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Abstract
Listeria monocytogenes causes foodborne illnesses through consumption of ready-to-eat

foods. Although 135-201annual listeriosis cases have been estimated in Japan, the details

regarding the clinical isolates such as infection source, virulence level, and other genetic

characteristics, are not known. In order to uncover the trends of listeriosis in Japan and use

the knowledge for prevention measures to be taken, the genetic characteristics of the past

human clinical isolates needs to be elucidated. For this purpose, multilocus tandem-repeat

sequence analysis (MLTSA) and multi-virulence-locus sequence typing (MVLST) were

used in this study. The clinical isolates showed a variety of genetically distant genotypes, in-

dicating they were from sporadic cases. However, the MVLST profiles of 7 clinical isolates

were identical to those of epidemic clone (EC) I isolates, which have caused several serious

outbreaks in other countries, suggesting the possibility that they have strong virulence po-

tential and originated from a single outbreak. Moreover, 6 Japanese food isolates shared

their genotypes with ECI isolates, indicating that there may be risks for listeriosis outbreak

in Japan. This is the first investigational study on genetic characteristics of Japanese listeri-

osis isolates. The listeriosis cases happened in the past are presumably sporadic, but it is

still possible that some isolates with strong virulence potential have caused listeriosis out-

breaks, and future listeriosis risks also exist.

Introduction
Listeria monocytogenes is the cause of an important disease worldwide, mostly resulting from
consumption of contaminated ready-to-eat (RTE) food. In Japan, no official statistics exist on
the incidence rates of listeriosis because of the lack of a mandatory notification system. Conse-
quently, only one foodborne listeriosis outbreak has been officially reported to date [1]. On the
other hand, Japan Nosocomial Infections Surveillance (JANIS) estimated that 135–201 listerio-
sis cases occur every year in Japan (2008–2011), which is equivalent to 1.40 cases in a million
people [2]. Compared to the previous estimation of 0.65 cases in a million people every year
during 1997–2002 [3], the infection rate is increasing currently. However, the isolates from
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these clinical cases have never been investigated. Thus, the infection source, virulence level,
and other characteristics of the isolates are not known.

The virulence potential and ecology of these isolates can be predicted to a large extent by
using typing methods. For example, serotype 4b isolates have been responsible for most human
listeriosis epidemics and a majority of human sporadic cases [4,5], whereas serotype 1/2a
strains are mostly isolated from food related sources [6]. In addition, among the 4 evolutionary
lineages [7–11], lineage I strains are significantly over-represented among human listeriosis
isolates [12–14], while lineage II strains are more common in foods and food-processing envi-
ronments. The correlation between the strain subtype and the virulence and ecological differ-
ences indicates that genotyping methods would be meaningful in clarifying the virulence
characteristics of strains [15,16].

In this study, we performed molecular typing to genetically characterize Japanese clinical L.
monocytogenes isolates. Two sequence-based typing methods, multilocus tandem-repeat se-
quence analysis (MLTSA) [17] and multi-virulence-locus sequence typing (MVLST) [18], were
used to evaluate any possible distinctive trend among the isolates from the Japanese
listeriosis cases.

Materials and Methods

L.monocytogenes isolates used
A total of 158 L.monocytogenes isolates were tested in this study, including 95 food and 21 lis-
teriosis case isolates from Japan, and 42 clinical isolates from other countries, mainly the Unit-
ed States (S1 Table). The Japanese food isolates comprised of 61 RTE seafood isolates [19–21],
32 meat isolates (including 10 isolates from imported meat) [20,22], and 2 cutting board iso-
lates. The Japanese clinical isolates had been collected by the Japanese National Institute of
Health Sciences (NIHS isolates). Ethical approval was not required as the clinical isolates were
collected as part of standard patient care. Among the clinical isolates from other countries, the
FSL isolates had been kindly provided by Dr. Martin Wiedmann (Cornell University, Ithaca
NY) and the others had been purchased from the American Type Culture Collection (ATCC;
Manassas, Va), Collection de l’Institut Pasteur (CIP: Paris, France), and National Collection of
Type Cultures (NCTC; London, United Kingdom). Serotypes of the isolates were analyzed by
the conventional slide agglutination method, but serotype information for the NIHS and FSL
isolates was provided by the Japanese NIHS and Cornell University, respectively.

