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Abstract

Listeria monocytogenes is able 1o grow under conditions of high osmolarity. We
constructed a deletion mutant of rpoN, encoding the alternative sigma factor
RpoN, and analyzed its response to osmotic stress. In a minimal medium with 4%
NaCl and 1 mM betaine, the mutant showed a similar growth to that of the
parental strain, EGD. In the same medium with 4% NaCl and 1 M camitine, the
growth rate of the mutant was greatly reduced, when the optical density at 600 nm
(ODygg) at the starting point of growth, was 0.15. However, when growth of the
culture was started at an 0D, of 0.025, the growth of the mutant was similar to
that of EGD. The mutant's expression of two betaine transporter genes, betl and
ghuB, and the carnitine transporter gene opuCA, was osmotically induced at a level
similar to EGD, and its rate of camitine uptake was similar to that of EGD. These
results suggest that the growth defect from the rpoN mutant is caused not by the
transcriptional regulation of opuCA or by a decrease in carnitine uptake, but
possibly by larger amounts of carnitine being needed for growth of the mutant in
minimal medium when NaCl is present.

Introduction

Listeria monocytogenes is known for its physiological char-
acteristics of osmotolerance (Seeliger & Jones, 1986) and
cryotolerance (Walker et al., 1990), and these characteristics
make it difficult to eliminate from many types of foods
(Okutani et al., 2004).

In general, bacterial survival under stress conditions
requires rapid alterations in gene expression, controlled by
the association of different alternative sigma factors with
core RNA polymerase (Jishage et al., 1996). Previous studies
have reported the existence of four types of sigma factor in
L. manocytogenes, including RpoD), 6", 6'' and RpoN. RpoD
is recognized as the principal sigma factor (Metzger et al,
1994), and " has been recognized as a general stress
responsive sigma factor that contributes to survival under
several adverse conditions, such as high osmolarity (Becker
et al, 1998), low temperature (Becker et al, 2000) and
acidity (Wiedmann et al., 1998). In L. monocytogenes, o',
encoded by sigH, is induced by low pH (Phan-Thanh &
Mahouin, 1999) and the growth of this mutant is impaired
under alkaline conditions, as well as being affected by a
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minimal medium (Rea ef al., 2004). RpoN, encoded by
rpoN, is involved in resistance to bacteriocin in L. morio-
cytogenes (Robichon et al., 1997; Dalet et al., 2001, 2003).
Arous et al. carried out whole-genome microarray and
proteome analyses of an rpaN mutant, and showed that the
expression of 77 genes and nine proteins were modulated by
RpoN (Arous et al., 2004). However, at present, the relation-
ship between listerial sigma factars (excepting o) and
osmotolerance remains completely unknown. Our aim was
1o examine whether expression of the gene coding for RpoN
can be osmotically induced, and to analyze the role of RpoN
in growth under high osmotic conditions, utilizing a newly
constructed rpoN mutant from L. monecytogenes EGD.

Materials and methods

Bacterial strains, PCR primers and media

Listeria monocytogenes EGD and Escherichia coli DH52 were
used in this study. The sequences of the PCR primers used are
shown in Table 1, all were designed using a database for the
complete genome sequence of L. monocytogenes EGD {Glaser

FEMS M robeol Lett 263 (2006) 54-60
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Table 1. Primers used in 1his siuay

Narme Sequences (5 - )

Prmer for mutan! consinud ion
rpoiA 1 AMAANGCGCTGGAAGTTCTG
rpoNB 1 GCATCGTTTCGTAGTATGC
rpoNA2 GTAATTGATACCCACTGTGA
rpaNB2 COGATAC GTCCAMAACTATTA
paiNA3 ATTC AAGTTTC AAGAAGAGCT
poNB3 GTCTTCATTATAACATGCCAT

Primer for quantitaive RT-PCR
165A1 CCGTCAAGGGACAAGCAGTT
16581 GCCGCGTGTATGAAGAAGGT
poDA1L CCGTATTCCGGTGCATATGG
1paDB1 GAAGGATCGCGGCCTAAATC
sigBAl GTAGAGTCCATCGCCCGAAA
wGBB1 ATTGTIGGCACAGCAAATGT
sugHAL AGCGOOGAC GATTTAATC CAA
sigHB1 GCCOAAAGTAGCTGCCTGTT
rpuNAL CCGGACGCAAAGAATGTT
rpolNB1 TGAGCCGTGCGGTGAAT
ECFAY TTCAAC GATAAAATTTGGGACTATCTC
ECFBY TCATTAAGCTOGTTTGETACATCTTTIG
beiLAl GCGCCTGATGCACGAAA
betlB1 AAGCCACCAAGCCCAATANA
ghuBA1 COGGCCTTGAAATTCAAGGAA
gbuBB1 TCGCCGTAACCAGCTAAACT
opuCAAT GLGLAAGATCCCGTCAAAL
opuCAB1 TCATATGTGGCATC AAGCCAAT

All primers were designed for ths study.

¢t al, 2001). Brain Heart Infusion (BHI) broth and agar
(Difco Laboratosies) were used to culture L. monocytogenes,
and LB broth and agar (Sambrook et al., 1989) were used for
E. coli. Where appropriate, antibiotics were used at the
following concentrations: tetracycline (Tet), Spgml " for
L. inonocytogenes and 10 pg ml. ' for E cali; chloramphenicol
(Cm), SpgmL " for L. monocytogenes and 10 pgmL ' for
E coli; kanamycin (Km), Spgml. ' for L. monocytogenes and
25pugml * for E coli. To examine the efficacy of osmopro-
tectants in the L. monocytogenes strains, chemically defined
minimal medium (Beumer et al., 1994) supplemented with
20mM glycine (Wako Pure Chemical Industries, Osaka,
Tapan), referred to hereafter as CDMMglycine, was used.

