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An essential measure to prevent healthcare-associated infections (HAI) is to develop a consistent
system of surveillance, thereby promoting a reliable situation diagnosis to perform efficient control
for the problem. Patient-to—patient transmission of pathogens within the hospital plays a
substantial role in the epidemiology of HAls. Contamination of healthcare environments commonly
occurs, including facilities surfaces (e.g., bed rails, bedside tables), drinking water, cooling tower
water, endoscopic instruments, food, airborne, endotoxin test, sterile test and medical equipment,
with pathogenic organisms. In addition, epidemiological analysis is performed by multi locus
sequence tying, pulsed-field gel electrophoresis for active surveillance. Therefore, an
environmental surveillance culture test for prevention improves patient safety and blocks infection
agents. Effective infection control and increased safety are possible by controlling the national
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1. M2 M & FH=ed
SEEAL B8 A AQF ol QLo A= A XHH Alell
= MRS, A3, v, B E0HE 55 Aokl 4
Hote= ok T1ejal WESo] o wioke A et
(Legionella)©] 1,000 CFU/mL oA A& Al 792l $8o] =
oug 5’\] FAE 1*43}3} 7*5%0 ot Hi ol A= Bt sol
HE HEo R ek

R 50 %ow AR,

2. S38l(outbreak) ZAIR} £XIISH Hitd

Repetitive extragenic palindromic sequence based PCR
(REP-PCR)[12]#} enterobacterial repetitive infrequent
consensus sequence based PCR (ERIC-PCR)-& HSHA| 3]
o Yo A= TheksHA B8l 9= A8 Aol o] HHEA] 9] of
71- Fol| tisiA] PCR= A-8-5ko] R34 <22 thfAdol
Asto] = Ao te] Flo] 7Hg sk olE 71 o) e
& 7129 PCR 7" Ko} 551t Alot2] Algwt(strain)&
L] Q3 o 2= RS ¢l EA4)E o8-8 plasmid

analysis, restriction endonuclease analysis, multilocus

PFGE MLST
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enzyme electrophoresis (MLEE), multilocus sequence tying
(MLST) [13], pulsed-field gel electrophoresis (PFGE) [14,
151, amplified fragment length polymorphism (AFLP),
repetitive sequence-based PCR (rep-PCR) 415 50] 91
O nj Fo] E4dof whe} A5k gl o A4 O IS vt
ZehFigure 1). 53], MLSTOll A= thef3t glo]ejufo] A0
A ggo] st F7ks il QK Table 1).
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|l A 55082 ARgE BhLef o
3 S AEsfiof strH16]. o] A7 ollA] aeeloFsh=
9 EAE2 3 ZAH(typeability), XH’Cﬂ/‘é(reproducibﬂity)
oF4 A (stability), 41¥ 2 (discriminatory power), 18] 1

314 X % (epidemiological concordance), 12|l “%ﬂg
(practicality) s-o]tt.

3.2t 20p 21

oY

Al

He Hate 1318 tubeol] 5~10 mLE F=+4 24
, AR WAt gl Ha-g7]of et 4
SH A= 30+ ool ok 2A17ko 4 XA A] WA RS}
™ 24A17HE 233 A= < HTH1 7). SAA, 2GA, A2,

A&

2%

LeA=R= S ST

HE =y

bl
A

Bacterial cell suspensions

Allelic profiles (7 categorical characters)

| mix with agarose

| amplify of sequence

Cat plugs

database)

Analysis of MLST data
(Install plugin and choose organism from MLST

| chemical lysis and washing

| import sequence

Genomic DNA in gel plug

(Automatic download of genes, triming, positions,
alleles, and MLST type)

| restriction enzyme

| match alleles

PFGE electrophoresis

Sequences types are automatically created for
housekeeping genes

| gel image documentation

| figure outing

Data analysis

Calculated dendrograms, clonal complexes,
minimum spaning trees, partitionings, statistics

Figure 1. Scheme of pulsed-field gel
electrophoresis  (PFGE) and multi
locus sequence tying (MLST) analysis

workflow.
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Table 1. Various databases and tools using web site

Tool name

Web address

BacMap

BIGSdb

Centre for genomic epidemiology
CRISPRs web server

ENA

EnsemblBacteria

GenBank

Genomes online

GMI

IMG

Institut Pasteur MLST databases
Microbial genome database for comparative analysis
MLST Databases at the ERI, UCC
MLST homepage

