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FASTRACT
\~‘ .
The Healtth Prote - 1on Bt inch of Canada Health ool
weltAre o propostag awendmens o T tne tanadian Food and

Druygy Act t'at would rutioduace pacty tial standards tor 1 ouand
meats, The piroposed otanderds include lialts tor Escherichig
coli, determined by tne Moot Probable Number technique and
the elevatel tempelatute tosto This 1 a tim consumng

met nod, ~hich 1s not sulrtable tor routine gua.ity control
purposes. This study cor ared Jdifterent zethods -
enumerating Entciobacteriac. v, <colitorm bacteria and E.
coli 1n ground meats, 71sirqg Violet Red Bile agar (VREA),
Mossel's Enterobacteriaceae medium (VREA + 1% glucose, VRBG)
and Most Frobable Numper technijues ing L.uryl Trypto§e
broth (LST), Brill-ant Green Bile 2% broth (BGB), Levine's
EMB agar and EC medium. The counts obtained by theée

different methods and the types of organisms 1. cluded n the

counts were compared.

0f the 169 sampyires of ground b: included in the
study, 62% fell witnian the proposed r. col: standard of less
than 100 per gram, 27% had counts batween 100 and 500 E.

coli per gram, and 113 exceeded 500 per gram. The relation-

‘ship between EZ. coli, coliform and Enterobacteriaceae counts
was such that direct plating techniques (VRBA and VRBG)
could not be used to estimate E. coli concentrations.

However, based on the results of this study, VREA and EC

medium at elevated temperature could be used to give more



Prprd desults cantable fob ane ih vout tne gquality control.

The bile precipitating o onien Lsolated from VRBA wele

T

primarily E. coli, b. agulouwciang and . liguetaciens,
whereas the typiloal neoolitora” colonaes qrowing on FMB wel o
primarily B. coli, ¢. treundii, K. pneumoniae and E.
cloacae. When the 1soiater tioa ail selective media wore T

plated onto VRBA plates, ovelt 50% ot E. coli, C. freundii,

K. pheumponiae, K. ozasuay and 5. c¢loacae 1solates grew on

VRBA as bile precipitatiuyg (colitoras) colonies. Ga EMB, »ver

50% ot E. coli., C. freundii, K. pneumoniae and E. v.0dCav

grew as typical "coliforas". In addition, other Enteroba t-
eriaceae were frequently present in the ground meats,

including E. agglomerans and S. liquefaciens.

In EC medium at 44.5°C and 24h incubation, the majcrity
(92.2%) of organisas producing jas were E. coli type I
(IMViC ++--). Increasing the temperature to 45.5°C, decreas-
ed the nusber of talse positive E. coli results, but createl

the need to incubate the samples :!or 48h instead of 24h.

The FBL Minitex technigue, using the biocheg.cal tests
selected for this study, proved to be satisfactory for

identifying Enterobacteriaceage isolates “rom ground aeats.
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Aty cal coltoare have heen obnelbved on Violet kel Bale
coal . e atypcal o codonien anclade colitorm oand non-oola-
felm Pacterlta. Maen VAPA wis une L to enumetate colrtorm:. o
meats,  large numbersoolb atypical, non-bhile precipirtating

Glonies Wel- obselve ¢ (Stales, 1973y Whether these

colontes chould be o ludet 1n the counts s questionable,

fecause the pdeat ity ot the colonies was not hnown,

hv objectives ot this study were to determine the

—

types ot Enterobdacterideeade present in grodnd meats, and the

]

sitluenc ot the metrnol ot enumeration on the types o

Tnterobacteridaceac included 1in tr: counts,

The sStuady ¥as also planted to evaluate the use of iavis
typing and tne elevated teaperature test for classification

of colit-rms 1n -eperal, and faecal E. coli, in particular.

The s+ "9 employed the Minitex systeam for identific-
ation ot -~ obacteriaceae, aad this identif:ication systenm

will be evaluated.



The Enterobactel tacear are tacultatyve anactrobic, Gram
Pl S O P i 4 r

neqgative , nonsporetorming rods that can terment glus o
wnually with, but sometimes without, gas production. They
are oxidase necative, can reduce nitrate to nitrite, and, 1t
mot 1le, they ate peritrichously tlagellated (Bergey's
Manual, 1974) . They are rcommonly found as intestinal
organisms, and as a rtesult they are freguently reterred to
as the enterlce bacteric. Within the Enterobacteriaceae are
the "colitorm" bacterlia. These organisms are of considerable
ipportance 1in wdpgp/aﬂq\food microbiology, so they are

\

considered 1n this review as a separate entity.

I. The tamily ENTEKOEACTERIACEAE

“he Enterobacteriaceae are otten referred to as the
"Zoli-Typhord" group, put not all members of this family are
intestinal parasites or human patiogens. Typlcal sources and
habitats of tae meabers of this temily, as w211 as their
pathogenicity are given 1n Sergey's Manual and are summar-
1zed in Table 1. Z. col) 1s generally regarded as a non-
pathogenic, commensal intestinal organism. However, some

strains are enteropathogenic (E.E.C.. causing enteritis in

in: . s and'adults.
4

The most common Xatestinal pathogens among the Entero-

’

bacteriaceae are Salmonella and Shigella spp., which cause

salmonellosis and shigellosis, r.s.pectively. Salmonella are

N



widespread 1n Nature and can be tound 1n toods and water.
The ubiqguitous nature of Salacnella has developed {rom thetir
endless ecocycle (Taylor and McCoy, 19609 . Shigella, on the
other hand, are obliygyate parasites ot humans and monkeys and
are seldom associated with toods. Shigelloses generally

result trom drinking contaminated water or contact with

infected persons.

In adlition to these i1ntestinal pathogens, other genera

and specles ot the Enterobacteriaceae have been implicated

as pathogens, but they are not generally considered to be

"food poisoning" organisms. For example, Proteus spp.,

Citroba<i- . sSspp., Klebsiella spp. z2nd Yersinia spp. are

consider=d to be pathogealic. Edwarisiella

-+

tarda, although
not usually considered a tood poisoning microorganism, has
been assoclated with outbreaks of Jdiarrhoea (Bryan, 1969).
The Erwinia spp. are plant pathogens and have not been

implicated in animal diseases.

The organisms in Table 1 are listed according to the
8th edition of Bergey's Manual. There are marked differences

in taxonomy and nomenclature of the Enterobacteriaceae

between the 8th and the previous editions of Bergey's

Manual. As a result, there could be difficulties in

interpreting the literature on Enterobacteriaceae, for

example EZ. coli used to describe lactose-fermenting,
aerogenic strains; now non-iactose fermenting, anaerogenic

strains such as the Alkalescens-Dispar group and



Table 1.

The habitat,

Enterobactoer

(1974)

the
Manual

memhers ot
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family
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Erwinia spp.

BE-

Sppe

Intestine of warm blooded animals
Intestinal tract of snakes, IR
faceces and water

Water, od, taeces and urine

[ntestinal tract ot warm-blooded
animals and reptiles, and food

Intestine ot man and higher monkeys

5011, water, grain anl intestinal
tract of man and anipals

Intections ot respiratory tract
Rhinoscleroma disease

Faeces of man and animals, Sawage,
s01l and water

Faeces of man and animals, sewage,
so1l, water and dairy products
Water, soil and food

Faeces of animals, sewage, soil,
especially with protein decompos.

Faeces

Chicken faeces, clinical specimens

Urine and faeces

Buboes, blood, sputum and lung

exudate

Pseudotuberculosis lesions,
lntestinal tract :
Faeces, lympn nodes, milk and ice
cream

Plant pathogens, saprophytes or
epiphytic flora



Patacolobactium p. have been ancluded. The purpone ot thuin

coction 15 to 1ndicate the telationship betweon the Toabes,

Generd and speciesn ot puterobacteriaceae in the B8th ¢dition

ot geyts Manudl and those in the 7th, 6th and 5Hth
cditions (E‘rquy':; Manual, 1939, 1&g, 1957, 1974y . The

Tribe and Genus classifications used in these e¢ditions of

)

the Manual are shown 1n Table 2.

Tribe 1. Escherlchieae. Consists of 5 genera in the Hth

cdition. The relationship between these genera in the Hth
cdition and thos. ot the previous 1 editions are shown 1n

Table 3.

The genus Escherichia in the 8th edition of Bergey's

Manual has only one species: E. coli. In previous editions

there were other specles of this Jenus. Ot these, only the

plgmented E. aurescens has been incorporated into E. coli,

s mn I == ==

the other speciles have been assigned to the genus Citro-
acter. However, 1t appears that some Shigella species, S.
alkalescens and S. dispar of the Alkalescens-Dispar dgroup,

have now been incorporated with E. coli. In addition, slow

and non-lactose fermenting Paracolobactrum coliforme of the

7th edition, are also included in E. coli. These caanges
have broadened the bilochemical characteristics of E. co.. to

include anaerogenic and non-lactose fermenting strains.

The other Escherichia species, E. freundii and E.

a(um), have been incorporated into the genus Citro-
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Table o

Tr1be

boscher 1l heae

ELWlnede

thes and Jene

om the Hton to

Sth cdi1tion

Bochelichyia
AcLobacter

I

t he
cditron:.

tam:ly
ot

a ot
Mt h

sencLy

Evchetichyia
Acerobactel

Patacoloby

Ll

salmonella
Shigella

A2robact ot

Klebsiella

Paracolobactrunm



Table 4. ke latironsarp ot the

ot Hergey®s Manual

pLeviou:

it vzt ron

e

f=

=

‘P“
[[—
(K¢

-

Genun I [:
Edwardsiella

Genus II11:
Citrobacter

S. flexneri
S. boydii
S. dysenteriae

oo 1L b

.

I

i lun i

e lrtion

Lt ron

agrescen:
colitorme

Changes petwewn

tth «driron

ceouull

-
-
N

[lesl Lo
[ ]

editions

onel Lo

. alkalescen:s

. paradysenteria=

rhocdtt ton

freundill

sonneil

ceylonensis
paradysenteriae

S. sonnel

S. ceylonensis
5

S. dysenteriae
S. ambigua

I nin

[N 1

- No cross refereance of tnis nomenclature to organisms in the 7th,
oth or 5th editions.



Uit e et adbnd o the  Trrie Hocherroaleas an tho tth
cotitren anelade tosdear ccae Lo, salmonelly and Shorgellas oo
otac Bdwardotvella o ondy one pecie o ne s tagfas The
arcoctatton ot bdawatdoae e Wt o gany sl i ploeviionn

cart o a1 et clear. Salmone 1o s chy el b s
previcusty no the e ;él@gugiqu:, but thr: trrbe b

el e baminate g trem the Clascooaticatren an o the nth oo ivtron.

The matn omy ot 16 o bisrtying botn Salmoac Lla and
Shigella tn o tne Bth edrtrcn s thoert antlgente tructars o
However, *he birochemical characterratics v not bee oon
completely cirminated at the sSpecies Levelo Moso of the
species that are stiil described accordiag to their biochem-
1cal readactions in the dth «dition have veen carried torward
trom jrevious ¢ dlitions. The genus Eberthella ment coned 1n

the oth ~dition nas been rtncluded with Salmonellae in the Tth

and B8th editions.

Tribe ii. Klebsielleao. This tribe 1o new to the
classification, and consicts ot 4 . lera. The relationship

petween these gen=ra ani tnose L ,Tevious edltlons 15 shown

ot some

0

in Table 4. The tribe XKlebsielleae consist
organisms froa the Eschellchliede 1n previous c¢ditions, as

well as from the tribe Serrateéeac.

-

nus Klepsiella has 3 specles: K. ppneumoniae, K.

[}

he g

K. rhinosclerom=tis. In the 6th edition, tne

(9

ozaena< an
latter two Sp=Cles Wwele classified 2s strains of K.

pneumoniae, nowevar in the other editlons these organisms



Lol i

A O TR A O S

SPRTRITLE

11z

GENUS
Enterobact

nelat ton chy o U tate rlebios Lloae
e lagey s Maauad o Wath o dectetichuieas
ot o
n Tt ot bt con
. ]
|
1 Ko poeumointa o pheumenia
Ao derogeie Ao avlogenc,
(von-motrl.) (non-mat 11e)
. aviogenoaide
be wZdende K. pneymonia:
lero-  ne rhinosclero-  R. o ppeumonlde
mati:
eL
A. clodgae A. cloacar
QRS A. acrogenc: Ao aerogenes
(mot1ile) (mot1le¢)
Serratia
ens o. m4argescens S. marcescens
S. plymutnica 5. plymuthicum
S. kiliensis S. kiliensis
5. piscatorum S. piscatorum
S. indica 3. indica

the Yth oq1rtion
11 ”"',‘," Loy reviau
Sthoe titon

F. poeumenzae

A. acrogenc:
(non-motils)
F. dqranglomat

- barglytaca
. capsulata

[l

K. ozaenar

R. rhinosclero-
matis

A. cloacae

A. aerogen-s

(moti1le)

5. parcescens

S. plymouthensis

S. kilensis

S. plscatora

S. indica

S. anojlium

No cross reference

of thuis

or S5th e“i1tions.

nom=snclature to organisas

-+

*n the 6th

N
pe



Weroo o p it e 1 Re e aon e i Bere e X bl d t o

P buode T o mo b AT . o od AcTonacter e oge e (70 hy,
r'"
Neo ot oo e drtron ), Ptatacolobactium actogenordes (7t
vt o) et oted onleb e bl pp e (Ot o editron) .
\ Phe e pnterobactel W plamerionly fctaved trom th
\. Jlovious Actotacter, and o connrote ol two e e b Cloacar
\
Nl beo A opojens eone plogeles ol st ol enly oty omota s

ctlialn, of the plevious A. ot Qgencs. bntetobacton

ayrjlomer.tns, Csct iy by Swinegoand Prfe (VG700 s place o

the “vibocola groap an oiwinia herbicola 1o the arrent

cditron ot Heigey's Mauual, andorno drncusoaed faten.

The Jenus Hatfoia col:idsto ot ol sopeoie ot

Fultheimore, thel-o dle some fetetonc. o to p. 11y

Marual, 1474) and . hatniae (Roche Fnclse U1 in the

+

Literature, but tonese names ol not oase: wWwithin the tamily

Snterobacterracedsr 2o oiny ot tne editrons ot Hergey's

Manual. The assocration Detween this oraaloa rn the Sth

cdition and tnoSe 1 the other «d1tlons 15 not specitle

The Jenus Sefratrd also CONLists of only One speclen:

S. marcescens, 2nd includes all ot + = Serratia spp. 11

previous edltions. Some sjpeCles are Lecommenied Zor aldrtron

o this jyenus, anl will be dglscussel later.

1 The Encise il (EZnterobacteriaceae Numerical Codiny and
iientification System for Enterotub-=) was dev. loped by btoche
Diagrostic, Prcressional Services Development, 340 Kingslani

Street, Natley, N.J., T.o.A.
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nomenclatur« 01 tnese
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aggqlomerans. This orjanism 1

pacteria which have

cutella
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OLganismes

EWing and Fife described an organise named

been retai;.
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oo abl )
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Paals vLobelationsaap ot the tiabe Proteeae and Yersipnleae in
the 1ttt o« f1tron ot tergeyt:s Manual waith Proteeae an
PV oun elitron .
Pt b oeditaon LR S U A B SR R oty vdition Lot Cpotiorn
Al s Proteege
GoONU S
Proteur 5
/‘A
P. vulgavis Po ovulgaras . vulygatio to vulgaris
. maitabaili: P. mrrgnrlac Y. omirabili: P. mirabalic
P. americanu:
P. pseudovalerien
P. ammoniae
£. moljanil P. morgunil P. sorganiy °~ P. @ nii
P.o rettgery Poorottyer: P. rettgeln J. retiger:
bP. 1nconstans P. 1lnconstans - ‘
THIVE: Yelolnlede
GENDS ] :
Yersinia
Y. pestas - - - e
Y. pseudo- - - -
tuberculosas
Y. emterocolitica - - -
[}

- NU Cross referencs >f this nomencicture to organisas in the
7+h, 6th or 5th edition. :



Tl teoe it b O O O T B U I B FE

T O R TS S A P AR FYR B R Manaae bWt b W e |
the 1o vion cont g
R O T A A RN T Jth «itrtron ttn et ron AT B A A
PHUSL o hiwWwlig
pevrens
sy leiov QdiyLoLoV.) amylorova
caluos saliers calroas
tatehe yyiaide tarchelphily  torcherisila

berlbioola

I
S

Iad "W

slewaliil - -

ur2dovoras - - -

carotovore carotuvura Carotovor carotovar:
Carne jleand cafnegjleang 50lanisarr:
atlospetica atioseptics phytophtt o
arvideac cytolytica aroideas
arsideas

cnrysanthemi chrysintteani - -

Cypri =di. - - -

rhapontici fnapelticyl rthapontic: -

4
oo oo
- ool reference Of this ‘menciatuc= 5 i
tn-- lin, rctn of Str o edrtlons.

