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Passage in mice causes a change in the ability of Salmonella enterica serovar Oranienburg to

survive NaCl osmotic stress : resuscitation from the viable but non-culturable (VNC) state

= #

Salmonella Oranienburg D54 L 72814 7112
& 2 RHA LA HEATI9994E 12 L 7ze SRR FTdh
KAV E A T REIRMMETD - 7228, BFHHHR
FEZPETH - 720 WHIRFHERIE Y 7 A0
TIZIZE CTh o 7275, AL £ Hikbk
2= AEND S T 5 & IR RIS L D
ofze —Ji, BEHRKIES Y AR @l S
THREBZERBR L kb otze FLVERTZ
AT TR S 7HWA 7 20T 5 &, itk
RO BAUIEB G2 55 METE 2. Ly LA
5, FHRZYERE ATIICHR S S a, &
Tt THRZ ST 5 L 0% U EAEE TV D
CENMRBTE SO LIRAEDOR L ASE
1E T T )& % ¥ ¥k ASviable but non-culturable

(VNC) REEICHi>TWAZ EZRIBELT VWA,
C ORI R R MWL E T IV ER T
DEETELZ L THPDOLNIE VR Do Kl
L LT, VNCIRHE®DS. Oranienburgld £ i {17
ENZEMP TN LS X 5 YD Y,
AT A LBV D 5.

;3 £

AATIZ, 4 F O— b IE w5 O A
VF, WMREET, ERAAELTAF y 2 HT S
ERAINTV S, 4 b ORI kI

F % 2N &) SRR DB 1L 2R )i
UK ERALNTE B 50, LpLad
5, Salmonella enterica subsp. enterica serovar
Oranienburg & S. enterica subsp. enterica serovar
Chester|Z 5 3s S NIZHEHEA H12 X B 46HRiEHFIL
V29 % R AEAT19994E IS b At E TR AR L, it fiE
R W & % PE 5 1500 A L L o> S8 A5 T
2 EREME 20T TSR, A4 H
HEETHBETHVER T OHRIR 57250
LHESN, SO Lns, FVERTIZENE
AROBEM R ORI EA 2B L, Lo b
BHEERREL TV EX SN,

Campylobacter jejuni,

C. coli, Listeria mono-
cytognenes, Esherichia coli %°Bacillus cereus % &0
A G RREd HCRI ST & 2 e
& 512, Vibrio cholerae, E. coli O157:H7, C. jejuni
% L CSalmonella spp.7s E75E & T 2 HEA
Wi 2 KA, 3 % b Hviable but non-culturable

(VNC) IR AR, 2 LT aihh
Thid Z LS TE o020 20
FiA, TS OMBOLEWEAMNGE SN D &
B S R T v b0 KBTI &S
Oranienburg?®hit L\ & fF FCHE &KL Z LT
EOPIHERE LTS,

MRRUT X

(1) TRREHH | et A 7 R OWE S 50
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Table1 S. Oranienburg isolates used in this study

Origin Symptoms
Patient asymptomatic
Patient septicemia
Patient septicemia
Patient septicemia
Patient asymptomatic

Dried squid -

Raw materials -

Raw materials -

Raw materials -
Patient septicemia
Patient diarrhea

Sai-1& Sai-203 R FIT, MIXEFRAEM KK TH - 720

XN/ 9 #kDS. Oranienburg# i il L7z (Table
Do WA A OKGEEIZ06TH 5720 Wk
1% 3 % & ¥ % \nutrient broth (NB; Difco
Lab.,, Mich, USA), Hajna tetrathionate broth

(HTB; Eiken co. Itd, Tokyo, Japan) € L Thbrain
heart infusion broth (BHL; Difco Lab., Mich., USA)
ZHw7z. B #IEDHL agar (DHL; Eiken co.
Itd., Tokyo) & trypticase soy agar (TSA;BBL/Bec
ton Dickinson, Mich, USA) T#%.

