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\,\) CHAPTER 8. ISOLATION AND IDENTIFICATION OF LISTERIA

MONOCYTOGENES FROM MEAT, POULTRY AND EGG PRODUCTS

Jennifer L. Johnson

8.1 Introduction

Listeria monocytogenes is a common bacterial contaminant of raw
foods, including raw meats and poultry. The organism is also
capable of causing serious illness in the immunocompromised,
pregnant women, and the elderly.

One of a closely-related group of Listeria species,

L. monocytogenes is the only species found in ready-to-eat meat and
poultry products of concern to FSIS. Recovery of the low levels of
L. monocytogenes found in meat and poultry products involves
several enrichment broths and one or more kinds of selective
plating media. This protocol incorporates several changes made
during 1994 in order to improve the isolation and recovery of L.
monocytogenes from meat and poultry products which are often
contaminated with other Listeria spp.

The main differences between this protocol and Laboratory
Communication No. 57 are the incubation of Fraser broth for 48 h

and streaking of all Fraser broth cultures (regardless of
N/ darkening) onto Modified Oxford (MOX) agar in this protocol. ALL
Fraser broth-enrichment cultures are streaked onto MOX after 24 h.
If no typical colonies are present (after 24 h incubation) on the
MOX plate streaked from the 24 h culture, then the 48 h Fraser
broth enrichment culture is also streaked onto MOX. In addition,
a new method for selecting MOX colonies and optional miniaturized
identification systems are described. The new selection method for
MOX colonies will increase the number of isolates which are
streaked to Horse Blood Overlay (HL) agar. This increases the
likelihood of recovering L. monocytogenes from samples which may
contain a mixture of Listeria species.

The vast amount of knowledge on L. monocytogenes which has been
accumulated since the mid-1980s has raised new questions about
exactly what constitutes a "typical®" isolate of L. monocytogenes.
It is known that certain phenotypic traits once considered to be
characteristic of L. monocytogenes (e.g. pf-hemolysis, rhamnose
fermentation) may be absent or variably-expressed in organisms
which are genotypically L. monocytogenes. However studies indicate
that phenotypically-atypical strains of L. monocytogenes have also
been recovered from meat and poultry products.

Phenotypic characterization of any Listeria isolate must be done
with the knowledge that an isolate may not exactly fit the expected
) pattern of phenotypic characteristics. Given the current state of
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technology and the availability of rapid nucleic acid probe tests
for L. monocytogenes, it would seem prudent to retain
phenotypically-atypical isolates and send them to a laboratory for
genetic testing.

NOTE: This chapter supersedes L.C. 57 and all related memoranda.
This protocol should not be abbreviated or conducted in any manner
other than that detailed here.

8.2 Equipment

a. Balance capable of weighing to 0.1 g

b. Sterile supplies: chisels, knives, scissors, spatulas,
forceps, pipettes (1 ml), bent glass rods (hockey sticks)

c. Sterile disposable/reusable dishes, pans or trays for
cutting samples

d. Stomacher™ (model 400 by Tekmar, or comparable model),
sterile plastic bags (with twist-ties or self-sealing)
OR blade-type blender, sterile cutting assemblies and
blender jars

e. Incubator, 30 + 1°C

£. Incubator, 35  1°C

g. Incubator, 20 or 25 + 1°C

h. Vortex mixer

i. Phase-contrast microscope (40X and 100X objectives),
glass microscope slides and cover slips, immersion oil

j. Platinum inoculating needle and loop

k. Grease pencil or waterproof marker

1. Fluorescent desk lamp

8.21 Reagents

The list of reagents provided below has been divided into two
sections. The first section lists "critical reagents" necessary
for confirmation of L. monocytogenes. The second section lists
"supplemental reagents" which may be needed when an analyst is
uncertain as to whether Listeria or another genus has been
isolated. The supplemental tests may also be used to identify
Listeria species other than L. monocytogenes if the exact identity
of an isolate is required.

a. Critical reagents

i. Hydrogen peroxide (3% solution)

ii. B-lysin disecs (#21-120, Remel, Lenexa, KS or
equivalent). These discs are convenient and their
use precludes possible difficulties caused by the
use of live hemolytic cultures of Staphylococcus
aureus and Rhodococcus equi. If these discs are
not available, the conventional CAMP test can be
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performed with CAMP-test cultures (S. aureus ATCC
25923 or ATCC 49444, and R. equi ATCC 6939).