Molecular biology database collection
MLVA web service

MYSQL 4.1

NCBI Genome

PATRIC

PHP

PubMLST

PubMLST database collection

rMLST on PubMLST

SRA

The Microorganisms Tandem Repeats Database
UCSC Microbial Genome Browser
Xbase

http://bacmap.wishartlab.com
http://pubmlst.org/software/database/bigsdb
http://www.genomicepidemiology.org
http://crispr.i2bc.paris-saclay.fr/
http://www.ebi.ac.uk/ena
http://bacteria.ensembl.org/index.html
http://www.ncbi.nlm.nih.gov/genbank
http://www.genomesonline.org
http://www.globalmicrobialidentifier.org
http://img.jgi.doe.gov
http://www.pasteur.fr/mlst
http://mbgd.genome.ad.jp

http://mlst.ucc.ie

http://www.MLST.net
http://www.oxfordjournals.org/nar/database/a
http://bacterial-genotyping.igmors.u-psud.fr
http://www.mysgl.com
http://www.ncbi.nlm.nih.gov/genome
http://patricbrc.org

http://www.php.net

http://pubmlst.org
http://pubmlst.org/databases.shtml
http://pubmlst.org/rmist
http://www.ncbi.nlm.nih.gov/sra
http://minisatellites.u-psud.fr
http://microbes.ucsc.edu
http://www.xbase.ac.uk
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(TSA), thioglycollate broth (TB)efl &3}31 35 ~37°CollA] 2
Tt e etet. ofuf ik Al TBE 1~ R+
izt AlehufgFsto] nEE 7 HARE S=33tc

A2 vl F Aol M= biosafety cabinet (BSC)UlolA 7
A 0.2~0.5 mLE muller-hinton agar (MHA) =+ TSA| &
VT A Y & F55] ARA)7 = = E T (spread plate
technique, SPT)= ARE-SFAL HIA] 15~20 mLefl A4 1 mL
S Hrrste] wiehs U (pour plate technique,
PPT)& ARt} ofuff 45°Colstol| A 1582 d7]A] Holof
Q. o] CO, Bl 7100141 35 ~37°CoflAf 247t vl oete. &
st trypton glucose extract agar (TGEA)Y Reasoner’s agar
No 2 (R2A) Wi A& AR S 7-9-= 17 ~23°CellA] 747t g8t
o X rgict.

2] wj F ARl A= 100 ul T 1,000 pL2 2H2+2] vy
Aol 4 way streaking 0.2 FE}aL 35 ~37°Co| A4 48A]17F il
& At FekeE Al ojuf] 27} 5= v A] o] HekeAbrt i

F &
o ThA] A8 E ol Q- Fu) =] (blood agar plate, BAP)U %
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Z3lu)A](chocolate agar, CA)olA] Heto] w4 Z}2]7] wjo]
et 5= Atol o), HZole AXPES9 Petrifilm™
plates (3M, USA) HIA|E o8-t m| A= HAPHS &l 4153

A HARE e88%te) Ak g g 7]l glojAM= ¢

Z R HiQF & 7ol SIE AL 14U 0] X]F Hgic), 7
o wjeF & 22k Zlo] $lokd “No growth after 7 days” = 57+
Harsh, 149 ey $ofl= At Zo] gltkd “No growth
after 14 days” 2 2|5 Basle},

AAGe] 7B9= 24wk Ll
™ “<10 CFU/mL" & < B skal, Af
ol “(F2t 4 CFU/mL” & K313}, 20
CFU/mL”& R 113t}

FAg50l e dEtAle] s8SHAl= 100
CFU/mL u]qtolw, Axto] Al dutAlate] 50 CFU/mL o)/
o A& AAI3I}, Glorieux 5(2012)0f] 2 = £4
Sstandard  dialysis fluid)ollA]  Z| 8] 8FF(maximum
allowable level, MAL)}Z 100 CFU/mLA|qlo]H, S5
(action level, AL} 50 CFU/mLE 1481l QITH19). 24
FA5=(ultrapure dialysis fluid)ellA] MALZ 0.1 CFU/mLH[9F
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O F qAokal Qo H=de8- 02 ZF uiR] A2 Al quality
control (QC)& A& TH=0] 35°Coll A 48A17F v oFsto]
o] FABIA] o5& Eel

218k gt

4. L= A (endotoxin) At

Wsa HAks FASP(ETARR A, 855a wol ) 9
FAH20], AAPFAHA] A, v, £ 714 f-d4E o
7FO R AP, s HAR= A S Aok Aoy
(gel clot, GO), =& &7 8= v]eP (kinetic turbidimetric
assay, KTA), 2Fh e Z24sk= v (kinetic chromogenic
assay, KCA) Zof| 3t 712 & gfof Z73kct,

