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Medical environment is abound with variable pathogenic microorganisms.
The multidrug resistant bacteria could exist for months, and easily results
in outbreaks at hospitals. Environmental cleaning is one of the most
effective measures to control outbreaks, as well as disease transmission
among susceptible hosts at hospitals. In this prospective study, we
perform fluorescent marker (FM), ATP bioluminescence assay (ATP test)
and aerobic colony counts (ACC) at 6 hospitals according to a standard
working manual. Total 139-bed with 1390 tests were performed. There
were 25.0% of tests revealed inadequate concentration (<500 ppm) of
bleach water. The rates of qualified for effective cleaning for FM test,
ATP test, and ACC were 41.3%, 64.2% and 90%, respectively. There
were correlation between FM test, ATP test, and ACC each other.
Alertness and lower work load of sanitary workers correlated with better
score of FM test. For virus cleaning tests at National Taiwan University
Children Hospital (NTUCH), all were qualified by PCR test. In
conclusion, we suggest use measure equipment to test whether the
adequate concentration of bleach water. Adequate manpower and time
allow the sanitary workers to clean the hospital environment is important
for adequate cleaning. Design a standard procedure for sanitary works
may increase the quality of cleaning at hospitals. Our study revealed the

FM test and ATP test provide optimal methods for terminal cleaning.

keywords : hospital cleanliness, terminal cleaning, fluorescent markers,

adenosine triphosphate (ATP) bioluminescence assay
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10 B2 4edpms 2 s TMTHR - FHFFM - ARG (&
PECEFR R F\BFE - PAKARE A BT EG
MR RGP R A (R AR A R S B

%10 BE -5 - RRIBTAA RS RE 0 7 BB R ok

() B> 288 % 2508
L3 RGRR G 75 58 p % LRRIBSE R 2
Fak (R2RF - FLART CRLFAT )

2ATP 2 4% £ 5 & & 473 %ﬁ%*r*ﬁﬂ%m“ﬁ}g/ﬁ/ R |

N

Big o
3. MFREGE oA FRAR 22 Bop %L FRRIEH BT
iR AEE (cfu/ on’) -
4. A PCRA&RIZ o < 28 Frab Bop % * IR HE 5-10
BrE (VLA HI D[R ZEFTRIREE SR+ - R R
FE)o EWp T HIFHED L0855 BHRRIBERA PR 2 Y
AR RN RN NSPEE SER
PR R AR I R A DR R
AT o MH P F S FRBE LG AE D T AR 2 TR
FRRGTE NP2 ¥ RF B ~ATP 25 F£F B ~ATP 2 5 &
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|
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% 4
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U /%W;ﬁ? L ) 2 L RO (2)

CAIE T E IR E B A e (2)
N /F /%W?ﬁ? L L R E (4)

(= ) BARLBLERITEE /2 ettt e (4)
(2 ) BBFEA R DL FBAL oo (5)
(2 ) B R BT B e (7)
(z ) BBMA P §FA T TR (residual bioburden) ... (9)

LE+8% At s AFRTE- B3 PRER .. (9)

2.ATP 2 7 F 2B F i (17)

(1) BBETZ P2 (environmental marking) ..ococeeeeeesveeerennns (20)
R A R EER e (24)
Y H S TELT B (25)

S E (26)

= S A <R TRURURTSURTIN (26)
B B AL s (27)
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PAEAFRRESTOLL - ko 2 B2 w3k "Clean
care is safer care | ¥ #H.P > §5i% m%%ﬁ@?ﬁiﬁiﬁ%* > RE - 3R
Ao S AVBERFRBERR LB AT L B8 ERAFLH

BRHRFEE 8 jad R B FARFIERFNERH w2 - - T

IESERETET S EECE D SN S &S BN S L N N

w

W DR EF AR SR A > e R FRBF

FE R R W E S i BV R RS 2

N

@ gEgdene pRREEF GREFHN 343 > ERET REML S

ii#%%WW“%&%%wﬁﬁﬂﬂéﬁﬂkﬂ’”ﬁéﬁ%%*ﬁﬁ
HEEFTHER S RFHRATAARRFHFLELH ST 0EY L
Bird 2 R REBFEST 0 ML BB FE ST
SRS R

