaceae
and Pseudomonas sp. on enteric media at 3, 4, 5, 6, 8 and 10°C.

The agar plates were divided into four quadrants and streaked with
each respective culture in order to obtain isolated colonies. Growth

was crudely estimated and recorded in terms of (+) or (-).

(-) = no growth
(+) = growth over Ist quadrant
(++) = growth over Ist and 2nd quadrants
(+++) = growth over 1st, 2nd and 3rd quadrants
(++++) = growth over all quadrants |

The plates were incubated up to 12 days.

The results of this study are shown in Table 2. Growth of the
psychrophilic pseudomonad paralleled that of the Y. enterocolitica
isolates, but this poses no major problems since both organisms could be
presumptively differentiated on colony morpho]bgy and positively identi-
fied by their biochemical profiles. The cultures-of the family Entero-
bacteriaceae, with the exception of Ent. agglomerans and S. liquefaciens,

did not grow at temperatures below 8°C on enteric media. On the other hand,
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9
TABLE 2

Growth of Y. enterocolitica, selected Enterobacteriaceae and

Pseudomonas sp. at refrigerated temperatures on enteric media*

3°C 4°C 586 °C 8 & 10°C
Cultures
9 days 7 days 5 days 3 days
Y. enterocolitica** ++ ++ St 4
Ente Dacteriaceae*** - - - +
Pseudomonas Sp. ++ ++ +++ +++

*Bismuth Sulfite (BS), Desoxycholate Citrate (DC), Eosin-
Methylene Blue (EMB), Endo, MacConkey, Violet Red Bile (VRB),
Violet Red Bile Glucose (VRBG). :

**No growth observed on Brilliant Green and Salmonella-Shigella
agars. :

***Ent. agglomerans and S. liquefaciens grew at all temperatures
but colonies were detected 2 days later than those of
Y. enterocolitica.
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Y. enterocolitica did not grow on BG and SS agars. As a result of these
observations, further experiments were limited to temperatures below
8°C and to the use of Endo, MacConkey, SS and VRBG agars.

A subsequent quantitative experiment at 6°C was undertaken in
which test cultures were serially di]uted and appropriate aliquots
surface-plated on specific enteric agar. Results obtained are shown in
Table 3. There was good recovery of both Y. enterocolitica isolates and

’the psychrophilic pseudomonad at 6°C for 5 days. 100% recoveryrates
were obtained on all media examined when the Pseudomonas sp. was used as
the inoculum.

This is in contrast to results obtained with Ent. agglomerans and
S. liquefaciens, both of which demonstfated a 0% recovery rate.

Inoculum recovered fbr Y. enterocolitica varied from 85-100% on all media
testedﬂ

Owing to the wide array of commercially available enteric media
and because of differént recovery rates obtained in this endeavour, an
eva]uatioh of media was conducted. Results are shown on Table 4 which
reflects the average recovery rates (%) for each medium tested.

Although recovery rates on Endo, MacConkey, Violet Red Bile and VibTet
Red Bile Glucose media were all good, VRBG medium proved to be the most
suitable all-purpose medium due to distinct morphological character-
istics of colonies at test incubation temperatures. Colonies were
distinctly large and bright pink in color due to the precipitation of
bile saPts present in the medium.

With Y. enterocolitica, growth on Brilliant Green and Salmonella-

Shigella agar was inhibited (0% recovery rates) while growth of the



TABLE 3

.~

Recovery of Y. enterocolitica, Ent. agglomerans, S. liquefaciens

and Pseudomonas sp. when surface-plated on enteric media at
64€ for 5 days

Vd
Inoculum Recovered (%)
Cultures
Endo MacConkey SS VRBG
Y. ent. ATCC 23715 100 85 0 100
0:3 86 87 0 - 85
0:9 93 96 0 95
0:5, 27 97 93 0 100
. Bnt. agglomerans 0 0 0 0
S. liquefaciens : 0 0 0 0
Pseudomonas Sp. : 100 100 100 100
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psychrophilic pseudomonad was not inhibited on SS agar (100% recovery
rate).