Lineage designation
L.monocytogenes are known to be grouped into 4 distinct phylogenetic lineages. Each of the
158 isolates used in this study was categorized into the lineages using a previously described
method [23] involving multiplex PCR to produce a lineage-specific sized band on
electrophoresis gels.

MVLST
The MVLST method used in this study was developed by Zhang et al. [18]. Briefly, 6 L.mono-
cytogenes virulence and virulence-associated genes (prfA, inlB, inlC, dal, lisR, and clpP) were
PCR-amplified and sequenced using the ABI PRISM 3100 Genetic Analyzer (Applied Biosys-
tems, Foster City, CA, USA). For each locus, DNA sequences that differed by at least one nucle-
otide were assigned different arbitrary allele numbers [24] that were entered into the
BioNumerics v.4.0 software (Applied Maths, Sint-Martens-Latem, Belgium) for
phylogenetic analysis.
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MLTSA
Previously we developed a typing method for L.monocytogenes by using 3 tandem-repeat re-
gions (TR1, TR2, and TR3) [17] that could be used to discriminate strains on the basis of nucle-
otide sequence differences in these regions. We followed this method in the present study. The
target regions were PCR-amplified and sequenced, and allele numbers were assigned to each
isolate as in the abovementioned MVLST method. The data obtained were analyzed using the
BioNumerics software.

Results and Discussion

Discriminatory ability of MLTSA—MVLST combination method
In this study, all the 158 isolates analyzed (S1 Table) were typeable by both MLTSA and
MVLST. Because the clustering of the isolates was very similar using these two methods and
because both the methods were based on sequences of short regions, these two methods were
combined to obtain increased discriminatory power. As a result, while using only one of the
methods generated 89 and 48 different sequence types with a Simpson’s index of diversity (DI)
[25] of 0.976 and 0.933 for MLTSA and MVLST, respectively, combining these two methods
generated 104 different sequence types with DI of 0.985 (Table 1). Depending on the source of
origin, the 95 Japanese food and environmental isolates were discriminated into 56 subtypes,
the 21 Japanese clinical isolates into 19 subtypes, and the 42 clinical isolates from other coun-
tries into 36 subtypes, indicating the good discriminatory power of this combined method for
all isolate categories. This high DI value reflects the fact that approximately half of the sequence
types obtained (50.6%) were represented by only one isolate.

Identification of food source of infection
Because of the long incubation period of L.monocytogenes, it is difficult to specify the food
source of infection or link one case to another. Therefore, a significant number of listeriosis
cases tend to be defined as sporadic cases as opposed to results of outbreaks. However, some
retrospective genetic studies have confirmed past listeriosis outbreaks by identifying a number
of genetically similar isolates from several clinical cases [26,27]. On the other hand, in the pres-
ent study, there was great genetic diversity among Japanese clinical isolates; most of them (17/

Table 1. Allelic diversities of MLTSAwith 3 regions andMVLST with 6 regions.

Method Region No. of alleles Index of Diversity

MLTSA 89 0.976

TR1 64

TR2 32

TR3 6

MVLST 48 0.933

prfA 8

inlB 13

inlC 17

lisR 5

dal 21

clpP 5

MLSTA & MVLST 104 0.985

doi:10.1371/journal.pone.0122902.t001
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21) did not share MLTSA and MVLST profiles with any other Japanese clinical isolate, indicat-
ing that they are sporadic isolates.

Other than the clinical isolates, this study included a number of RTE seafood isolates col-
lected in our laboratory [19,21]. Since the contamination rates of retailed RTE seafood, espe-
cially minced tuna and fish roe, are very high (5.7–12.1%) [21], these foods could be potential
sources of foodborne listeriosis. Moreover, our previous in vivo and in vitro studies showed
that Japanese RTE seafood isolates may have virulence potential that could pose a risk of caus-
ing foodborne listeriosis [21]. Therefore, the epidemiological relatedness of Japanese clinical
isolates and RTE food isolates was then investigated. However, no Japanese clinical and RTE
seafood isolates showed identical genotypes in this study (Fig 1), indicating that there was no
epidemiological link between them.

