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Abstract; Biocides have been regarded as emerging organic contaminants. Biocides may exert selective pressures
on bacteria and may promote the development and spread of biocide and antibiotic resistance determinants through

co-selection. With the outbreak of Coronavirus disease 2019 (COVID-19) pandemic, chemical biocides and other
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disinfectants are used frequently to reduce coronavirus transmission. The usage of biocide products continuously in-
creases along with the worldwide spread of COVID-19. However, the increasing usage of biocides may contribute
to the rapid development of the cross-resistance of antibiotics. Antibiotic resistance is a global health problem
which had been recognized as one of the top ten global health issues by the World Health Organization in 2021.
Antibiotics are the main driving factor for the development and dissemination of antibiotic resistance. The emer-
gence and spread of antibiotic resistance in the environment due to co-selection needs more attention. This article
summarizes the current status of the usage of biocides, the environmental detection rate and isolated strains of bio-
cide-resistant strains on a global scale in recent years. Furthermore, the mechanisms of actions of biocides and bac-
terial resistance to biocides, the mechanisms of co-resistance and cross-resistance driven by biocides, and their in-
fluence on the development of antibiotic resistance are reviewed. Finally, we discussed the gap of the current re-
search in this field, and proposed future research directions.

Keywords: biocides; antibiotic resistance; resistance mechanism; biocide-resistant bacteria; co-selection mechanism
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Table 1 Distribution of typical biocide concentrations in various receiving environment around the world
X AR IR A e BE (g - L7 8 ng-g™h)
H% AR EE i o e %3k
The highest detectable concentration of biocide
Country Receiving environment . . References
Apg-L™ or pg-g™)
2K IR HuF/K Surface water TCS(5.16) .DEET(3.70) . MHB(1.06) .PPB(2.14)
Surface water environment {14 Sediment TCS(1.33) . TCC(5.65)
VKAL) tH7K A Outlet TCS(2.70)
[5,31]
Sewage treatment plant 151 Sludge TCS(16.79) . TCC(25.90) .CBZ(1.16) .CLT(2.55) MCZ(2.07)
7584 Fl +3 Sludge agricultural soil TCS(120) . TCC(4.00)
e /K42 Stormwater runoff DEET(2.57) .CAR(1.63)
China KT, WK Surface water DEET(166) ,CAR(118) BIT(0.71) . MHB(0.29) .FLC(0.28)
. [32]
Yangtze River YUY Sediment TCC(0.054) . MHB(0.015)
KAV R
] ) DEET(1.24) , TCS(0.93)
Large pieces of plastics
BRULK &R TR
. ' . TCS2.71) [33]
Pearl River system Microplastics
HF K TCC(022) . TCS(0.069) . MHB(0.05) . CAR(0.038) .
Surface water DEET(0.031) ,CBZ(0.018) ,BIT(0.012)
| V5 KAbFR H1K T Outlet TCS(5.37) . TCC(3.05) 541
USA Sewage treatment plant 757 Sludge TCS(1.61)  TCC(1 43)
TEIKAL ) 51
TCC’ 47)
Sewage treatment plant Sludge
e RIK HuF/K Surface water MHB(152) 291
Thailand Freshwater £ Fish TCS(1.2)
RS Hi767K Surface water MHB(0.19)
Estuarine system DUFY) Sediment TCC(024)
Hii gt 15K AL 7k A Outlet BTA(24) .
Sweden  Sewage treatment plant {57 Sludge CTAB(370)
i pin| VIR ZTHBISS 264 ng-g (L Sn i) B HFE(0.062) 551
South Korea Port Sediment Tributyltin (55 264 ng-g™")(Based on Sn), Diuron (0.062)
R ROHIPRO.18) B HEERR(0.71)
Soil Glyphosate (0.18), Aminomethylphosphonic acid (0.71)
AT H3 42 Tapalqueé ik HFK FUOH @ .36) 2 3L BERR(1.03) B6]
Argentina Tapalqué watershed Surface water Glyphosate (4.36), Aminomethylphosphonic acid (1.03)
I FH 0.032) T L HERR(0.018)
Sediment Glyphosate (0.032), Aminomethylphosphonic acid (0.018)
PEIEF N2 e i b oK PHTB3H(0.024) 5774 T HE#(0.0053) K IEHA(0.51) 571
Spain Catalan coastline Seawater Simazin (0.024), Metolachlor (0.0053), Bentazone (0.51)

L TCS Jy =504 ; DEET Jyit 8/t ; MHB Sy Je 1H 4 g ; PPB S JEIH AN ; TCC Jh =50 R BE; CBZ Jy SWK 1M ; CLT Jy b 85 4 ; MCZ Sy K
M CAR 21 R 5 BIT g4 SEWEMKER ; FLC A7 9B ; BTA 41 =M ; CTAB 275 ek = ISR Ab e 21 32 PR 9 LA 35 90 R AR
SRLRE R SROB L A0R SR AR 04 AR TR e e R BE B Ry pg g7t AR pg LT

