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General Introduction

Listeria is a regular gram-positive rod with a rounded end; it is an aerobic,
microaerophilic, facultatively anaerobic organism that is catalase positive and
oxidase negative. Listeria does not produce spores and capsules are not formed.
Listeria usually grows well on most commonly used bacteriological media and can
multiply over a wide range of temperatures (1-45°C). The genus Listeria contains
ten species: Listeria monocytogenes, L. ivanovii, L. innocua, L. welshimeri, L.
seeligeri, L. grayi, L. fleischmannii, L. marthi, L. rocourtiae, and L.
welhenstephanensis. L. monocytogenes and L. ivanovili are naturally and
experimentally pathogenic. L. monocytogenes is the causative agent of listeriosis, a
serious invasive illness that affects both humans and animals; L. 1vanovii is mainly
responsible for abortion in animals (68). L. monocytogenes has traditionally been
regarded as pathogenic at the species level, with a generally accepted belief that all
L. monocytogenes isolates are potentially virulent and capable of causing diseases.
However, from experimental data collected in recent years, it has become clear that
L. monocytogenes demonstrates enormous serotype/strain variation in virulence
and pathogenicity. L. monocytogenes comprises 13 serovars, of which serotypes 1/2a,
1/2b, 1/2¢, and 4b account for the vast majority of cases of human disease (67).

Listeriosis commonly affects pregnant women, neonates, elderly individuals, and
immunosuppressed individuals. Unlike other foodborne illnesses, which rarely
result in fatalities, the mortality rate of listeriosis is approximately 30% (45). The

consumption of contaminated food is believed to be the principal cause of infection.



In the United States, human listeriosis affects approximately 1,600 individuals
annually, causing 255 deaths each year (72). The European Center for Disease
Prevention and Control reported that listeriosis had the highest impact in the
elderly (age > 64 years), with the highest confirmed case rates and mortality being
reported in 2009 (18). In Japan, Listeria detection has not been routinely performed
on samples from people with diarrhea, and the outbreak trend of listeriosis has still
not been determined. In the single foodborne listeriosis case reported in Japan,
Listeria-contaminated food was first detected during routine monitoring, and
epidemiological studies were later carried out on people who consumed the food
(49).

Raw milk has been suggested to be a source of L. monocytogenes in the dairy
processing environment (68). The organism is excreted for months in the milk of
healthy cows over several lactation periods, and direct contamination of bulk milk
may occur as a result of udder infections (84). Indirect contamination may occur if
the organism is present on the udder surfaces because of contaminated feed, feces,
bedding, and other environmental sources.

The bovine colostrum is an important source of nutrients and immune factors for
neonatal calves; however, the colostrum may also be the earliest source of exposure
of dairy calves to infectious agents. This exposure is a matter of concern because
pathogenic bacteria present in the colostrum may cause diseases such as diarrhea
or septicemia and because the bacteria may interfere with the absorption of

immunoglobulin (26). Meanwhile, the value of bovine colostrum as a biological



product with medicinal benefits has been well documented in clinical trials and
supported by relatively large databases. Clinical trials have shown that
concentrated bovine colostrum may enhance the immune systems of patients with
weakened immunity (77). Therefore, the popularity of colostrum products has been
increasing because of an increased demand for functional foods and dietary
supplements. The medicinal uses of bovine colostrum have been studied; however,
the microbial diversity present in dried commercial bovine colostrum products has
not yet been completely investigated (34). Knowledge of the prevalence of
pathogenic bacteria in the colostrum is necessary because of the importance of
colostral immunoglobulins to the health of neonatal calves. Many studies have
detected the presence of L. monocytogenesisolates in raw milk (69, 88, 89); however,
there have been no documented cases of L. monocytogenes isolates in the bovine
colostrum.

Meat products have been suggested as the cause of listeriosis outbreaks in many
countries (9, 27, 73). It is generally thought that cattle feces may be an important
source of foodborne pathogens for beef meat contamination in processing plants (1);
therefore, reduction of L. monocytogenes at the farm level is important for
decreasing human exposure to the bacterium. Investigations of the molecular
ecology and genetic diversity of isolates collected from dairy farms have been
previously conducted (4, 35, 44, 83). However, only a few studies have investigated
the prevalence and molecular characteristics of L. monocytogenes isolated from beef

cattle farms (7, 46, 52). Specifically in Japan, no studies have been performed on the



molecular epidemiology of L. monocytogenes found in beef cattle farms.
Furthermore, molecular characterization of L. monocytogenes isolates from beef
meat has not been performed, although the prevalence of the isolates in beef meat

has been investigated in Japan (37, 60).

Objectives of this study

The objectives of this thesis were as follows. Chapter 1 described work that
determined the prevalence and molecular characteristics of L. monocytogenes
1solates in the bovine colostrum. In addition, colostrum products were examined to
determine their biological safety. In Chapter 2, the prevalence and molecular
characteristics of the bacterium in black beef cattle feces collected from farms across
Japan were assessed in order to provide basic data for the control of L.
monocytogenes at the farm level. The work described in Chapter 3 focused on
understanding the distribution subtypes of L. monocytogenes from beef meat and
examined the relatedness among the isolates from black beef cattle, beef meat, and
human clinical cases. The overall objective of this thesis was to study molecular
characteristics of L. monocytogenes isolates, and to provide data that contribute to

developing methods to control L. monocytogenes.



Chapter 1

Prevalence and Characteristics of Listeria monocytogenes

in Bovine Colostrum in Japan



Introduction

Listeria monocytogenes is the causative agent of listeriosis, a serious invasive
illness that affects both humans and animals. In humans, listeriosis commonly
affects pregnant women, neonates, elderly individuals, and immunosuppressed
individuals. Unlike other foodborne illnesses, which rarely result in fatalities, the
mortality rate of listeriosis is approximately 30% (45). The consumption of
contaminated food is believed to be the principal cause of the infection. Raw milk
has been suggested to be a source of L. monocytogenes in the dairy processing
environment (69), and milk and milk-related products have been implicated in
many listeriosis outbreaks (10, 47). The organism is excreted in the milk of healthy
cows for months over several lactation periods, and direct contamination of bulk
milk may occur as a result of udder infections (84). Indirect contamination may
occur if the organism is present on the udder surfaces because of contaminated feed,
feces, bedding, and other environmental sources.

In the United States, human listeriosis affects approximately 1,600 individuals,
causing 255 deaths each year (72). The European Center for Disease Prevention and
Control reported that listeriosis had the highest impact in the elderly (those over 64
years) with the highest confirmed case rates and high mortality in 2009 (18). In
Japan, no outbreaks of listeriosis have been reported, except for one case of
foodborne listeriosis caused by consumption of natural cheese in 2001 (49). Okutani
et al. (62) collected data on Japanese foods contaminated with L. monocytogenes

and found that the prevalence was almost the same as that in the United States,



France, and Canada, although the annual incidence of listeriosis is lower in Japan
than in those countries (63). Thus, it has been suggested that food-borne listeriosis
might occur at the same level in Japan as in these countries.

Bovine colostrum is an important source of nutrients and immune factors for
neonatal calves; however, colostrum may also be the point of the earliest exposure of
dairy calves to infectious agents. This exposure is a matter of concern because the
pathogenic bacteria present in colostrum may cause diseases such as diarrhea or
septicemia. It is also a matter of concern because the bacteria in colostrum may
interfere with the absorption of immunoglobulin (26). Streeter et al. (76) reported
that Mycobacterium paratuberculosis was isolated from colostrum obtained from
clinically normal cows and there was a higher prevalence of isolation from
colostrum than from milk. Houser et al. (36) reported that the mean standard plate
count; preliminary incubation count; laboratory pasteurization count; and
Staphylococcus aureus, coagulase negative staphylococei, streptococci, coliforms,
and non-coliforms counts in colostrum were considerably higher than those in raw
bulk tank milk counts. Thus, colostrum may have an increased risk of bacterial
contamination.

The value of bovine colostrum as a biological product with medicinal benefits has
been well documented in clinical trials and supported by relatively large databases.
Colostrum has antimicrobial properties and is known to modulate immune
responses (77). Clinical trials have shown that concentrated bovine colostrum may

enhance the immune systems of patients with weakened immunity(77). Therefore,



colostrum products have been growing in popularity because of an increased
demand for functional foods and dietary supplements. The medicinal uses of bovine
colostrum have been studied; however, the microbial diversity present in dried
commercial bovine colostrum products has not yet been completely investigated
(34).

Knowledge of the prevalence of organisms in colostrum is necessary because of
the importance of colostral immunoglobulins to the health of neonatal calves. Many
studies have detected the presence of L. monocytogenesisolates in raw milk (69, 88,
89); however there have been no documented cases of L. monocytogenes isolates in
bovine colostrum. Therefore, the aim of this study was to determine the prevalence
and molecular characteristics of L. monocytogenes isolates in bovine colostrum. In

addition, colostrum products were examined to determine their biological safety.

Materials and Methods

Sample collection

Colostrum samples were collected from 210 dams in 21 dairy farms in Hokkaido
prefecture, Japan within 24 h of parturition. Approximately 50 ml of colostrum was
collected using a new sterile glove after forestripping and predipping with a 0.5%
1odine-based teat dip, drying the teat ends with a clean paper towel, and scrubbing
all the teat ends with an alcohol-soaked gauze pad. The sample was then aseptically
stripped directly into a sterile 50 ml plastic sampling vial with approximately equal

amounts of milk collected from the four quarters. Fecal samples were collected from



42 neonatal calves (age, 2-8 days) and the 42 cows from which were collected
colostrum samples. All the samples were chilled and transported to the laboratory
for microbiological analysis.

Colostrum supplements

Ninety-three samples, i.e., 3 lots of 31 bovine colostrum supplement products
(prepared in the United States, New Zealand, Australia, and Japan), were
purchased online to investigate the prevalence of L. monocytogenes. These
colostrum supplements were powders or tablets.

Bacterial isolates

In the preliminary experiment, the use of the cold-enrichment process before
antibiotic enrichment yielded more L. monocytogenes isolates from colostrum than
the use of antibiotic enrichment alone. Thus, colostrum samples (25 ml) were
enriched at 4°C for 9 weeks. Colostrum supplements (25 g) were added to 225 ml of
tryptose broth (Nissui Seiyaku Co., Ltd., Tokyo, Japan) supplemented with 0.1%
pyruvic acid and enriched at 4°C for 2 weeks. Next, 5 ml of the enriched samples
were added to 45 ml of University Vermont Modified Listerra Enrichment Broth
(UVM; BD, Franklin Lakes, NJ). Five grams of fecal samples were added to 25 ml of
Nutrient Broth (Nissui Seiyaku Co., Ltd.) and enriched at 4°C for 2 weeks, and 5 ml
of the enriched culture was added to 45 ml of UVM Listeria Enrichment Broth.
After incubation at 30°C for 24 h, 0.1 ml of the culture was transferred to 10 ml of
Fraser Broth (BD) with Fraser Selective Supplement (Oxoid, Basingstoke, UK) and

incubated at 35°C for either 24 or 48 h. Next, 0.1 ml of each culture was streaked



onto Oxford Medium Base (BD) with Listeria Selective Supplement (Oxoid), and
both were incubated at 35°C for 24—48 h. Typical Listeria-like colonies with black
halos were selected from these plates. Putative colonies were spotted onto
CHROMagar Listeria plates (CHROMagar Microbiology, Paris, France) and
incubated at 37°C for 24-48 h. Five blue colonies with halos were characterized
using the Christie, Atkins, Munch-Peterson test, B-hemolysis reaction, catalase
reaction, Gram staining, and motility test in semisolid media. L. monocytogenes
isolates were stored in Brain Heart Infusion (BHI; Difco, Detroit, MI) medium with
10% glycerol at —80°C.