However, although Japanese RTE seafood isolates were unlikely to be the source of past lis-
teriosis cases, the possibility of listeriosis cases in the future cannot be denied. The Japanese
RTE seafood isolates, 23-4-1, 25-4-3, and 26-22-1B, had the same genotype as FSL J1-038 (Fig
1), which is a human sporadic isolate from the United Sates. Sharing the same subtypes, as
highlighted by this reliable and highly discriminatory subtyping method, can be indicative of
the food isolates having an equal or similar level of virulence potential. Moreover, the geno-
types of other RTE food isolates were not significantly different from genotypes of clinical iso-
lates. This illustrates the necessity of vigilance for the future risk of listeriosis spread through
contaminated RTE seafood in Japan.

Prevalence of epidemic clone (EC)-related strains
Some geographically and temporally distinct human listeriosis outbreak isolates had been pre-
viously identified as “epidemic clones (EC)” because of their close genetic relatedness [6]. Che-
nal-Francisque et al. [28] conducted research on the worldwide distribution of L.
monocytogenes by grouping isolates that shared at least six out of seven housekeeping gene se-
quences. According to their study, while ECI and ECIV were the cause of a number of food-
borne outbreaks in many parts of the world and their closely related isolates were ubiquitous,
ECII and ECIII consisted of isolates from the United States [29] and were rarely reported out-
side the United States, especially in Asian countries. Our present study included a number of
EC isolates: ECI (FSL J1-110 and J1-119), ECII (FSL N1-225), ECIII (FSL J1-101), and ECIV
(FSL J1-220 and FSL N3-013). Identical MVLST profiles showed that relatively large numbers
of Japanese isolates were closely related to ECI and to ECIV (17 and 5 isolates for ECI and
ECIV, respectively). Specifically, 6 Japanese food isolates shared their MLTSA and MVLST
profiles with ECI isolates. On the other hand, ECII and ECIII-related isolates were rare among
Japanese isolates (1 and 0 isolates for ECII and ECIII, respectively). Therefore, our study was in
agreement with the study by Chenal-Francisque et al. [28] showing that ECII- and ECIII-relat-
ed strains were not common in Japan.

Suitability of MLTSA-MVLST combination method for typing L.
monocytogenes isolates
In this study, MLTSA and MVLST were used for analyzing Japanese clinical and other L.
monocytogenes isolates. MLTSA is a newly developed typing method based on three different
tandem-repeat regions. While repeat numbers of short sequences in tandem-repeat regions are
highly variable but stable among strains and have been used for typing many pathogens includ-
ing L.monocytogenes [20,30–32], MLTSA detects even a single nucleotide variation in tandem-
repeat regions, which are even more polymorphic. Moreover, this method could aid in accurate
phylogenetic typing of L.monocytogenes isolates [17]. Chenal-Francisque et al. [33] evaluated
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18 tandem repeat regions including TR1, TR2, and TR3 used in this study, and only TR2 was
considered appropriate. The sequence variability of the flanking region of TR1 was an obstacle
in their analysis, but we conducted a sequencing analysis rather than a fragment analysis for
TR1, which is unaffected by the of sequence variability in the flanking region [32]. As for TR3,
they had problem in amplifying this region, which may be because they used PCR conditions
different from those optimized in our previous study [20]. MVLST, which was developed for
typing L.monocytogenes strains on the basis of six virulence and virulence-associated genes,
also has a high discriminatory power and suitability for phylogenetic analysis, and is therefore
used widely [26,34,35]. Moreover, the high genomic stability of L.monocytogenes [36] contrib-
utes to the repeatability of these sequence-based methods. Pulsed-field gel electrophoresis
(PFGE) is the gold standard for molecular subtyping of L.monocytogenes with the high dis-
criminatory power. However, sequence-based methods such as MLTSA and MVLST are ad-
vantageous in that interpreting the data and sharing the results between laboratories is easier
and more precise compared to fragment-based method, PFGE. Moreover, the discriminatory
power of both these method are comparable to that of pulsed-field gel electrophoresis (PFGE)
[17,18,20].