Note: TCS is triclosan; DEET is diethyltoluamide; MHB is methylparaben; PPB is propylparaben; TCC is triclocarban; CBZ is clomiprazole; CLT is clot-
rimazole; MCZ is miconazole; CAR is carbendazim; BIT is benzisothiazolone; FLC is fluconazole; BTA is benzotriazole; CTAB is cetyl trimethyl ammo-
nium bromide; when the receiving environment was sediment, sludge, large pieces of plastics, microplastics, fish and soil, the corresponding highest de-

tectable concentration of biocides was pg-g™', and the rest were pg-L™".
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Table 2 Targeted site of typical biocides in cell

YRR AR 27 3k
Site of action Common biocides References

BH S F T HE I (BAC . CHX)

[44-46]
Cationic membrane active agent (BAC, CHX)
FH 5 B P57 (SLS | SLES) 042, 48]
21 L AN 2H 4 Anionic membrane active agent (SLS, SLES) T
Extracellular components FAFI R R ER)
1,42
Oxidizer (Hypochlorite) [ ]
FoACRm AR SR AL R)
. . . [1,42,47]
Others (Phenol, Formalin, Mercuric chloride)
QACs(IRAU 7Nk ik = I | SLS |+ e JEMTEH R L) 42, 53-54]
QACs (Cetyltrimethyl bromide, SLS, Dodecylguanidine acetate) ’

BARZE(CHX ,PHMB) [42, 45, 52,

Biguanides (CHX, PHMB) 55-56]

IRAE T MR
i AR L AR
Cytoplasmic membrane: ) ) [57]
Strong oxidants (Hydrogen peroxide)
Membrane lysis
BE(LBE SHNBE K OB KA LB U2, 58]
Alcohols (Ethanol, Isopropanol, Phenethyl alcohol, Phenoxyethanol) ’
HAbCHE LR (B2 A HERE PCMX)

[1,59-60]

Others (Organic acids, Esters, Cinnamaldehyde, PCMX)

., ) ;
A M TR 5T Bl S REEL T T e ——

Cytoplasmic membrane: o [64-68]
PCP, CHX, Dinitrophenol, Phenoxyethanol, BIT
Proton dynamic dissipation

4 IR 5 A R 5L
HIBRIR: SEAMRLR FLC AT 2.8 BIT JAZ 8

Cytoplasmic membrane: [1,42,69]
FLC, Hexachlorophenol, Ethanol, BIT, Phenoxyethanol

Other enzymatic systems

TR (4, SR Y IE  EANTEAR AR A TP R OPA JEH 1)
Nucleic acids (Crystal violet, Acridine, Quinacrine, Ethylene oxide, Formaldehyde, [1,74-76, 79, 87]
Glutaraldehyde, OPA, Phenoxyethanol)

i B S5 2H 53 .
. BHEAR G EAL S BAC L)
Cytoplasmic components [66, 79]
Ribosomes (Hydrogen peroxide, BAC, Ethanol)
Ffth(TCS \CHX M4 2 b i AL &L S % 1\ OPA) [, 52,79,
Others (TCS, CHX, Ethylene oxide, Hydrogen peroxide, Formaldehyde, Glutaraldehyde, OPA) 82-85]

T BAC WAL s CHX T 78 s SLS S+ “he 3B MR # ; SLES b+ b BEBEMT AR §1; QACs 4k & 4 s PHMB Sy B 75 ME P B WU 5
PCMX g 50— W 2K ; PCP oy AR} s BIT Sy 2 A ; FLC Sy sUREIE ; OPA S 42K 8 ; TCS S =4k,

Note: BAC is benzalkonium chloride; CHX is chlorhexidine; SLS is sodium lauryl sulfates; SLES is sodium lauryl ether sulfate; QACs is quaternary am-
monium compounds; PHMB is polyhexamethylene biguanide; PCMX is p-chloro-xylenol; PCP is pentachlorophenol; BIT is benzisothiazolone; FLC is
fluconazole; OPA is o-phthalaldehyde; TCS is triclosan.

THACEAAE T MM 53, i8 455 BMUTR (Pseudomonas syringae) 1 4 IS 5 52, I
B, G RN B, RS FRE SAsEMEN RS, s EAM N ED BTN,
TEPER] CTAB 7AW E FMEH TAMBAR T & S8 2 5L 2 4n st
G I 24 A A S B R I R R ) G I v B XU S A 70 v e i DL A4S CHX LRSI
SLS W] 3 KM FF 187 B A= K 04 2430+ e FF L XUHK (polyhexamethylene biguanide, PHMB),
SENNES TR EL o UE ARV B T RB B 1B T A CHX 7RV B2 i 5 35040 i P 25 W 1) o itk T 362
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CHX 52 s EAHARIY 2 AR IERE IR R A 25 &,
FEBE RSB PEREAR, IF 5 R R S AR SC /158 5
T AT e ) DL M e e &R 5 Y ae Y 1 BE e
A2 PHMB 7RIV B R HLAM A, 1 78 = e
FER HRBAE S FLA 2R AL A A T ik
JEUY Bt =1 S P T O 40 R B Ay gl 371