1



Ches U e it ron o v ey o Mraua s b0 agplomelan: W oW
not ot cooa sttt bt pathogen, v that it i e e
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Atorma oo Tho: ity e fotas chiomo e vre (yellow) colony
R vhe bt o et ogente and et e nre St taan... T

anthovss place w thorns ot gaprm under the gonu:s Entetobact.on

Yo toewd ot L ew Genun hecausee oF 1ttt rawtdartty to othoeed

Potelovbacter oo Mo agplomerans s ased to o desorabhe thy

oL ganism 10t text, ooecausie 3t motlo Leadily aciocrated

vitn tnio oname o vl nortication procednroes.
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Ctet, they can e
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di1stanguished by brochem: 1l ditterence:.

{l1. The Jolirtorm Bdacterl 1.

The term "colitorms'" 15 widely used by bacte:iologists,
somet tmes without strict tegard tor the Jefinition.
Furtnermore, there are many letinitions ot coliform:s,
depentiing on fhé method and purpose ot their detec*icn and
cnumeration. churdlnq to the Standard Methods for Water and
Sewadge analysis (APHA, 1¢71), colitorms are defined (us1ing
lijuid media) as "the aerobic and facultative 2naerobic,
GLaw negative, nonspore=torming rod-shaped bacteria which
terment lactose with gas production within 48h at 35°C." The
coliform group, thus derined, 15 eguivalent to previously
used descriptions, such as: B. coll, coli-aerogenes and the

colon group (APHA, 1965).

An alternate derinition ‘w¥ed by water bacteriologists
1s rased on the membrane filter technigue, in which coli-
forms are defined as " & organisms that produce dark-
colonles with metallic .wwn Wwithin 24h on an Endo-type.
1edium containing lactose" (APHA, 1971). In dairy
bacteriology, when coliform counts are high, they are
usually =pumeratei cn Violet ked Bile agar (VREA) or
Desoxycholate agar APHA, 1967). On VEBA, the coliforms Jrow
as typical dark red colonies, surrounded by a zone of bile

precipitation, within 24n incubation at 32°C (APH2, 1967).



Al though there e many defanttions tor the colitorm:s,
they are all based on the tact that these orgamisas ferment
lactose and can grow in the prescence of bile salts at 40-
37°C . Since thete ndave boeci extensive taxonomic changes in
the tamily bBnterobacteriaceac, the name.. of the organisms

included witnin the colitorims have varied.

Lactose wdas originally selected as the basis ot
difterentiating between the commensal intestinal organisms
anc those with pathojenic implicatious (4inslow et al.,
1979) . Tne lactose fermenting bacteria in this group wer-
turther divided into those that were typicai intestinal
parasites (B. coli) and those that were most frequently
lsolatea from ¢rass, grains and soil (A. :erogenes)
(MacConkey, 1905; Kogers, 1918). The classification and
Characterizat>. n of the colifcrms was greatly influenced by
the practical cénsidetdtions of water bacteriologists, who
wanted to .dentify intestinal coliforms as a sanitary index

(Parc, 1939; Rogers et al., 1918; Winslow et al., 1919).

There were many dttemptsvto relate types of coliforns
and thelr biochemical cnaracteristics to the ecological
source of the organisms (Bardsley, 1934; kogers et al.,
1914, kogers et al., 1918; Winslow et al., 1919).

Carbohyarate fermentation was first used by MacConkey (1905)

éx & means of differentliating lactose fermenters from



valitous ccologreal sLounresaee He unaod suctowe and daleartol to
divide the lactose termenters into 4 groups. These groups
wele tulther subdivided using gelatin liguefaction and the
Voyes-Proskaurt reaction as the basis ot ditterentiation.
Other studies tailed to give a system tor classifying the
source of colitforms using carbohydrates alone ..ad Parrc
(19349), established a4 series of t@igs‘tor clavsifying coli-

torms:

Indole production

Methyl Red test

Voges-Proskauer reaction

Citrate utilization

Uric acid utilization

Gelatin liguefaction

Eijkman elevated temperatire test

HyS production

Sucrose and 1nositol fermentation
Alpha-methyl-d-glucoside fermentation.

It had been reported (Bardsley, 1934; Levine, 1918),
that the lactose fermenting bacilli could be divided into
two ecological yroups pased on their Methyl Red (MR) and
Vvoges-Proskauer (VP) reactions. The coli group. (E. coli) of
intestinal origin were Mh+, VP-, whlle the aerogenes-cloacae
group from the soil were MR-, VP+., Using these two cri<eria
alone was found to be xnadequate because other conmblnations

of MR-VFP reactions wer-= observed. As a result Koser's

cirtrate reaction and tune 1ndole test were added to the

classification.

Parr noted that Indole, Methyl ked, Voges-Proskauer and

the Citrate tests (IMV1iC tests) were those most freguently



used to differentiate the "faccal'" and "non-taeccal" coli-
torms (Parr, 19349). bE. coli (IMV1C +4--) wasi cshown to bhe the
nost typlecal, numerouds and consitant colitorm organisa toand
1n taeces, and theretore most vsetul as a sanitary index for

"water (Bardsley, 1934).

The ability ot B. coll to produce gas at elevated
temperatures (46°C) was established by Eijkman (1904). TIn
1949, the Colitorm Sub-Committee of the Society of Applied
Bacteriologists (Report, 1949) proposed the classification
ot the lactose fermenting coli-aerogenes bacteria lased cn
the IMViC tests and ability to producé gas fronm lactoEe in
MacConkey broth at 449C. This cléssification was revised by
the Colitorm SubTCoﬁmzttee in 1956, using gelatin

liquefaction as an additional characteristic, as follows:

Coli-aerogenes Organisn I ¥ VicC 4yoc Gelatin

(1950 Classification)

E. col1 I + o+ + -
E. ¢coll IIIX + o+ - - - -
E. coli II -+ - - - -
€. freundii I -+ - ¢ - -
C. treundii II + o+ -+ - -
K. 22£939é2§ I - -+ o+ - -
K. cloacgge [ - -+ + - +
E. carotovora SR - +



Subsequently, the American Public Health Association
(1<th editiron, 1905) classitied coliform bacteria into three

groups, based solely on the TMVIC test:s.

Organism 1 M ViC
E. coli I PO
E. coli II -+ - -
E. freundii 1 -+ -
E. freundii I1I + o+ - -
A. dgerogenes I - - 44
A. aerogenes II t - 4 o+

has been greatly influenced by changes in classification of
the coliforms, and vice versa, as 1llustrated by Cowap
(1956) when he reviewed the report of the Coli-aerogenes
Sub-Committee. Besides the coliforms, the non—lactose
tfermenters which are of clinical signiticance have also

undergone changes in classification. Both have affected the

Typical coliforms can produce acid and gas from lactose
broth within 24h. Afypical coliforms are frequently encount-

ered (Parr, 1939). Some are slow lactose fermenters, that



15, they do not terment lactose tor a considerable namber ot
days. Some atypical tforms terment lactose bhut fail to
produce gas (anaerogenic). Some strdains give all ot the
ract ions of Bscherichla except the fermentation of lactose,
and have been reterred to as the "paracoli" (Parrc, 1939).

some variants terment lactose at room temperature bhut not at

370¢C.

Sometimes, ¢o Ltorms become atypical when grown in
adverse cnvironments. For example, sodium henzoate 1n weak
glucose broth retard.d the termentative activities of F.

coli, whereas other cnaracteristics wers= only slightly

affected. No gas producers coﬁld be detected 1f foods were
preserved with sodium penzoate (Smirnow, 1310). Sodium
acetate also iqhibits coliforms from producing gas from
sugars, though they can terment alcohol derivatives of the

same sugars.

Some variants are unstable, with a variable colony type

et al., 196b; Parr,

as well as biochemical activity (Jones
1939) . There have been many reports of atypical colonies on
VéBA (Hartman, 1960; Jones et al., 19€6; Kereluk and
Gunderson, 1959; Morris and Cerny, 1954; Ross and Thatcher,
1958) . In some cases the atypical colonies have been
identified as ©£. coli (Hartman, 1960; Jones et al., 1966)
and should be includ2d in the VRBA "coliform" count. In

other cases, the atypical, non-bile precipitating colonies



Aerobacter, Pseudomonas, paracolon organtoams, anid

Flayobacteriuam® (Ross and Thatcher, 1958) 0 Although ome ot
these orqganisms might be 1ncluded in the "coliform"™ count,
the pseudcmonads and tlavobacteria would give spur:ous

results.

In water bacterioloygy, E. coli 1 was selected as an
indicator among the coliform bacteria, because of the
speclficity of E. 99;;‘1 das at indicator of faecal contamin-
ation. In food bacteriology, the presence ot colitorms
indicates either unhygienic conditions by the presence of E.
gglé I or unsanitary conditions by the presence of other
coliform bactéria. Accordinyg to Buttiaux and Mossel (1961),
a suitable indicator of faecal contam: tion should have the
tollowing characteristics:

1. The Facteria selected shoull occur only in the

intestinal eavironament.

2. They should occur in very high numbers in faeces.

3. They should have a high resistance to the

extraenteral environment.

4. They should permit easy and reliable detection even

wvhen present in very lowv aumbers.

Besides E. coli I, Buttiaux and Mossel (196 1)

considered that the Klebsiella group (non-motile,

capsulated, VP+ and urcase+) are always of faecal origin,



that the Cirtlrolbacter grou ate not onl tound 1 facces hut
Crtlrobactel I

obacter Jroup:s are racely

also 1 crk, and that the onte

=

touid tn the human tntestloe. lu toods that have been
debhydratd, frozen ot retl igerated, Buttiaux and. Monsel
(1901) sugqgested that 20 coli may not survive as well o
some enteric pathogens that might also be procents As oA
tesult, B. coli L miaht not pe the best indicator organi s

tor unnygienic handling ot toods. They sujjested Klebsiella

I

a5 an alternate indicator to BE. coli and stressed that non-
lactose fermenters saould not be overlooked @.g. Piot-us

spp. and non-lactose termenting k. coll (Paracolobactium

Where routin: tests are heing conducted <n tfoods for
non-lawtose termenting enteric pathogens e.g. Salmonella
Spp.., indicator organisms ate of little concern. However,
when safety is based on indicator organisms, Ruttiaux and

Mossel (1961) considered that the Enterobacteirlaceae as a

whole should be used, in place of the coliform bacteria.

III. Development of Media

The developnment of solid and liguid media for the

____________ “iaceae occuarrel

Simultaneously,’nchonkey (13503), summarxzed the development
/

of bile salts as a selective agent for "colon bacilli"

was intenaed to be versatile by changing the carbohydrates.



(n the Case of aitterentrataing Be typhosusn and B. ocoly,
lactose was the carbohydrate selected because these
olganism: grew aso bile and non-bile precipitating colonte:s
(Mactonaey, 1904) . L Water and daity product analysas,
lactose also became the carbohydrate ot cholae, because
cmphasts was placed on dotection ot BE. coll and lactose

termenters (Colitorm bacter 1) (Hall and Ell~fson, 1914a, ).

Winslow and Dolloft (19..) studied the ot ot of bile
added to Brilliant Green Lactose and Gentian Violet Lactose
proths and they recoamended the use of bile 1n the mcdia to
reduce the 1nhibitory oftect ot the dyes on the coliforms.
The use of dyes was introduced by Churchman (1913) and Hall
and bllefson (191d4,D0), to vliminate the false results 1n
the presumptive lactose broth tests, due to sporogenous
anaerobic and aerobic, Gram positive bacteria growing in the
broth (Eall and alletson, 1918a,b) . Hove&er, it was shown
that sSelective media, such as Brilliant Gfeen B3ile broth
inhibited some coliform organisms (Mallmann and Darby, 1941;
Wwinslow and Dolloff, 1322). The standard Method Committee of
the American Puplic dealth Association suggested the use of
Lactose broth asva presumptive test and Brilliant Green 3ile
broth as a confirmed test for coliform organisas (Mallmann

and Darby, 1941).

Mallmann and Darby (1§A1) observed that tryptose acdad
to Lactose broth caused many "slow lactose fermenters" to

produce .Jas 1n greater guantities in a shorter period of



trme. Addaing lauryl sultete oloo gave selvctahron ot cotba -

foime. Thio tesulted o the development of Loyl Sultat.e
Tryptone broth (Madllmann and Darhy, T967), whioh wan Shown
o be mote telrable tor rsolatron ot colbitorms ty L
broth (liajna and Perry, 194 3: Mallmant wnd Dar by, T9dn;

Peil ant Hagyna 19d4), and to be a goodl presumptave me- 11 um
Y } I ] ! t

tol usne Wwitn toods (iHall, 1yod) .

Othel selective broths weie also dev-loped tor the
Luolation ot colitorm:.. Thess pncluded: Thrmate hicainol-at
Lroth (Statk anl England, 1935, butter-d desoxycho Late
Glucose oproth (iHajna dnd Damon, 195%5), BEC medrum (Flrjkman,
1904) and 1ts moditigdt;ons (ida jna, 1337; Perry and Hajna,
1933,1944) and Boric Aczid Lactose brotn (Clark et «l., 1957;

Njoku-obi and Skimner, 1957y Vauyhn et al., 1951). The

latter two brotns, k. me.diym and Boric Acid Lactose, became
involved in the development ot elevatea temperature tests
1, whilch i discussed

for the detection ot favcal k. CO

below (see p. 7).

Salle (1930), summarize  the developnent of selective

18]

. coll as follows:

+

pedia for the confirmatory test o

"very tew of tne media now extensively in use wers=
compounded solely for water examinations. This accounts for
the large number of modifications of £ndo and other
differential media. This 1s a point that should be xept 1n
mind.

Drigalski ani Conrad:i (190Z) used crystal violet to
eliminate other orjanisms interfering with the 1solation of
B. typhosus from stools. Litaus was added to the medium to
identify tne presence of the acid producing colon organisms.
The well known medium of Endo (1903) is composed of basic
fuchsin decclorized by the use of sodium sulfite. Modific-
ations of the orijinal formula tave been rejported by Kendall



aird Walher (1910}, Kendall and Doy (1911), kinyoun and
Derter (1912), Harding ana ostensor g (1910, gobirnson and

kottger (1910), Levane (19313), andl othed ptaing the
aedium to Specral 1nve trgatiron Holt - and Teague
{19io}, 1ncorporated the ayes sethyl-n - and eosin
agal base containing lactone and nucrose wel e able to

150late the typhord and dysentery organisms on this prepat
atr1on. This medium has been modifred and clmplitien by
Levine (1918 and 1wy, adaptang 2t use to wat.r wolks
laboratories."

Subsequently, Partrua and Black 71956) compared media tos
the r1solation ot colitorm bacteria. they recommended Violet
beed Bile age o, das well as Neutral bed Blle agar and
Brilliant vreen Bile broth as giving reliable contfirmatory
tests. Violctlhwd Bile agar was shown to be satisfactory for
direct ;llatimi and cnumeration of E. ¢oli in dairy products
(M1ller and Prickett, 1939 . Leitson (1935) developed
selective media containing sodium desoxycholate as the
inhibitory ayent. Selectivity was modified by changing the
energy source, for example, lactose was used 1n the medium

to 1isolate colifci» bacterla, wherwas citrate was used to

1solate non-lactone terment-ng, intestinal pathogens.