SS aéar is one of the media recommended for the isolation of
Y.-énterocolitica at 25°C for 48 hrs by Feeley et al. (1976) in the
"Compendium of Methods for the Microbiological Examination of Fooﬁs"
prepared by the American Public Health Association (APHA) and edited by
M. Speck. However, at refrigerated temperatures Y. enterocolitica
appears to be sensitive to some agent or agents in the SS agar and as a
result of this finding, an experiment was designed to define the growth-
Timits on SS agar of this organism. A temperature range of 5 to 45°C
was established and aliquots of appropriate dilutions of the test
cultures were surféce-p]ated onto SS and VRBG agar. Ta?]e 5 indicates
results obtained. There was a 100% recovery rate at t;mperatures 16-40°C
but a 0% recovery rate aﬁ<]5°c on SS agar. VRBG agar was included for
comparative purposeﬁ>and a 100% recovery rate was demonstrated on this
medium at 5-40°C. Frdm this experiment, it is apparent that 15°C is
the critical temperature below which Y. enterocolitica indicates
sensitivity to a selective agent or agents incorporated in the SS

formula.
3. DEVELOPMENT OF Y. ENTEROCOLITICA INOCULATED ONTO RAW PORK SAMPLES

The ability of Y: enterocolitica to grow on raw pork samples at O,
5 and TO°C was investigated. In addition, selective isolation on Violet
Red Bile Glucose (VRBG) and Bismuth Sulfite (BS) agars was studied.

The inoculum was grown in sterile TSB at 37°C for 18 hrs and sub-

cultured twice. Pork samples weighing approximately 10g were inoculated



TABLE 5

Growth limits of Y. enterocolitica on
SS agar and VRBG agar

Inoculum recovered (%)
Temperature (°C)

SS , VRBG

45 0 0
40 100 100
37 100 : 100
30 100 100
25 100 100
20 100 100
18° 100 100
16 100 100
15 ‘ 0 100
10 0 100
5 ‘ 0 : 100
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with Y. enterocolitica by spreading 0.1 ml inoculum over the upper
surface. This yielded appro*imate]y 3.6 x 103 c.f.u./gram of meap.
Inoculated samples were placed in sterile polythene bags and incubated
at test temperatures for a period of 12 days. At each sampling
~interval, duplicate bags were removed and each sample was ”spomached"
for 3 mins with 90 mls sterile peptone water (0.1%). Appropriate
decimal dilutions of the homogenate were made ‘in sterile peptone water
and aliquots sufface—p1ated in triplicate on TSA plates incubated at
37°C Tor 2 days and on VRBG and BS agar plates incubated at 5°C for 10
days. A
Results of Y. enterocolitica, as determined by confirmed colony
counts on TSA, on rav pork stored at 0, 5 and 10°C are presented in
Fig. 29. Gfowth occurred at all test temperatures under study. However,
growth of the organism was most éxtensive after 8 day; incubétion with
lTittle to moderate increases in counts after a 12-day incubation period.
In order to defénnine the potential value of low temperature

isolation of Y. enterocolitica, inoculated samples of pork stored at
0, 5 and 10°C wereAp1ated on VRBG and BS agars. The plates were
incubated at 5°C for 10 days. The identity of repre;ent;tive co]oniés
growing on the plates was confirmed by biochemical tests. The results
of this experiment are shown in Fig. 30. It can be seen that recovery
on VRBG was consistently higher than reéovery on BS at all temperafures.
The recovery compareé fairly closely to numbers of Y. enterccolitica as
détermined in a previous experiment (Fig. 29). The recovery of

. encerocolitiea on VRBG agar varied between 50-80% and BS agar between

50-A%% shen compared to counts obtained on TSA. The higher recovery

rates were obtained Wt 10°C.

»
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Fig. 29. Growth of Y. enterocolitica Serotype 3 on raw pork at
0, 5 and 10°C.
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DISCUSSION

The objective of the present study was to determine temperature
relationships of three strains of Yersinia enterocolitica when grown in
a complex medium (TSB), in adjusted TSB, and in a minimal medium, GSM.
The cardinal growth temperatures of the three strains, .as determined by
absorbance, compared very closely when grown in TSB (pH 7.0). Lowest
minimum growth temperature recorded was 0.5°C after 7 days incubatioh
(Fig. 2). The results obtained on minimum .growth temperature for
Y. gnterocolitica are in agreement with mfnimum growthjtemperature“1imits
reported by most other workers (Feeley et al., 1976; Highsmith et aZ.,
1977; and Lee, 1977), who reported on the ability of Y. enterocolitica
to grow at temperatures of 0—4°C. Results obtadned, therefore, confirm
and extend previous findingS and observations on the ability of Y.
enterocolitica to grow at refrigerated temperatures.