5 AL ot A AL R AL RS R A, L A
() A 3T AR A N Ah ) — R B S D
4 BT N 2 A RN TR B R L Al AR AL, B
AN M LA, Wi R A 20 R o3 i SRR B
B ZU AN T Y K RN A 4R, 2 T R e i
SN A R R D e ek HA A A
FHLIR R H BB T RE T2 N i iz s, A
FERADYEUE S 10 25 14 0 I W T T R 4 €0 7 4 3K A
(S. aureus) ) 2 it B8 375 | 5 2 40 o Joi B -5 400 Jifo
GBS 2T HELRE TR 2 A ik S A LI PN 2 it D
AT WEFE S B S % A 70 54 W 2R B (p-chloro-xy-
lenol, PCMX) A E -+ i 20 Jfd 5 I 2 240 L 9 5 )
B,
1.2.2.2  Ji¥3h ) FERL

J5U 50 18 0 B N7 AR ) — o 4T i
AT F- R AL 2= B Y ) LT3 1 S S5 A Y ATP
A BRI . B s A R HEEAE B
GO R BB B A B B X S )
BRI ARSI, DT B R e de . il in
Ky (pentachlorophenol, PCP):i i 5% 14 4 fifd 5 X+
Jo5 BB PR AR R S A B R 1k, AT 2 350025
0 B B A AFE R AP IIE S S O E BRI
#&W7 ¥R 1 ( Enterococcus faecalis) 5 JI5 14 2% & 5 31 il
AV ATP A 16 PR SRR Iy B E B
PSS TR IR T A A M A E ) i SR e b A b iy LA
SETFRREE B ATP A IRk 3l Iy k1 IRk
FER AR GBS R T 3 L1 2 o7 HL A i) A Ak il
iR 1k i 72 2K Jf 53 BE mk il (benzoisothiazolone,
BIT)3 ik Bl U 5~ 2 77 57 W) 45 8 €00 7 2 3K 1 b i 2
WEY) S 3h % iz AL | 7 BB I | ATP i S 3-8 1R
TS O S 1 T 1
1.2.2.3  5HAWEE RS A EAEH

AR AT % T A M ) 2 B A
Y PT35S T B ASOR . 19114, = ik 21 25 ) 96
FRME (fluconazole, FLC)iH o /F H T 22 M (S Bk 45 1Y)
- HE 2 P ARt 1A T 400 ) R B | 2 A S
B AR B AT B 7S R B 410 ] A% i

Z RN GHSY . CEX KT ES 56
T J 1D IR RN iR 5 B V%5 ot 5 Lo 2 v e A
MHIER™, R S A M 40 TCA 16 B
YERIT eAh,—2E A2 )R 5 A I g2 I M 1 ¢
PHERL A T st s A s 7 8 fofF O 4 17T 5 i) G 7%
£, FEA M HI TS . SRR HR
RO AT et — R 9 B85 5 T AR L 1N R ) e (B G
b P AR VR 5 R Y 5 S ™3z RO B 8 540 114
PRI S 19 e il A1 S 19 8 BB TR (methylisothiazolinone,
MIT)™ MIT 1 24 2 i 3 50 R S5 P AR T 0
fitg , 00 A R T PR AR S B T

1.2.3 Sl s MHEAEH

0 e S5 S A A5 T B AN R SRR O AR A%
WEIR BRI BT 5, AT RO R A A R 3
IR AN (AT AT 3 T 0 AN AT 3 ) A LA A
1.2.3.1 SERAHEARH]

VE BT TR G0 25 it 58 A BE S PAIE R BE 5 4
PRAHEAER] . WY BERR 55 5158 4 40 i 2R i 1) [ 5 1
fi A AMARE S LN DNA 4p 4561 45 e 5
KIGFFE P R > T R A% A R A WF5EIE
S28x 107 mol - L™ AL IE 24 25 4 v AR, 38 1o BH Wt
DNA & BIF5mZ U4 RNA I 15094 S8 BT
KIGAF B9 2% B AR U, 21 2% % (o-phthalalde-
hyde, OPA) 8 45 th 2 5 | 2 2 AR R 747 11 DNA 43
177 BT C ) AR T R e 20 RLRE T 1 [R] s 3
il DNA T RNA B4 8™, Le S F s A &
Bt , 55 40 P A 1 B AR R v i B | A AT R A B
YRR 2R Tt 3k 00 ) e e s W | DR Pk I 1 7
ZE W W] A6 A FH 2 1T 410 1 K % A1 7F DNA Fil RNA
GEL7/R g1 R
1.2.3.2 50K AR EAE ]

A2 AT AR A B A R 8 O B YRS B A AL
o HHEAREOE B R 5L [ 2 2 ik A0 M O
(ELAEARZE AR 1 J50) , A T A2 A 5T 90 o 400 T X
O AR R AR AR B A Tl R R SR A AE M i
i 3R B (Desulfovibrio vulgaris) B HLELHF 5% 77, BAC
BlAs 1 HA R R RO I A S A S G SR 4R
h CBERT e VR TR AR RNA R4 g i
fif mRNA FHEE 576 BUFR RS
1.2.3.3  5HAMZHM Lo A AR