Eijkman (1904) developed the clevated temperature
techni u= to differentiate E. coli trom other coliform
bacteria. Since then, there have been many modifications of
poth the medium and incubation temperature. Perry and Hajna
(1933) added phosphate puffer, reduced the amount of glucose
to 0.3%, and used a pH of 5.6 as opposed to U4.5. Other
carbohydrates were also suggested to replace gJlucose, such
as lactose and @mennitol {Hajna. 1937). In a coaparison of

the modified Eijkman lactose protn (EC m=dium) -with



MiucConkey broth, che oo dium Warn Shown to o suge Throd
(ila jua and Poarry, 10}, Another me lium uned tor the
clevated temperatute tenst Wa GorrcMerl Lactose broth
(Clath ¢t al., 19 Joon b gt Skanne o, 1957 Vaughn
ale, Vo)L At GoVO, TR e T LUm v Tep ol ted ta
olective tor b ocolaoan o artterent toods, eopecyvlly crtoun
plosiuc ten (Levane 2t ale, 1985, Njora-0by aad Skaanned, LR A
Waltord, 14y, dowever, boric Acrd Lactone hroth 15

Consigersd lesss desitanle than BEComeo am (Hall, 194y

Skinnel and Njoku-oby, 14!

ppelature Deuilements ate critical tor the
ditterentiationr o0 b coll (idall, 19v8) . Zijkaan (1904)
originally used 4o9C. This temperature Was tound to he too
high (Hajna ana Perry, 19395 evine et al., 19345 Perry and
tia yna, 19d4; skinnel and Hrown, 1934), inhiblting the qrowth
Ot ome strdains ot 2. coll. Othoer woIKers suygested U3 and
W4OC as the incubation temperature (Ha-na and Perry, 1939,
Levine oo al., 1934, wWaltcri, 1954) . ¥ost strains of
AcLobacter aerogenes (E. dervgenes) produce gas from
giucose, lactose and mannitol at 4.°C, many at 44°C, but tew
a* 4E6OC. The sam= tempelature sSeleCtlon applies to A.

clovacae (E. gloacae) and Citrcbacter spp., however they 1o

Lot procuce gas from glucose or lactose at 46°C (Hajna and

¢

perry, 1939). Hajna and Perry (1939) recommended the
reducticn of the ilncubation temperature to 45.59C, but
inpdicatei that .“hls could be lowered to 44°C for some foods

@

(¢.g. Thellfisn). As a result, a raenge of elevated 1ncub-
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-
atrton temperature b codae vt o e, Yhe toiiatronal
i
Committe oM N O O R B A T e tor b Feods
‘\
(Thoat ter aaa C lat Kk, 19e) crted tun s (1), the use ot
ECoDrot b gt dS05%2 400 0 v (Y b cdominant Iy
SO peah me o, bten Matae ne e o gl (Y, a g
Bral lraut sreen Lactose Fole L& b oot R AU L RS BN TR ¢

clevated temperatuies Lave Been fropose 4 such o as BEComediunm
At LA N0 e YL 00 Lot uysiter: (Kebllyv, 1900, and trozen EREEEN
(Fishbetn ana Surkiewicz, 1966G) 0 More tecont Ly, Moo sol
(190.) reported on the usciulno: of two moditicat, »ne of
Ergjiman's test tor faccal certaminpation ot toods, using the
LULO} Al a2thod ol Mackenzle vt al. (1948) ang Chapman's
Lactusé—zerqltol—Ttiph\* Ttetrazelium Chlori .o-Bromotaymol

blue aade. at 4672C. de reported that both metnods were

Fisnucin-(14h2) “tue I the virtect Ot elevated
teiperature (44.5 o 4o.5%) un ygaes production by Asrobacter
{L.terobacter) and E. co.: strains. at 44.99C, it was found
that as @any as T3 05 AelOlacter cultures produced oas.

Above «5.10C therse was a rapid dro, in J25 forains cultures
t h

Dy Aerobocter. At 45.59C, only 2% of Aecrolacter strains were
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productiorn up ~o0 -v9C. Apove 46°C the lacidence of zas
productron declined rcpoidly. The most resistant gas

temperature werse the 2. C0li type LI
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(IMV1T —+--) rather trnan the typic:l Z. coli type I (++--).
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cotdie gy Foasvhibedn Ko Comme e G50 t U190 o the
clevated temperature teste Subdequently, Frahbern and
SUT RlewloZ (Tred) tandrea the ttecr o ang 50590 on s
relrabyrlrty or detecoring tacoal B ocoli it L toods and
nutmeato. ey Teporlted that bBdy of 6, 470 LT (Laur vyl
Sualtate Tryptose broth) tubes we tdentiocal 1esponse 4o

putnotempecaturen.s Foro those snowing a o sivtference i reonlt

4t the two cncubation femperatulien, Tesults at on 590 gave

toewer talse posrtives (threetold oftect) but a 4% loss in
Lecovery of E. c¢oll ovel the lower temperatur--. Depending oo

the 1ntention ot the fooot, 4405 or 4505990 ywould be selected

ds5 the olevated 1ncubet:ici temperatur..

Borac acid has also been =xtenslvely studied for it

use as a selective ag-—ent. In 434, Levine et al. studied the

selectivity of boric . 21d on coiiforms. In their study,

voric acid medium was tested with a large number of

i

bscherichla. AcLonactel and Citrobacter strains. They

observed that et 439, AcLouacter was mdarkelily inhibite?,

ne =ver w.iA of the strains produced gas in 48h, and all
LIGPACLEr SY'ralns were nNedJutive £or gas production,

wheleas 97.3% of Escherichia srtrains yroducel gas. Vaughn et

2t., (1%51) summariceq the deve_opment of the boric acid

%
oe11uz- After they studied the effect of pH, bile, concentr-
ation of bufter :nc temperature of incubaticn on coliforams
in borxc ac:r: a~diurc . they deveioped a amodified boric -id

nedium useful for selective 1sc.ation of E. coll. They

opbsezved that at d42.5 touo 43.5°C, pboric acid had little



ettect on jas productrion by n. coli, but that gas production
by Aetobacter (Entefobacter) and B. treundis (. freundil)
vas inhibited. However, they also showed that spore-torming

Dacte 1a capable ot termenting lactose 4.5 to 43.59C

Wweele ot signiticantly 1nhibited by boric acid.

Clark et al. (1957) studied the specificity of the
eric acid medium and observed that coliforns of IMVIC type
t+-- gav. 4 Leasonably ycod percentage of positive reactions
with ‘oric Acida Lactose .nroth at 4#3°C, but that a large
number ot posit:ve Ceactions were also observed with IMViC
types: —--++, ++4-+, and -+--. ASs a result, they did not
recommend Boric -Acid Lactose proth for rapid classification

Of the +¢-- IMV1C type.

The Health Protecticn Branch (HPB) of Capada Health and
Welfare (Health Protection Branch/ 1974) recommends the use
©I a 5-tupe most probable numbef technijgue, using Lauryl
Tryptose (LST) proth as presumptive tes%, Brilliant Green
bile 2% broth as confirmed test, and Levine EMB agar as
completed test (Harrewijn et al.. “377). Proposed standards
tor ground meat specify 1limits of E. coli per gram. The HPEB
- nhods aiso recommena transfer of LST positive tubes to EC
medailvu tncubated at 45° ¢ 0.2°C. To confirm faecal Z. coli,
the I...iC test for E. coli type I ’‘++4--) must be carried
out. This 1s a iaborious prncedure, coampared to the direct
plating t- chniques recommenued for dairy products, requiring

5 days for initial results, and a further 3 days to carry



out the [MV1IC test:,

Several rapid method: tor the enumeration ot colitforms
or faccal B. coll 1n toods have been sugjested, but they
tave not been thoroughly investiceted, and thelr application
to ground meats 15 not known. Abshlrb and Guthrie (1973)
aescriped a tluorescen' antlipody technigue for the detection
ot taecal pollution (E. coli). Anderson and Baitd-Parker
(1975) used a direct plate method tor enumeration of E. coli
biotype I 1n toods. The method 15 based on the ability of E.
coli to produce indole when growing at 44°C, on a cellulose

acetate membtrane, placed on a bile medium in a petri dish.

In a study o: the significance ot colitqrm bacteria
meats, therefore, 1t 15 1mportant to coensider not only the
selective counts, but also the typical and atypical
organisms that are 1included or exciuded from the counts. In
addition, Mossel and co-workers (1957; 1901; 1962) suggested
the enum2ration of Enterobacteriaceae i1nstead of coliforas

as an 1ndlcator of hygiene and sanitation. Fnumeration ot

carbohydrate in a selective medium for enteric bacteria, or

11 the case of V;olef ked Bile agar, by adding 1% glucose to

the medium.



METHODOLOGY

I. Colitorm and ENTEHOBACTEHIACEAE Counts 1n Ground Meats

Thi—e quallities ot ground becli and trozen and thawed
pOrK Sausage samples uexe'purchasud at retail stores and
analyzed for bacteriological quality. An 11g sample of
ground meat was homojenized with “9ml of 0.1% peptone water
in a Waring Blendor jar, for £ minutes at high speed as
desciibed py Al-Delaimy and Stiles (1975). coliforms and

Enterobacteriaceae wele enumerated using different solid and

yf the blended samples 1n 0.1% peptone water blanks were
piated using the pour plate technigue, with 15m1 VRBA per
plate and a 3-4ml éverlayer (Difco Manual). The plates were
incubated at 37°C for 24h. Differential counts of typical,

-~

bile precipitating colonies (Difco Manual) and atypical,

non-bile precipitating ..lonies were recorded. -

.. Mossel's Modified VRBA (VRBBG). Difco VRBA with 1%

glucose added was prepared and used as specified for VREA

above (Mossel et al., 1962Z).
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. Most Probable_ Number Technlgue

1. Presumptive_ Test for tolitorms. Appropriate

dilutions were pipetted an triplicate into Ditco Lauryl
Tryptose brotb (L5T). Faolh tube contained an inverted Durham
tube tor reading yas production. The tubes were incubated at

579C and reaa tor gas production at o8h. Tubes that were gas

negative at J4h were re-incubated and read at 48:rh.

/. Contirmed Test for Colitorms. A sterile loop wds

used to transter cultures from all gas positive LST tubes to
Difco Brilliant Green Bile 2% brotn (BgB), containing an
inverted Durham tupe. Transfers were only mad2 from LST
tubes after 438h incubation. These BGID tubes were incubated
at 37°C and examined tor gas production at 204tZh. Gas

negatiie tubes at Z2d4h were re-incubated at 37°C and examined

for gas prcduction at 48+2h.

5. Completed Test for Coliforms. All BGB tubes were
streaked onto Levine< EMB agar (Difco) after 24h incubation.
Gas nejative BGB tubes were noted, by marking the EMB plates
accordingly. Plates were incubated at 37°C and inspected
after 24h for black colonies with a metallic sheen, or black

centered (nucleated) colonies with transpareant peripheries,

of nucleated, mucoid colonles. o

4. Elevated Temperature Test. LST positive tubes were

inoculated into Difco EC broth, containing an inverted

Durham tute and incubated at 45%.5°C for 24h. Gas positive



-

tubes were noted at the end of e¢ach incubation period. This
test was also carried out using direct inoculation of the
sample dilutions 1nto BC broth and similarly examined for

gas production, as specified above.

The MPN was computed using the MPN index and 95%
confidence limits tor the combination of positive and
negative tubes, usiny the 3-tube table reproduced from the
American Public Health Assdciation by Thatcher and &lark

(1%08).

1l. Detersiination of the Types_of ENTEKOEACTERIACEAE

P kS 1] — —_

Cultures were selected froﬁ VYVRBA, VKBG and EMB plates.
The subsurface colonies on VRBA and VRBG were selected and
plcked according to the amount of bile precipitation and
other visual differeaces in colony ﬁorphology. Colonies with
large, dark zones of pile precipitation (B++), faint zones
of bile precipitation (B+) and those with no visiblée bile
precipitation (B-) were selected, wherever possible, fronm
plates representing each sample. Colonies were generally
gicked trom plates witn low densities to reduce chaﬂces of
contamination by invisible or adjacent colonies in the

medlum.

keprescntatives of all colony types were picked from



IXg

EMB plates. These ancluded typical colonivs With a metallic
sheen (M5+), and black-centered, "nucleated™ colonies (NU+)
and atyplcal mucoira colonil-cs (MU+). in addition, non-coli-
torm, plnk to transparent, non-nucleated colonies (HU-) were

7
selvected.

The Selected colonles were streaked onto Difco
MacConkey agar (MA) to obtain 1solated, sur face colenies. A
single, itsolated colony ¢n MA was selected and streaked conto
a Nutrient agar (Nia) plate tb sbtain a pure culture. The
pure culture on NA was saved for biochemical tests., At the
time that biochemicai tests were carried out, purified
cultures were transferr=d to Tryptic soy broth (TSB) and
trozen at -40°C tor possible use in supplementary identific-

ation tests.

-

-

The methods selected to deteraine the identity of the
selected cultures were based on the results presented in

Method Development (p. 39).

(i) Screening tests: Gran stain for Gram negative rods;
Oxidase test (Steel, 1961) for oxidase negative 0rganisms;

and acid from glucose.

(ii) Biochtemical tests: Using the Minitek system, the

followiny discs were included: arapinose, dulcitol,



-
e
//
}mositol, Fat tinose and hamaose tor acid profuction; ONPG
/
A tor r-galactosidase production; lysine and ornithine

//// decarboxylation; phenylalanine deamination; .5 and 1ndole

bl

sroduction: citrat. and malonate as sole source of carbon.
L ”

Uther tests using conventional tube tecnniques,
included: gas from glucose, acid and gas trom lactose using
Phenol Red bioth base (Ditco) with 1% carbohydrate added
(gfucose broth was sterilized at 121°C for 15 min; a 10%
lactose solution was filter ster "ized using a 0.2y
millipor» filter, and added aseptically to the sterile

Phenol Red bioth base); Mk-VP (Difco) broth; aii\iiig/brot

(Edwards and Ewingy, '372). {

(111) Supplementary and additional tests: LST.(Lauryl
Tryptose broth, Difco). for gas prodaction; ﬁc medium (D1ifco)
incubated at Qu.S and 45.5°C for gas production; TSI (Triple
Sugar Ir agar, Ditco); Motility test asing motility test
medium (Difco). Supplemental tests necessary for further
identification of the organisms were carried out using the
conventional tupe technigue. ?he tests useq were those

recommended by "Roche Encise II'".

(1v) Morphological studies: The selected cultures were
re-plated onto VRBA, Mossel (VRBG) and Z¥B ajars to confirm
their morphology, and to cnack that the selected cultures
had been tested, as opposed to.adventitious "contaminants'.
In addition, th. com =2rative morphoclogy of th? cultures an

*ne selective media was determined.



Je Bacterivlogy

The Minirtek plate: r¢ 1noculated and :ncubated at
570C a5 directed tor the Minitek method. ALl carbohydrates
and lysine, ornrtnhine, and fijzg/in(h)Lv-«iL:ufs welDe o crlayed
with U.1ml sterile parattin oil prior to ancalation. Eesults

wele 1tead atter 18 to J4h runcubation.
\

The other tests, except the Mh-VP AnivEJ hroths werse
also incubated at 379C. Mh-VP wa.o 1ncabated at 309C for 48h
tor the Voges-Proskaucr reaction and for 5 days tQL the
Methyl ked to t. EC broths were inCubated at 44,5 and u5.59C
+ 0.05%" 1in ¢ rculatang, constagr temperature water bdphﬁ
tor 24 and th.‘GlUCOSe, lactose, LST and 7SI were inculated
and read at J4 énd 48h. TSI was only checxked for delayed H,S

vroduction at 48h. Mot:ility test ayar was read at Juh. Urea

oroduction was read at c4h, Uvh, 4 days and 7 days.

Cultures were identiried us.ng the Roche Fncise 11

Characteristics: acid and gas fros glucoss, Lysine
ornithine, H,5 indoule, lactoss, dulcitol, phenylalarine,

uCease. anc citrate. “ne supolement.ry tests recommended bv

Roche Encis= II were ca:ried out, 1f necessary.



