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We compared the cold enrichment (CE) and U.S. Department of Agriculture (USDA) methods for isolating
Listeria monocytogenes by examining 402 food samples. The food samples were collected from refrigerators of
listeriosis patients as part of a multistate active surveillance project to determine the role of foods in sporadic
listeriosis in the United States. 4. monocytogenes was isolated from 51 food samples (13%). The USDA method
was significantly better (P < 0.001) than the CE method. The isolation efficiencies of the USDA and CE methods
were 96 and 59%, respectively. Quantitation of L. monocytogenes in the food samples revealed that many food
samples containing <0.3 CFU/g were negative as determined by the CE method but positive as determined by
the USDA method.

Listeria monocytogenes is an important pathogen that is
found in a variety of foods. Four major outbreaks of listeri-
osis in the 1980s were linked to the consumption of cole
slaw, milk, and cheese (5, 14, 28, 32). Listeriosis may also
occur sporadically, although the sources of infection in
sporadic listeriosis are largely unknown. We estimate that
the incidence of sporadic, culture-confirmed listeriosis is 7
cases per 106 people or a projected 1,700 cases with more
than 400 deaths annually in the United States (15). The
Meningitis and Special Pathogens Branch of the Centers for
Disease Control initiated active surveillance in 1988 in five
areas of the country to identify cases of human listeriosis and
to determine the role of foods in this disease.

L. monocytogenes is difficult to isolate from specimens
such as foods, which may contain other organisms. Cold
enrichment (CE) has long been the standard isolation proce-
dure used for examining nonsterile specimens (17). Re-
cently, however, other isolation methods have been devel-
oped, including the U.S. Department of Agriculture (USDA)
method (30), the Food and Drug Administration (FDA)
method (29), and a method developed in The Netherlands by
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van Netten et al. (35); these relatively rapid methods are
widely used for quality control in the food industry.

In 1986 we compared the original FDA method, in which
modified McBride medium is used, with the CE method and
found that the FDA method as originally described was
unsatisfactory (1). Other investigators (24, 25) have com-
pared the CE and USDA methods. However, because the
sample sizes used by these workers were small and L.
monocytogenes was isolated only rarely, a meaningful com-
parative analysis of the data could not be made. During our
active surveillance for sporadic listeriosis, we compared the
CE and USDA methods for isolating L. monocytogenes by
examining a large number of naturally contaminated food
samples.

MATERIALS AND METHODS

Food samples. The food samples were collected from the
refrigerators of patients with listeriosis within 1 week of
detection of illness. The food samples were placed in Whirl-
Pak bags and shipped by air either on ice or frozen; they
arrived in Atlanta, Ga., within 24 h. The samples were
analyzed as soon as possible, usually within 5 days. If
necessary, they were stored frozen or refrigerated until they
were analyzed.
Sample preparation and direct plating. Food samples were

homogenized 1:1 in 0.1% peptone at room temperature in a
Stomacher instrument (Tekmar Co., Cincinnati, Ohio) or in
an Osterizer blender (Oster, Milwaukee, Wis.). A 0.1-ml
portion of each homogenate was plated directly onto lithium
chloride-phenylethanol-moxalactam (LPM) agar (27). Por-
tions (50 ml) of the homogenate were used for each selective
enrichment procedure. The remainder of the homogenate
was stored at -70°C after glycerol was added to a final
concentration of 10%. The frozen homogenate was used for
quantitation of L. monocytogenes as described below.
CE method. We used the CE method developed by the

Epidemic Investigations Laboratory, Meningitis and Special
Pathogens Branch, Division of Bacterial Diseases, Centers
for Disease Control (21). Briefly, 50 ml of a food homogenate
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was enriched in 450 ml of Oxoid nutrient broth no. 2
(Unipath Co., Columbia, Md.) at 4°C for 8 weeks. After 1, 4,
and 8 weeks 1-ml aliquots of the CE broth were subcultured
in 9-ml portions of a selective broth (Oxoid nutrient broth
no. 2 supplemented with 100 ,ug of nalidixic acid per ml and
3.75% potassium thiocyanate) for 24 h at 35°C before the
preparations were plated onto LPM agar and acriflavine-
ceftazidime (AC) agar (4).
USDA method. We used a modified version of the USDA

method developed by McClain and Lee (30). This method, as
modified by Lee, omitted the KOH treatment of enrichment
broths before plating (26). The food homogenate (50 ml) was
enriched in 450 ml of USDA selective enrichment broth at
30°C (primary enrichment). After 24 h, 0.1 ml of the selective
enrichment culture was plated onto LPM agar and 0.1 ml
was transferred to 10 ml of USDA secondary enrichment
broth. This secondary enrichment broth was incubated for
24 h at 30°C before the preparation was plated onto LPM
agar.