The data from Figure 7 would indicate that Y. enterocolitica shows
the temperature response of a typical mesophile; however, this organism
may be considered atypical in that it clearly demonstrates the capacity
to grow at temperatures as low as 0°C. Based on our present know]edge~
of reported minimum growth temperatures for food-borne pathogens it would
appear that Y. enterocolitica ds po§sib1y the'human food-borne pathogen
with the Howest reported minimum growth temperature. Known minimum
growth temperatures for other pathogens include a publication by Jacksog
(1974) reporting a minimum growth temperature ranging from 9.5-10.5°C
for eight strains of V. parahaemolyticus. Matches and Liston (1968)

also reported minimum growth temperatures for Salmonella heidelb;rg,
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S. typhimurium and S. derby as 5.3, 6.2 and 6.9°C respectively when grown
in broth culture after 19 days incubation. Ingram and Mackay (1976)
reported the obéervation of Schmidt et al. (1961) that Clostridium
botulinun Type E grew in beef stew at a temperature of 3.3°C.

Knowledge of minimum growth temperatures for most food-borne
pathogens has some practical implications since such findings may
determine regu]atioﬁs and recommendations designed‘to keep foods safe and
free from bacterial growth. For example, recommendations that smoked
(Olson, 1968) or irradiated (Anon., 1966) fish shop1d be stored below 3°C
are based on the observation of Schmidt et «l. (1961) that growth of
Cl. botulimum Type E occurred down to 3.3°C. |

It is imperative at this point to emphasize the fact that different
environmental factors are 1ikely to affect the true miniﬁum temperature
for growth, and that "the true minimum temperature for growih of an
organism could be determined only if all other factors affecting growth
were optgmal" (Michenér and Elliott, 1964); Such a statement indicates
that it may not always be necessary to take the lowest growth tempera-
ture ever recorded for an organism and use this a§ an absolute reference
Boint, since all other factors affecting gfowth may not be optimal.

Nutrient status, water activity, and acidity are some external or
environmenta] factors affecting the minimum growth temperatufeiof
organisms. This subject is well reviewed by Ingram and Mackey (1976)
therefore further discussion on such factors will, for most part, be
restricted to data obtained in this study on Y. enterocglitica Serotype 0:3.

a. Nutrient Status

The minimum temperature for growth of an organism is believed to
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be lower if suitable nutrients are present in the substrate (Ingram and
Mackey, 1976), hence, minimum growth temperaturés'depend on the nutritivev
status of the menstruum. For}instance, minimum growth temperature for

Y. enterocolitica was recorded at 1.4°C over a 7-day {néubation‘beriod ;n
the compiex medium, TSB (Fig. 4),-while the growth 1imit of the same .
organism in the minimal medium, GSM; was higher (4.5°C) over a 10-day’
incubation period (Fig. 23). Likewise, Schmidt et(aZ. (1Q6i) ré&orded a
minimum growth temperature of 3.3fC ih beéf stew for Ci. botulinuwn Type
‘E, WHile the growth 1imit was higher in peptone water (8°C). ;
'b. Water Aetivity (aw) ”

Figures 19 and 21 c1eé;1y demonstrate the influence of reduced
water activity on minimum growth temperature of Y. enterocolitica. The
presence of added solute (NaCl) reduces or Jowers the water activity
resulting in restricted grdwth'#emperatures of the organism. Minimum
growth tempe}ature of Y. entezocolitiéa-in fSB:Qas raised from 1.4°C to
g°C (TSB + 5% NaC]} t6 13°C (TSB + 10% NaCl) with no recorded growth at
0-40°C in TSB + 15% NaCl. These findings are in agreement with work
performed by Segner ét al. (1966) on CL. botulinumlType E who found
that 4.0% NaCl, which had little effect on growth at 30°C, led to
—extremely long lag periods at 8°C; and with 4.5% NéC], growth did not
take place at 8°C, but did so at 16°C. Ohye et al. (1966) likewise
recorded growth up to 5.8% NaCl at 30°C, 5.1% at 20°C and 4.3% ;£ 18°C.

