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Summary

Title: Novel Immunoassay for Salmonella spp. using Nanoliposome

Salmonella is a rod-shaped, motile bacterium, nonmotile exceptions S.
gallinarum and S. pullorum, nonsporeforming and Gram-negative. There is a
widespread occurrence in animals, especially in poultry and swine. Environmental
sources of the organism include water, soil, insects, factory surfaces, kitchen
surfaces, animal feces, raw meats, raw poultry, and raw seafoods, to name only a
few. Acute symptoms caused by Salmonella are nausea, vomiting, abdominal
cramps, minal diarrhea, fever, and headache. Chronic consequences are known as
arthritic symptoms may follow 3-4 weeks after onset of acute symptoms. Various
Salmonella species have long been isolated from the outside of egg shells. The
present situation with S. enteritidis is complicated by the presence of the organism
inside the egg, in the yolk. This and other information strongly suggest vertical
transmission, i.e., deposition of the organism in the yolk by an infected layer hen
prior to shell deposition. Foods other than eggs have also caused outbreaks of S.
enteritidis disease. All age groups are susceptible, but symptoms are most severe
in the elderly, infants, and the immunosuppressed group.

The objective of this study is to develop a rapid and easy method for the
detection of a food-borne pathogen, Salmonella spp. The detailed studies include
selective separation of Salmonella spp.(esp. S. enteritidis, S. typhimurium) using
immunomagnetic beads, enrichment of Salmonella spp., and cross-reactivity test in

the food matrix.

1. The optimum mixing time for the formation of immunomagnetic
beads-Salmonella complex was 60 minutes. The maximum fluorescent signal
with IMS-LIA for Salmonella was shown in the borosilicate-tube at the level
of 10(6) cfu/ml. The BSA-added TBS buffer significantly decreased the
background fluorescent signal, indicating that the non-specific binding was
decreased due to the excessive immuonoliposome were effectively removed. The
optimum diluted level for immunoliposome was 1/70, and the detection limit

was 10(5) cfu/ml both in the pure culture of S. enteritidis and S. typimurium.

The maximum viable cells and the optimum temperature both in S
typhimurium and S. enteritidis were obtained at 150 rpm and at 30C and 3
7C. The BHI(brain heart infusion) was selected for the optimum enrichment

media for both in S. enteritidis and S. typhimurium.

. Contamination levels(CFU/mL) of indicator organisms in fertilized eggs in

Seoul and Bun-dang areas(Korea) were investigated. A total of 48 eggs of 14
brands collected from the department food stores. Egg shells and egg content
were examined by both pre-enrichment of brain heart infusion broth(method 1)
and buffered peptone water followed by enrichment of RV broth(method 2).
Using BHI broth enrichment method, the initial population of total aerobic
counts(TAC) on egg shell was 35~7.2x10° CFU/mL which had become a range
from 1.010° to 9.5x10%fu/mL after 24 h pre-enrichment among 21 eggs of 5
brands. And no suspected Salmonella on SCA plates appeared at the very first
but the range of presumptive Salmonella was 1.910°~8.3x10%fu/mL after 24 hr
pre-enrichment. Egg content of 9 eggs of 3 brands were examined using
method 1 in this research and no microorganisms and presumptive Salmonella
were detected before and after 24 h pre-enrichment. The population of TAC
was 7~6.2x10° CFU/mL  before pre-enrichment but there were no
microorganisms detected between two brands so that 0~1.4x10°CFU/mL were
the number of microorganism after 24 h pre-enrichment by modified BAM
method. Egg content of 27 eggs of 9 brands were examined using method 2 in
this research and no TAC and presumptive Salmonella were detected before 24
h pre-enrichment(Table 2). After 24 hr incubation presumptive Salmonella
colony was detected 9 CFU/mL. Salmonella presumptive colonies were
attempted to be identified by biochemical test using API 20E protocols.
However, other organisms were discovered and identified to be Acnetobacter
baumanni/calcoaceticus, Escherichia coli, Enterobacter cloacae and Klebsiella
pnumoniae ssp. pneumoniae. However, No Salmonellas were isolated by cultural

methods in this study.

. Contamination levels(CFU/mL) of Salmonella spp. in the chicken skin were

investigated. No Salmonella in the BPW and RV broth was detected in the
no-Salmonella spiked samples using both the classical plate methods and
IMS-LIA. And, the presumptive colonies in the XLD agar plate were not
identified with API 20E kits. When Salmonella was artificially contaminated on

,vi,



the chicken skin at the level of 4 cfu/g sample, S. enteritidis was more
sensitively detected in the selective enrichment with RV broth than the simple
enrichment with BPW. However, when the 136 cfu/g of sample was artificially
spiked, S. enteritidis was detected using IMS-LIA method after the enrichment
with BPW. Also, there was no cross-reactivity among E. coli OI157:H7,
Citrobacter and Shigella. These results described above indicate that Salmonella
IgG-tagged immunoliposome synthesized by reverse phase method could apply

to the detection of S. typhimurium and S. enteritidis from the food samples.

Technology developed in this project can be utilized for the detection of clinically
important pathogenic bacteria as well as food-borne pathogenic bacteria like
Staphylococcus, Listeria and Campylobacter. IMS-LIA could be an alternative to
the expensive commercial kits imported. IMS-LIA should have wide applications
in rapid and easy monitoring/screening system that is widely adopted in

slaughtering plants, food processing plants, catering company and clinical laboratories.
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Fig. 1. Comparison of rapid detection with conventional methods
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EF] 3= liposomes oo} o] ST (¥ 2).

3. DPPE-ATA $4

DPPE 5 mg¥ SATA 3.5 mgS boiling flaskol ¥ 1 mL®| chloroformol *5<!
triethylamine &< (0.7%, v/v) & 7}l A 7k ol 45 2] water bath StollA 1 &
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A~ 7F2 olgoll A 1 EZF sonication3FTl. 100 mM SRB &9 2 mLS HA& 7k~ of
2o A sonicationd}H A lipid suspension®l] 7}3FC} Sonications 3 #3F SHHA flaskS
7HE £E9 Fth f7]18ulE 45 oA rotary vacuum evaporatorZ A7 gTh e ]
2 mL9 100 mM SRB &L 7}sfal 1 i3t sonications @b TRA] rotary vacuum
evaporatorZ.  HEEE F71EME AAZT. FDI suspensions B w7k
sonication¥} evaporationg WH5%HT} Liposomes preparations 10 & A= 45 water
batholl W3k}, Miniextruderdll 0.4 um2] filterS 7] ¥ 45  hot platec] 30 @ A=
WA ScE 919 miniextruder®  liposomes preparations  SAIZITE FIE A
Sephadex G-50-150 column®l| loadingall 3% %] ¢8> SRBE £ 3tt}l. SRB7F X3 &

liposomes fraction7HS Ko} 4 ghc}.

o

™ 1% o

5. Immunoliposome 4

Cross-linker®  ©]-§-3ll liposomes A3t <UAAZA :é%o 3}1L4Ql  phosphatidyl
entanolamine @} Salmonella’s 12 st A&

5kl Liposomes?t @Ae] FHFZAFS liposomes®] surfaces thiol group 22
activation’\]ﬂ"’ °] & maleimide group derivatized IgG} WHSA|F] O 24 O]:'rﬂ‘oixh;}.
DPPEE SATA®} WH-g-Al7 DPPE-ATAE Y Il reverse-phase evaporation "5 0.2 o] &
hposomeSQ] lipid bilayer® incorporationA] 21T}, Hydroxylamines ©]-43}¢ liposomes<]
surface?] acetylthioacetate groupS deacetyl®}ste] -SH groups 2§ A7t} Antibody=
heterocross-linkerql  sulfo-KMUSS  ©]-8-3}%]  maleimide groupo @ FEAIZITE =,
sulfo-KMUS 9] sulfosuccinimidyl group< IgG2] primary amine®} WH-3}7] ® T} o] €A

Y =
THAo2 ATAA immunoliposomeS

m1~

F4 ¥ maleimide derivatized IgG®} -SH group2
thioether linkageoll 2|3l ¢F4 %] 7| coupling® T} Al -

7FA1aL 9= liposomes<

et Ak 19 3),



DPPE-ATA 7.2 pamoles
DPPC  80.6 pamoles

DPPG 8.4 pamoles
Cholesterol 31.6 famoles I
‘ Sonicate under N,
Chloroform:MeOH:Isopropyl ether ‘
(6mL:1mL:6mL)
Evaporate
«—— 2mLof
‘ 100 mM SRB
«—2mLof
100 mM SRB
é Repeat sonication
and evaporation

¢ — Pass through gel column

Extrude through miniextruder

(0.4 gam)

} unencapsulated
free dye

dye-encapsulated
liposomes

!

Dialyze
_

[

Fig. 2. Liposome §A3}A

5. Maleimide groups ©]-8-%F IgG9] derivatization

Anti-Salmonella 1gG 8<% 1 mM EDTAS} 0.01% NaN;7} 350120 0.05 M potassium
phosphate buffer (pH 7.8) = F4]3-t}. Sulfo-KMUS 2 mg2 0.1 mL2] DMSOe°l 591
t}l. Sulfo-KMUS &9< FA438 1gG &4 Atk 2 3 Al Bk 20l A vk
71t} ¥E3-91S 0.02 M PBS (pH 7.0) & F2]3it},

6. Liposomes®] SH groups®| deprotection
DPPE-ATA liposomes®ll 0.5 M hydroxylamine hydrochloride2 10:19] H]& (vAv) 2 7}3F

T 1 W3 Ny kg SE a2 AL ek AgEe] el A wkg ARt

7. Maleimide-derivatized 1gG®} SH-tagged liposomes<] conjugation
SH-tagged liposomesE 0.5 M KH,PO,& AFg3te] pH 7 |
Maleimide-derivatized IgG2} 41-& ¥ 1 3+ N, 7[2E B398 1 A2olA 4 A3t
Fob wkeA7ItE 4 9 cold roomO.E 27 18 A7 FoF ub F
SH groups< quenching 7] $]3l ethylmaleimideS 7}3tc}. Zd-2ol Al 3 Al
t}. Sepharose CL-4B column (1.5 cmx18 cm) & & ZA| A IgG-tagged liposomess WH§-
o] r¥l maleimide-derivatized IgG9} #2] A2t} olw] column chromatographyS <l
0.01% NaN;& X3sh= 0.02 M TBS, pH 7.09] £35S A8t} Void volume WFE
Holl L}Q & fractione Ho} 0.11 M sucroseS X35 $19] buffer? FA kol Wil
o] WatH A ARE-ShrE



£ NHp + 0 0O Q
Y Na@\g N-0- - (Chio-Cia-N ]
N\ a

Primary amine of IgG  Sulfo—-KMUS

Y NH@(CQ@C%SZ} QN@*

o \'e)
Maleimide—derivatized IgGSulfo—NHS

Thioacetylated DPPE

0
il QS CRIENHDPPE
NG NHC(%CEA%]

Fig. 3. Immunoliposome FA¥73.
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8. IMS-LIA 434 (13 4)