Conclusions
This is, to the best of our knowledge, the first report comparing the genetic characteristics of
Japanese clinical isolates with those of isolates of various sources. Japanese clinical listeriosis
isolates were genetically variable, showing no specific trend or genetic similarity to isolates
from other sources, which indicates that their occurrence is most probably from sporadic inci-
dences. However, details of the isolates, such as the source, year, and place of isolation were not
available, which would have been helpful in accurately determining whether they were from
sporadic cases or were outbreak isolates that underwent subsequent genetic changes. Moreover,
it is noteworthy that some of the Japanese clinical isolates (NIHS-28, NIHS-33, NIHS-36,
NIHS-43, NIHS-44, NIHS-46, and NIHS-47) shared identical MVLST profiles with the ECI
isolates. It is possible that Japanese clinical isolates with identical MVLST, but different
MLTSA profiles, are from an outbreak, since tandem-repeat regions are highly changeable. In
fact, two ECIV strains showed identical MVLST but different MLTSA profiles (Fig 1). Further-
more, it is also difficult to identify the infection source because of the long incubation period of
L.monocytogenes. Even previous studies in which outbreaks were identified did not specify the
source food, partially because of the time delay prior to research [26,27]. On the other hand,
the infection source can be determined if a quick response is taken right after the listeriosis
cases are detected [37,38]. In our previous study on the incidence and prevalence of L.monocy-
togenes in retailed RTE seafood in Japan, some RTE seafood isolates from different retailers of
the same manufacturer had identical genotypes (unpublished data), indicating that contamina-
tion occurs during manufacturing, which is then spread by distribution of the contaminated
foods and causes outbreaks over a wide geographic area. To prevent foodborne listeriosis cases
in the future, the implementation of a mandatory reporting system and collection of isolates
from clinical cases are necessary. Moreover, prompt investigation of a significant number of
isolates using appropriate molecular typing should be adopted in Japan. It should also be noted
that the combination of the two methods, MVLST and MLTSA, would be highly applicable for

Fig 1. A dendrogram based on MLTSA andMVLST. The dendrogram is based on nucleotide sequences in
3 multilocus tandem-repeat sequence analysis (MLTSA) regions (regions 1, 2, and 3) and 6 multi-virulence-
locus sequence typing (MVLST) regions. Epidemic clone groupings are shown to the right of the isolates. JF:
Japanese food isolate, JC: Japanese clinical isolate.

doi:10.1371/journal.pone.0122902.g001
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molecular typing, because of its high discriminatory power and accuracy in
phylogenetic studies.

Supporting Information
S1 Table. The 158 Listeria monocytogenes isolates used in this study.
(XLSX)

Acknowledgments
This work was supported by a grant-in-aid for Scientific Research (B 24380115) from the Min-
istry of Education, Science, Sports and Culture of Japan.

Author Contributions
Conceived and designed the experiments: SM HT SI BK. Performed the experiments: SMMN.
Analyzed the data: SM HT BK. Contributed reagents/materials/analysis tools: HT TK SI BK.
Wrote the paper: SM HT BK.

References
1. Makino SI, Kawamoto K, Takeshi K, Okada Y, Yamasaki M, Yamamoto S, et al. An outbreak of food-

borne listeriosis due to cheese in Japan, during 2001. Int J Food Microbiol. 2005; 104: 189–196. PMID:
15979181

2. Yamane K, Suzuki S, Shibayama K. Infect Agents Surveillance Rep (IASR). 2012; 33: 247–248. (In
Japanese)

3. Okutani A, Okada Y, Yamamoto S, Igimi S. Nationwide survey of human Listeria monocytogenes infec-
tion in Japan. Epidemiol Infect. 2004; 132:769–772. PMID: 15310181

4. Farber JM, Peterkin PI. Listeria monocytogenes, a food-borne pathogen. Microbiol Mol Biol Rev. 1991;
55: 476–511.

5. Schuchat A, Swaminathan B, Broome CV. Epidemiology of human listeriosis. Clin Microbiol Rev. 1991;
4: 169–183. PMID: 1906370

6. Kathariou S. Listeria monocytogenes virulence and pathogenicity, a food safety perspective. J Food
Prot. 2002; 65: 1811–1829. PMID: 12430709

7. Liu D, Lawrence ML, Wiedmann M, Gorski L, Mandrell RE, Ainsworth AJ, et al. Listeria monocytogenes
subgroups IIIA, IIIB, and IIIC delineate genetically distinct populations with varied pathogenic potential.
J Clin Microbiol. 2006; 44: 4229–4233. PMID: 17005751

8. Rasmussen OF, Skouboe P, Dons L, Rossen L, Olsen JE. Listeria monocytogenes exists in at least
three evolutionary lines: evidence from flagellin, invasive associated protein and listeriolysin O genes.
Microbiology. 1995; 141: 2053–2061. PMID: 7496516