BRA% R AR AR S | 25 A 71158 25 5 240 o H: A
B4 AR N, N, TCS A5 T 40 58 6 W R & Al
H P A T - Tt R A B R S ™™ . CHX B
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UEWIRES | A A e [ bR Alsn) A AL R LR
A e BEAE PRI 5 A R A A s ZURON, . e BR AR L
PR T 1 14 1] s ol 2 At 40 ol 2, 45 2
SR i A S AR T RO AR B TR i SR AR T
JR AN A R R AT OPA 3 it 5 20 B R 14 5 %
HhLC S E T AR 2E A SO T B R Y
MIT 2352 Wi £ 1 57 b B0 I R PR 1 288 5% A 5
P B R I8 e 5 A R i o i A A A
R, N R AR AN R AR E 1 BH L A A T
AR

2 FREFIM AR F RN ZHH ( Emergence of
biocide-resistant bacteria and its tolerant mecha-
nisms )

2.1 AN[EIERE b S A AR i 52 200 T 1) A 1 0

TR X A AR TR A T 32 M AE 20 el 50 AEARER
P S BlAE AR RITE AT 2 )izl 4 R
AT 52 1 B G A B N T BT RN SR 0 A £
T B 5 v 5 3k A A T 24 TR A L 3R 5 O )
mEk 3),

B TAETE ORI Rt E R AN & o
TR 2 AR At BRI B2 U . A S AR FL At ot
IAEE R A B Al T R AN 25 ™ o
XK LU SE 7 a8 A W A 7 5 N R Y 120 #
YR S B RIEA T , ARAT 19 B A A TR0 Tt 24 71 #k
o9& F FLER B J& (Lactococcus) LT # J& (Entero-
coccus) 7 ER i J& (Lactobacillus) . % {61 ¥T 1# J& ( Bacil-
lus) 3575 [ J& (Escherichia) 7 ¥T 7 J& ( Enterobact-
en FMEFT 1R J& ( Helicobacter) , #1773 B AKX A% A 57 Fil
WAERBEAZHMW Y RIE, R sull | acrB,
blacry  blayg, F mdfA “5H0 A= i 25 5 R A, i 4
T gacEA1 Fll gacA/B %5 A FIMH 253K, 845 —
SEAF S AGE TR R AT RS T X QACs B
PR Hirh Jang 25 N 645 1 B SRR
B 179 BRORIBAT R AR, JE R T sugE
(c).ydgE/ydgF . mdfA .emrE qacEA | qacE . sugE(p).
gacF Ml qacH 55 QAC FitE LA, [6) I A BF 58 4 A
EE g A T BRI 93 BRZAEH KR (Listeria
monocytogenes) & Bk H A | 15 Bk 8 4L S B it 25
FROEH A 13 BRERR T Z L T gacH A1 emrC %5
T RFL A 2 P i 24 B R P

= Bt S BT AR 45 T A R Al R B v ) B A )
FL AR 22 2450 14 755 S0 1 s SRR R RE A A HHE

AT K BLE B BT 7R BRI 2= Be 1) 8 53 R AT i
I3 B RO A AR T T 32 1, Herh oS G F R LA
B 1 e /N 1 il ¢ B2 (minimum  inhibitory concentra-
tions, MICs)#) 7] &3k 128 mg- L™, [A]BHZ 5T 48
SO 2 5 TR A AN S G s A% 2B R0 245 BT 1Y
YEHE, BRI REA B THi Ak Z Tt 245 HL ] iy 2 08 AL
Y, i, Youssef 5PV T35 K R BE N i 22 24
AR 420 7 AR 4 25 €4 7 25 BK 18 (methicillin-resistant
Staphylococcus aureus, MRSA)IIfi R FIFR 355 43 55 ¥k 1Y
AAERBUBHERS DL . TR B 114 BRIG RN 8
PRIFEE MRSA , Hort 75 BRI IR AR T 6 MRS TR PR
Xt T R R E TR = R T R
85 2R TR A ORI A

TR AH BT 25 A il IR B i (3 e 2
— RO (KGRI TG SR ) Fifa
e OK =S5 ) 2 R AR A R AT IR A Bt
FHOCR A T 245 TR AR 1 23 B IR DU 2 thoANSS . FEfE
B 3 AR E AL 2 93 MR MHFT B bk, Ho
A9 BT AR S X 28— R AR R (R R LS
Wy 3ok S LR RN R L) ) SRR PR R AR LD
IR A FRFE S K A 4 g RSB AR A 73 B 15 2] 145
KRB VP EC 1 i (Salmonella enterica) [ Kk , WF 57 45 S
SR TR TR AR = A U HL IR SR O AR T
2 30 13 1 TR R O R L U B B A AR AT B R
AW FHRE G AR R CRAL B o B & T
T R IR AN RN S A AL AN P 22 8 Hh 43 25 1 MRSA
CC30, IF EH WM K Ul B gacG 1 qacC Tif 25 %
PP DA [ PR A R < ) 23 25 1) 96 k45 s il
FITR B MR, HE i 99% 1 T Pk R = S 2R B Bk,
32% MM O e B Bt
2.2 YHEER AR B SZ AL

AR TR G 20 R 40 A AR A R 0 S L R
IR, AR TR 2R K R I A HE BT HIL I >R B 1k A
AN T A B X 2 AR R B4 T 24 B 43
R PR A, BRI R G AR B N TE F AR R R
AR BV T st A4 o1 28 A8 sl i 7K1 2 R A% (LA
It e~ B JBORE 5 R A% Bl st A T A I T 3X0) 3R AT i 25
FEPRUSIT AR AR A B SZ LA
2.2.1 BB ETERRAR