Bacterial strains

Atotal of 19 L. monocytogenesisolates from human listeriosis cases were used. L.
monocytogenes isolates were kindly provided by the following researchers: Dr.
Makino, S. I., Obihiro University of Agriculture and Veterinary Medicine, 3 isolates
(49, 63); Dr. Ueda, F., Nippon Veterinary and Life Sciences University, 1 isolate (59);
Dr. Yoshida, T., Nagano Environmental Conservation Research Institute, 10
isolates; Dr. Nakama, A., Tokyo Metropolitan Institute of Public Health, 1 isolate;
Dr. Ito, M., Sapporo Clinical Laboratory Inc., 2 isolates; Dr. Kobayashi, K., Daiichi
Clinical Laboratories Inc., 2 isolates. The isolates comprised 8 strains of serotype
1/2b and 11 of serotype 4b. Two isolates were isolated from the feces of raccoons,
which were caught in another dairy farm (N farm) in Hokkaido, using the same

laboratory protocols as described above.
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Serotyping of the isolates

Serotyping was performed using commercial Listeria antisera (Denka Seiken
Co., Ltd., Tokyo, Japan), according to the manufacturer’s recommendations.

Pulsed field gel electrophoresis (PFGE) analysis

The author followed the Center for Disease Control and Prevention PulseNet
protocol for PFGE (28). The chromosomal DNA of L. monocytogenes was restriction
digested using Ascl (New England BioLabs, Beverly, MA) and Apal (Takara, Shiga,
Japan). PFGE was performed on a CHEF-DRII electrophoresis system (Bio-Rad
Laboratories, Hercules, CA) with recirculated 0.5%
tris—borate—ethylenediaminetetraacetic acid (TBE) extended-range buffer (Bio-Rad
Laboratories) at 14°C. The macrorestriction fragments were resolved on a 1%
SeaKem Gold Agarose (Cambrex, Rockland, ME) gel in 0.5x TBE buffer.
Xbal-digested Salmonella Braenderup H9812 DNA was used as a molecular weight
marker. The pulse time was increased from 4.0 to 40.0 s during an 18 h run at 6.0
V/ecm. The PFGE patterns were compared using the BioNumerics program (version
5.0; Applied Maths, Kortrijk, Belgium). Similarities among the restriction
fragments of isolates were determined using the unweighted pair group method
with arithmetic mean.

PCR of L. monocytogenes virulence-associated genes and epidemic clone markers

DNA was extracted from overnight BHI cultures using a commercially prepared
extraction preparation (InstaGene Matrix; Bio-Rad Laboratories), following the

manufacturer’s instructions. The primers for 11 L. monocytogenes

11



virulence-associated genes (actA, Aly, iap, inlA, inlC, mpl, plcA, plcB, opuCA, prfA,
and c/pO have been described previously (50). The PCR protocol consisted of an
initial denaturation step (94°C for 2 min) followed by 40 cycles of denaturation
(94°C for 30 s), annealing (53.5°C for 30 s with Aly; 55.5°C for 30 s with actA, inlA,
inlC, prfA, opuCA, plcA, and clpC and 59.5°C for 30 s with iap, mpl, and plcB),
extension (72°C for 30 s), and a final extension (72°C for 2 min) step. The primers
used for the identification of isolates with the L. monocytogenes epidemic clone (EC)
I and IT markers have been described previously (11). The PCR protocol consisted of
an initial denaturation (94°C for 2 min) step followed by 30 cycles of denaturation
(94°C for 30 s), annealing (51°C for 30 s with ECI; 55°C for 30 s with ECII),
extension (72°C for 50 s), and a final extension (72°C for 2 min) step. The PCR
products were electrophoresed using a 2% agarose gel, stained with ethidium
bromide, and visualized under UV light.

Antimicrobial susceptibility testing

Antimicrobial susceptibility tests were performed for 48 of the 80 L.
monocytogenes 1isolates. Fourteen different antimicrobials were selected for
susceptibility testing using the microbroth dilution method, according to the
Clinical and Laboratory Standards Institute (CLSI) standards (13) for the following
antimicrobial agents (dilution ranges): penicillin (0.12 to 256 pg/ml), ampicillin
(0.12 to 256 pg/ml), oxacillin (0.12 to 128 pg/ml), amoxicillin (0.12 to 64 pg/ml),
gentamicin (0.12 to 128 pg/ml), kanamycin (0.12 to 128 pg/ml), streptomycin (0.12 to

128 pg/ml), erythromycin (0.12 to 128 pg/ml), vancomycin (0.12 to 128 pg/ml),
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tetracycline (0.12 to 64 pug/ml), chloramphenicol (0.12 to 64 pug/ml), fosfomycin (0.12
to 128 pg/ml), ciprofloxacin (0.12 to 64 pg/ml), and trimethoprim/sulfamethoxazole
(0.08 to 80 pg/ml). The microbroth dilution panels were purchased in a frozen
96-well format (Eiken Chemical Co., Ltd., Tokyo, Japan). The panels were stored at
—80°C and thawed immediately before use. The panels were incubated for 20 to 24 h
at 35°C. The minimum inhibitory concentrations (MICs) were read manually. The
MIC for 50% of the strains (MICso), and the MIC for 90% of the strains (MICso) were
determined for each antibiotic. The breakpoints for the susceptibility of L.
monocytogenes to penicillin and ampicillin were obtained from the CLSI guidelines
(13). Other antibiotics had bimodal MIC distributions with no breakpoints specified
in these guidelines, so the microbiological breakpoints were also applied based on
the research results of the Japanese Veterinary Antimicrobial Resistance
Monitoring System (55). The microbiological breakpoint is defined as the
intermediate MIC between the two peak distributions. The breakpoint was not

determined if the MIC distribution was monomodal.

Results

Prevalence of L. monocytogenes in bovine colostrum

In this study, the author surveyed 210 colostrum samples from 21 farms in
Hokkaido prefecture. The prevalence of L. monocytogenes in bovine colostrum is
shown in Table 1. L. monocytogenes was found in six (28.6%) farms. Of the 210

samples, 16 (7.6%) were positive for L. monocytogenes. At KB, KO, and KU farms,

13



the isolation rate of the bacterium was higher (66.7, 50.0, and 50.0%, respectively)
than on H, T, and YW farms (6.3, 11.8, and 3.7%, respectively). The bacterium was
not isolated in 129 samples collected from 15 farms.

Prevalence of L. monocytogenes in feces from cows and their neonatal calves

The author analyzed 42 fecal samples from 42 of the 210 cows from which were
collected the colostrum samples. Furthermore, the author investigated 42 fecal
samples from 42 neonatal calves that were born and bred from the cows. L.
monocytogenes was isolated from two (4.8%) fecal samples from cows and three
(7.1%) fecal samples from their neonatal calves. Ten cows were found to shed L.
monocytogenes in their colostrum. However, no cows shed the bacterium in both
their feces and colostrum. One of 10 calves whose dam shed L. monocytogenes was
positive for the bacterium (data not shown).

Serotyping of the isolates

A total of 80 L. monocytogenes isolates were recovered from colostrum samples,
and the L. monocytogenes serotypes are summarized in Table 1. The serotype
distribution of the L. monocytogenes isolates in the colostrum was as follows: 44
(55%) were serotype 1/2b and 36 (45%) were serotype 4b (Table 1). Serotypes 1/2b
and 4b were identified in the KB, KO, and KU farms. These two serotypes were also
identified in colostrum samples from cows KB9 and KO1 (data not shown).

PFGE typing of the isolates

PFGE characterization of the 80 isolates from bovine colostrum detected six

different PFGE types (Fig. 1). Of the six subtypes detected, three (50%) were
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serotype 1/2b and three (50%) were serotype 4b. Four of the PFGE types were
isolated from KB farm. Two of the PFGE types were isolated from KO and KU farms.
One PFGE type was isolated from H, T, and YW farms. Multiple PFGE types were
isolated from the individual colostrum samples from three cows and a maximum of
three different PFGE types were isolated from one colostrum sample. PFGE types I
and II were isolated from KB farm. PFGE type III was isolated from KB, KO, and
KU farms. PFGE type IV was isolated from KB, KO, KU, and T farms. PFGE type V
was isolated from H farm. PFGE type VI was isolated from YW farm. One colostrum
isolate from farm KB was identical to a fecal isolate from a neonatal calf. One fecal
isolate from a raccoon captured on another dairy farm was identical to a colostrum
1solate from KB farm. PFGE types I and III corresponded to the isolates from two
human clinical cases. PFGE type IV shared 86% similarity with outbreak strains in
Hokkaido.

Virulence-associated genes and EC markers in the isolates

Twenty of 80 L. monocytogenes isolates from bovine colostrum were investigated.
Among these isolates, 17 (85.0%) possessed all 11 virulence genes (Table 1). The
remaining isolates lacked iap, mpl, or opuCA. The ECI marker was not detected in
the L. monocytogenes isolates in colostrum. PFGE type I isolates contained the
ECII marker. The raccoon-derived isolate shared high similarity with the PFGE
type I isolate with the ECII marker (Fig. 1).

Antimicrobial resistance phenotypes

The MIC distributions of penicillin (<0.12 to 0.5 pg/ml), oxacillin (4 to 8 pg/ml),
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ampicillin (0.25 to 1 pg/ml), amoxicillin (<0.12 to 0.5 pg/ml), gentamicin (<0.12 to 0.5
pg/ml), kanamycin (0.5 to 4 pg/ml), streptomycin (2 to 8 pg/ml), erythromycin (0.25
ng/ml), vancomycin (0.5 to 1 pg/ml), tetracycline (0.5 to 1 pg/ml) chloramphenicol (4
to 8 pg/ml), ciprofloxacin (1 to 4 ug/ml), and trimethoprim/sulfamethoxazole (0.31 to
1.25 ug/ml) were monomodal, suggesting that all isolates were susceptible to these
antibiotics (Table 2). The MIC distributions of fosfomycin (>128 pug/ml) were higher
than the range the author surveyed. The MIC distribution of oxacillin was that for
resistance of staphyrococci. (14). It was described that L. monocytogenes is
naturally resistant to oxacillin and fosfomycin (80).

Prevalence of L. monocytogenes in bovine colostrum supplements

Many different types of colostrum supplements are sold online. The author
purchased 93 colostrum supplements, which had been made in the United States (n
= 45), New Zealand (n = 42), Australia (n = 3), and Japan (n = 3), and investigated
the prevalence of L. monocytogenes. The bacterium was not isolated from any of the

colostrum supplements.

Discussion

The author conducted a survey to determine the prevalence and characteristics
of L. monocytogenes in bovine colostrum collected from dairy farms in Hokkaido,
Japan. Hokkaido is a major dairy region and approximately 60% of the Japanese
dairy cattle are bred in this area. In the present study, 210 samples were collected

from 21 dairy farms. Sixteen (7.6%) of the 210 samples and six (28.6%) of the 21
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farms were positive for L. monocytogenes. Many previous studies have detected L.
monocytogenes in raw milk and milk products but the prevalence of L.
monocytogenes in bovine colostrum has not yet been investigated. This survey
provides the first data of the prevalence and characteristics of L. monocytogenes in
bovine colostrum.
In the United States, 861 bulk tank milk samples were collected from farms in
21 states as part of the National Animal Health Monitoring System for dairy during
2002. The survey indicated that L. monocytogenes was present in 6.5% of the bulk
tank milk samples (81). Other surveys have reported the isolation of L.
monocytogenes from 4.0% of the 150 raw milk samples from 1989 to 1990 in Japan
(70), 0.3% of the 943 bulk tank milk samples from 1990 to 1991 in Japan (89), 5.1%
of the 2009 bulk tank milk samples from 1992 to 1993 in England and Wales (58),
1% of the 294 farm bulk tank milk samples from 1997 to 1998 in Sweden (83), 2.8%
of 248 bulk tank milk samples from 2001 to 2002 in the United States (40), and
6.1% of the 98 bulk tank milk samples during 2005 in Spain (82). Thus, the isolation
rates of the bacterium from bulk tank milk samples were 0.3—-6.5%. Several studies
have surveyed L. monocytogenes contamination in bulk tank milk samples, however,
the prevalence of L. monocytogenes in colostrum and milk from individual cows has
not yet been fully investigated worldwide. Compared with previous studies, this
survey provides new data.
L. monocytogenes can cause mastitis in cows, and it can be shed into the milk

of asymptomatic cows (84). Bourry et al. (5) induced chronic subclinical mastitis via
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Intramammary inoculation with a single dose of L. monocytogenes and reported
that the infections were usually subclinical, and the udder appeared normal.
Improperly fermented silage is considered a common cause of ruminants shedding L.
monocytogenes in their feces. Normal healthy cattle may occasionally shed the
bacterium in their feces, with a prevalence rate of up to 52% (84). Mohammed et al.
(51) reported that the likelihood of Listeria detection was three times higher in
bedding samples than in silage, and the pathogen appeared to be most prevalent in
feed bunks, water troughs, and bedding. In this study, the author assumed that
bacteria penetrating the teat canal could cause L. monocytogenes teat colonization
from the bedding or local environment. As calving approached and colostrum
formation occurred, the gland became susceptible to infection. Despite the increased
milk leukocyte concentration in colostrum, the mammary gland is still susceptible
to new infections during the prepartum period (54). The author did not determine
the somatic cell count in the colostrum. Whether inflammation occurred was
unclear. More work is needed to determine whether contamination of the colostrum
develops into mastitis. Streeter et al. (76) reported that M. paratuberculosis was
1solated from colostrum of clinically normal cows and there was higher prevalence of
1solation from colostrum than from milk. M. paratuberculosis can survive in
macrophages for prolonged periods in vitro. Macrophages are the predominant cell
type in noninfected bovine mammary glands during the peripartum period. It has
been hypothesized that the long duration of the nonlactating period and

accumulation of large numbers of macrophages during this period may account for
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the higher prevalence of isolates from colostrum than from milk. L. monocytogenes
can also survive and proliferate within macrophages (43). The present study may
support a similar hypothesis. Fedio and Jackson (20) reported that contamination
from within the udder is likely to be rare. Thus, the other bacteria found in the
samples must be identified to exclude the possibility of colostrum being
contaminated from outside the teat. Fox et al. (22) reported a correlation between
the level of hygiene standards in farms and the occurrence of L. monocytogenes. A
sanitary dairy farm environment 1is essential for preventing colostrum
contamination.