Dynal Inc.2] ¥'H-S W& 3}al o] 9| liposome immunoassay 'H-S ofe e} o]
1A Ee} 22 d o] AAsIg o A9 AE]E Fig 49 Zth olst AY WHS
o] WHel &3k3irh

1) 75x12 mm (heightxO.D.) =7]12] borosilicate tube®ll IMS bead 20 PL-S 3 7}3tc},

2) A189 Al 7N tube Z}Zboll negative controlZ2A AbytE BIA] 1 mL¥} A|EEH
Salmonella W] ¥ 1 mL& 7hetct

3) Tube rackStol tubeE Hol¥W S ¥ platform shaker?]oll Al 60 & &9t AolA 70
mpm® 3 HTE mixingdHth. o] Alelel] wjdHS HFE s|Asle] 0.1 mLS SCA
plated] =3}l 37 incubatoroll A wj¥Ele] the & /‘371“‘ g k
4) MPC ¢}l tubeZ Y3l immunomagnetic beads (IMB)2] 4=
et ubeE BAT F TS AATCH

5) MPColl A tubeE 7AWl 1 mLe] 0.01 M PBS-0.05% Tween 20 &M o2 IMBE 1¥
washing ¥+C}. Step 45 WHESHC)

6) 1 mL] 0.02 M TBS-0.13 M sucrose-0.5% BSAZ IMBE washing 3} step 45 Wi
3}

7) Step 6 TFAl 3+ ¥ WhE-3}o] IMB-Salmonella complexS 3|53},

8) 8]X 3 anti-Salmonella 1gG tagged-liposomes &< 70 pL-S % 7}3kc}

9) 15 ¥ &< tubeE platform shaker 9]l A mixing3tc}.

10) Step 45 HHEgho}

11) TubeE MPC ¥teoz 7dth 1 mL9 0.02 M TBS-0.13 M sucrose-0.5% BSAZ
IMBE 3% washing ¥+T}.

12) Tubeoll 0.02 M TBSZE =21 30 mM2| Octyl [-D-glucopyranoside (OG) 200 UL 3
7}8kaL 73sAl vortexing 3T

13) MPC ¢tell tubeE ¥ 3L 3 & &< A2 F 10x10x48 mm cuvetteo]] 25 < 150 UL
S &tk

14) Cuvettedl] 0.02 M TBS 2,850 LS 3 7}3kc},

15) Excitation wavelengthi= 543 nm, emission wavelength= 596 nmoll4 &3
3t} o]u blankE 30 mM OG 150 pLell 0.02 M TBS 2,850 LS 7}3F A O

o

£

it
o ,

EE
2 3
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Salmonella

@[

l

m —_— .@ Capture
@

anti-Salmonella beads
anti-Salmonella 1gG

tagged liposomes

/ (]

Signal l

——p Detection

Fig. 4. Principle of assay procedure.

amplification
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9. Target MY 2F%5 Af? immunomagnetic bead®] 4% 2H8& FHA3E 3
Liposome immunoassay Z=719]

1) Immunoliposomes o] 4]0l W] X]i=
2) Immunomagnetic beads®] ¥o] A o] 1] X

3) H5o] 4 ukgS FHAslslr] 98 Wetozy *‘ﬂ ul o] J

10. Liposome immunoassayE 93+ %24 whg =4
Liposome 3|48, #9] gAufj4= 2 A7, HF immunomagnectic beads®] WF

& w3 44e A% 202 PEs.

1. s =30 HE

Salmonella®] AEFE e AZE ol AF Heldl 55 21 HES Y HTHo

2 AFol AEAe Aad Ay 20& AEsAT

) 2=

¥ e AFSe WEE dolry] 938 30, 37, 42 A AAS s}t

ALk 53], vk ARES @5eky] 98] wiek 9 AlgE o] dell A A S Wawd o

74 A e 2xrF A4E Aotk WA At 1§ «l incubator7} H-%3t Aol m
AP A Eahs ojelwel A } K *‘W}E} 25 o]ge]

Aol wE Aol WskE dotrr] s 100, 150, 200 rpm= A1 incubator
A WAysta ok L= AP vV R wjgF 9 AIZE o] HelA

Zo] AAE Foltk, HAA M HE9 incubator’} H-
LAl vl o] APHA Rk olegol dov 7 dwirt

[=}
3 o9 BE factors: YA FASt] AP de AHE D g

;

FAEALE B Awde v MasA AEHE wA 5 %
H
H

& olels} gk,

Brain Heart Infusion (BHI) : BHI ®]#] 3 g/100 mL

Buffered Peptone Water with Cysteine (BPW+C) : peptone 2 g & cysteine 2
mg/100 mL

® Rappaport-Vassiliadis (RV) broth : RV 3 g/100 mL

® Tryptic Soy Broth (TSB) : TSB 3 g/100 mL

,13,



® Tryptic Soy Broth (TSB) with Cysteine (TSB+C) : TSB 3 g & cysteine 2
mg/100 mL

12. IMS-LIA®] Salmonella 71% 7 : Dose-response relationship

BHI ujA]el| 4] 35 oA 18A1ZF &t 747} = w3t Salmonella enteritidis (ATCC
4931), Salmonella typhimurium(ATCC 13311)S Salmonella-IgG7} magnetic bead®l

A3t ¥]oJ9)E Dynabead anti-Salmonella (Dynal)9} WHS-AIZATE HAEIAE Lolr7]
e ¢4 MF0YS WA see GREE S4an),

13. HA 4 A 92 298 HHX]%}: a7

1) Salmonella ¥~

Ardepzh GARE ol we] SE 5 dE WAE 3] fste] EdaEE Fa
Salmonella & A AH&%+= HH Ag 2AMEEe], AEdo] glomA

%3 4 Q1 BHI, Lactose broth, BPWO] Z3tulA] 3% XAt Salmonella
enteritidis(QATCC  4931), Salmonella typhimurium(ATCC 13311)¢] Z}zbe] #3525 BHI,
Lactose broth, BPW°ﬂ 0.24 CFU/mL F#2 2 AZEslo] 35 oA Heu]gsar o, 3,
5, AZkel 45 PCASF XLDOIA EAlel S43H3itt.

2) Salmonella 7= &2]-& &= A4

AEHEHS et & de ARE BQlEly] gkl dukdom HF A
MAE AAEES WAt 2Ee] Samonella AEF A FAEH R ALGER
79

AOAC, USFDAS] BAM protocol culture-based methodZ4], ARFH o= A5 ¥
108 3] 9] lactose brotholl 12} S¢FHl%F F RV, TT brothol] A A& w3k oS BS,
XLD, HE agard] =@els HA o= o]Fojx] Qi) 7} ©@rAle] T39S IMS-LIA test
oF FAlol wjAo] wwtale] ojilyete AsieH WHoR T
AEA wA Sl & Salmonella 7E HAHL A4S A% JAF=HS 4717t
Al 3~64 9 AJ7to]l 2Q8¥E @Ale] vk
XLD agar| Al Salmonella?t WER= 9AE]= o]50] xyloseE wallste] w=ahdo] 3
gk, lysineo] ©EHF &A3slete] HEhe: A A3 EF A HX
thlosulfate-q- ferric ammonium citrate®l] 9|3 &3} FA(H.S)E A TAF-IF SA o
Wtk o] wixE Ardel 94 MFs ol BAEE= 889, Salmonella
ﬁ—rg} Proteus, Citrobacter7} -5 A Fetom veh}r] wjfof vz Aol A
2317178 3 &1, false positived] A3}7} LpERE 2 301 Eot wgbA HFH AdE
A7) Sl e WHEA] FUhEQ AseA, dAetA Fgo] Fasith uwEkd XLD9:
2 Y8 salmonella® AZE 5 Y wix|¢te] nuE EfA AEA 7o B

F AEAE Lopu gt

LB brotholl ATCC f5*(Citrobacter youngae 2 Salmonella spp.)ys HE3ste] 35 ol 18
AL FatEtel &5 MFAE do] o] Ftel ImLE RV broth 10mLel]l 33l 4
2 oA 24A17F AR e EATE 23} Sl d A S XLD % SCA(Salmonella chromogenic
agar) medium®l| LB broth 5793} RV broth T3 0.ImLS =233t}

T
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Sample preparation

| Frozen sample |

Isolation of Salmonella

Water bath, 45T ©] 3}, 15%
T=2-5T, 18h 35 Vortex LB culture broth

| 25 g sample 731 4 0. & A F |

1 mL LB culture broth - 10 mL TT medium

0.1 mL LB culture broth = 10 mL RV medium } .
Selective broth

8 3t % blending containerol]

T}o
R

Vortex
| W% LB 225 mL 37} |

2 min blending & 72 8} ulj o
4 High microbial load
RV:42TC £ 027,24 £ 2h
TT:43C £ 0.27C,24 + 2h
4 Low microbial load
RV:42C +£0.2C,24 + 2h
TT:35C £ 0.2C,24 £ 2h

83t % Wide-moutht} screw-cap jar
(500 mL)ol| e

60 £ 5min, 222 (F4-&
471 3] Fobal)

Vortex (if tube)
72418 5 pH test paper = =4
djust pH 6.8 + 0.2 with steril
(adjustpH 65 0 oy 3 mm loopful (10 ) RV & TT medium > S 58] A 4 o)
747} BS, XLD, HE agarell =% K A] EF A, 1A (24h) 23]
A (48h) 7ol 73
Selective enrichment
media plates 35C,24 £ 2h ¥l
Jar-cap S 1/4%F @7) 3L o} | o] EA -
35,24 £ 2h ¥
— 1 6 —
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Presumptive test

Salmonella
(Typical & Atypical colonies)

v

on XLD plates

v

on HE plates

v

on BS plates

Identification of Salmonella

TSI salmonella negative & LIA
Salmonella negative 73 -2 ] 3L 5.5

serological ¥} biochemical testS 3T},

3 presumptive positive TSI agar culture from RV broth
3 presumptive positive TSI agar culture form TT broth

Pink
Yellow (atypical)

Blue-green to blue
Green (atypical)

Brown, gray or black
Yellow (atypical)

Streaking and then
stabbing butt

Stabbing butt
and then streaking

35C,24 £ 2h Wl

*H25.9] 3]0} Y52 A7) 93] 5
#g d3 B o) 5714 S
wEolw

A minimum of 6 TSI and 6 LIA cultures are examined for each 25g test portion tested.

