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Close surveillance of SARS-CoV-2 using
RT-PCR and cohort infection control
successfully contain outbreak of COVID-19
In a respiratory care ward: an experience
of a medical center

Tai-Hung Chen'®, Li-Ting Cheng’, Kun-Lun Huang’, Yu-Ling Pan’, Yi-Nung Lee’,
Tzu-Jou Cho', Ya-Sung Yang'*, Ya-Hsuan Lin’, Hung-Sheng Shang’, Feng-Yee Chang'”’,
Chung-Kan Peng’, Jung-Chung Lin"’

'Division of Infectious Diseases and Tropical Medicine,
*Division of Pulmonary Medicine and Critical Care Medicine, Department of Internal Medicine,
’Department of Nursing, ‘Infection Control Center,
*Division of Clinical Pathology, Department of Pathology, Tri-Service General Hospital, National Defense
Medical Center, Taipei,
*Division of Infectious Diseases and Tropical Medicine, Department of Internal Medicine,
Taichung Armed Forces General Hospital, Taichung;

“Institute of Microbiology and Immunology, National Defense Medical Center, Taipei, Taiwan

A COVID-19 outbreak occurred in the respiratory care ward of a medical
center in Taiwan in May 2021. This was also the first COVID-19 outbreak to have
occurred in a respiratory care ward in Taiwan. The outbreak included 12 cases
(one patient, seven caregivers, and four nurse assistants) between May 23rd and
June 15th, 2021. Although the clinical manifestations included fever and upper
respiratory symptoms, a certain proportion of the infections were asymptomatic
(4/12, 33%). Therefore, it is difficult to prevent the progression of an epidemic. The
outbreak was controlled without closing the ward using the following measures:
immediate index case identification, widespread screening and close surveillance,
early cohorting care and quarantining, hand hygiene, the use of personal protective
equipment (PPE), related education and training, and environmental disinfection.
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This COVID-19 outbreak experience provides valuable information for long-term
care and healthcare institutions.

Key words: COVID-19, outbreak, respiratory care ward (RCW), cohorting care
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RARBRMTPH R EIRE AR
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BALRFHER RETAEEA T CEBRSRER CBEASR ‘T CREH

ERSRSEBRIRMSE—REYD  KFEREETREERITHIEZIEME
ERRBWEETHEE  REEBENVRREESZNASMEMZELLNER @ ™
FERARENEEQRUEEERREBMTEMBLMENBENGE - AHER "=
AKEMPhRER , EFRERARGEPHREESZDNLNERRER @ BEAHIME
D2 B o BB IR R IR M ORI RS TAY, » SRS S AR ~ B5IE
R DA MR $2 58 E (3-(trimethoxysilyl)-propyloctadecyldimethyl ammonium
chloride)  TIIEREREIPIZTFEFRE 2 N\FHBEBE—RERE ©

MRGBRAEEREEBE @ RARMPHRERE 1 NMSTATERZERER
WREESE=REEIKE (Staphylococcus aureus) ~ XIZIRE (Escherichia
coli) ~ EZIKE (Enterococcus faecalis) ~ SR INPBFITEE (Elizabethkingia
meningoseptica) ~ #kIRI12E (Pseudomonas aeruginosa) ~ B BRKMAIRE
(Klebsiella pneumoniae) EA§BECARENEE (Acinetobacter baumannii) © BYMARA
FERBIEIM @ £ 3 NRRBRZERRE LIFEFER @ BIRTHEIRRIRE
IBEA (< 2.5 CFU/em?) ; Wi H » KPR ERER 3 BR{hEcHEFIIHI
B

fme Ll - RIS EREBRIENS I FERE MR ER R RME
) ENREERESRENBBERENEE  EARKEMPRERARNESIR
FABEBRARERIRIRRFOERIEBER - AMERRFASEDES @ I
IDSREIFRA BB REEE S o (BkiEHMEE 2022:32:154-168 )

FRE - % PRS- RENE © BRRA

RE 1104 11 A 10 HZHE HAEE - FEF
KB 110 4 12 A28 HEE A A - B W EARETI355H
RE 1114 4 A21 HEZHR 4 F 3 (04) 7238595885975

DOI: 10.6526/ICJ.202206_32(3).0002
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Al

B 20 ®ATH - A EHE R
Z Ak BRI T MAEWE R NIE
JR[1-3] » B Bix & BB R R ERS - 7T
R ROE = R R R B ek
NzZ—[4] - RTEHBHRE ZEER
MEREREREEHEEET - B
REHRZALEBRFFREEFERN
o ERBRLEBERKEEHEREL
BFREM (5] > AL EMH LT E
M - B 2 DB DRI 500 ppm K £
BNBERZ AN FELRERFTH - R
MEBABANEM  ERFRTAR
RETE MERBAINEF -

WER - FERRKEHFW
FERENRBRAERAEME » —
BT R R o AT RA
AATEEM > HEEBFRMA
TRERFAGCARFARR  THS
FERBRAEMZAA[T-8] ° &
KBEMT B — 8 & 67 K8
PR 4% B K 8% (3-(trimethoxysilyl)-
propyloctadecyldimethyl ammonium
chloride) %47 & o4y 22 1 40 %] 03 £ 1
B WHEMH R AREREERT
BRI HE - —swiw by i T B R
FIRAEY - 30 BRI Wy A S A
BEWE AN EMAEWETRT - I
EHE T ABRERFRER B
iR E LR RERRBRURRK -
THMENE LB ME9-10] - HH
IR AXBEWE RZEARZER K
AR~ RIERWH(11-12] - RER
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PR E S (R AR R BT I R
JE) ARG R T A HILE A 0 R
MERMEHEGNN TS —1EEE
M o

BERATOZHFEERNFE—
EFEREE  BREBRBRAEZE
BB ES AR HEZLE - XBK
& w T FL (CDC) R K
BRFEBRB T EF - ATP-£H A
R FEA% ] % (adenosine triphosphate
bioluminescence assay) 44 ¥ % B %
(aerobic colony count, ACC) ] f¢ /& B¢
BAHBM o ATP FHRMELFE ~ B
FoEERAERGTERMEE &
HHERFREATHNRER. - 7H
B3 R A M A T 8K 1Y 2.5~5.0 CFU/
em’ R AXKTEFNIEE - D%
2 /N B —R[13-16] °

AR BRREHR  E—Ha A
RN E RGP LR
RBAEMETHERAAXBRAL - &
—HaBGENERE RN REER S
KBTI % 8 IR Wy R R o

MFIER TR

— ~ Bk (Bio-Kil) BhEEEN

R EERE

%:J8 1SO 22196 " # 4} Fo 1t 4%
IEREHEERRRET &, - B
AR BZM T L EJEY Escherichia coli
ATCC 25922 ¥ Staphylococcus aureus
ATCC 29213 H#LH & 24t - 74
BWHERERTZ 5 EE LERN
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& Y © Acinetobacter baumannii ATCC — -~ EMEREXRM (Bio-Kil) B
BAA-1605, Pseudomonas aeruginosa SR 25 BRI G

ATCC 27853, Elizabethkingia AREBRHRYME A 2020 £ 10
meningoseptica ATCC 13253, A1 HZE2020 4% 12 A 31 Hit > K
Klebsiella pneumoniae ATCC BAA- T30 6EM BTBEEREME

1705, Enterococcus faecalis ATCC WEHABZEREAENZ 2 6EH
29212 - MEERREE % 2.5%10° (BEl—) AR A4 R AL -
~10° CFU/mL #y %1 B #1378 5 #7& AP SR EM R B R
200 uL BFRAHME 5X5 FH AL iR HEERTZEREM
WEEAAL  ELHE 4x4 FF FER (RAEK S BRI E N
NYMBEABER % - LB (O FHEREERR)  HEAER G HE
NEF) BRETEF— BB (1 NEF 2 ) e JE B %R E - £ 500 ppm K
BFEk 3 N BB IE o IR E R ARRMBR o F KBTI R4 JE L
BAT 10 BEFHMHE - L 100 uL B R BEEEARKEMER AT
34 % ZE TSA (Tryptic Soy Agar) Wk o HHBEERME Y % PET #
35T EMREIEER (20~24 /) JB o ZRBAMTAL W F T E AR KK
) BEEAMNET=ZEH - & W iF BRI A THIRAR KRBT R
BERBRITHEBER  PTH=ZEHZ % Rk AERLF s REBAWF
B EE > DL ISO 22196 &8 77 i + H BEFERUKRMGRZEE HEBENAEA
B d B ZAX - TEE ERE BRNAER > R ER G AT EE -
R(EZ—)  H#R=2HTHAERE R BATALIE I o I JE &
WHE N AR B E L HHAR REHE3I R AR HLEF 9B -
PR E R Z I H R o HE B LLRTF 15 Btk o 3

RK— FARMHEEEDFHSEEZNEEEE (R)

Time Staphylococcus aureus Escherichia coli Enterococcus facalis Elizabethkingia meningoseptica
Control(Ut) | Bio-Kil(At) R* | Control(Ut) | Bio-Kil(At) R* | Control(Ut) | Bio-Kil(At) R* | Control(Ut) | Bio-Kil(At) R*
OH 4.37 2.52 1.85 4.22 3.75 0.47 4.39 2.52 1.87 4.87 4.37 0.50
1H 4.61 0 4.61 3.78 0 3.78 4.31 0 4.31 4.77 0 4.77
2H 4.48 0 4.48 5.18 0 5.18 3.99 0 3.99 4.73 0 4.73
3H 4.81 0 4.81 4.67 0 4.67 4.14 0 4.14 4.75 0 4.75
Time Pseudomonas aeruginosa Klebsiella pneumoniae Acinetobacter baumannii
Control(Ut) Bio-Kil(At) R* | Control(Ut) Bio-Kil(At) R* | Control(Ut) Bio-Kil(At) R*
OH 4.24 4.08 0.16 4.3 4.29 0.01 5.12 4.76 0.36
1H 3.87 0 3.87 4.32 0 4.32 5.06 0 5.06
2H 3.85 0 3.85 4.41 0 4.41 5.11 0 5.11
3H 3.97 0 3.97 4.68 0 4.68 5.3 0 5.30
*1f R>2 > the antimicrobial efficacy is effective(=antimicrobial ratio > 99%
R=Ut-At