Isolation, identification, and serotyping. The selective agar
media were incubated at 35°C for 48 h and were examined by
using the Henry method of oblique lighting (20). Suspect
colonies were streaked onto Trypticase soy agar (BBL
Microbiology Systems, Cockeysville, Md.) supplemented
with 5% sheep blood and incubated for 18 h at 35°C. Isolates
were confirmed as L. monocytogenes and serotyped (21).

Quantitation. Quantitation of L. monocytogenes in food
samples was accomplished by using the three-tube most
probable number (MPN) method essentially as described by
Swaminathan et al. (34). Frozen homogenates were thawed
quickly by placing them in a 37°C water bath. Each homoge-
nate was diluted 1:10 (1 ml of homogenate and 9 ml of broth),
1:100 (0.1 ml of homogenate and 9.9 ml of broth), and 1:1,000
(0.01 ml of homogenate and 10 ml of broth) in the USDA
primary enrichment broth (three tubes per dilution). The
broth media were incubated at 30°C for up to 48 h. The
cultures in enrichment broth media were streaked onto LPM
agar after 24 and 48 h. The plates were incubated at 35°C for
48 h. Presumptive positive cultures were confirmed by using
the procedures described above. Plates that yielded one or
more confirmed colonies of L. monocytogenes were re-
corded as positive. The MPN values (numbers of colony-
forming units per gram) were obtained by referring to
previously published MPN tables (31). The homogenates for
which the MPN estimates were greater than 220 CFU/g were
directly plated (0.1-ml portions of undiluted homogenate and
1/10, 1/100, and 1/1,000 dilutions plated onto LPM agar) to
get a better estimate of the numbers of L. monocytogenes.

Statistical analysis. The McNemar test for paired samples
was used to compare the efficiencies of the CE and USDA
methods for isolating L. monocytogenes from food samples.

RESULTS

Of the 402 food samples examined, 51 (13%) were positive
for L. monocytogenes as determined by at least one method;
28 food samples were positive as determined by both enrich-
ment methods. A total of 21 food samples were positive only
as determined by the USDA method, and 2 food samples
were positive only as determined by the CE method. The
isolation efficiency of the CE method was 59%, and the
isolation efficiency of the USDA method was 96%.

Eight food samples were positive as determined by both
methods at all sampling times. The results of each sampling
for each method are shown in Fig. 1. The time of sampling
influenced the number of positive samples in the CE proce-
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FIG. 1. Comparison of the CE and USDA methods for the
isolation of L. monocytogenes from food samples obtained from
refrigerators of listeriosis patients. USDA P, USDA method primary
enrichment; USDA S, USDA method secondary enrichment; CE 1,
4, and 8, CE method after 1, 4, and 8 weeks, respectively; +,
positive for L. monocytogenes; -, negative for L. monocytogenes.

dure. After 1 week of CE 13 food samples were positive,
after 4 weeks 11 additional food samples were positive, and
after 8 weeks 6 additional food samples were positive.
However, five food samples which were positive after 1 or 4
weeks were negative after 8 weeks.
When the USDA isolation method was used, 42 food

samples were positive in both the primary and secondary
enrichment broth media. Four were positive only in the
USDA primary broth, and three were positive only in the
USDA secondary broth. The efficiencies of isolation of L.
monocytogenes from the USDA primary and secondary
enrichment broth media were 90 and 88%, respectively.
The CE broth cultures were plated onto both LPM agar

and AC agar. L. monocytogenes was isolated 49 times on
both media, 4 times on LPM agar but not on AC agar, and 1
time on AC agar but not on LPM agar.