Streaking

MacConkey, HE or XLD agar |

357,24 £ 2h o]

Suspected Salmonella < 15~ 22 |

API 20E; 22 tests (biomerieux) |

TSI (+)

LIA ()

Salmonella

Alkaline (red) slant &

Acid (yellow) butt w/wo H,S

(blackening of agar)

Alkaline (purple) butt

_18_
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Confirmation

1.Wellocolex colur Salmonella (Remel Inc.)& ©] & 3t
Salmonella serological somatic (O) test

’ 3 mm loopful culture form TSI slant ‘

l 3t
’ Salmonella (O) grouping kit ‘
’ w2 A s ‘
© classification of polyvalent somatic (O) test
mixture | control
positive o X a0
negative x X ¥l & X
nonspecific ® ® Additional test 4 £
' , AOAC 967.27(17.9.03)
2. Salmonella latex test (Oxoid)E ©] & g+

Salmonella serological flagella (H) test

’ Salmonella serological flagella (H) test ‘

l

w2 A %

© classification of polyvalent somatic (H) test

mixture

control

positive

o

negative

X

nonspecific

o

Additional test ¥ &
AOAC 967.27(17.9.03)

,20,

14, AEW) A A AF Ag A

i

1) Al el EA3H= microflora FAF

AHEAHE, AH)E 0.1% tween 80°] ¥3H¥ saline solution(0.85%)°l # A3}l 25
stomacher®l] 4] 2047} stirring3te] 0A17F 2 35 oA 18A17F S S PCACl =
ste] 48417 v Falit). PCACl YER e API 20ER 5 A 33T

2) A2 non-selective media 3 WA ZFT B A&

BHI wix|oll §-AeS A atar, 35 oA 7, 24417F wjkaba s wjoEAglel] w2

¢ ZAPCA)T Salmonella 21 R ZHXLD)S ®2]5+9th XLD agarol] Uebd 2n

et o4 Fege F o FEREH dRde R E 8 @ F dESs ARdrt B

2O 2 ElE Salmonella chromogenic agar(SCA, Oxoid)® & A4 A4S Ihot
a1, AR API 20E strip(bioMerieux) 2.2 A3 o™, FAld FU-gA] Wk

°JE]5. ZAFSHE Reveal kit Salmonella(Neogen)2 81913} T}

ﬁ.\L

OJO

3) frg ke H9d IMS-LIA

ety dao] E3ME 2502 F Ao HElste] #A3SHE Salmonella Y &
H7F 71 kW BHI iAol A 35 , 24A13F wFskith BHI S3F 9 22 IMS-LIA
= Ao, FAlo F4 2 Salmonella 24 H S ]S THPCA 2 SCA).
olE oA e API 20E strip(bioMerieux) 2 Singlepath Salmonella(Merck)Z &7 3}
St

4) FABI FH¥e] F-9E IMS-LIA H|iL

A g

< BHI 8l x|oll A3} 35 oA 24A17F S5#3t NS IMS-LIAS ST} 54
o SCA ujAo] wrale] FulAl A etS A5 WHl APL 20BEE T3

£

5) 8T AAS] FHW Apoldl| whE IMS-LIA®H 44 & kitehe] A
frAae Ardat A4S fA F kA HS AgsEsit. S 2EaTE 53
S w ArdE Fa&o FUW BHI SHMA(LH 5) 2 FDA’s Bacteriological
Analyncal Manual(BAM) protocols®] W (2d 6)o2 A3t BAM protocols
A FA2 109¢] BPWelA "LFSI' Fo 0.1mLE& # 3] RV brothel &4 42 ©l
A 24X AeejekEte]l SCA HiXo] E=WETE EAlYl RV broth FHNOZ
IMS-LIA % commercial test kitS ©]-&3lo] HALS AAeddth AT 72 Alzd ¥
2 FH2 3709 A EE IMS-LIAZ A A8kt

(l
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Dipped into 70% Ethanol for

30 min. seperated egg

contents

A
Egg shell ‘ Egg contents ‘

v
225ml BHI ‘ 225ml BHI ‘
v

Shaking : 35°C/ 150rpm/ 30 min. ‘ Homogenization: Stomacher 1 min

%

0 hr sampling : spreading on SCA and PCA plates ‘

l

‘ Incubation at 35C/ 24hr/ 150rpm ‘

l

‘ Spreading on SCA and PCA plates ‘

l

Identification of presumptive Salmonella colony

on SCAplates (API20E)

Fig. 5. Flow chart for isolation Salmonella from fertilized chicken eggs by BHI
broth enrichment method.

,22,

Dipped into 70% ethanol

for 30 min. seperated egg

8g Eggshell 25ml  Egg white & yolk

72mL BPW ‘ 225ml BPW(PCA, SCA) ‘

Homogenization : hand massage ‘

! !

‘ Incubation at 37 C/18~ 24hr/ 150 rpm ‘ ‘ Spreading on SCAand PCA plates

l

‘ 0.1 ml BPW + 9.9 ml RV broth

i

‘ Spreading on SCA and PCA plates ‘

Identification of presumptive Salmonella

colony on SCAplates (API 20E)

Fig. 6. Flow chart for isolation Salmonella from fertilized chicken eggs by
modified from FDA’s Bacteriological Analytical Manual protocols.
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6) AN Salmonella 71&-S $18 IMS-LIA(unspiked)

2o drdet Zeda #AsA Al o9del o] edde] FR EAVE Holgrh

53] Amdetel th2 Wdd Ade Hav] 2¥ §9E LAY RE, gay] W
o EAlste ARdeE IMS-LIA WY 2 A5F wix dyem Parsgich g4

< FAA O R 25g AFHFA 0.1% BPWOl A St uiF@37 , 18A17H ek FH 0.1mLS F 3l

RV brotholl A A elu)k@42 |, 24A17H)3}3lth IMS-LIAE BPW, RV broth 7<% 2}z ImL

< Dynabeads anti-Salmonella(Dynal)®} ¥H&-A|7A ZA 3k 5 Ao BPW S3f 7} RV

broth &3 $-o] XLD, PCA 8| %] o] =kslo] Fot4~ 2 oA 2hS AL, RV broth 5 &

9] XLD 3 &S API20EZ A a3t

7) SalmonellaZ: spiking@t 7 22| IMS-LIA °C

Salmonella enteritidis (ATCC 4931)% 4 2 A g3 4 CFU, 136 CFU 2.2 F£3te] BPW
S d T2 RV broth Agujd 9 IMS-LIA signalS M LEHGl o, wjx|o] Euk
sto] 1A ES MaysHA

Spikinga}7] 13 Salmonella enteritidis= BHI brotholl &3} 35 ol A 18A] 1k vl 3} of
A2 stock culture & 10(—7)77]-7<] 3| A 5}e, fuets 9 3]] nutrient agarol] =235} o},
HHAS X fufste BAKS TYste]l AF9NE FaH o AHEUeH, 25g5
0.1% BPW¢} E3ato] it A satgict. it oo 514 g %‘Eﬁe‘a} S ImLE HEs
37 oA 18-24A17F S35 TH BPW Z 79 0.1mLS RV broth(d2 ol 3 F k1 2447
21331 T IMS-LIA = Dynabeads anti-Salmonella(Dynal)E A}-8-3}e3 BPW 2 RV broth -
NS 247} 488l

_24_
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1. Liposome immunoassays ]3¢+ &2 wkg =

1) EFAI7e] Q3

Immunomagnetic beads®} Salmonell®}te] &3t AlZko] Zo]H45 70| beads EHl A
& gEo] AAA wrh Beads WOl A o] BEFF immunoliposomes®] Z
& 5-A7F SRR o] signal %7 AdEh B Ao A = olelg AudAE
ol 12} beads®t Salmonellas EFe F WHEAIZEHS 80w7HAl Fol 4] signal®]
WstE FH50 (29 7).
Aol w2 WG| zke] o] d4% beadsSt 73&5}—‘: e 7 wokA E3 ARt
80 ol 7HE e Ads E‘ﬂ‘:]' Z3F AR 80 ol MY S AdE HolY)
= oA signal®] F7FEo] ZFadhs FAlolaL t"l’%"]?l’% ST AS A #
Aol 285 AAAA ’\]ﬂ% AGAZIA HEE EAMS B we] gdudthe 3l
S X v RgEE ayd A49d isAS 44T dert vk ol
AA A WEGAIZEE 60 o w AT
20

E15}

=

2

8

€

o 10

2

(9}

(8]

3

S

o 5f

N ‘ ‘ ‘
0 20 0 [s9) 80

Incubation tirre (rrin)

Fig. 7. Effect of mixing time.
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B
S FH
B A HEo] test tube oA O] F XITE Test tube?] A Fo] A
signalell  PXE A4S AW R borosilicate, silicon®] A E]E  borosilicate,
polypropylene #| 2 9] test tubeol] tidle] A4S AAIE T (1H 8B).

15
[ borosilicate
[ silicon coated borosilicate

-

£ B polypropylene
>10r

3

cC

[

S

(0]

o

=

[0

o

(72}

o

S 61

=}

[

0

10(6) CFU/mL

Fig. 8. Effect of test tube.

Salmonella 7°] 10° CFU/ML 791 7oA 74 & 224 signalS HolE tube:
borosilicate A& 2] tubeI T}, Silicon®] *] 2] ¥ borosilicate tube] signal> 7} # x5}
v B F thFe] immunomagnetic beads®] &0l WEE o Hol oA
o] signal Adke] ZAHZQ Aoz 283 AoR ALZE UL Polypropylene tubel=
Z7} A 2 immunomagnetic beads®] 3]5=&°] borosilicate tubeol] H] 3] Ho] A signalo] A

s At wabA, 2 Aol A3 tubet= borosilicate AU & = Ut

_26_

55}
~

H| 5ol A wkg-o] 343}

2o A= immunomagnetic beads-Salmonella-immunoliposome 23 complex”} &
T Agtoll o] gxA ke 9)olo] immunoliposomes A HEHE ©AIZF SHbEICH
AlF e zhol= M H 7L A signalell PIRE G AuRodtt (19 9). B3x
Tl "R vEoly whg Zho] T2 AFEE I bovine serum albuming-
Hulo] Hrbste] 1 &3E AHEGT o] APLS o] e dHdA AT
ol e dEoln® BAd] B4 signale HAagho R uvelel dvh. Ao vpEld
AAT AH A BSAZE 2FEA e H-E 4 signale]l A UER v 5%
vhgo] B85S o 4 Atk BSAVF XFE AFH T A9 TUI A A
signal®] background FFCo.2 YA YElgth wEka] BSAVE HIEo]H wrgS Fol:

g 71egs & 5 itk

ox r

[
w2

- =

A

2
000M TBS-0.13M sucrose
000M TBS-0.13M sucrose-0.5% BSA
>15F
E
2
@
o
2
£ 10t
[0
o
C
[0
(&)
2]
o
S
TS5
0 .
0 CRUmL

Fig. 9. Effect of BSA.
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4) Liposome 3] 4] nj< 5) il FAjuj

Liposome 3]A1ull<=7} 4] signalell WX &S olwr] 8] 1/359F 1/70= 3|4 HjoF 73] YA ALg3k H9-9 o]F 1/100.8 3|Aste] AF&E Ao el
3l liposomeS AR&3to] ¥4 signalS W W3tITh (¥ 10). 2 A3 HFH liposome A signalS AT R YT (IF 1), o)2HOZ = A AFEA] Ao u]s)] o]
AHEAl AT signal®] ZHW7E okt T1#]u} o] W= negative control®] signal®= #©] S e FUF Bor®E B4 signalo] U Aokst=dl A¥ Ay vidlE JEwk
<7130 signal/noise®] W]&S H|WEFTHA liposomes 1/702 3]A 3] A&3tE 3ol ¢ t}. Magnetic beads AH&3tE 7HE & olF &9 b= immunoassay®] 3l 8491
5 2dEdE & 5 AdTh matrix effect® F°]7] A d matrixol] ©]3 M ENVF B R FoEV|E St

ol gHF A= o] FoAA 2 Ao HlTh

50
40 |
50
>
O1/70 2
40 | 1/35 ;g wl
: 3
= : 7
% o § 20 T
E <
g =3
: =
2 20 ol
g
=
10 .
<A—_I—_ 1/10 diluted 2l ol
0
0 0 107 107

Viable cell counts (CFU/mL) Fig. 11. Dilution effect of cell culture.