Analysis of listerial genome using database

Putative sigma factor-coding genes in the genome sequence
of L. monocytogenes FGD were searched for using PEDANT
software at the Munich Information Center of Protein
Sequences  (httpy/pedant.gst.de/cgi-bin/wwwily.pl?Set=Lis
teria_monocytogenes_ FGD&Page=index).

Construction of the rpoN deletion mutant

To construct the rpoN deletion mutant, a thermo-sensitive
plasmid, pHYTV32ts, was prepared from pHY300PLK

HEMS Microbicl Lett 263 (2006) 54-60

{Ishiwa & Shibahara, 1985) partially digested with the
Haelll restriction enzyme and Smal-digested pTV32is
{Youngman, 1987). The PCR fragment that included the
complete rpoN gene and its lanking regions was cloned into
pHYTV32ts, and then an inverted PCR was done 1o delete
the rpoN gene from the resulting plasmid using rpoNA2/B2
primers (Fig. 2). This PCR fragment, which only includes
the plasmid vector and rpoN-flanking regions, was ligated
with the Km resistant gene cassette. The resulting plasmid
was electroporated into an [, monocytogenes EGIY strain,
according to the methods described by Park and Stewart
{1990). A done sclected by Cm and Km resistance was
grown al temperatures of less than 30 C to ensure retention
of the thermo-sensitive plasmid. This clone was then
incubated overnight at 12 C to induce curing of the plasnid
and homologous recombination between the plasmid and
the rpoN coding region on the chromosome. The rpoN re-
constructed clone was prepared from the rpoN deletion
mutant and the rpoNA2/B2 PCR product cloned in
pHYTV324s using the same method as described above.

DNA and RNA isolation

To isolate chromosomal DNA from L. monocytogenes, bac-
terial cells from 3Iml. of an overnight culture were washed
once and then resuspended in 100 pl of 10mM Tris (pH
8.0)/1 mM EDTA (pH 8.0)/50 mM NaCl, Aliquots of 100 uL
of 1W0mgml " lysozyme and 10pL of 10mgmL ' N-
acetylmuramidase  (Seikagaku Corporation, Chiyoda-ku,
Tokyo) solutions were added to each bacterial suspension,
and the mixture was incubated at 37 € for 30 min, follow-
ing incubation m 55 C for 60min with 100pl of
20mgml ' Proteinase K and 100pL of 109 SDS. Two
rounds of phenol extraction and two rounds of phenol/
chloroform extraction were done to inactivate the enzymes
and to extract the proteins from each sample. The DNA
samples were purified by ethanol precipitation and their
concentrations were determined by measuring the optical
density at 260 nm. Plasmids were purified from overnight
cultures with a Plasmid Mini Kit (Qiagen).

To isolate the total RNA, bacterial cells in BHI broth or in
CDMMglycine were harvested by centrifugation at 4 'C and
frozen at - 20 'C for more than 18 h. The bacterial cells
were suspended in 100l of lysozyme (30mgmL ' final
concentration) in RNAsecure'™ reagent (Ambion)/0.5M
sucrose (according to the methods of Dr Tomoko Hanawa,
Kyorin University, Tokyo, Japan, personal communication)
and 10pL of 10mgml ' N-acetylmuramidase, and incu-
hated at 37 C for 30 min. Total RNA was isolated using an
RNeasy Mini Kit (Qiagen) according to the manufacturer's
instructions. All RNA samples were treated with DNasel
(Takara Shuzo) to remove contaminating DNA, and the
preparations were confirmed to be DNA-free by RT-PCR
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with and without MMIV reverse transcniptase ( Promega ) by
the method described below.

RT-PCR

A O] g aliquot of total RNA was usad or reverse transrp-
tion. After denaturation by heating at 70 ¢ for 10mm, 10
units of MMLV reverse transcriptase (Promega). 1 unil of
RNase inhibitor ( Toyobo) and 1.2pM of downstream primer
were added 10 each RNA preparation, and cDNA was svnthe

sized by meubation at 37 C for 6hmin. One-tenth of the
CINA produced was used for PCR using o genesspecilic
primer pair (Table 15 Quantitative RT PCR was done using
an AB7000, TagMan reverse transeription reagent (Applicd
Biosystems) with the primers shown in Table 1, according 1o
the manufactuner’s instructions. A 1.1 -pig aliquot ol lolal RNA
wis used for the reverse tramseription. Onestenth of the cDNA
was used for quantitative PCR. The amount of PCR product
produced with primers designed for 165 ribosomal RNA was
wed as an internal control W normalize for the amount of
total RNA in each sample. The primers were designed using
Primer Express software (Applicd Biosystems ).

Growth in COMMglycine supplemented with 4%
NacCl and osmoprotectants

To examine the efficacy of osmoprotectants in the rpoN
mutant of L maocytogenes growing under conditions ol
high osmolarity, the (1, values of the parental strain, the
rpoN mutant and the rpoN re-constricted strain cultured in
CDMMglycine were measured, as deseribed  previously
{Okada et al, 20021 In a typical experiment, bacterial cells
grown in BHI broth overmght at 37 €, were washed four
times and then resuspended in CHDMMglycine, CDMMgly

cine supplemented with 1% NaCl, or CDMMglycine with
19 NaCl that had been supplemented with cither 1 mM
glycine betaine (hetaine) (Sigma) or 1 mM DL carnitine
(Sigma). The cultures were incubated at 37 € with shaking,
and growth was monitored by measurement of O,
during the period shown in Fig. 3.