Quantitation of L. monocytogenes (MPN estimates) was
done for 49 of the 51 food samples (Table 1). The homoge-
nates from two food samples were not available for quanti-
tation. Of 21 food samples that were positive only as
determined by the USDA method, L. monocytogenes was
quantitated in 20. The MPN values for L. monocytogenes for
these 20 food samples ranged from <0.3 to 100 CFU/g. The
MPN value for L. monocytogenes for one of the two food
samples that were positive only as determined by the CE
method was <0.3 CFU/g. Eight food samples were positive
as determined by both enrichment methods at all sampling
times. The MPN estimates for these food samples were <0.3
(two food samples), 0.9, 2.8, 150, >220 (67 CFU/g as
determined by direct plate counting), >1,100, and 1.4 x 103
CFU/g. Six food samples were positive as determined by
direct plating. Three of these were positive as determined by
both enrichment methods at all five sampling times (the
MPN values were 150, >1,100, and 1.4 x 103 CFU/g). The
other three food samples were positive as determined by
both methods but not at all sampling times; the MPN values
were 100, 100, and >220 CFU/g (67 CFU/g as determined by
direct plate counting).
We observed inconsistencies in the isolation of L. mono-

cytogenes from heavily contaminated food samples as deter-
mined by direct plating and by the two enrichment methods.
Some examples of these inconsistencies are described be-
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TABLE 1. Results obtained when the USDA and CE methods
were used to isolate L. monocytogenes from 51 food

samples, serotypes, and quantitation estimates

Food Results asdetermined by: Sero- MPN value

Sample Type USDA CE type(s) (CFU/g)
no. method method

Smoked ham
Bacon
Ground beef
Steak
Sausage
Hot dogs
Ham
Sausage
Ground beef
Pork roast
Turkey ham
Bacon
Raw pork skins
Steak
Roast beef
Turkey ham
Pork chops
Pork roast
Bologna
Turkey frank-

furters
Chicken
Chicken
Chicken
Turkey frank-

furters
Chicken
Chicken
Smoked turkey
Chicken
Chicken
Cabbage
Green chili
Cabbage
Celery
Carrot-raisin salad
Lettuce
Squash
Celery
Tomato
Green pepper
Cucumber
Hash brown

potatoes
Lettuce
Lettuce
Onion
Lettuce
Chayote
Mozzarella cheese
Cheddar cheese
Cheese
Macaroni and

cheese
Pasta

+ + 1/2a
+ + 4b, 1/2b
- + 1/2c, 1/2b
+ - 1/2b
+ - 1/2b
+ - 3b
+ - 1/2b
+ - 1/2a
+ - 1/2b
+ - 3b
+ - 1/2a
+ + 1/2a
+ + 1/2b
+ + 1/2b
+ + 1/2b
+ + 1/2a
+ + 1/2b
+ + 4b
+ + 1/2b
+ + 1/2a

+ + 4b
- + 1/2b
+ - 1/2a
+ - 1/2a

+ - 1/2b
+ - 1/2c
+ - 1/2a
+ + 1/2a
+ + 1/2a
+ + 4b
+ + ND
+ + 1/2b
+ - 4b
+ - 1/2a
+ - 1/2a
+ - ND
+ - 4b
+ - 1/2c
+ - 1/2b
+ - 1/2c
+ + 4b

+ + 1/2a
+ + 4b
+ f 4b
+ + 1/2c
+ + 1/2c
+ + 1/2b
+ + 1/2a
+ + 4b
+ + 1/2a

0.9
2.8
NDa
<0.3
4.0

40.0
5.6

<0.3
ND
1.8

<0.3
2.8

4.3 x 104
0.4

3.6 x 104
100.0
18.0

100.0
40.0

>1,100

<0.3
<0.3
0.9

<0.3

0.8
100.0
<0.3
40.0

>220 (100)b
150.0
<0.3

1.4 x 103
0.9

<0.3
<0.3
<0.3
<0.3

1.2
8.0

<0.3
<0.3

2.0
<0.3
<0.3
<0.3
40.0

>220 (67)
<0.3
<0.3
100.0

+ + 4 4.0

a ND, not determined.
b The numbers in parentheses are direct plate counts.

low. Five samples had .100 CFU of L. monocytogenes per
g (MPN estimate) (one sample had 3.6 x 104 CFU/g) but
were not positive as determined by direct plating. A raw
pork skin sample (Table 1, sample 539) that had 4.3 x 104

