
1470

Journal of Food Protection, Vol. 65, No. 9, 2002, Pages 1470–1474

Research Note

Detection of Listeria monocytogenes in Pigs and Pork†
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ABSTRACT

In this study, we surveyed hogs (n 5 300) as well as pork products (ground pork and raw chitterlings) for Listeria
monocytogenes. Pig specimens collected before (tonsil swabs) and after slaughter (tonsils, lymph nodes, carcass swabs, and
rectal contents) were examined for L. monocytogenes by enrichment with conventional enrichment broths followed by sub-
culturing to selective agar. A multiplex polymerase chain reaction assay targeting the highly conserved 16S rRNA gene of the
Listeria species as well as the hlyA gene unique to L. monocytogenes was used to screen aliquots of the enrichment (method
I) as well as to con� rm presumptive Listeria colonies from Columbia agar with 0.05% glucose supplemented with polymyxin
B-acri� avine-lithium chloride-ceftazidime-aesculin-mannitol (PALCAM; method II). Subculturing to PALCAM agar was the
more sensitive of the two methods on the basis of the overall detection of Listeria. For hog tissues, method I detected L.
monocytogenes (0.87% positive) and no other Listeria spp. in all samples (n 5 1,849). In contrast, method II detected
signi� cantly more (P , 0.05) L. monocytogenes (2.38%) and Listeria spp. (0.38%) in these tissues. For small intestines (n 5
300 raw chitterlings), L. monocytogenes was identi� ed in 8.3% of enrichments with University of Vermont modi� ed Listeria
enrichment broth; plating to PALCAM slightly improved recovery (9%). Overall, ground pork samples (n 5 340) harbored
L. monocytogenes (45% positive) and other Listeria species (1.5% positive), as determined by method I. Subculturing to
PALCAM signi� cantly (P , 0.05) improved the detection of L. monocytogenes (50.2%) but not that of other Listeria species
(1.7%). L. monocytogenes isolates (n 5 243) were assigned to serotype 1 (53.5%), serotype 4 (25%), and serotypes other than
1 and 4 (21.4%).

Listeria monocytogenes is a major human bacterial
foodborne pathogen that causes an estimated 2,500 cases
of meningitis, encephalitis, sepsis, fetal death, and prema-
turity and 500 deaths in the United States annually, at a
projected cost of $233,000,000 (3, 16). Since the � rst report
of an outbreak involving raw milk in Europe, several lis-
teriosis outbreaks have been reported in North America and
Europe (1, 18). Three major pork-related listeriosis out-
breaks occurred in France, and at least two others were
directly linked to the consumption of pork products (ril-
lettes, pâté) contaminated with serovar 4b (10). The � rst
outbreak, in 1992, involved 279 cases, resulting in 22 spon-
taneous abortions and 63 deaths, whereas 39 cases were
associated with the second outbreak, in 1993 (10, 13). In
the third outbreak (spring 2000), pickled pork tongue was
regarded as a major vehicle of transmission, although other
highly processed ready-to-eat delicatessen items subject to
environmental contamination were also implicated (13).
Healthy carrier hogs were thought to have introduced L.
monocytogenes contamination into the plant, as has been
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documented by other investigators using molecular � nger-
printing methods (9). Therefore, the identi� cation and re-
duction of Listeria in livestock as well as in pork may aid
in the overall reduction of human listeriosis.

L. monocytogenes is generally found more frequently
in processed pork than in freshly slaughtered pigs or live
animals. Estimates of Listeria incidence in live hogs range
from 0 to 47% (24). L. monocytogenes in the intestines of
healthy hogs may contaminate carcasses as well as the ab-
attoir environment, from which the pathogen may be sub-
sequently disseminated during food processing. Skovgaard
and Norung (19) reported that although only 1.7% of pig
fecal samples yielded L. monocytogenes, the pathogen was
detected in 12% of ground pork samples in Denmark. The
U.S. Department of Agriculture Food Safety and Inspection
Service nationwide microbial baseline survey of hogs re-
ported L. monocytogenes on 7.4% of hog carcasses (8).
That L. monocytogenes was isolated more frequently from
ground pork (69%) than from deep muscle (0%) suggests
that contamination occurs during processing (2, 21). Iida et
al. (12) reported that the L. monocytogenes contamination
rates for retail sliced pork (36.4%) exceeded those for swine
large intestine (0.8%) and carcass samples (7.4%) (P ,
0.05). Even when L. monocytogenes is initially present at
low levels in contaminated foods or in bio� lms in the pro-
cessing plant, the organism can multiply during refrigera-
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tion (20). In the United States from 1990 to 1997, 10 of 12
class I (voluntary) recalls were due to L. monocytogenes
contamination of ready-to-eat products that involved pork
(6).