R : value of antimicrobial activity
Ut : Average of the log,, of the number of viable bacteria(CFU/mL) recovered from untreated test specimens after Oh, 1h, 2h, or 3h
At : Average of the log,, of the number of viable bacteria(CFU/mL) recovered from treated test specimens after Oh, 1h, 2h, or 3h
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& mrmmnn [N o

BB FR B I ZOKB IR R IR

@ * Control 7 7 B Fi] b

<<::>> * Bio-Kil it X B R ARAR BF B (O #4237V B DN R R %)
&
L _m 1 m [ 1 1 NN\ 1 1
LR F #H B R T HER&
O T BT BT =1 wl':
#m |8 98 108% 118 128% 138% 148% 158% 168% 178%

e

B— THEEH  BFEEETEE

HEHERE IR EEAERE K
AR RS Z FRERE @Rk
W AKPREAFTEE— KL
ENHRECRRERSRESL F
% BRREEBERAT KRBT E
BRAE (BZ) - RBBWAREBEBRA 2
mL A BB kY - RAEEE 30 D%
B 1 mL 34 %K ZE TSA BN 35C
B 3 A HE B 40~48 NEE 1R ST EL M
HEE  BRERBERBREECT
RHEEH - B4 CFU/cm’ - B#E 4
BEHRDEFREFBR=ZTEEFR (FH
<25 %¥ 25~50 &4 >50"
B {1 % CFU/cm’) [13-16] > 1Rk #%%
2T BB E B AL A AL Y
BB ER o itk BATHIEHE A
BILE RN EAN - EHF R
MRENDE - BREMTREREY
FHBEA TR - LEFITHIER
EHENLE -

B EERARE
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= #MEtRE

REBERFHFR A &
HBAE VL Z test 18 € IR M
2Bl e ZHUERELEHRA
WEE EHRERAEARBAZTHE
B £ R (p-value < 0.05) ° BEEE
WHE BRI - BE R FEE
CREZEHEETERTHER
M A B E [17] 0 R AT R
K31 7 9% o8 JE o R TE IR M
Moyl RA2E o

fq =R

— s RARRWpHEERSNE RER
PREEYRIER
RREMBTZERE A AR S,

aureus ATCC 29213, E. coli ATCC

25922, E. faecalis ATCC 29212,

E. meningoseptica ATCC 13253,

P. aeruginosa ATCC 27853, K.

pneumoniae ATCC BAA-1705 # A.

baumannii ATCC BAA-1605 3% & 1

EamAaRAEN ZHEEZHEAM

A .y . B . C
Staphylococcus aureus subsp. Escherichia coli Enterococcus faecalis
I =@ Control ==@=Bio-Kil I =@ Control ==@=Bio-Kil I === Control ==@=Bio-Kil
= = 5.18 =
o 6 4.81 T 6 @ 6
g 437 461 4.48 g 422 467 £ 439 431 3.80 414
o o — o o —
w4 252 w4 w4 252 ——
8 e €
S 2 s 2 3.75 s 2
= 0 0 0 = 0 0 = 0 0 0
g o g o g o
- OH 1H 2H 3H - OH 2H 3H - OH 1H 2H 3H
* Inoculation strain: Staphylococcus aureus ATCC 29213 * Inoculation strain: Escherichia coli ATCC 25922 * Inoculation strain: Enterococcus facalis ATCC 29212
. P . . D . E . . F
Elizabethkingia meningoseptica Pseudomonas aeruginosa \_ Klebsiella pneumoniae I_

= ==& Control =@=Bio-Kil = =@ Control =@=Bio-Kil = =8 Control == Bio-Kil
G 6 3 6 T 6 4.68
g 439 431 3.99 4.14 g 4.24 3.85 3.97 5 43 432 441
o 4 —0 Qg 24
2 2.52 o © °
Qo el Qo
£ S22 a08 S2 429
= 0 0 0 = 0 0 = 0 0 0
g o g o g o
- OH H 2H 3H - OH 2H 3H - OH H 2H 3H

ion strain: Eli; hkingic i ica ATCC 13253 * Inoculation strain: Pseudomonas aeruginosa ATCC 27853 * Inoculation strain: Klebsiella pneumonia ATCC BAA-1705

. .0 G

Acinetobacter baumannii L
I =@ Control ==@=Bio-Kil
S 6 5.12 5.06 5.11 5.3
g —o
3
g4
el

4.76

g2
< 0 0 0
W 0
- OH 1H 2H 3H
* Inoculation strain: Acinetobacter baumannii ATCC BAA-1605

BN FAEMWPhEZESSEEZNEEY
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160 BEbE R H 2
EER 0~3 NEEZF > BEHGH

T log 14 3.78 (¥ 1.67%x 10" Cells/
mgui oA EEAERKER
o HAARBMTT R B 1 A
%%’ﬁ%é%ﬁ%ﬁwﬁiﬁi
& (H %% < 1 CFU/plate) > L &1
{5 R % 37~53 2H (k—) &KX
7 1SO 22196 B MW R =2 Bk
JEHE RERMAWEEZWERR
(AR R = Ut-At) o % 8% 15 7
0 NEFZHER > EWMKEEE REK

FORD RN PRI SK

A8 EHKEWHERMENAOS
TR AR E R ER KGR
FRERERRBEAEHKENE
(k—)°

T EXRRMpEEERSERZ
IV EE
BAREHNHRELBEX

PAT 7 % S EAL B3R A A B BLAT I

Bl BIERHEREREFEE 1D

BZREER GR= %kZ)  HHE

*°- TEHRKEFEREE
Total counts (CFU/cmz)
Group Bio-Kil® antimicrobial pad (Bio-Kil Hypochlorite solution (Control)
Sampling time 08:30 10:30 12:30 14:30 16:30 08:30 12:30 16:30
109/10/05 4.94 1.68 5.26 2.10 1.96 23.76 2.06 1.36
109/10/07 5.72 2.88 0.42 0.26 2.10 4.20 1.08 1.50
109/10/12 4.54 0.86 7.92 1.26 1.38 4.10 0.64 2.80
109/10/14 1.46 5.70 0.24 1.64 9.92* 16.90 2.78 4.04
109/10/19 5.40 3.30 20.76* 2.28 0.80 14.86 0.40 0.94
109/10/21 8.24 2.42 0.10 1.38 2.40 1.76 3.36 1.10
109/10/26 6.22 2.20 0.36 4.54 0.32 3.34 2.08 7.06
109/10/28 2.18 0.64 1.36 1.58 0.56 104.00* 4.10 1.60
109/11/02 112.00* 7.24 0.54 1.06 11.66* 2.82 2.46 3.12
109/11/04 6.68 2.22 6.66 2.46 0.90 5.26 0.60 0.02
109/11/09 6.38 3.80 0.14 0.66 0.08 1.76 0.44 2.28
109/11/10 3.96 0.36 0.48 0.02 1.18 15.40 3.58 0.86
109/11/16 4.48 1.00 1.24 0.34 3.54 5.88 1.32 0.86
109/11/18 8.02 12.50* 4.30 1.80 2.42 5.26 0.76 5.24
109/11/23 4.00 2.04 0.38 0.88 1.70 2.98 0.56 0.26
109/11/25 1.22 4.66 0.60 0.58 0.30 5.56 0.74 0.46
109/11/30 4.42 7.82 0.12 1.22 0.46 4.68 3.88 0.40
109/12/02 3.36 0.44 3.70 0.98 4.38 3.48 0.78 0.10
109/12/07 5.30 3.40 0.48 2.44 3.44 2.88 0.80 1.08
109/12/09 0.12 2.74 1.76 1.76 0.30 15.16 2.68 3.56
109/12/14 8.26 1.22 0.40 0.58 0.82 3.12 0.42 0.32
109/12/16 1.68 1.72 1.84 0.32 0.40 1.22 0.36 0.02
109/12/21 5.60 1.68 1.60 8.58 0.20 5.24 0.82 1.18
109/12/23 2.12 4.28 0.04 0.90 0.70 9.58 3.32 2.90
109/12/28 6.46 10.14* 1.92 0.20 0.10 5.76 1.94 0.14
109/12/30 3.46 3.60 0.18 2.90 0.92 3.64 0.30 0.08
Samples counts(n) 25 24 25 26 24 25 26 26

* Exclude extreme values after calculating with Z posttest. The extreme values are not included in the number of

samples.
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K= REERIRR (IR MEKRINPEER (RARHE) 2 REZFEALLER

Hypochlorite solution (Control)

nano antimicrobial pad (Bio-Kil)

Quantity n=25 n=>52
Reaction Overnight 1h
Test period 2020/10/1~2020/12/31

Average
5 6.7 1.7
(CFU/cm”)
Clean levels  Ratio (numbers of the level /the
(CFU/em’) total numbers, %)
<25 12.0% 73.1%
2.5~50 40.0% 23.1%
>5.0 48.0% 3.8%

Quantity n=25 n =49
Reaction Overnight 1h
Test period 2020/10/1~2020/12/31

Average
5 4.6 1.5
(CFU/cm”)
Clean levels Ratio (numbers of the level /the
(CFU/em’) total numbers, %)
<25 24.0% 83.7%
2.5~50 32.0% 10.2%
>5.0 44.0% 6.1%

BMRWERET  MATFHERY
kEHEFEIE (< 2.5 CFU/em’) > ¥
AT AR E 88%  BXIMA
% 76% ; FHEBL A A 6.7 CFU/
cm’ ¥ 4.6 CFU/cm’ > WA EBEE
B EBEEELE p=0091)° FH
%N ER > MATHERE A
AEFHE HEBEAHERRAZA
73.1% > XML 83.7% > T3
B#H 4% 7% 1.7 CFU/cm® ¥ 1.5 CFU/
em’ WAEZFRER LEHE 2

H (p=0.655 - fEIUL  BXEMH
RS EAEFRREIREMNE AL
W EERTZRABRMNHEFR
BHEPRRBZMATE R EF
B AR EATAL O 2 ERA
B EATHE k= ZW) - £X
RN K¢ SN B o SR IAN:
WEBE  BRREBAHE 8 ik X
HERFRE BRTFHEL %
7 1.5 CFU/cm® ## 1.6 CFU/cm” ©
HFHB 2 NP E A 2.8 CFU/