Fig. 10. Dilution effect of liposome
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6 A% w3 ¥ 47

Magnetic bead AF&-A] A 9] RuE HAsr] 98] ALE 524 thEAW Al RARA
AA e 20 LS 7|Eo2 Ry BA signale Hl@ETh B ¥ F
B EAE magnetic beadol] ©]3 W]Eo signal Aol gli=7el wjgh slojrh

2% AT, magnetic bead?] o] 10 40 pL Z 7oA H]5o]A Wk 2] signal
AL v Ao ® yebstl (¥ 12). ©]F magnetic bead ©]-8S 7HE A Algst
71 918 1 AFERS 20 uLE LAk

<

S = S

Fluorescence intensity

S

JEOE B B
10 20 30 40
Volume of magnetic beads (uL)

Fig. 12. Effect of volume of magnetic beads.
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6) Dose-response relationship)

d dAA AARE 20 BEURE o] Foll ti 4 signale] A #AE AHE
ok (1 13). 1 A, A o] ThEel whEl 4 signale] A7E FUtelE
HAE Bk

BHI ujA]e| 4] 35 oA 18A1ZF &t 747} & w4t Salmonella enteritidis (ATCC
4931), Salmonella typhimurium(ATCC 13311)E Salmonella-1gG”7} magnetic bead®ll =
A3t ¥]oJ9)E Dynabead anti-Salmonella (Dynal)9} WHS-AIZATE HAEIAE Lolr7]
A8l =g WMEFEA10%HS dAER Yete FFEE S5k

BPWell A Salmonella 2.%1 A=} 4 Zrele] #AE IMS-LIA Wyo=z 34349l
t} (2% 13.). Salmonella enteritidis (ATCC 4931)% 10 CFU/mLOI 4] negative control(0
CFU/mL)® FFH2K0.3)2] 38 ©o]A Ao]7} Y= positive signalo]  LEFRLIL,
Salmonella typhimurium(ATCC 13311)& 10° CFU/mL*E| positive signalo] UFERTH )
g AEAAQ 10° CFUmL 574 38 SEA717] 98 S 9A7E 2
gk o] Mo L AXoA = Salmonella enteritidis, Salmonella typhimurium= &3 4

A& Aotk

20

Fluorescence intensity (mV)
5

Salmonella CFU/mL

Fig. 13. Dose-response curves for Salmonella spp. in BHI broth, results
obtained using IMS-LIA.

Salmonella typhimurium (ATCC 13311)
Salmonella enteritidis (ATCC 4931)

* STD. of the background(BPW) is 0.3
Positive signal is greater than 3.5 (3x0.3=0.9)
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2. 78 Wi 279 4944 =2 g4 2

) &5
Wk W Aol WElE doli 7] 9138 Brain Heart Infusion BiA|ol| Salmonella

1) Shaking & ¥} enteritidis®} Salmonella typhimurium=2 ZYZ} A3kl 30, 37, 42 Z7olA e 23S

GG wpE Aol WatE dolrr] 93] 100, 130, 180 rppm= A1 A3 incubator stolth. 53], sl Al @Fak7] 98] wld 9 AIE o] delA Y Thg HAe &k
o] =7 0}31 ARE APt & AP upIHAR 8l 9 ARE o] HelA & & ARSI (21 15).
o] e urEM Z710] AARY Aotk 7+ AFultt A5 o9 nE Aol wWEW, Salmonella enteritidisi= 30, 37 , 42 oA AFo] BT I35
factors 47 0}/1] At AdAd Jdv= AH4E A g} (19 14). Aoz UElth Salmonella typhimurium< 30 < 37 oA AFL& Fslt 42
Ailoll w2, Salmonella enteritidis= 'Z57F 100-200 rpm o2 Wgho] wha} vl FA] ool AL mekdc) V)] B HioA 42 9 WL E WASIE §
el & Aol ¥y Addov A Age Holx= ¥ AR FAS At ARk B Aol Ay ol d vy thE F dvke s & 5 dv
S Kol JEgd & 9GS x| de Aoew el W Salmonella typhimurium
& Ao wE Aol WEkyh A ey 150 pmel A 423 Z37F 200 rpm
A= AEGTE Az AT '

—m— 200 rpm

Salmonella typhimurium
viable cell (log CFU/mL)

Cultivation time (hr)

viable cell (log CFU/mL)

Cultivation time (hr)

—e— 30°C
—— 37°C
—-— a2

I
2 E
35
iR
%
$E 4
' sZ
e 100rpm ]
Se
if
o~ SE .
)
£3 L
>
HS
1%
Sy 0
& h s . 5 »
TE Cultivation time (hr)
Sz
£
E-

Cultivation time (hr)

Fig. 14. Effect of agitation.
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3) WAEH

Salmonella spp. 4 %ol
175 2o A9 A,
W F 9 AIZE o] el Al

Viable cell counts of
Salmonella enteritidis (E3)
(log CFU/mL)

(log CFU/mL)
~ w - W = - )

Viable cell counts of
Salmonella enteritidis (E9)

o =

Fig. 16. Effect

ek v FRel wE Ads dF A Ades 2 e,
5 F< wiA 7}2dl BHI WA 7} Salmonella spp. 4 &l 3|
QoA T FE A4 ARE WAAS % & AR

5
—e—TSB
4 | —=—TSBC
—4—BPW+C
3 [ Bl
—e—RV
2
1t
0 - .
0 3 6 9 12
Cultivation Time (hr)
L ——TSB
L —=—TSB+C
—4a—BPW+C
[ —— BHI
3 —e—RV
. . .
0 3 6 9 12

Cultivation Time (hr)

of culture media on the growth of Salmonella enteritidis.
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7
é 6 | —+TsB
= sz —a— TSB+C
g 5 2 5[ —a—BPW+C
= S E
35, —oobu
=<k —e—RV
=R A
k3
£5°.
> 3
] L
3 1
0
0 3 6 9 12
Cultivation Time (hr)
6
= ——TSB
= = N e
2 § g, —Ewe
5 3 E —%— BHI
SE5
=35k 3 R
3 &0
) SR
—_ =)
23 < 2
S
> =
S 1+
3
A
0 .
0 3 6 9 12

Cultivation Time (hr)

Fig. 17. Effect of culture media on the growth of Salmonella typhimurium.
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4) Salmonella & <tv) A

Ardelst @At do] we Fgd 5 A wiAE 3] fstel EdnEds Tl
Salmonella 71 & A] AF8-% = WA S ZALSEY], AEjAdo] glomA wAEo] wha] AlS
g 4= 9 BHI, Lactose broth, BPW®] Z#ul#] 3%S HASIAT}. Salmonella
enteritidis(QATCC  4931), Salmonella typhimurium(ATCC 13311)¢] Z+7te] #5ZE BHI,
Lactose broth, BPWol| 0.24 CFU/mL 30 & AEsle] 35 oA Heujdsar o, 3,
5, N7kl #4E PCASE XLDOA FAo SAsT (28 18).

Salmonella enteritidisi= 0.24 CFU/mL 5A] BHIONA] F3fo] 7Hd ol AT o]#
A= XLD agar®t PCA agardl YERY e &5 Hlufls wWx 57 FAsNth

XLD, PCA H|A o] Ueld F #39] 7<% BHI> LB> BPW A Q01 347F o] %
S AR 7AA wiA] 2o et Fee] zbelrh FREHA vErwth o)d Az
Salmonella Zfoll 7} AnbH o R AMSEE peptone water’} THE HIXE HT}
Salmonella Z24ol olA 71 w37 HSS YellE Aolth o] RS peptone water
7} 32 Salmonella 73S A A7 = Fge] FHo] W& Zom A¥d 5 gk

webd BHI WA S $F AFAE AW F7 AR A

[
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©)

Saimonela enteriidis (Viable cell Log CFU/mL)

Salmonela typhimurium (viable cell Log CFU/mL)

Salmonella enteritidis (ATCC 4931) - 0.24 CFU/mL spiked

b

—8—BPW (XLD)
—e—BHI (XLD)
—E—LB (XLD)

ble cell Log CFU/mL)

Incubation time (h)

—e—BPW (PCA)
—e—BHI (PCA)
—B-L8 (PCA)

A

o 3
Incubation time (hr)

Salmonella typhimurium (ATCC 13311) - 0.003 CFU/mL spiked

d

—e—BH (XLD)
—5-1B (XLD)

——BPW(0.1%) (XLD)

Salmonella typhimurium  (viable cell Log CFU/mL)

Fig. 18. Growth curve of Salmonella spp.

3

Incubation time(nr)

,37,

——BPW01%) (PCA
e (P
—8-1B(PCA)

3 5
Incubation time(h)

&/

in various non-selective broths.




5) W FAIZE

BHI WA & AM&3}o] Salmonella spp. 2 Fol thdk w3t
otk A% WM 12 AT oFRE 4T SuA
phasecl] 9JshE FES BT (LY 19, 20).

—e— Viable cell counts
—a— O.D.

Viable cell counts of
Salmonella enteritiids
(log CFU/mL)

Cultivation time (hr)

0.D. at 600 nm

Fig. 19. Growth curve of Salmonella enteritidis in BHI media.

—e— Viable cell counts
—a— O.D.

Viable cell counts of
Salmonella typhimurium
(log CFU/mL)

21

Cultivation time (hr)

Fig. 20. Growth curve of Salmonella typhimurium
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0O.D. at 600 nm

in BHI media.