(2) Pulsed-field gel electrophoresis : Pulsed-
field gel electrophoresis (PFGE) = X % il {z 1-f#
7 % Gautom*F @ J " \ZHE VM L 7o AR
F# 1d&Xbal or Binl (TOYOBO, Tokyo, Japan)
T, @ At
Pharmacia, co., Ltd) (& Y4757,

(3) W3 2 VO WRER T 1% I NBT37
T, 20WEMISERE L Wik % A BRI K Tk i,
[ ik > A= B ETHK A L 720 & D50 u 1%450 ul
» 4 T % & tr48-well microtitre plate (Nalge
Nunc International) WIZ# L7z, D%, 7L —
PAR#EE LRWTAT, 24REMIRLE LTz s ¢
720 ZOMH%, WRHARAKS00 ulZMA, Bk,
Z D244t Z DHL % U°TSA platesiZ %% (CFU)
ZE B0 ®IKL 72,

(4) S. Oranienburg® £ 7k T D 17 ik
5 #10%-10"E »S. Oranienburg% i D R 7% 2
fHARISIRL, 37C, 24REMIEEELZ. 20

1¥Gene Navigator (Amersham

58244 2 DHL J2 O°TSA plates F 284K L T, 418
BEWEL 720

(5) S Oranienburg® =~ 7 ANDKYIZE ©
6 WD A ADBALB/c¥ 7 AR L7z v
Z121%, #4966 10'H OS. Oranienburg % M I 4
UL 720 Wi DN & B D L2 AT > 720

(6) FEERIGIZAERL L7zl A 509 E
* T DAL - 4 N 5 gk T %IRIED K
|2 54, #96.6% 10f8?S. Oranienburg % Hefll
%, AC T2ABFMBIRE L7 A HEMOML, 45
T CTARMBEFZL, WA EER L. £
12, 5 mi®buffered peptone water (BPW, pH7.2)
Mz, 37C T1 WHFRL, TOMEY 2z
DHL plates FIZ#4K L7z FBEIC L2 H L
THTB (10ml) #T37C T20MFMMMEEEL,
most probable number (MPN) % &tifll L 7. &
) —HOWEELE LTHLER T DERL M %
5 %t OBHI-broth\Z N 2, HMW %17 > 2%,
[FIRkIZ, MPNZEHIL 720

(7) A F @B F LV E LT WA
LIVE/DEAD BacLight Bacterial Viability kit
(Molecular Probes, Netherland) THefs L7z
OGBS T 100008 O WA % 8% L 720

& £

(1) HIVERTDODNA T« JEEFE »
P, BHHEFVER T MRS VHRTH S
LEZLNRTWAOT, 9tk (Tablel) ZHWT,
BZTFHRR 24T - 720 FAEY, PFGE/NY — ¥
(3G G B KMk (21— T (lanes 3-5 and 8-10 in
Fig. 1), BRI & 138 7% - T/ (lanes 1, 2,
6and 7 in Fig. 1)

(2) WeHA H H3ES. Oranienburghbk DR ©
9 RO T 2 ZVEZ T ETHVE
F T % AHKICHE L, 45C T24REMREIE LTIl
o % i L7228, BERBETE 2ho
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2 3456 78910 9
8
7
6 Food origin
—e— Sa9911T
£ —a— sa9921K
5 s —a— Sa9912A
=y —v— 5299370
5
2 4
Patient origin
3 199001
Fig. 1 PFGE patterns of S. Oranienburg isolates. Five et
ning two S. Oranienburg " —o— 5299061
ated from other sporadic —»— 5200073
using Bl
. Lanes land 6, Sai-1; 2 and i
and 8, Sa9900% 1 and &, Sa9911T: 5 and 10, Sa9021K
0 b—o—o0—o0—o0o
72 (Table 2)o LA L7285 AR AKIKIZH IV E 03 870 1438497

Concentrations of NaCl solution (%)

7 REER, ERTLE, BEREIVERT
DU WL MDA SN, Sa99004kATF  Fig.2 Bacterial cell numbers of S. Oranienburg in NaCl solutions.
ZHHETH otz —J7, FHHERRO R B
T, FHISa99 TH THE DM A D 72 o 2415 [ % 121X 100F5FRBE L AMIRA L 2 > o 72905,
7z (Table 2). ZD7: I b0 2 MR L SB HRRSa99004137% NaClK i T241RE ] 212
LCUHOERICHER L. LAL, FLVERT BAERBRY O THo 2 (Fig.2)o BhIY, &
T RHARAK IS, R LT RS SeREREER, T b b LT, Bk
BT 5L, BTORBREOBPIBES LY KRIRZUETH D LMRTEL. I 0ilvIid
o7z (Table 2). ZD72W, WMANOEZIEIIE  EREHMOBOTORBILh o7
HWIHT DEZEEF L L TH D LML 7 (3) = ZA~ORENE IS % 3
ZNZNORO FRLITIRIE BV 5 LR E D) RIZBWT, = ANOR D i % i
WL 720 fahHRBRIZ17% NaClRHP TS 2 b Nz LrL, &ERBETE b o7 (Fig