RO FARMPLEZRNEERTEFRZREZFLLR

nano antimicrobial pad

Quantity n=25 n=49 n=24 n=26
Reaction Overnight lh 2h 3h
Test period 2020/10/1~2020/12/31
Average (CFU/cm’) 4.6 1.5 2.8 1.6
Clean levels (CFU/cm®) Ratio (numbers of the level /the total numbers, %)
<25 24.0% 83.7% 54.2% 88.5%
2.5-50 32.0% 10.2% 33.3% 7.7%
>50 44.0% 6.1% 12.5% 3.8%
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em’ > KIS HFHAZ  BEIIH
BRE - R ARSFIENES
BEASK BEEHRSFEHRES
(BE) - EHE > TH 10~11 B
ZE5BRHHEEELAZEHE K%
80 ) > 12~13 BBt ~ 14~15 B Et
16~17 B B #1% 50~60 #H 1 - v HE2E
HLEFBHEBRARERRTFHE -
HAVLEER - I 10~11 BFEAR
BN T EHEK 2 DHFZTIYE B
B BEWmIL  ARBMTEEEE

BB FR B I ZOKB IR R IR

RIHR 1N 3 0N B B A et
HBEZZE p=0734) EHFHE
REBER > HAKRTAREF K%
REBEI  BREMHZREET
ERBEMFHAERREE 3 Mgl E
(kM) °
EHEARERERREE
BEIAEZ— SORHAHMZREM
Wik IRAL A 2 BE B R 2 HEH
FREEHE (E-A) EAFELZEH
(El~B) > LLBLE 7 KB ATAL 7
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WA FEAEEN - BB #r - &
FEARABREE B ZELZ LR HE
FOKE ETRERERY - kBRI
ZHEBILT K - BXNABRTHE
ﬁﬁ‘bgéﬁ\ﬁﬁ"#’wﬁﬂ—@'l #ERT
€ B R DL - AR AR AR Y
MRAFORLET  HRAEBFELL
R UELBERXTHEEHFMES 3
B R 21 R 24 0 B0 A R T34
‘E22 LT - MBILRFELERET
T t% - B w25 K 0 I % 8 JE o 7 U
MEBNHEFRMNEZFERKE 3 E
f] °
ARG T & Z test HEFR
ezt (B=) BIE&RES
A o A s {8 3 Ak o R IR VT BB R AR B 2R
FEHBEEZRAX  TRREAGFH
ZEEEE BB ERERKERN
BRBEBERBERT 7 EEH
ZoHRAEAZARERSTH
REEX - M E o EABENE > RN
0 Y e B AT o (8 LA 38 B sn (B B
FRATFHERZRE -

SRE

RHEEE (Fomite-mediated
transmission) T B A LR EWEE
REAMEHFE AR L EHEE
REHRIETZETFZLER - Bk
FERFAZE AEALS S. aureus ~
E. faecalis ~ E. coli ~ K. pneumoniae ~
P. aeruginosa ~ A. baumannii ~ E.
meningoseptica [18] ° £ 2017 FH#t F
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A 4L B (WHO) M E BHEE T - A.
baumannii ~ P. aeruginosa ~ E. coli ~ K
pneumoniae ~ S. aureus ~ E. faecalis ¥}
SRPAFTENEN  ERERKA
ZEHEBIE - Bk AHEUKT
PO B o — 2 R AT I R —
EHRFREFHEHILRE R TR
BZT7 ik RARTEAE % R R B OR
Sz ERmR -~ - FHEEEE
BREITZHEENEBRZLEE -

WP R DKM R EEH
bt 7 EE RBURERENILE E R
RopRKEMBTEEBERESY - &
Jil — 1 7 A0 ) 1 BUIK W 55 UK F
Bl —HREEWE - R EE SR
P. aeruginosa %5 B e I M R 85L&
¥ (QACs) [19] - [ 3h 7 ¥ & Fl L %
AER QACs T~ & R#E 4 o ABAK
ZHHEERABRER  THEZEN
REHERERKEEE - S RN
Wi 8 JBAE 1 /)Ne BY R] R 2R AR AT R
RABORE (B W) - shoh > BESH P
aeruginosa TN R B RIFIHE EME R >
387 %k—) MHFBEBHEHRED 7x10°
Cells /mL ° Z 38 % 3 % By 7 T 17 40
RRIRRE TR AR - 38 AR
HMPER MR HEY - FEFE
RERWEFXET REHE 5 CFU/
em’ s WA 25 om® Z & R B ik
JE - EWIKEHEERRE AT 2
BEEHH R=43) BRINHN 3 TS
FHEB R=25) " BEKXZMHEE
JEA0 &R T R A o MEAHTA
FREF N BAALL  ARIMEN
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JR TR 3 o e BB O BRI LM R AT
HRA o AR KBS R 4% i
#mpE 1B B R B
AR [20] o BRI P E W E &
MRes b R RIMEATRE KWy
BRERR O THEZBRKESRERTW
MEWE K21 -

AR FHERXRE R KAR
WAER  BERETIBRKAEE E
EEEMERMME T8 2/ 0 %A
HET 2 DNEER—KZIEE - KR
TR ARBE M EEBEERKE
B E - HILBATREIATES -
FHEBE3IMEA - RERTH > BX
WATALE W BUAT IR AT - ST AR S AR DAY
FEmE (p <005 ERXEuma
W KB - TR R R R
MBk - "TIRR, REFHELY
B LT 2 NENEE R BT
HEZENT KR (kD) > BREKMA
FIH 3 N BRI 1 N
Bl (kM) Z>KRFEMAAE 318 A H 2
HRERE IR EE - BRI
b 7 [ e P 9 A VO A R 2k A K (]
Neomtk o RMENEEFRER LK
HHO BRI 18 NEFHE & - B
B BE N L B R Bh o RT AR VRS2 A A
BMAG LR E S HEWNFE N
TR o Gl bk - XA
RN FEER > RTEBBATH
BzERRY  BHEEFREEFA
B E T E o B AW 2 AE R AR B SR
FEANMARBAY R T EFEE
[15-16] » Bk H AR A R AT H A0 447 3%

PUBE AR AR ST

AR A BEEHERARAE
EWEGE  TERABE LTS
RAWBMAREBHEFRE &
HARSZFHERIBERELER
(B7) - EF@EHHILT @ & &1
FRBATAL Y F HER > 7T — B
TRFHAR G 2 N 1 REHA 3 b
1R FefiRBEER AR
RIEWERARTINE EREEHN -
REBHSITHEDHHEI K K
RGBT 8 B W AR
U B 2 WY AR E - EEAE 2021
FAHNEERELERR  BEEME
WA AT R s B - Wk E
BHREEARENDE  REFEHA
EWHETENREE °

R - B A K BT E e oy 30
W 2 EAE > BEHET W
S BB A AR KRB o b B R AR
FHRRRPRWERE  HEMER
e 7o BREALZIHEAEE
B o Al A 5 KB B e 7 T
R e wE LR RBHAL
EHRNEEET (ENA) - Hik
BPEfE R R EE E e - REAE
AETLENEHRKEFE > LHHF
TR FHH AR - A AERS
o ERREARENE R FERE

&35 BT Z R R I ©
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JBE 6 7 240 ) B T BRI 0 H BRI
Ao TIERIE R KB B R R R
BIREMIEELE 3 N REHNE
BT EFREREF  FoRFH
T R—RFREEER 3 EAK
HEBRRTAE R TR - MR K
ARNBERHE METEEERFE
B REARNRAME - 28X
FATAL 7% K AR R By BE Kk o T
EEWNE > URKEMHEEBESLE
BT A AR B A R IR
BHWFE  HARKEREAEMW
FHAE MR BEAEANR
R S EEREENES  EW
TR SRR o
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Cleanliness verification of nano
antibacterial pads used in hospitals

Hui-Lan Chang', Yi-Yun Chang', Kun-Ming Wei’, Hui-Ling Huang’, Fang-Yu Huang®,
Huei-Wen Lai', Yu-Lin Lee’

'Center of Infection Prevention and Control,
*Logistics Department,
*Division of Environmental Hygiene,
‘Department of Engineering & Construction,

*Division of Infectious Diseases, Changhua Christian Hospital, Changhua, Taiwan

Elevators are transport hubs for infection control in both healthcare and office
buildings. If not regularly cleaned or disinfected, elevators and press buttons may
easily become breeding grounds for microbes and sources of infections. The use of
surface antimicrobial products with long-lasting effects is expected to prevent the
spread of undesirable microbes.

This research was conducted in a medical center located in central Taiwan
from October Ist to December 31st, 2020, to investigate the protectiveness and
sustainability of nano antimicrobial pads in laboratory and field experiments. The
test article was the “nano antimicrobial pad,” which was manufactured based on
nanotechnology and catalyst knowledge using organic quaternary ammonium
compounds. The results demonstrate the following: (1) the nano antimicrobial pad
was proven to effectively eliminate common pathogens such as Staphylococcus
aureus, Escherichia coli, Enterococcus faecalis, Elizabethkingia meningoseptica,
Pseudomonas aeruginosa, Klebsiella pneumoniae, and Acinetobacter baumannii
under laboratory conditions; and (2) due to the sustained antimicrobial activity of
the nano pads, the surface of the elevator press buttons that were pad-protected but
not cleaned for three hours generated a colony count result within the acceptable
cleanliness range (< 2.5 CFU/cm’). The nano antimicrobial pad continued to exert
its antimicrobial effects for three months.

These findings suggest that nano antimicrobial pads can be an effective and
long-lasting method to eliminate common pathogens in the hospital environment,

HhEERE 111 42 6 HEE =+ %=1
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and their protective effect against microbes is comparable to that of using
disinfectants to clean the surface. The housekeeping personnel at the hospital may
redesign the working process to incorporate nano antimicrobial pads. However, the
training and compliance of housekeeping personnel must be enforced.