To date, few studies have extensively detailed the dis-
tribution of L. monocytogenes in the tissues of a represen-
tative number of hogs (24). The goal of this study was to
determine the prevalence of L. monocytogenes in live and
freshly slaughtered hog tissues. The estimation of Listeria’s
distribution prior to slaughter as well as immediately post-
mortem in tonsil homogenates, three sets of lymph nodes,
and carcass swabs, as described in this study, provides a
comparative baseline for the future assessment of the public
health risk posed by Listeria contamination of pork.

MATERIALS AND METHODS

Swine samples. A total of 300 market weight pigs from a
single producer (30 sampled each week) were screened for L.
monocytogenes over a 10-week period (11). At the farm, tonsil
swabs were collected weekly within ;48 h prior to slaughter from
30 randomly selected pigs. At slaughter, tonsils; ileocecal, ventral
thoracic, and super� cial inguinal lymph nodes; rectal contents;
and carcass swabs were collected from the same hogs at packing
plant A. Carcass swabs were taken from the ham and from the
ventral surfaces of the carcasses with sponges (Nasco, Ft. Atkin-
son, Wis.) according to U.S. Department of Agriculture Food
Safety and Inspection Service protocol. The samples were placed
in sterile whirl packs (Nasco), transported to the laboratory on
ice, and processed within ;4 h of collection.

Tonsils and lymph nodes were homogenized in 25 ml of ster-
ile buffered peptone water (pH 7.4; no.CM509, Oxoid, Ogdens-
burg, N.Y.) in a Seward Stomacher 80 Lab System (;1 min).
Tissue homogenates (;1 ml) and rectal contents (;1 g) were
inoculated into 9 ml of University of Vermont modi� ed Listeria
enrichment broth (UVM I; no. CM863, Oxoid) with supplements
(no. SR142, Oxoid) as previously described (4, 15). The carcass
swab sponges (3 by 1 by 0.5 cm) were aseptically placed in 9 ml
of UVM I. After initial enrichment for 72 h at 308C, 1-ml aliquots
of UVM I were transferred to 9 ml of UVM II (no. CM863,
Oxoid) with supplements (no. SR143, Oxoid) and incubated for
48 h at 308C. Following the � nal enrichment step, a 100-ml aliquot
of the sample was plated to Columbia agar with 0.05% glucose
supplemented with polymyxin B-acri� avine-lithium chloride-cef-
tazidime-aesculin-mannitol (PALCAM) and incubated at 378C for
24 h under microaerophilic conditions (10% CO2, 5% O2, 84%
N2). All colonies identi� ed as presumptive L. monocytogenes
(gray-green colonies ;2 mm in diameter with black sunken cen-
ters) were transferred to brain heart infusion supplemented with
0.6% yeast extract slants. After incubation, pure cultures were
veri� ed as Listeria or L. monocytogenes with a multiplex poly-
merase chain reaction (PCR) (25).

Pork products. Seven trials were conducted for raw pork
chitterlings (small intestines) and ground pork (50 samples per
trial). For three trials, pork was obtained on the day of slaughter,
as were the swine tissue samples from packing plant A. Pork
products received from packing plants B and C were also evalu-
ated. Pork was also purchased from a single retail grocery on one
occasion (retail grocery D). Ground pork and small intestine (raw
chitterling) samples (25 g) were enriched in 225 ml of UVM I
(10%, wt/vol) and subcultured to UVM II and selective agar as
described above for swine tissues.