6) Salmonella = 2|4 &)= HH

LB brotholl ATCC 5*(Citrobacter youngae 2 Salmonella spp.)yS &3] 35 <l 18
AL FatEtel &5 MFAE do] o] Fatel ImLE RV broth 10mLel]l &3] 4
2 °olA] 24A13F BAufERATE 23} S-S XLD B! SCA(Salmonella chromogenic
agar) medium®l| LB broth 523} RV broth T3 0.1mL& E=LsF3ich
IMS-LIASH ¥ aste] HFa wiAA W o= RV % TT brothel A Salmonella 2
b2 FUAATs FHEAS W XLD HiAdl vEive Jge =g dE A
Salmonella’= 7}t &3}FAo] 93 12 Ho| e FY3 m=gae] H2toz el
wkh. Citrobacter youngacts ARdlel Al Zgre] AL4¥E RVEE TT brothol A 3t
YL ] XLD agaroll A S YERGA] 89kl LB broth 3N S S S ] AR
deel fAME @] el Bl e mdAe] Yeto] EAH o] yErwt

Ao g }\]._Q_E]oiﬁ_ uH

IMS-LIAE HEZ 7] , Bl A9
< A% wiA WRO] false-negative®] ZA¥7F ¥ 22 vE@g&Ho|th whEbA FH o
T B2 E TANIIAY lacteseE EASHA = HEE 7ESE XLD9 2
719 ARt HTolE A AUATE © X‘HS}K PO WA AruEiyte] &3
T AE AxE HUtee s 78 4 AJE chromogenic medium®] ol e
¢l t}. Salmonella chromogenic medium (SCM, OXOID)¥} XLD<C] Salmonella %] 2h2o] R
= H] L3} T v ] SCM—Q Salmonella7} Magenta-cap
(5-bromo-6-chloro-3-indolylcaprylate) s 7Fi-afate] 2F5=A] W= B34 Fgto xR Holil,

T}2 Enterobacteriaceact™ ¥+ T Falo= L]”E}ﬂ":]' (7% 21). Ps. aeruginosa,
Acinetobacter spp. Aeromonas hydrophila, C. albicans ‘-2 false-positive® WE}7]E &}
A|%F, Chromogenic substratesS AH&-3E o2l wjA|E 7F&-H] SCME false-positiveQ]l 7
27} dERtE Eo) A Hol ABAel L, A ARe] @ s gl ol
WA et Aol gtk agdnz BAd 08 LFEs Age wRHDz
IMS-LIASH 28 Q%AW B4 Ags] A% WA= G3en e,
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Table 1. Colony shape of Salmonella and Citrobacter on XLD agar.

Fig. 21. Colony shape of Salmonella Chromogenic agar and
XLD agar

Salmonella

serovar

SCA XLD
ATCC 4931 .

Enteritidis
) m .

. . . Enrichment
Microbial strain Colony shape on XLD agar
broth
RV Inhibition (no colony)
ATCC 4931 .
s TT [ ] opaque, red-gray colony with black center
Salmonella enteritidis
LB . transparent, colonies red with black centers
RV . transparent, colonies red with black centers
ATCC 13311 X .
o TT ‘ transparent, colonies red with black centers
Salmonella typhimurium
LB o transparent, colonies red-gray with black
centers
RV Inhibition (no colony)
ATCC 29935 s
TT Inhibition (no colony)
Citrobacter youngae
opaque, yellow colony and yellow colon:
LB . ‘P que, y y y y
with black centers
opaque, red-yellow colony with black
RV broth . pad 4 Y
E9(SC-22-02) center
Salmonella enteritidis TT broth . opaque, red-yellow colony with black
center
T6(KC-140-9) RV broth . transparent, colonies red with black centers
Sal 1l himuri
almonella typhimurium TT broth . transparent, colonies red with black centers

ATCC 13311 b.
Typhimurium
) '.

_40_
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3. 4% 38 AF - A
1) Algk Ao EA8F= microflora FAF

AT, AAH)S 0.1% tween 80¢] E3HF saline solution(0.85%)°ll %3k 25
stomacherol| 4] 2047} stirring®}o] 0A]ZF 2 35 ol A 18417 FFulgolS PCAY =t
slo] 48A17F vl Fskgith PCAC YERG 2 API 20BEE B A SFSlTH
A el EAEe Ao wAET 7k Salmonellaﬁ} BEEol FAlste]
IMS-LIA A& Al cross-reactivity 7154 0] & #F5 dolrr] 95t s A7,
At wHol ¥2¥ #5% Pantoea spp., Pasteurella pneumotropica/haemolytica$lth. ©]
52 Gram 4 ZFtolw, Pantoear= 1989 ©| | Enterobacter agg@meraﬂs 2O
FE]OEI‘;} Pantoea’= TFFE A oy TE H AENA EEHol FFoth

] \1

o] #FE 53] gt A, Ad=g 3 3, FolA BAEACE. Pasteurella
pneumotropicats 7 FolA WA EE fFolar, whe2 @ f2Ee} 7ol 3] 2o A
AT o]yl AYPZE Fo wdtolx|yk o]gg] N7 e wx  okr)
Musgrove(2004) - Algte] Al H g el ¥k | BEA G Pasteurella’} 57
Aot & MW% AHE ADL ARG 7] mFel Gl A<l XLD agar

oA Heho]l FAF A ol PCAd T YElIY Roz AZtE
2) Al#e] non-selective media o B FAIZHT} v A&

BAM protocol] w2 Aghe] 12} F | ¥iX]= lactose brotholth. e} i A
TFoll A= BHI WA 7 744 @vbrt 7 £gten g BHIS 7A@ Ziulxa A4
3} th. BHIE non-selective media®| 22 Salmonella & 9IS = F A&
competitive microflora® A} L2 7} Qth

ST AE EAN AHANTE GAS AXA 2o} Salmonella®t 7S 33 AU Al
ol =ZFd 5 Q7] Wi AR AFsvh 3T g4d mues we #Wo]

8 gelgo] Rolgle B97h Wob H4F-AZ Aesle

,42,

Table 2. Identification of pr ptive Sal lla isolates from cultural
suspension(BHI) of unwashed fertilized egg shell surface plated onto Salmonella
Chromogenic Agar

Cultivation time SCA(Salmonella Reveal kit

API 20E
of eggs (hr)  Chromogenic Agar) Salmonella
7 Purple +) Chryseomonas luteola
Blue ) Enterobacter cloacae
T 24 Purple ) Acinetobacter baumannii/calco.
Purple ) Acinetobacter baumannii/calco.

ox

s A7}

= Z1Th7] E(Reveal Salmonella)oll A A WH§-&

E 20 AP ZHAA HAEES F =2
Bl A2 Chryseomonas luteola(92%) = 54 5L

UERIE WS e gt
e, SCAGIA] Beka] Heto
o} [

U
Chryseomonas luteolaw “13-8739]
9]

ow, T2 B EY 48 @404 F WANE few dHAAG of #e
4YTE AUS, Ao, FE, APATL, Aok 54 ) g, Akl
4EF BAET Bl Ak

e Ak 7]1’01] /ﬂ" % oot HEpMowr  vehd  HAZHE  Acinetobacter
baumannii/calcoaceticus(98.1%) AT}, Acinetobacter calcoaceticus+= GramS7d T O & o
Aol Acinetobacter ~ lowffi, Mima  polymorpha®  F¥ Tl Acinetobacter
baumannii/calcoaceticus<= Pantoea, E. coli, Enterobacter cloacae, Pseudomonas aeruginosa,
Aeromonas “s-¥} 7 SCM(Salmonella chromogenic medium)©ll 4] false-positives L}ELY
= #dFE0lH, °]E2 Salmonella®t WA Wol = W X A& dorle A
o2 AT wEkA] Ftuldol A Salmonella o199l FUAlFS FAAZITHA
IMS-LIAE 2ol 283 o false-positive 227} Ueld FEo] ol Flo|t} e}
A BHL wiAlelA A4S 24230 S Wl g Hel IMS-LIAZ A A5k
false-negative A¥7F Yetd F AE 7S AT Fao] Arh

3) fFA e F29d IMS-LIA
2 odue Ao A4 7HRselnR AT WER Samonella® HAFSFLE

2 odme wAod S7 % Awde oageel A wgten, 44 3
3

Al A Enterobacter aloacaes -2|3FTH (11 22). W3 2 wulo] 2447 St

ST
12 oot o
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oA awdel Sl HUBHECA) B FFPCAP] ERA e AL o] lysozyme,
ovorransferrins 2121el 451 pi el th-tkel v ge] Aol Adfl/l 4
of AF & QESS] WEelth QAo Agke) A FAEE WA, AR

oA Ardzlrt HEEE ASe ARl HAAAE 50}0“ o]0l ~iE
ovotransferrin®] & & 4= U= chelators W-H| Sl ARt A] 4oldS 4 Q&=

59 =

o) Q71 weltt. =

IMS-LIA 23 A% AAE Samonela £4o e ow WA v #ie

10(8)~10(9) CFU/mL ©] 1 &1} SCAI A Salmonellat= 4% A &ttt wald A A ’

A& IMS-LIASH Wi AL ®Rie] Ax7k dA)ste] BHI S WRS IMS-LIACl & IMS-LIA -

@ 4 9 Aoz wwn. N

ey dhg @ de] IMS-LIA A¥E Salmonella S8 0% #dd £ glon i

negative conrolRl BHIS| G} SR 2 ol f WA AR A Aol J% i
A 71918t YZHETE Cudjoe 5(1994)0] wh=w a9 gl e ) HAJo] o

Fertilized eag

A
Alge]7] Wil 3AE A Za IMSE HAIE 7 9o magnetic beadS] Aol 78%

7R dojutar, 10v] A FE uls 8% s AA AlFe TE5Y EAE
bshskel Aol dFS Fo] IMSo| AME-E = magnetic particle®] -&F H =535}

false-negative$l A 77} YEIGES sttt SCA
Immunoassay & AAIS o HEAS QA hEAQ Ao R 2FE matrix2] 5404 7] (egg shell)
QlahE thFd matrix =A17F 1Tk Sproutel]l B o] EEEHO] U= polyphenol &2

2 Ao F-zzo] FA-FA AFE o} immunoassayE WallEte] HEFAE A

Too® s

t}. $-froll Staphylococcal enterotoxin B7} 91 wl immunoassay2] 7% 3HAI7F Z7FE S
thool9le 2% Ul 2 EA)3k= WA E(indigenous microflora)o] ¥ FEOE EA
e AR B4l 93-S 7138 4 Utk Normal flora bacteriat™ AWHA o2 Al7tak API 20E tue: Baterobaster cioacee 32.1%
health riskE 2% o} o]E9] Bald EAE 54 BE vAE Hex R 2 (cgg shell)
FRE WA 4 Q7] wWEolrh b
wElA] AlFe] z7o] &l 27| wliol Liposome immunoassayollA 3% F4gko] s et i s p— | t—
g2t 4 o, 3Aste] IMS-LIAS AAE A5 #3571 HofAA HEE Fit ) 8 i | r £ | : I_- ¥ _. F _f‘
A ERH O Salmonellas THFAZ F AE WHES A oFstATH snelepah r‘: :1:' -F&‘ E ﬁ-!- :‘5' L i L
- A

Fig. 22. Comparison of IMS-LIA procedure with commercial kit in retail

fertilized eggs.
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4) A= FAwe] B9 IMS-LIA M

AlREE BHI ¥lAo] 2A8ke] 35 oA 24A1%F S4t e NS IMS-LIAS SA T FA
o] SCA iAol w=wate] AFuiAlat oAl ehs AstsA Wl API 20ER T4
t}.