® AT A R

® T itimuFAMEY
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TR R

E

+

2 R

B giReE
® T RERFiFA %
® ¥ ow AR WA
® T KTt
® VE&ETERRE
RS TER RN
Rz B e i v
BLRE 2 v ET gAK@ pALELETE 2

& ® BELRGIREAR
® HZAANE
BEMAF L | P ETRFEAY | FIRE A BT BE - LFE
7% % (residual |&F 7 | r.;F % | #2 (Aerobic Colony Count,
bioburden) & ] | & ACC) ~ 7 # PCR ~ ATPZ 4 ¥ sk & Ji

pES (cleanliness) | | # (adenosine triphosphate[ATP]

bioluminescence assay )
BT ERE | v E DGR | FERAE/ A/
(environmental | 7 ; ~ T#F %
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I~ FiRE TRk iE 2
(- ) PAE =22 [1-3] ¢

® TR RPFFELATEFLE

O LR g PALY RS T o A BRSNS RE

® RSP 100% . AZ100%F - RAFHR A ERIAR o
it RE30Bwag PAREY 2THRAZRT 7 L=
BAK o Y3 AETF T LA > Bl EHR S 5 90% (27/30) -

® HitH b (29 APAFHLHE-)

W hpEE  1A-15-01 PR 2 2016.1.2 11:00 LS B

S g B FER AL | AR
5o il if
I [ REFGEE PP Mizx [~ iz
2 | ks MiziE [ 18~ [ iz #
3 | mE [Jicix M= Miz
27 | i Micx [#- [lizi=
28 | BH(Z S A RkE Fap )| [icE M- Mz
29 | RUTRRHIGE - 4 [Jizz M= Miz %
30 | i Micx [#- [lizi=
R 271 /30
=_9% %
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(ZBLEFH AR o1 iviEe[1-3]
® FREE I GFEAANAFTRL TR E

® THEK AVIRERI RS AKE 0 URHBREL FE -

® RSP 100% AZ100%F - ey Hdp LB -
® Eigbl: KIIBFFAF BRBFHFAALI2IBARG =
FERE - FVIFHIBB/S AZTEFNGTRIERF590%027/30) -

[ #ﬁgf%%f}n}l (9 B%XR f}‘a#mﬂ,“ﬁxf, )

whpE D 1A-15-01 PR 12016.1.2 11:00  APifE &2
AR ERF
e 5 P &R Fin | At
B i
1 TRER A P EER ER AP REAS
2 | #*ipEavkdi 4T EE NP HEA
3 | mll kR i & A M2 4%+ Oz =
4 | FiFert hdow mE
D pEF(EEE PP EA NS
(2) B F P - HF T 7 LR At
5 | i erd chdogor i 3 A B M=
) TR
D) pEF(GEEFE- P [z +M* ==
(2 HIBIEFE ~ P~ &5 T 2 Mz [ A% =
27T | F&%+r ¥ M= =[] == (==
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(Z)BELADE
BiEH A/ R P EAFRI AR FFSRLANE TR
FERBEFTRST -
® CTRESRELA LSS Bl R A DR A B AL
BRARAE CFER-B e HEEEFRIAAEDNL B A DD
HOREL B E R R (e
& LR
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a XFF A REAT R A bher IR R AL v A

o
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S AT S S
b. Pt B2 A LR EF o

Ik

g EHEE A/ R R L0 R A ML D R % > w
Teg »eh 21006 - 240w ¥ Tl RIBI0A v § T2 8
I3 S 35 R % A 5 A 1000 B % ehT 354 #05 82.5
Ao T EE A R R TR

® HitH b (o FEHFHLEGEZ)