GC ol A= ZF Alsrtct A3} 25 Hlettt.
A& 200 puLE 2t tubed] £5531aL, limulus amoebocyte
lysate (LAL) A5 200 uLA 2558t 3 37°CH-2p20) A 1
AZEERSS AIZ] 3, el -§a1E HolH o, ofte] A g

’

~—
=

=

T E(coagulin) = A3}t o) sl vk-S-o] el e HBHE 405
nmol| A FFEL A AR x| o A

oA =

O] EJat ¥ of A 718 Bfsto] A S

& S AR YA =58 59 ool 5

= 4 = oloH23]. o] 59| A 0 2= 5183
7}0.25 endotoxin unit (EU)/mL v]gro| ], Ao AFA] 14
A= 0.125 EU/mL wgtez 743, 35 £44
(standard dialysis fluid) 4] MAL-2 0.5 EU/mLu]gko] o | <
F20.25 EU/mMLE 78011 [19], 24 A5 (ultrapure
dialysis fluid)2] MALS- 0.03 EU/mLu]Rte & 1143} Qlch.
A3t o[ FA] A Sl et Aatebd g Al of HER 5

A8kl RN SOkl EA o E & AldE AASHES

&
I YARIZIo A Bt E-o] A A Y 32
I A3 ol HA] Alegsfof Shet, A o] W& A A AL
A71 SIS AR EAIIA ERlote] B e AR
Fl= ko= WA 3~43] FA W] e A o]
ST 1 mLE V2] Yol Bat 7100 AA w2 gt
T g0 SRS WolFA we 4

A & 1 mLE et 87100 92 5 AAIE A3 He=
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A E2 A7) BAE Wars Hid &7 &, 1228t 22
ISR & Tt Aol 1 Lol WrE e 3, &
T Y ARHAS S SETA S 202 Hosh 57 7
1~2@3 =& T SR, St Aol 1 Lol &=
S %, 25 B ARHAS S

W2 ARl M Wl 7ke2 W, YR <l
U= T2 et Al 1 Lol AFelal 225 573t 4
Al A 3, B4 ~10°C) e = 24417 oo 3 A
Gdof| Elofof 5P, =5 A= 4°Co] it

W, g sl &, 77 S A= 11802
E=0.45 um IR 2 g5kl HalE SR B e
o7 20 mLefl AAIAIE F-frAA 50°Coll A 3027 EAIE]

3 BoolS slAste] 7H2e] 0.1 mLA GVPC (glycine E+&=
cefamandole vancomycin, polymyxin B, cyclohexamide)
91 BCYE (buffered charcoal yeast extract) B 2|of] =@s}7
5% CO, %712 35~37°C v F7]of A 3 ~1097F v sl A]
et 24]. HE Al A el 9l Eet S5 1 mL
= 50°CellA 3027 @A efstal FfHS 3|A5to] Z2}7te]
0.1 mLA GVPC 9 BCYEH|A|of] =23}l 5% CO2 35~37°C
v 7oAl 3 ~10U7T vl S A TRttt

YoM = v Jes & S¢tos IS o,
ARA o5 viTIE 3 E53F WS VER AL F o] AR &
ol ARFA| AL 4t AA7F SR oA, s Rdu|E o
SIS o A, B, T A 0] Sdo] A== ke
g edetoR oste] X2 AHsHH  Fancisella
tularensis, Bordetella pertussis, Nocardia asteroides &%=
BCYE eHul x| o]l A] vljFefo] el 2] @ et o} - s}7] of 2

& #FoBE FAo] §of3ok Gk,

6. BARIZAFAZSH S)

Spordi® strip (3M Health Care, MN, USA) T Attest™
(3M Health Care) 2= 4554l A =] A et oA oJ=|et
}. Spordi® strip NAOO8/NAO10 biological indicators
(Bacillus atrophaeus, Geobacillus stearothermophilus)St
Attest™ 290, 1291, 1292 biological indicators (Geobacillus
stearothermophilus)= 2 ~24°Co]l Bksfjof 3Hh25].