b. Supplemental reagents

i. Gram stain reagents

ii. Nitrate reduction reagents (available commercially)

iii. MR-VP reagents (available commercially in strip or
disc format)

iv. Polyvalent Listeria antiserum (Difco), types 1 and
4, [Note: this antisera is not specific for L.
monocytogenes and will react with several other
Listeria spp.l] '

8.22 Media

The 1list of media provided below has been divided into two
sections. The first section lists "critical media" necessary for
the isolation and confirmation of L. monocytogenes. The second
section lists "supplemental media" which may be needed when an
analyst is uncertain as to whether Listeria or another genus has
been isolated, or when exact speciation of a non-L. monocytogenes
isolate is desired.

a. Critical media

i. Modified UVM broth (UVM)

ii. Fraser broth (with Ferric Ammonium Citrate added)
iii. Modified Oxford (MOX) agar

iv. Horse blood overlay agar (HL)

v. Trypticase soy agar with 5% sheep blood (CAMP test

agar)

vi. Phenol red carbohydrate fermentation broth

vii. Phenol red broth containing 0.5% rhamnose
viii. Phenol red broth containing 0.5% xylose

ix. Phenol red broth containing 1% mannitol

x. Bacto motility test medium (DIFCO)

xi. Brain heart infusion (BHI) broth

xii. BHI agar slants
xiii. Trypticase Soy Agar-Yeast Extract (TSA-YE)

b. Supplemental media

i. Nitrate broth

ii. MR-VP broth

iii. Oxidation/fermentation medium (O/F) with 1% glucose
iv. Bile esculin agar slants
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8.3 1Isolation Procedures

a.

b.

This procedure may be used for meat, poultry, liquid, or
dried egg products. Frozen meat and poultry products
should be cultured while still in the frozen state.
Frozen egg samples should be thawed and mixed prior to
sampling in order to obtain a more homogeneous sample.

A schematic of the method is presented in Fig. 1.

8.31 Enrichment and Plating

a.

Add 225 ml of UVM broth to a 25 g or a 25 ml sample.
Stomach or blend for 2 minutes. If blended, transfer the
homogenized material to a suitable sterile container (a
stomached sample may be left in the stomacher bag) and
incubated at 30°C for 22 + 2 h.

For secondary enrichment, transfer 0.1 ml of the UVM
enrichment culture to a tube (10 ml) of Fraser broth.
Incubate all tubes at 35°C for 27 + 1 h.

STREAK ALL 27 + 1 h Fraser broth enrichment cultures
(REGARDLESS of color) onto MOX agar plates. After all of
the Fraser broth enrichment cultures have been streaked
to MOX, reincubate them at 35°C for an additional

22 + 2 h.

Incubate MOX plates at 35°C for 24-48 h. After 24 h of
incubation, examine the plate for distinctive 1-2 mm
round colonies surrounded by zones of esculin hydrolysis.

If there are no colonies having this morphology on the
MOX agar plate, then streak a second MOX plate from the
48 h Fraser broth enrichment culture’. Reincubate the
MOX plate from the previous day for another 24 h, and
incubate the newly-streaked MOX plate at 35°C for

24-48 h.

If colonies display a morphology similar to that
described above (8.31 d), proceed to the next step or, if
the colonies are very small, reincubate the MOX agar
plates at 35°C for an additional 20 + 4 h.

*‘NOTE: When testing samples suspected of involvement in
foodborne illnesses, streak from ALL Fraser broth cultures
(after BOTH 24 and 48 h of incubation) onto MOX agar.
Incubate ALL plates for 48 h, reading after both 24 and

48 h.
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8.32 Colony Selection and Restreaking

8.33

8.4

a. Restreak onto MOX all suspect isolates recovered from MOX
agar to ensure purity before any confirmational testing
is donme.

b. Select a group of typical colonies on each suspect MOX

agar plate. Gently run a platinum inoculating loop
across 5-20 of these colonies and streak for isolation on
a Horse Blood Overlay agar (HL) plate. HL plates are
very thin and easily gouged.

c. Perform this procedure for each MOX plate containing
suspect colonies. Incubate HL plates for 19 + 3 h at
35°cC.