L0 L E AR PR E ST M%i (1344

2.3 K ST B LR A iR S0 st 3 ai
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9. FREELZTBLFRDFRST? Misi [ %3

10.50F ELF B ELFFARS (lRer) SHs? (&2 M7l
R LG 10KAER - w B TR A L PRP O 2R E L0904 o
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(e ) B ML 3§ =7 F % Pz (residual bioburden) :
L RIPEEs @ B RS 2 TR & F BT DR BEREMKA S
Fo AR S o
2. % A AR A
(D#FF+ % (SwabCulture)~ 3 °5 T 32 %2 (Agar Slide Cul ture) »
%57 8z (Aerobic Colony Count [ACC]):
AR TR R~ A4 s ehR ARE 0 dod| 5 ¥ RRB
ikl > 2 3 4 £ AE o
® ixRIRA
a. P EREWAPHRMENEFZF KT BB L TREBEREAE
R o
b. ¥ e Bt TRED A - WA oA TRBAL T AP KRRIT 2
TR R R
® ixplE:: M FF (minimal touch housekeeping
services) ¥£4 ° ¥ E LA F a4 w» (high-touch
surface) F Lt e o
® LR 90%e v H =1 FEFHAR TR 2 T o
@ T itgbl: RALI0 Biwple- £ 0 RBiRRIERE & HBEE

V1 BHEmEAEERERERIERS S 90% (9/10) -
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® LOTikPE AR R iR A
a. T4 :
1 & fR 8 A talk i SR F D] 0L P2 N 3 F &R

® > i F(Bacteria) # & & 5 1500cfu/m’(F B+ g [6]R12 3k

'234'?

A

ok

2 'mFEH & 42iE500cfu/m’ s &) 5 2 F(Fungi) &3 &

51000cfu/m’ » 2 BB @ & L EHFHT o

2. % F Wpl > 54 [7,8]:

2.1 M AT @ T AR N S F R R R 2

ZFBRAEREFTR L AL LI ALHE AP R TR

2_ TSA(Tryptic Soy Agar with Cycloheximide)t - *% 30C# %
DR A R RALA D 2 wEFT K PR LS 2

2%z F ¢ mEER (CFU/M) -

22 AR E R BRI RRERCFEMMBLTF BRA

EREFE L LFLE D rilm i 4 S e & fE 2 MEA

(Malt Extract Agar with Chloramphenicol ) E\/f]‘ UEE & &4

DG18 (Dichloran Glycerol Agar with Chloramphenicol ) ¥ % &

F oo 25CHA 4D AP EIENBERAY 2 FFE K

EE TS

3+
|4
|
N
I
HY
—1"‘\

2 ik B (CFU/m’) -

76



2.l BERFPERERZTEN T S 27 UA RS EFERES S
BEHR LR R AP A5 4 o R B R IR
w5 1202 150 242 8 B o

2.3. 2w A TORFPF A R B E B R K2 0 o 7T
- B > FE Y TONFF R R R ERE B A 23018 0

Fe BT - Rk o

b. -k :
1 & RARE & ik 7 rcladh i e F A0 % (KOR B~ PUEAR (9]
3%, )75 #(Total Bacterial Count) <100 cfu/ml ~ = % % /{3
(Coliform Group) <6 cfu/100ml ; 7 #* -k (for nonsurgical
procedure) % 7% #k(Total Bacterial Count) <200 cfu/m1(1996,
American Dental Association(ADA))

2. kiRl 34 [10,11]

o

2.1k ¥ S EE Btk R > 02 (R SLHR R AR 1 Fed PR F AR )
32 % & (Tryptone glucose extract agar; TGEA) & &3t &
7 #32 & & (Plate count agar; PCA) @ 2 & &)= gk 2 k¥
Wi R EYR-

2.2°k 7 xR FFRRI G G iR RIR Y 4 E PR 2
+ % 4% /¥ (Coliform group) m - % F#F w7 7 4 LES
Endo agar # 7 7 5“#&¢7 m-Endo broth 3 & A= jednf + >3 35
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2.2 KEH S 54
2.2.1 HEH FFL o Aok e HTBGEH A -

2.2.2 HHcA PRI R 0 R Y FIRDT SR R BRI &

AL W EAT LRFHE R IR BB LRSS o p &
K Z AP R N RARERARH LT LR EFFEEE
SRS S E R AR £ T T NV U

2.3 k¥ SR Bk R 2

2.3. 1 kiRl A L m RS R £ o

2.3. 2R KR Hed PV AR R I BB ORERARTE L 3

233 1 mL £F3F&MmERgsd 0.2 0l Rz (&)
EHBACKERFARBAL o RiRZE (&) FFRAKRBFES
Z 24 e

2.3 4 ¥E H2Fy B A o B * 2% L (Turn
table) %R £ I kEHPILAGRERALG -2 2HEE A
Sz b o RRE LR ARCRRISET (AR Y R
2.3.0#FER A R AN 0 & I5C 1R 48 ) FF o