DNA extraction procedures. For method I, DNA was ex-
tracted directly from the enrichments. A 1-ml aliquot of the en-
richment (UVM II) was centrifuged at 14,000 3 g for 2 min, the
supernatant � uid was decanted, the pellet was suspended in 250
ml of sterile distilled water, and boiled at 1108C for 10 min. The
sample was centrifuged at 14,000 3 g for 1 min, and supernatant
� uid was used as a template for PCR reactions. For method II, a
loop of bacterial growth on PALCAM agar medium was resus-
pended in 150 ml of sterile distilled water in a microcentrifuge
tube. The sample was boiled at 1108C for 10 min, pelleted (Ep-
pendorf microcentrifuge model 5417C), and immediately placed
on ice. An aliquot of the supernatant � uid (5 ml) was used as the
DNA template for PCR ampli� cation.

PCR ampli� cation. The primers and ampli� cation condi-
tions used in this study have previously been described (25). Mul-
tiplex PCR products (5 ml of the reaction) were electrophoresed
on a 1.5% agarose gel (60 V, 1.5 h) with Tris-borate EDTA (13
TBE) as the running buffer. DNA molecular weight VI (Boehrin-
ger Mannheim Biochemicals) was included for base pair size com-
parison. The gels were stained with ethidium bromide, destained,
and visualized in a Gel Doc 1000 system (Bio-Rad, Richmond,
Calif.).

Serological identi� cation of L. monocytogenes. L. mono-
cytogenes colonies isolated from PALCAM plates and con� rmed
by PCR (n 5 243) were typed by the rapid slide test for sero-
groups 1 and 4 according to the directions of the manufacturer
(Difco Laboratories, Detroit, Mich.).

Statistical analysis. McNemar’s test was used to compare
the correlated proportions. Differences between methods I and II
were considered signi� cant at P , 0.05.

RESULTS

Table 1 shows a comparison of the detection of L. mon-
ocytogenes and other Listeria spp. directly from UVM II
enrichment (method I) with their detection following sub-
culturing to PALCAM selective agar (method II). Overall,
L. monocytogenes was detected in 0.87% of the hog tissues
examined (n 5 1,849 samples) by method I. By method II,
both L. monocytogenes (2.4% of samples positive) and oth-
er Listeria spp. (0.38% of samples positive) were identi� ed.
Method I detected L. monocytogenes in 8.3% of hog intes-
tines (n 5 300 raw chitterling samples); subplating to PAL-
CAM agar (method II) slightly improved recovery (9.3%).
For ground pork (n 5 340 samples), method I identi� ed L.
monocytogenes (45% of samples positive) and other Lis-
teria spp. (1.5% of samples positive). Method II signi� -
cantly (P , 0.05) improved the detection of L. monocyto-
genes (50.2% of samples positive) but not the detection of
other Listeria species (1.7% of samples positive).

Subculturing to PALCAM agar signi� cantly (P ,
0.05) enhanced the recovery of Listeria spp. from tissues
(n 5 1,849) of market weight swine (n 5 300), as detailed
in Table 2. Only 0.3% of the tonsil scrapings collected on
the farm prior to slaughter (n 5 297) yielded L. monocy-
togenes by method II. Listeria spp. were not detected in
tonsil scrapings by method I. In contrast, L. monocytogenes
was identi� ed in tonsil homogenates collected after slaugh-
ter (n 5 252) by both method I (3.2% of samples positive)
and method II (7.1% of samples positive). L. monocyto-
genes was preferentially located in thoracic lymph nodes,
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TABLE 1. Detection of L. monocytogenes and other Listeria spp. with UVM II (method I) and PALCAM (method II) by multiplex PCR

Samples analyzed
(no. of samples)

No. of positive isolates
(% of isolation) for method I

(UVM II)

L. monocytogenes
Other

Listeria spp.

No. of positive isolates
(% of isolation) for method II

(PALCAM)

L. monocytogenes
Other

Listeria spp.