Table2 Survival of S. Oranienburg isolates throough the dry-up process

Culturable cell numbers (CFU/ml)

Isolates

Initial dose ~ Dry-up in saline  Dry-up in
Patient-origin
17x10" 35%10* 69%10°
53%10° <10 18x107
14%10* 19x10° 22x107
68x10" 24%10* 14%10° ’sxnf
38x10° 15%10° 25%107 12x107
28x107 30%10° 18%107
89x10° 10%107 0
50%10° 23%10° 56%10°
94%10* 14x107

All isolates were incubated in saline at 45C for 24 h.
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log10CFU/g

1 2 3 4
week weeks weeks weeks

1
day

Post infection

log10CFUIg

1 1 2 3 4
day week weeks weeks weeks

Post infection

O Liver[ISpleedl Fecedd Blood

Fig.3 Comparison of patho; ienburg in mice.
origin (B) were intr Iy inj

and feces every week for 4 weeks after infection.

sitive S.

Table 3 Numbers of NaC

anienburg isol;
into BALB/¢ mice and the viable b:

1T of food origin (A) and Sa99004 of patient
eria were counted in liver, spleen, peritoneal blood

ered from mice

enburg

i Numbers of NaCl-sensitive colonies
Isolates Tissue m— See—
1 day 1 week 2 weeks 3 weeks
Sa9911T liver 24/50 0/21
spleen 21/50 7/50
blood ND ND
feces 14/50 15/50
5299004 liver 50/50 7/7
spleen 50/50 50/50
blood ND ND
feces 50/50 50/50 50/50

Na Sitiv
ND. not detected.

3).
(4) = ARG O HER RO fH IRk
< ARG, FRS NIV ER F507 0= —
2DV T IR % A7z SR £ 5 ok
SaITHRIZB W TIZ, BULE DN, 4-88%7
IR ERRICZE L T/ (Table 3). SUHS,
FEHESEYE T IR R RSa09004 % HEAE L 723 &5
13, BHEZMEICHLTOZRLRRED Sharo
7
(5)

FEERI\ZAERE L 7RERRA 7 20 S DV E

ies of a maximum of 50 colonies were examined by dry sensitivity tests.

A FIZDWT L BFHRS IV E A F1317%NaClk
PTHE LT ORI T TE Lo L
L, WA H OB TRZENED 22 LD DAY
T %o £ T T, Sa99004&Sa9911T (#6.6 %
10°cells) 34 # LRAL, WA A2MES NI

#94.0 X 1018 DO Sa9911 THE DS HEME £ 7 20 5 53 M T
& 7275, Sa99004k Tl IV E R FIXFHET
& o7z (Table 4) . TN ENOBPWIRE A
HOEYe s SRR, 0% LAEE TV

(Fig. 4)
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Resuscitation of S. Oranienburg cell suspension from VNC state

Table 4
Recovery of
1ml 100 u!
(0/25) (0/25)
HTB + +
(5/25) 1/25)
Supernatant + +

199004 cells from*

Cow -
( (7733‘ (0/25) C
‘”’2._“ ‘HiZS‘

(5/25) ( 11725‘

* One ml and its serial dilutions of the

004 cells contaminated-BPW suspensions with

dry-processed squids were used for each experiment as described in Materials and Methods.