TABLE 2. Efficiencies of the USDA method and the CE method
for isolating L. monocytogenes from various food groups

USDA method CE method

Food No. of samples No. of samples
group found positive/ % found positive/ %

no. of positive Positive no. of positive Positive
samples tested samples tested

Meats 18/19 95 11/19 58
Poultry 9/10 90 5/10 50
Vegetables 17/17 100 9/17 53
Dairy products 4/4 100 4/4 100
Pasta 1/1 100 1/1 100

CFU of L. monocytogenes per g was positive in the USDA
primary enrichment broth but negative in the USDA second-
ary enrichment broth. The same sample was positive after 1
and 4 weeks of CE but negative after 8 weeks of CE.
The efficiencies of the two enrichment methods for isolat-

ing L. monocytogenes from different food groups are shown
in Table 2. The USDA method was significantly better (P <
0.05) than the CE method for isolating L. monocytogenes
from meats, poultry, and vegetables. The two methods
appeared to be equally efficient in isolating L. monocyto-
genes from dairy products; however, the number of dairy
products examined was too small for a meaningful statistical
analysis.
We isolated a variety of serotypes, including serotypes

1/2a, 1/2b, 1/2c, 3b, and 4b, by both methods (Table 1).
Neither isolation method selected for a specific serotype.

DISCUSSION

The CE method described by Gray et al. (17) has been
used successfully by many researchers to isolate L. mono-
cytogenes from diverse sources, such as feces, surface
waters, silage, and sewage (7, 13, 22, 37). Watkins and
Sleath developed a two-step enrichment technique that
combined CE with a secondary enrichment in potassium
thiocyanate-nalidixic acid broth to isolate L. monocytogenes
from river and sewage samples (36). Hayes et al. used the
Watkins-Sleath two-step enrichment procedure to isolate L.
monocytogenes from raw milk (19). The CE method is the
standard with which other isolation methods are compared.
However, the CE method requires incubation of samples for
2 months or longer and is unsatisfactory in situations in
which a rapid result is required. Regulatory agencies and the
food industry clearly need a rapid isolation method to
examine quality control for L. monocytogenes.
The method currently used by the USDA was developed

by McClain and Lee (30) for isolating Listeria spp. from
meats and poultry. The enrichment broth used in the USDA
method was developed by Dominquez Rodriguez et al. (8)
and was modified by Donnelly and Baigent (9). Both the
enrichment broth and the plating medium are highly selec-
tive for Listeria spp.
The results of this investigation showed that the USDA

method is more sensitive than the CE method for isolation of
L. monocytogenes from meats, poultry, and vegetables.
Two food samples (one meat and one poultry product) were
positive only as determined by the CE method. However,
the poultry product contained very low numbers of L.
monocytogenes (MPN, <0.3 CFU/g). The negative result
obtained with the USDA method might have been due to

123
271
2
266
267
484
536
538
111
11
557
131
539
147
525
581
443
450
431
132

196
283
139
425

433
546
558
378
377
93
302
531
92
125
126
304
458
541
542
543
286

253
456
457
530
535
533
261
448
442

411
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nonhomogeneous distribution of a few cells of L. monocy-
togenes in the homogenate of the poultry product.
The efficiencies of the two methods appeared to be the

same for one food group, dairy products, although the
number of positive food samples tested was small. Two
other groups of investigators tested dairy products by using
the USDA method and a two-step CE method. Their findings
were similar to our findings. In the study of Lammerding and
Doyle all nine naturally contaminated samples of goat milk
were positive as determined by the USDA method and eight
of the nine samples were positive as determined by the CE
method (24). In the study of Crawford et al. the sensitivities
for detection of uninjured cells suspended in raw milk were
similar when the two methods were used; 0.02 to 3.2
organisms per ml were detected when the two-step CE
method was used, and 0.38 organism per ml was detected
when the USDA method was used (6).
The time of sampling greatly influenced the results ob-