“C-labelled carnitine uptake assay

The rates of uptake of "*C-labelled carnitine by the rpaN
mutant and its parental strain under osmotic stress were
measured as previously described (Verheul et al, 1997). The
i-[methyl-*C] camitine hydrochloride was obtained from
the Japan lsotope Association.

Results

Expression of sigma factor-coding genes in
3% NaCl

Previous studies have reported about four different types of
sigma factor, including RpoD, 6" &'' and RpoN, in listeria

. 2006 Federation of Luropesn Micrabsologesal S wies
Pubilsbed by B bwell Publabng Lid All ights ressend

¥ Ohaitias el af

ni‘ﬂw.rrhﬂm

Relve amount of mRNA
-~

sl
upH
A

ipwald
t.l L1}

lined M

Fig. 1. Expwescannt ol Uoma-coumieg genes (i fughommilat y eone.
wires Relitne dmcan s ol mANA i be satly eponen ol phae EGD
grown v BHI (solie barss, ane wn BH weh 3% M1 onpe: bars) are
shoran Daca ae an averace ol hres incepencen” sspemmen S ancanm

by o % shenen by e eirce Dar

moncytogenes. In additon 1o these sigma lactors, the
available evidence suggests that FGED contains at feast one
extra-cytoplasmic functional {ECE) type sigma factor, as we
wereable to demonstrate by an analysis using the PEDANT
Iatabase of the Munich Information Center of Protein
Sequences (data not shown), We compared the transcrip-
tional levels of five sigma-factor-coding genes in BHI, both
with and without 3% NaCl, by quantitative RT-PCR, using
RNA isolated from FGD at the early exponential growth
phase (at an 0D, of 0.3). Expression of the rpoN gene was
significantly induced (P < 0.01) under conditions of high
osmotic strength (Fig. 1 In contrast, the expression ol
Iinof23, which encodis a putative FCT type sigrma factor,
was significantly reduced (P < 0,011 in BHI with 3 NaCl
compared 10 BHI without additional NaCL rpol? and sigh
tended 1o have greater expression in BHT with NacT than in
BHI, but the effect was not significant under the conditions
used in this stisdy.

Construction and characterization of the rpoN
mutant and the re-constructed strain

To analyze the vole of RpoN in the osmotic responses, an
rpoN deletion mutant, referred to as DN, was constructed by
homologous recombination. induced by shifting the tem

perature up. Deletion of the rpoN gene in the mutant was
confirmed by PCR using primers based on the rpoN DNA
sequence, and by quantitative RT-PCR using an AB7000 and
another pair of primers based on the rpeN sequence {Table
1. Fig. 2ab The rpoN re-comstructed strain, RN, was also
constructed by homologous recombination after electro-
poration of the thermo-sensitive plasmid carrying rpoN
and its lanking regions. To restore an rpeN mutation, we
constructed two types of rpeN complement clones using two
different plasmids, pMK4 (Sullivan et al,, 1981)/rpoN and
pHY300PLK/rpeN. Although transcription of the rpoN gene

FENES W robe | Lett 263 (2006) 54-60
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was monocistronic (Fig. 2b), the transcriptional level of

rpoN in these complement clones remained similar to that of
the rpoN mutant, even though the plasmids had been
retained (data not shown).

Growth of rpoN mutant in COMMglycine with
NaCl and osmoprotectant

We examined the rpoN mutant for a listerial well-charactes
ized psmotolerance system, via osmoprotectant transporta
thion (reviewed in Sleator et al,, 2003a). Since it has been
reported that a mutation in sigl, a homologue ol rpeN in
Racillus subtilis, causes a reduction in its ability 1o ulihze

arginine, leucine, isoleucine and valine (Debarbouille et al.,

o ol L 263 | 000 53¢

1991}, we tested the amino acid requirement of the rpoN
mutant in L. monocytogenes. In contrast to from the B.
subtilis sigl. mutant, the rpoN mutant i L. monocytogenes
showed only a reduced ability to utilize glutamine, and in
the case of some amino acds such as glycine and serine, we
confirmed that they could complement the reduction of

growth (data not shown). The

sfore, we supplied glycine
o the original COMM to prevent amino acid depletion
(Fig. 3a). This phenotypic change in DN was recovered in
the RN strain (data not shown), All three strains were unable
to grow in CDMMglycine with 1% NaCl (Fig. 3b). The
growth of DN in CDMMglycine with 4% Na(l and 1 mM
betaine was similar to that of EGD and RN (Fig. 3ch. The

same result was obtained when the culture growth was
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started at an 0D, of 0.15 (data not shown). In contrast,
DN was unable to grow in CDMMglycine with 4% NaCl
and 1 mM carnitine within the experimental period when
the growth of the bacterial cells was started at an 0Dy, of
0.15, but the reduction of growth in CDMMglycine with
NaCl and carnitine was partially recovered in the RN
strain (Fig. 3d). On the other hand, the growth of this
mutant in CDMMglycine with NaCl and camitine was
similar to that for EGD when growth was started at an
ODyuq of 0.025 (Fig. 3e).

Expression of osmoprotectant transporter
genes in the rpoN mutant

The relative amounts of the mRNA of osmoprotectant
transporter genes from listerial strains grown overnight in
BHI and resuspended in CDMMglycine or CDMMglycine
with 4% NaCl overnight were compared using a quantitative
RT-PCR (Fig. 4). In all strains, the two betaine transporter
genes, betl. (Sleator ef al., 1999) and ghuB (Ko & Smith,
1999), and the single carnitine transporter gene, opuCA
(Fraser et al., 2000), were osmotically induced, although
this effect only reached significance in some of the results
{rpoN in EGD, P < 0.01; ghuB in EGD, P < 0.01; opuCA in
EGD, P < 0,05, in RN, P < 0.01).