2 AT A i 0B 3 o B A7 E S BRI 2R R 12
25 | WA A 700 A W S 38 A TG 1 i A\ T4
RAFERA™ , BT R 2 R, =2 KB
EZP O PR 8= % S I =1 1 e i P S b I e AN 5
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Table 3 Isolated biocide-resistant strain around the world
T E B AR 25 B PE R I BRI S 3CHk
Isolates Resistant biocides Genetic determinants Source of separation References
Lactococcus sp. TCS .BAC.CATB
Lactobacillus sp. RS H SERER R 6 |
Enterococcus sp. FNEY ST S ke S e blacry .y ~qacEAT  qacA/B, A7 T AL ) N
Bacillus sp. TCS, BAC, CATB, sull .acrB . mdfA . Cheese and dairy small [88]
Escherichia sp. Polyhexamethyleneguanidine tet(A). tet(C) . tet(D), etc. and medium enterprises
Enterobacter sp. hydrochloride, Hexachlorophenol,
Helicobacter sp. Chlorohexadecylpyridine
E(c), ydgE/ydgF . mdfA ISR i
Sugk(c). ydgt/yagh . maiA | R
. QACs(BAC %) G A S )
E. coli emrE  gqacEAI ,qacE 93]
QACs (BAC, etc.) Retail meat samples
sugE(p).qacF . qacH )
(pork, beef, chicken, lamb)
o EEE AT
Listeria monocytogenes BAC qacH . emrC [92]
German food production plant
BAC ,CATB #EMRA C5E 7S |
Pseudomonas putida TCS 75 HLIRER R £
P. lundensis BAC, CATB, Chlorhexidine s
. . [iE IR S =77
P. fiagi hydrochloride, - . [99]
. Spanish goat slaughterhouse
P. alkylphenolia Hexachlorophenol, TCS,
P. fluorescens Polyhexamethyleneguanidine
hydrochloride
YBT3 6 11 37 e
Aeromonas sp. CHX qacEA Fish samples in Spanish [100]
supermarkets and seafood markets
Enterobacter cloacae,
E. hormaecheli, . R
. . ﬁ%% \BAC bIaCTX,M \blaTEM N Wﬁi&ﬂikl%ﬁﬁ:
E. xiangfangensis, ) ) [94]
Hexachlorophenol, BAC aac(6’ )-1b.sul? Algeria hospital
E. cancerogenus,
E. sakazakii
X/ PCMX CHX, B R Zagazig KFEERE
Methicillin-resistant CATB R4t ARl El-Ahrar {5 5 B 5]
Staphylococcus aureus Glutaraldehyde, PCMX, CHX, Zagazig University Hospital and El-Ahrar
CATB, Povidone iodine Educational Hospital, Egypt
WAL Fy B AN | 5 ] K
A 1 22 B BE BECAZE B4 R KR i
] BAC . TCS 4 C 5 ZHifHiR £h L UL . uu.)
P. aeruginosa - Hospitals in South Australia (Australia), [101]
BAC, TCS, Chlorhexidine digluconate
USA and the Netherlands
(human, animal, wastewater samples)
) Yl LR B
Salmonella enterica BAC ,CHX - . . [102]
British central hospital
R AETGAKAL BT
Aeromonas sp. TCS ,PCMX - ) [103]
South African sewage treatment plant
QACs HIRE sugE(c). ydgE  ydgF .mdfA , EEASE LY

Escherichia coli

QACs, Formaldehyde qacEAI  sugE(p) German broiler feeder

O1]




55 3 1) WO < R A AR 240 T S 25 M S R AL ) R 5 a2 S 9
233
IEEES AE R 2 IR E N # I3 BRI 225 3CHk
Isolates Resistant biocides Genetic determinants Source of separation References
, K E KT
S. enterica TCS .CHX .BAC - [96]
American buffalo farm
BAC i S ML R SR A AL .
MRSA CC30 BAC, Hydrogen peroxide, Formaldehyde, qacG ,qacC . [97]
) ) ) : Denmark pig
Sodium hypochlorite, Sodium hydroxide
5 ] PR X 00 A ok}
Campylobacter jejuni TCS ,CHX - The litter of American broiler [98]

chicken houses

1. TCS J = 5L ; BAC AR FLE L ; CATB 75 bidk = SRk ; QACs LAY ; CHX M O ; PCMX & K,

Note: TCS is triclosan; BAC is benzalkonium chloride; CATB is cetyl trimethyl ammonium bromide; QACs is quaternary ammonium compounds; CHX

is chlorhexidine; PCMX is p-chloro-xylenol.

i’

HEE T IRZ IR 02X R AERIARNBIE R
TR PR AN BRI i 22 S AR 1 AR A
1520 RS B PERRAIR , BELASAS A 0 R W SOR 1, BT A
SO 2 FCBAPE B R AR SR U TR 20 B
MR T BN R L E H B ompC K35 T
AT, B A P 200 7 &4t L BT 2% 26 700 i ok 07 Hrp
i AR ML PR (P aeruginosa) ¥ RS ML TR (P cepa-
cia) 2% JE KT 1 (Proteus sp.) Fl 37 [G 35 2 Jal 8¢ 407 1
(Providencia stuartii) S5 = > [G B P T 0] BE 26 % AR 7
HA R prpE™
2.2.2 AL