A At AAE ARA Fe FATHR ABALE AW FASS EAEkE AR
ol A& thE Aol AdHer EASHE backgr@hd microflora’t IMS-LIAC v
e IS Fotstaa gk FABY FAT BF IMS-LIAES UERT Bup o
Fe Ho] Ardgts FAHoR UEwow, dEF uiA el 9% w42 4 Wy
A S o] &ake ol kit APl ® e AR} vEwt (19 23). AT
Aol SCA WA eA mebA gk APL 20ERE A 4 floloH, dyen
yebd H2e Enterobacter cloacac® AT ATE T3 AAA kit  Singlepath
Salmonella® BHI 53t ®l%¥el(10'~10°CFU/ML) S #AAMe A3 fAS, FAY BRF 3
A} g, o] Fqtolel A Amdlel kgl Ak vhehbA edkgdth wEbd 77
gyl FAY® ZF background microflorats A= A4S 913 IMS-LIAC 3&S
FA ¥E Aom A

O

2,
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IMS-LIA (BHI, 24hr)
fertilized egg »

PCA SCA PCA SCA

» D Control(BHI) 0 0 Control(BHI) 0 0
Ky egg contentsl 0 0 egg shell 1  TNTC(10") 1.0X10*

B¥ egg contents2 0 0 egg shell 2 8.5X10° 0

* /) egg contents3 0 0 egg shell 3 2.7X10° 0

Fluorescence intensity (mV)

e -

egg contents egg shell
Fertilized egg (unwashed)

o

IMS-LIA(BHI, 24hr)
unfertilized egg

PCA SCA PCA SCA
[] Control(BHI) 0 0 Control(BHI) 0 0
o L
egg contents] egg shell 1 1.0X10°  2.4X10

0 0
B cgg contents2 0 0 egg shell 2 8.3X10°  5.0X10°
[ egg contents3 0 0 egg shell 3 3.7x10° 1.3X10°

Fluorescence intensity (mV)

egg contents egg shell
Unfertilized egg(washed)

Singlepath kit SCA

No Salmonella

Fertilized egg Fertilized egg  Unfertilized Unfertilized
shell egg egg shell

Fig. 23. Comparison of IMS-LIA procedure with c cial kit in retail
fertilized eggs.
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5) Y AAe] Sl Aolo] whE IMS-LIASH & kitshe] e wla

frade] Ardet SA4S falA F kA HE Agsisith 5 2EdTE 5HI
S u Arda S8 W BHI Sdwld (Z¥ 5) %2 FDA’s Bacteriological
Analytical Manual(BAM) protocols®] ® W (11 6)>2 ALt
A &S IMS-LIA, A&2 A 0, Z9A Al 71EZ SAlol HAs A3 A
T AR o ‘/}E}L} true-positive = ‘21‘3]- (% 3, 34). 18 BPW-RV
Hoz 7 Aol Addoz AwE e dndel 7EdA 44
, F, G, H, 1¢] 67} Oj‘:1r TUe AlEe tiste] IMS-LIAGA G2 vhE
FA A kite} SCA WA FA4ANE 242 UERE false-positive”} 17H(F23)
-LIA WS AEd A&ghd oA thde AE Asl aglel 9
A A Al 71E9) vlastA A e
2 1470 BR=e] §ATE S-S dEfste] SCACl Ve 4
&7 (API 20E)+ AT} Salmonella’t ERE A= fl3L, A F919 BHI
141 Gram 73%1 Enterobacter cloacae, Escherichia hermannii, Acinetobacter
baumannii/calcoaceticuﬂ} FAEACE IMS-LIAE false-positive”} 17HR 3L, A4 Ald
67H°i‘:}‘ ujrg)r/q IMS-LIA H}m,q 243}\:7]. /\]-ol /d )\]g} 7]E 3”;}?: _,__r_o}u]_
aL ”&‘d’%‘:}.
A 1470 BA=e] At RS AANA @S FATES THPHS GYsie 4
ks 543 24y o) BdsoA Arde} oilyets Ak mepa e

Ardatz FALQJ OV o5& Acinetobacter  baumanni/calcoaceticus, Enterobacter

‘,-U
!
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cloacae, Escherichia hermannii, Escherichia coli 1, 2, Klebsiella pneumoniae ssp.

pneumoniae®. FAEF YT} TGl AFE&E APl 20E strip= genus‘} species level 7}4]
&0l 7k, 4 AFHETEF 90%013] AS AR AYsigict wEd
9] colony A37S Table ol YENWNA 2™, Acinetobacter baumanni/calcoaceticus=
A8 5 7hd 7H %ol HEEAJATKS isolates from 48 eggs).

Cudjoe et al.(1994)2 AFHAEL RV HiA| oA MelZ#3 Ho] BGASH XLD HjA|ol
EEdle Ao A Ay Ardie 4Ed 5 Idval Baskglth Eg o

N =t

o N
o

W sk HESS HAEUHY BN V1T Fr Qlvh B dAFoAE dEA
w2 el ogk ArdlEl AEHOZ RV broth 3 TT broths A}ﬁlo = U]?r FDAS]
BAM protocol S W23l g ow, RV HiA|= WeF & ufxe] waslele u Jb

B 49 "ol YehdY, A4 U]*§~£°ﬂ ot w7} 7hd Hohar s}ain}. 1
1}, Chen et al. (1993)°] w2 Awdto] A 3o ufe} th2ZA%F RV broth 59 A
QA 7 A F g Fol H A3 10~10° colony forming units©] ¥ o of wix]
oA Aobdg F ASE Basiditt Amdete] A7t AE Wi E coli7t $HFE

o
o7 ZEA5k= R-10 broth, selenite brotholl Al A2 dlgls Ee]sl= Zlo] oy e = 9
A RE Tetrathionatei= E. coli7} B3 wjx|o|A] Atmde} 420 Wi 5o Aglo] 4
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Bt Atg QRS el o) ARde AE Fato] ALEEHE X9 54
o webA Awdele] o] ol Aw Asd F e JFedS Ve
Baker(1980) &2 14 7H¢] o2 HE 1400700 ARe A i F e 53
A e A BANA Salmonella typhimurium®] 7% % ATl Musgrove(2004)5-2] <
oAM= A” Ade BWAAM b @ol HEW FUWATES Escherichia oM,
Enterobacter cloacae, Citrobacter youngae, Klebsiella pneumoniae, Pantoea &% &%
o shlal, olES AFge] Fa odde WX, B, EWelza shlth
Salmonella, Escherichia, Enterobacter cloacae, Citrobacter youngae, Klebsiella pneumoniae
= AE Ao oA wHdd vhsdol FEaTh ofd AlwES 37 A M
& Ao @A B0l HFEEe] asprdedA TeHosgtr] WEolth 53
o9 TA Y TtEage] FAAA B HAT o5 A

4
;g

Salmonella= 35

Fe AFS 94H FQ AR, ool WY 4FL B e@st pugckn
@ 4 9tk F AEOIA coliformo] WAL AL AvHow Py B A Eo]
],

ARAez HFsvtn A4 5 vk Al vdg 3 A(Salmonella,
Yersinia, Shigella Escherichia)®] Aol 173 #dsto] Fadk AL o5 e
0735 A= T8¢ A2 enterotoxing FH|EH7] 218 sHo| U= FHuHAA Al
Trol7] wjiolt),
Klebsiellax= =0l A= wto]7] wiZoll d]itE3 ofFolA dntd o= WAEE= o)
t}. Eoll Kiebsiellaxt 77} 5718k AL WA Ed QAHA7] wlEo]H o] AL ofF
o} v SAHES QItto] AM|StEEM A QI A] Eolth Kiebsiella: MR
3} o] Fo] AAFozM Wol WA Okl Kiebsiellax= bacteremia®} pneumonia “LZ]
3L urinary tract infection® U ©.7]% opportunistic pathogen©] T}
Klebsiellai= & WS TxRE2 AH o}—g Aol oM e GA AAHA ge
oS W HAE S P EE oS & UL, pH 3.69] FHAAME AT 5
& 4= QT Klebsiella pneumoniac= %71, QU7F FEC] FUolA E. coli
A LAEA, wy@Foly Hejge] ok el A Aze AdFE dod
T}, Klebsiella pneumoniaet= H/gAol= £&7] 2 Aol E. colilt} g w&
Fow ZEAEa Yrirt wdZ3} Ago] oFstE  FASO) A bacteremia,
genltourinary, respiratory?] A5 2 o2 A3 AAS5S doit. FHslFd A E
coli7h 935 W faecal coliform ¥4 Q) Klebsiella pneumoniae w2 HH A A T2
o A A oknbalaL, faecal coliform ¥73Q Kiebsiellad| w=ZF= = A2 FAHQL Az A%
o] Q@A Eoltt. TSl Enterobacter cloacae®t Enterobacter agglomerans™= ©Faf| 9} ¥
ol 7hd WA SAREHE 7#FEY shola, o5 FF A TR/HE A7t
g} a8 e g o] ¥ 45 55 Klebsiella pneumoniae®} 7 A EH 7| Fhr)
Aol A SalmonellaE A3 HAAT AAES ZHEW Salmonella?t AFANA 3
=9 45e 84 OLQlOL} I AFAS ars s Y] Hd iR Aol
AHTAE AA AHES shar Ak

L P S A
%0 _E oo
= e

_1
‘1
FE

i
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Ao AAFA Ao} ANAE 29 Helo] A& NPAFE wd AHITH
AR AL 3049 FE71F oldE Gl glden, BEAY 55 ol F

M e A A Salmonella arizonae®} Enterobacter ammgenusﬂ' FAAE AL ol& o]

5ol AE 7hed /A AR AFe ;WA ool 7] WEdd Ao
2 Evh wEbA A ARk AHIAEe A& A Z¥e EAlEe B A
RELS A2ATE & 5 Atk

Ae T4 B FAGCAA 2 FUATEe] MAES dolE 98-S
= Bl digh Ed AT gtk 28y S #Eske] A7t A Heads
e e Efah}f’] Qormz FFH WS Folof s, WA ]3|3Hdo]
2= Bl Be wl AFEH| E coli, Salmonella spp. Enterobacter spp. Klebsiella
spp. Acinetobacter spp.7]' A A v A e Xk, At A oS A

A71E e w=Eo] glojekdtt), 1Ela o fATA MG nAEe] FHE A
e FATY AgFAe]l dasitte HEE AXS. aga AR ArARACAA
Salmonella ZA1E €13t monitoring WH O = IMS-LIAE AM&3 4= 9l& Aoz A7t
Heh

,50,

4. IMS-LIA®] A& A& 4¥ : 4483

1) 740l A Salmonella 71&-S ¢3¢ IMS-LIA(unspiked)

o
EERXREEENE SRR &

80 dnad A9 B AR 1) gol gl Fa At o
_l?l__
WA o sl (19

._4
<
7]
=
=
>
oL flo
Z
2
L
off
42

24),

Salmonella & €19] % © 2 spikingd} A &S Al ZE IMS-LIA 5% 8 A3} BPW, RV broth %
T BE And 4o R YEelRth XLD MlA|= Citrobacter freundii®t Salmonella
arizonag T 3HA K8k & AN AWM T ] IS AR g A glol, XLD
agaro] UYERS o)A Fers Mz g pRsle] 5459 0 B API 20ER 543 5§l
Atk whEbA IMS-LIAZE 52 s A el of gk Amdle} A& o] g3 A th2A
OL_Q_Q_ 01\ Ea %E]_
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Primary total aerobic colony count of chicken skin (PCA)