Uptake of “*C-labeled carnitine by the rpoN
mutant under osmotic stress
The rpoN mutant showed a salt-induced uptake of carnitine,

and the level of carnitine uptake was similar to that for EGD
(Fig. 5)

70
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Discussion

RpoN and its homologue, 6", are known to be metabolic
regulators in many types of bacteria (Kohler et al, 198%
Debarbouille er al., 1991; Ali et al, 2001). However, there
have not been any reports on their association with osmotic
stress. We constructed an rpeN mutant and analyzed the
correspondence of RpoN with osmotolerance in L. morto-
cytogenes. We examined the effects of the osmoprotectants,
betaine and carnitine, on listerial growth under high-osmo-
larity conditions in a chemically defined minimal medium.
The ability of the rpoN mutant to utilize extracellular
betaine as an osmoprotectant was the same as in the parental
and re-constructed strains (Fig. 3¢). However, the ability of
the rpoN mutant 1o utilize extracellular carnitine was con-
siderably reduced compared with its parental and re-con-
structed strains when the growth of the culture was started
at an 0Dy 0f 015 (Fig. 3d). This observation indicates that
RpoN is required for full osmotolerance in L. monocytogenies.
Previous studies have shown that transcription of the opuC
operon is regulated by o (Fraser et al., 2003; Cetin et al.,
2004), however, the level of expression of opuCA in the rpoN
mutant appeared to be similar to that of the parental and re-
constructed strains, as indicated by the results shown in Fig.
4. The rpoN mutant also showed no difference in rates of
carnitine uptake under osmotic stress compared with EGD
(Fig. 5). These results show that RpoN does not regulate the
expression of opuCA transcriptionally or translationally, or
the rate of carnitine uptake. Thus, the reduction in extra-
cellular carnitine utilization in the rpoN mutant may not be
caused by a change in carnitine transport. That the growth
of the rpoN mutant was similar to EGD in CDMMglycine
with 4% NaCl and 1 mM carnitine, when the growth of the
bacteria was started at a low optical density (Fig. 3e),
suggests that this mutant requires a larger amount of
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carnitine in its cytoplasm to resist osmotic pressure and 1o
grow under conditions of high osmolarity. 1t has been
reported that RpoN in [ monocytogenes is associated with
bacteriocin resistance (Robichon et al, 1997; Dalet et al.,
2001, 2003), and that this resistance is involved in an
alteration of the cell membrane (Vadyvaloo et al, 200M),
From these findings, it is possible that some changes in
bacterial membrane composition caused by the absence of
RpoN make the mutant more sensitive to extracellular
osmopressure. A similar phenomenon was not observed
when betaine was used as an osmoprotectant, but it is
possible that betaine is more effective as an osmoprotectant
than carnitine, as a previous study showed (Beumer er al.,
1994).

We also constructed two complement strams of the rpoN
mutant after cloning the same chromosomal region as was
used for preparing the RN strain into both Gram-negative
and Gram-positive shuttle vectors, pMEA and pHY300PLK,
which are stable in L. monocytogenes. However, the level of
rpoN gene expression in these strains was similar to that in
the rpoN mutant strain (data not shown). Robichon et al.
reported that their insertional rpoN mutant was comple-
mented by the rpoN-harboring plasmid in L. monocytogenes
1028 (Robichon et al, 1997), The DNA sequences of the
mtact rpeN gene in EGD and LO28 are completely identical
(data not shown), and the rpoN genes are transcribed
monocistronically in EGD (Fig. 2) and 1O28 (Robichon
et al., 1997). In the present study, we were unable to darify
the basis for the discrepancy whereby rpoN is cis-acting in
EGID, but trans-acting in LO28.

Here, we report that RpoN is necessary for the full
osmotolerance of L. monocytogenes. This is the first study to
demonstrate this, and we are now beginning o analyze
osmotolerance by proteomic analysis further, in an attempt
1o elucidate the mechanisms of listerial stress response.
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H. Toyofuku*®

Taylor & Francis
Taylor s Framcs Croup

Department of Education and Training Technology, National Institute of Public Health, Ministry of Health, Labour and Welfare

of Japan, Saitama, Japan
(Received 2 May 2007; final version received 19 May 2008)

In Japan, the numbers and cases of food poisonings must be reported as required by the Food Sanitation Law.
This paper focuses on Salmonella, one of the leading food-borne pathogens in Japan, and it analyses the reported
food poisoning data to assess the nature of Salmonella-associated food-borne discase. Obviously, these data do
not exactly reflect the burden of food-borne illness associated with Salmonella; however, trends in Salmonella
food poisoning and implicated foods could be identified for the purpose of setting priorities to mitigate the risk of
food-borne salmonellosis. Summary information of Salmonella food poisoning investigation reports submitted
by health departments of all prefectures and major cities between January 1998 and December 2004 was
analysed. Both the number of reports and the cases of Salmonella food poisoning decreased drastically from 1999
(831 Salmonella food poisoning reports with 11,877 cases) to 2001 (265 reports with 7011 cases), increased in
2002, and then decreased again in 2003 and 2004 (231 reports with 3793 cases in 2004). About 80% of the
Salmonella food poisoning reports and cases were associated with Salmonella enteritidis throughout the study
period. Food vehicles were identified in 17-25% of the Salmonella food poisoning reports. Between 1998 and
2002, 45-60% of the Salmonella food poisoning cases were associated with eggs; however, the percentage
dropped to 24.2% in 2003. The number of Salmonella food poisoning reports associated with beef, pork and
poultry meat, and raw vegetables, which have been frequently reported in other countries, were very limited.
Among the identified locations of disease break outs, 30-49% occurred in restaurant settings and the percentage
of cases in restaurants increased during the study period. Thirteen to 41% of the Salmonella food poisoning cascs
occurred within the home, and the percentage declined. Phage types 1 and 4 were the predominant S. enteritidis
isolated in 1998 and 1999; however, PT6, 14b, 36 and 47 were equally common afterward. In conclusion, even
though both the number of Salmonella food poisoning reports and cases decreased during 1998-2004, the number
of reported human salmonellosis cases remained significant. To improve the efficiency of control measures, the
food poisoning investigation system should be strengthened the better to cover sporadic cases and to improve the
identification of implicated foods. This information will contribute to establishing evidence-based priorities for