tained with the CE method. Six samples (roast beef, steak,
bacon, turkey ham, cheese, and hash brown potatoes) were
negative after 1 and 4 weeks but were positive after 8 weeks.
The MPN estimates for L. monocytogenes in these samples
were as follows: roast beef, 3.6 x 104 CFU/g; steak, 0.4
CFU/g; bacon, 2.8 CFU/g; turkey ham, 100 CFU/g; cheese,
<0.3 CFU/g; and hash brown potatoes, <0.3 CFU/g. The
low contamination level of four of the six samples and the
presence of competing bacteria in the other two samples
probably contributed to the negative results obtained after 1
and 4 weeks. Five food samples (raw pork skin, uncooked
chicken, pork, pasta, and chayote) were positive as deter-
mined by the CE method after 1 and/or 4 weeks but were
negative after 8 weeks. The MPN estimates for L. monocy-
togenes in these samples were as follows: raw pork skin, 4.3
x 104 CFU/g; uncooked chicken, >220 CFU/g (100 CFU/g
as determined by direct plate counting); pork, 100 CFU/g;
pasta, 4 CFU/g; and chayote, 40 CFU/g. The L. monocyto-
genes cells in these samples may have died because of
acidification of the medium by bacterial metabolites or
because of other adverse conditions.

In two food homogenates (food samples 377 and 533), the
MPN estimates for L. monocytogenes were >220 CFU/g.
However, when the numbers of L. monocytogenes cells in
these homogenates were determined by direct plating, the
numbers were substantially lower (Table 1). This was prob-
ably due to the presence of sublethally injured L. monocy-
togenes cells in these homogenates. The sublethally stressed
cells were probably sensitive to the selective ingredients of
LPM agar, which was used for the direct plating test (23, 33).
Sublethal injury in L. monocytogenes has been documented
by several researchers and is an important consideration in
the isolation of L. monocytogenes from foods (2, 3, 16, 24).
We failed to isolate L. monocytogenes by using the CE

method from 21 samples (8 meat samples, 8 vegetable
samples, and 5 poultry product samples) that were positive
as determined by the USDA method. L. monocytogenes was
quantitated in 20 of these food samples; 10 food samples had
less than 0.3 CFU of L. monocytogenes per g, while 10 food
samples had 0.8 to 100 CFU/g. Thus, the CE method failed
in 10 instances even when 20 or more cells of L. monocyto-
genes were present in the food homogenates.
Doyle and Schoeni (11) tested 90 soft cheese samples by

using the CE method, the FDA method, and a method which
they developed themselves (10). A total of 21 food samples
were positive for L. monocytogenes as determined by the
CE method. Only 16 samples were positive as determined by
the FDA method, and 13 were positive as determined by the

Doyle-Schoeni method. Our results cannot be compared
with the data of Doyle and Schoeni (11) because these
authors used a one-step CE method and did not evaluate the
USDA method. Furthermore, the results of our work in
progress suggest that the USDA method is better than the
FDA method for isolating L. monocytogenes from a variety
of foods (18). Farber et al. (12) analyzed 445 raw milk
samples by using the FDA method and the CE method.
Because these authors used various nonstandard modifica-
tions of the FDA method and the CE method and isolated L.
monocytogenes from only five raw milk samples, their data
are not useful for comparing the efficiencies of selective
enrichment methods.
Although we found no significant difference between LPM

agar and AC agar, we preferred LPM agar because it was
more inhibitory to competing organisms.

In conclusion, we convincingly demonstrated the superi-
ority of the USDA procedure over the CE procedure for
isolating L. monocytogenes from a variety of foods. In
addition to the fact that the CE method is very time-
consuming and inefficient, the results obtained by this
method are also influenced by the length of incubation at low
temperature. While the USDA method is an improvement
over the CE method, it failed to recover L. monocytogenes
from two samples that were positive as determined by the
CE method. In four samples, only the USDA primary
enrichment yielded positive results, while the secondary
enrichment did not. Also, the recovery of sublethally
stressed L. monocytogenes cells by the USDA procedure
may be problematic because of the presence of acriflavine
and other selective chemicals in the enrichment medium. We
are presently comparing the USDA method, the FDA
method, and a selective enrichment and plating method
developed in The Netherlands (35) for the isolation of L.
monocytogenes from naturally contaminated food samples
obtained from the refrigerators of listeriosis patients. Our
preliminary results suggest that there are no significant
differences in isolation efficiency among the three methods;
however, our results also indicate that two methods in
combination are significantly better than a single method.
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