METHOD _DEY ELOPMENT

Several sysitems are available tor ydentityring bntelro-

Lacteriaoede. Apart trom the conventional method:s of Cowan
and Steol (1908) and Bdeards oand Ewing (3970) there ar -
commeloial ly prepared tdentitication kits, oo

Auxotab (Wilson Diragnostics, lnce, b hosenace l., Glenwood,

1l-, U.owha):

= La koche

Enterotune (Koche DiLagunostics, Division of dloffma
inc., Nutley, New Jersey, U.U50Al);

the /B systeml(nldqnoutlv hesearch Inc., #oslyn, NJY.,
U.5<.A.); and

the Minitek systean (RBL, Divicsion ot Becton, Dickinson and

Co., Mississauyga, vnt., Canada) .

The usetulness and accuracy ot these commercial systems
has been extensively studied, by comparison to the
conventional methods (Blazevic et al., 1973; Hansen et al.,
1974 Le=rs and Arthurs, 1973; Norl et al., 1974; Rhoden et
al., 1973a,b; kobertson and MaclLowry, 1374; Rosner, 1973;

Tomfohrde et al., 1¢73).

Boin the k/B and Enterogube systaems are oriented to
medical bacteriology rog identification ot human enteric
isolates. They are based on a limited range of bioch=mical
critefia, and lack versdtility for use with the broader
spectrum ot Enterobacteriaceae that might be preseﬁt in

foods. The Minitekx system, on the other hand, allows greater

‘versatility in selection ot blochemical ¢.it=ria to bpe



00

tested and 1t cheajer.

\_
oo Compeilsonl ot ldentilacation oystems

H

A itnitial study of 17 cultures (10 known and 7
anknown) wan ocattied out to compare the pertormance of the
Couventional, Fnterotune, H/7BH and Minirtek systems. The 10
Kknownn culture: were coded nd trested as "unkaowns! Lo
climinate researcher bras 1n tne rdentification ot the
cultures. The Criteria used 1n the Minittek system were 1ased
on tne system used by dansen et oal. (1974) . The objective of
¢4 preliminary study wa to determine the convensence,
case of irtelpretation and the accurac 7 the results using

wach systen.

The results or the k/B8 systenm were difficult to
interpret, and with the results ortained, t»o cultares could
not be identitied with any degree ot reliability. The
ldentification of the cultures by the otheT systems 1S shown

iu Appendix k.

The known cultures codid be i1dentitied more rellably
than the unknown caltures. In general, positive ldentific-
ation was obtained fol xnown cultures, but 10t for tne
dnknown ct :res, even with the complete conventional
metﬁod. In some cases, tne dicferent . ystems resultel
different identities peing assigned to the same cultures.
This resulted froes discrepancies 1in the resul's of the

piochemica. ts between systems. The principal



1

di 1epancie. with the Huterotube techngae tosulted troom
talse positive andol tests, taloe negative artrate and

Ul eane testa, tn the Mibitek systew, the prinvLyd{
fiscrepancle: ocourte ! 1o ERJ;[H(L“H‘tIUH, Jan from glucos..,

danl--liable areane, and talse negativ o crtrate testo,

The conventional technigue wan too labor
onpecially With lim:tea medra prepatation tacilut re:.
Furthermore, the conventiona: technigue di1il not resalt o
the cofinrte wdentitrcatron of all cultures. BEoterotuabs ana
Min.tek wele bota convenlen , but some Jd1tticulty was
expeor1e cced in o interpieting the i«utg which lead 1 part, to
the dosc -pancres between the systeas. Supplementary tosts
wele Lequired tor both i Enterotube and Minitek systems to
go@pl«tn the 1dentitication. It was not known, whether these
Glaclepercles wore due to detlclencles 1a the system, or
incorrect intel pcetation ot the results. Furthermore, tae
"known" cultures usced 1n thie study wele not "type
cultures, So the need for supplementary tests miqght be du-

to the "known'" cultures peing atypical.

A s2cond preliatnary test was carried out using ATCT
type culturest!, reterrec to as designated strains 1in the Ath

1 Americ - Type Culture Collection, 12301, Parklawn Drive,
Rockv 1. “aryland 208652, U.S.A.



cdition ot dergeyts M b1y, The cbhjectiven ot thy
toot Wl to determine the-accoracy ot anterpretiag the
Fhuterlotuhe tooton: the 2aotloence of tncubation temperature on
the Minitek pesults (tor thos. cultures with Te Commend-d
Gqrowth fomperature of 02y 5 end the abylity to teduce the

nun ool ot supplementaiy tents oasing the Minitek systen,

Lothi trial, e tentsoonsed o rn the modiitaed initek
Systesn were based on the tlow dragran: in Fijures 1-d4. The
minitek Jdiscs includec: araninosy, Ccltrate, H-jf%/indolu,
tnositol, Llysine, maionate, GNP, ornithine, phenylalanine,
ratfinose, rhamnos» and urca. It was 1ntended that the
noaltied Minitex system should itncluae all ot the Enterotube
tosts, except dulcitol. In addition to ~he Mouitek disos,
Jlucose and lactose fermentation in phenol rea broth (Difco
Manual) , HZS on Triple Suger tion (TSI) agar (Fdwards anf
Ewinj, 1972; Difco Manual), urease 4ctivity 1n 3 sepdrate
medlda (Chnristensen, 194v; Vuye and P1jck, 1973), and

motility in Motility Test medium (Difco), were tested.

L

The identity of the cultures 1s shown in Appendix B.
Cousiderable discrepancy occurred in the reading of tn=
Enterotube by tne two laboratorzes, and hetween the Minitek
as well as Enterotube systems. Tt terpretaticn of the
Miritek results was based on a special  developed computer
program. The cowbination of ginitex technljue and the

computer proagram gave an accurate identification of the

cultures without additirnal supplem=rtary tests, especially
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at the genus level. The BEnterotube resuits generally
tequlted supplementary tests to adentity the culturos,
tvccaslionally, the Enterotube resusted 1n incotiect
1dentitfication tor tne known ATCC cultures. It was therefore
3
declded to proceed with the modified Minitek and the
compu€9r frogyram tor identification of the unknown
orqganisms. In the previous preliminary test, difficulty was
reported 1n 1dentitying the unknown cults .s. The computer
program wi1ll therefore be tested on the first series of

unknown cultures (approximately 230) to test 1ts ability to

give a definite 1dentitication.

For the organisms grown and tested at 30 and 37°C,
there were some minor differences 1in the test result., but
not significant enougn to affect the final i1dentificaticn.
As a resc’ "70C was consildered an appropriate 1incubation
temperatu ven for those cultures with recommended growth

temperatures of 30°C.

11I. Evaluation of Computer Program to Identify Unknown

The computer program developed to identify the unknown
cultures consist?d of a matrix of biochemical charact-
eristics of known cultures (based on 8th edition of Bergey's
Manual and the tesults for the ATCC type cultures). Th=
prograc matched the unknown cultures with the organisms 1in

the matrix, according to theilr biochemical characteristics.
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The proytam aetermined the 6 highest matching O ganisms and
the percentage match. No allowance was made tor welghting of

the importance ot tne ditterent tests in the analysis.

The first 230 organisms tested by the modified Minitek
technigue were subjected to computer analysis. Although some
cuPtures cculd be identity | wWwith a high degree of
confiltence, many of the cultures could not he given a
positive 1dentitication, because more than one organism had
the same percentaje match. Furthermore, over 20% ot the
unknown cultures were identitied as most probably being
Shigella sjpp. However, Shigella spp. are not expected to be
present 1in food (Bergcy;s Manual, 1974), and many of these
suspected Shigella were motile. The ﬁifficulty with this
program ajppeared to be that the various identifying charact-

eristics were neither welghted nor exclusive.

The same known and unknown cultures were checked
against the Kocne Encise 11 identification scoring systen.
Because aulcitol had not been " cluded in the nodified
Minitek system at this time, all dulcitol results were
scored as negative, since this ﬁas the most likely test
result (Bergey's Manual, 1974). The Roche Encise I1 system
gave accurate idgntiflcation of the ATCC type cultures, and
reduced the number of doubttul or unidentifiable cultures
for the unknowns. For example, most of the suspected

shigella spp. were identified as other organisms.

The result of this analysis indicatea that the modified



Minitek method with roche Encise 11 would be the best method
tor identifylnyg tne. unknown cultures. The additional results
obtained could then be used as supplementary tests. ilowever,
even with this technigue, additional supplementary tests

might be necessary, but the incidence of these tests was not
sufficient to add any tests besides dulcitol to the modified

Minitek techniqgue.

The resalts with the Minitek discs were compared to the
L 1lts of the conventiomal tube methods. In general, good
agreement was observed between these results, except for
urea and st/indole. The main difficulty with the urea disc
vas the indefinite colour ot the positive disc reaction. The
Christensen's urea adgar. slant technigyue (Christensen, 1946)
was first compared with the disc method. However, this agar
slant method also 9&9@ intermediate colour reactions and was
nore difficult to prepare and inoculate than a broth.
Therefore, Christensen's urea broth (Edwards and Ewing,
1974) wvas compared with the disc method for a large number

of cultures. This method was more satisfactory and enabled

delayed urease production, notably byfsome Klebsiella spp-

(Edwards and Ewing, 1972), t» be detected. In comparison,
the Minitex urea discs were totally unreliable, resulting 1n

 nuUmBErous falsc positive and negative results.
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RESULTS

Distraibution of bB. coli, Colitorm and ENILRODACILNLZA L:kb

A total of 188 samples were analyzed using direct
plating (ViBA and VKDG) and the MPN technigués (LST, BGB,
EMb and EC) . The distribution of coliform, Enterobact-

lacede and F. coli counts observed for the ground beef--

5

amples 1is shown in Table 7. Of the 169 aground beef samples,

[

104 (6<.3%) samples had counts lwoss than 10  coli

gram and 18 (10.3%) samples had counts exceedin. 500 per

1=

per

gram. Similarly a total of 19 (79..2%) frozen jork sausage
samples had counts below 100 F. coli per qgram, and some of
them exceeded 500 per ;Lam./The only pork sausage samples
thet exceeded 500 E. coli per gram were tuoée that had been

thawed prior to sale.

1. Comparison of Counting Techalyues

A ].og]O transtormation of the data was performed and an
analysis of variance! of the log transformed data was
carried out. The .analysis of variance results, shown 1in

Tapble 8, indicate that although there 1s a statistically

1 ANOVAR program from SPSS. Computing Services, University
of Alberta, Edmonton.



Tanvle 7o Disstribution ot Fnterobacterlaceae counts ot ground

heot
order ot tounts per grams

100 10t~ 102 103 104 102

HUPN TECHNIQUE Number of Samples 1n c¢ach category:
Presumpt vliforms 0 .20 08 55 18 H
Confirmed colitorms 1 28 66 56 13 5
Completed coliforms 13 47 65 35 8 0
Faecal E. coli LY 76 4y 15 1 0

DIRECT PLATING

VHBA - Total T 17 62 65 20 4
- Bile ppt 4 51 65 o3 & 0
VRBG - Total G 10 61 61 24 5
- Bile ppt 1 14 ) 58 19 5
x 100 -- count < 10.per gram

101 -- count 2 10 < 100 per gram



Table 8. Statistical analysaio of the BEo coll, colyform, and
Entorobacterlaceac counts on raw ground meat:s

i. Analysis of variance to test tor signiticant diftercucy
between bacterral counts from meats and plating media.
Degr-2es ot 0 Mean 13
sourcet ' treedon Squdles Latio Probability
A 4 13,954 U524 0.002 %=
Errvor (A) t79 4,189
It / 1,148 TH.300  0.001 %%«
A x B 2 0. .84 1.013 0.uu7
Error (B) lznj/) U.281

<. Analysis of varlance to _test for ditferences between the

‘ Degrees of Mean F
source treedon squares  ratio  Probability
sample Error
(S(with1in)) 183 4.e14
B 7 39.465 138.99 0.0071 »xx%
B x S({within) 1281 0.284

1 A: All samples (1.e¢. nhigh, low and, economy ground beef,
frozen and thawed pork sausages).
B: Differential media counts (i.<¢. VREBA-T, VREA-P, VRBG-T,
VRBG~-P, LST, BGB, ENB and EC).

3. Duncan's_Multiple Range test.
EC EMB VKBA-P BGBH LST VRBG-P VRBA-T VRBG-T

1.704 2.342 L..370 ZoT754  2.926 2.832 2.949 3.076

EC EMB VEBA-P BeB LST VRBG-P VRBA-T VRBG-T

2 The ceunts under the common ilne are not significantly
aifferent



srguaitricant ditterence between produacts, thelr 1 no

interaction oftect between product and method ot cnumeratiron

(plating media) . Since the objective ot this pait ol thee

study 1 Lo cumpare the counts obtalned on the difterent

selective media, the ditterences between product types qre
e

not considerle:i. Becaus: ot the lack ot i1nteraction oftects

between products and media, Jdrfterences petweoen media can be

studaed trem these data (see bhelow) .

B, Dilterlences between Medla

The analysis shown 1n Table % indicates a significant
difference between media (p=0.001). Duncan's Multiple Range
test! based on the description of the test by Steel and
ToLLi4 (1960), was used to study mgiia difterences. At the
5% level of significance, the media could be separat¢d 1nto
5 seperate jroups, as shown 1n Table & (part 3): (1) The
total count cn Mossel's Enterobagteridceae medium (VRBG-T),
which was signiticantly higher tham any ot the other 7
counts. .11) The presumptive colitorm (LST) count, the bile
precipltating colony couht on Mossel's medium (VRBG-P) and
tne total count on Violet ked Bile agar (VREA-T), which were
similar. (11i) The confirmed colifornm kBGB) count, which was
significantly greater than the bilé precipitating coliform
count on Violet Red Bile agar (VRBA-P) and the completed

coliform (EMB) count. (1v) The VEKRA~-P and EMB counts, which

! APL-DUNLN program. Computlng Services, University of
Alberta, Edmonton.



Wwele similar, but signiticantly greater thao (v) the bBoocoll

(FC) count.

C. Colrcelation between Drtterent count

Poarson's coltelation coeffiocienta!l were calculated te
tet the Linear telationshlp between the 8 counts. The
tesults are presented o Taole 9. ALl correlations between
counts wele highly signiticant (p=0.001) . Forl ease of

presontation, the results atre constdereid a3 groups.

(a) Direct plating me ‘ia. The correlations between

~

these counts were hign, Canglny f%;
iowest correlation coefficirentss 4
o g

for the Vieclet Red Bile agar[' '*a;féting count

(VkbdA-P) with counts on tie other medzdf On the *other hand,
VKBA-T, ¥KEBG-T and VREG-F were highly correlated, with

greater than 804 predictability b« .een the counts.

(b) MPN techniques. The corre lation coetticilents
between the MEN coliform counts ranged from 0.72 to 0.92.
The predictability of the AGR {(contirmed) count from the LST
(presumptive) count was U5%, however for the LST and BGB
coliform tests the predictabilility of the EMB (completed)
test was only 52 and A4%, r=spectively. Téi correlation
coefficients between the MPN coliform couéts (LST, BGB and

EXB) and the elevated temperature E. coli count were low,

1 Pearson's correlation SPSS program. Comp.:ing Services
University ot Alberta, Edmonton.



Table 9.

VREA-P

VHHG-T

VEBG-P

ST
BGE
EMB
EC

Poarson's coltelation coetticirents between B

difterent pnterobacteridaceae, colitorm and B ocoly
count S

VRBA-T VREA-» VHKBG-T VKBG-P [ST }x<:r1 EMA
(VIR

0.9 0.7

0.90 0.40 \0.W7

0.71 0.70 0.73 0.72

0.67 V.70 V.64 O.D U.92

0.51 0.63 0.48 0.51 0.72 0.80

0.27 0.4b 0.31 Ua 30 O.44 « 52 0.68

Violet Red Bile agar
Mossel's Enterobacteriaceae medium .
(VRBA+1% glucose)

Total count ot bile precipitating ana non-bile
precipitating colonies at 24h
Count of bile precipitating colenies at 24h

Lauryl Tryptose broth
Brilliant Green Bile /% Lroth
Levine EMB agar

EC broth at 44,5°C

PR
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resulting 1n poorl predictability ot the BEo coll count.

(¢) Direct plating and MPN technil jues. The strong. oot
telationships exrst between the LST and BGB counts and the
ditect plate counts, but ouly 40 to 0% ot the count on the
direct plating media couald be predicted from the MPN counts.
"he rtelationship between the EMB (completed) coliform and
the FC (k. coli) counts and the direct plating media was

auch less.