Salmonella risk mitigation strategies.
Keywords: Salmonella; food poisoning; outbreak

Introduction

In Japan a food poisoning surveillance programme has
been implemented under the Food Sanitation Law to
contain food poisoning outbreaks by preventing their
spread and recurrence (Government of Japan 2004).
All information obtained from individual food poison-
ing investigations performed by health centres were
described in food poisoning reports, which were sent to
the Ministry of Health, Labour and Welfare (MHLW).
However, the number of food poisoning cases reported
under the Japanese food poisoning surveillance system
is a vast underestimate of the true burden of food-
borne diseases because most episodes never reach the
reporting system for various reasons. Many patients do
not seek medical care, medical practitioners may not

order the stool sample tests that are needed to make a
specific diagnosis, or the laboratories may not conduct
the appropriate tests for isolating the causative
pathogens. Sporadic cases are especially prone to be
overlooked and not diagnosed as food poisoning. Even
though there are limitations, the reported food
poisoning data is, however, the only nationally
available surveillance data regarding food-borne illness
in Japan, and does provide considerable insight into
food-borne disease trends. Food-borne Salmonella
infections are a worldwide food safety problem.
In the past decade, salmonellosis has been the first or
second most common food poisoning in Japan in terms
of both the number of food poisoning reports and
patients (Kasuga et al. 2004). We therefore reviewed
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the summary of the Food Poisoning Investigation
Report from 19982004 to identify the predominant
serovars and significant food items associated with
Salmonella food poisonings (SFP).

Material and methods

According to the Food Sanitation Law of Japan, any
medical doctor who has examined a person poisoned
or suspected to be poisoned by a food, or has examined
the corpse of such a person, shall notify the director of
the nearest health centre (HC) of such fact (Article of
58 of the Food Sanitation Law; MHLW 1947, first
paragraph) within 24h. On receiving this notification
or otherwise knowing of the occurrence of a food
poisoning incident, the director of the HC shall make
an investigation and shall report the fact immediately
to the governor of the prefecture (Article 58 of the
Law, 2nd para.). The food safety departments of the
prefecture’s government shall then report in writing to
the MHLW.

After the completion of the investigation, local
health centre officials shall report the results
of epidemiological investigations to the prefectural
governors in the form of a ‘Food Poisoning
Investigation Report’ (Abe et al. 2004). The report
shall include the following information (Food
Sanitation Law Enforcement regulations, Article 74;
MHLW 1948):

Name and address of the exposure location.

Date of the first illness.

Setting (type of business).

Implicated food.

Name and address of the location where the

contamination happened.

Aetiology.

Total number of cases (total number of

patients who suffered any adverse health

symptoms).

e Total number of persons known to be exposed
to the implicated food.

e Total number of cases involving hospitaliza-

tion or death.

Prefecture governments reported the above infor-
mation through an online information distribution
system (Wide-area Information-exchange System for
Health, Labour and Welfare (WISH) system)
(Government of Japan 2004).

A food poisoning is defined as a food-borne illness
that resulted from the consumption of a common food
that contained food safety hazards and, accordingly,
Food Poisoning Investigation Reports describe both
single cases of food poisoning and outbreaks involving
more than two patients. In this study, the Food
Poisoning Investigation Reports (MHLW 2000, 2001,
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2002, 2003, 2005, 2006, 2007) submitted by health
departments of all prefectures and major cities between
January 1998 and December 2004 were reviewed. Food
vehicles, seasonal trends, predominant serovars, phage
type (PT, if available) of the Salmonella isolates,
and the places where contamination occurred were
analysed in those reports indicating that Salmonella
was an aetiological agent.

When information on serovars and PT were
missing in the reports, any available information was
obtained from bulletins of prefectural and municipal
public health institutes (PHIs) where the microbiolo-
gical examinations were performed. Salmonella phage
typing is not required under the Food Sanitation Law
and related regulations, however, some prefectural
PHIs carried out phage typing to trace the sources of
implicated food items, or to identify the linkage of
diffuse outbreaks. Only PT data from 1998 to 2003
were analysed because the available data in 2004 were
very limited.

Aetiologies were identified in 95-96% of all the
food poisoning reports during the study period.
Among these, the number of Salmonella isolates that
were serotyped ranged from 34% to 74% according to
the number of SFP reports and from 78% to 93%
when based on the number of SFP cases.