Examination of HL Plates for Hemolysis

a. Examine each HL plate by holding it at a right angle
under a fluorescent lamp, and viewing the bottom of the
plate. Select only translucent colonies, 1-2 mm in
diameter, with a narrow zone of f-hemolysis surrounding
the colony and complete clearing of the blood underneath
the colony. :

b. Confirmation of at least 2 such colonies from an HL plate
is recommended.

NOTE: Some L. monocytogenes isolates may be only faintly
B-hemolytic on HL. If the analyst is in any doubt about the
existence of pB-hemolysis, the isolate should be carried
forward and analyzed by the CAMP test (or, optionally, a
Listeria Identification System). The colony may be lifted
from the agar before determining hemolysis, but the analyst
should realize that, apart from L. monocytogenes, some strains
of L. innocua may also give contact hemolysis (Skalka et al.,
1983).

Identification and Confirmation Procedures

a. The USDA enrichment and plating procedure will recover
not only L. monocytogenes but other Listeria spp. as
well. Since current FSIS regulations are only concerned
with L. monocytogenes, it 1is imperative that any
recovered Listeria isolates be accurately speciated.
This section of the protocol again lists "critical tests
(Section 8.41, below) for L. monocytogenes" separately
from "supplemental tests" (Section 8.42). The "critical
‘tests" MUST be done in order to confirm L. monocytogenes.
The "supplemental tests" are optional, and provide
additional information to analysts unfamiliar with the
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characterization and speciation of Listeria.-

As an alternative to the critical and/or supplemental
confirmation tests, the analyst may elect to use one of
two miniaturized Listeria identification systems which
are used in FSIS laboratories; these commercially-
available systems are described in Section 8.43.
Isolates which are identified by either of these systems
must also be tested for catalase production and motility
(Section 8.41).

8.41 Critical Tests for Confirming L. monocytogenes (see Fig. 2):

ae.

Motility testing

Well-isolated presumptive Listeria colonies which are
B-hemolytic on HL agar are picked singly to separate
tubes of BHI broth; two to five isolates should be
selected. A tube of motility test medium may be

-inoculated using the same needle as for the BHI broth.

Incubate the motility medium and the BHI broth cultures
at 20-25°C. After 16-18 h incubation, examine a
wet-mount preparation of the BHI culture for tumbling
motility wusing the 40X or 100X objective of a
Phase-contrast microscope. [If the BHI culture appears
to contain more than one type of cell, streak it out on
an HL plate, incubate the HL plate for 19 + 3 h at 35°C.
Select one isolated colony, inoculate it into BHI broth,
and proceed with testing.] Examine the motility medium
tubes after > 48 h incubation. Umbrella-like growth is
typical of L. monocytogenes.

Catalase test

Inoculate a BHI slant, incubate at 35°C for 20 + 2 h.
Test a loopful of cellular growth for catalase production
using 3% H,0,. Gas bubble formation indicates a positive
test.

Further identification

Proceed with further identification only if the culture
is catalase positive, has typical tumbling motility and
appears to be a pure culture when examined by phase
contrast microscopy. Growth from the BHI broth or slant
culture may be used to inoculate further biochemical
tests.
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Rhamnose, xylose, and mannitol tests

Inoculate one tube each of rhamnose, xylose, and mannitol
broth. Incubate at 35°C for 1-7 days, examining after
1,2,3, and 7 days.

Modified CAMP test

A modified CAMP test using a commercially available g-
lysin disc is recommended because of difficulties
encountered with CAMP tests using live cultures of
Staphylococcus aureus and/or Rhodococcus equi. The disc
is sterile and has no B-hemolytic activity of its own to
obscure the CAMP reaction. Use of the f-lysin disc also
avoids interpretation difficulties caused by reactions
between R. equi and some strains of L. monocytogenes.

Aseptically remove a disc and place it in the center of
a (8 ml) TSA sheep blood plate. Four to eight isolates
may be tested on a single plate by streaking as radiating
lines which nearly touch the disc. Incubate at 35°C,
examining the plate after both 24 and 48 h. L.
monocytogenes will give a very strong arrowhead-shaped
enhanced g-hemolytic 2zone near the disc while L.
seeligeri will give a weaker reaction.

Alternate CAMP test

If the § lysin disc is not available, streak weakly B-
hemolytic S. aureus ATCC 4944 (or ATCC 25923) and R. equi
ATCC 6939 vertically in parallel steak lines on a TSA
sheep blood plate, leaving sufficient space between the
vertical streaks so that test isolates may be streaked
horizontally between them without touching them.
Incubate at 35°C, examining the plate after both 24 and
48 h.