A= R 2 L ) A R S R A AR AR
T R A R 7 32— 4 7 g %o 7 5 o
IRLT , BERH I & A 7 B B ™ A YRS A8 T o
T RN R A TR R i A2 e G R ATR 24 1 U A L
P — PRSI A AT A R o eI B a2 A
A TR 20 R A R A 0 45 A= A B A R AR R 2 ]
HI 2= A BAEH AL IR 07 A B R AR R
BR ELYLR A0 20 A 2B RSP A% A 750 2 fe it 1) 7 A e
HEAER Y E BT KRE AW BEIY o) 5%
AT 25 PR S I A9 AN, A RS T ORGE T
MEBBEHR B R F LA IE T B B V1 I A 2E )
FEE B B 44 BB X 7 A= 3l Rk R MY, Henly
UK R R TR AT 8 BR TR R B A P
GO T U, R IR AR R R R AR AR KRR =
HAEYIEIE B HE I ) 2 2R 5R TR LA =
SLERYA 7 MR ER R AE WY B3 SN, Buzon-
Duran 25" FGE T W S AR B MR BT (sub-MICs) 2K
FLE B WML — BRI SRR B X MRSA JE WL A=)

JEELE R RN I T3 56 ] | e IR U SR R M 5% 0 2H 1Y) AT A
EPIEIE e G . G B A 2 ] Sl R
JHEL TR A B i 25 BR TR (S, epidermidis) LA A= W) R ) T
SAAAERT 0 22 A 85 3 R 2R HL G0 B 1 T 32 P 38
T 100 {%[73,105,114]0
2.2.3 HMEE

SMHESE R R W 250U 2 — BT 2 A1
TR, & — O BE 1 3K 2 = 3l ) AR R R AR
FIGEAE W BAS A B s el AR sl 5 A (0 25 90 S 0 HE
FG1 ANHEZE 38 I R I A0 TR P R AR R A ARk
JETISE I 32 . 5 Ui E 2 E 25 A M HER £ 2
AU 5 28, % 546 K% (major facilitator super-
family, MFS) /N £ 21 25 5 % (small multi-drug re-
sistance, SMR) ., £ 2 5 5 ¥) ¥ HE %< % (multidrug and
toxic efflux, MATE) . i 24 2% 5 434k X Ji% (resistance-
nodulation-division, RND) fll ATP 4% & % %5 i% (ATP
binding cassette, ABC)"> ™" ANHEAE hy AR % A 771
HUBMERIHLE TR B IESE . 25 B
FRRFL AT 2 MR LIRS . AR IRE SR B R
N Tt H 3 B AR B A 2 TR TR 0 B MR A A G i
MdrL FT Lde ZMHEZRE (9 4 (a4 @ 7 FE B, HAUESE T
I3 B R FL S B N 52 Pk 5 BRI 1Y) ber ABC
BT A A AR B B (0 4 BRI PR )
MR R FL G e RN O U I AR 5 Rk A
Vi P a9 /M HEZE QacA QacB QacC il QacG A
Sl - Maseda 51200, i VD 5 K I (Serratia
marcescens) 2 7 TR FE i 18 1) E AL 7 e ik
WE | K PN TR 8 1 ik SdeAB FMEZR #EA5X R A 7
TR AT 251 IR UESE T 25 Ak SdeAB b
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HEFR B3G5 F 38 A7 sdeS FEPR AR [R5
2.2.4 RAEFKE

AT RAT SR AR 2 A R R A R ) —
EIR 7R INIBGIRUN o AR d o T kv S e 2 1
ML AP R RS AT C A A R A
T 2R R R AR R AR A A K TR TR R 2 B
P Kiimmerle %519 X5 K g #F 0 i FY 1 04k
VU3695 F H R TR 24 BIL i) 59 9F 50 6 30, e v pL o)
R T P R ISR ST Y A R A SR R LU
435 100 B M R (P, putida) TriRY B ik ALAHH
S AL 7 5% Al Ak T (Alcaligenes xylosoxidans subsp.
denitrificans) TR1 KRR K = AP, A#H T
AR R = SR B RN Hay 45075385 15K
SR FRT I T U T R o R A I R B PR
(Sphingomonas) , 7£ 8 23537 55 1 HE K I RERS R 47
b =54 162 35% [ Cl =& E R4k k[ ClcO, .
Nishihara 551" & Bl — #k g B i XU+ e 2k — Y L4
1k &% (didecyldimethylammonium chloride, DDAC) f)
DGR AN (P, fluorescens) TN4 | % 1 #R BE i 1 N-
It Sk i BN ZE A G W B A, 7 A X R A
Wi v B 52
2.2.5 HEALEH