Chicken A -
B: Chicken skin: 7.8X10(5)
skin

C: Chicken skin: 2.0X10(8)
D: Chicken skin: 4.3X10(7)
O A: Control (BPW)
B: Chicken skin PCA: 1.0X10(7) XLD: TNTC at 10(-2) (-)
15
IMS-LIA = B C: Chicken skin PCA: 6.6X10(6) XLD: TNTC at 10(-2) (-)
(BPW :g . D: Chicken skin PCA: 3.3X10(6) XLD: TNTC at 10(-2) (-)
culture)
2 5
¥ ]
, l

>

Control(8PW)
Chicken skin

O A: Control (RV)
B: Chicken skin: PCA: 5.3X10(4) XLD: 8.0X10 )
IMS-LIA g C: Chicken skin: PCA: 1.0X10(4) XLD: 0.3X10(2) (-)
7 D: Chicken skin: PCA: 1.0X10(5) XLD: 7.6X10 )
(RV .
culture)

v ]

At Control (RV)
RV enrichment of Chicken skin

After RV broth enrichment

Sample B Sample C Sample C
o - p - p

o 7 - % = RN

= e oy

Unacceptable profile Low discrimination Doubtful profile

API 20E Citrobacter freundii Pseudomonas aeruginosa Salmonella arizonae
Citrobacter youngae 57.2% 49.6%
Salmonella arizonae Chryseomonas luteola Citrobacter braakii
Rahnella aquatilis 33.9% 25.9%
Escherichia coli 1 Pseudomonas Enterobacter amnigenus
fluorescens/putida 8.6%  221.7%

Fig. 24. Comparison of IMS-LIA procedure with conventional culture

method in retail chicken skin(Unspiked)

}‘)1. [}
tt
1

L

®

12

o
rlo
)

2) SalmonellaZ spiking3t 574 2 2] IMS-LIA(Salmonella enteritidis 4 CFU/g spiked)

Salmonella enteritidis (ATCC 4931) 54 2 ¢ 4 CFU, 136 CFU =52 2 % &3] BPW
Zl g 9 RV broth AEIE|F 9] IMS-LIA signal2 Bl om, wjx]o] x=dk
ste] ER1AE S 7 a3t
QA3 IMS-LIAY = @A et @ T GAE HAE] 915k
TAEE AEQ Harje] ArdutE A FEREH dfdew
signal 2| tﬂﬂ'% SA sk
HE37] Aol SAA F34 =4 2, Salmonella A 8] =] (XLD)ol
Flgaly 7‘3‘1} T\j/] E‘(Salmonella spp 48.5%, Salmonella paratyphi A 46.3%, Citrobacter braakii 4,7%)°]
o} Salmonella® & E A= ¢kkor}t 90% o] 714 o2 Salmonella® F4
Hero] AHATHLE 25).
107} ol3le]l FEolE FA AN SalmonellaZ  spiking3l&-ol = E7-33L  control ¥}
sample®] IMS signal 2}o]7} 12+ 2 23} S¢ @A 25 A3 ey 2ot %
7194 S84 F757F 10(6)~10(7) CFU/gS Wél Aol Salmonella enteritidisS 4 CFU/g
HEste] 543 A3 BPW SHul S % e Alg B ArdE gdo 3 vEh
Wk 3 XLD iAo BPW Fiul S =aslo] *ér‘”"% Jd g ge] obd A
Mo 2 oA E = yellow colonyE Ao}, of2 FEol o) HEE Salmonella
A 4 9Joev g APl 20EZ T3] 815t} A3} deromonas hydrophila group 2
(99.0%)2 AN, deromonas’= Pseudomonas®} 7| A 2 LA M F
AR ol RV S dolA= 37 71&d 2719 Al87} Salmonella A0l aL
ol A¥E XLDel| yEbd ojilRete] ol dX = AE HIth RV broth=
AUl A2 yellow colonyWto] L}ERRETE,

a2 o

ofN
U S
2 g
B
rulm W o oy o
9.

Salmonella<

frose
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Primary total aerobic colony count of chicken skin (PCA)
Chicken A: Control(BPW)
B: Chicken skin: 3.0X10(6) cfu/g
skin C: Chicken skin: 5.3X10(6) cfu/g
D: Chicken skin: 1.7X10(7) cfu/g

[0 A: Control(BPW) 0 0
B: Chicken skin 1 PCA:1.1X10(7) XLD:5.7X10(6) (-)
B C: Chicken skin 2 PCA:1.1X10(7) XLD:1.2X10(7) (-)
_ "I @ D: Chicken skin 3 PCA:1.2X10(7) XLD:1.1X10(7) (-)
IMS-LIA °©
BPW o
culture) ¢
G ’
LC i M
A: control(BPW)
Salmonella spiked chicken skin (4CFU/g)
[ Control(RV) 0 0

S Chicken skin 1 PCA: 1.7X10(2) XLD: 0.3X10  (+)
B Chicken skin 2 PCA: 0.6X10(2) XLD: 1.3X10  (+)

/A Chicken skin 3 PCA: 0 XLD: 0 )
1s
IMS-LIA
(RV
culture)
G .
0
A: control(RV) B c
Salmonella spiked chicken skin (4 CFU/g)
XLD Primary plating (Before spiking) After BPW enrichment
Yellow colonies with black center Yellow colony
| ¥, WN " i - ™ i
"W e aite
API 20E == - - - =
Low discrimination Doubtful profile
Salmonella spp 48.5% Aeromonas hydrophila group 2

Salmonella paratyphi A 46.3%

Citrobacter braakii 4.7% 99.0%

Fig. 25. Comparison of IMS-LIA procedure with conventional culture
method in Salmonella spiked chicken skin (4 CFU/g)
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3) SalmonellaZ spiking@ ©7 2 9] IMS-LIA(Salmonella enteritidis 136 CFU/g spiked)

BPW ol A= unspiked control®} 2712] spiked sample & 1717} FAdojdor},
Salmonella A1 8]54F #]%]9] RV brothol A1+= negative control(RV)ell thaleo] Z5F A
ojfith olE Andets v FEoR JFHAS w Bk 100 B2 o 2nd
ZBE AR HFAMA 18ARE T3t Foll o Be Fo Ardert wjAd EAE
gl Aow AzZbEr (18 26).
Acinetobacter, Aeromonas spp.i= 59| processing line ¥ Eralv]ol A E2l®E Fo At
02 E AFAE %‘7@5]01‘3]'. Ol JhET, &, TR B RAE, FAE, AL,
B, FERTF T X HATE wig- FRIAE otk
S Ao A IMS-LIAZ Salmonella enteritidisS 7 &3t1A & uj
2k RV broth AT AAHS 7 A Ao 9= o -
a8]ar 23 St GHAlol A IMS-LIAZ 2]3% g3 107] ©]3}2] Salmonella?} & 4]3}o] =
Aze] s & F AU
Ziad et al. (2004)> dWkx oz 2wl Fto] AFE-F = lactose broth, peptone water,
trypticase soy broth 7}l peptone water”} 7ol % E3 Salmonella enteritidisol ol &
St A7F 7Hg kol SFSITE o] Peptone water’} AR} Sl 7R dukH
o7 ARHV|E sHAN, Andart B Fr FoEsde WA dEdE F
Aol wr] Foz B & g}
3 gy AR Hddde 44 mAETo] vl wol EAk] Salmonella?} &
o] FEA Xk AT olf7t & otk dvrH oz AEuEirp Faf “H“‘ﬁoﬂ"i
AT w A E TH, A ST, AOA f7, e s, Ardete] 43, Andd)
o M EEA} o] B 5 Bo g ol o9& TS Wit
TV, A AFI 2ol AAMEHEA, A HA @S AFES TS AR
o] -0l  Enterobacteriaceae, Pseudomonas ‘2] Gram SAEC|A, olE
Salmonella®t 55740 FAHe A4 vlAEEo|th 53] Pseudomonas &S 2% 2
A&7 dEE BYd Al 38S AAZITE Gram 573 3 (Pseudomonas  spp.,
Proteus spp., Citrobacter &) A3AC]l Zgol sl Zd Wds 7HA Ao
Salmonellas’—]- A Bl A A HEECT o5 AES FAFsteE A FH g
Ao ZH S o] dojhar s o5& F& Ardete] Rl T Ao EAV HE
’Q’Lﬂ*ﬂﬁol gjF-Eolt}. o]E 5 Proteus spp., Citrobacteri= Salmonella®} A5 o]
Abste] Adeiujlel A FEety] 3EAL, weba] drde HES A8 5T S V)
W3t wiA] o] sldko] I @dfr}

=
=0
A
k=i

o) WEe oipie] HEde 4F AL ANt T3 279 S
FE& WAL Aol g AR AN A 7)o HR e FEATE AL A
st she ZE UAE olsld AYVARE ¥ FEEve vyl o
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S A ol A

false-negative”7} WEFUFA] RE=Eab=d Fasit weka Aeixo] gl
A SoE AR vAE ol o3 AEE A A wite] AHAEFHES HT Primary total aerobic colony count of chicken skin (PCA)

Salmonella %3+ *|  semi-selective reagent® buffered peptone water®] novobiocin, Chicken A: Chicken skin: 5.2X10(9) cfu/g
ferrioxamine E 52] &4, malachite green 72 A ZAS WA SH4UHS skin B: Chicken skin: 1.3X10(6) cfu/g
AL gk C: Chicken skin: 2.7X10(6) cfu/g

2 Ao M= G E 2] Salmonella T3 2Hg oA malachite green©] 33 RV broth2]
AgujFade AAE B o melﬁ s AslE I g ARRE A8
9 Salmonella spp. == AA 02 HES Salmonella enteritidis7} B X 02 FtH
Ao BZAEW, NeFH NS IMS-LIAR ARG A3 A F 9] thgeh B4

[0 Negative control (BPW)
A: Control(unspiked) PCA: 5.2X10(7) XLD: 1.1X10(4) §+

B B: Chicken skin PCA: 1.3X10(4) XLD: 0.7X10(5) (-)

WA ETe] WETE EAekE 7k drdete] £ & o] 73S UEhS

Fluorescence intensity (mV)