8.42 Supplemental Tests for Atypical Isolates

a.

Introduction

These tests are recommended for atypical isolates or for
use by analysts inexperienced in L. monocytogenes
characterization. One or more of the following tests may
be performed:

Gram staining

Smear a loopful of the BHI culture onto a slide and
perform a Gram stain.
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Biochemical tests

i. Bile esculin agar - Incubate at 35°C for 48 h.
ii. MR-VP medium - Incubate at 35°C for 48 h.
iii. Glucose O/F medium - Incubate at 35°C for 48 h.
iv. Nitrate broth - Incubate at 35°C for 48 h.

Serology

i. Organisms identified as L. monocytogenes may be
tested using polyvalent somatic antiserum against
L. monocytogenes.

ii. Commercially available antisera (Difco, Detroit, MI
or equivalent) will react with serotype 1 and 4

Listeria spp., including some strains of L.

monocytogenes, L. innocua, and L. seeligeri. Use
of this antisera is not considered a definitive
test for L. monocytogenes due to reactivity with
Listeria spp. other than L. monocytogenes and to a
limited serological spectrum (e.g. it does not
react with serovar 03 - a common serovar of L.
monocytogenes found on meat and poultry).

iii. Exact serological characterization of L.
monocytogenes isolates requires access to a battery
of specific typing antisera.

8.43 Alternative Biochemical Tests

a.

Introduction

There are at least two miniaturized biochemical test
strips available commercially for the identification of
L. monocytogenes. Any other equivalent test systems may
be substituted for either of them. Use of any such test
strip is optional for confirmation of catalase-positive
isolates with typical Listeria-like motility.

api® LISTERIA Identification System (BioMérieux-Vitek).
If the api® Listeria system is used, the CAMP test is
optional since the strip contains an alternative test for
differentiating between L. monocytogenes and L. innocua.
i. Following step 8.33, select at least 2 colonies
exhibiting B-hemolysis, and streak each isolate
onto an HL plate that has been divided in half; (do
not divide a plate into more than 2 sectioms).
Incubate the HL plate(s) at 35°C for 24 h.
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ii. Using growth from the fresh HL culture, prepare
inoculum for the api® strip as directed in the
manufacturer’s instructions.

iii. On the data sheet, record the type of hemolytic
reaction visible on the HL plate used for inoculum
preparation.

iv. Incubate the inoculated identification strip at
35°C. After 20 + 2 h incubation, read the
reactions on the strip as directed in the
manufacturer’s instructions.

c. Micro-ID Listeria identification test strips (Organon
Teknika Corp.). If the Micro-ID strip is used, the CAMP
test MUST be done since the strip itself cannot
differentiate between L. monocytogenes and L. innocua.
The manufacturer’s directions must be followed in
performing this test starting with 8.43 c, i (below).
i. Following step 8.33, select at least 2 colonies
exhibiting pf-hemolysis, and streak each isolate
onto a TSA-YE plate that has been divided in half;
(do not divide a plate into more than 2 sectiomns).
Incubate the TSA-YE plate(s) at 30°C for 24 h or
until growth is satisfactory.

-
H.

Using growth from the fresh TSA-YE culture, prepare
inoculum for the Micro-ID strip as directed in the
manufacturer’s instructions. Incubate the
inoculated identification strip at 35°C. Perform
the CAMP test as described in Section 8.41 e, using
the same inoculum as for the Micro-ID strip.

iii. After 24 h of incubation, read the reactions on the

' strip as directed in the manufacturer’s
instructions. Read the CAMP test reaction and
record the results on the Micro-ID data sheet.

8.44 Characteristics of L. monocytogenes

L. monocytogenes is a catalase-positive coccobacillus which
exhibits tumbling motility when grown at 20-25°C. It is usually
B-hemolytic on HL agar, and gives a positive CAMP reaction to the
Staphylococcus aureus factor on sheep blood agar. L. monocytogenes
usually ferments rhamnose, and is incapable of fermenting mannitol
and xylose or reducing nitrate. Like other members of the genus
Listeria, it 1is Gram positive, oxidase mnegative, MR and VP
positive, bile esculin positive, fermentative with respect to
glucose, and does not form spores. Table 1 presents information on
the characterization of L. monocytogenes.
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8.5 Optional Procedures for Obtaining Quantitative Estimations of
L. monocytogenes (in cfu/g of Meat or Poultry)

Introduction

Certain circumstances, such as products suspected of
containing large numbers of L. monocytogenes or baseline
surveys may require quantitative information in addition

to a

standard qualitative determination.