L. monocytogenes isolates of serotypes 1/2b and 4b were detected from
colostrum samples. In previous studies in other countries have shown that
serotypes 1/2a, 1/2b, and 4 were recovered frequently from dairy farms (4, 22, 81).
The results of this study are in agreement with these findings. In Japan, serotypes
la, 1/2a, 4ab, and 4b were detected in raw milk samples and dairy farm
environment (70, 79, 89). Serotype 1/2c was isolated mainly from the carcass
surfaces of cattle and their intestinal contents (62). However, the author did not
detect serotype 1/2a nor 1/2c. This study was conducted in a limited area of Japan;
therefore, it is necessary to investigate the epidemiology of this bacterium at a
larger scale.

The isolation rate of L. monocytogenes varied according to the farm. There were
farms from which L. monocytogenes was never isolated. However, L. monocytogenes

was isolated from approximately half of the cows investigated in some farms. The
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prevalence of L. monocytogenes in KB, KO, and KU farms was higher than that in
the other farms. Four different PFGE types and both serotypes were detected on KB
farm. Multiple PFGE types were detected in the isolates from three farms; therefore,
these locations probably were continuously contaminated with L. monocytogenes. In
other countries, there have been reports of genetic diversity of L. monocytogenes
being detected in a single dairy farm. Borucki et al. (4) reported that 57 different
PFGE types were detected in dairy farm environments, and the maximum number
of PFGE types and serotypes isolated from the fecal sample of one cow were six and
four, respectively. Ho et al. (35) reported that a single cow can harbor more than one
L. monocytogenes ribotype, and 20 distinct subtypes were isolated in a single herd.
In Japan, several studies have surveyed L. monocytogenes contamination in dairy
farms but the prevalence of L. monocytogenes has not yet been fully investigated in
dairy farms. This is the first report on the detection of multiple PFGE types and
serotypes from a single farm.

To determine whether the L. monocytogenes isolates in colostrum were related
to isolates from human listeriosis cases, the author characterized the colostrum
isolates by PFGE profiles. Some L. monocytogenes isolates in colostrum had
1dentical to those of human clinical isolates, suggesting that bovine colostrum could
be a significant reservoir of L. monocytogenes that cause human infections. In other
countries, the PFGE profiles of food animal isolates from ruminant farms, foods,
and different environments were compared with the profiles of pathogenic human

isolates to identify any possible correlations (24, 64). In Japan, Nakama et al. (53)
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reported that some PFGE types from foods on retail sale were recognized isolates of
clinical origin. In this study, the genetic diversity of L. monocytognes strains was
less than that reported by Boruki et al. (4) and Ho et al. (35). However, these results
cannot be compared directly because the sampling method was different from their
studies, i.e., the study of Borucki et al. (4) was undertaken on farms where bovine
listeriosis cases occurred, whereas Ho et al. (35) investigated fecal samples for
approximately one month. The genetic diversity could be related to the low
incidence of listeriosis in Japan. Further investigation is required to reveal the
genetic diversity of the bacterium from different sources.

Of note, the L. monocytogenes isolates in colostrum possessed an ECII marker.
To date, most documented human outbreaks of foodborne listeriosis have involved a
small number of closely related strains, primarily of serotype 4b: ECI and ECII (12).
ECI includes isolates from large listeriosis outbreaks that occurred in European
countries, Canada, and the United States, while ECII includes isolates from two
listeriosis outbreaks in the United States that were linked to the consumption of
contaminated hot dogs and turkey. The ECI and ECII markers may be associated
with the increased pathogenicity of the outbreak-associated L. monocytogenes 4b
strains, making them particularly dangerous to humans. Serotypes 1/2a, 1/2b, and
4b are responsible for most human listeriosis cases (45). The isolates from bovine
colostrum were classified as serotypes 1/2b and 4b. The presence of L.
monocytogenes virulence-associated genes, and the PFGE types and serotypes of

the bovine L. monocytogenes isolates in colostrum, suggested that these strains
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may be able to invade host cells and cause listeriosis. These data reinforce previous
reports implicating farms as possible reservoirs for human epidemic L.
monocytogenes strains (56). A fecal isolate from a raccoon captured at another dairy
farm was identical to a colostrum isolate, and it possessed the ECII marker. The
raccoon is native to North America, but many have been imported to Japan as pets.
In Hokkaido, the intentional release and escape of pet raccoons has led to a
naturalized population. These raccoons could contribute to the amplification and
dispersal of L. monocytogenes into the farm environment and thus to increase in the
number of human listeriosis cases. The PFGE profiles of fecal isolates from neonatal
calves were identical to those of the colostrum isolates from their dams; therefore,
bovine colostrum might cause neonatal cattle listeriosis. Thus, cattle must be kept
healthy, to prevent the contamination of bovine colostrum.

L. monocytogenes was not isolated from the colostrum supplement products
that the author investigated. Hayes et al. (34) reported that Bacillus, Pseudomonas,
Kocuria, and Enterococcus species were identified in dried colostrum nutraceutical
products, although the presence of these species did not indicate the origin of these
organisms or the history of the processing of the products. Sanitary manufacturing
practices are necessary to prevent the contamination of bovine colostrum products
with L. monocytogenes and other pathogenic organisms.

The L. monocytogenes isolates from bovine colostrum were susceptible to
antimicrobial agents, except oxacillin and fosfomycin. Until recently, L.

monocytogenes was considered to be susceptible to antibiotics that are effective
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against gram-positive bacteria. However, many antibiotic-resistant strains of L.
monocytogenes have been reported since 1988 (65). Srinivasan et al. (75) reported
that 15% of the L. monocytogenes isolated from dairy farm environments were
multidrug resistant. Harakeh et al. (30) reported a high percentage of resistance to
penicillin, ampicillin, and chloramphenicol in L. monocytogenes isolated from
dairy-based food products. There have been very few studies on antibiotic resistance
of L. monocytogenes in Japan (61). Antimicrobial agents are used for growth
promotion to improve animal husbandry in Japan. Veterinary antimicrobial use is a
selective  force that promotes the appearance and prevalence of
antimicrobial-resistant bacteria in food-producing animals (39, 55). L.
monocytogenes becomes resistant to antibiotics through the acquisition of mobile
genetic elements (65). L. monocytogenes isolates in Japan could acquire antibiotic
resistance genes, thereby functioning as an antimicrobial resistance gene pool for
other commensal and pathogenic bacteria on dairy farms. Thus, public health can
be protected by continuously monitoring antibiotic resistance in L. monocytogenes
isolates from dairy farms.

Further investigations are needed to reduce the contamination of bovine
colostrum with L. monocytogenes. This is the first study on the prevalence and
serological and molecular characteristics of L. monocytogenes in bovine colostrum
from dairy farms. Although this study was limited to a region of Japan, these
findings have important implications for improving public health, and they provide

a significant advancement in the understanding of the molecular epidemiology of L.
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monocytogenes in bovine colostrum.

Summary

This study determined the prevalence and characteristics of L. monocytogenes in
bovine colostrum in Japan. The author collected bovine colostrum samples from 210
dams from 21 dairy farms in Hokkaido prefecture in Japan between March and
June 2009. L. monocytogenes was detected in six (28.6%) of the 21 farms. Of the 210
samples, 16 (7.6%) were positive for L. monocytogenes. The author recovered 80 L.
monocytogenes isolates. Forty-four (55%) isolates were classified as serotype 1/2b
and 36 (45%) as serotype 4b. PFGE characterization of 80 isolates identified six
different PFGE types. Two PFGE types corresponded to human listeriosis cases.
Most L. monocytogenesisolates possessed virulence-associated genes (actA, hly, iap,
inlA, inlC. mpl, plcA, pleB, opuCA, prfA, and clpC). One PFGE type isolate
possessed an epidemic clone II marker. These findings suggest that isolates from
bovine colostrum may have the potential to cause human and animal listeriosis.
The isolates were susceptible to penicillin, ampicillin, amoxicillin, gentamicin,
kanamyecin, streptomycin, erythromycin, vancomycin, tetracycline, chloramphenicol,
ciprofloxacin, and trimethoprim/sulfamethoxazole. This is the first study on the
prevalence and characteristics of L. monocytogenes isolated from bovine colostrum
obtained from dairy farms. The results of this study have important implications for
improving public health and elucidating the molecular epidemiology of L.

monocytogenes in bovine colostrum.
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Table 1. Prevalence and characteristics of L. monocytogenes in bovine colostrum from Hokkaido, Japan

0,
Farm :Irz' (1)2 N(z). (1:1)) ::f No.of  Serotypes(s) PFGE type(s) Virulence
Sampies POSILLY isolates  (No. of isolates) (No. of isolates)2  gene(s)®
examined samples
Positive farms (by name)
H 16 1(6.3) 5 1/2b (5) V (5) mple
KB 9 6 (66.7) 30 1/2b (6), 4b (24) 1(10), II (4), +, opuCA-4,
111 (10), IV (6) Iape
KO 2 1 (50.0) 5 1/2b (3), 4b (2) I1I (2), IV (3) +
KU 10 5 (50.0) 25 1/2b (15), 4b (10)  III (10), IV (15) +
T 17 2(11.8) 10 1/2b (10) IV (10) +
YW 27 1(3.7) 5 1/2b (5) VI (5) +
Negative farms (combined)
15 129 0
Total farms
21 210 16 (7.6) 80 1/2b (44), 4b (36)

aCombined profile for two restriction enzymes: Ascl and Apal

bGenes actA, hly; iap, inlA, inlC, mpl, plcA, plcB, opuCA, prfA, and clpC. (+): strains harbor all 11 genes.
Isolate with mpl deficiency

d[solate with opuCA deficiency

¢[solate with iap deficiency



Apal Asd Strain  gource Farm Serotype Virulence ECI ECII PFGE
No. genes marker marker type
' "l' KB3-24  colostrum KB 4b + + |
|||| KB4-34  colostrum KB 4b + + |
NI Okutanié human 4b ND + |
||)| Y25 human 4b ND + |
|||| RFO6  feces (raccoon) N ap ND +
| ||| KB6-27  colostrum KB 4b + - - I
| ||| KB9-39  colostrum KB 4b + - - I
| m RFO1 feces (raccoon) N 4b ND - - I
| " KB6-30  colostrum KB 4b OpuCA- - - 1
] KB8-24  colostrum KB 4b iap- - - n
#W' | Bo-38 colostrum KB ab + - - n
| |“ KO1-31  colostrum KO 4b + - - 1
(ll KU4-34  colostrum KU apb + B - n
| 1] KU10-35 colostrum KU 4b + - - n
||\ KB6C1-1 feces (calf) KB 4b ND - - 1
| ” D1 human apb ND - - n
| || 003 human 4b ND n
' KB9-40  colostrum KB 1/2b + ND ND v
ll KO1-35  colostrum KO 1/2b + ND ND %
“ KU1-35  colostrum KU 1/2b + ND ND v
“ KU2-34  colostrum KU 1/2b + ND ND v
i ” KU7-33  colostrum KU 1/2b + ND ND v
| Il T16-34  colostrum T 1/2b + ND ND v
“ T17-34  colostrum T 1/2b + ND ND v
I KB7-21  colostrum KB 1/2b + ND ND v
||] 011 human (outbreak) 1/2b ND ND ND
” |H H12-24  colostrum H 1/2b mpl ND ND Y,
” H YW20-22 colostrum Yw 1/2b + ND ND Vi