More detailed confirmatory observations with Cl. botulinum Type E weréﬁ

made by Emodi and- Lechowich (1969) using various solutes.besides NaCl
to control a,- There were differences in solutes in detail, but the

sam: general relation was held throughout. It was also observed with
' .
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three salmonellae by Matches and - ,n (1972), wifh S. heidelberg for
example, growth was possible up to only 2% NaCl at 8°C, to 6% at 12°C,
and tovg;eater than 8% at 22-41°C. Similar observations were made by

these gresearchers at slightly lower salt concentrations wfth S. derby

and S. typhimuriuwn.

c. Aecidity

It is generally considered that suboptimal pH leads to a higher
minimum growth temperature (Ingram and Mackey, 1976). This observation
is reflected in results obtained when Y. enterocolitica was grown in
TSB and GSM at varying pH levels. The minimﬁm growth temperatur% recorded
in TSB pH 7 and 6 was 1.4° and A.O°C, respectively (Fig. 4 and 143. At
pH 5.0, no grdwth of Y. enterocolitica was detected at températures of
O-45°C, In GSM, the same trend was observed - the lower the pH, th%
higher the minimum témpeféture for growth. Matches and Ljston (1972)
also made similar observations with three Salmonella serotypes. They
observed a narrowing 6f the pH range near the minimum for growth.

It must be recognized that the results obtained on low temperature
growth were determined under a 1imited set of 1a;oratory conditions. In
qé%ition, it must %e emphasized that érroneous estimates of minjmum
growth temperatures of organigms may result through observation for too
short a period of time. Differeqﬁ.resu]ts may have been obtained with
1ongerbincubation times. Estimation of true minimua growth temperatures
is c]eaf]y a complex sub%gct that merits more dgtai]ed and explicit

- .

attention.

f e .

Because it was observed in previous experiments (Figs. 2, 4 and

6) that Y. emterocolitica grew at refrigerated temperatungs, a primary -



objective of this investigation was to determine and establish growth
response of Y. enterocolitica, selected members of Enterobacteriaceae and

a psychrophilic pseudomonad at low temperature using commercially available
enteric media. It was thought that if Y. enterocolitica could grow on
enteric media at refrigerated temperatures, with 1ittle or no competition
from other members of Enterobacteriaceae, then it might be possible to
isolate Y. enterocolitica directly in this way.

Presently, a wide selection of enteric media is commercially
available, but when utilized for the detection of Enterobacteriaceae,
incubation temperatures adopted are usually 25°, 37° and 42°C for no
longer than 2 days. However, in this study, low temperature incubation
of plates was used over longer periods, and no aﬁparent loss of
sensitivity of tﬁe media was detected since high recovery rates were
obtained for most of the media studied (Table 3).

Results indicate that selective isolation of cultured Y. entero-
colitiea is possible ﬁsing enteric media incubated at 6°C for 5 days.
Although growth of the psychrophilic pseudomonad paralieled that of
Y. enterocolitiea at all temperatures studied, it should be noted that
it is possible to presumptively differentiate these two organisms on
colony morphology and confirm by use of hiochemical tests. The oxidase
test is a key test that could be used - differentiate both organisms
since Y. enterocolitica lacks this enzyme. Based on previous and
présent laboratory expérience, the auéhor would 1ike fo add that it was
possible, with time, to visually differentiate Y. enterocolitica colonies
from Pseudomonas sp. and from other'enterobacteria1 colonies that

grew on VRBG agar medium incubated at low temperatures. Colonies could

-t
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be presumptively differentiated on characteristics such as size, color,
consistency and on diameter of precipitation ring surrounding each
colony.

The results of this study also suggest that incubation of enteric
p]atesAat 6°C for 5 days is not absolutely selective for Y. enterocolitiéa
since growth of other organisms occurred at this temperature (Tables 1
and 2). Nonetheless, the proposed low temperature isolation procedure
provides a methodology that could be used together with cold enrichment
"procedures current1y in use for the isolation and identification of
Y. enterocorlitica. _

In using the proposed methodology described in Fig. 31, it should
be noted that much time and materials could be saved s“nce the need for
pre-enrichment broth and additional use of media at‘specific intervals
s eliminated.