Results

The total number of food poisoning reports was
around 3000 in 1998, and thereafter decreased to
around 1500 in 2003, and then slightly increased in
2004 (Figure 1). The percentage of SFP reporis out of
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Figure 1. Numbers of total food poisoning reports,
Salmonella (Sal) food poisoning reports, and the percentage
of the total food poisoning reports associated with
Salmonella during the period 1998-2004. Total FP, total
number of food poisoning report; Sal FP, number of
Salmonella food poisoning report; % Sal, percentage
of Salmonella food poisoning reported out of total food
poisoning reports,
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the total food poisonings was at a peak (31%) in 1999,
reduced to 16% in 2001, increased to 25% in 2002, and
then reduced again to 14% in 2004. With regard to
cases of total reported food poisonings, more than
46,000 cases were reported in 1998. The number of
reported cases decreased in 1999, but increased again
in 2000 due to a large, single outbreak that involved
more than 13,000 cases and was associated with dairy
products contaminated with Staphylococcus aureus
toxin (Yamane 2006), Reported cases stayed around
25,000 to 29,000 between 2001 and 2004 (Figure 2).
The percentage of SFP cases out of total food
poisonings was also at a peak in 1999 (33%), reduced
to 16% in 2000, increased again during 2001 and 2003
to 22%, and decreased below 14% in 2004 (Figure 2).
A majority of SFP reports were associated with a
single case (Figure 3). More than 80% of the total
single case SFP reports originated from one prefecture.
Except for single case reports, the annual median
number of cases per SFP report from 1998 to 2004
were nine, nine, seven, nine, nine, 15 and twelve,
respectively. There were seven outbreaks of SFP
involving more than 500 cases during this study
period. The annual number of deaths due to SFP
during this study period was one, three, one, zero, two,
zero and two, respectively. The geographic distribution
of the occurrence of the SFPs involving multiple cases
in each prefecture is illustrated in Figure 4.
Salmonellosis has been the first or second most
common food-borne disease in Japan in terms of both
food poisoning reports and cases (Table 1). As shown
in Figure 5, both the number of reports and cases of
SFP decreased drastically from 1999 to 2001, increased
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Figure 2. Numbers of total food poisoning cases (total FP
cases), Salmonella food poisoning cases (Sal FP cases) and
percentage of Salmonella cases out of total food poisoning
cases (% Sal) from 1998 to 2004.

in 2002, and then decreased toward 2004. The SFP
report and cases were reduced in 2004 by 28%
and 32%, respectively, from 1999 levels. Most SFP
occurred in the warm weather months of May to
October (Figure 6). Even though the annual percentage
of serotypes identified among SFP were lower in terms
of report number (35-74%), the percentage based on
number of cases were still reasonably appropriate
(90-98%) during the study period.

More than 68% of the serovars identified in SFP
cases throughout the study period were associated with
Salmonella enteritidis (SE), with a peak of 90% in 2002
(Figure 7). By year, S. ryphimurium, ranked third,
fourth, second, fourth, sixth, second, and third,
respectively. Among the cases in which serovars were
identified, the percentage of cases caused by S. infantis
decreased from 4.8% in 1998 to 0.3% in 2003, and then
increased to 13.5% in 2004. The increase in 2004 was
due to a single outbreak involving 344 cases and linked
to a catering establishment where a food handler
continued to contaminate a variety of ready to eat
foods for three days (MHLW 2007). The involvement
of another serovar, S. eranienburg, in food poisoning
cases increased suddenly in 1999 due to a diffuse
outbreak of SFP caused by consumption of semi-dried
squid (Niizuma et al. 2002).

The numbers of SE reports and the associated cases
involving eggs decreased by 66% (25 from 74) and
85% (710 from 4824), respectively, from 1998 to 2004.
However, the percentage of SE reports and associated
cases linked to eggs out of the total SE reports and
cases in which all implicated foods were identified
through investigations were still relatively high
(40-75%) when based on number of reports, and
56-81% when based on the number of cases (Table 2).

Food vehicles were identified in 17-25% of the
annual SFP reports during the study period. The
annual ratios ranged between 33% and 46% for SFP
reports involving only multiple cases since the SFP
investigations were not completed for SFPs involving
single cases. Between 1998 and 2000, 45% (59 SFP
involving eggs out of a total of 131 SFP with known
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Figure 3. Number of cases involved in Salmonella food
poisoning reports by year, 1998-2004.
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Figure 4. Occurrence of Salmonella food poisonings (SFP) by prefecture, 1998-2004. ~10, Less than ten SFP reports in
1998-2004; 10~, between ten and 19 SFP reports; 20~, between 20 and 39 SFP reports; 40~ between 40 and 79 SFP reports;
and 80~, more than 80 SFP reports.

Table 1. Ranking of the top two aetiological agents in the Food Poisoning Report based on the number of reports and cases,

1998-2004.

Year Rank 1998 1999 2000 2001 2002 2003 2004
Reports  Ist  Vibrio Sal lla Sal 1/ Campylobacter Salmonella Campylobacter Campylobacter
parahaemolyticus
2od  Salmonefla Campylobacter Campylobacter Salmonella Campylobacter Salmonella Naorovirus
Cases Ist Vibrio Salmonella Staphylococcus SRSV SRSV SRSV Norovirus
parahaemolyticuy aureus
Vibrio Sal i Sall tla Sal il Salmonella

2nd  Salmonelia Campylobacter

parahaemolyticus

Note: SRSV, small, round structured virus, which was renamed as Norovirus in 2004.

vehicle) to 60% (63 SFP involving eggs out of a total of
139 SEP with known vehicle) of the SFP with known
food vehicles were associated with eggs, however,
after 2000, this percentage decreased to 24.2% (22 SFP
involving eggs out of a total of 91 SEP with known
vehicle) in 2003 (Figure 8). The number of cases
involving eggs was at a peak (3804 cases) in 1999,
declined to 358 in 2003, and increased slightly to 619
cases in 2004.