Key words:  Elevator, physical antibacterial, self-disinfecting surfaces, cleanliness
inspection
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AGES P FARR CBRTHY S BRARDEEH
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Bl & A2 = R % SARS-CoV-2 ik A 8K

HITAHRAEZER  RATWERL

COVID-19 ZHEELS R T H HEH 8.6% WA EME KE (95%

AKX FEREBREBWILRRAT Cl4.7~152%) » HHEWTHETNAEZ

(silent pandemic) A1 4¢ RAZEL[1] ° AR R MBIRMARVMEREAD %

BRITWAAA AL > AT BE2] o TR BB - HEYLE AR

RE114%3 A1 0B%H EAMMEE : A

RE 111454 A21 HEZHR AAHMIE : FIWT WA BRI = B3255

48 E 5 0 (02)87927257
DOI: 10.6526/1CJ.202206_32(3).0003
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BEl T S 3R 9% T W R S K A B A B R
KNIGHEHE (Escherichia coli) ~ & # &
HEHBHE (Staphylococcus aureus) ~ Jif
R EMWE (Klebsiella pneumoniae) ~
iR - = (Streptococcus
pneumoniae) > MK T #ERE
(Acinetobacter baumannii) R % JBF% &
(Pseudomonas aeruginosa) ° VI EEAE
WE TR Y 8 BE T (attributable
deaths) 8] 73.4% [3] °

WA A LRE (4] > &R
B [5.61 B & B 3% o 0 [7.8]% R
Elizabethkingia species %] 7% B #
B BRI WANIEME (intrinsic)
LEHBERE A > 15 B -lactams
carbapenems ~ f -lactam/ § -lactamase
inhibitor ~ aminoglycosides * # Z &
tigecycline & colistin % 1% 4 Z ¥y &
B MEARNAEFHERIEREE K
AEHWEERO - AHERT#
MAERERRE  BMACEmEL
FEHRAEERAARERE - WRHAF
H-kF o URBETHEERIE
7% O EEHETHEL HEREK
WEE  CREEERTBERGENE
BokEWNE  BABRTFERERARE
REBIAERZI  THRERERLMN
HILLERBRE RS > Bl - &
[10] °

= % e Sk

"AEEE 23|71 COVID-19
RSBy o T TR E AT IR B

REBAR B REZ—  HT L2
ML EVEREE - EFE R CHH
BHEBEE NI AETRY > AEHW
ERFAHERNTEE  HF - &H
WE % TREEAREME  TEREE
JRAE R W RTATIL11,12] RV - B2
SENERMERE A AREBF
B3R toaw o~ EA KA BEE
[13] °

A CEFRAZHRETREK
Bramakmare  REEUFENET
(virulence factor) ~ 3% W B 4~ ¥ 2 % i
(capsule) RAMNEE B BHLR T X
B % R LAY & A2 (bioinformatics)
FrFEGERERRE RSB
FEAMRKORGERTNEA
% ZFEETHFHRAA14,15] - T
CRR% &L V&AL gk
o ORBRIAEB T -

ER - ZAEETEEERFAM
B RTSE T ST B IR ik B - fldw - fp
#EHOORE S BRERAR S AT
R A SRR TFWMRAF o w0 RN
MRERERRNE THRITEEAN
BERAR  EEH LG AR GRS
D& - AR ERITNIERTRE
BIRAE -

ko SEVNENEENEE W
SGRBLET K REEZE CDC 4
B BERHN 280 ELERENME
RE:E% BERATD  EHEHAR
T At R B R R K - B E R
MATEREG > AMRBBERREFAE
ME X ABRHBENGHELRERAE
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B. Complement-Dependent C. Antibody-Dependent Cell

virulence factor Cytotoxicity Cytotoxicity
hHANFEITENEF IR EREVE mig kB MR SRIER
C3b receptor '
mAbs \—
Neutralization =2 C Granz:rfmt? and
,/ 01% )Phagucylosis FCyRIllg ~— = opeoo'r R
Inhiobition — - e ® 9
// 9 =7 7 : J
- -~
f{ Cytotoxicity,

D. Antibody-Dependent

E. Antibody-antibiotic

F. Inhibition of biofilm

Phagocytosis conjugate formation
R EEER mE-MESESY PEL /22 8% = YD RS BN
# A
N

Opsonization

Biofilm disrution

— ERBEEENEES

Monoclonal Antibody: Mechanisms of Action Against Bacterial Infection

MM ERI - A EBER - Bl
g ie A B (monoclonal
antibody, mAbs) » HF € B TAATH
#iE[13,16] °

EX-HRHEE  THEELRYE
BMARE A -

it stHEM S ENENL 4
WHRE BRITEHHENERLER
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MEERNERERER

DETHEHHFLZREEFR
T H mAbs R ERAE G H -
ShAE A E B B E R Rk R R
[17] * #1H mAbs EAH ER I T -
BRBIE18] - EASH > MEHKE
BEEA YR ER - mAbs JE R
RARREERRERNFERE 28
Ko HERILE R - mAbs JE R R
HEmRAUTES (1) F—NHF-
BRETRLEHEME > 2 ®2K
B ERBEEEERTZEEN ()
AP A £ 1 A (antibody-antibiotic
conjugates M- LHEEHEY) -
BB EREEZENRR A (selective
pressure) [20] 5 (4) FMMEF T - 4
scFv (single-chain variable fragment) &
MEREERBIBEREARIE (full
human antibody) * ¥] {Z i mAbs HJ
fAREENE  BRABES KB
# R & (human anti-chimeric antibody
response, HACA) B [#[21.22]; (5) ¥#
FHBRK LB2RIAEFRAZR
A B BEREHRR23]; (6) &
ERENRKT > THEITEES
mAbs 11 6 B 2% 42 [24] °

k— > BEHEBERA B AL
(ClinicalTrials.gov) &L 8 & " L H B &%
MEEmEERARBRE , WP TH
%3 HUWAE mAbs WEEAZN Z
BR/FENHT WENER FIE
HAH) mERTREEEKIE
EH > AVBERBHETHEDRE T

% FBLHETEENRE L@l B
KAV A R - F 47 (neutralize) # %
KA R E LTS FAE
fE F| (opsonophagocytosis) % #, /% 3
BT AE o W H AL E mAbs LIF B EH
B FMEEWRR A EENTE
W 5 %A [18] °

BRI EHE mAbs EW N E
Bl RTEAVANRREBYER
WYL R JEAZ B (Bacillus anthracis)
% Z Raxibacumab & Obiltoxaximab
Z4 o BREA B R E R
= RN E R R E B EEERAK
ME (Clostridium difficile) & 3¢t
Bezlotoxumab (Zinplava) [25] ° 2016
F % B FDA BEMLER R 18 R
P EEREEIWAERTERERZG AR
AR (WERERBEIEZF - &Y
EREBRMHE REZEHFM
#) > Bezlotoxumab & # Human IgG1
mAbs * LEWEWEREE C. difficile
M Toxin B » F 1K % R HIGE W
BHHERBD B R - mAbs EEE C.
difficile W 3h & B - B HBA B 40
W mAbs B RAHER (k—) o b
VR mAbs WHREH 11 L HALAHE
A % R & E (mAbs cocktails)
BH SR AL E (epitope) @ K
MO UERBZENES PR -
GBROWRALERAL — - FIHR
HZEBAEMEANTEESEL -
F b F — R R E £ o 2 TR R A B
WEAS c B SERALE M
DREE L wy vy fr kg - LR RE
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BELRRRBNME £ H X
P& % EVEE WE £[26] ° Z{EH
HE mAbs B H R E IR LB 4 2 1F
Ruvae > ERAMAERRER
BRRBREE SR - WS Z > Bk
NERENERER 2R LEHE
B HHEEEEELRER > B
BRRBMERS]

MEERMISEREA R RIRRE

®% mAbs WERBREESL E
MEWRMELERELEERNEDBEN
MAERR  EBEREMEFBLRF S
B -wvx BEZTARMLEKRN
B MR EAL HACA RJE - &
BUERBEIR[17] © K - mAbs AT %
WAZH > A¥ AR THEENEZH
B EhhEsN2E R ERE
B AHEGEHERRIAEE
— AT E—BREREHRE K
FEFE - R ERE T mAbs HH 3K
W oo e R 4 BARE (Pseudomonas
aeruginosa) % =Mk R # (T3SS)
E Y PerV By KBOO1 » ¥] i Th A% A
| "% 25 A P. aeruginosa B 3%
MR BAEE  HBEZIBEREE
B AL (cystic fibrosis) /A R %
WL E]27] - B - GERTINEE
BEHAZAHAZN  ERBEHEE
KWHEH A E (masked) * HET
%% mAbs FER o H K - S BEHE
H i F A (serotype) Z £ & - 7] fE
B =W E — mAbs FT1Z #7[28] ° 2013
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FoohEBRAAEH - —HEEHE I
B 45 # PNAG (B -1-6-linked poly-N-
acetyl-d-glucosamine) * & & & <F By %k
HAAED IS EULERESR  2&%
MG BEEE BERFLS
% HEFRBWAT FUHRAEY
JEL T R BRI (29]  thAPT 3% 1 &5 ZER AL
(deacetylation) ] A T4 & PNAG fE
BIR > BREEFE MW 1gGl mAbs
(F598) - BEEBIY B B 38 F K
LA AE R 4[29,30] - (2178
B = R R KB 0 B R17] o

wH o W EEE RILA R ATE
WEEEE HERERETEERRE
BB RR I TG E AT R
AW mAbs FEFZ M BT E B
BRI E - BRE RS - EAAM
MEREUHLER  EHZRRY
PR R RE -

4 EFrIt - M3 mAbs B % -
BEREEMIEZMNER  ERAN
MY R B AR YR R R B R AR P
FEAER - mEESEN mAbs B
EXRENEFRNBERESLE - A
BAEM BRI 40 IR BG4 o B
B AEHAESEER  WEANE
A E BN  EEAYEAERF AR
FRUW P A o T BERMH T F AN
AFHE R > mAbs B E 8 E KT
BAOHIEEE BN THEABRD R X
BWEERY o Bk BEEALHR
PR > b3 mAbs TR H I
EUEMRWERERRENEE - @&
EHMA TELER  Ea2ERML
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AR Rt - BT L E B R
%zmﬁﬁ%%%%%%ﬁﬁ%ﬁﬂ
o DL3R R R B ER R AT R A R Y
AEE  BABRZEHWMRE=Z AR
T B 6 F EE R 40 mAbs 77
SEAILE mAbs HH A EATLE FIW
HLES o LR RH R WS
H o BAMAILE mAbs KR HE
ERR—HTE-
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Fighting multi-drug resistant bacteria in a
post-antibiotic era: the promising strategy
of antibacterial monoclonal antibodies

Ming-Hsien Chiang', Yi-Ping Chuang’, Xiao-Chun Chen’, Te-Yu Lin’, Ya-Sung Yang’

'Department and Graduate Institute of Biology and Anatomy,
*Department and Graduate Institute of Microbiology and Immunology, National Defense Medical Center,
*Division of Infectious Diseases and Tropical Medicine, Department of Internal Medicine,

Tri-Service General Hospital, National Defense Medical Center, Taipei, Taiwan

The impact of COVID-19 on antimicrobial resistance has become an issue of
interest because of inappropriate antibiotic use in patients infected with SARS-
CoV-2 for suspected bacterial infections. Antimicrobial resistance is a silent
pandemic with disastrous consequences. Under these circumstances, multi-drug
resistant (MDR) bacterial nosocomial infections have induced a higher mortality
rate in patients and have persistently spread in hospital environments. Therefore,
infection control practices, antimicrobial stewardship, new antibiotics, or other
approaches to antimicrobial agents are urgently needed. Monoclonal antibodies
(mAbs) have recently been introduced as a promising therapeutic strategy for
combating MDR bacteria. In this review, we present the development strategies and
future perspectives for mAbs.