Figure 1. Dendrogram of the L. monocytogenes PFGE types for isolates from bovine colostrum, human clinical cases, and the feces
of calves and raccoons. ND, not done. Virulence genes are actA, hly, iap, inlA, inlC, mpl, plcA, plcB, opuCA, prfA, and clpC.
Isolates with an mpl! deficiency (mpF), an opuCA deficiency (opuCA-), and an iap deficiency (iap-) are indicated.
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Table 2. Antimicrobial susceptibility of 48 Listeria monocytogenes isolates from bovine colostrum in Hokkaido, Japan 2

Antimicrobial No. of isolates susceptible at MIC (ug/ml) of : MICso MICso
agent 0.16 031 062 125 25 <0.12 025 05 1 2 8 16 32 64 128 256 (ug/ml) (ug/ml)
Penicillin ND ND ND ND ND 2 28 18 0 0 0 0 0 0 0 0 0 0.25 0.5
Oxacillin ND ND ND ND ND O 0 0 0 0 47 1 0 0 0 ND 4 4
Ampicillin ND ND ND ND ND O 18 29 1 0 0 0 0 0 0 0 0 0.5 0.5
Amoxicillin ND ND ND ND ND 1 43 4 0 0 0 0 0 0 0 ND ND 0.25 0.25
Gentamicin ND ND ND ND ND 17 23 8 0 0 0 0 0 0 0 0 ND 0.25 0.5
Kanamycin ND ND ND ND ND 0 1 21 23 3 0 0 0 0 0 ND 2 2
Streptomycin ND ND ND ND ND 0 0 0 3 36 9 0 0 0 0 ND 4 8
Erythromycin ND ND ND ND ND O 48 0 0 0 0 0 0 0 0 0 ND 0.25 0.25
Vancomycin ND ND ND ND ND 0 0 2 46 0 0 0 0 0 0 0 ND 1 1
Tetracycline ND ND ND ND ND 0 0 11 37 0 0 0 0 0 0 ND ND 1 1
Chloramphenicol ND ND ND ND ND O 0 0 0 0 1 47 0 0 0 ND ND 8 8
Fosfomycin ND ND ND ND ND O 0 0 0 0 0 0 0 0 0 48(>128) >128  >128
Ciprofloxacin ND ND ND ND ND O 0 0 45 2 1 0 0 0 ND ND 1 1
Trimethoprim-

Sulfamethoxazole 0 1 46 1 0 ND ND ND ND ND ND ND ND ND ND ND ND 0.62 0.62

a Antimicrobial susceptibility tests were performed for 48 of the 80 L. monocytogenes isolates. MICso and MICgo are the MICs for

50 and 90% of the isolates, respectively. ND, analysis not done.



Chapter 2

Prevalence and Characteristics of Listeria monocytogenes
in Feces of Japanese Black Beef Cattle Reared in Three

Geographically Distant Areas in Japan

28



Introduction

Listeria monocytogenes is the causative agent of listeriosis, a serious invasive
illness that affects both humans and animals. Unlike other foodborne illnesses,
which rarely result in fatalities, the mortality rate of listeriosis is approximately
30% (45). In the United States, human listeriosis is known to affect approximately
1,600 individuals and cause 255 deaths every year (72). In Japan, an average of 83
cases of listeriosis per year has been reported (63). However, accurate numbers of
the incidence of listeriosis are not available owing to the lack of a mandatory
notification system.

Meat products have been implicated as sources of listeriosis outbreaks in many
countries (9, 27, 73). It is generally thought that cattle feces may be an important
source of foodborne pathogens for beef meat contamination in processing plants (1);
therefore, the reduction of L. monocytogenes at the farm level is important for
decreasing human exposure to the bacterium.

Investigations of molecular ecology and genetic diversity of isolates collected from
dairy farms have previously been conducted to prevent contamination of L.
monocytogenes in milk products and listeriosis outbreaks (4, 35, 44, 83, 88-90).
Although deli meats were implicated in 25% of the 24 listeriosis outbreaks during
1998-2008 in the United States (8), few studies have investigated the prevalence
and characteristics of L. monocytogenes isolated from beef cattle farms (7, 46, 52).

Specifically in Japan no studies on molecular epidemiology of L. monocytogenes in
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beef cattle farms have ever been carried out. To provide basic data for control of L.
monocytogenes at the farm level, the objective of this study was to determine the
prevalence and molecular characteristics of the bacterium in black beef cattle feces

collected from farms across Japan.

Materials and Methods

Sample collection

Japanese black beef cattle feces were collected from farms located in 3 areas of
Japan: northern (Hokkaido prefecture), central (Gifu and Mie prefectures), and
southern (Oita, Miyazaki, and Kagoshima prefectures; Fig. 2) between April and
June (spring) 2011. Furthermore, fecal samples were collected from northern area
between July and September (summer) 2011. The numbers of tested farms and
cattle are shown in Table 3. Fecal samples were obtained from apparently healthy
cattle directly through the rectum of each cattle by using a clean plastic sleeve for
each sample. Samples were chilled and transported to the laboratory, and the
samples were analyzed within 12 h.

Bacterial isolates

Cold enrichment followed by selective enrichment was used to isolate L.
monocytogenes from fecal samples (16). Briefly, fecal samples (1 g) were added to 5
ml of Nutrient Broth (Nissui Seiyaku Co., Ltd., Tokyo, Japan) and enriched at 4°C

for 2 weeks. Next, 5 ml of enriched samples were added to 45 ml of University of
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Vermont Modified Listeria Enrichment Broth (BD, Franklin Lakes, NJ). After
incubation at 30°C for 24 h, cultures (0.1 ml) were incubated with 10 ml of Fraser
Broth (BD) containing Fraser Selective Supplement (Oxoid, Basingstoke, UK) at
35°C for either 24 or 48 h. Each culture (0.1 ml) was then streaked onto
CHROMagar Listeria plates and incubated at 37°C for 24—48 h. Four to 10 typical
Listeria-like colonies with halos were selected from plates and characterized by the
Christie, Atkins, Munch-Peterson test, B-hemolysis reaction, catalase reaction,
Gram staining, and motility test in semisolid media. L. monocytogenesisolates were
stored in BHI with 10% glycerol at —80°C.

Serotyping of the isolates

Serotyping was performed using commercial Listeria antisera (Denka Seiken
Co., Ltd., Tokyo, Japan), according to the manufacturer’s recommendations.

Pulsed-field gel electrophoresis (PFGE) analysis

PFGE was carried out by following the Center for Disease Control and
Prevention PulseNet protocol (28). Chromosomal DNA of L. monocytogenes was
digested with restriction enzymes, Ascl (New England BioLabs, Beverly, MA) and
Apal (Takara, Shiga, Japan). PFGE patterns were compared using the BioNumerics
program (version 5.0; Applied Maths, Kortrijk, Belgium). Similarities among
restriction fragments of isolates were determined using unweighted pair group

method with arithmetic mean.

31



PCR of L. monocytogenes epidemic clone (EC) Il and Ill markers
DNA was extracted from overnight BHI cultures using a commercially prepared

extraction preparation (InstaGene Matrix; Bio-Rad Laboratories), according to
manufacturer’s instructions. The primers used for identification of isolates of the L.
monocytogenes EC II and III markers have been described by Chen and Knabel (11).
The cycling program and electrophoresis conditions have been described previously
(31). Since none of the black beef cattle isolates had identical PFGE profiles to those
of ECI clone, ECI marker was not investigated.

Antimicrobial susceptibility testing

Antimicrobial susceptibility tests were performed for 315 out of 996 L.
monocytogenes isolates. Fourteen different antimicrobials, including penicillin,
ampicillin, oxacillin, amoxicillin, gentamicin, kanamycin, streptomycin,
erythromycin, vancomycin, tetracycline, chloramphenicol, fosfomycin, ciprofloxacin,
and trimethoprim/sulfamethoxazole, were selected for susceptibility testing using
the microbroth dilution method, according to the Clinical and Laboratory Standards
Institute standards (13). The breakpoints were determined as described previously
(31).

Bacterial strains

In total, 35 L. monocytogenes isolates from human listeriosis cases, livestock
that had a diagnosis of listeriosis, and wild animals were used to study the

relatedness with the isolates from black beef cattle (Table 4).
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Statistical analysis

All statistical analyses were performed using EZR (Saitama Medical Center,
Jichi Medical University), which is a graphical user interface for R (The R
Foundation for Statistical Computing, version 2.13.0). More precisely, it is a
modified version of R commander (version 1.6-3) designed to add statistical
functions that are frequently used in biostatistics. A chi-squared test was used to
compare the prevalence of L. monocytogenes. Differences were considered

significant at a significance level of p < 0.05.

Results

Prevalence of L. monocytogenes among feces of black beef cattle

The author surveyed farms from three areas of Japan, including northern,
central, and southern areas. Prevalence of L. monocytogenes among feces of black
beef cattle for each area were as follows: northern, 11.4% of 651; central, 2.8% of
572; and southern, 2.9% of 515 (Table 3). Based on these data, the isolation rate in
the northern area was significantly higher than that in the central or southern area
(»<0.01). In the northern area, the isolation rate in spring was significantly higher
than in summer (p < 0.01).

Serotyping of the isolates

Serotyping of 996 isolates identified 1/2b as the most prevalent serotype (40.5%),

followed by 1/2a (36.9%), 4b (21.6%), and 4ab (1.0%) (Table 5). In the northern area,
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12.1% of the isolates were classified as serotype 4b, whereas in the central and
southern area, 46.3% and 44.8%, respectively, were classified as serotype 4b,
indicating a significantly lower rate of serotype 4b in the northern area (p <0.01).
Notably, in the northern area, multiple serotypes were isolated from 60% of L.
monocytogenes-positive farms. In addition, multiple serotypes were isolated from
individual fecal samples from 18 cattle (data not shown), with a maximum of three
different serotypes isolated from one sample (Fig. 3). However, in the central and
southern area, only one kind of serotype was isolated from individual farms.

PFGE typing of the isolates

Of 996 L. monocytogenes isolates identified from black beef cattle, 239 were
analyzed by PFGE. As shown in Table 5, 48 different PFGE types were detected.
Isolates from the northern, central, and southern areas were characterized to
consist of 43, five, and six different PFGE types, respectively. The author found that
the isolates from the northern area were genetically diversified, with multiple
PFGE types identified from two-thirds of positive farms in the northern area.
Furthermore, nine PFGE types were isolated from the N11 farm, five of which were
isolated from the same animal (Fig. 3). Dendrogram of L. monocytogenes PFGE
types for isolates from black beef cattle, human clinical cases, animal clinical cases,
and wild animals is shown Figure 4. The author observed that 5 of the isolates
(strain nos. H12, D1, 003, MMS-03174, and Y25) derived from human clinical cases

showed identical PFGE patterns to those from black beef cattle. It is worth noting

34



that two isolates from dairy cattle clinical cases (strain nos. BCO7 and BC08) and
one isolate from a sheep clinical case (strain no. BC11) were also identical to those
from black beef cattle. Importantly, one isolate from a black beef cattle clinical case
(strain no. BC02) shared 97.9% similarity with the isolates from black beef cattle.
The isolates from deer (strain no. Y21) and crow (strain no. Y22) were identical to
those from black beef cattle, as well as to those from human clinical cases.

EC markers in the isolates

The isolates with PFGE type 47 were found to possess ECII marker (data not
shown). These isolates were collected from five farms, three of which were in the
northern area and two were in the central area. Interestingly, the isolate from a
black beef cattle clinical case (strain no. BC02) also possessed ECII marker (data
not shown). Moreover, the isolate with PFGE type 12 collected from the northern
area was found to possess ECIII marker.