9. Roberts A, Nightingale K, Jeffers G, Fortes E, Kongo JM, Wiedmann M. Genetic and phenotypic char-
acterization of Listeria monocytogenes lineage III. Microbiology. 2006; 152: 685–693. PMID:
16514149

10. Ward TJ, Ducey TF, Usgaard T, Dunn KA, Bielawski JP. Multilocus genotyping assays for single nucle-
otide polymorphism-based subtyping of Listeria monocytogenes isolates. Appl Environ Microbiol.
2008; 74: 7629–7642. doi: 10.1128/AEM.01127-08 PMID: 18931295

11. Wiedmann M, Bruce JL, Keating C, Johnson AE, McDonough PL, Batt CA. Ribotypes and virulence
gene polymorphisms suggest three distinct Listeria monocytogenes lineages with differences in patho-
genic potential. Infect Immun. 1997; 65: 2707–2716. PMID: 9199440

12. Gray MJ, Zadoks RN, Fortes ED, Dogan B, Cai S, Chen Y, et al. Food and human isolates of Listeria
monocytogenes form distinct but overlapping populations. Appl Environ Microbiol. 2004; 70: 5833–
5841. PMID: 15466521

13. Jeffers GT, Bruce JL, McDonough PL, Scarlet J, Boor KJ, Wiedmann M. Comparative genetic charac-
terization of Listeria monocytogenes isolates from human and animal listeriosis cases. Microbiology.
2001; 147: 1095–1104. PMID: 11320113

Japanese Clinical L.monocytogenes

PLOSONE | DOI:10.1371/journal.pone.0122902 March 31, 2015 7 / 9

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0122902.s001
http://www.ncbi.nlm.nih.gov/pubmed/15979181
http://www.ncbi.nlm.nih.gov/pubmed/15310181
http://www.ncbi.nlm.nih.gov/pubmed/1906370
http://www.ncbi.nlm.nih.gov/pubmed/12430709
http://www.ncbi.nlm.nih.gov/pubmed/17005751
http://www.ncbi.nlm.nih.gov/pubmed/7496516
http://www.ncbi.nlm.nih.gov/pubmed/16514149
http://dx.doi.org/10.1128/AEM.01127-08
http://www.ncbi.nlm.nih.gov/pubmed/18931295
http://www.ncbi.nlm.nih.gov/pubmed/9199440
http://www.ncbi.nlm.nih.gov/pubmed/15466521
http://www.ncbi.nlm.nih.gov/pubmed/11320113


14. Norton DM, Scarlett JM, Horton K, Sue D, Thimothe J, Boor KJ, et al. Characterization and pathogenic
potential of Listeria monocytogenes isolates from the smoked fish industry. Appl Environ Microbiol.
2001; 67: 646–653. PMID: 11157227

15. Franciosa G, Tartaro S, Wedell-Neergaard C, Aureli P. Characterization of Listeria monocytogenes
strains involved in invasive and noninvasive listeriosis outbreaks by PCR-based fingerprinting tech-
niques. Appl Environ Microbiol. 2001; 67: 1793–1799. PMID: 11282635

16. Nightingale KK, Windham K, Wiedmann M. Evolution and molecular phylogeny of Listeria monocyto-
genes isolated from human and animal listeriosis cases and foods. J Bacteriol. 2005; 187: 5537–5551.
PMID: 16077098

17. Miya S, Takahashi H, Kamimura C, NakagawaM, Kuda T, Kimura B. Highly discriminatory typing meth-
od for Listeria monocytogenes using polymorphic tandem repeat regions. J Microbiol Met. 2012; 90:
285–291. doi: 10.1016/j.mimet.2012.05.023 PMID: 22677602

18. ZhangW, Jayarao BM, Knabel SJ. Multi-virulence-locus sequence typing of Listeria monocytogenes.
Appl Environ Microbiol. 2004; 70: 913–920. PMID: 14766571

19. Handa S, Kimura B, Takahashi H, Koda T, Hisa K, Fujii T. Incidence of Listeria monocytogenes in raw
seafood products in Japanese retail stores. J Food Prot. 2005; 68: 411–415. PMID: 15726989