Key words:  Antibiotic, resistance, monoclonal antibody, infection
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BRESHENELRZ ORAEREZERR  ERBEEBIILNE LR
%W’ *=*ﬁEEﬁH\E_IJﬁi¥E’J'I K273 F 1E|E' EI]@EﬁHHI?ziH—.rEﬂ}TQEPE'JF 58

°'L|3/Jjj\m %Eﬁ,u" fEEU'%‘%{—%?ﬂﬁ%EETﬁiH ERE %Bﬂl%& ZSSZ
EHRLRES T BB URIAREEYNER - BUREEENEMEIIMKE Eﬁ’”
RIEMZEMEBGE - IRIDNEY) SR BITHTE D EY)IRIZERR - FHEECE]
EELARBREARIERNERERIZEEANTBELRE E@ﬁi’lﬁﬁﬂ&m?ﬂ%
YDieBRR IS HT R 5 BIE R0 o ( BRIEHESE 2022:32:179-189 )

FlEES : ARRRRZAE - BERENEMTKE « NETES

£ EPCBEAT MR ZMEES

[l

Al

H 20,345 B o FHEF 2 B H AT &
RHERRABRZETRER S CRRAREETRREREENR
REEHRAE  GEBF P RTURFE 8o BRI E B F R (highly
RFZE 1984 FHDH > 2HhZ active antiretroviral therapy, HAART
FHw e MBFEERFEHNENARE 3, combination antiretroviral therapy,
o ABRBEARFREERE 110 £ CART) - 5 #% " BREERE 1 > 1997
12 AE B AH 42,263 7 A B 3518 FHRHHEEREGEBMEN  -H4E4E
RE1L14E3 A1 BRHE HAAEH - METF
RE111F4 A21 HEZHK AL & LT W B T B = B325 R

L E3E  (02) 8792-7257
DOI: 10.6526/I1CJ.202206_32(3).0004
HERE 111 4 6 HEE =+ &=
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YEZRWEBHEREFEREY > UERF
BRERNTERFREE LR R Z
& (plasma HIV RNA load, PVL) ~ &
% CD4 M ERE - KIEEERER
ARk R T R S A B R M R S
(opportunistic infections) £ 3% 1= #Y J&
f o b ELR D Bk R R o

HA RN GERHIV REHEY
SAHTHEKREN

— B EH®RE KBNS
#| (nucleoside reverse-transcriptase
inhibitors, NRTIs) - {1 {F &l %2 DNA
$% ) terminators * 1 %% & 1Y RNA
genome R ¥ 4% it % DNA - T 5 72
R ABERY (life cycle) #F#1%
B4 & B 05 BE o

=~ R H B R B A
(non-nucleoside reverse-transcriptase
inhibitors, NNRTIs) » & % 4% 4% B 4%
AL R BRI RS e
1% % R ¥4 4% (reverse transcription) #%
T KEN RNA B4 % DNA > #
FIREAROEET —RNRF
RNA -

ZEABWH B (protease
inhibitors, PIs) * LB ERFNE
H B (protease) * & H B 30 ft 7 31 &
% B & B 8 (precursor protein) (gag £
gag-pol) » & B B4 % B % F BA
W 4% (inner core) Af & ) B % & 7% %
ﬁjz o

M~ % N\ B30 %) % (integrase
strand transfer inhibitors, INSTIs) © £
BRI A T RRFELREN

B g1 o T I0 H B R F W cDNA
A EAF M DNA -

@A WH E (fusion
inhibitors) - * B F fl 7 fL ok & % )%
FENHEZHME CD4 HEXK o

BRIt R KGR ERERE
ERH S LBEYNE—FNR T A
b BRIEZRELZENERE > T Y
REREEHBE IR 2MEA%
RYRBEEOeBMENTREERT
BoMBOEAK MEFREES
1K 7 50 copies/ml > W RERE 6 1H
A% REEMRAIGS FEYEE
RART 3 BE SRR &R
REEHANRE R EER - ER
BEESEYS  hWEHREENE
REARNARA ey E LS
Yoo BB - BR R BB R W R B R B E
M AR A RENFARALR > —
BT R A BEY B AT B
JER W RE - FH - BEEALETD
1B RKI o AR B R B AT
A RE KA

— I RAREERNETE : BE
NEAE P Wy A BHIE (o Rk E B R
RS  HEANER) B
HEZER FRT BT R L thit e
NHEEE PR R MBRARERR
FEY  MREEWNE R f] &%
W BABRBRMAREES o

Z RUKREWAHABEE &
B A 2R 38 2 W 90 28 Ve R B 2 B AR
REAMBENRENL ZHWERL
B BENERNTRRFE °
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= REREAFRYIRIT R E
FOTHENBENGNE BURK
B TEENRRERR H
MEFENBERBNFEM  HRER
FENTHEBWER 7 (WE—RHE
PR B A% # B R S5 Bl 307 1) | Y V6 A
BEEBEERAREHREY T - —
RRBHR—EHREN) THEKER
AL BRAWER R ZE TR
(BERK)  HE Y oA L AF R
BTRRIE RRFHEFREF -

WA= —REEREILENE
—REMH R ERT BRI HEEN
REER  HOTURE B T 2R F
R £ N BYE > RRRERERER
RENGFEREEERABRRER -
B ERRABEWERLT  “THREZ
REREEERE  RARKT TR
RRBEYRLRSEZ  RETH
BEENTARAER RFH® - B
HERRFRWELE  SHEEFEN
WRFEEER T2 HIE  EWHRE
WYERERWBR - EREN R
LHEWRFRNELR  GH M
BEBRERREENEREREFRNR
1T o T 35 4 B0 4B S0 B 1R B R AT R
RURA - R BN
P — A 2B T 28 M R 2 PR PR 3 B
AbBZ - ERENZEZLAERKH
o BEARETRINZ2BATA
1 ik AL B8 VR bk o 1 4R SRRLAT
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MEERIRE

HIV REEREHE N RGN
REMER  EHEREABRTERE
BAL[2] - WM FREKISEWN
REBAEZIRG  AWERTREN
LHN0B] EEMESERF AW
RBEMELAERNNR K27
EOHE WAL S A AT R 4R
B ROBRKAE LR R
AERAMAERE > MERTRAEE
WEYHEN - RENLERF KT
—fE

S BE (Acquired resistance)
EREERBREZREFZNT
BB HIVAHEBEETR - B&U
BEEREERREER SRS R
ZERARBETRE - HIV Fi#E €%
AEBHTFBEB LM ETE L
R FENRLREFPERAHER
R ERN R B ERES (fitness
advantage) > RHET R EMELEH
W EEREFK, (dominate quasi-
species) * i A 4k 4 Bl 912 0 B Y
ARTMERLE  EEAERERER
BACH B S8 A B AT HIE (acquired

resistance) [4] °

ERREINZE (transmitted resistance)
T — RN UL B R S AT R

R HIV RENARNEN  BA

3% W12 (transmitted resistance) ©
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MmEEYNEERIERKE

— ~ B PR BRI F % B HD U B
(NRTIs) B9 ZEM
Nucleoside analogues #

nucleotide analogues £ ¥ X #5 4% & 1

FH1E % # DNA B A ik o & cellular

kinases # ® 1t (phosphorylation) Z

% BRBEAYLHREGERNR

# DNA Wil fisasdd - B AR LE

YW Z 3’ hydroxyl group * % %8 4}

B nucleotides fig %7 & & £ ¥ > 2k

G4 JF 3 DNA WA R ° HIV # 35

WEWEHZEUERTRET RS -

B L Y analogue fm A DNA i

R A B2kt DNA 884 % b

analogue [5-6] °
1. B3E L E MY analogue f A\

DNA 42 :

R B 5% e w4 B B

R EEREE FHEEEHE

R ¥ 4% 8 A% analogue % A\ DNA )

B BRI RIBENNE L -

EEAREAHE MI184V > Q151IM

complex ~ L & K65R Wy R# o

M184V R M % 5 i fim 58 3 7l fe

71 (discrimination) ° jw 5% ¥% 5 & /7

(discrimination) W B X X8 €E K

B ELEEART RANR &M

B (deoxynucleotides) * J& 7> NRTI =

B ® B (NRT I - t r ipho spha te) # A\

Z DNA B8 F - M184V RE 45

ER BN E 184 KA valine AL

X JE K 8] methionine » M184V % %

€ 5| 22 ¥ lamivudine 2 emtricitabine
HE B8 > H abacavir R
WEN  ExeEREH tenofovir
alafenamide (TAF), tenofovir disoproxil
fumarate (TDF) * & zidovudine ] #5
B E (hypersensitivity) [7] ° T Q151M
complex WREHFEBAREH
stavudine (d4T) ¥ didanosine (ddI) &
Y& RRABRINAEA - K6SR
REeWERABHARAELE

K65R WEFHRE > ARE¥ AR
# % nucleoside B & nucleotide
analogues R XK WK/ A
o REEREFTFEH tenofovir
disoproxil fumarate (TDF) =, abacavir
(ABC) W% 5 ¥ T zidovudine
(AZT ; ZDV) L4k K# 4 analogues
LB R -