Antimicrobial resistance phenotypes

The MIC distributions of penicillin (<0.12 to 0.5 pg/ml), oxacillin (2 to 8 pg/ml),
ampicillin (<0.12 to 1 pg/ml), amoxicillin (<0.12 to 0.5 pg/ml), gentamicin (<0.12 to 1
pg/ml), kanamycin (0.5 to 8 ug/ml), streptomycin (1 to 16 pg/ml), erythromycin
(<0.12 to 0.5 pg/ml), vancomycin (0.5 to 1 pg/ml), tetracycline (0.25 to 1 pg/ml),
chloramphenicol (4 to 8 ug/ml), fosfomycin (32 to >128 pg/ml), ciprofloxacin (0.5 to 4
ng/ml), and trimethoprim/sulfamethoxazole (0.16 to 0.62 pg/ml) were found to be

monomodal, suggesting that all isolates tested were susceptible to these antibiotics
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(Table 6). The MIC distributions of fosfomycin were higher than the range the
author surveyed. L. monocytogenes has been described to be naturally resistant to

oxacillin and fosfomycin (80).

Discussion

In this study, to determine the prevalence and molecular characteristics of L.
monocytogenes, fecal samples were collected from black beef cattle in farms from
three geographically distant areas of Japan: northern, central, and southern areas.
In the northern area, the isolation rate was found to be significantly higher than in
the central or southern area, and black beef cattle were shedding genetically
diversified clones in feces. Five isolates from human clinical cases and three isolates
from animal clinical cases were identical to the isolates from black beef cattle.

Previous studies conducted in the United States and elsewhere have shown that
the prevalence of the bacterium in feces of beef cattle ranges from 0% to 8.3% (2, 7,
17, 46, 48, 52). In Japan, although L. monocytogenes was previously isolated in 0%
to 3.4% of cattle fecal samples (37, 38, 71, 78), the prevalence of L. monocytogenesin
beef cattle among farms throughout Japan has never been examined. Since the
investigation of livestock animals on farms is very important to elucidate the
contaminant source of pathogenic bacteria and to reduce the carrier animals, this
survey provides crucial data for control of L. monocytogenes at the farm level.

In this study, the isolation rate in the northern area was found to be higher than
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that in the central and southern areas. In a previous survey of beef-processing
plants in the United States, Listeria species were prevalent among the hides of
cattle presented for slaughter at plants in cooler climates and during the winter and
spring seasons (29). These observations may be attributed to the ability of Listeria
species to outcompete and exclude other bacterial species at low temperatures. The
higher prevalence in the northern area is associated with cooler weather, consistent
with the ability of Listeria species to grow at lower temperatures.

It has been reported that silage is a source of L. monocytogenes in dairy cattle
(35, 84). In this study, the bacterium was also isolated from the silage-fed cattle.
Meanwhile, the bacterium was also isolated from feedlot cattle that were not fed
with the silage (data not shown). In feedlot operations, feeder cattle that were
introduced to feedlot farms might be the source of pathogenic bacteria. The author
next observed that the isolates from wild animals were identical to those from black
beef cattle. It is speculated that black beef cattle farms might be the source of L.
monocytogenes in wild animals, and that the wild animals might spread the
bacterium to other farms. As other studies have shown (84), it is thought that there
might be various sources of the bacterium. Therefore, further investigation would
be needed to reduce carrier animals of the pathogenic bacteria.

In the northern area, the prevalence of serotype 4b was lower than that in the
central and southern areas. In the southern area, the prevalence of serotype 1/2a

was lower than that in the northern and central areas. It is hypothesized that the
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difference in the distribution of serotypes may arise from the characteristics of each
serotype. Buncic et al. (6) reported that serotype 1/2a isolates tended to be more
resistant to the bacteriocins at 4°C than serotype 4b isolates. It was also reported
that there is varied distribution of serotypes among L. monocytogenes isolates from
bulk tank milk in different regions of the United States (81). Therefore, difference
in the characteristics of various serotypes might vary their abilities to get
established in the environment. Another hypothesis is that the difference in the
serotype distribution may be explained by the sample shortage in this investigation.
Further investigation on a larger scale would be needed.

Isolates from northern farms were genetically diverse, compared to those from
central and southern farms. It is not yet clear as to why the isolates from northern
farms, but not central and southern farms, were genetically diverse. It was
postulated that low temperatures might affect the genetic diversity of L.
monocytogenes in northern farms as follows. First, low temperatures might inhibit
the growth of competing bacteria. Second, L. monocytogenes might grow more easily
in silage, manure, and field soil, and therefore, persist in the environment. In
addition, other strains might be introduced by feed, wild animals, or other
contributing factors in these areas. Third, more than half of the dairy cattle in
Japan are reared in the northern area, and the ratio of the ranch area in the
northern area is the highest among the 3 areas. It has been reported that dairy

cattle contribute to the amplification and the dispersal of L. monocytogenes into the
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farm environment, and the bovine-farm ecosystem maintains a high prevalence of L.
monocytogenes (56).

In this study, five PFGE types were isolated from a fecal sample from one black
beef cattle. A similar result was reported by a previous survey, in which six PFGE
types were identified from a fecal sample of one dairy cow (4). Hence, investigating
more than 10 isolates from a sample is a more reliable method to gauge the genetic
diversity of L. monocytogenes. Because the author did not characterize all of the
isolates from the black beef cattle with PFGE, further characterization of the
1solates might be needed to elucidate more precisely the genetic diversity of L.
monocytogenes in the black beef cattle farms.

The isolates possessing ECII marker were isolated from five farms, three of
which were northern farms and two were central farms, whereas the isolate
possessing ECIII marker was isolated from a northern farm. A previous study
showed that epidemic clonal markers might be correlated with the pathogenic
potential and environmental persistence of the strains (23). In addition, ECII
strains have been shown to be resistant to broad-host-range phages, when grown at
temperatures lower than 37°C; such an advantage of ECII bacteria may enhance
their fitness in a cooler environment (42). Based on these findings, the isolates
possessing ECII marker might have the ability to survive in various environments.

The results show that the L. monocytogenes isolates from black beef cattle were

susceptible to all antimicrobial agents tested, except oxacillin and fosfomycin.
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Antimicrobial agents are used for growth promotion by improving animal
husbandry. Unfortunately, veterinary antimicrobial use is a selective force that
promotes the appearance and prevalence of antimicrobial-resistant bacteria in
food-producing animals (39, 55, 75). In the Japanese black beef cattle, 44.4% of
1,397 Escherichia coliisolates were resistant to at least one type of antibiotic (87). It
was also shown that L. monocytogenes became resistant to antibiotics through the
acquisition of mobile genetic elements (65). To date, there have been very few
studies on antibiotic resistance of L. monocytogenes in Japan (61); therefore, it is
important to protect public health by continuously monitoring antibiotic resistance
of L. monocytogenes on black beef cattle farms.

In conclusion, this study suggests that the black beef cattle in Japan may be a
reservoir of genetically diversified L. monocytogenes. Moreover, it was observed
that the prevalence of L. monocytogenes, the distribution of serotypes, as well as the
diversity of PFGE types varied according to the area. In the northern area, it is
necessary to monitor pathogenic bacteria that can grow at low temperature such as

L. monocytogenes.

Summary
This study was conducted to determine the prevalence and molecular
characteristics of L. monocytogenes in the feces of black beef cattle reared in

geographically distant areas in Japan. The author surveyed 129 farms in the
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following three areas: northern (Hokkaido prefecture), central (Gifu and Mie
prefectures), and southern (Oita, Miyazaki, and Kagoshima prefectures) areas and
collected 1,738 fecal samples. The data showed the following isolation rate for each
area’ northern, 11.4% of 651; central, 2.8% of 572; and southern, 2.9% of 515,
indicating that the isolation rate in the northern area was significantly higher than
that in the central or southern areas (p < 0.01). Moreover, serotyping of 996 isolates
identified 1/2b as the most prevalent serotype (40.5%), followed by 1/2a (36.9%), 4b
(21.6%), and 4ab (1.0%). In the northern area, multiple serotypes were isolated from
60% of L. monocytogenes-positive farms. In addition, multiple serotypes were
1solated from individual fecal samples from 18 cattle. PFGE characterization of 239
isolates detected 48 different PFGE types. The author found that isolates from
northern farms were genetically diverse compared to those from central and
southern farms. Five isolates from human clinical cases and three isolates from
animal clinical cases were identical to isolates from black beef cattle. Furthermore,
the isolates from northern and central farms were characterized to possess EC II or
IIT markers. The author next showed that the isolates were susceptible to penicillin,
ampicillin, amoxicillin, gentamicin, kanamycin, streptomycin, erythromycin,
vancomycin, tetracycline, chloramphenicol, ciprofloxacin, and
trimethoprim/sulfamethoxazole. Taken together, this survey provides crucial data
regarding the prevalence and characteristics of L. monocytogenes in black beef

cattle farms throughout Japan.
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Figure 2. Map of Japan. The prefectures the author selected are shown in
gray and are coded as follows: 1, Hokkaido prefecture (northern area); 2,
Gifu prefecture (central area); 3, Mie prefecture (central area); 4, Oita
prefecture (southern area); 5, Miyazaki prefecture (southern area); 6,
Kagoshima prefecture (southern area)
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Table 3. Prevalence of Listeria monocytogenes in Japanese black beef cattle

No. of farms  No. of positive No. of cattle No. of positive

Area Season? examined farms (%) examined cattle (%)
Northern Spring 9 4 (44.4) 175 30 (17.1)
Northern Summer 21 11 (52.4) 476 44 (9.2)
Northern (total) 30 15 (50.0) 651 74 (11.4)
Central Spring 52 5(9.6) 572 16 (2.8)
Southern Spring 47 4 (8.5) 515 15 (2.9)
Total 129 24 (18.5) 1,738 105 (6.0)

aNorthern, Hokkaido prefecture; central, Gifu and Mie prefectures; southern, Oita, Miyazaki,
and Kagoshima prefectures
bSpring, April through June; summer, July through September
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Table 4. Sources and serotypes of Listeria monocytogenes isolates tested

Source

Serotypes
(no. of isolates)

References

Human listeriosis cases

Animal listeriosis cases
(dairy cattle, black beef cattle,and sheep)

Wild animals
(crows, deer, and raccoon dog)

1/2a (2), 1/2b (9), 4b (11)

1/2a (7), 1/2b (1), 4b(1)

1/2b (1), 4b (4)

Makino et al. (49)
Ochiai et al.(59)

Provided by Agricultural
Administration Division, Department
of Agriculture, Hokkaido, Japan

Yoshida et al. (91)




Table 5. Prevalence and characteristics of Listeria monocytogenes from black beef cattle feces

No. of No. (%) of No. of Serotvoe
Farm cattle positive S WP PFGE type
: isolates (no. of isolates)
examined cattle
Northern2
Positive farms (by name)
No1 26 1 38 10 1/2b (10) 27
NO3 51 7 (137 70 1/2a (31), 1/2b (39) 2,6, 14, 25, 28, 31
NO05 25 3 (120 30 1/2a (10), 1/2b (20) 1,33
NO06 44 3 68 30 1/2b (20), 4ab (10) 38, 48
NO7 60 20 (33.3) 200 1/2a (148), 1/2b (52) 8,9, 10, 24, 26
N11 4 4 (1000 39 1/2a (25), 1/2b (12), 4b (2) 3, 4,11, 12, 21, 22, 23, 30, 46
N13 29 1 B4 10 1/2a (10) 7
N16 33 1 B0 10 1/2a (10) 11
N17 23 8 (348 65 1/2a (3), 1/2b (52), 4b (10) 15, 24, 32, 33, 35, 45
N18 20 1 (.0 10 4b (10) 40
N19 20 5 (25.00 45 1/2a(10), 1/2b (5), 4b (30) 5, 36, 41, 43, 47
N21 21 4 (19.00 39 1/2b (39) 19, 20, 33
N27 27 6 (2220 60 1/2b (49), 4b (11) 33, 37, 47
N2§ 30 8 (26.7 80 1/2a (31), 1/2b (26), 4b (23) 9, 13, 33, 34, 39, 42, 47
N30 10 2 (20,00 15 1/2b (15) 33
Negative farms (combined)
15 228 0
Total farms
30 651 74 (11.4) 1713 1/2a (278), 1/2b (339), 4b (86), 4ab (10)
Central®
Positive farms (by name)
Co1 20 7 (35.00 170 1/2a (70) 17
C26 10 1 (100 10 1/2a (10) 18
C28 6 1 (167 10 4b (10) 47
C29 10 1 (100 10 4b (10) 41, 44
C49 10 6 (60.00 49 4b (49) 47
Negative farms (combined)
47 516 0
Total farms
52 572 16 (2.8 149 1/2a (80), 4b (69)
Southernc
Positive farms (by name)
S07 14 7 (50.00 60 4b (60) 43
S27 24 1 (42 10 1/2b (10) 21
S35 10 6 (60.00 54 1/2b (54) 25, 29, 34
S39 20 1 (.0 10 1/2a (10) 16
Negative farms (combined)
43 447 0
Total farms
47 515 15 29 134 1/2a (10), 1/2b (64), 4b (60)
Total of 3 areas
129 1,738 105 6.0 996 1/2a (368), 1/2b (403), 4b (215), 4ab (10)

aNorthern, Hokkaido prefecture; PCentral, Gifu and Mie prefectures; “Southern, Oita, Miyazaki,

and Kagoshima prefectures
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Figure 3. PFGE types and serotypes of Listeria monocytogenes isolates from cattle on the N11 farm
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Apat+Asc
Asc-Apa