It was observed tnat both during retrigeration or cn
plates held at room temperature, more non-bile precipitating
(BQ) colénies grew on the VRBA and VRBG plates. Extendod
incubation at 379C also resulted in higher numbers of B-
colonies appearing on the plates. A fixed time;temperature
ot imcubation, t.. example 37°C for <4+2h, was necessaly for

cConsistent results to be obtained.

g2}
.
It

C_Tes

Iad

.

mparison _of the Direct and Indirect EC Tests

10
o

<

A total of 54 samples were analyzed by the direct and
indirect methods in EC medium at 44.59C for 24 and 48h.

Logyp transformed data were compared using a t-testl which
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gave o highly sigartrcant dittcrency betweon the two counte,
(ps.01)y . The mean of the count: for the Srredct test was o4

x 10, coeapated to d.dox 107/ tor the riadirect testo

b

Ce UOBEALLSOR Ol FC Tootio at 48,5 and 45, 59C

The 1,03t pnterobacteriaceae 150lates from ground met s

Wele 1nocui.ted 1nto duplicar. sets ot EC broth and
tncubated at 4405 and 45.5%9C. The results tor gas production

are stown 1n Table 19, and ma he suamarized as follows:

(@) Ot the 734 1s0lates that were gas negative after
4sh 1ncdivation at 4 9C, only one 1solate producaed gas at

45.59¢, resulting 1n 99.9% agreement in the tests.
!,

- (b) Of the 295 1s0lates that were gi1s jositive after
<4h 1ncubation at 44.5°9C, 7.8% (.5 1solates) exhibited
delayed gas prcducticn at 45.5°C, and 1.4% (4 isolates)
railed to produce gas atter incubation at 45.5°C tor; 48h.

The «3 1solates gwving delayed gar production ¢t 4h,.5°C

11cluded .2 E. coli I and one L. agglomerans. The ﬁsolates

that were gas negdtivelfithﬁext¥”ded lncultation at 45.5°C,
RS 3 ;

included two E. coli I,7a K. ppeumoniae and an E. cloaca:.

(c) Trere ierc"dﬁlyg7 delayed gas producers at 44.5°C,
and three.oﬁ,theSﬁ'falled to produce gas after 48h at

- w5,.50(C, Noﬁg dr:these 1solates were E. ¢coli I.

- Y

: . T
!t t-test program of t he ‘&pse Computing Services, Jjaiversity
of Alberta, Ednqptcn




hie 1 Kelatronshryp between eloevated temporatare ot n
EC broth gt a4.%90 qgmd u4H, 500

[ ’“"“7'—A_'—_“i"’_"' I T
! { Gasn produced 1n BEC AT 4bh. [‘OK i |
| | (percont ot cultures) | {
i Gas produced | amber {
§ in j Posrtive  fPostit ive Negative | ot |
| BC at 44.59C | 4h 44t 4nh | cultur.~s |
- + s S e B
i | | | I {
i Posit re 24h | 1008 | FoY | 1.4 | 2ah |
| i ! | | |
i Por tLive 48h | cH.o | <B.b [ PR 1 7 |
| ! | i |
| Negative 4sh | 0.U { 0.1 | Y99.v | /3y [
| | | | [ |
Y Y S S 4 4




11T, Tdentitaicatiou_of ENTEROBACTERIACEAE lsolates

b colonles 1solated trom VHBA and VRBG plates for
iden-iti-aticu were described on the basis of the presence
anc apeunt of visible bille precipitation at the time of
ciecvion. £ colonles on EMﬂ wein selecte i acecording to
Lhelu‘adLlhuLg4y (sve methodclogyy p.sbH). Because of the
charg+s ot contaminotion n seloctiag the’isolates,
<<praaolally whe  prlck:ing sub-sultace colonies from the direct
;latirg redia (YRBA ani VitYG), it was necessary to check the
colony types of the puritisd cultiares on tihe selective

media.

Chanqges 1n morpro:vgy were observed whe. :sBA isolates
wele re-plated onto VKEA (see Ta?le 11). For the original
p++ 1s50la.vs, a few (4.4%) were b+ on re-plating, but c:ihers
{(i7.0%) tormed B- colbnicb. Similac. ranges in morphology
of oriyginal B+ and 3- cclonles occurred when they were re-
w_ated onto VRBA. There was little concern for changés
_~z2tween 3+~* and B+, bqt a change to B- su:gested cither a
contaminint or a marxed change in the culture during
purif.cation and storage. For- B+ 1isolates, it was difficult
to 1ntezyr=t the chanyes from B+ to R++, and B+ to B- for
the re-plezed cultures, Ftecause the conditiops on tle
original plates f(e.g. meat particles in the inoculum} could

have influenced the appearance of the colonies. For B-



Tavle Ti. Compatlson of morphology of colonios originally
Coasolated trom Violet kKed Hile agar (VEKBA) wWith
theil mot phology when to-plated on VEBA atter
pur1ficatlions '

2 D L]
| Original j Morphology on VRBA (1.-plated) © Huambet |
| Moirphology | oot |
| on VhHA | He+ B+ b= chtar s
b 4o e e e e o e - ——— -
| ! i I
) At | Y.tx | t |
I l (3) | {
| | ! !
| i+ A RS DA P P05 $1. 6% | 110 |
! I (3t) (37) (35) | G
| | i |
i B | 4.5 19,44 Al.1% | 132 ;
; i(b) (19) (107) | i
i | | |
b e e —4 |
| Totals | Y 31 154 | 310 I
U Sy - p]

Y

Table 17. Comparis.a ot worpholoty vi colonies originally

i} isolated from Violet Red Bile agyar + 1% glucose
(VEBG) with tnelr morpholoygy when re-piated on
VREG atter purlticationx

| ¥y - T T T T T T T T T T T LR B
| vriginai | Morphology on VREA (re-piated) ( Number |
| morphology | i of f
| on VE3G i Re+t 3+ 8- | cultur-= |
— - - - —+- —*—
! | | |
| B+ + [ 80.4a 15.4% 4.u4x% | 130 |
I I (109 (21) ( 6) | :
! | | !
| B+ { 38.8% 50.5% 10.7% | v i
i NG E (52) ) i I
| | I |
! B- | 18 7k 50.0% 31.3% | 80 i
O (40) (25) | g l
| | f
+— - + 1
Totals | 164 113 52 i 319 |
————— e — IS B . 1 '}

x Z++ -- Large dark zone or bile precipitation

B¢ -- faint zone ot bile precipitation

B- ~-- no bile precipitation



toalates, thone that gave e and b- colones o re-plating
were considered simtlar, put o chanje to He+ suggested

ecither a contaminant or marked change 1n the culture

auring laboratory handling .and storage.

Data for VKios 1s0lates re-plated onto VHBG are shown in

Table 12, and the same consitderations applied.

The data tor the isclates from EMbL, re-plated to MR
agar, 4arLe sﬁown 1n Table 13. Considerable changes occurred
in colceny morphology, nowever: the chance ot cortamination,
ccmpared to VEBA and VRIG, wa.. much less because the
1s0lates were surtace colonles. Const: terable changes coul .
be observed between original MS+ and NU+ isolates, in fact
d4S many as 60.8% NU+ 1solates became MS+ (nucleated, with
metallic sheen) on re—plaging. Such changes 1n morphology
were most likely due to pleomorphism, which in the case of
the non-ccliform NU- colonies, could be of coaside.rable
i1mportance to the interpretaticn of the coliform count on

“MB.

The distribution of organisms between colony types 1s
shown tn Tables 14-1s5. The description of the colony
morphoigqy in these tables ref:rs to the morphology:both
when the 1solates were originally Selected an@ after re-

plating (centirmed colony morphology). This was necessary



Table 1. Comparison ot morphology ot colonies orrginally
tsolated trom EMB agar with therr morphology when
re-plated on EMB atter purltications

L 5 S —— |
| Original | Morphology on EMB (re-plated) | Numbet |
| morphologyi . i ot i
| on EMB | Mo+ N+ NU- MU+ { cultures|
- s S - - ——
l | . | |
| MS+ [ 85.9n 9.4% 2.0h 2. 6% | 149 |
| I (1<38) (14) (3) (4) | I
| i t |
| NU+ [ H0.84% UL 0% 10. 4% boB% | 125 !
i l (76) (30) (13) (6) | |
| ! | {
| NU- i 17.1% 1404k 67.1%  3.T7% | 82 |
! (1Y) (10) (59) (3) | [
! | i |
| MU+ | <7.64 15.5% 15.4% Ul.tn ] 58 [
i I (16) (9) () (ety oy |
{ ! i |
- + - —+ 2|
Totals 234 03 80 37 [ - 414 {
— i ———— ———— 4 N |
* Ms+ -- metallic sheen, nucleatedﬁcolony ,
NU+ -- pucleated (pi.x + black centre) colony
NU- -- non-nucleated colcny
MU+ -- mucous with or without a nucleus
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tor a4 reliabi. association oi otganlsms With colony

mor pholoyy to be obtained.

1. Violet hked Bile agar; Colitorm Mediunm

sue OorCganisms growing on VRBA were divided 1nto 3
categyories, based on the degree of bile precipitation. The
identity of the orgaunaisms associat ) with the difterent

e

colony types (B++, B+, B-) 1 shown in Table 14.
(a) R++ colonies

The maln organisms swere E. coli I (46%), aerogenic E.

agglomerans (15%) and E. cldacae (15%). On re-plating, the

remained important, but E. agglomerans decreased in relative
importance. Chanaes on re-plating could be attributed
primarily to E. coli I colonies that were originally B+

becomling B++. &1
Wl
(b) B+ colonies

The main organism assocliated with this group was E.
coli I (30& of the originai js0lates) but this decreased to
14% on re-plating hecause so ma: - of the E. coli I gave
greater zones of bile precipitation ;hen re-plated in puge
culture on: VRBA. The principal organisms in this group
became S. liguetaciens (30%) and aerogenic E. agglomerans

(21A) .



O

Tanle T4, Identity and number of organisms assoclated with
ditferent colony types on Violet Red Bile agar
(VREA) trom original i1soldates and for purtified
(re-~plated) culturess

r———— T T T = 5 R |

Original Colony Confirmed Colony

— e e o . A S e e b e o — —

| I |

i | l

| { Type | Type

i Organism ] B++ B+ B- | B+ B+ B-

| | {
e 4 - A ————
i F. cols 1 | 31 34 4 i 57 9 3

| i f

| k. coli II [ 1 < 2 | 2 1 2

| | l

| Other E. coli | 0 1 1 ] 0 1 1

i ! .

| C. freundii 1 3 6 Y | 8 4 S

[ I |

i K. pheumcnlae | 5 4 3 | b e 1

! I i =N

| K. ozaenae | 1 2 0 | 0 0 3

| I | )
| E£. agglomerans [ | 1
| aerogenic | 10 20 30 | 3 13 4u |
i anaerogenic | ] 4 19 | 1. 1 22 |
. I | i
| E. acsrogenes | 0 3 < | 0 1 4
| | | |
{ E. cloacae I 10 5 b 1 2 8
| | [ f
| E. hafniae i 3 3 5 i 4 3 4
| i | i
| S. liguefaciens { < 23 3¢ l < 18 4y
! | i |
| 5. mBArcescens I 0 0 1 I 0 0 LI
| : | | |
| S. rubidaea i 0 2 < 1 Y -0 4y
| | | i
| Y. enterocolitica | 0 0 1 i C 0 L
| | l |
| Uridentifiable | 1 2 1 | 1 1 < |
I | { |
{ Cxidase positive | C 1 16 | 0 2 15 |
o 4+ 4 —_ 9
| | [ |
| Total number t b8 112 4¢ | 95 61 1o4 {
| | | |
— L e 3

|
|
|

= See Table 11



(¢) B- colonies

The maln olgyanisms assoclated with this group wer. 5.

liquetaciens, aerogenic and anaerogenic H. agjlometidan:s and

150lated as B- colonies, S. liguelaciens and E. agglomerant

accounted ftor €3% of tne 1solates.

ERIACEAE medlium

The organisas growinyg on VEBG were handled and analyzed

-

as described for VRBA, and the data are shown 1in Table 15.
(a) B#+ colonies

The main oryanisms 1isolated originally and confirmed by

re-plating as B++ were E. coli I (J4% and 31%) and S.

liguefaciens (<6% and 31%). Other E++ 3colates 1includad ¢

freundii, K. pneumoniae, E. agylomerans, E. cloacae and E.

hafniae, these organisms on re-plating, accounted for 304 of

the B¢+ colonies. The same trend observed on VRBA, where B+

colonies tecame B++ on re-plating <was observed on VRBG.
{b) B+ colonies

The main. organisms in this group were aerogenic and

coli I and S. ligyuefaciens decreased as a resul® of the re-

plating, and the change of B+ colonles to B+,

\\
AN



Table 15. ldentity and number of organlsms associated with
ditferent colony types on Mossel's Enterobact-

v.iaceae medium (VRBG) tor original isolates and

=S =T ==

6 6

R R (S
| i ~ l

i { original Colony | Confirmed Colony
i | Type i Typ-

| Organism | B++ B+ B- | B+ I+ -
| l |

— - 4— ——————— e —
| E. coli I | 34 14 5 | 51 » 0
| | l

{ E..coli il 4 1 2 | 4 2 1
| | |

| C. freundii | 8 3 2z | 10 3 0
i | |

| K. pneumcniae P Y 1 PR 1 0
l ' | |

| K. ozaenae N ‘ 3 1 [ 3 ¥ 1
i | . i

| E. agglomerans i N I

{ aerogenic i 15 B 20 | 8 38 9
| anaerogenic | 9 P4 20 i 1 25 16
| { !

| E. aerogenes I 0 5 300 5 3
i | ]

I E. cloacae {12 4 z 12 3 0
| : l |

| E. hafniae l 5 6 3 i 7 5 2
| | |

{ S. liguefaciens I 36 26 5 { 51 - 15 1
! | [

I S. marcescens | 1 0 1 | 1 1 0
| | |

f S. rubidaea I 0 0 Z | 0 0 2
| . i |

| Proteus stb. | 0 0 2 i 0 0 2
i i |

| Y. enterogolitica | 0 0 2 | 0 0 2
{ | |

| Ynidentifiable i 1 1 3 | 2 3 0
{ { |

| Oxidase positive | 3 7 14 { 1 2 20
- + - -+

i [ !

j Total nuamber } 139 106 8¢ | 164 112 58
| | |

1 A 3

o e - — — :
- Lo — - e e e e e . — e o . o ————— e = ——— — —

See Table 12

*
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(¢) b colon:

The: malh OTgdllsms amond the Enterobacteriagede in this

Pl el =g S

Lroup wele acrodenic and anaerogenic b. agylomerans. After

- lat:mg, they accounted tor 6ok of the Enterobacte aceac

rowing a5 B- colonies on VRBG. 06 the re-plated oryganisms,
0% of the H- :olonil.s were not Enterobdacteriacede.
3. Bosin_Methylen. Blue agal: Contirmed Coliforms by

The orqganisams ygtowing on FEMR were 1identitied by 4
aifferent colony types: metallic sheen (Ms+), pink with
black centre (nucleated, NU+), non-nucleated (NU-) and

mucous (MU+). The data are shown in Tables 16. MS+ and NUu:

[
1

are considered typlcal colitorm colonies. MU+ are atypical
coliform coclonies but NU- are considered no--coliform

bacteria.
(a) MS+ colonies

Twe principal organism in this aroup,. from original

isolates ad after re-j;lating, was E. coli (éj and 66n,

respectively). §.4££gund;; and K. pneumoniae accounted tor

24% of the isolates producing metallic sheen on re-plating.
Somée E. agglomerans also produced a metal’ sheen, but the
colonies did not have typical dark centres .nd the nmetallic

sheen was faint. The increased number of MS+ colonies on re-

plating could te primarily att*rinuted to NU+ coloni=s



t 4

Table lo. Identity and number of oCganrsms associated with
ditferent colony types on Levine EMR ag.O “ O

original i1solaten and tor purified (t vfé L. 1)
culturess P ¢
N PR
T T T T T T T s e e e — T T T ""‘#J—""T”"“*" e |
{ { { |
i I" Original Colony I “onfirmed colony |
| | Type | Type |
| Organism | MG+ N+ NI - MO+ | MS+ Nil+ N - MO+
| I { i
b e 4 L
{ E. coli T | 100 58 9 4 | o154 14 1 R
| | ! |
| E. coli 11 | 3 3 1 0 | 6 0 1 O
| | | ' |
| C. freundii | 13 17 17 Soyoo27 16 8 1
{ | | |
| K. pneumoniae 1y LIS t 20 1 29 17 4 1
! ! I l
| K. ozaenae { 1 3 3 5 5 1 < |
I | | !
I E. agglomerans | I , i
I ae »genic i 5 ) 3 2 5 0 5 4
{ an.crogenic | 0 1 1 0 | 0 0 2 0 |
1 1 | |
| E. aerogenes i 1 0 170 0 0 1 L
i ( ) 4 ©
| E. cloacae { 1 13 11 15 3 11 14 12 |
[ | [ |
| E. hafniae i 1 1 5 0 | 3 0 0
| | | !
| S. liquefaciens | o6 12 5 | 1 3 L
[ I # l !
( S. rubidaea I 0 0 1 0 0 0 1 0 |
| | | |
| Unidentifiable | 1 1 0 2 | 2 e 0 2 |
| | | |
| Oxidas  positive | 3 2 12 0 | O 1 16 0 {
| I | {
|- 4 i i J|
L g R T ]
| | | ) i
{ Tot . number {149 126 B< 58 | 235 63 80 37
[ I | T
e e e S A —d

* See Table 13
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producing mettllic sheens Thi: suqg . pleomor phisa in

colony types on EMB aqgar.
{b) NOU+ coloniles

Bucause ot the above-mentioned ctulngg? trom NU+ to MS+
on re-plating, the numbei »t NU+ colonies de;LtdSPJ from 126
to bd. 0Ot the pte-plated NU+ colonies, E. coli T (22%), C.
treundii (<5%), K. pneumoniae (27%) and E. cloacae (17%)

were the maln organism-.