(A)

(B)

Fig. 4 Fluorescent microscopy assay for viability of S. Oranienburg Sa9911T (A) and Sa99004 (B) in BPW suspensions recovered from

the experimentally processed dried squids,

(6) VNCIREDOH IV E T DL HIVE R
7 #HTBTHIR %, MPN2ASHHI S 7z, Sa99004
HTid, 1ml 47:00-45 (SD=17.76) DL
¥THh o7 (Tabled) o HOWMBLETHNZ
L, 1ml47:1225-550 (SD=187.64) iDL
¥THotz (Tabled). MIEFIISHIKT 2L,
L au=—R3AEFLEPo720T (Table 3),
Sa99004#k 1Z VNCIK ADAATEY, Lard
MR L THRAE SN AW SR o7

% %

S. OranienburglZ {5 ds S N7zizf A #12 X B4
[ HIAT19994E 1Tk & 727 0 fTih L OV
HHIKKIEZNZNPFGE7 4 ¥ =7 ¥ 5 1
Y 7ETH LB S MO T, FIVERTIH
Pe SNV A A HFHHO L NHTD 5 & M
SNz — MM XA 0.6F HE o % v K 55 i

DR TIEIRIEAL 2D EFEX LN TY
%%, L2 L%&A5S. OranienburgA®JF A ¥R i
FATTI TS 2 5 508 S Nz T (Table 1), ¥
A AEMLRTS U AL IS B EE DG Bensike
ZoTwhtEzbhiz,

MPN#: T#10 ~10"M# @ S. Oranienburgs 5 K
M 17T D872 D ITAE L TV 722s, EHER %
HETIR20MBE L DT E Lh o ZOR
TR, BHEOFIERIKMETH Y, £
D7z Z DRPEDI O HETII LA Y
L Ladss, KikoMi 24
A A AL, L b VNCIRIBIZA D RAA T
FOMIMETIRGHET S v, B
BT THAS ). Salmonellald I KER TR
HIZVNCIRIBIZ A D A A" PRI A A
PTIEHIVE R T ORMBUIRAFHISIR 2 2R L
SO &9 ST 75 R I O TEHE

Kl vEnz s,

7e5, il

T/



T2 334 B VNCHIE o fa Bt av i 12 93 2 IF7E 17

LEHBAHTHIUE, HOGERMEOFMIZA S %
WHEGZBTHAH ).

SREIOBIETIE, RHMHROYIVE S 7 I3
ETH o 722%, BEHKKIIRZETH > 7.
T/, RAHBR AR < ARG
EZVERRICEAL L 7278, Z ORI & A2
T&Ld ol MO—HMREALin vivoTOH
BT, invitreTRBFTELR VIR TH o720

* ~
(EHEC) O157 {544 7 712 & % $6l % #H it
LY, GEOFIVER T OH &R ITVRERT
bHoto Thbb, BHHKEHEC 015713 &£
BZMETHY, 17 7HRERMETH o2 &
S AL PO 157 (Zin vivo TREZ ML L
7oo TRHDOFERD S, BELH DSalmonellax
01570 & 5 LIGEWRAO S & b L OWHIT K
WitEZ O d Lhkv, L L, &z T
&, RO~ ORBIZEALTRZMERICED 2 O

1 L i, enterohaemorrhagic E. coli

b Lk, LaLeds, w7 ARGFEEHEY
1T o 7R, RO ZLIZ#C L E: R
¥z iidhnweErzbhl,

% ETHE SN RELEOLLR, B, *
LCHHR DA DA N L ARMLETF T 2 2,
MBI EH S %5572 CVNCIRIBIZZEIL T 5.
VNCIRIEDMIE &, 0% T TrE S
L ThHHH ™", KT, VNCREDOH LT
T OB IR BT, REFND N
HECR RO BER Lz ThoDENY
VEDRT ORI S W2 DA% 5, VNCIK
BOMBEOEENET 20IZBFHATRETHS I
LEZONT, BHA LOBEEIC L DRBIZT LV
NNV TOZRLIZV 22O THEShTw
579 G RIEH OV E R T OVNCIRED 5T
LAV TORTASHER, VNCEAIT 245 &2
HHboLfEEND,

Resuscitation and systemic infection of Salmonella enterica serovar Oranienburg in the viable

but non-culturable (VNC) state through mice with morphine-treatment

EJ #

£ CTviable but non-culturable (VNC) 12 A
D A A 72S. Oranienburg® #ifE & i F LI DWW T
EMEAELGIT A ERCTERZ T 720
VNCHIVEH 73RO < 7 2 Tldsesicdk
BrEnzzdt, E e A G AEWIMAEEC R D
WLz Z2070E ML 25 < 2I1EVNC
FIVER T ORIFHEZFHET 2012 L TV &
Wxb7EA9,