Apal Ascl Strain  Source Farm Area Serotype PFGE

° o 8 no. type
BY37-2 B N28 N 4b 42
D1 HC N 4bh 42
003 HC N 4b 42
Y21 W lw 4b 42
Y22 w N 4b 42
HI11-2 B N18 N 4b 40
MMS-03174 HC Ku 4b 40
M242-4 B C49 C 4b 47
N142-1 B Cc28 C 4b 47
SK11-2 B N19 N 4b 47
BY04-2 B N27 N 4b 47
BY38-1 B N28 N 4b 47
Y25 HC Ya 4b 47
BC02 AC N 4b
BC08 AC N 1/2b 25
T144-1 B S35 S 1/2b 25
SAC1-2 B NO3 N 1/2b 25
BC11 AC N 1/2a 4
HJ08-1 B N11 N 1/2a 4
H12 HC Fu 1/2a 6
SA3-6-1 B NO3 N 1/2a 6
BCO7 AC N 1/2a 1
S15-2 B NO5 N 1/2a 1

Figure 4. Dendrogram of Listeria monocytogenes PFGE types for isolates from black beef cattle (B),
human clinical case (HC), animal clinical cases (AC), and wild animals (W). Areas are coded as follows: N,
northern; C, central; S, southern; Fu, Fukuoka prefecture; Ku, Kumamoto prefecture; Iw, Iwate
prefecture; Ya, Yamagata prefecture
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Table 6. Antimicrobial susceptibility of 315 L. monocytogenes isolates from black beef cattle in Japan 2

No. of isolates susceptible at MIC (ug/ml) of: MICso  MICso
Antimicrobial agent
0.16 031 062 125 <012 025 05 1 2 4 8 16 32 64 128 256 (ug/ml)  (ug/ml)
Penicillin ND ND ND ND 17 223 75 0 0 0 0 0 0 0 0 0.25 0.5
Oxacillin ND ND ND ND 0 0 0 0 6 281 28 O 0 0 ND 4 4
Ampicillin ND ND ND ND 145 155 8 0 0 0 0 0 0 0 0.5 0.5
Amoxicillin ND ND ND ND 9 272 34 0 0 0 0 0 0 0 ND ND 0.25 0.5
Gentamicin ND ND ND ND 75 189 47 4 0 0 0 0 0 0 0 ND 0.25 0.5
Kanamycin ND ND ND ND 0 0 130 139 36 3 0 0 0 0 ND 2 4
Streptomycin ND ND ND ND 0 0 0 1 49 194 70 1 0 0 0 ND 4 8
Erythromycin ND ND ND ND 2 295 18 O 0 0 0 0 0 0 0 ND 0.25 0.25
Vancomycin ND ND ND ND 0 0 6 309 O 0 0 0 0 0 0 ND 1 1
Tetracycline ND ND ND ND 0 14 192 109 O 0 0 0 0 0 ND ND 0.5 1
Chloramphenicol ND ND ND ND 0 0 0 0 0 58 257 O 0 0 ND ND 8 8
Fosfomycin ND ND ND ND 0 0 0 0 0 0 0 0 9 14 5 287(>128) >128 >128
Ciprofloxacin ND ND ND ND 0 0 15 278 20 2 0 0 0 0 ND ND 1 1
giﬁi};‘t’ﬁi‘:mle 1 176 138 0 ND ND ND ND ND ND ND ND ND ND ND ND 031  0.62

2 Antimicrobial susceptibility tests were performed for 315 of the 996 L. monocytogenes isolates. MICso and MICgo are the MICs

for 50 and 90% of the isolates, respectively. ND, analysis not done.



Chapter 3

Prevalence and Characteristics of Listeria monocytogenes Isolates

From Raw Meat of Japanese Black Beef Cattle in Japan
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Introduction

Listeria monocytogenes is the causative agent of listeriosis, a serious invasive
illness that affects both humans and animals. L. monocytogenes is composed of 13
serovars, of which serotypes 1/2a, 1/2b, 1/2¢ and 4b account for the vast majority of
cases of human disease. In humans, listeriosis commonly affects pregnant women
and neonates, as well as elderly and immunosuppressed individuals. Unlike other
foodborne illnesses, which rarely result in fatalities, the mortality rate of listeriosis
is approximately 30% (45).

In the United States, human listeriosis affects approximately 1,600 individuals
and causes 255 deaths each year (72). In 2011, according to the World Organization
for Animal Health, L. monocytogenes caused 282 human listeriosis cases and 50
deaths in France and 169 human listeriosis cases and 32 deaths in United Kingdom
(86). In Japan, an average of 83 cases of listeriosis per year has been reported (63).
However, accurate data for the incidence of listeriosis are not available, owing to the
lack of a mandatory notification system.

Meat products have been implicated as sources of listeriosis outbreaks in many
countries. For instance, a multistate outbreak of listeriosis occurring in the United
States in 2002 was linked to turkey deli meat (9), and a nationwide outbreak of
listeriosis taking place in Canada in 2008 was associated with ready-to-eat meat
products (27). In addition, a listeriosis outbreak in Denmark in 2009 was caused by

infected beef meat from a meals-on-wheels delivery service (73). In the United
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States, deli meats have the highest predicted relative risk of causing listeriosis (19).
Zoonotic pathogens in meat have to be controlled through a complete and
continuous farm-to-fork system. It is of the utmost importance to control direct and
indirect fecal contamination of carcasses through efficient hygiene management
systems (57).

It is well-known that environmental persistence is a key factor for food
contamination by L. monocytogenes and biofilms contribute to persistence (15).
Biofilms consist of bacterial cells encapsulated in an exopolysaccharide matrix
which allows them to adhere to each other and to surfaces, and also protects them
from adverse conditions (74).

In a previous study, the isolation rate of L. monocytogenes from Japanese black
beef cattle in the northern region of the country was found to be higher than that in
the central and southern areas of Japan. Beef cattle may be a reservoir of
genetically diversified L. monocytogenes in Japan (32). The prevalence of L.
monocytogenes in beef meat has been investigated in Japan (37, 60). However,
molecular characterization of those isolates had not yet been performed. Thus, the
purpose of this study was to determine the prevalence of L. monocytogenes, to
understand the distribution subtypes of L. monocytogenes from beef meat, and to
examine relatedness among the isolates from black beef cattle, beef meat, and
human clinical cases (33). Furthermore, biofilm-forming ability of the L.

monocytogenes isolates from beef meat and beef cattle was tested to evaluate a risk
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of food contamination.

Materials and Methods

Sample collection

A total of 315 samples of retailed Japanese beef meat were obtained from 107
retail stores in three areas of Japan: northern (Hokkaido prefecture), central (Gifu,
Aichi, and Mie prefectures), and southern (Fukuoka, Oita, Miyazaki, Kumamoto,
and Kagoshima prefectures). The sampling was performed between September 2011
and March 2012. Samples were chilled and transported to the laboratory for further
microbiological analysis.

Bacterial isolates

Isolation and identification of L. monocytogenes were carried out as previously
described (31). Meat samples (25 g) weighed into filtered stomacher bags were
mixed for 1 min with 225 ml of University of Vermont Modified Listeria Enrichment
Broth (BD, Franklin Lakes, NJ) in a Masticator Classic (IUL. S.A., Barcelona,
Spain). After the samples were incubated at 30°C for 24 h, cultures (0.1 ml) were
incubated with 10 ml of Fraser Broth (BD) containing Fraser Selective Supplement
(Oxoid, Basingstoke, UK) at 35°C for either 24 or 48 h. Each culture (0.1 ml) was
then streaked onto CHROMagar Listeria plates (CHROMagar Microbiology, Paris,
France) and incubated at 37°C for 24-48 h. Ten typical Listeria-like colonies with

halos were selected from plates and characterized by the Christie, Atkins,
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Munch-Peterson test, B-hemolysis reaction, catalase reaction, Gram staining, and
motility test in semisolid media. L. monocytogenes isolates were stored in Brain
Heart Infusion medium (BHI; Difco, Detroit, MI) with 10% glycerol at -80°C.

Serotyping of the isolates

Serotyping was performed using commercial Listeria antisera (Denka Seiken Co.
Ltd., Tokyo, Japan), according to the manufacturer’s recommendations.

Pulsed-field gel electrophoresis (PFGE) analysis

PFGE was carried out by following the Center for Disease Control’s PulseNet
protocol and a previously described protocol (31). Chromosomal DNA of L.
monocytogenes was digested with the restriction enzymes Asc (New England
BioLabs, Beverly, MA) and Apal (Takara, Shiga, Japan). Xbal-digested Salmonella
Braenderup H9812 DNA was used as a molecular weight marker. PFGE patterns
were compared using the BioNumerics program (version 5.0; Applied Maths,
Kortrijk, Belgium). Similarities among restriction fragments of isolates were
determined using the unweighted pair group method with arithmetic mean.

PCR of L. monocytogenes epidemic clone (EC) | marker

DNA was extracted from overnight BHI cultures using a commercially prepared
extraction preparation (InstaGene Matrix; Bio-Rad Laboratories), according to
manufacturer’s instructions. The primers used for identification of isolates of the L.
monocytogenes ECI marker have been described by Chen and Knabel (11). The

cycling program and electrophoresis conditions have been described previously (31).
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Bacterial strains

A total of 22 L. monocytogenesisolates from human listeriosis cases were used. L.
monocytogenes isolates were kindly provided by the following researchers: Dr.
Makino, S. I., Obihiro University of Agriculture and Veterinary Medicine, four
isolates (49, 63); Dr. Ueda, F., Nippon Veterinary and Life Sciences University, two
isolates (59); Dr. Yoshida, T., Nagano Environmental Conservation Research
Institute, 10 isolates; Dr. Nakama, A., Tokyo Metropolitan Institute of Public
Health, two isolates; Dr. Ito, M., Sapporo Clinical Laboratory Inc., two isolates; and
Dr. Kobayashi, K., Daiichi Clinical Laboratories Inc., two isolates. The isolates from
human listeriosis cases consisted of two strains of serotype 1/2a, nine strains of
serotype 1/2b and 11 strains of serotype 4b. In a previous study, the author detected
48 different PFGE types of isolates from black beef cattle, 18 of which were serotype
1/2a, 20 were serotype 1/2b, nine were serotype 4b, and one was serotype 4ab (32). A
total of 47 PFGE-typed L. monocytogenes isolates (except serotype 4ab) from black
beef cattle were used to study relatedness to isolates from beef meat and to study
biofilm-forming ability.