(c) NU=- colonies

'

NU- colonies are considered non-colitorms in the MPN
-technique. However, some pleomorphism was observed hetween
NU- (nocn-coliform colonies) and typicallnoliform type

colonies. For the ré-plated colonies, the principal organ’

types 1included S. liguefaciens (24%), E. cloacae (i3d%) an

{d) MU+ coloni.

The principal organisms in this group were K.

All of the isolates obtained 1in this study were plated
onto all 3 of the selective ncdia (¥RBA, VRBEG and ENB) to

determine the 1nterrelationships o: their colony morphology.



IAY

Drlutions that gave between 30 and HY colonles per plate
wele l1noculated onto cach medium. The jplates wers rncubated
3 - - a8} - - 3
at 379 and observed atter <4:2h. The results are shown 1n

Table¥ 17-19.

On Mossel's VRBG medium (Table 18) most of the Entero-

the colonies, only 49 (4.8%) o! the Enterobacteriaceae

tailed to produce a visible zone ot bile precipitition. Of

these, 71.4% .wWwere b. aqglomeransg,  representing 17.2% of the

- . <
colonies on VEBG, 31.2M» were non-Enterobacteriaceae. In

ba eriacegae 1isolates grew as non-bile precipitating

colonies. The priacipal :rganisas prodg;(Lg B- coloniesn on

VEBA were E. agglomerans (41.3%), S. ligyefaciens (28.0%),
E. ¢cloacae (7.4%), C. freundii (5.7%) and E. hafnlae (4.4%).

= ==l

of the-non—guterobgctgglggggg B- 1solates, 95.1% grew as B-

o
e i

colonies on ig&A, representing 8.8% of the total B- 1isolates

on VhBA.

v

erogenes and E. cloacae)

Y

C. freundii, K. pneupmoniae, E.

tormed B++ or B+ colonies on VRBA. However, 27.4% of C.

freundii 1isolates, 71.4% of E. aerogenes and 38.0% .0of E.

cloacae failed to produce a visible zone of bile precipit-

ation. Some non-coliform type organisms produced visible

zones of bile precipitation on VRBA, including 28.9% of S.



Table 17. G wwth chatacteristics of Enterobact SLldceae
1soletes on Violer i d Bi1le agar (VEBRA) »

r— - 0= ST TrT T T T T T e D S R |
| | Percent | |
) l Jiowing o VIBA as: i Tot i
{ Jrganism i R B+ B - | Numi. |
b——- - - e B T R
| ! ! |
| E. coli 1 | Be.7 ). 3 v. T | 288 |
I | | |
l b . [FEN il ‘ t - O d.0 /3 {:) .U ‘ 1‘)0 l
! ? I |
| € freundii | v 1. Y | 84 ]
i | | !
{ K. fueumonig: 1 e 21.0 5.9 85
| ! : !
{ K. ozagnace I s3.3 13.0 47.6 | 21
! I | .
| £. agglomerais : 1
| aeroy—nic i H.ou 17.06 Tu.0 { 131
|- allaerogenic | 1.4 2.7 95,9 73
[ | I
| 2. ne -jenes ] T 1.4 71.4 | 14
i l i
{ E. c¢loacae ﬁ o1 13.9 T 38.0 79
l l [ 2
| E. hafnia- | £5.8 Te . 58.1 | 31 {
| i ! |
| S. 1. jueraclens | 3.8 25.1 7T1.1 | 159 [
| | i |
i S. rukidaea 4.3 0.1 85.7 | 7 [
| : i |
U —_— i —

+ B##. -~ large zone ot bile precipitatic.
B+ ~-- small zone Oof bile precipitection
B- -- no bille precipitation

A
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Tatle 18. Growth characteilstarcs ot FEnterobacteriaceas
1solates on Mossolt s Violet Red Bile agar + 1%
glucose (VRRG) =

[ S T T T T T T e T oy I |
| | Pere at { {
| { growing on VHRBG as: | Total.
i A gan1sm | Be+ B+ B- { Number |
b B e e - —t 1
| | |
{ E. coli I | 1507 4.5 .3 138 |
I | | I
| E. coli Ti b0 250 fet b2t
| { | |
{ C- freundii RN Yoh 0.0 A |
| | | I
{ K. vpeumonlae I R V. 4 0.0 | 85 I
i N i | |
{ K. ozaenae | T6.. 19.0 by i |
| ! ! I
I k. gdglomerans [ . [ [
| aerogenic | 25.4 63. 10.8 i 131 i
A ancerogenic | Lo 68.5 5.8 | 73 |
l ! | i
| . aerggengs ] 42.9 57.1 0.0 | 14
| | . |
| E. cloacae | 87.3 12.7 0.0 | 79 i
| | } - I
| L. hafniae I 74.2 19.4 6.4 | 31 i
I ! I L
| S. liguefaciens v 74.2 25.2 0.6 1 159 |
| | o !
{ S. rubidaea I” <8.0 28.6 #2.8 | l i
| ! . | {
¢ - - o ot —- g
« B++ -- large zone of bile precipitation
B+ -- small z2one of bile precipitation
B- -- no bile precipitation e
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¢
Poque facs o and 1801% ot k. Loqloaerans.

Ty cocolitorm colonien on EMH ate nucleated, with or
Wilaout metallic sheen (MS+ and NU+}, atypical mucous
coloniles (MU+) aluwo ocour, and non-coliform colonies are

ath
non-nucleated (Ni-). The erul’S ot lating the Enterobact-
: &- R )
ellacede 1: .lates from thi: wly onto FMH ave shown in
Table 19
The piincipal o qan“ﬁmb Jrowing as Ms+ and NU+ Hlonies

on EME 1ncluded E. coli, Ca ftreundii, K. Qn eumoniae and E.

diglomerans. Ot these, E. goli, C. freundii and K. 7»
pPheugoniae re pxeSent4J tyrical coliforms. Some K. Eneumgglge
grew as atypical coliforms (MU+), howeéver 3.8% of E. coli,, ~

<1.4% of C. freundii, and 10.6% of K. Qggggoniggiérew as
non—coiifdrg brganismsv(NU—) on EMB. The majoritY‘of E.
ggglomeggﬁ% .8%) were NU-, but those that were HS+

(12.2%) coule ve distinquished from the coliform organlsmé

- ."\;,_:' P

'producing mélal;ic sheen. The prxncxpal NU~ organfsps were

-

S. ;iqugjécien§-§nd B ggg;_gggg The non- Entegg_g ct-

erlaceae organigms generally grew as NU- colonies on EMB.
| !j};«

Some 0of the cultures failed to grow within 24h when re-

" plated onto selective media. However, some grew on VRBG and

VRBA as B- colonies and on EMB as NU- colonies when

incubated for a further 24h at roonm temperature.
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fabl.. 19, Growth ChddetLllSYlC‘ ot kEnte

>

tsolates on Levine BMB oagar
L S T T T T T T e T B
| | Porcent | l
i | Jgrowing on EMB as: P Total |
| Or jinlsm | MS# NU ¢+ NO- M+ | Nuaber |
‘_, e _._._.___._* e _‘* — - _‘
l : ] . |
[ k. colxr I | 841 13.1% 1.7 1.0 290 i
! I ! i
| E. col1r II i 5.0 100 2500 0.0 | 20 i
| | I !
I €. ftireundara Iohde 0 27040 Lhad 1.2 ) i i
| | , i |
| K. ppneumoniae |48 gb.2 0.6 1605 ) 785 |
! I ’ ! l
I K. ozaenae | oMo 4.8 57.1 9.» { 21 |
] ! e | !
b Z. agdlomerans | 7l I
| aerogenic i le.d 1603 ©J.3 L | !?h o
{ anaeroyenic f4.0 12.2 83.8 g 'F 4
| : | s |
=J E. aerogenes i 0.0 4.3 78.6 7.1 | Cla {
™ | l |
| i_‘«jggggg e 8.3 26,6 39.2 J7.6 | 79 ]
| : - o | |
{ E. hatnia:. PR 21.9 15,6 62.5 0.0 | 32 |
i o ! v {
5. gggggggggg; | 1.9 5.7 91,1 1.3 | 158 |
1 | & | |
« S. rubilgaea { 0.0 4.3 85.7 0.0 | 7 |
I ! = ' I |
| ! - | . [
“ e ———— 4 —_— o 4 [ES— |

T
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lsolates in Lauryl Sulf-?g_TgxﬂtOSQ‘DLQEQU(LEII and

All of the 1solates om the 3 selective growth medig
wele 1noculated into [ nd Lactose hLoths.’ﬁhéw sults

¢

ed.'in thi:

indicate which of tu :Lobacteriaceae 1sola

study would be scree ¢ ' by these presumptive -~o.iform

tests. The sults tor LST broth are shown in Table 0. The
. E

organisms that were able to produce gas from LST we: .. E.

ggl;\l (93.6%), E. coli il (75.0%)f C. freundii (©7.9%), K.

boeumonise (90.0% , aviovgenic E. agyglomerans (46.3%), ant E.

cloacae (79.7%). Onliy 15.7% of S. liquefaciens isolates

produced gas in LST tubes. gg

The r:sults for growth in Laciosc broth @l v shown in

;Tablesyg. The ma-ority ot E. coli I, C. freundii ani K.

s .

ggggggﬁlgg produc=2d acia and 3Aas within 24h. Additional

irncubatior for 88h ©nly increased the lactose positive E.
‘ .

1Q

oii I Y- o T - . freancii by 6.0% and K. pneumoniae by
4.7%. Anaer r7temic E: col: were observed, but their numbers

-

were nc. high, ard only 1. OL k. coli I were lactose
necative Fo “.22Cge 1solates were generally aerogenic,

1l tose fermente%s-(86.1%); Of the 15 E. aerogenes isolates,

\

J o) .
7 Wwere non-lactos® fermenters, the lactose termenters were

el1ther aerogenic or anaerogenic.

The 1jozity ci S. liguefaciens were either non-lactose

fermenters (71.i%) or a-raerocen.  for lactose (5.0%). The



e

Table 202

rowth chaeracterastics ot

Enterobacteriaceac

it

isolates in Lauryl Sulphate Tryptose broth (LST)

L ety o
i | Perce 't arowing on LST as: |
i f |
I | Positive Posi! . ve Negative | Total
| OLjan i | LUk 4o h 48h { Number
b e R e
{ ! . |
| E. coi. 1 | 93,46 0.7 5.7 | 296
| | |
! F. cola IT | ) 0.0 Z5.0 | 20
I | {
} C. freundii | O 16.7 15.5 84
i ] |
{ K. pneumcnige | - b 3.5 5.9 | 85
| | |
| K. ozdenae {, T1.4 9.5 19.0 { 21
i i [
| E. agglomelrgns 1 : P
{ aerogenic | 46,0 28.0 25.8 | 132
t angerogenic | 5.4 9.5 85.1 | 74
i { |
| E. aerogenes J 13,3 13.3 73.3 | 15
! I |
| E. cloacae | 79.7 6.3 13.9 | 79
| I e | ,
| E. hafniage | 40.6 12.5 46.9 [ 32
i X | ¥ l
| S. liguefacieas f 15.7 428 480.5 1 159
| i~ ' |
| S. rutidaea | 14.3 0.0 85.7 | 7
| | |
— e ——— A A1

o

N -~



Table 271.

Growth characteristics ot

1s0lates in Lactose brothx

L T D
| | Percent growing in Lactose |
{ | broth as: {
i | |
| I A+G+ A+G+ AeG- A-G- | Total
| Organism [ <4h 4 8h 48h 48h | Number
- —4= - 4
! | |
| B. coli 7 | 94.3 0.7 T 1.0 | 296
l l . I
{ E. coly II { 70.0 5.0 15.0 10.0 | 20
| I |
| €. freundii | B83.3 6.0 4.8 6.0 | B84
| | |
| K. pneumoniae | 88.« 4.7 5.9 1.2 85
| | !
| K. ozaenae | 61.9 14,3 u.8 19.0 | 21
. | I
| E. agglomerans { i
| aerogenic | «7.7 16.7 7.6 <8.0 | 132
i anaerogenic |} 8.1 8.1 32.4 51 % | 74
l l N . I . .
| E- aerogenes |'°33.3 13.3 6.7 46.7 | , 15
i | |
{ E- cloacae i 74.7 11.4 0.0 13.9 | 79
| I ' . |
| E. hafniae | 40.6 2.5 .0.3.1 43.8 | 3"
I | ‘fgj‘ I
| S- liguefaciens { 12.¢ 1TFe3™-&5.0 71.1 | 159
[ - ! ~ A
L 1 - st
* A+G+ -- Ac:d and Gas produced
A+G- -- Acid produced, but no gas
A-G- -- No Acid or Gas produced
¢

77
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data n Table £1 1adicate that acrogenic H. agqqlomerans welee

primarily lactose termenters (bU.4%), whereas the
anaerogenlc b. aqgqgiomerans were lactose negative (S51.4%),

and a turther J2.44% wele anaeroyg: 1c for lac' ose.

The ccemparison ot LST and Lacto: v o shown 1n
Table ZZ. Anderogenic lactose fermen . tose broth
¥ele also negjative in LST. In LST, 18x ~Lose negative

isolates wetw gas positive. The majority of the organisms

accounting f{or this ditference we o E. adgqlomerans and S.

termenters gave LST positive results., There were only 17 of

3

these isolates, and of these, 5 were E. aqq’ 'merans and 4

imarily S. liquefaciéns and Enterobacter

e delayed lactose and LST cultures were

agglomeir = Lactose positive cultures con-isted of 4.3%
delayed LST and 5..2% LST negative cultures, The delayed LST
cultures rere primarily C. freundii and E. aqglomerans,

&
whereas- the LST negative cultures were principally C.

freundii, S. liguefaciens, E. agglomerans and E. hafniae.




."&R . Tabie L. Jomparlison oi growth characteristics ot Entero-

N v bacteriacede isolates in Lauryl Tryptose (LST) and
£ Mot o Lactose broths

% e I
. o oW { | | |
\ A i Porcent growing in LST as: | Total |
= | | J |
e i | ocas at Gag at no Gas at | i
: d%‘ | Lactose | Suh Dyh 4 8h | Number
. [ 1 » [ (
-t e S e -
R ! i ! l
» " | Acidtygas at 2Z4h | H90.5 . Yo | 624 |
| | I {
| Acid+gas at 48h | 33.3 0o 39.7 i «.78 i
I ! | (
{ Acid only at u4d8hj 9.7 13.9 Jo. 4 | 72 !
| I ' l ‘ I
| Negative at 4s8h | 7.2 10.8 8.1 | <51 |
| | | |
[ R WU —_ —_ —— e ———— PR |

Underlined results indicate tests which have compatible
results ih both tests

o

1.