Swine tissues (n 5 1,849)

Small intestines (raw chitterlings) (n 5 300)

Ground pork (n 5 340)

16
(0.87)
25
(8.3)

152
(45)

0
(0)
0

(0)
5

(1.5)

44
(2.4)
28
(9.3)

171
(50.2)

7
(0.38)
0

(0)
6

(1.7)

TABLE 2. Detection of L. monocytogenes in swine tissues

Swine tissues
(no. of samples)

No. of positive isolates
(% of isolation) for:

Method I
(UVM II)

Method II
(PALCAM)

Preslaughter

Tonsil scrapings (n 5 297) 0 (0.0) 1 (0.3)

Postslaughter

Tonsils (n 5 252)
Rectal contents (n 5 255)

8 (3.2)
0 (0.0)

18 (7.1)
0 (0.0)

Ileocecal lymph nodes (n 5 257)
Thoracic lymph nodes (n 5 259)
Super� cial inguinal lymph nodes

(n 5 262)
Carcass swabs (n 5 267)

0 (0.0)
3 (1.2)

1 (0.4)
4 (1.5)

0 (0.0)
9 (3.5)

5 (1.9)
11 (4.1)

Total (n 5 1,849) 16 (1.0) 44 (2.4)

TABLE 3. Detection of L. monocytogenes in ground pork and
small intestines (chitterlings)

Source

No. of
samples
analyzed

No. of positive isolates
(% of isolation) for:

Method I
(UVM II)

Method II
(PALCAM)

Ground pork

Packing plant A
Packing plant B
Packing plant C
Retail grocery D

150
100
50
40

31 (21)
73 (73)
14 (28)
34 (85)

33 (22)
80 (80)
21 (41)
37 (92)

Total 340 152 (45) 171 (50.2)

Small intestines (raw chitterlings)

Packing plant A
Packing plant B
Packing plant C

150
100
50

0 (0)
0 (0)

25 (50)

1 (0.7)
0 (0)

27 (54)

Total 300 25 (8.3) 28 (9.3)

as indicated by the results obtained by both method I (1.2%
of samples positive) and method II (3.5% of samples pos-
itive) for thoracic lymph nodes compared with the results
obtained with these methods for the other lymph nodes. L.
monocytogenes was identi� ed on carcass swabs (n 5 267)
both by method I (1.5% of samples positive) and by method
II (2.4% of samples positive). Neither the rectal contents
(n 5 255) nor the ileocecal lymph nodes (n 5 257) yielded
L. monocytogenes by either method.

L. monocytogenes was present in ground pork samples
(n 5 340) obtained from three packing plants and a single
retail grocery (Table 3). For packing plant A, L. monocy-
togenes was detected at almost equal frequencies in ground
pork samples (n 5 150) by multiplex PCR screening of
either UVM II enrichment (21% of samples positive) or
presumptive Listeria colonies on selective agar (22% of
samples positive). The highest recovery rates overall were
those for ground pork samples (n 5 100) collected from
packing plant B (73 to 80% of samples positive). L. mon-
ocytogenes was detected in 85% (method I) and 92%
(method II) of the ground pork samples collected on a sin-
gle occasion from a retail grocery store.

Overall, L. monocytogenes was recovered from 8.3%
(method I) to 9.3% (method II) of small intestines (n 5
300 raw chitterlings samples) (Table 3). The highest recov-
ery rates were those for packing plant C by both method I

(50%) and method II (54%). Only 0.7% of the raw chitter-
ling samples (n 5 150) from packing plant A, from which
swine tissues were obtained, tested positive for L. mono-
cytogenes. L. monocytogenes was not detected in samples
(n 5 100) from packing plant B. L. monocytogenes isolates
(n 5 243) were broadly assigned to serotype 1 (53.5%) and
serotype 4 (25%), while 21.4% of these isolates were iden-
ti� ed as serotypes other than 1 and 4 (Table 4).

DISCUSSION

In this survey, L. monocytogenes was detected less of-
ten in tissues of freshly slaughtered hogs (0.87 to 2.4% of
samples positive) or of small intestines (8.3 to 9.3% of
samples positive) than in ground pork (45 to 50.2% of sam-
ples positive). This � nding strongly implicates postprocess-
ing contamination as a signi� cant cause of listerial contam-
ination.