271 AAFe] 790l = thioglycollate broth bottleol AAFH
VRS APPSR AR 28-Sl vl A S E A
ol g3l 2=} Spordi® strip?] ZHof wZH] ] O
FA 0= HjA|of Yt Attest™ 9] 4= AAQ &
o 7jo1 A fe] WES Bl F A HA Y= F

o
W

tlo tht

N M1 e
ne
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ol dHSYILE 253 A o-§8fo] b o= A Fo}
of vzl Y= OI% HHXlE 35°C 7ol A 24413k vl

sal Eeto] 2 E Spordi® strip T Attest M= wi 2|7} gl
ErotA Bolrt SRIAE 2= wjx|7L & LW oL 2

7 WThA Al oA FES 915 @ JefRe B

olgfof 3lt} tlRAEL olA|BS 2gst .xJJg_y} ot
Thioglycollate broth 1~28F&-S & H-9-Fajjz]of */\uﬂ
Sl Ak Aeke T JAEko] 1k oFA] whfjgto
= AA 0] 249 TPsAo) w8
o}, 28 2 G Avks) e oFAd ub
A Ao SAAAE HE &l s} vy E

1 o=

il

(]

[e)

Bacillus subtilis == Bacillus atrophaeus 19| th= o+
H A= A A Y] LAY 7ROl R o R A
S 9x o7 313 “No growth”= 35°C 84719 A 15
ot Hfeket &, 28 “No growth” = K.a1gtc},

Attest™ = RBEEH] A B2 % 5 FFE AR P31
orol o] MHGIE Eol| ISl =HH o 7 1ok
2k vial 7Ho] 56°C B 7] of] o] 484171 ulj ¢S] 2H4ls
A, A 5715 ARste] AR ERH26], FEUTE-57+2°C
of| A 1 ~3AIXF i o] =51 ofuff Ao] K e}A] [

Qs o] Apehd 4 0 2 vepdet, T o ddll LAfo]
Z(ethylene oxide, EO) 7} Eto A= k] vialg 7o
35°C Hj7]oll dof 48A17F v FstAY Ars =715 ARS-
(37£2°C 47T vl )ste] st AFA 5= gelst
o o] AehH o yepdth o] AekAl Bacillus
Bacillus atrophaeus?} 573 0] ¥ 7} B i} E

HBto] W BHo| AeA A 5 o

¢

N
e}
M
)
>,
rl

subtilis =
oA FF=

ZARH271.

7. HAIZZAl BAL

A2 oA S 2 9&(Endoscopic retrograde
cholangio-pancreatography, ERCP)2] 7-9-ofl AlXo] it
WATHS Bt e 2183 5, HhE brush® channel ]
Z17F Y& ettt & A3 7Rl 93 50 mL oA
710 SF5E A EvlotaL, ZF channeldll S5 FY0t
o] TFAS F+H 50 mL conical tube R HH=t}, F2A17 o] HE
2 A9 oA 3 ¥ E7 &2 ARoke] S Q3L ol el A
oiufsto] THFHS F|cfgho 2 Bh=r} 28, 29].

715 & Aol & 4~571 ) AE AHE star, 3ot TR
e AA e 2 Aok Qe S oF 25 A &

Skt ouf, A8 &ol ol 501 Sl 7%= Bt forcep o
A7 gk} 219 3 brain heart infusion broth (BHIB)2] 5
mLefl £ #E 100 uLE FE3hL, 1A S8 5]
A= MacConkey broth® tiAste] XSk}, TFY
100 pL et & J-g- ool o w = e ot & Bt forcep O &
e Folg 50 ATl A ol FE5ke] 37°C v~ ]oflA]
18~24A171 vfoFetet. 3+, 100 ul-& %3S BHIB= 37°C Hi

HU ik o

710l 24717 el 3 ZF A ol Aok, B E HEet A
Tjxe] ¥k 45 ¥ CFU/duodenoscope® AR}
BHIBo| St vl o3t Aot i efsto] v} Harshar Agh o2

AL Bk}, 313415 @ S (High-concern, HC) Al-<]
Aol A=) A g WE ATE B 3ith Qukd o [
Alatolli= AAARE A= 5= Staphylococcus aureus,

Enterococcus spp., Streptococcus Spp., viridians group,

Table 2. Overview of guidelines on microbial surveillance of endoscopes

Sampling Sampling Volume used Culture Incubation Duration of Criterion of

technique volume, (mL) for culture medium temperature(’*C)  incubation(d) acceptance
Flushing with sterile 20 per channel 20 mL - - - Unclear
saline
Flushing with sterile 20 per channel 20 mL - - - <20 CFU/channel
salinet+brush
Flushing with sterile 100~200 100~200 mL Non-selective 30 5 <25 CFU; no
tensioactive fluid agar indicator MO
Flushing with sterile 20 per channel 1 mL Non-selective 30 2 <20 CFU; no
saline agar indicator MO
Flushing with sterile 10 per channel 100 uL (after 2 blood agars 28 7 <10 CFU; no
water or salinetbrush centrifuagtion) 35 indicator MO
Flushing with sterile 10 100 uL Blood agar, 37 2 <20 CFU/0.1 mL
water+brush Sabouraud agar 30