Table 23. Occurrence of 1IMViC types wvithin Enterobact-
eriaceae 1solates with ditfelent Lauryl Tryptose
broth (LST) and Lactose gRiations

|\;}:\ .
r - T - .- - bl
i i |
| IMViC tygpes | LST+ LST- Lactosc+ Lactose- {
[ | |
— - +——- - - —
| | {
| t4—= l 294 24 295 19 |
l - I {
| S | 50 26 55 25 I
{ [ ' {
i +- 4+ { 37 2 38 0 » !
i 1 e [
| -4+-+ | 67 15 73 8 i
| { o {
| R R 15 25 14 I
| A g |
J -———4 | 30 - 30 33 21 I
| ! . {
| ——tt i 164 172 208 130 i
A | |
i 4 J
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k. Relationship of "ENTEROBACTERLIACEAE 1solates with

s

IMVIC Types g
The Eqdterobacterlaceae 1solates . have been consitdered on

the basis of their lactose termentation and production of
gag 1n L3T. The IMVIC types assoclated with these Lactose
and L3T results are shown 1n Table 23. IMVIC types that were
rvpir—:sented by less than 10 cultures {ave been eliminated
from the results. Jof the 7 remolning IMViC FYPQ@N LST and
Lictose positiv.: cultutes were mainly IHVIC ++4-- and —--++,

while for LST end Lactose negative cultures the principal

IMVIC type was —-—++.

The IMV1C tests have been used to type lactose positive
Enterobacteriaceae (coliforms). For these 1solates, the
assocliation between IMViC typé and type of organism is shown
in Table 24. The ++-- types were generally E. coli I, but .
few other lactose organisms were also ++--, The -+--

o:qanéﬁgs ere E. colil II, but some C. freundili and other™

organisms including K. ozaenae, Enterobacter spp. and S.

diguefaciens were also observed as -+--. For the lactose

fermenting E. agglomerans -~ d S. liyuefaciens, the principal
IMViC gLOuf Wwas —--++, Dbut these organisms were also

distributed across most of the other IMViC groups presented

in Table 24.

The results of IMViIC tests on liéﬂpse negative isolates
are shown in Table 25. The 5 lactose negative E. coli gave

“typical IMViC - . .. 's. Lactose negative E. agglomerans

S



ALK
. j—frit

]
H

81

Table Z24. kelationship ot lactose positive organisms and
[MVIC types

r—— - - T - T T T T T T T T T T T T R ]
| : I LMV1IC types of lactose positive [
i I Egterobacteriaceae o
| Organisms R A e e A e e A o |
- S e R
| Ry i ]
i E- coli I a, i 290 - - - - % - |
| o I |
I k. coli il I - - - 18 - - - |
I l I
| ¢. freundia | - - o1 13 - 7 1 !
| I : I
| K. pneumoniae 1 3 35 - - - 2 31 I
i I ) I
i K. ozaenae i - - 3 3 - a 1 I
| | |
| k. ayglom2rans I |
i aerog+«nic | ) 2 5 P 3 6 51 |
§ anaeroyenic | - 2 1 4 3 6 17 |
| |

! E. aerogen-s | iP- - - - - - 6 |
| ; | I
| E. cloacae P - - y 1 3 - 62 |
! i i
| E. hafniae i | 1 - 3 2 3 4 5 i
[ ‘ [ ' |
I s- ;;ggg_fggisgé | - - 4 1 3 s 27 |
| i I
S G 4 - - - J

~a e
. ¥
Fen



Organises T R e I T
- - I e —— - — -
I i {
[ . coli I 1 3 - - - - -
| |
I Lo zola 11 I - - 2 - - -
I |
| C. freundii [ - 1 i - - -
| 4 |
| K. pneumoniae i - - - - - 1
| l
| k. ozaenae { - - 3 - - -
| . |
| E. agglomer. s !
| aeroge ' i 15 8 1 3 2
| anaerogenic i 1 ! 8 6 5 5
1 l
{ E- aerogepes i - - - - - 7
P |
i E. cloacae i - 1 - 2 - 7
i l
{ E. hafnic. [ - 1 - 3 1 1
I | J
I 5. liguefaciens l - 1 - 1 12 BN
1 i *
| S. marcesgens [ - - - 1 - 1
| |
L A

25. Relationship ot lactose negative organisms and
IMViIC types W

82
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included 15 that were ++-- and 1o —+--. Most of the 1a@]_f

.

negative 5. llguefaciliens weibe - 4+,

Results for LST positive isolates were similar to t
lactose positive results, shown 1n Table 24. For LST

aegative cultur 5 the pattern was saimilar to that for
, b

Lectose negative 1solates, but there was a gyreater number of

E. ¢1l1 that were ++-- (16 1solat-s) o —-+-- 5 150lates).

The use of the elevaied temperature test at 44.5°C 1in
wkC broth, 1n assoclation with the i1M¥1C tests, e€liminated
the oryanisms that were not E. c¢oli 1n the type 1-(++--) and

type II (-+--) groups, and will be discuused in the

A following section.

F. Association of ENTEKOBACTERIACEAE with Elevategd

.
.

The elevated temperature tests in EC broth iegé“cérrie&
out™at 44.5 and 45.5°C. The association of different
organisms with the growth characteristicsrin EC broth at
44.5°C are shown 1: Table 26. The EC po*}tiye organisms at
44,5¢¢ were primarily E. c¢oli, however a>smaliApercentage.
(7.1%) of E. coli I were EC negative which would result in
false pegative results for 21 out of 296 1solates. There

vsre only 20 -+-- 1isolates, but of these, 55% were EC

‘ve\end 45% EC negative., If elevated temperature

(44.5°C) EC tests were used to ideptify faecal E. coli,
. . 2

false positives would result from §7>EQL$ IT (~+—-)7 X.
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Favle Joo Distribution ot . janlsms witf di1tterent growth

characteristics 1n EC broth a lhohoo
| S T e Y e |
i i EC at 44,590 i
{ ) Percent growing as: |
| | Positive Positive Negative |
| organism | 2U4h 48h 48h |
e s B |
| |
| E. coli I | 92. 2 4.1 2.9 i
| l |
I E. ¢ola 11 i 3.7 - 1.2 |
| | , |
| €. freundiy I - - 11,4 o
| | ' |
i K. pneumcniae ( (1.0) 14.3 11.0 |
| | ~
| K. ozaenae l - 14.3 2.7 v
| g 1
| E. agglomerans | |
i aerogenic | {1.0) 18.3 17.4 |
| anaeroyenic i - - = 10.1 i
. 4
| 1 p I
I-E. aerogenes A - b 2.0 I
l . = [ !
I E. clodcae ! (0.3) - 10.6 I
| i |
| E- hatpniae” t .0 - 3.3 |
I ‘ Rt 5 : l . |
| 5. liquefaciens I - - 21.6 |
i ' { ¥
{ Unidentifiable ( | 0.7 - 1.5 |
| | i
| Others . I - - 3.5 {
I ' A |
B e b —4— |
| Totals | 295 7 734
L & & e L] :
Numbers in brackets have one’ (0.3%) of- the cultures negative
at 45.59°¢ po R “ g

. Numbers underlined were negative at 45,50C

R

Tin
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i Colitora and ENTLROBACTEY] AU EAE Count s

The distiarbution of the colrtorm and Qg&g;gggggygi}ggg;
counts an these product:s wego Such, that they incloded
A
Samples that tell within the pPtoposed Canadyan g, couli
Standard (Pivnick, L, 197y, cxceeded the lower lim:t
ot 106G pog Jram, ag Aceeded the upper limi* ot SCO paer

Jiram. Laiked ditterences wepe noted betwoen product typos
however, the dabseinCe b Interaction cltects betweon product
ana plating media alloved the slynigicant ditference betweon

Medla to be cxaained trom this ANALyals.

According tuv Mosse, £t al. (19o.), and based Oon the
detinit:on of nggggggggggiggggg as glucose fermenting
organisas (Berg;y's Manual, 1974), the bile precirpitating
Coloni=s on Mossel's VRAE Redium shoul .l Ceprasent the
;ggggggggggggggggg count. iowever, some of the non-pnile
precipitating colonies »n VRBG vere Eptero acteriaceae. This
¥as confirmed by the re-plated 1solates. Althougr there was
a signiticant difterence at the 5% level, but not at the 1%
level, retween the total end bhile precipitatin; counts cn
VREG, there wa. loas “han a 2-fold difterence hetween tha

Beans of these counts. Many of the 3- isolatos (68.8% of 7¢

1sclates) were Zn erobacteriaceae; as a Lesul*, using *he

e recipitating VesG Count to represent the Enterobact-
I% ) 1%

£o~2. d€ would result 1n some false negatives, whereas using



Hy

the total VRBG <ount YOukd give some talse Positive roanlt s,
Howevet , the ditterences are pot dreat aad the total count
might bLe the Coanle it e drtterontiatyon betweorn low
Levels ot nile viedipitation and non-hyje Plecipitating
colonien 15 somotymes Hqur stronable, and this dit ticulty

vould be avoypded.

in comparison, the total count on VREA wa - statint-
leally samilar +o the by CTECIpItating coun' on VERG. The
total count on ViCBA, theretore, also estimy ey Enterobac
er1aceav. The - culuonies . VRBA were principally E.
agqglomerans ang S. lldggéég&gg§, however some Wwere atypical
colitorm-type Organisa: The bile preciprtating isolates
vere lactose fermenting organisas *hat included not only the
gen=rally recognised colitore organisas ( E- coli, E.

delodenes, E. ¢loacae, K. poeumor 1€, and Citrobacter spp.),

but also othner §gteroggcteriaceag not normally included with

tne "colifcra" bacter:a, such as L. agglomergans, E. hafniae,

B. ozaewnae and

ligus ciems. As a result, the

(97
.

classification of the organisas typically expected in tho
coliforam count (i,e. lactose fermenting Eggggobgggggg_gggg)
needs to be expanded to include the lactose fermenting
strains of the organisas listed above. 0On the other hand,
the bhile Frecipirtating count on VREA does not represent all

0of the 'coliforms" because of false Negative (atypical)

coliforms.

Sirce the - tal count on VREA estimates zoterobact-



an

ciliaceae and the bil.e Preciprtating count oot tmate:n, lactor.,
termenting bnterobacteriaceae, the use of the datters nr1al

\nx)untf) on VERA m1qght be preterred becausie they give mor.

tnformation than Monsel!'s VRBG medium.

In the MPN techinl que, the statistically signifircant
difteronces hetween thy counts did not represeont g lar i,
bractical difterence. There was onl Yy o4 d-toldl fafterenc
between the means of the completea (EMB) and the Prosumpt ive
(LST) counte. Nonw-(nr;lvsx, the LST count estimagte-; total
ggsgggggggggiggggg, ¥Wielreas the EMB count estimat es
"colitorm™ bacteria, and 1s the ©quivalent of the hila
precipitating count oA VEEA. Goeptert 1976) 1n his study of
the microbiclogy Ht raw yround beet follows idaijna ar!

Perry's (14943) proposal of using LST counts to esStimat.s

14}

coliforas. Many stubles have 1indicated that ‘aise L tive
are 1nclude¢ . in the LST count and the result:: of this study
corroborate this. The fact that the LST count wa: statist-
ically similar to the Loterobacgteriacea. (total VEFRA and
bile pPrecipitating VREG) counts, and Sstatistically different
trom the ccapleted col:fora (EMB) count, suggests either the
bccurrence of talse positives in LST or lnhiniticn causing

false negatives in BGB, and s hsequantly on ENvB.

.
-

in this study, 18% of lactose negative organisms in
Phenol ERad Lactose broth froducsd gas 1 LST. This night e
expectad because LST ;-omotes lactos. termentation by slow

‘tose fermenters and anaerogeni:> colifsrras (Mallman and
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-

arhy, lQul). However, (1. GLdanyamn Growyng HE I G A R I R P
Volatge numte g Bon typvo g “Colitorm o, thelmoang < om..
BN Y saglomeran: and S bl juetaciens, oyt 1.
MAJor 1ty ¢t theoe OIganyams do pot produce gas gy oo, L.
tyddvactans v nwl%um Pdentatied aL oan Mo O NU+ ycolate
Lroa BB, dorprte . tact tnat Soma i daqlomeran:, 15010t e
e platiag onto sMp Mere o shown o b oo gd Fraht Coloure
Dlonies witn g tarnt aotaly, .- Shes ooy Adglomerans ang 5.

ENS Vel On e v Prlimaryly as yyg- colonios on EMR,

figuetag

1=

el i -Cod G Epllgglgcturijcq@. To Nse the Lom

| -~

couLt s gkt or g Connt, fur theg Study of the types ot

olyan:. . Froducing a0 LST broty Yould be necensary,

The elovated teBperature test 1p oc broth 1s used to

indicate td}cal L. col: o1 E. coli type I. Sope WOILKers

o]

fecommend direct inoculation of tpe Reat homoygenate into EC
broth instead of 1noculation (1ndirect). frop the presumptive
coliform test., Tio Lesults ot *hig Study indicated that
there was g signiticant d;rference between the direct and
indirect B2tnods, in wnich the 1ndirect method gave resylts
i~toid sL€ater tnan the direct method. In relation to th-

FIOposed E. cola standard for groung beef (Pivnick et a

1.,
1975), this Lrepresents g rajor difference in the result, and
the Cecommendation o: the Health Protection 3ranch for this

test must pe Clearly specitied.

The elevated temperature. tegt B3y be carried oyt at

Cifferent temperatures. The BOosSt common temperatures ip use
\\



.

Yoy oatre die and 4ol hOr (Taatoher rand date,  Coan) . Falo
Pt i T ait Wels O served gt L4590, wherteasn talae
Negative Toesuits occulted at 5.5, ITncubation tor a5h oy,
opposed to Juh o owarss mole o amportant ot 465,459 than o at a4, H00,
The 1 {(J.68) faloe jonative:ss that grew ot 44,5 and 465,49

4

could be due o unusual hi1ochremrcal characteristics of theoe

Organisms, allowing them to grow at the o v lovated
temperatures, or o causlng them not to be o Coptatied an H.
coli. In additaon, 1V (- L0k ». colyr I. . clates (IMVe
type -+--) prodaced o clevated temperature. This |

contirms the observation tnat noth E. cola types I and T
can produce 4:5 under *these conliticns ot in:ubati.on
(Fishbein, 19%.; Fishbeln and sdrklewilco. 1Q@vd)y . E. col1r i
(IBY1C type #+¢--) 1s us i as the criteric: ot faecal
contamination by the .Janadian fHealth Protection %ranch. The

INV1C test, s 1ntended to foram the busis tor prosecut:ion in

terms O0f this standard.

Tne MEN technigu-~ outlined by the FHealth Proter-lon
Branch, used 1n conjunction with the IMViC tests, 1s
reliable for detecting taccal Z. colil 1in meats, with only 1
limited nusder of fa.se Legative results. But the MPN
technigjue 1S time -onsumxing, and while suitable for
requlatory purroses, 1t 1s totally unsatisfactory for
juality ccntrol purposes. Based on the correlation
coefficients betwean the EC counts and the other enumerating
or estimating tecaniguies used in thils stuly, none of trie

other tests were Capao.e of glving a relianle estimate of
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Lavoal Foocolie Tt v unlinely that a telrable, guirok
test could Lo obtyined becaune the biochemyoal chat aet -
clistacs ot n. Coli o are very  losely relatea to Qthoa

Enterobacteriacy ge (8¢t gey'  “ynual, vty

Avoa resualt, the une ot VEPA and direct or 1ndirect Fo
countsoat 45,59 may be Cconntdered an o toutine methols o

cotimate bEaterobacteriaceae, coliform bactert and faecal b.