IMS-LIA h C: Chicken ski PCA: 2.7X10(4) XLD: 0.9X19¢4)
_ " R . cken skin L 2. MELVA
Aeer sk 4 430] B U ETUY ARG A (BPW )
PCR, ELISA®} o] ZE 7% o] &34 b= HE Wielg styels, dxje] A& A culture) ' .
BNEEE UB FRONO IARE FEAIIE BAS AL Aol A7 Aol 43 Bl
Aol B et A A A BEAR WA Y we HA 285 T T c
ol @ A% 43 Nkdo] B Fastth weby ol e HElEF o] o] A EF
BPW enrichment of Salmonella spiked chicken skin(136 CFU/g)
Al A A RdEkate] A= dojuA] &= WS R vl X ol semi-selective reagentE 7t
Sto] Gram YA R AFEA o] FARE G AIEE A5 A Salmonellacl o g+ 4 €73
£ 37h12 4 2l e R tE wo A% AR E AET 4 A8 Aelth, "
[ Negative control (RV)
s A: Control(unspiked) PCA: 3.0X10 XLD: 9.3X10  (+)
s |Bm B: Chicken skin  PCA: 28X102) XLD: 3.6X1002) (+)
IMS-LIA E C: Chicken skin PCA: 1.0X10 XLD: 2.6X10(2) (+)
S0
(RV
culture)  ° s
° Negative control{RV) A: control(unspiked) B [
RV enrichment of spiked chicken skin(136CFU/g
PCA Primary plating (Before spiking)
i i 'ul i
API 20E g .H_-- b :

GOOD lD (Acmetobacter baumannu/calcoaceucus 99.0%)
Fig. 26. Comparison of IMS-LIA procedure with conventional culture

method in Salmonella spiked chicken skin (136 CFU/g)
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Salmonella enteritidist= 0.24 CFU/mL 3 &A] BHIONA F3to] 713 wo] #Hdch o=
A= XLD agar¢h PCA agarell vehd {2t &5 nagls wx mF FAdsoivh
XLD, PCA HjA|e] et F #59 #4% BHI> LB> BPW A om, 3417k o] &
HE 7ARE A A ko) Fi AR Aok FlahA depdth oW Auh=
Salmonella Ftoll 7b¢ LWrH oz A8 peptone water’b THE wiAE Hh
Salmonella 2}l 2lolA 714 @37k 45& vehdl= 2lelth o] 31& peptone water
7} %2 Salmonella J4& AA 7ol e dge] F4o] v o Ayd = gk

webd BHL MAE $F A%FAE A9 B WA= s

- 58 —

Table 3. Comparison of IMS-LIA procedure with commercial test kits by BHI broth enrichment method in fertilized eggs.

IMS-LIA After BHI enrichment (24hr) Before BHI enrichment (Ohr)
Fertilized egg Commer(;ial (BHI broth Isolate colonies Total bacterial  Presumptive Salmonella colony  Total bacterial Presumptive Salmonella
Test Kit culture) counts counts counts colony counts
(CFU/mL) (CFU/mL) (CFU/mL) (CFU/mL)
- - 18 Enterobacter cloacae 95.1% 1.7X109)  3.3X10(9) (Blue) 1.2X10(2) 0
1 trol
2 + - 72 ;‘;ilr‘;b Escherichia hermannii 97.7% 47X10(6)  2.0X10(8) (Purple:Small) 23X10 0
3 NESK
- - 17 Identification not valid 7.7X10@8)  4.7X10(5) (Purple:Large) 5.3X10(2) 0
A -
- -3 -2 9.7X10(8) - 6.9X10 0
4
5 - - 33 3“2‘}:‘10(‘) Identification not valid 7.3X10(8)  3.7X10(5) (Light-Blue) 2.0X10(3) 0
P 41,
- - 36 Enterobacter cloacae 92.1% 1.5X10(9)  6.3X10(8) (Purple-Blue) 7.9X10 0
_ _ 75 Acinetobacter bggrgzg:ni/calcoaceticus 43X10@8) 2.7X10(4) (Purple) 6.9X10 0
; .
B 8 - - 29 “C"zni‘(‘)"}‘ : 1.9X10(9)  1.5X10(9) (Blue) 2.0X10(3) 0
o 20,
Escherichia coli 2 99.9% . .
- - 36 Enterobacter cloacae 99.4% 7.9X10(9)  2.3X10(8) (Blue-green/Purple-blue) 7.9X10 0
- - 21 . 1.9X10(9)  2.4X10(7) (Blue) 6.2X10 0
10
Egg control .
gan © H - - 13 3 8.3X10(8)  5.0X10(8) (Blue) 6.9X10(2) 0
- - 12 . 3.7X108)  1.3X10(8) (Blue) 7.0X10(2) 0
- . Identification not valid 1.3X10(8)  2.3X10(3) (Purple/mud yellow) 3X10 0
13
14 - . . . 2.0x108) 0 1.4X10(2) 0
15
- . . 3.7X10(8)  5.2X10(4) (Purple) 1.2X10(2) 0
D
- - 28 . 53X108) 0 2.4X10(2) 0
16
17 - - 22 ;"7‘2{]"; . 57X10(8)  6.0X10(4) (Blue) 1x10 0
18 70,
- - 33 . ~ 59 ~50x108) 6.0X10(2) (Bluc) 47X102) 0
- : : 3.7X10(8)  5.1X10(6) (Purple) 3 0
E 23 _ . . Acinetobacter bggrg{[{/nm/wlwacetuus 9.7X108)  5.0X10(8) (Bluc/white) 43X10 0
B 0
21 ) ) )
_ . Acinetobacter bggrgﬁ:m/calcoacettcus 93X108) 4.5X10(8) (Purple) 6X10 0

a. No suspicious Salmonella colonies on SCA  b. Threshold limit for positive signal is greater than 3 times the standard deviation of the background.



Table 4. Comparison of IMS-LIA procedure with commercial test kits by Rappaport-Vassiliadis broth enrichment method(BAM) in fertilized eggs.

After RV broth enrichment (24hr) Before BPW enrichment (Ohr)
s Commercial IMS-LIA ; Total bacterial Presumptive Salmonella Total bacterial Presumptive Salmonella
Fertilized g2 “reg it (RV broth culture) Isolate colonies counts colony counts counts colony counts
(CFU/mL) (CFU/mL) (CFU/mL) (CFU/mL)
- - 21 . 13X10(2) 0 0 0
22
F 23 - + 13.0 control : 5.3X10 0 0 0
4.8+0.5
24 . . . 0 2.7X10
+ 5.6 Klebsiella pneumoniae ssp. pneumoniae 98% 1.0X10(2) (dark blueflight blue) 0 0
o5 - - 37 : 6.6x10 0 0 0
control
G 26 - - 49 . 1.4X10(3) 0 0 0
5 17.6+2.5
7 + - 97 . 4.7X10(3) 0 0 0
+ - 78 . 0 0 0 0
28
e H 29 143 comrol : 0 0 0 0
shell B T 133418
30 + - 89 2.1X10(2) 0 0 0
31 - - 0.02 . 1.4X10(5) 0 0 0
I 3 0,03 control . 1.7X10(5) 0 0 0
" B T 0.27+0.02 :
+ - 0.11 . 1.1X10(5) 0 0 0
34 - - 0.01 ol . 0 0 0 0
ntre
53 - - 001 M : 0 0 0 0
0.01+0.01
36 - - 001 . 0 0 0 0
— 60 —
5. Cross-reactivity A}
IMS-LIA] €18 22419 AREA] FARR 24 signald Mol ol & vetaly)

8l Salmonella, Citrobacter, Shigella, E. coli O15T:H7 3t 2] IMS-LIA signal2 W]l
s 435we AE WHow Eow BHUA 0f 40 46 4T
/\l\vl:‘g 1 7Hﬂl§ qg}oq Fx
BHoleh e, AR FARE

29 FE Jong RBA &
He o &3 Weg AoF i kits LA cross-reactlvltyﬂ "‘47"
3] o] *‘34% WO R cross-reactivity©] W 91E 3] 7]4dto]
kits®] AH& W& W3] A stelof Gt

2ot A 7H ek A W Salmonellas &3k W EM Salmonella ©]9] 9]
e #e HFHAA @G Bl oA etk ATCCAA U AT 2F Shigella
flexneri, Citrobacter freundiioll tla}e] cross-reactivitys H7baholch. Hah & el A
jgk A wgol ATCC el Salmonella %%+ ofuzl $-2jujelela] HelE
Salmonella %= A% = A=A Flskoint (28 27).

E FAREFO] obwA AFE AR E coli O157:H7C
Hhg-o] doju=AE H At LY 28). E. coli O15THT 09 1XE &4%7) 1.6
© 2 negative control(TSB)] 1.59} W]l A positive™ WEFREO U, 10(-1) 344
negative= U EPTE wWeEkA E coli O157:H70] ©]§ mapukg& w57} 10° CFU/mL
AEYd wol & YehA] ek o ghekg)

WA o] ek AFATES AW, E coli strain(B 94, w]EAA i—:r)ﬂl
Yersinia enterocolitica’} Salmonella %%l A}% &} DNA probe, antibody9} a2}ik-g-
dogomn, o5 AFH FAA 7|98 genomic sequence Hi= @
o fARsE wel A = agx B olch b A4 e g
3= IMS-LIA®] A}-§- 25 A48 gMehs 2o o A8 A9 Bl w
24 E coli OISTHTE 100 CFUML ©ol8t2 £ wli=  Samonella 349
non-specific binding®] Dojv}A kol Salmonella 1gG-tagged liposomeS  ©]-§-&+
IMS-LIA testol] 9&F& FA= ¥ 2oz Az

Salmonella H&& 91¥ IMS-LIA®] Sold& <detWwuat Salmonella, CitrobacterSt
Shigella's U’ 2.5 cross-reactivityS WAL 7}5}1 Tk Salmonellat=  serotype®] UhE
Salmonella 2%~ ATCC w5 % f-2lvbel el A Eeldt #5- 9 Salmonellast A+
AeA 5AE 7Y Salmonella 71E A EA7E B 5 e ¢ OE, Gram 542
2 ¥4l o Samonella spp.ot & 0 FAE i Q0= Citrobacters)
Shigella's: X1 ¥ 33t

‘au e siolof
AT Ao mi

2] %k cross-reactivity
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z
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@
=
jo3
S
- ® 3 100
E 5
e o
2 @
H ]
g 10 S 50 1
g T
. 00 N e I
X 10(-1)
Diution of sample
[

A contol B 4.3X10(8) C57X10(8) D 4.3x10(8) E 6.3x10(9)  FO0.6X10(8) G 6.0X10(8)
(BPW)

Microbial strain

Fig. 28. Cross-reactivity of IMS-LIA using Salmonella 1gG tagged-liposome and
Fig. 27. Fluorescent signal intensity from IMS-LIA with Salmonella spp. strains and cross

- reactivity with other Enterobcteriaceae. bead in pure culture of E. coli O157:H7

[] Control(TSB)

A : Negative control (Buffered peptone water)
B : Salmonella enteritidis (ATCC 4931) + 2 E. coli 01857:H7(ATCC 438975) CFU on SMAC agar
C : Salmonella typhimurium (ATCC 13311) + 1X; 7.3X10°(H) 10(-1); 7.3X10°(-)
D : Salmonella typhimurium (T6) + .
o * STD. of the background(BPW) is 0.2.
E : Salmonella enteritidis (E9) + Positive signal is greater than 1.5 (3x0.3=0.9)
F : Shigella flexneri (ATCC 25875) -
G : Citrobacter youngae (ATCC 29935) -

STD. of the background(BPW) is 0.3.
Positive signal is greater than 2.9. (3x0.3=0.9)
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