F £

FIAUHOF IV ER T IEHBEEREIL, &
SR EHSED I & 2 %o EAR B H y D5

MR 5V EHR T %20 MET BT LA VERT
FEDWEZD %A, D 5O S HATETH
Bo LA L 7% & 95 J5UH 1 13 il 5 (2 viable but
non-culturable (VNC) 1ZAD ALY, ZOFERE,
TR AR Y OERBAEAEHI S AL, Sl OM
WA T e h g 0 SR S 0 B A TR &
®5%o WIRMASEH A 5 S NTH RS
PHGMETE RV E &1, FREARHHTVNC
A2 TWB07d LAZv, §%4bHVNCHK
BOWFRIZNCHEM IS EHEE DO T EVR
%o

S. Oranienburg & S. Chester|Z {5 §¢ % 1 7242 1
A BN & B AGHBENF UL 2 2 AR #EAS19994E 12 b
AETHRAL, Wise= B % % 05 1500 ALk L
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DBRENFR SN FREHIE—D>0OTY;
THESN, A A HEETRFTHVER T OH
PR 572 b DL BEES NIz, SOTLNH,
HOVE R T I EHOKR OB R ONEM P 2 A A1
HRL, LW ERFL L Ez LN
Too EERIGITH IV E R FIHRAIEA 2 ERT 2
&, FVERFIIVNCIRBIZA D AR A5 1124
BTERL 2D LA HHPIZIZE DYV
ERTIHREAEL TR EEZONS, LAL,
VNCIREEDH )V E 3 5 0 &l 4 & 0 [R5
FHERFliT 5 2 L3 TER VG, 22T,
AT RAEMVBIEICEDVNCH LV ER T D
WA CE 5 L &R L7

ElLk

e E FiE

(1) WtkERH ROV ER THREMH
L 7z. S. Oranienburg Sa99004#k (X 6z £ 712 &
LM B T, BEPSFMEINHRTH
1) S. enteritidis strain 3631Z AHI KR TH 270 i
PR3 3 1x 3 % & £ % Vnutrient broth (NB;
Difco Labo., Mich, USA) &buffered peptone
water (BPW, pH 7.2) Td %o FHH; i 1ZDHL
agar (Eiken co. Ltd., Tokyo, Japan) T# %

(2) WM 2 2 PEo iRBT i  NBT37
T, 20MEHIHE2E L7 fh % A BEATHEUK Tk 1%,

[ dit > A B ETSE K SR L 72 T 050w %4501
Ok REE
Nunc International) WIZ# L7zc Z0#, FL—
FE#EZ LBWTLSC, 24REHBE L TR S &
720 Z O, WRARAKS0ulz M, Bk,
Z it fit % DHL JL O'TSA plates|Z % (CFU)
ZEt D70 HIK L 72

(3) &SIl y BV e 22558 6 Mo
X ZDBALB/c¥ 7 A % i\ T Bhaskaran® 0 Jj
FAH o THEEE T2 72 0ImIDEL E H D
AP HUK BB (REH 72 ) 100mg/kg) % IE
JPEPIC 12WE R B, 1AH PIERE L 720 =7 AL24%,
#96.6 x 108 ?S. Oranienburg % IEFEPIHEFE L 720
i B Ot & 1 O L % 4T - 720

#r48-well microtitre plate (Nalge

& #

T ADFINE R T B R 6.6 10°
il S. Oranienburg Sa99004# % I A & L T
Ly A A L L HA0H M4 L LA R (R
KoTwi (Fig.3)o 2072®, boL%L D
Sa99004k & %55 5 LV E R T IRED R X D
b LRk F 2, 36X10MH 08
Oranienburg strain Sa99004% #/f L 72 % 7z,

[l #% 126.6x10'or 8.1x 10l ®S. Enteritidis
strain 363 % [l REICHERE L 720 ZORR, FHIE

100 (555 [

*7 [ 9
E O 3.6x10° cells of S. oranienburg
2 4
g @ ® 6.6x10% cells of S. enteritidis
) I ® 841x102cells of S. enteritidis