¢oli. The deticicnciesn 1n this Froposal soaould be g parent
from the ronults ot this stady, none-the-loss thy
Lvcormendat1on 15 made because resalts would generally e
avelrlable 1n c4n (except tor gas neJative 20 tubes which
should booancupated tor 4 further 24h to include delayed jas

producer:s) .

Using VEFA anld the direct or indirect EC test Jives the

tollowing informaticn:

I1 the bile precipitating count (col:iform bacteria)

—_
.
-

han 1C00 per gram, then the sample will mods likely

[
g}
b
T
0n
0
ot

coli.!

ite
.

f1t witrirn the proposed standards of faecal

SR

<. If tne jas posit:ive tubes by ..rect EC at 45.5°C are

+

below SC por gram and not jieater than 250 p=r grlm the
Seaple v .11 preotably fall within the lower and upper faecal

i limits ot the proposed standard, respectively.

1 For 11 sal‘les with VEEA counts <1,000 per jram, 72.3i
vere <100 faecal E. colli per gram, 93.3% were <S5G0 per “am,
and orly 6.7% were >5)) per gram. Por 44 samples with VYREA
counts >1C0C0 per gram, 52.3% were <100 faecal L. colli per

gram, 77.3% were <50C per grae and 22.7% were >5C0 per gran.



! 4

Q4

*
v.o 0t tar gas o po taves tubes by andirect b uhH, e
Al below 100 per gram and not greateg than 00 per gLan
the sam;i- will protably tall within the lower and uo. 1
11t o1 “he proposed standard, respectavely.
N\
4. Tne tntai VEBA count could b+ usedl as an anlicator
ot santtaty nandling aud ;Lupux‘t.‘mpvratuxv control ot the

.

m-at .

The VEBA count must be cartied out at the specitied

eriaceae, non-bile precipitating colonies (B-) .on the
J
plates./lt 49,597 is selected for the EC tes®s, fewer tfalse

positive results vould occur, but false negatives would bpe

\
N

observed at ZJ4n. Exteaded incubation, for an additional Jd4h,
reduces the false negative results. Conversely, incubation
at 44.5°9C reauces the need for extended incubation but false

Fositive results will increase.

The us?/of E. coli as an irniicator of faecal
contaninqty6q of ground beef has been criticized Dby several
wvorkKers (ﬁilihl1975; Goeptert, 1976). They suggested that
contaminating E. gg};/QOUId come from the intestine or hide
of animals at slaughter. Furthermore, it 1s considered that
E. coli coculd enter the food indirectly, from equipment.
Goepfert (1376) claimed that E. coli thrive poth in and out

of the intestine. This contradicts the established premise

of vater tacteriologists that Z. coli do not survive well in
\



'.‘J;--
an untavouratly envirorwent. Loweve i, thele ocan Lo Lt l..
. A
dqoubt thyt p. coll survive and Jrow, «vgn at telatively low
teerperatures an grouand meats (Al-Delaray and sStiles, 1975) .

The purjpose of 1aeatitying E. Qell an toods 15 to 1nlicate

the por voality that 1ntestinal pathogens miaaght alsoH b
plesent. W, nuch, the presence of E. coll of taecal origin @

Jrrect o1 o anditect LUH(dIinflOHﬁ~COUL1\

lnoa tood, ry,
. AN

s

tnitcate that 1njestinai pathogens are also present.

« N\

MFossel ane co-workers (Buttiaux and Mossel, 1¢51; Drion
anl wossel, 1970 Mossel, 1347:Mossel ¢t al., 1962; Mossel

et al.,1763) p1o;8¢d he use of Enterobacteriacege as

1ndicators ot sanitation and hygiene in foods. Not many of

the other taecal Enterobacteriaceae referred to by Mossel,

such as Proteus spp. and Klebsjella spp. (IMVIC type ++44),

vere .dentified amony the isolat.s{ of this study.! However,

jetected 1n this study. E. ajglomerans +as previously
Ecwinis sip. of tane Herbicola-Lathyri oacteria. With its
description ry Ewing and Fife (1972), the orijin of this
organism 1s described as "frosm a wide variety of
environmental sources and froa ;arious xinds »f specimerns

from man and lower animals.”" It is described as an

"opportunist" organlisa - hat may cause human infections

! Suspected Saimonellae obtained from Selenite Cystine
enri:chment, streaked onto Bismuth Sulfite and 8rilliant
Green agars, that vere H S posit se and lactose negative on
TSI slants, were frequently shown to be Proteus spp.,
1indicating that they were present in low numbers.



cuspeclaily o othe debilitated o young. The pronence of P
d4yglepelaas 1hoa tood, theretore, tudicaten Lok ot
sanrta‘ieon and/or by jiene. On the ot her haad, s
11juetagieps 1 reported as heing tfound piimarily 1n fooa ,

and 1t tmplications 10« Yo oare not indicated (Swin. _t

al., 173y,

-he sanitary and hyjienic signiticance of th(»‘::w,\
studied 1t :

otner bEnterolacteriacedar, should be turther V)

ascertain the 1mportance ot the total VARBA count 1n
assessing sanitation and hygienic handling of ne!‘gt Thia 1s
particularly :eportant becaucse the co.iforms wvere Q . \

si1gnitficantly les. than Enterobacteriaceae in meats, and the

—_—e——————— e e

total VE&RA count might be a better parameter for use in )
N
quality control. For the reliable interpretation of the /

signiticance of -other Enterobacteriaceae in quality control, ~
more iatormation on the growth characteristics of these

organisms 15 reguired.

Ii. Classification_of cColiforn Bacteria

Lactose fermentation is used as a sCreening test for
coliform tacteria. However, atyp: I . liform (non-lactose
fermenters or anaerogenic) bacter. - .e observed in this

study. In th;e case of E,

10

oli I, there were not many
arypical strains (approximately 5% of 236 1solates). n
contrast, the Epteropacter spg. (cloacae and aerogenes)

usually considered as coliform bacteria had much larger



nusbers ot atyprcal stiaan:, (XA ot 9 L0 iaten) o Tacs v g
the ole basy: ot Clarsatylnd colitorm bacteryy fonglt - 1n
Ay organisa:s cxpected to be pncludea an the coliform
count, heang omitted. The us ot lacto e termontat ton a- the
Chaterien tor Ccolitorm bacteria became turthor complicated

>

by tue tact that o, ;;ggggggéggr [ EEN B ggiloncxdns AL e

)

[~

Viidable lactose tormenter: (Bwing and F.ofe g V372 Bwing .

A, 1Ty L

IMVIC test:. were established for subdividing colitora
bacteria intd grouyps. This Study revealed that the IMV1(C
Jrouping was specific for E. Coii, but not for other
coliform tacteria. The non-lactose fermenting Enterotact-

eriaceae, typed oy IMViC tests, were also found to be
distributed across all IMViC types. Because of this,
atypical coliforams cannot bpe classified by their IMvic
Leactibns. Furtnermore, the elevated teaperature test data
Usel 1n conjunction with the iMViC test data, refers only to
the IMVLC types #+4-~ or -+--, and most, or all, of thes.
vIjanisas are E. cola, especially 1f us.igc vas used as the
lncurating temperatur—, insteai of 44,.59C, A5 a Cesult, the
Classification screme proposed by the Coli-Aerogenes Sub-

cormittee (Beport, 1v56) 1is oniy useful for screening oat

ftny
.

coli typa I.

The Tcli-Azrogenes Sub-committee {xeport, 1956) al=so
pLOposed the use of jelatin liguefaction in the

classification of colifora bacteria. Gelatin liquefaction
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tudy o Thier use ot an ot bt taone ! e e lovt
Pojuetactton expant Che tent uoe 4 o1, Loty the
DR OE ML ta P o1 nc whete the oG] atee gt Wy
R O O L Alerolactor iy eae tae byt I S R

The Minitewn technigue cnatbileo poth CYL O rs e atv
Raterobactertacess ool te tion m amy e v
Llentafaefo Tae damit oo n ot other 1 lent it ot oo Lt

(Cnterotace vnd n/b Lytem) Wwaro o sbown 1n omett o TOVe [0 me

(e st) o Tov lomitation of o Entel oty ST ter ot Lo
Tholiten was aino sh owip when only U6 o TO3« nolat .o
from thes meagt Samples could pe r1denti o the moch.
Encise 11 system, without SUpplementaly tesnts,

The mOoudltied ™indte s System usec o thos study nabled

¢ turtaer 500 Ccultures t.o be 1denti: ied trcm the &2che

Encise 11 Lystea, indiaating tnat the modifie i Mipny® ok

techniyus was mor: "1Clent than Znterotule. Sacad 0n th
OveIali 2¢entltlcdTion dtd Lt 1 [ocommenic? tha* op
1ientafigation ot Bnterolacteriacea. ‘roz meats trn.

following tests 3n0uld b. carried ou-:

‘

1
1
—_
o")
\— i
L
¢
e

- Acid anl jas rrow glucose «¢n-”

[

<. Acic from aerabinose, cellibiose, iygle -.-

~

incsitol, rartiinose, THdRnNos~—, Ind a,_o1r.,
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Tho ™ot qpdg: teet,

Al Porhe e to ot v et the T30 dlant . anc “tilaty
feriit o v ATl out ousing Min:tea disose However, Che
Ll st o oxpertenced with Getection of gan o production
ttom Goiucose anl Lactose, the radetinzte colour chang. on
dlva Sreos! o ang thae Lack Ot acrecaent Petwoen results Hn - he
HooMInitek 1sc? coapared to HjS ploduction on TSI slant.,
Jaused onventicna o tua: medla Lo be used for these too- o 1
trhis stue, Although trne 251 slant 1 Caparle of giv1ng acic
ind ga ITOQ Jlususe, S0 aciy fiom lac;ose, in addrtion to
dos produtiion, the lacsy of acr bRtween TSI glucose
thlolact ise results and o the re : “ne conventional tuhe
teChLulgues [rozptel tnr yie of ¢nar tnbhe methods as
the Teference for +-nis stuly.

:—t:;;;;:;;t‘:;—rt?; Stddy, a new urea 2isc was ceveloped by
PRL Miniten t0 7ive 3 zore clearly iefinel colour Chanje 1in

this *togt,

¢ Sulsegquent . tnis Stady, a new E-5 130 was developed oy

"Rl MInltek to give ie;ioved perforaance in thi test.
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Lostatictically Sigaiticant it ference:s, wepo observe |
between the ditterent ggﬁgigggggggigg;Lg, coliform and N
Ccoll counts obtarned on th.. Jround meat .

e MoOrsel g Enterobacteriaceac medium  (VRBG) enumerate. |

Entetobacterlacear, howeve. opo ttyiieal Enterobacteriaciae

that failed to Prepicipitate the bile Salts were obsorve ! on

this medium.

3. The total count on Vi%A and the bile Precipitating count
on VYRBG were Statistical.y wimilar, and estimate the total

Enterobacteriacege count.

4. The bile Precipitating count on VEBA represents typical
coliform bacteria, hence using VEBA total and bile
precipitating councs glves more information than enumerating
Enterobgg;gg;ggggg on VRBG.

5. Although there was no Statistical difference between
¢

Colifores enumerated on VEBA and EMB, the organisas

comprising the counts were different. Hence the lack of

Statistical difference mi1ght be fortuitous.

6. The direct Flating techniques could not ba used to

estimate E. €oli counts.
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7. To contirm E. coll I, FCoat elevated temperature (45, 50¢)
should be used to screen E. €oli. VRBA and E¢C teots - S he
waed to give more rapid, leos laborioas ety o gt ance

Imniformat ron.

P

L.
He E. coll © was 1s50lated from most Samples 1n this study
and represented 29% of ¢ he 150lates. E. adqlomerans and s.
liquetacgiens were trequently 1solated and Fepresented 21 and
6% of the isolate, tespectively., However, the significanc.:

ot these organisms 1in ground meats is not known.
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APPENDTX A.

[dentitication

Cultures

S. typhimurium

Unknown
Unknown

K. pneuponiae

S. marcescens S.

! See addendum for probable identit

associated with

ldentification ot 10

Conventional
technigue

these I.D.

Systems

Known and 7 Unknown

ures using Differsnt
Enterotube Minitek
HoEncise 111 techni que

k3200
#36(0

P. mirabilis

£3020
2070
#2000
£2070

K. pneumoniae

Shigella

Shigella

Yy of organisas,
numbers in Encise IT.
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APPENDIX B, kesults tor Identitication ot ATCC Type Cultures

Identity ot cultures Moditied
Cultures Al B1 Minitek
K. puewsoniac #2425 #9407 K. pmevsenisn
K. ozaenae £.2007 #2403 K. ozaenae
K. rhinos¢leromatis #2000 #2000 K. rhinoscleromatis
E. ¢col1 ¥l620 ¥3630 E. coli
C. freundii 2001 2122 C. freundii
C. intermedius $3021 #3101 C. intermedius
S. cholerag-suis ¥2001 #3213 S. cholerae-suis
S. typhimurium - #3001 $3701 S- typhimpurium
S. tlexneri : #2000 #2000 Unidentifiable
P. vulgaris 12105 2147  P. vulgaris
P. morganjii $2001 #.207  P. mirabilis
E. tarda #2600 #3740 E. tarda
S. margescens #2601 $2603 S. gég_g§ggg_
E. cloacae $3.21 #3221 E. cloacae
E. aerogenes #3601 ' #3621  E. gerogenes
H. alvei
37°C ¥2600 #3600 E. agerogenes
30°cC $2601 #3602 E. aerogenes
P. imconstans A~
37°C #2005 #2000  P. incopstans A
3cec £2005 #2006  P. inconstans
X. gg&éggggizzzgg #2201 #2343  shigella or
Y. enterocolitica
1 A = Enterot be result from Enterobacteriacess laberatory,

University of Alberta, Edmonton. The nuabers are the
identity number from the Roche Encise II (see Addendur).

B = Enterotube result from researcher's laboratory. The
numbers are the identity number from the Roche Encise II
(see Addendun). '
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Appendices A and B: Addendunm

Encise 11 Organism(s) Reaction

Identity # score

2000 1dentity not well defined

2005 Anaerogenic E. adgglomerans 0.499949
P. vuygaris 0.€001

2000 Anaerogenic E. agglomerans 0.8860
P. rettygera , 0.0822
P. vulyaris 0.0318

2007 Anaerogyenic E. agglomerans 0.5103
P. rettqgeri 0.4887
P. vulgaris 0.0010

2020 identity not well defined

2021 S. rubidaea 0.6699
Anaerogenic E. agglomerans 0.2729
K. ozaenae 0.0555
C. freundii 0.0016

2040 identity not well defined

2060 identity not well defined

2070 Alkalescens Dispar 0.9861
Escherichia 0.0139
€. freundii 0.0001

<105 : P. vulgaris 1.0000

2122 C. freundii- ' 1.0000

2147 P. vulgaris 1.0000

2201 identity not well defined

2207 P. mirabilis 1.0000

2343 €. freundii 1.0000

2403 K. ozaenae 0.9989
E. aerogenes 0.0011.

2425 unidentifiable

2600 identity not well defined

2601 identity not well defined



603

26 0

3020
3021

3060

31071

3200

3213

3241

3240

3311

3423

3427
3600
+ 3601

3602

ra

RaAlCCesCcens

S. liguefaciens
K. ozaenae

E. aerogenes

E. aerogenes

S. liquefaciens
K. ozaenae
Escherichda

identity not well defined
identity not well defined

Escherachia

Aerogenic I. agglomerans
C. freundii

. freundii

almonella spp.

2S *ve Escherichia

d

E. cloacae
C. freundii

o of
nNo
[92]
+
<
1]
3]
7}
Q
o
o
r
[y
Q
j= g
>
fol)

" to
=
o

fe I i
[ ]
@]
1]
=]
I

v
[
'-’

10
[

1=

|(‘D

unidentifiable
identity not well defined

identity not well defined

1dentity not well defined

0.9451
0.0516
0.0020
0.0013

08166
0.290.
0.1817
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0.5436
0.4558
0.0006

0.99006
0.0094
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. 0.0001

0.9615
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3630

3701

3740

L. derogenes
S. liguefaciens
E. hafniae

K. ozaenae

E. aerogenes

tlentity not
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Do 8564
0.08613
0.0317
0.0006

0.7494
0. 2506

0.98:1
0.0179