Few surveys have described the prevalence of L. mon-
ocytogenes in healthy pigs. Thus, the distribution of the
pathogen in live hogs may be estimated by its recovery
from tonsils (which Listeria may preferentially colonize),
from fecal samples collected antemortem, and from carcass
swabs and lymph nodes obtained at slaughter (2, 14, 22,
24). L. monocytogenes was detected more often in hog ton-
sil homogenates (7.1% of 252 samples positive) than in
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TABLE 4. Distribution of L. monocytogenes serogroups

Type of samples

No. of
serogroup 1

isolates

No. of
serogroup 4

isolates

No. of
isolates in
serogroups
other than
1 and 4

Swine samples

Tonsil scrapings
Tonsils
Thoracic lymph nodes
Super� cial inguinal

lymph nodes
Carcass swabs

1
14
5

2
3

0
4
1

2
3

0
0
3

1
5

Ground pork

Small intestines
(raw chitterlings)

90

15

44

7

37

6

Total (n 5 243) 130 61 52

tonsil scrapings collected on the farm (3% of 300 samples
positive). Previous recoveries from tonsils have ranged
from 0 to 61%, which may re� ect differences in tonsil sam-
pling methods as well as farm management methods (7).

The primary source of L. monocytogenes contamina-
tion of carcasses is assumed to be the contents of the large
intestine, which may rupture at slaughter (19). In the cur-
rent study, L. monocytogenes was detected in 4% of the
hog carcass swabs tested but not in rectal contents at
slaughter. This result may be due to major slaughter plants’
practice of evacuating the rectum prior to evisceration, thus
minimizing rectal contents and subsequent carcass contam-
ination. In this study, samples were taken at the evisceration
station after rectal evacuation. L. monocytogenes has been
recovered from 0 to 47% of swine fecal samples and is
especially prominent in eastern Europe (7, 17, 23, 24). Hus-
bandry practices that involve feeding pigs dry feed or silage
(as is customary in eastern Europe), rearing pigs in closed
houses, and maintaining speci� c pathogen-free herds, as
well as differences in sampling sites (tonsils versus feces),
geographical location, and season, may account for some
of the reported variation in the incidence of Listeria in
healthy pigs (19, 24).

L. monocytogenes was recovered from 21 to 80% of
ground pork samples collected directly from packing plants
A, B, and C. Differences in the fat composition of ground
pork as well as plant sanitization procedures, geographic
distribution, and the number of hogs processed daily may
explain these variations. Overall, L. monocytogenes was
identi� ed in 0 to 54% of small intestines (raw chitterlings)
collected directly from the plants. Low recovery rates for
the raw chitterlings may re� ect the extensive washing this
product requires and not hog intestinal carrier status. For
packing plant A, the incidence of L. monocytogenes in fresh
ground pork (22%) was signi� cantly higher than that in hog
tissues (2.4%) or raw chitterlings (,1%). For packing plant
B, while L. monocytogenes was not detected in the small
intestines, it was found in up to 80% of the fresh ground

pork samples. Since samples were collected only once from
packing plant C, it is dif� cult to explain the high level of
L. monocytogenes contaminationof ground pork originating
from this site. We detected L. monocytogenes at higher lev-
els (92%) in the ground pork procured at the only retail
grocery store included in this study than in pork obtained
directly from any of the packing plants. This � nding may
re� ect the survival and growth of Listeria under refriger-
ated storage, as would be used for pork at the retail level
and not for fresh pork obtained directly from the packing
plants on the day of slaughter. Similarly, whereas Duffy et
al. (5) did not detect L. monocytogenes in fresh ground pork
collected from packing plants, it was recovered in 27% of
the products purchased at the retail level in a national sur-
vey of six metropolitan areas.

Serotypes 1/2a, 1/2b, and 4b are the major causative
agents of human listeriosis (20). On the basis of results
obtained with broadly reactive reagents, 53% of isolates
collected in this study were assigned to serotype 1, which
includes serotypes 1/2a and 1/2b, while 25% were charac-
terized as belonging to serogroup 4, which includes sero-
type 4b. These � ndings indicate that serotypes of potential
human public health signi� cance are found in pork. These
data can now be used to assess the comparative public
health risks of pork obtained from cull sows and boars.
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