2. % terminated DNA chain 7%
% analogue :

—BHEFHE X% (thymidine
analogue mutations, TAMs) 3% B ATP-
%% pyrophosphate {& % * # nucleoside
analogues 1% #& 3% terminated DNA $#
W3 mBRMELEIEN - ATP
2% pyrophosphate * thymidine
analogue % # 1% 1y X ¥ $% B 1T £ ¥ 1
#NEF|# AT & A analogue HHTT o
ZEE{EALE » ATP % =& pyrophosphate
e 47 X B FE & analogue 1 DNA B
phosphodiester %% > # i analogue
Wbk o TAMs BtAREERAT
41 zidovudine (ZDV) ~ stavudine °
EIANZREC R N e & X AN
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=B % 1# ) TDF ~ abacavir ¢

didanosine [8] °

— -~ BIEE B EL 7 45 &% HD B

(NNRTIs) B931 8814

NNRTIs B % % 1F & X #
$% B (reverse transcriptase) E -
NNRTIs # & K ¥ 4% B B 0 57k & 3%,
(hydrophobic pocket) @ # & % 74 % B
FHshee > BHERFHEIRKER
WA EETY AR R FELOE HIV B B[9] » #F
% % — 1 NNRTI Y ERZHEL T
B E8AK > FrLAR E NNRTI W HAZ
RAKEEMELETERE  ReHEY
BREERKNBE  GEBRES
RMERTEN - HRTERWEAL
REERRGBE TG ERN
B > Bl Fl B HZ 1 nevirapine
(NVP) o & % — X NNRTI (NVP #
efavirenz) WEER /7 > M AW E
241 % K103N (LA Bk 4 & (% 4)
1 Y181C (Bik& &M N) T RE
WK BHAEAL  FHERNER
HEmEHMUERZES TFTHNRE
TERI[10]

% — 1B NNRTIs BH B E 5
WEBRERE  TREGFEEREILE
F.#) NNTRIs JL28H - ¥ A0 H :
rilpivirine (RPV) » etravirine * LA RPV
A VA KIO3N 2 &HHFE
WBEATHREERE - BT —RW
NNRTIs $ R #6385 09 4 & £ UK
BemBEENE TR BOEE E{EE
Wy % ) v L o

HhEERE 111 42 6 HE =+ %=1

= - BHEABAIHIE (Pls) AUMZEY
E B EE (Pls) %46 % &R
WHE el EoiELA R Gag f1
Gag-Pol B # & B (precursor proteins)
WThae B REaBe e L
F Y E|# A (cleavage process) @ &
BELEBINWARZIZE(] - &
HEMHAB R ELFESLERS
THREZVERBYNREFLERRIE
[12] - —fX T & - & & B0 &) 40 5
EREDHFRFINERE (medium
or high genetic barrier) B Z#7[13] °
# # darunavir/ritonavir (cobicistat) &
W WL R - 2 X lopinavir-
ritonavir * #x %4 & atazanavir °

m -~ ¥iax ABSHIFI B (integrase

inhibitor) A9 &4

W A B30 & B (INSTI) By ZE 1k
F & T#% HIV DNA # A\ 7 £ DNA
[14] - HIV # A 3|7 £ DNA ¥ 17
BMAEY R LMEFEE > W INSTI ¥
AN —ER#PH - Bk HIV i
DNA # & HIV & BBHL TR N\E
F DNA o HIV # A 82 #1288 {8 %
EBmprtEnmEedE 248 Cnmi
BN smEZ BB g QR
3 (catalytic core domain) ZH ik # © K
% B INSTI $L 8 W R 8 3 4 T 1L iz
W AEE R A B R AL B I L [15]
INSTI MEHRESTTUEHFRRED &
R NEE  RMRGEEENR
R o

% — X INSTIs & 12 M o 48
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WRETRE  KEBREBLELEESL
Bguy bl > EEWH HE INSTI &
Ao HNENWELATEE=fAT
BWAE - 4 5% Q148, N155, and
Y143 o TR BV R A B - B
R -RBRE2emMAtNRER
All6] MELRSPERFWHERE
W ELE KB B A E T SR A
MELBEREN KRS -

B I BBk 1 R By =4 INSTI
ZYw o BRE— MKW raltegravir
(RAL) # elvitegravir (EVG) & H
HNZERABRENEERRE L&
HERILENE £ % €% RAL X EVG
ZH R TR ERLT  §X
SEAR MREEARLINENR
W F[17] o INSTI 09 % — R E ¥ —
Dolutegravir (DTG) * H EH % &1 X
HAMERUREGHEERE - B
EEVBNRABCHFAHELS R
EW o T DTG B A 5t INSTI 24
WRE - T AR A B R E
WE o RMERAEAEN A
KEAKEH DTG HERZKRENE
BH 18]

Bictegravir #& dolutegravir [7] %
SRR AmHEMEHA - FAL
AR mmEHIiEREN9] - B K
¥ BT 0 bictegravir ¥ £ INSTI
MERE®RRFEN - EBRHA -
bictegravir ¥ A UL T ¥ 70y B — 18 8%
A HR% (92Q > T97A > Y143C/R
Q148R #1 NI155H) R # RIFWE KT
(RREEETE 2 4) -

BRI ERAIRER TS R

—MEENERREFRN T &
"4 Ak B A A (phenotypic assay)
K H B A A% B (genotypic assay) [20] °
RBEARW M ER BB ENT
ERAMRE O BUENEEARNE
W R Z ¥ E B (drug susceptibility test)
MERRETENNILEN - HEH
AMERRAVNZHR  ETE T &
FRME—SFREED - WIRE
NAONMERZBI MM —E A AR
Y FEAVZEE-REHRER
- HBRGEHRFERERE %0
HERA R o b REENE
AREBEHETEERED EWIENR
FE RABRMMBEERETR > &
BOBETERNERNER - HO 2
BR¥ 0 F MR HIV-1 H 8 B R 4
Wk BB TR A o EEF AW
At RELEEERF T&E > A
HREN BRI REEARE e
b BEHMTRERERNRARE
RuFEaE L WIERTEKR  C
REGEBFLEE AR N ERE

R wmF AR
E 4 PCR (allele-specific PCR) @ B %
[ 40 (single-genome) F7 &8 X & M| F
(ultra-deep sequencing) > == Jfl R 3¢ flr
Bl R AT 48 4 ) 4B B b 0 B D Bk B
MM -  ERAREA Y EBERL
R - EFARME HIV HER
BT #E e stk - Fe HIV R E A

JERAHE I HERE



ST~ Ll 185

B M 7% (GenoSure Archive)
B A R % 4 B DNA K
A% R K KX E F Next Generation
Sequencing (NGS) & M4 EHF A
#EJEUTE HIV /5% Z DNA > Mg
AT mEERmEFEERNEF
[21] °

BRI &R ERERTH = :

a. LKL HIV WEBHK
# & (Stanford University HIV Drug
Resistance Database) : % & # vk 3% fit
AW HIV HEREXERNER
X E B A b R R AR R A A B
A3

b. Bl HIV E& K5 Hfi 36 3
«; ¢ HIV/AIDS R & (National HIV
Clinician Consultation Center: HIV/
AIDS Management) : b 48 35 3% f %
T Bt =T VA SR B R B BT 35 30 B HIV
BRRRBEEFENEZGY - &
EAGEMRERFERRBRURY
HIV £k B R 970 52 00 oA 0 3 o

c. B BB HIV £€ IAS-
USA : #LZ MK X% H I [International
AIDS Society-USA (IAS-USA): Drug
Resistance Mutation Figures]: IAS-
USA € ${ B 37 % A7 i 9 iR 87 HIV 4L
EUNEFREHEE  AEEEREH
BYWRHE - HIV JLE M X% & A
MRS T HHE HIV AERLRS
A B ik 0y B SR o (https:// www.
iasusa.org/resources/hiv-drugresistance-
mutations/)

BRI E A AN A

HhEERE 111 42 6 HE =+ %=1

MW - 7 E ORI R R B IE AR
HER Bl EEAMRRFENR
AWMEAMT EE W HIV KFEHk (F
$mENK)  ERTREZRNED
B RE% TREREUTEEE
I

() REKRERIHAE BB - B0
HWEERD

Q) B REFLER  FAEKRR
FRAARBYMBENEREFH®

(3) RBHEMERT - BY
REEREYNEERIARE (drug
pressure changes) » J A B ¥1 2 7% % T
TBH & KBS A Z ER D FIK
FAYLEE P AR B

4) EEYRAITEE (BE) &
REBWHALT - W ELENTENLR
EhIREUVERE  —HEBREW
FERMWRYT  MERRERXBR
BEHEEFWESNE - B EREA
EREBTERLL R T TE R —
EREEE > WERBRBTTRE#ER
BB R R R N N

L RE AR R BB # BE 5 ZE )

BB
bEZ3

1LERBFAT  HWATEAE
BRAEEAERRANAE BRF
BYEREBEL ST RN
R ZRAEEELWE mFE=
BREHRMEY - S E R
FIRREE 2 -

2. BEFERABE TS RERE



186 R AEARE S AP AN S TIPS Sehi g S/t s e

REBSHBEFHEAE MI84V/I X%

HRFRECERR 3TC & FIC &
ATENE - BE  EHEREEHp
2 H/ P zidovudine 3 tenofovir # 8
RJE > B 3TC & FTC A EEE
FREY N IHIL T HE AZT ~ TDF
B TAF # @ E F o

I 5 Bl A B BT B 3L K65SR
B > f£ %k ¥ Tenofovir DF #7 tenofovir
alafenamide WE ENENR - H
abacavir * emtricitabine * lamivudine
1 stavudine EFFETHEN - W H
zidovudine By SR R E o Elk > 7]
# J& L) 3TC+Zidovudine 2 & - fu
FHBRME=AEEW LR -

BEEHFENEN  XLHTH
WY ] AR E E A 3B (salvage)
FEM—HL  AEGT R B4
PR E R R GBI o MY
ElagBER T ReIRMERRE
WEM LREEFA—EHENERE
B#oRLBAFE  SLBYTRASE
FEHERRBHETHA - Al
efavirenz * nevirapine * £ rilpivirine ;
fn g — & A B0 H A - raltegravir
2 elvitegravir °