204 i

0 o5  m(5) L
0 | 4 6 8 10 12 14

Time after inoculation (days)

Fig.5 Survival of BALB/c mice ag:
and S. Oranienburg (open cir
in parenthesis.

st Salmonella infection,
). P<0.0001 for S. Enteriti

-oups of five mice were orally inoculated with S. Enteritidis (closed symbols)

vs. S. Oranienburg. Numbers of survivors of five mice in each group are
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i\ 2 B3 % WF%E 19
A FEBL 0 63x108 cells
_ 8] @8 O 32x108cells
s
% 607 [ O 28x10%cells
H
M @5 & Tax102cells
20 L 9 65x100cells
® 6.3 x 108 cells (normal mice)
07 (0/5) (055)
T
0 2 4 6 8 10 12 14
Time after inoculation (days)
B 1o (si5)F
o 1mi
3 - 0 10041
s e @B a 1041
H
a
= 40 F O 1ul
- [ o Saline/t mlinto
normal mice
o] (0/5) F
T

0 2 4 6 8 10
Time after inoculation (days)

12

14

Fig. 6 Survival of morphine-treated BALB/c mice against S. Oranienburg infection. (A) Groups of 5 morphine-treated mice were orally
inoculated with various numbers of S. Oranienburg (open symbols). Normal mice infected with 63 10" cells of S. Oranienburg are
shown as a closed circle. P<0.0001 for normal mice vs. morphine-treated mice with 63% 10° cells. P<0001 for normal mice vs.
morphine-treated mice with 32 10" cells. (B) Groups of 5 morphine-treated mice were orally inoculated with 1m/(O). 100u (C).
1041(4), and 141(<)of the BPW suspension of VNC cells and saline (@). Normal mice (n=5) were also intraperitoneally inoculated
with 1ml of the VNC suspension (@). No. of survivors in each group are in parenthesis.

CHEIZZNZN36L64H TH -7 (Fig.5). K
#12, S Oranienburgd%fliff 13 &2 TH &Ko 72
(Fig. 5)o Y.l & D S. Oranienburg|3 4% Tl
AT B2, EW R Y AN IR
{, BIEE LAV LA SNE ot
(2) ENVERMEGY T RAOBENE VLR
DR ERANDEZVE 2RI F & v ) WG D B
DOT*# S, Oranienburg~DEZHEL R S5
ZLENTEDEF R IS, VNC Salmonella
IR ERFFL TR D L2 HPD DI bAE
HATE20TERCHEEZ I fix DB
Sa99004#k6.3 X 10" 32X 10°% E )V & 2 b=
AT B L, FHHM64LTSHTETOR
7 AHFEE L7z (Fig. 6A). 28x10'L7.1% 1048
DHFNVERT 2 HMT B L, FHICHH83L10H
T3BLULIIEDOT T AZFEC S 7275, 65D

WHTIIMHHETOLTIE &> T/ (Fig
6A)e SO ERNLELEAEEICLDS
Oranienburg ~ O &2 PEAHI§ 2 & A5H] & 2012
Bolze FIVERTOTRTOMIKIATT 7 A
EYEREGI SRS DI TIRAVWOT, ELk
AYYAEHCAILIE ) RS ERET SRS
FTIEDNTEDLLILRDENR D,

(3) VNCIREEDH L ER T DT ANDIN
% © VNCIREEDS. Oranienburg® i i % A
LTEENME A G ADMENIZHEREL 72
1 miDOVNCHEE i % I = ™7 A D JIE NI HeAl
Lzt Z%, &THOY I AIEERKR> 7 (Fig.
6B, closed circle)e &0 Z &IZIEH~ 7 Z21ZVNC
HFVE R T ORI Z IS 5 ISR TH S
ENEART LBLENS, ETOELMLLAT
7 A& 1ml L TN100 w IO VNCH S it & 5 5- S h
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%L, TNENFHHE26L28HTHEL,10u]
FHEBETII IO~ Y AASEHA5H TRE L
(Fig. 6B) o N L ARG~y A1 1 uleEf
FETIRFEC Loz BLEX D EL e A 0E
= AR TEE R IV ERT DAL S TVNC
ARIED S DNOIEZPEL WS 2L TW 5 2
LEFRL TV D,