20. Miya S, Kimura B, Sato M, Takahashi H, Ishikawa T, Suda T, et al. Development of a multilocus vari-
able-number of tandem repeat typing method for Listeria monocytogenes serotype 4b strains. Int J
Food Microbiol. 2008; 124: 239–249. doi: 10.1016/j.ijfoodmicro.2008.03.023 PMID: 18457891

21. Miya S, Takahashi H, Ishikawa T, Fujii T, Kimura B. Risk of Listeria monocytogenes contamination of
raw ready-to-eat seafood products available at retail outlets in Japan. Appl Environ Microbiol. 2010;
76: 3383–3386. doi: 10.1128/AEM.01456-09 PMID: 20348310

22. Takahashi H, Handa-Miya S, Kimura B, Sato M, Yokoi A, Goto S, et al. Development of multilocus sin-
gle strand conformation polymorphism (MLSSCP) analysis of virulence genes of Listeria monocyto-
genes and comparison with existing DNA typing methods. Int J Food Microbiol. 2007; 118: 274–284.
PMID: 17822795

23. Ward TJ, Gorski L, Borucki MK, Mandrell RE, Hutchins J, Pupedis K. Intraspecific phylogeny and line-
age group identification based on the prfA virulence gene cluster of Listeria monocytogenes. J Bacter-
iol. 2004; 186: 4994–5002. PMID: 15262937

24. Maiden MCJ, Bygraves JA, Feil E, Morelli G, Russell JE, Urwin R, et al. Multilocus sequence typing: a
portable approach to the identification of clones within populations of pathogenic microorganisms. Proc
Natl Acad Sci USA. 1998; 95: 3140–3145. PMID: 9501229

25. Hunter PR, Gaston MA. Numerical index of the discriminatory ability of typing systems: an application
of Simpson’s index of diversity. J Clin Microbiol. 1988; 26: 2465–2466. PMID: 3069867

26. Knabel SJ, Reimer A, Verghese B, Lok M, Ziegler J, Farber J, et al. Sequence typing confirms that a
predominant Listeria monocytogenes clone caused human listeriosis cases and outbreaks in Canada
from 1988 to 2010. J Clin Microbiol. 2012; 50: 1748–1751. doi: 10.1128/JCM.06185-11 PMID:
22337989

27. Yde M, Botteldoorn N, Bertrand S, Collard JM, Dierick K. Microbiological and molecular investigation of
an increase of human listeriosis in Belgium, 2006–2007. Euro Surveill. 2010; 15: 19482. PMID:
20158978

28. Chenal-Francisque V, Lopez J, Cantinelli T, Caro V, Tran C, Leclercq A, et al. Worldwide distribution of
major clones of Listeria monocytogenes. Emerg Infect Dis. 2011; 17: 1110–1112. doi: 10.3201/eid/
1706.101778 PMID: 21749783

29. Kathariou S, Graves L, Buchrieser C, Glaser P, Siletzky RM, Swaminathan B. Involvement of closely
related strains of a new clonal group of Listeria monocytogenes in the 1998–99 and 2002 multistate out-
breaks of foodborne listeriosis in the United States. Foodborne Pathog Dis. 2006; 3: 292–302. PMID:
16972778

30. Lindstedt BA, ThamW, Danielsson-ThamML, Vardund T, Helmersson S, Kapperud G. Multiple-locus
variable-number tandem-repeats analysis of Listeria monocytogenes using multicolour capillary elec-
trophoresis and comparison with pulsed-field gel electrophoresis typing. J Microbiol Methods. 2008;
72: 141–148. PMID: 18096258

31. Murphy M., Corcoran D, Buckley JF, O’Mahony M., Whyte P, Fanning S. Development and application
of multiple-locus variable number of tandem repeat analysis (MLVA) to subtype a collection of Listeria
monocytogenes. Int J Food Microbiol. 2007; 115: 187–194. PMID: 17174430

32. Volpe Sperry KE, Kathariou S, Edwards JS, Wolf LA. Multiple-locus variable-number tandem-repeat
analysis as a tool for subtyping Listeria monocytogenes strains. J Clin Microbiol. 2008; 46: 1435–1450.
doi: 10.1128/JCM.02207-07 PMID: 18256218