4. R B AE VLA R R 3 oy
"HOBMETREREYE SR
B0 M E B R Y 2 B R X
BHEET RN -

5. VB EE B ETERA X
Bu e R K 1P RK 4 BN
MEEFWEMEFHEFE > 1,000
copies/mL AT - LEH Z RR

iy — R E R EAR R AL R’ RS
SRERAN WK - JE M H BR X 6 B T
k& B B w By B
Jil 6 B4 ) AR 6 VO 36 % ok B oy
o TERB KA B BRE
HZ RS ®A (fusion inhibitor)
KB CCRS MBI AR ERE » F
BETHEINGERRA - T/ H
HU AR T B 370 38 45 L AR R 30 9k B 9 4L
ERATREWESAMAHL -

6. 171k 38 Y R BT KR 77 M E &
HFHRBRERFREWEE BT RE
o Bl AR RERTUH/FERR
¥ B> CD4 kB IRE - 3 A
B PR AL 1 R

7. EREWRAREN TR R
AARBEWENWHRE - Flw
etravirine > darunavir * dolutegravir #¢
bictegravir °

8. MR L FHET - B
TR E M (boosted) & & B4 #| H -
T — AR R B B AR AR R B
VI EHRMERR S REHNRE
g o

0. EFEXLMNELH R
WHAT XEHRFEY W
dolutegravir 7 darunavir/ritonavir * &
REWEYRE  FURFEHEE
B BRETWR WTx&H#X—
R LAY H B BOR B 2R
HEH -

10. J ¥ 2 JE 77 2 47 42 NNRTI
+ 2NRTIs #7 %J # KB > fE oy 4L
M) A ¥ NNRTI +/- 3TC + FTC #i
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% ({40 - NNRTI R % +/- M184V/
1> T#HHEM NRTs :128) 0 HR
T Boosted Pl + 2 NRTIs (E) &
—&H %) 5 & INSTI + 2NRTIs (#0
RREF— ﬁ NRTIs 7& 5% 2 H %K
RRANBREERNUEZEEE £ -
#F DTG =% EVG % RAL) ; &
Boosted PI + INSTI #4H &

11. 408 2 R 7 247 1% Boosted
PI+ 2NRTIs # #|5% # & B - & ¥ f&
THRHNEN LA H 3TC f1 FTC
FE (- M184V/I - T4 H H
# NRTIs %) R T RAEF
MEWRA ; ™A —1 boosted PI
+ 2NRTIs (EDERF—FAHK) ; &
INSTI + 2NRTIs (ED EH —HEHK)
(W E R A —4 NRTIs £ R2HK
RRANBREERNEZEEE & -
#f DTG =% EVG % RAL) ; &%
Boosted PI + INSTI

12. 4% 38 B 7 B4 ¥ 3F INSTI
+ 2NRTIs &K #F KB - TR H9 4
WM A 3TC &% FTC (il > R A
MI184V/I - % H # H th NRTIs #1%)
R ILH INSTI JLEE % 5 #T R TR #
Boosted PI + 2 NRTIs (EVE—HH
%) ; & DTG + 2NRTIs (E ) E—f&
F ) 5 3 Boosted PI + INSTI

= EE
HIV WM ER—HEBEE LN

%ﬁ l%@%%% LB T [/ By
Bi o BEENBERWREEERZY L
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BER R #EWERFEHATRE
FEHRFEMN - BEREEERIN S
B BEAEIREEM M (assessing
adherence) fAZ it % ¥ (medication
tolerability) VAR 771t ¥] fE 09 Y & A
SR (Pl - Y-8 Y X I AF R &
BY-BMROER) L2 ZEHER
FIW G R T B E - B
BFEZRILERREWHRARS - &
PULEZEE R —REHWERMLE - &
BUHARTAHEEVER 2 EHZR
a0 WIFER 3ERABREBRRAR © T
BAEBFWABERRTF A mE
—‘ﬁ'ﬁ%% F AT RemE £ it

BREBE  RERNEHEZKES
H’Jﬁﬁii‘m?ﬁﬂﬁﬁ/ﬂ' BET - it
Rl RBHENDE o
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A new treatment choice for first-line
antiretroviral treatment failure in HIV-1
infected patients

Te-Yu Lin, Ning-Chi Wang

Division of Infectious Diseases and Tropical Medicine, Department of Internal Medicine,

Tri-Service General Hospital, National Defense Medical Center, Taipei, Taiwan

Human immunodeficiency virus (HIV) infection could be a long-term
controllable disease after the widespread use of combination antiretroviral therapy.
However, the current combination antiretroviral therapy cannot eradicate HIV,
and some HIV-infected patients experience treatment failure due to poor drug
compliance. The antiretroviral therapy principle, antiretroviral drug resistance
mechanism, laboratory detection drug-resistance technique, and a new treatment
choice for first-line antiretroviral treatment failure in HIV-infected patients were
reviewed in this report.

Key words:  HIV, drug resistance mechanism, trends of drug resistance

HhEERE 111 42 6 HE =+ %=1



190

REAIMEENEFTLE

MET BEW HRE

YR AR EIRE R

BB RS AR BT R

IS ARENIZE (Acinetobacter baumannii) SEEEBEIBRIR LHEZIR
c TEIEMAWMRE  MAHKSHIGE - ERERISHERNERIIR
SZHFFENE - MEERARKARFEEROBRERE - £ 2017 FEREE
#8i& (WHO) 1ZIth B A EL—IRIRERES (top-priority pathogens) @ =EF RN LE
RESKREYOHRERERX - BRAESEEYUAERIERE NRISEEE - A%
BRE  REAENERBREOMZY - KEFAEERENKEZHEEEIRE
KDMEERERRIRIEDHEE » W ANBEYRGERENEEEREERMAS
2B - SRIEFMENEREATEAR @ BERAHEENE)ELE BIH
HEELBENE - BETENERBREZSRIRMIER T SLFiEHH - I
B S HHI N R ERAEREERRBRIEDRNRET ERERNEL D
BEEAR - HKAEEERHIERHICE— SRR - SEBEMHIEFEVRIZ
Briaskis - NRESHEEE - ALt » TSRz @ BPIBETREEREIEE
ERLREPHETZE o ( BRIEHMEE 2022:32:190-198 )

FI%EE « RENAENRE ~ MEEY ~ W5 -~ B

HIK T 82 ®E (Acinetobacter AARBERER AR - L EF D
baumannii) = —EEH KR EH PR IE H O\ R A0 5 B AR
BizamnLEMKE - AEF Y Koo R 0 7 1980 LAk - BEFHE
RE 11143 A 1 H%E BAMEH - BRI
RE 11144 A21 HEZTR FAMAL - FT DK E RIF 17258

4 E 0 (02) 8177-7038%% 19817
DOI: 10.6526/1CJ.202206_32(3).0005
RGeS
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HEH RN R EE R KT AR
HREWERE 0 T EERFHE
WOk By M R S o R (1] -
PR T SR B % Rk oy Bl 4
HERE 2001 FXEAN——REZ
Bzt o RBURENRHEEHT "R
B,  WAEMETERFMFHLE
FoEBFHM ZHEBHEEZ
B R EGERYEGFREIKTH
W R S W Eh B 2] - IR
TEREERFAMMBI T L
AFEAREN (FERENE multi-
drug resistance, MDR) © iz 4t % E
ENHRTHEEEAREN L L8
PAVGHE > 3 EL7E B I B AT I ) AL R
R REATHHETFBE R NIK
W 20% ¥ & & L & 7] 4 % %] MDR #Y
MKTEEE  WHEEHAENZETH
e BRREGZHEETLHE
KM BFE LHEREHSZHENE-
MDR B8 X T 8117 B 7 8 67 1% 15 Ak
WREEZBEARALLETHER  EEH
ENME FRE AR ERT
BRABGERENEERE - £ EE
EHATENTHE WA T LM
B R AE I 6 ReE[34] - Bkt > #
RTEREFFHEN - L HAHMES
FiE AP LA E (Iragibacter) ©
EEE  HMRKTEMEEI R
i B % B8 B A B R % (healthcare—
associated infections, HAIs) B & 2 #E
LHERLIAF c EREBEE > K
T EIA7 5 PR B R PR A B R 4 W I
Bl & 2% o R RN R E L

HhEERE 111 42 6 HEE =+ %=1

4% [5.6] c mABRE "R
(The Lancet) W) KRHAEH T > 44T
23 204 B R 471 BAHHD
LA 0 2019 F2IKH 495 BA
FAE N HERTAT - BRFHEH
TEREFRRERRTERNA
B BoBEREE Y o EEE
B3 46 W 4 T BT T 1B R FE T
LRI AEBEWNERL AT BN
H R W RK R IE A s R B
RGN AFERER - ER
RERMBEAIE 22017 FoF > £ 7
TAMA (WHO) kT HHLAE Z I
FEZVNBEEN T BN BT S
B HEREES=ZHK - HF - #H
B F UM% (carbapenem) 114 # [X 1~ &Y
MERMA A —RER - HREY
FEHBINAEZWBURHES] °
BREESEN KRR
ANBBAZREHRA  BHEELHT
RHECBEBENAERLESRT 2
SHFEREZWHMRT BT E K
F[9] ° R¥E % AR E A B MR
(ventilator-associated pneumonia, VAP)
RPN B R 4 (central
line-associated bloodstream infection,
CLABSI) » it # A& RF ML &R
REGARRK ARG LEHE  RE
RERTWHRTEEE AR -
MAEHEBHNEELRERT T
DHFESHE EEGZE1EA - &S
RIEEMETY  FEIRMERERT
HWERBHMRT R TE €8
o1 BB R WY A BR B R - R ER
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M VPR KA MEEERE 7
Bt FIREF(8-10] - BRKE
A B FAE A IR AR F A A B
B Bk FRHEFEE
Wi 8 IR sk T AR B ML B - E A
AW F e i 2B A o B
REHENH2EEHBEEAM (whole-
genome sequencing, WGS) % 3 # [
TERE IR EE KA > W LUK
BERWRERRFELT 78 IER8] -
R B AR E B R A R
FEFBREAESH =T HREN
AW AR EEIEL B (capsular
polysaccharide, CPS) By fR &I e ~ &
Y (biofilm) 4 75 % & 8 44 & W K Ak
B FWWEHE AL (efflux pump) -
AR HAT