AN AR R S 7R 45 G AL BT AR 58
A5 SR A AT B AL AT R el A AR R T S A
S A NI R FE RN, PiA 2l TR
SRR SV 7 728 BT A S A T 24 MR T2 BT
T %A= SR 25 PR R AR 22T 24 1k A A7 OB AL AN
[F) , 368 55 24 TR AN K T 38 Ao 7 ;A8 o % A 5 7 A
fif 24, oA R AR B A 2 ERA ™, B
HIOC TS BOR A I 24 Y 3007 2028 A 5 32 B4R
T =AM E, CA REIFOES RGBT R =
SR DTS 24P 2 300 o 40 B B D7 IR 5 1 ) s Tt -
P 32 2 A 2 1 340 DR il G i Sk TR fabd I TR 1) 4 L %€

< e ZEL[82-84
AR ARG

3 REFIFHEE SRS 0 ( Influence
of biocide on the bacterial antibiotic-resistance)
Wit Xk 2 R4 A 3R T 24 P 4 i ) T 7Y 4 R AR
AR LRI T T 37 T A% 2B FR0 T 6 B A 185 B ke e
22 IR TR S PR v i A6 H 18 A% A 7 2 40 T T 24 12
RIEFY WIS R P58 b Z IR K5
A TR AR R AT A R 3 e e A0 R A
R 2 IR Ve PR A T, S B0 A0 R i 245 4 114 7 72 R

FRRETY SRR A TR BT AR 2 2 M s )
FERIAE AL HE P A= F 1 24 L A (antibiotic resistance
genes, ARGs)7KF-46 8 AL £EHLH]
3.1 KPR

YA Z M 254 R Y ARGs 7T LLFEZH A AP N
FnFp(a]) o 47 K A & A 7% £ (horizontal gene transfer,
HGT), il TPk R it 2576 2Bk 0 AL RE
Kt HGT B\ A &0 2k R i 25 P AL 36 A i &
PigAt . HGT % b e a4 3 Fiblsil A
S B HGT AR5 HA R AR R i 24 3 R 1Y)
n] %% 8 it £% JCF (mobile genetic elements, MGEs) 3k
RAFPUE . Horb 3w AT R A RS
& LAFEA TR N 9 DNA 43 [8) %% 3y, I i 3 5
FBR AT LAFEA P Z [ R 3, AT R A R PiE R
ik 225 M 2 A e R T I BB, b R AL
AT 245 PR Y OC B8 BK Bl g, H AR BT AR = W B X
ARGs Ak iy o ki 9 2 M, ik, AR E IR
PEHEUEHE Y U B AR S (R BT R 25 A IS FIRE AR 25
o FE W AEPLAE R AW W LS T AN IR
ARGs WAHTE AL, H AT e 2 o A o 40 05 Pk 38
5 I KT e 7 A A R 8 A i 3 1
KB 1 AEPUAE Z YR ARGs #44k, 2R T
ebi sk R 2l i (e AR AR e ARGs 7K P-4
PRI g 1 e 3K TE B8 5 | R XoF 2% AR R 6 2 T 4 AR
R 2GR

A BFFEARIE T A e B2 2 A= 7R e 4
AR e BT R 25 PR G . B
N Jutkina 25" B YUERA TCS Ml CHX AEFE W41 il
WREETT 5 2 M Y B G R8I R, Han
SEUIBERE T 5 Bl QACs 875 s W4T A BT 24 P A%
FEWIALH], 458 B8 QACs it 25 FE R AEWT T4 =K
R AT, O B 5B A B indl &7 A
ARGs Z[AJf7 15 5 5 AH O ; QACS 3 5 14 55 4H £ 2
L %) RS 375 P I RS2 T 7 A P 4, T P RE
HEYHTR Z [ JBURE RP4 W4 G568, ARFFTIESE T
A AR S BEXT AR 2 AT TR (B, subtilis) bk Z
() HE B i Tn 916 AYSZIA , 25 5 /s S0 40 il e
LERE Tn 916 (R W E 1G5 4%, R 5
TAHPEI R B A O BERT fE 235 % Tn 916 S H B
FER RS Jin SFCT R I T AR K i S0 5
XFHUAE R 245 PR AL A8 RO R , i 52 3R B, &AL VE
ol Kb A 3R AZ 285 4 P T S A 20 TR 1) Bk 2 b
AR L AR AL PR A A0 T = 550 %, A S M JE 3R 5%



5453 4

WO < R A AR 240 T S 25 M S R AL ) R 5 a2 S 11

H IO S ARGs , TR 2 ARGs 7K P46 %5
T RN, BT T iR AR s 5
T B AE R 2 S UK R B S B A
B 1005 8

TIAN A WS EE B AT SOS b 23 g #F HGT
1 KA B SOS J2 N A2 Xif #8358 AN i A8 Ak 7y
NARGZ —, ZRZGENET—FRYS5 DNA &
I8 RN HE 240 1) FE PR 36 8 >f W XT DNA #5405, B4 T4
DNA S il 4] 240 e B 5 B AR 1 M SR 2 SOS
SN AV PSS R 2R . P 2R RE A RO 240 TR Y
SOS J I & # — St 5% rf 45 S E 52740 0[] A
N2 m A OB s 45 AR AR RIFE N R AR B A:
RIS IR EERAS B Bh 2155 A 4l SOS [
N o BRAT ST AR W AR T T B e R T T 23 il & 4
% SOS }im[llln]o
3.2 LA