Of the cases where the food vehicle was identified,
the percentage involving eggs increased from 39%
(2733 out of 6959) in 1998 to 62% (2038 out or 3300)
in 2000, and then decreased substantially to 8.5%
(358 out of 4219) in 2003 (Figure 9). In 1999,
the number of cases associated with fishery products

was increased to 22% (1659 cases) due to a nationwide
outbreak, involving 1634 cases, associated with the
consumption of dried squid contaminated with
S. oranienburg (Niizuma et al. 2002). The number of
SFP that were associated with beef, pork, poultry, and
raw vegetables, which were reported frequently in
other countries (European Food Safety Authonty
(EFSA) 2006; Bowen et al. 2006; Sivapalasingam
et al. 2004; FAO/WHO 2002, Kimura et al. 2004),
were very limited (less than 10%) in Japan throughout
the study period.

Among those SFP reports that contained informa-
tion on the location of SFP outbreaks, 30-49%
was linked to restaurant settings in 1998 to 2003.
This percentage increased during the study period,

- 1656 —
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Figure 5. Number of Salmonella food poisoning reports and
cases, 1998-2004. No. of Sal. FP, number of Salmonella food

poisoning reports,

with the exception of 2004, when the percentage was
reduced to 20%. The percentage of SFP reports
identifying the home as the location of involvement
decreased from 42% to less than 10% in 2004, while
the percentage that involved catering stayed at
approximately the same level (4-8%) during the
study period (Figure 1la). With regards to these
cases, 30-40% of the SFP cases were associated with
restaurant settings, and 10-30% of the SFP cases were
associated with catering (Figure 11b).

Among the SE SFP reports that included phage
type (PT) data, PT1 was the most common PT cause of
SE SFP cases (884 cases out of 1232 phage typed SE
cases (71%)) in 1998, PT4 became predominant
(451 cases out of 575 phage typed SE cases (78%)) in
1999, PT14b became the most common (431 cases out
of 730 phage typed SE cases (59%)) in 2000, and then
PT47 became predominant (415 cases out of 956 phage
typed SE cases (43%)) in 2001 onward. It should be
noted that the percentage of reports in which the phage
type was reported were very limited (between 2.2% and
11.8%) since it is not required by the regulations to be
performed during SFP investigations. Therefore, while
care should be taken when interpreting this informa-
tion, the data at least indicates some trends on phage

typing.

Discussion

Both the number of reports and the number of cases of
SFP have been decreasing drastically since 1999. The
data show that Salmonella is the first or second most
prevalent cause of food poisoning in Japan and that
serovar enteritidis accounts for up to 80% of all non-
typhoid SFP, while only 1.8-4.0% of SFP reports in
Japan involve serovar typhimurium. Similar distribu-
tion of Salmonella serovars in humans was reported in

150

Number of Salmonella food
poisoning reports

Figure 6. Number of Saimonella food poisoning reports by
month, 1998-2004.
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Figure 7. Percentage of Salmonella serotypes identified in
food poisoning cases, 1998-2004.

the Czech Republic, Greece, Slovakia and Slovenia in
2004 (EFSA 2006). However, a completely different
serover distribution was observed in Australia in 2003,
where S. typhimurium was the most commonly
reported Salmonella serotype (The OzfoodNet
Working Group 2006). The proportion of SFP
caused by serovar enteritidis was still much higher
than other serotypes. It should be considered that if SE
was suspected, Salmonella isolates are more likely to be
serotyped since SE is the only serotype required to be
reported to the MHLW in Japan (MHLW 1948).
Therefore, as far as is known, if during the course of
the serotyping the results indicate that the involved
isolates were not SE, some laboratories stopped the
complicated serotype identification process due to
limitations of financial and human resources,

The increased reports of SFP that were associated
with serovar enteritidis infections are linked to the
greater consumption of eggs and poultry that host the
organism (Rodrigue et al. 1990). In the UK there has
been a reduction in the number of cases of serovar
enteritidis infection coincident with the introduction
of vaccination of laying fowl against this serovar
(Cogan and Humphrey 2003).
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Table 2. Number of Salmonella enteritidis (SE) reports and associated cases involving eggs, 1998-2004.

Year 1998 1999 2000 2001 2002 2003 2004

Number of SE reports involving eggs 74 74 60 42 ES S 25

Percentage of SE with egg reports 75.5 40.2 73.2 724 73.3 62.9 61.0
against implicated food identified

Cases of SE involving eggs 4824 3774 2266 1598 2342 2031 710

Percentage of SE with egg cases 81.0 56.9 74.1 70.6 63.1 61.0 55.5

against implicated food identified

f"ﬂf"#"@ ey

Figure 8. Number of Salmonella food poisoning reports
by implicated food, 1998-2004.
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Year

Figure 9. Salmonella food poisoning cases by implicated
foods, 1998-2004.

Data on serovar enteriridis phage typing obtained
from SFP investigations were very limited in Japan.
PT1 and PT4 were the major phagetypes (PT) in the
early 1990s (Ito and Kusunoki 1996). However, in this
study PT1 was the major PT in 1998; PT4 became the
major PT in 1999; and PT14b became the major PT in
2000. Since 2001, PT47 has become the major PT
although other PTs are still isolated. It has been
suggested that the different PTs were predominant in
Japanese egg flocks in different years (National
Institute of Infectious Diseases (NIID) and Infectious
Diseases Control Division, Ministry of Health, Labour
and Welfare, Japan 2003, 2006). PT1, 4, 6 and 14b
were also commonly isolated from humans in Europe

% of SFP repont

1598 1998 2000 2001 2002 2003 2004
Year

Figure 10. Percentage of Salmonella food poisoning (SFP)
reports associated with beef, pork, poultry meat, and raw
vegetables out of the total number of SFP reports with
known food vehicles.

in 2004 (EFSA 2006), but PT21, which was also
commonly isolated from humans in Europe, were not
isolated in Japan.