Japanese Clinical L.monocytogenes

PLOSONE | DOI:10.1371/journal.pone.0122902 March 31, 2015 8 / 9

http://www.ncbi.nlm.nih.gov/pubmed/11157227
http://www.ncbi.nlm.nih.gov/pubmed/11282635
http://www.ncbi.nlm.nih.gov/pubmed/16077098
http://dx.doi.org/10.1016/j.mimet.2012.05.023
http://www.ncbi.nlm.nih.gov/pubmed/22677602
http://www.ncbi.nlm.nih.gov/pubmed/14766571
http://www.ncbi.nlm.nih.gov/pubmed/15726989
http://dx.doi.org/10.1016/j.ijfoodmicro.2008.03.023
http://www.ncbi.nlm.nih.gov/pubmed/18457891
http://dx.doi.org/10.1128/AEM.01456-09
http://www.ncbi.nlm.nih.gov/pubmed/20348310
http://www.ncbi.nlm.nih.gov/pubmed/17822795
http://www.ncbi.nlm.nih.gov/pubmed/15262937
http://www.ncbi.nlm.nih.gov/pubmed/9501229
http://www.ncbi.nlm.nih.gov/pubmed/3069867
http://dx.doi.org/10.1128/JCM.06185-11
http://www.ncbi.nlm.nih.gov/pubmed/22337989
http://www.ncbi.nlm.nih.gov/pubmed/20158978
http://dx.doi.org/10.3201/eid/1706.101778
http://dx.doi.org/10.3201/eid/1706.101778
http://www.ncbi.nlm.nih.gov/pubmed/21749783
http://www.ncbi.nlm.nih.gov/pubmed/16972778
http://www.ncbi.nlm.nih.gov/pubmed/18096258
http://www.ncbi.nlm.nih.gov/pubmed/17174430
http://dx.doi.org/10.1128/JCM.02207-07
http://www.ncbi.nlm.nih.gov/pubmed/18256218


33. Chenal-Francisque V, Diancourt L, Cantinelli T, Passet V, Tran-Hykes C, Bracq-Dieye H, et al. Opti-
mized multilocus variable- number tandem-repeat analysis assay and its complementarity with pulsed-
field gel electrophoresis and multilocus sequence typing for Listeria monocytogenes clone identification
and surveillance. J. Clin. Microbiol. 2013; 51: 1868–1880. doi: 10.1128/JCM.00606-13 PMID:
23576539

34. Chen Y, ZhangW, Knabel SJ. Multi-virulence-locus sequence typing clarifies epidemiology of recent
listeriosis outbreaks in the United States. J Clin Microbiol. 2005; 43: 5291–5294. PMID: 16208000

35. Handa-Miya S, Kimura B, Takahashi H, Sato M, Ishikawa T, Igarashi K, et al. Nonsense-mutated inlA
and prfA not widely distributed in Listeria monocytogenes isolates from ready-to-eat seafood products
in Japan. Int J Food Microbiol. 2007; 117: 312–318. PMID: 17566579

36. Nelson KE, Fouts DE, Mongodin EF, Ravel J, DeBoy RT, Kolonay JF, et al. Whole genome compari-
sons of serotype 4b and 1/2a strains of the food-borne pathogen Listeria monocytogenes reveal new in-
sights into the core genome components of this species. Nucleic Acids Res. 2004; 32:2386–2395.
PMID: 15115801

37. Gottlieb SL, Newbern EC, Griffin PM, Graves LM, Hoekstra RM, Baker NL, et al. Multistate outbreak of
listeriosis linked to turkey deli meat and subsequent changes in US regulatory policy. Clin Infect Dis.
2006; 42: 29–36. PMID: 16323088

38. Olsen SJ, Patrick M, Hunter SB, Reddy V, Kornstein L, MacKenzie WR, et al. Multistate outbreak of Lis-
teria monocytogenes infection linked to delicatessen Turkey Meat. Clin Infect Dis. 2005; 40: 962–967.
PMID: 15824987

Japanese Clinical L.monocytogenes

PLOSONE | DOI:10.1371/journal.pone.0122902 March 31, 2015 9 / 9

http://dx.doi.org/10.1128/JCM.00606-13
http://www.ncbi.nlm.nih.gov/pubmed/23576539
http://www.ncbi.nlm.nih.gov/pubmed/16208000
http://www.ncbi.nlm.nih.gov/pubmed/17566579
http://www.ncbi.nlm.nih.gov/pubmed/15115801
http://www.ncbi.nlm.nih.gov/pubmed/16323088
http://www.ncbi.nlm.nih.gov/pubmed/15824987


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