Direct Plating

i.

He
He

-
P
H-
.

Most

iii.

Direct plating usually is done on sample reserves
following a confirmed qualitative test.

The sample is added to UVM broth and homogenized as
described in Section 8.31 a, then a 0.1 or a 0.2 ml
quantity of the sample homogenate is spread-plated
onto a MOX plate.

The MOX plates are incubated as described in
Section 8.31 d; typical L. monocytogenes-like
colonies are individually picked to HL and
confirmed (Section 8.4). Then, for example, if 0.1
ml was plated and all isolates confirmed as L.
monocytogenes, the cfu of L. monocytogenes/g of
meat would be equal to the number of confirmed L.
monocytogenes colonies X 100. If 0.2 ml was plated
and all isolates confirmed as L. monocytogenes, the
cfu of L. monocytogenes/g of meat would be equal to
the number of confirmed L. monocytogenes colonies X
50.

Probable Numbers (MPN) Determination

Samples containing fewer than 100 target
microorganisms per gram are difficult to quantitate
by standard plating techniques. It has been shown
(Ziegler and Halvorson, 1935) that the MPN
technique provided higher counts on such samples
than direct plating.

The general procedure would use three consecutive
dilutions, in triplicate, ranging from 0.1 ml of
sample extract/wash to 10 ml.

All sample aliquots would be enriched in UVM and
then follow the Isolation Procedures starting with
Section 8.31 b. Use standard MPN tables for
determining the MPN estimate. Specific protocols
may differ, when this occurs, £follow the MPN
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instructions given in the specific program
protocol.

8.51 Optional Procedures for Obtaining Accelerated Results and for
Accommodating Weekend Work

Introduction

These procedures do not replace the methods given in
Section 8.31 and should be used with discretion. The
only purpose is to possibly accelerate recovery of L.
monocytogenes by earlier plating. The steps given in
this section do not in anyway eliminate the enrichment
steps presented in Section 8.31 a, b and c until one or
more colonies are isolated and identified from the MOX
plate streaked in this method.

This section also presents a plan for starting on
different days in order to maximize the use of laboratory
time.

Accelerated isolation

i. In order to accelerate the isolation of L.
monocytogenes from samples suspected of containing
L. monocytogenes, the UVM enrichment culture may be
plated onto MOX agar (see Fig. 1).

ii. Sample treatment is as described in the standard
method (Section 8.31 a-d4d). The UVM enrichment
culture is then streaked onto a MOX plate.

iii. Even if the UVM culture is streaked onto MOX, a
portion must still be transferred into Fraser broth
and processed as per the standard qualitative
method (Section 8.31 b).

Multiple start days

i. It is recognized that analyses may begin on any
weekday, meaning that they may not be completed
within a standard work week.

ii. In the current recovery protocol, the only step
which MUST be carried out at the specified time
interval is transferring 0.1 ml of UVM enrichment
broth culture to Fraser broth after 20-24 h
incubation. Fraser broth enrichment cultures, MOX
cultures, and HL cultures may all be incubated at
25°C over the weekend, and analysis continued on
Monday.
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iii. The use of programmable incubators (with
refrigeration capabilities) is also recommended in
order to minimize weekend work. If the optional
miniaturized identification systems are wused,
however, it is important that the time intervals
specified in the manufacturer’s instructions are
observed.

8.6 Method Quality Control Procedures

a.

It is recommended that a minimum of three method controls
be analyzed whenever meat or poultry products are being
examined for the presence of L. monocytogenes. These
controls are: L. monocytogenes ATCC 19111 or NCTC 7973;
L. innocua ATCC 33090; and an uninoculated media control.

Prepare control cultures of L. monocytogenes and L.
innocua by inoculating a tube of BHI broth and incubating
at 35°C for 18 h. In order to provide ca. 30-300 cfu
listeriae, it will be necessary to prepare a 10°°
dilution of each of the cultures. For the L.
monocytogenes control, add 0.1 ml of the 10™° dilution of
the L. monocytogenes culture to a labelled tube
containing 50 ml UVM broth; repeat the procedure to
prepare the L. innocua control. Prepare an uninoculated
media control consisting of 50 ml UVM broth in a sterile
tube. Incubate the three media controls along with the
samples, and analyze them in the same manner as the
samples. Confirm at least one isolate recovered £from
each positive control and investigate the source of any
colonies on the negative control.