Flushing with sterile - -
saline+brush

No vegetative
bacteria

Abbreviations: MO, microorganisms; CFU, colony-forming units;
Sources: references 28 and 32.
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Pseudomonas aeruginosa, Klebsiella spp., Salmonella
Spp., Shigellaspp., 71EF AW T3 24 Alato] 595 A 7
5 oujstar, A-FTAF8HLow-concern, LC) Al
coagulase-negative Staphylococci (CNS), Micrococci,
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10 CFU/duodenoscope ©]4fo|H A HARS A|93HH30, 31].
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A7 1<, W3, v, Aaps Aol tigt 7o =ekel S &
3 A5 Aol A 28513 Itk Table 2)(28, 321.
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=2 wlj x| of| HFoaL 35°C vig 7] of| A 48A417F vl ¥
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B 2] S TEFIC}H35).
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Sk A3 wf gloves A-8-0kaL Hat *ﬁﬂlﬂ%‘l#ﬁ
A A4 5 AR S oA S e
7F b v AR o A AR Bhe wf 2ol 15T
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oflA] 71X ol o] 2, T gl A AL AlRellA 4]
F5 Sl3ato] A% D Aol S ZelAe] 94 AEE A
AU AL GAII, olu] Ry A NG 2
el 0] A] 7R3o] A 35 ¢bd A% Aol A Heldict,
3 2090 £ A A 9ol Y AzE A%A U B

BN,
b

ol A 7K o] A0 E & 94 F 91 AZE &
7;‘.46&4. AETe] e A 25 TSAS AZ8}H0] 35°Co)A]

48N WO %, Al FAlo] ¢led Bhldktt Ea
Cronobacter genus (Enterobacter sakazakin~ = B+t%]
A 98- Z A E-8(powdered infant formula, PIF)& <13} 24y

Sh710l| Fof oo SHeH37).

rulo r°

9. S7|HHFZHAL

AR S 571 Aut 2ot 4 Aok A sEAUH38], 219
A 2AEO] Ao T oA A5 Ae] o] ol o,
HEPA (high efficiency particulate air) 27} 0| Fo] A=
= A ARG T, Z4 o] A2l ok e At 91 A HEPA
Lol A o] FoITH39]. at B LA Tt A, 4
42 500~1,000 L& AF8hke A& 9202 FeH40].
Tl AARl A= A AFE oAl ARleh s 1
2 =0] 918 el 2lsfoF b, & IR EE A B
R EAEE :v“ﬂoﬂ 0] BA| = oo 3}‘:} Al =
Adshe Aot FEstarat ok vl 3%
Sk, 217 90 mm Hi ALl FolA] Sl HX = 4ol F A
2.5 mm o, FHL- FHH E’}—OVMZ etk U4
ZEo] AU EH2o] W QLo ARGSHA| b= Zlo] %
(41].

i OH il

¢

of

S A ISR olel B Q3 5L 93t gH] %
02 AAL /1A ShES B, QAR sk Ao

B ALE AL, Au)S a2 St Elol)

of 4, 54 i Aol AR Sl Selpi) w4

B A7 1ol 1A S 71930 SR} SR A A 208
3

7HA 0 2 33] o4 2R3} Ay A A=

i
N
N
N
N

]/\O — hS. = 1T

A) QA oo, WA 0] L58 AH AL LE0k HHshA]
= 0] whg el 25 02 Aol A M A g s

s Ale] 1S, Avge olgslmhie] 37] o9

7138 % F-fAlH(CFU/m’) 800 ]38k 43t QIrH42].

IS H2] AAFAE 50 o]8HAA), 50~75(8F2 %),
75(AFHE), 75 ~100(1 %) 2 =3}, Yalto] 249
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(50, 51]. Z1eut X WA Edlo A 3-8-715= polytetra-
fluoroethylene (PTFE)E AM8-5FH, AAIE T 75, PULL
THRU™ cleaning device (MEDIVATORS Inc, Minneapolis,
MN, USAE &-§3sto] Fatd Aef4ld4: 10 mLS o]83
flush-brush-flush® HF k= o] 4=go] w2 A os
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(matrix-assisted laser desorption/ionization time-of-flight
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