Evaluation of biofilm-forming ability by crystal violet (CV)

The ability of L. monocytogenes strains to form biofilms was assayed using a
previously described method, with slight modifications (3). This method involves
forming biofilms on microtiter plates, staining them with CV, and then solubilizing

the bound dye to measure its absorbance. Briefly, cells were grown overnight in BHI
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broth at 37°C and diluted to an optical density (OD) of 0.5 at 620 nm. Bacterial
cultures (50 ul) were transferred to 5 ml of BHI and vortexed. An aliquot (100 pl) of
each isolate culture was inoculated into each of the six wells of a microtiter plate
and incubated for 24 h at 37°C. BHI broth was used as the negative control. After
incubation, the culture was removed from each well, and the plate was washed five
times with 150 pl of sterile distilled water and air-dried. A 0.1% crystal violet (CV)
solution (150 pl) was added to the wells and incubated at room temperature for 45
min. The wells were then rinsed thoroughly five times with distilled water. Biofilms
were quantified by dissolving the remaining CV with 95% ethanol, and the
absorbance was measured at 590 nm (ODsg0).

Statistical analysis

All statistical analyses were performed using EZR (Saitama Medical Center,
Jichi Medical University), which is a graphical user interface for R (The R
Foundation for Statistical Computing, version 2.13.0). More precisely, it is a
modified version of R commander (version 1.6.3), designed to add statistical
functions that are frequently used in biostatistics. A chi-squared test was used to
compare the prevalence of L. monocytogenes. In addition, a ttest was used to
compare biofilm-forming abilities. Differences were considered significant at a

significance level of p < 0.05.
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Results

Prevalence of L. monocytogenes in beef meat

The author surveyed 315 beef meat samples from 107 retail stores in three areas
of Japan: northern, central, and southern areas. The following isolation rates were
observed: northern, seven (7.1%) of 98; central, 11 (9.2%) of 120; and southern, five
(5.2%) of 97 (Table 7).

Serotyping of the isolates

A total of 230 L. monocytogenes isolates were recovered from beef meat; the
serotype distribution is summarized in Table 7. The predominant serotype was 1/2¢c
(62.6%), followed by 4b (26.1%) and 1/2a (11.3%). Serotype distribution of the
isolates differed among the three areas: serotype 4b was not isolated from the
northern area, and 1/2a was not isolated from the southern area. Multiple serotypes,
that is, 1/2a and 1/2¢, were isolated from one beef meat sample obtained from store
N18. Serotype 1/2c was isolated from beef meat obtained 2 and 3 weeks later from
store N18; however, 1/2a was not isolated from the sample (Fig. 5).

PFGE typing of the isolates

Of 230 L. monocytogenes isolates identified from beef meat, 96 were analyzed by
PFGE. As shown in Figure 6, the author detected 12 different PFGE types, three of
which were serotype 1/2a, six were serotype 1/2¢, and three were serotype 4b. The
isolates serotyped 1/2c had >95% similarity each other. PFGE types 4, 5, and 10

were isolated from multiple samples sold in different stores. Strains Me045-10 and

56



Mel15-1 showed 97.8% similarity; those strains were isolated from samples of beef
meat sold in store N18 on different dates (Fig. 5). The same genotypic clones of L.
monocytogenes were isolated from beef meat samples, which had different
production sites, sold in the same store (Fig. 7).

ECI marker in the isolates

One beef meat isolate (strain no. Me305-3) had 98.3% similarity with a strain
isolated from a human clinical case (strain no. H11), for which ECI had been
reported (Fig. 6) (59). Furthermore, the beef meat isolate had >94% similarity to a
strain isolated from black beef cattle (strain no. SK19-1) (Fig. 6). These two isolates
from beef meat and black beef cattle were found to possess an ECI marker.

Biofilm-forming ability of the isolates from beef meat

Biofilm-forming ability was tested by CV. This method is based on the adsorption
of bacteria followed by staining by CV, and measuring the absorbance. A total of 60
isolates were tested: 12 PFGE types from beef meat, 47 PFGE types from black beef
cattle, and one ECI strain. The mean ODs90 of 1/2¢c was higher than that of 1/2a or
4b isolates from beef meat (Table 8); however, the difference was not significant. The
mean ODsg0 of 1/2c isolates from beef meat was higher than that of 1/2b isolates
from black beef cattle; however, the difference was not significant. The ODs90 of the

ECI strain was lower than the mean ODsgo of the isolates from beef meat.
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Discussion

This study was conducted to determine the prevalence and molecular
characteristics of L. monocytogenes in retailed beef. A total of 315 samples were
purchased from retail stores in northern, central, and southern areas of Japan. L.
monocytogenes was isolated from 7.3% of 315 beef samples. Some difference was
observed in serotype distribution among the three areas. Furthermore, ECI strains
were isolated from beef meat and black beef cattle.

Previous studies conducted in the United States and elsewhere have shown that
the prevalence of the bacterium in raw beef meat ranges from 1.6% to 24% (25, 66,
85). In Japan, a study conducted during 1988 and 1994 showed that the prevalence
of the bacterium in retailed beef was 34.2% (37), and another survey conducted
during 1998 and 2003 showed that the prevalence of the bacterium in retailed beef
meat was 15.5% (60). The prevalence determined in the present study was lower
than that in other surveys conducted in Japan, although the results cannot be
compared directly because of the difference between the methods. A similar
tendency has been reported for Escherichia coli O157: the prevalence of E. coli 0157
in beef carcasses decreased after 2003 (21). Microbial contamination of beef meat
from feces might have decreased in Japan because of hygiene management
strategies in beef processing environment adopted to prevent outbreaks of
foodborne pathogens.

The predominant serotype of beef meat isolates was 1/2¢c, followed by 4b and 1/2a.
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Serotype 1/2c was not isolated from black beef cattle, and serotype 1/2b was the
predominant serotype in black beef cattle isolates (Chapter 2, (32)). This finding
suggests that there might be a contamination source of L. monocytogenes, other
than intestinal contents of Japanese black beef cattle. Similarly, a study reported
that L. monocytogenes serotypes 1/2a, 1/2b and 4b were isolated from the hides of
cows and bulls at processing plants and that serotypes 1/2a, 1/2¢, and 4b were found
on postintervention carcasses (29). The PFGE types of 1/2c isolates were highly
similar, and the biofilm-forming ability of 1/2c isolates was relatively high.
Furthermore, 1/2c clones were isolated from samples obtained from the same store
on different dates, and the PFGE types of these isolates showed high similarities.
These results suggest that the 1/2c clones might persist through beef processing via
selection for persistence in that environment. It has been reported that in a
simulated gastrointestinal system, the relative survival of L. monocytogenes
serotypes 4b and 1/2a strains was higher than that of serotype 1/2c (41). This
finding suggests that the difference in environment between the gastrointestinal
tract and food processing plants affects the distribution of serotypes. Therefore,
serotype 1/2c might be predominant in beef meat isolates but not in black beef cattle
isolates.

The same PFGE types of L. monocytogenes clones were isolated from beef meat
samples, which varied in their production sites and were sold in the same store.

This finding suggests the spread of the clones via the process of slicing or packing.
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The serotype distribution of beef meat isolates differed among the three studied
areas: serotype 4b was not isolated from the northern area and 1/2a was not isolated
from the southern area. In a previous study on black beef cattle feces, a similar
tendency was observed: the isolation rate of serotype 4b was significantly lower
from the northern farms than from central and southern farms, and the isolation
rate of serotype 1/2a was significantly lower from southern farms than from
northern and central farms. Furthermore, ECI strains were isolated from beef meat
and black beef cattle. These results suggest that beef cattle might be the
contamination source of pathogenic bacteria for beef meat. ECI was implicated in
numerous outbreaks in Europe and North America (12). In Japan, ECI was isolated
from a case of human listeriosis and from chicken (59); however, an outbreak caused
by ECI has never been reported. Surveillance of EC strains has hardly been
performed in Japan (59). It is generally thought that ECI strains may have
relatively high fitness in foods compared to other serotype 4b strains and that
contamination may be established and may persist in processing plants (12). The
biofilm-forming ability of ECI strains was not as high as that of other strains,
although biofilm-forming ability may be associated with L. monocytogenes
persistence (3). ECI strains might have other ability to survive in the
food-processing environment. Because this study found ECI strains in beef meat
and black beef cattle, more extensive surveillance and characterization of such

organisms in food should be performed in Japan. In the food-processing
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environment, it is important to prevent the contamination of L. monocytogenes from
raw beef meat to cooked products.

In conclusion, this study showed that ECI strains were isolated from beef meat
and black beef cattle and that the serotype distribution of 1/2a and 4b in beef meat
and black beef cattle varied by region. These results suggest that black beef cattle
might be the contamination source of pathogenic bacteria for beef meat. Meanwhile,
there might be a contamination source of L. monocytogenes, other than the
intestinal content of black beef cattle. More extensive surveillance is needed to
control the pathogenic bacteria through a complete and continuous farm-to-fork

system.

Summary

L. monocytogenes, a foodborne pathogen, is known to cause invasive disease in
humans and animals. In a previous study of Chapter 2, the prevalence of L.
monocytogenes in black beef cattle reared in northern farms was higher than that of
cattle from central and southern farms (32). Further, the L. monocytogenes isolates
from northern farms showed more genetic diversity than isolates from central and
southern farms. To determine the risk of contamination of beef meat by fecal L.
monocytogenes, the prevalence and molecular characteristics of L. monocytogenes
in retail beef meat were examined. The author obtained retail beef meat from three

areas of Japan: northern, central, and southern areas. L. monocytogenes was
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isolated from 7.3% of 315 beef meat samples. The isolates possessing the ECI
marker came from beef meat and beef cattle. Some difference was observed in
serotype distribution among the three areas. These findings suggest that fecal L.
monocytogenes might contaminate beef meat. Gut bacteria from black beef cattle
might be the contamination sources causing human listeriosis. The predominant
serotype was 1/2c (62.6%), followed by 4b (26.1%) and 1/2a (11.3%). The 1/2c
serotype was not isolated on analysis of black beef cattle. Therefore, there might be
a contamination source of L. monocytogenes, other than the intestinal content of
black beef cattle. Because genotypically similar L. monocytogenes clones were
consistently isolated from the same retail store, beef meat might have been
contaminated during the process of slicing or packaging. Further efforts for
reducing the contamination of meat and meat products by pathogenic bacteria are

needed.

62



63

Table 7. Prevalence and serotype of Listeria monocytogenes in beef meat

No. of isolates (%)

No. of samples No. (%) of No. of
Area ) . )
examined positive samples isolates 1/2a 1/2¢ 4b
Northern 98 7 (7.1) 70 16 (22.9) 54 (77.1) 0
Central 120 11 (9.2 110 10 (11.1) 60 (54.5) 40 (36.4)
Southern 97 5 (5.2) 50 0 30 (60.0) 20 (40.0)
Total 315 23 (7.3) 230 26 (11.3) 144 (62.6) 60 (26.1)




—Strain Date of Sero PFGE

no. purchase -type type

| Me045-5  11/30/2011  1/2a 3

© Me045-10 11/30/2011  1/2¢

Me046-4  11/30/2011 1/2¢c

- Me064-4  12/14/2011 1/2c
Mell5-1  12/19/2011 1/2¢

8 8
S 3

s g 288 888¢8 8 8 8
EE 8 EEE8% 8 & &
8: 3 83888 8 8§

600.00
500.00
400.00
350.00
300.00
250.00
200.00
100.00

aa a >~ b

Figure 5. PFGE types of Listeria monocytogenes isolates from beef meat purchased from store N18



Strain  Source Area Store Dateof Sero PFGE ECI

* o purchase  -type type marker
Me045-10 M N N18 11/30/2011 1/2c 4 ND
Me093-4 M S S03  12/17/2011 1/2c 4 ND
Mel61l-4 M C C19 12/21/2011 1/2c 4 ND
Mel70-4 M S S19 01/03/2012 1/2c 4 ND
Me015-1 M N NO9 09/11/2011 1/2c 5 ND
Mell5-1 M N N18 12/19/2011 1/2c 5 ND
Mel05-4 M S S10 12/18/2011 1/2c 6 ND
Mel20-4 M (] Cl4 12/18/2011 1/2c 7 ND
Me020-4 M N N10 09/28/2011 1/2c 8 ND
Mell9-3 M C Cl4 12/18/2011 1/2c 9 ND
Me226-1 M N N26  01/24/2012 1/2a 1 ND
Mel23-3 M C C14 12/18/2011 1/2a 2 ND
Me241-4 M C C28 01/28/2012 4b 10 -
Me254-4 M S S13 01/30/2012 4b 10 -
Mel79-4 M S S19 12/26/2011 4b 11 —
Me305-3 M C C49 08/10/2011 4b 12 +
H11 HC Fu 4b +
SK19-1 B N 4b +
Me045-5 M N N18 11/30/2011 1/2a 3 ND