2. 3.6?&%7’%‘%’?&&% Fx P AT A A G T e o
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2.4 k7 < 54 R R 3

24 1T kiRl LD e RkE AR G153 -

2.4. 2R KR Hed PV AR R B BB FORERARTE Y 3

2.4.3 %Rk 2 (&) AR AKERLI B FRERE(GERR Y #2375
BB B RirE (&) LFHAKREFEAS £
2.4 4 ¥ BB 0 GiE R R AAE RS 2 g R
RBAEAY RWRRZ2ERZAME UL ADL e

245 FE A B AN 0 & 3DC BE 24 ) PFFo

2.4.6?‘&%7}%‘%5{&%%36U'L'rg_iﬁjnp,.,.. o

&>
w
a_.
e
o
K
14
il
qJ
&
(\x

CHEZ RELe (MEHF) aukd 2 & REE

Lt R ERBE D ERETIN GRS 205 FREE
B % €& Rt 0 deStaphylococcus aureus ~ VRE(Vancomycin
resistant enterococci) ~ Pseudomonas aeruginosa~ Acinetobacter
baumannii ~ Stenotrophomonas maltophilia, *77%

Enterobactericeae% mold% 243 & /n {7 R ¥ iEzp ik

2. M E B ERARE12] ¢ BEFF .5 cfu/en’
SRENCEE SR TSI Fagl SO 2

BURR YA A 2RE Bk RS VORTEXR S
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% ~ BAP(BLOOD AGAR PLATE) - ENTEROCOCCOSEL BROTH ~ VRE CHORM
AGAR -

3.2 B PAERI LS B kit Inlech2 B kP iR g
104 ¢ 2~0. 2m1 % 4% 2 BAP+ > ¥ 2~0. 5ml = ENTEROCOCCOSEL
BROTHE = g iR 5325 -

3.3 “#- BAP2 ENTEROCOCCOSEL BROTHE < # % *+35°C & 4

3.4 BAPE*30Cif4a 3 R48 ] FFrisH B 913 chpF i #ic £ k3R
Fleoe L S E o FERE (LHTEE) -

3.0 A FRAr VAT FRBER A LR AL -

3. 6 ENTEROCOCCOSEL BROTHE = & % *+35°CiE 48 > £ %£2~5% ]

o

R g B¢ pro #H k& 1 VRE CHORM AGARY -
3.7 VRE CHORM AGAR**35°CE #a32 224/ Bt » FRiE B % ¢ » &4

A

T s E faecium: ¥ #iE &

-

F%d o X2 i E faecalis -

3.8 ¥y T %2 (Agar Slide Culture) :
FoRIFEarFAaa v AEIFRAANETIRRZ I F
mAZ RO R FAT RSP A B A RAE cFLF A6
REARRAART O RGEE GRS AL

3.81 B~ & T4 (Remove Slide) :

-+ F 5 R 5P 2 Dip Slides Contact Slide » # & Agar4_%
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oK TR o
3.82 444 (Sampling)
Eiiss (Slide) s B— ey T HFEEF LML > R

ﬁﬁg’;%gﬁm%%a?§ﬁ§w,#ﬁ@,%y—azgm

.I’}Fm_'ff'@?fﬁ. - BRHE URIT AL RAMBEE > 45 6 a
I ir 3B HEIEY -

3.83 &7+ (Label)
BB B~ PR s gL PART PR AT A o F S o

3.84 ¥ % (Incubation)

K

SE PR EEE E AR N AR R RS T
d. 4 PCRI #1[ 13, 14] -
I}iaerCRk’h‘ﬂ*ﬂ—? R EEEL ER
2. W Rl 2
2.1 #& * % ! polyester-tipped swabs ~ 2 I & B-k ~ %7 ‘w