Storage of L. monocytogenes Cultures

a. For short-term storage of several months, L.
monocytogenes cultures may be maintained in the motility
test medium at 4°C.

b. For extended storage, the organism may be grown on BHI
agar plates, the growth scraped off the agar and
suspended in sterile fetal calf serum (of the type
commonly used for tissue culture), and stored at < -60°C.

Precautions

a. Listeria monocytogenes is a highly virulent microorganism

causing a high mortality rate. Strict adherence must be
given to good and safe laboratory practices when working
with this microorganism.
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b. Isolation and identification steps should be done in an
area isolated from general laboratory work.

c. Pregnant women and immunocompromised personnel should be
prohibited from entering the L. monocytogenes work area.
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Table 1. Characteristics diffentiating L. monocytogenes from other m
Listeria spp. which may be recovered from meat and

poultry *P®
Organism S-Hemolysis CAMP Test L-Rhamnose D-Xylose
on HL (t°)°
L. monocytogenes +¢ + -
L. innocua - - A D -
L. seeligeri + + - +
L. welshimeri - - D R
L. ivanovii + - - +
—

a Adapted from Bergey’s Manual of Systematic Bacteriology
(1986)

b Standard Symbols: + indicates 90% or more of strains are
positive; - indicates 90% or more of strains are
negative; D indicates 11-89% of the strains are positive.

¢ Reaction with either the g-lysin disc (Remel) or S.
aureus ATCC 25923. m

d Not all strains of L. monocytogenes exhibit @-hemolysis

{(e.g. the type strain, ATCC 15313, is nonhemolytic on
horse, sheep, and bovine blood).
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Figure 1. Isolation scheme for L. monocytogenes, including standard
procedure and optional additional procedures

25 g Meat

I
+ 225 ml UM
Stomach or Blend
for 2 minutes

I-_-(OI;M::i.c:nal) Incubate 30°C
Direct Plating for 20-24 h
Enumeration

|
0.1 or 0.2 ml onto MOX

I-_—(Optzi.t::»nal) Transfer 0.1 ml to
To obtain accelerated 10 ml Fraser broth
results

|
Streak onto MOX

Proceed with
confirmation

Incubate 35°C
26-28 h

Streak onto MOX
Incubate plate at 35°C
24 to 28 h

Reincubate Fraser broth
at 35°C for another 24 h

Examine MOX plate from previous day
for "typical®" L. monocytogenes
like colonies

1
COlonieslpr?sent Colonies absent
Proceed with Streak frém 48 h Fraser
identification broth onto MOX
Incubate
35°C
24-28 h

Examine MOX plate
for "typical" colonies
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Figure 2. Screening and Identification Scheme for L. monocytogemes _

MOX AGAR
TYPICAL-LOOKING COLONIES
(rounded 1 mm colonies surrounded by black zone)

Run an inoculating needle
across 5-20 typical colonies
on MOX and streak onto HL.
Incubate 35°C, 16-22 h

HL AGAR
TRANSLUCENT S-HEMOLYTIC COLONIES

Inoculate at least 2 colonies into®
1

I 1
BHI broth Motility medium BHI slant
Incubate Incubate Incubate
20-25°C 20-25°C 35°C
16-18 h 48 h 18-24 h -
Tumbling Umbrella-like Test a loopful of
short rods growth cells with H,0,

Positive catalase
reaction

ISOLATES WHICH EXHIBIT THE ABOVE REACTIONS ARE
presumptive Listeria monocytogenes

PROCEED WITH BIOCHEMICAL CONFIRMATION TESTING
BY ONE OF THE FOLLOWING METHODS

Inoculate Inoculate Inoculate
Rha*nose HL piate TSA-YE p{ate
Xylose Incubate Incubate
Mannitol 35°C, 24 h 30°C, 24 h
CAMP plate

Inoculate optional Inoculate optional
Optional . API Identification Micro-ID strip
Supplemental strip AND CAMP plate
Tests

° It is recommended that the tumbling motility determination be done because it

will allow a wvisual check for culture purity. The umbrella-motility
determination should be done by laboratories lacking a phase microscope; this
test can also be done if the tumbling motility determination did not give
clear results.
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