@

I

/W/WIW/M

KR Z E8E (capsular polysaccharide)
AR EThEE

B IR T B2 B VT LLE R R WY R
KEMAE FHEEEN)—BEEL
F & CPS [11] ° CPS ¥ DA K4F
Ba o BASKREWHIIAR - B
HMRXTHRE RO G REAREE
JBE - BEEF R R kA UL R R
W3R - CPS ARt £ 1E B &
(oligosaccharide subunits, K units) %
FHR (B—) - CPS #HEH & R
RBMARAAR—HH K BETHRR
BRER BETFE—ERBRH
EUB AR EER - 5FF 4 R CPS
FranBiERmEamERBEL K &
4% (K locus) * & 4L E
B (itr) ~ HE BB (o) ~ ALR/H

(@ﬂ(ﬁ%

sefR S HERS

/I/WW///‘l/M”‘/IWU;H[ 2

Ly
J/WI’U/WWIWIWWUW OME

SO

ERAEER
M=

fEE(CIEEh

B— RESHEREASAEFREREN
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& H (wzx/wzy) FEHiE & (atr/ptr)
£ FARERAFIETEREET W
CPS #h %k - LFHLKHRF R HEE
ARBREE EBEEMEE (protein
glycosylation) © B K # [ 1~ 8142 B
K ZFHZEER L4HM - BT DALR
BEAHBFEWN CPS- %45 A1
BERERZ#ERIEZE (NMR) &
HUHAAME 40 BTREWM K BT
FEAE[12] ° CPS BR T - tR B 82 K By
HEesh > MEMRT R EWENLR
Ml oo BEX B3 CPS W5 B vy vy 82 1K
THFE G g R 2.5 B13] - b
S o B R BRI R R
T8 A R [8] ° CPS B J& 19 3 jm b
DR E M IR T BAR E B F R A A
E¥EH A £ (aminoglycoside) ]
FAE[14,15] AT - BF 7B H KR
& B 88 % (chloramphenicol) = 41 f#
% (erythromycin) & ¥ # % Jit % B #8
R R = i e e
B 1116]

YR (biofilm) AYEEEE4EERME
DAERRA SR TR E AR BN
ot g e HBR T R LA SR A8 1Y R
JERW - ERBMTUETMIKTH
HHE TR H[9,10] ° B BT
DR ~ RE -~ W8~ ENGs -
P30 R & TH B R 241 B4 8 % i 4 e
MK TEARE[T7] - WERERAY
HRWLE g AR REmE WES S
HAZMGBW - DARIZEE A5
B ¥ £ (flagellum) 47 [ ¥ je 4¢ — 4% >

HhEERE 111 42 6 HEE =+ %=1

U R E B W RSB B RS
HREBERERENAE - MIKT
BRERARTWEHEE  BEAR
EREEEBRT LERWES - &
RAREHENEREE (type IV pili)
R e R S A AR
WwHh > WAEAHEHA A (twitching
motility) [18,19] ° 3 By A 1E B Sl i [
T B0 B 7 BB - T2 S A I
FREERUBEROLEHRENIER
B o ER R 50 36 th o 0B 4 B AR Bl OR TR
ABMMREYBRONHGREYE
5 711201 ° BF 58t B A B 7 R B
T #RTEFEEXRAFTIEES
S 38 Ji Y Al £ W FE AR R AR B Y R B
g o

HMRTHRERREYIELS 2
“EEERBE AE Q) RE -
ErEirmEAMERELEAR -
() R# o MELARINRHWEFER
EAMOS LB E I LR ER S
JB iR AEE o (3) MiBE - A IR AR A
®EMR%E - DAFIEOR RS R BAT
& K THFENEYERE
MR A LB R WERI RS
¥ (extracellular polymeric substance,
EPS) #%E-B-1,6-N-Z &AEXHH
#& (poly- B8 -1,6-N-acetylglucosamine,
PNAG) (B =) - sE I F N B &
BMEBREOIRKRASMUAATE
BEEEFNETFHY > 42 An &
HEBIE R - JEEZ 8 A (outer
membrane protein A) & & ¥ & A0 Bl
% B (biofilm-associated protein, Bap)
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Type IV pilus BAP

Al
/ HER S

D\

Ata

=] —

SEGEENE LT ENEN
WAEE M E R R E o KT BfmS/
R €4 FHE A M (Two component
systems) #4548 B Bk B B B & AR &
%M (chaperone-usher type pilus, Csu
pilus) FEY WA E £ W E A
E[18] - R KRB IR T BT R E B &
BMWEY BT R E # 70~90% © &
AE M E (5~24%) [19.21] ° T EL&
EEEVBEHHKTHEE Z ¥R E
TR WL B (19] © MR T H
FE T oY A R A AR A0 M AR A R A
AEELF  JURINEERE R
BMAERMFERBNER - 74}

900404q,

-'t
s T
HOE

fitg KA B A A7 3

PNAG
% §
EPS export
-  HYE

SRR FTR R E R SRR

BT B AT E AR TV Rk A W JE VT DL
fm ¥ & EAEH H (aminoglycoside)

B T W% (carbapenem) 7 % #F
(sulphonamide) L E % - EELF
AR # 1,000 $(19] ©

HREEERNEBERE (efflux
pump)
BERERAFEHEEALTH
EZWYE > Pl & RERNE R
B FERERAZESE - HKTH
MEATHRESERNERATW
Gh B E A& WAL R [22] o E M A
AAR=KE: $—BAFNAEA
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WABRBRAEREVERNE R AE
Bl F_ERREFWHERA RS
ARG BEVHBEWHAAT
W o 5 = FF 2 30 N A M I R TR
EICARDH B E R
(23] » 8 IR T N4 Wy oL ISR A
I8 - BRAFWE WRKEEHE
FREMMAMER - bz - KT
PRBERRB TAELS TWEH
A # (efflux pumps) > ¥ 7#H AR =1
PHEE RNk EE - Ty E
RAHRENMEENNEEYE
b7 VAT E B M R IR E Z B HE R
o BMEARKNPFLWE AR FE—
B RHFE—ERBEHERREEN
VI8 o BHEARWEREFENEE RS
RTEFEEN > LHAT TR
F (operon) Wy —# 4 - H R FHEEH
AP LEZFIRG o HHE B RBET

MRS RERETLEHARNEE
RE - AT MRS WEEE T
RTHREWREHEART RHERH
A7 ESHMEAHETHWAE
[24] o A 2K A E B N W 8 & P 1 3
RESER - Wl EFZRELEH
HAmE ot o HEHE FREHE
AYEWELFRN - 164 Ak IR
TERE CBBBEHASETFEA
MEHARETFWE RILE F WO
BRHEM (=) 5-8%HAR %M
% * B{L i T # K ik (Major facilitator
superfamily, MFS) ~ N 2 B E X
#% (small multidrug resistance family,
SMR) ~ ATP # & & A £ % (ATP-
binding cassette family, ABC) ~ % # %
koK F LAY B Kk (multidrug
and toxic compound extrusion family,

MATE) - EHEHEHE AW AT

MATE  PACE  MFS

ADP+ Pi
ABC e RND

Fluoroquinolone  Acriflavine Chloramphenicol  Chloramphenicol Chloramphenicol  Acriflavine Fluoroquinolone

Chlorhexidine  Erythromycin Erythromycin Erythromycin Aminoglycoside ~ Gentamicin

Fosfomycin Fluoroquinolone Gentamicin Amikacin Novobiocin

Quinolones Novobiocin Macrolide Copper Meropenem

Tigecycline Tigecycline Ceftazidime Rifampin

Ceftriaxone Trimethoprim

Chloramphenicol  Tetracycline

Clindamycin Tobramycin

Erythromycin Tigecycline

B= SHRAIEENEBERR
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F #& (proteobacterial antimicrobial
compound efflux family, PACE) ~ 32
% ML £ (Resistance-nodulation-
division family, RND) ° % /i & 1
AR VLB o R AT [ o AR TR
BA - 4R % ATP #i K@ fnE ¥
(proton) ¥ ik By L 4% & o ATP #3E
EHEKEZRE ATP F AR 2 HE o
HHEREY c HBRERHE T
SRR o B AT B BLER R A IR
TEARE P39 61 T [H o) MFS #
EEH 418 SMR 4 HEE 94 BT
F| ABC %i&%& A ~ 3 f§ MATE Xk
SPHEFR L 14 B RND ¥E %Xk - &
W EREHAAWAREEHNTA
HERMNRFERFARXRTED > &
WAKRRNERERABRET T —
Ty B4 o

BMIRTHREE 10 FREEE
BERREMBMRENA+TE - EHT
Al BRTELEZEHNEWI > BER
35 0 7 17 1 T B R AR B R R
HR s o Bl IR AT E IR
B BB R X B R B st H =
BRRENERRBEHEER - 3
Sh o MERTZEBH N T VT BT
0 R S 3 R R O T 5
BT B AR T R 4R LB R BT T st

=3 -
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Fithess of Acinetobacter baumannii
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“Institute of Preventive Medicine, National Defense Medical Center, Taipei, Taiwan

Acinetobacter baumannii is a major cause of healthcare-associated infections.
It causes opportunistic infections with reduced susceptibility to carbapenems,
tigecyclines, and polymyxins. In 2017, the World Health Organization (WHO)
listed A. baumannii as a key pathogen and stated the urgent need to develop new
antibiotics and alternative medicines accordingly. A. baumannii can survive on dry
environmental surfaces for a long time and is highly resistant to cleaning agents
and antibiotics. Capsular polysaccharides on their surface can retain water and help
it survive in dry environments. The biofilm structure firmly attaches bacteria to
surfaces in medical facilities. When environmental toxins and antibiotics enter this
bacteria, the efflux pump activates and expels harmful substances. Within the past
decade, many genomic studies have confirmed that these regulatory mechanisms
play important roles in the survival of A. baumannii in healthcare settings. An
in-depth understanding of the molecular mechanisms of this pathogen will aid
in developing new infection control strategies to combat this intractable threat.
Therefore, in this review article, we explore how A. baumannii survives in harsh
environments.

Key words:  Acinetobacter baumannii, resistance, biofilm, efflux pump
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