% 5 & i 2 0] ¥_(J& M %757 ¢ e > RNase inhibitor > & 54

Aiase s ) ~ VORTEXR Z % ~ DNA/RNASZ Pecig &l ~ L4 2

513 (primer )2 (probe) ~ PCR:% % % ~ PCR4 % -

2.291* 432 & W-KER2 polyester-tipped swabs* 4 % 3k B
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2.3 #swabsFE P T2~ mr R AR T A R o
2.4 pc7) B 218 4R 2 2 40 B-DNA/RNA ©

2.5 4% if % “primersie FPCRLRT-PCR » 14 i iplyp 4 -
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(2)ATPA # % % & & [12,15-20] :

d B AR AT S MR L e d > 2% 5 Bk
Hﬁifrf (adenosine trip hosphate[ATP]) - & - film?e p ic £ 4 5 o
G R BB R PATPE k> B )% kR RPIE - AR
Pl E H 5 Ap ¥k H = (relative light unit, [RLU]) » * " FFHE
PR RB S AARR 0 oa 2b P o

ATP2 &k F i (T E ~ > Q27 PR EFEY 0 7 s b7k

v
%

BARERE FRARRT VRS GER - 18 - PR

M

AT R 5 0T-T8% » H R 538-5The wivig - R8T & 5UPR >
PlAeRLUE S BB e 7 57 A7 84 (organic debris) ~ 3 kA&
Bk ERCATP2Z A FEF B FEEERBAZDCEFLHERE S 77 8
<3| * prs A &(microfiber products) & i % ##% § # 3 RLUE 3
BT ERE
® ixip|Z M M # B (minimal touch housekeeping
services) ¥£4 ° ¥ E LA F a4 w» (high-touch
surface) F Lt e o
O HHLEKALE[IL] (ERMM2ZEREREERRF > *=2 013N
Clean-Trace System; 3M, St. Paul, MN # % % &])

W% R F HRIEE S | 7 500RLU
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B ;E}?r‘, 5 Vg 3 F ¥p| gk i ] 3t 250RLU

WAG P ROLF SERFF{CREOR BT T3 L3R R

I °

e

ERA P8 2w A E i B GERA T & R
Bitgebl: RTA0B R H Y ORRPIBG & & RARE > 71
BHwEAE S RERE S Bl &5 590% (9/10)
FOREARRE O] R ET .

e iRl F¢ 0 00 ATPRIz2 4% 2 M Clean-Trace System; 3M, St.
Paul, MN A & & ] » 3¥m @ ¥ Spl ik & Rolsnp 3 o

CBEF L D100 2 e g
éﬁﬁ%&ﬁ(@@%”%ﬁ“ﬁiﬁﬁ-

W A5 ~ATPRIEB 102 ~ kB3 s

G
s

N

a1

.,
4=
o

G

<y

FAATERRIBEORR S ffforr =8 > RRIS < 6 0T 6
PR EI0XI0T 3 24 > Gldek 2 4L L g 5 BN 0x10T 3 o 4
PR R 2R PHAc T BEEM 0 A 8TE e 0 235100
S A AN

CWF R BB RECKIF Y TR o FIMPEATP A FTk e

PR EE DINBFATP 7 FRRLA G RIS L R Y o
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4. M ATPRIE#: = 4 (zig-zag pattern, + Bl) T €& ff
gk o

(1) k< Z A4
(2) £3 + T 4l:

(3) #4F7F 360 B H¥&x 4 o 4278

B. R B SHREH R T RIBEEY > AT R TR
6.3 4 PP 2 pRE (REBRBRRINEEGFE AT andd)in

BRI ) B30 HP R FTEEFERRIRIE o2& &G Bk

T RRIE BRI AL EE KT ngm)R
Bt HAE D B FIE 0 B
R RHEH RLU (4e+ ) -

8. &4 RLU & -
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(3 ) B &7 %Rl (environmental marking)[21-30]

RILE AT - L FRA T LOF LA S (AR B A/R) Hr LIk

—-\

BREahds » BiF L B2 3F1 078 (FREEF) - JI*F 5%
B (4clltraviolet light) # & & £ 457 ¥ sk R T ARA S
VR EBEBRRELT RER c SRS FALLTRFREAR AV A
7 BAGRE TR 0 A MR RIERB LR LT AT ML S
@ A SHEM I KT A TRIZE FAEEE 3 b AR RE
B ~ e~ TP~ BBV T R AR S ARIBRES
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