Indications are that VRBG agar has potential as the enteric
xedium to be utilized.for the lTow temperature isolation of Y. entero-
;olitica. Like many other enteric media utilized today in the c]infca]
and food laboratories, it is possible that refinement of this medium -
e.g. alteration of the pH; addition of indicators or other ingredients,
- might yield more positive identifi;ation of Y. enterocolitica and, at
the same time, restrict growth of 6ther unwanted Enterobacteriaceac.

If this is accomplished, then it would be necessary to investigate its
feasibility on a wide vafiety of foods - particu1af1y meats from
different environments in order to determine the effects on different

interfering microbes.

In a preliminary experiment it was observed that counts on VRBG



FIGURE 31

Proj sed Methodology Cold Enrichment Methodology
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and BS agars increased when Y. enterocolitica was inoculated onto raw
pork samples at 5°C for 10 days (d§ta not presented). This finding led
to the following study which was designed to investigate the growth of
Y. enterocolitica inoculated on raw pork at 0, 5 and 10°C for 12 days.

In this experiment uninoculated samples were also included and
incubated at test femperatures. Total counts of uninoculated raw pork
were approximately 1.8 x 102 and 7.0 x 103 c.f.u./gram o7 meat at O and
12 days, respectively. Isolates comprised of Gram positive cocci that
possessed catalase activity, Gram positive bacilli that were catalase
negative and Gram negative bacilli that possessed the enzymes, oxidase
and catalase.

Results of this study show clearly that large populations of
.viable cells of Y. enterocolitica developed on raw pork at refrigerated
temperatures (Fig. 29). These findings are in‘c1ose agreement with the
results reported by Hanna et aZ. (1977). They found large increases in
Y. enterocolitica couﬁts on raw pork incubated at 7°C for 10 days. These
observations are of public hea1th s1gn1f1cance since the average storage
and retail she]f life of fresh pork is approx1mate1y 10-14 days at 5°C.
Attention is now being directed towards controlled gas atmosphere
storage for meat products, inciuding pork, to extend the shelf life for
a period of up to 30 days. Such developments would present an even
greater public health hazard. Although previous research on the use of
gas mixtures is not at all extensive, the use'of modified gas
atmospheres may offer a possib]é\solution to this problem.

Two categories of féesh meat preservation through controlled

atmosphere are under study:" 1. atmosphere modification through the
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packaging technique, and 2. enrichment of the shipbing container or
storage chamber atmospheres by the addition of carbon dioxide; carbon
dioxide-oxygen blends; carbon dioxide-carbon monoxide b]equ or carbon
dioxide-oxygen-nitrogen blends.

studies to investigate the effects of such gas mixtures on the
growth of Y. enterocolitica must get Qnderway jmmediately. Success in
such a venture would probably be very helpful when broposed future
standards or guidelines associated with thevprolonged stbrage of fresh

) A
meats are outlined. ‘ ﬁ

In the identification of Y. enterocoigizca colonies isolated from
pork, the API Z20E microtube system was utilized. This sy<tem provided
a rapid and convenient method fof\agick jdentification of Y. entero-
colitica isolates. Restanio et aZ.K(1979), in their report, supported
the use of the API 20E system for tgg identification of . enterocolitica
strains. They'found that this syste& correctly identified 100% of both
typical and atypica1 ;tra{ns of Y. enterocolitica while the Minitek
system identified only 80% of the same strains. Misidentified strains

were atypical. The results of the present -study therefore support the

use of the API 20E system for rapid identification of Y. enterocolitica.

Y
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CONCLUSIONS

In evaluating this study, three major conclusions can be made:
1. Y. enterocolitica .can grow well at refrigerated temperatures in

. laboratory media and on raw pork;

2.~ Y. enterocolitica cag)be‘isolated by direct plating on Violet Red
g

Bile Glucose agar and incubsting at 5°C for 10 days;

3. The ability of Y. enterocolitica to grow well at refrigerated
temperatures,(taken in conjunction with marketing';nd distribution
systems for pork, present and proposed, would appear to merit

- further im@fdiate investigation.
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