28x 10 J% 0¥ 7.1 X 10 0> #7 ff 35 #S. Oranien-
burgl¥ BNV L A EE YT A% 4 L 2 EERZR
FELE4 (Fig. 6A), 10410 VNCHEEH X 3 Lo
ENe AL AEREE S (Fig. 6B). =
DT N30 p ] IEEHNIZH 108 L L 095 5% %
BRELTVDRHLVELATEGATVSEEZLN
s

£ =

VNCH IV E % 5 OMPNI3225-550 (SD = 187.64)
BHOAERA ImiPicHER TS LHfEE SN

(Table 3). ZEIDENL LA ZEHVZRTIE, £
LY L2008 E B A DT, KPS
kA LT 521V e R 5~ A58 LT
W0hb Lk,

VNCIRIEDMIE 1Z L HEH ST & 72258,
RN T OREE D ARG S ® 22y
vivo TR ENTI Bd o720 KMETEM L
A5~ A TVNCH V& R T O %2 L
7o BRI & HEE S N FTdh A S K % 2 %
CLRIEHICRERT L RDOT, AKEFAMIC
B Lk, £72, ETORERIIH LT
I % SR 5 72D~ AE T VR L
TVWEbIFTIRARVDT, EVerEHOA)
FIAH2S s v, BV e A LIIERRLE O
=*7u77—YOREFETLHOTY, T
Fe G-y ZLMNLIN A2 S L C AL R T A
LARBTETHS S o BlZIE, L monocytogenes
12 RIHIEHEAME VDT, % < D RIEFITT

ZIHH SR TREY,

E-cadherin A transgenic miceZsV A7 1) 7 O
FEPERE AU S 7o), S & A THEREDS
WETH 5o EV & A H-< 7 ZAH5EE O
PRI o b L ve £ 72 VNCHI R A%
AL GBEND) A2 S EATHTHS ).
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A diffuse outbreak of food poisoning due to Salmonella Oranienburg (SO) and S. Chester,
caused by the intake of contaminated dry-processed squids, occurred in Japan during 1999.
All the implicated foods were manufactured by the same company and which were created
through the processes containing soaking in liquid seasoning with high concentrations of NaCl
prior to dehydration. The preservation of foods by these concentrated NaCl followed by
desiccation is widely viewed as an effective means of preventing food-borne infections.
Nevertheless, the pathogen was detected from the causative foods, which led to hypothesize
that SO could undergo soaking in concentrated NaCl and subsequent drying, but still survive
and retain its pathogenicity for humans.

SO isolates from both the causative foods and patients in the outbreak, showed identical
PFGE (Pulsed-Field Gel Electrophoresis) patterns, however, the isolates obtained from foods
showed resistance to NaCl osmotic stress, while isolates of patients-origin were sensitive to
NaCl. In addition, representative isolates of both sources were almost identical in their
virulence for mice, but a NaCl resistant cells of food-origin changed the phenotype following
passage through mice, becoming NaCl-sensitive. In contrast, no phenotypical change was
observed in patient-originating isolate. The SO cells of patient isolate formed no colonies by
direct plating after 24h of incubation in 7% NaCl solutions, but which resuscitated by
appropriate enrichment. Moreover, the non-culturable cells of patient isolate seemed to be
viable by epifluorescent microsopy assay, suggesting that the significant loss of culturability
in patient isolate by exposure to NaCl solutions might mean the entry into the viable but non-
culturable (VNC) state. When the VNC cells originating from patient were injected into mice
treated with morphine, all the infected mice died within 3days after infection and SO cells
were recovered from their organs. The in vitro/ vivo assays seemed to be useful methods
inducing the resuscitation from the VNC state in Salmonella and might be effective for other
pathogenic bacteria.

Based on the present study, it was demonstrated that Salmonella, recognized as the most
major food-borne, zoonotic bacterial pathogen, maintained the survival in environment

containing several stress factors for this organism. This study announces the importance of
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latent viability and pathogenicity of Salmonella in human infection and partially elucidate
genetical relationship with the phenotypic change. Finally, the existence of VNC Salmonella
leads to consider the necessity of new diagnostic tools instead of general culturing methods,
which would be an important theme in the future. The present study would contribute to

such a detection and evaluation of pathogenicity of the VNC Salmonella.