Figure 6. Dendrogram of Listeria monocytogenes PFGE types for isolates from beef meat (M), human clinical cases (HC), and

black beef cattle(B). Areas are coded as follows: N, northern; C, central; S, southern; Fu, Fukuoka prefecture. ND, not done.
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Figure 7. PFGE types of Listeria monocytogenes isolates from beef meat purchased from stores C14 and C28



67

Table 8. Average ODsgo for serotypes of Listeria monocytogenes isolates from beef meat

and black beef cattle, based on a crystal violet destining biofilm assay

Assay results

Source
Mean ODs90 SD Range Sample size

Beef meat

1/2a 0.331 0.176 0.211-0.533 3

1/2¢ 0.416 0.117 0.294-0.591 6

4b 0.236 0.159 0.104-0.412 3
Black beef cattle

1/2a 0.376 0.147 0.182-0.614 18

1/2b 0.344 0.126 0.048-0.562 20

4b 0.380 0.088 0.205-0.506 9
Human listeriosis case

ECI 0.197 1




General Discussion

L. monocytogenes is the causative agent of listeriosis, a serious invasive illness
that affects both humans and animals. Unlike other foodborne illnesses, which
rarely result in fatalities, the mortality rate of listeriosis is approximately 30%. In
Japan, accurate data for the incidence of listeriosis are not available, owing to the
lack of a mandatory notification system. The limited amount of epidemiological data
available in Japan represents a problematic issue. Therefore, the aim of this study
1s to determine the prevalence and molecular characteristics of L. monocytogenes
isolates in dairy and beef cattle to provide basic data for the control of L.
monocytogenes.

Chapter 1 provides information on analysis of the bovine colostrum for
determining the prevalence and molecular characteristics of L. monocytogenes.
Bovine colostrum samples were collected from dairy farms in Hokkaido, Japan.
Sixteen (7.6%) of the 210 samples and six (28.6%) of the 21 farms were positive for L.
monocytogenes. In many previous studies, L. monocytogenes has been detected in
raw milk, but the prevalence of L. monocytogenes in the bovine colostrum has not
been investigated. This survey is the first to provide data on the prevalence and
characteristics of L. monocytogenes in the bovine colostrum. L. monocytogenes
isolates of serotypes 1/2b and 4b were detected from colostrum samples. Multiple
PFGE types were detected in the isolates from three farms; therefore, it is likely
that these locations were continuously contaminated by L. monocytogenes. In Japan,

several studies have surveyed L. monocytogenes contamination on dairy farms, but
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the prevalence of L. monocytogenes has not yet been fully investigated on dairy
farms. This is the first report on the detection of multiple PFGE types and serotypes
from a single farm. Some L. monocytogenes isolates in the colostrum had PFGE
profiles identical to those from human clinical isolates. This observation suggested
that bovine colostrum could be a significant reservoir of L. monocytogenes that
causes human infections. The L. monocytogenes isolates in colostrum possessed an
ECII marker. The isolates from bovine colostrum were classified as serotypes 1/2b
and 4b. The presence of L. monocytogenes virulence-associated genes and the PFGE
types and serotypes of bovine L. monocytogenes isolates in the colostrum suggested
that these strains may be able to invade host cells to cause listeriosis.

Chapter 2 describes the analysis involving Japanese black beef cattle for
determining the prevalence and molecular characteristics of L. monocytogenes.
Fecal samples were collected from black beef cattle in farms from three
geographically distant areas of Japan: northern, central, and southern areas. In the
northern area, the isolation rate was found to be significantly higher than that in
the central or southern area, and black beef cattle shed genetically diversified
clones in their feces. In the northern area, the prevalence of serotype 4b was lower
than that in the central and southern areas. In the southern area, the prevalence of
serotype 1/2a was lower than that in the northern and central areas. The isolates
possessing the ECII marker were isolated from five farms, three of which were
northern farms and two were central farms, whereas the isolate possessing the

ECIII marker was isolated from a northern farm. Five isolates from human clinical
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cases and three isolates from animal clinical cases were identical to the isolates
from black beef cattle. The prevalence of L. monocytogenes in beef cattle among
farms throughout Japan has never been examined. Since investigation of livestock
animals on farms is very important for elucidating the contamination source of
pathogenic bacteria and to reduce the number of carrier animals, this survey
provides crucial data for the control of L. monocytogenes at the farm level. This
study suggests that the black beef cattle in Japan may be a reservoir of genetically
diversified L. monocytogenes. In the northern area, it is necessary to monitor
pathogenic bacteria that can grow at low temperatures, such as L. monocytogenes.
Chapter 3 provides information regarding the analysis of the prevalence and
molecular characteristics of L. monocytogenes in retail beef meat, beef cattle, and
the human listeriosis case, performed to determine the risk of contamination of beef
meat by fecal L. monocytogenes. The author obtained retail beef meat from three
areas of Japan: northern, central, and southern. L. monocytogenes was isolated
from 7.3% of 315 beef meat samples. The isolates possessing the ECI marker were
1solated from beef meat and black beef cattle. A difference was observed in serotype
distribution among the three areas. These findings suggest that gut bacteria from
black beef cattle might be a contamination source and a cause of human listeriosis.
Further examination will be required to clarify the relatedness between the isolates
of beef cattle and beef meat. There was some difference in serotype distribution
between beef meat and black beef cattle isolates. Therefore, there might be a

contamination source of L. monocytogenes, other than the intestinal contents of
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black beef cattle. Because genotypically similar L. monocytogenes clones were
consistently isolated from the same retail store, beef meat might have been
contaminated during the process of slicing or packaging. Further efforts for
reducing the contamination of meat and meat products by pathogenic bacteria are
required.

The present study elucidates the molecular epidemiology of L. monocytogenes in
farm animals in Japan. The results of this investigation will be useful in controlling
L. monocytogenes through a complete and continuous farm-to-fork system. There is
a lack of molecular epidemiological studies on L. monocytogenes in the
food-processing environment of Japan. Further examination of L. monocytogenes
and sanitary criteria, based on risk assessment, will be required to prevent

outbreaks of listeriosis.
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Conclusion

The objective of this thesis is to determine the prevalence and molecular

characteristics of L. monocytogenes isolates in dairy and beef cattle, in order to

provide basic data for control of L. monocytogenes. The results obtained are

summarized as follows:

1.

Sixteen (7.6%) of the 210 bovine colostrum samples and six (28.6%) of the 21
farms were positive for L. monocytogenes. Characterization of L.
monocytogenes isolates from bovine colostrum indicated that the isolates
might have potential for causing human and animal listeriosis.

Prevalence of L. monocytogenes in black beef cattle reared in northern farms
was higher than that in cattle from central and southern farms. Further, the L.
monocytogenes isolates from northern farms were more genetically diverse
than those from central and southern farms.

L. monocytogenes isolates from black beef cattle were found to consist of 48
different PFGE types. Furthermore, EC strains were isolated from black beef
cattle. The black beef cattle in Japan may be a reservoir of genetically
diversified L. monocytogenes.

L. monocytogenes isolates from beef cattle might contaminate food through

beef meat and cause human listeriosis.

The global prevalence of L. monocytogenes in the colostrum and milk from

individual cows has not yet been fully investigated. This study is the first to reveal

the prevalence of L. monocytogenesin bovine colostrum and provided crucial data to
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help produce safe bovine colostrum products. This study is also the first to reveal
the prevalence of L. monocytogenes in beef cattle among farms throughout Japan.
The examination of L. monocytogenes isolates from black beef cattle across Japan
revealed the difference in prevalence among the areas and provided extremely
important data for performing hygienic management. Furthermore, genotyping
data, which were obtained in this study, can be compared with the data for other
countries and will be critical in determining the source of future foodborne

listeriosis cases.
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Japanese Abstract

Listeria monocytogenes (LMD, b & 122 OBIMITHIFMEAZ R L, BE B RO
IR, 1/2a, 1/2b, 1/2¢c BE 4b BETHS, LM (LD & HFHITHIS . BUMLE, i
PETREHBIERLIL, FECHITH 30% THD, 7 AT, AR 1,600 ABSUATUTIEIC
ML K 2565 ADETL TS, —F TBETIEL, VAT UTREDIABAFL IOV TOH
FHIZRSAATHD, Fho, £ FET, ALHEICK T 5T F 27V F —AD1HEHD AT
H5, N TITFABIORAE G LM (LB FmEO LR RK & L EHEE SV TNDD,
Oy TR GEITFAE TN TR, 2078, ILAB LR AICETS LM O75 %k
EOYBIRR D 2y T2 2O MEIR AT L . LM 25157200 O IS B 212975,

EHEED 21 RGOV AL AL YR, 210 BiREERIL T, dLifEE, FEB L OTuND
129 RIGIVEREMFOBMFEREME 1,738 MAZERIL ., £z, # sk lk5E 1k Lo fK
315 MIRZREA LTz, ALY LM Z43BfEL | MIERA B KOV IV AT 0 — LR T LBk
RIS DBB T RRIZATV, S5, FiA T (EC) ~ — 1 — 5 T ORATRILA fENT L 72,
FIFLIS KOVR BN RR I TSR ek B A | BB AR 3 LU AR i RIR IS A 2
AV BFEARERBR AT T2,

FIFLD 7.6%0°5 LM 23 BESiviz, migTiE 1/2b(55%) 3L 4b(45%) Th-o7z, B
EBMAEMED 6.0%2 B THY, ALiEE ., T BIOIUNDO BEMAFDOMRERIL, ThE
114, 2.8 FBLV02.9% T, ALHHEORERIIMMEEL THEICE T, Fo, Mg
I3 1/2b(40.5%) 23 cb <, RNT, 1/2a(36.9%) . 4b(21.6%) . 4ab (1.0%) DIETH-
7o AR TR ORE R, ALHEE O S BEK ITE R TR DMED T T, VRS 9O
TR LM Byt hi-flbd o7, il FR o 7.3% BEMETH-o7o, migHix, 1/2¢

(62.6%) D3t %< IWVT 4b(26.1%) . 1/2a(11.3%) DIETH-7-, EC ~—h—#E(5T
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URA T, AIEL, BREMBLOER I B, PIFLB I OB BRI f kiR
I3, EMEBTHRER B IR TR — BT ok b o 7o, WIFLI K OUREBRAF BRI, 12
DIEANHK LT TH o 7o, FRBEERD 1/2¢ 13, B T RO SHEEMEL, 147
AV ATERCHE DS iV MBI AR LTz, 72, [FICIEET 2 B8 K0 3 IR CHEAL72FNaG
FRRIMEDFEF 2@\ B IR FRIDORRD, ki L TS filb o7,

MIER A FONEA R FRBI OfE Kb, WIFL BB IOV HRERIT, EMZU X
TUTIEZFIES D ATREMEDS B EAVRS Tz, JLHEE O RO R E R D T
. ARG T RPAAFRBRRIEICESE L TWDEEZLND, 200, (KIRREEICRIT
5 LM ICH T O3RN EE TH D, EC v— I —BIE 2R A TN BEMF B I OFF
RO DA BESIVIZZ &%, B R 23 A TG YL VAT U7 IE A FIE SH 2D T REEDS &
WZEZIRLTWD, — 07, BEBEAETNA A B RERO ME R M N R D2 M0 IHE N
BLIS OGRS E 2 BT, Eiz, Rl —EELOMkE L THRFEMEO @V LM B2 BES
NI=ZEiE, AR D AT A A a3 TREC Ml Y L7z FTREMEA TR RIZL T D,

AIFFETIL, FIFLH O LM XI5 Y RIA WD THOANIL , 27 pIFL R 2 s 5
DI OEEILT — AR LT, 2, W40 LM BT 2 2E72F30 85, #ikic ks
THYSIR LR L OV T ZHEIR OFEZ LML, A E BT L& R E 95720 O
THEERER ML, S5, S RIELNIEBETROT —21%, T’AEOZEHEREL T,
i [E] F ek & D kA FTREIC L . B B AE OB, V5 YR A HEE 9 Hi6d CHEE/RE
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