In the present study, 24-60% of the Salmonella-
caused outbreaks were egg-borne, and the majority of
these outbreaks occurred in restaurant and catering
settings. Patrick et al. (2004) reported that 80% of the
outbreaks associated with SE were egg-borne in the
USA, while Palmer et al. (2000) reported that the rate
in the UK was 60%, and 48.3% of Salmonella-caused
outbreaks were egg-borne in Catalonia, Spain
(Dominguez et al. 2007).

In Japan the percentage of SE SFP cases was
consistently 80% from 1998 to 2004. Both the percent
of the reports and the number of cases of SFP
associated with eggs have decreased since 2000
Among the cases in which the food vehicle was
identified, the number of reports associated with eggs
dropped from 79% in 2000 to 52% in 2004, while, with
regard to the total cases, the percentage associated with
eggs fell from 77% in 2000 to 46% in 2004,

In this study, SFP cases and reports associated with
the consumption of raw vegetables were very limited.
This could be due to efforts of the Ministry of
Agriculture, Fisheries and Forestry (MAFF), which
is the risk manager at a farm level, and industry to
minimize microbiological contamination in the
food chain, e.g. the development of the ‘Fresh
vegetable sanitary control guide’ (MAFF 2005).
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Figure 11, Percentage of Salmonella food poisoning reports (a) and cases (b) by settings (restaurants, home and caterings), 1998~
2004.
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Figure 12. Cases of Salmonella enteritidis (SE) food poison-
ings associated with major phage types, 1998-2003, PT,
phage type.

In addition, SFP associated with beef, poultry meat
and pork were also less common than SFP associated
with eggs in this study. This could be the effect of risk-
management strategies put in place by MAFF (2002)
to reduce the prevalence and concentration of
Salmonella on farms and by MHLW to minimize
cross-contamination and growth of Salmonella during
the slaughter and processing steps at slaughter houses
(MHLW 1996).

MHLW issued guidelines for Salmonella control
measures at egg collection and grading centres in 1993
(MHLW 1993), and guidelines for hygienic practices in
egg grading and packaging centres (MHLW 1998b).
In November 1998 packages of control measures to
reduce the burden of salmonellosis were announced
(and were implemented in November 1999), including
compulsory label requirements for: (1) the shelf life of
shell eggs, (2) egg laying date, collecting date or
packaging date for shell eggs for cooking, (3) the name
and address of liquid egg processing plants, (4) the
statement ‘for raw consumption’ for shell eggs
intended for raw consumption, (5) the statements ‘for

cooked processing' and ‘cooking required’ for shell
eggs for use in cooking or processing, (6) designaling
the ‘time and temperature conditions for cooking' for
pasteurized liquid eggs or (7) labelling liquid non-
pasteurized eggs as ‘not cooked’ and ‘require cooking’.
In addition, microbial criteria for pasteurized and non-
pasteurized liquid eggs as well as the temperature
requirement for cold storage (less than 8°C) of liquid
eggs were introduced (MHLW 1998a). These regula-
tory requirements were targeted towards a reduction of
egg-borne salmonellosis and it has been suggested that
these control measures, either individually or in
combination, contributed to reducing the number
and cases of SFP.

Furthermore, MAFF issued integrated control
measures for Salmonella in eggs in 2005 (MAFF
2005) that also focused on Salmonella control at the
farm level. According to the Salmonella in egg risk
assessment (FAO/WHO 2002), reducing the prevalence
of Salmonella in flocks is directly proportional to
reduction of human risk of salmonellosis. Therefore,
these control measures at farm level should also be
implemented.

It is widely recognized that most statutory disease-
notification systems suffer from substantial under-
reporting of diagnosed cases and long delays in
notification. Moreover, many people do not seck
medical advice or are not diagnosed as suffering from
a food-borne disease because of the non-specific nature
of their symptoms (World Health Organization
(WHO) 2007). Medical doctors should be well aware
of the symptoms of food-borne diseases, and should
report suspected cases of food-borne diseases. In
addition, standardized serotyping and phage typing
should be performed regularly to identify the linkage
of potential outbreaks and implicated foods.
Furthermore, to my knowledge, case control studies
have never been performed to investigate food poison-
ings in Japan. Because no clearly defined ‘cohort’ of all
exposed and non-exposed persons can be identified or
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interviewed in many circumstances, case-control stu-
dies should be more frequently utilized to gather
information systematically (WHO 2007). It should be
noted that the identification of foods implicated in SFP
through the food poisoning investigations was deter-
mined in 17-25% of the reports. This rate must be
improved for preventing the recurrence of similar food
poisonings and for identifying high-risk foods that
need risk management strategies.

The Food Poisoning Statistics available under the
Food Sanitation Law only include ‘Food Poisonings’
identified and reported by medical doctors. Therefore,
the reported number of SFP and cases could be
considered as only ‘the tip of the iceberg’ for the
burden of food-borne diseases associated with
Salmonella (New Zealand Food Safety Authority
(NZFSA) 2008). Based on active food-borne studies
conducted in other countries (Mead et al. 1999;
Hall et al. 2005), it was assumed that a considerable
number of patients, including sporadic cases, have
been left unrecognized under the current surveillance
system in Japan. It is important to establish risk
management strategies based on both outbreak data
and sporadic cases (Schlundt 1998).

Even though the number of both SFP reports and
cases decreased during this study period, there is still a
significant number of reported cases of human
salmonellosis. To improve the efficiency of control
measures, the food poisoning investigation system
should be strengthened to cover sporadic cases, (o
improve the identification rate of implicated foods, and
to set evidence-based priorities for Salmonella risk
mitigation strategies.
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