AT G PUA AN R, A 5 AR KR
AEHE TAFINA AT, X R AR B
i 24514 e R AEAE — SEFR AR H G T 25 1 Je R i 4
e AT 32 A 5 A R A se gL 3 ] g BT
RPN 1, SPUEFR ML, X B3R
TEPE I 1 AR AE MRV FE A R 40

FE R AR AT e A RN Mt 8z
AR F LT AW ANEEIAT] . K SO R
TAA RN R 5 A s A 2R 25 PG 2 1] 1 R
Z 18] AR imitsu 2501 & B, QACs 2 78 & B
MRSA B A XS 2R I PO AR B- PN e (1) T 251, Lan-
gsrud FFU UGN FT TR 2 5E T B0 R B 1 BAC,
WLEEH 4 7 6 BAC FIVE 5 3= 1 238 Xt 2457, Me
Cay G LTI BAC B DL T X8 25 1% BR it 18 1
ITEEHESRESR, B0 Won %38 AR R X BAC 1Y
Mt 32 PEHE R T 12 A%, [k X 2R P v L ) T 2k e 2
HOmT 265 4%, Kim "B T BAC %t #5 [n) ik
PEBUAE R 25 VR TE AL DL, 248 BAC Tif 32 &
[KF1 ARGs i T [i]— MGEs ' pmrB 3£ [F 1 575 LA
FANHESE FE A L8, Tandukar 45" 8 #R 45 T
BAC Z i FIi A IR s b R 25 Y BK &, BF5E
RIL, ZRERG A RETE X BAC M3 FdiE R
(HHER G TUMRREMAN VDA By BUsr: iR,
Horb BAC Tl 55 2= T 24 V38 0 0% Tt 245 BIL ) Ay I i
S AR TS DU 2R R D vb A Y i 24 1 3 32 2
IHPFAMHEE G Mg i

AT A K 2451 0 [ R v E

J Iz GE A AR 9K S 3R] e 2 e e P e i
(cross resistance) Fll 28 X4t ¥ (co-resistance)2 Fit /L i
SEEL, PR RIGTPESE geA A AR B TE AT AE R BT
BT R — AT R st oot b, RETE R G -
6 FE RGP FRIKS ) Roedel 5571 & B
15 [ P XS B N 43 25 2 A9 2% A R0 24 ik, HER AR5
M 253K gacEA 1 A sugE(p)lRI 5 T & b it
I sull F blacyy, WE s fEooft b, RA 7
FPUAE 22 B A AT 245 LA AR AL, Dot % A ) R R 2
FHEGA RS M2, 38 XPTIEHR T A% AR5
Pk 7 A 25 1 0 5 R g 65 T R — T 24 AL
TS A RS B UIE B I IR 43 2545 21 1 R 2
e B R TR = AR TN A 3R A8 SUT 24 2 Fh =51
H R 5 i R 38 MexCD-Opr] 2 254 HEE &
(1%, MexAB-OprM £ 245 4MHEFE 1 i i R ik 2 &
O [F) A= 257 e B S o rh R L S B LA R 1
P cHIDE A WISl S SR 1 A S O
W25 {4 & ( Campylobacter jejuni) F1 45 1725 fth 4T &
(Campylobacter coli)JF REHFALSLE: HE T 5 Fh R A:
R EE RIS F AL TS B nE | B iR A O
TE ISR =AM R (CLE R RN 2 )28 X
M 25 B Tl Y 23 R S AT B 6 R AR
1) 7 3 S 14 i 2 ) TS %) OB I (A ) i | 3 i A
28 DR 2 R A U R 2 TR B 07 S 3 5 i) e A =
SPiA 3 Z 8] 9532 S 251, A RIS 40
W AR AT (A RFL S R A ) A
T E A AT R AT TS g 1 N YA,
RG22 HEE T fLEE F I RNA RA 1 A
FFHEH (mdfA | acrR . env.Z . ompR  rpoA Fl rpoBC) )
G LA RSy R4 (R RUEH 3 22 G A A W JEEE 1553
B, RSP A E A X hi T a1 AL E,
Wand 51" VH) F 4 O 3 N P 75 5 Il 48 5 7 10 TR
(Klebsiella pneumoniae) %1 K T8 Z& 1 38 LHL 1, & B
HAHE S WA 58157 phoPQ L) Je 5 MFS AMIESRE
N smvA BEAB Y TET $0#l JE ) smvR (1) 28 28
e IRl A — T A 5 U X T R R Rk SR BN Y T 24
PURIHEA TR AR, 45 5 7R MuxABC-OpmB #MiE
L muxA F muxB 22 255 MEFE R 1) 335 S 20 it B
BB AR 3 TR R R A R R A 2R
T2

B AT UL, B A A% A R 3z A i S O AE
NI ER B | o8 PR A b A R 2 PR
7RG B — RIS
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4 FEZEE (Research prospect)

BEE AR 52 N PRIFAG AR PRI I 24 B A
3 B A CHO 2 T ) 245 1 A 9% 45 R T ) s i), BRLAS
WP R B AT A7 AE T IS0 i P I X A (i
Je B AR S PR O TR W . T, 5 T2 A R0
20 VR TS 24 PR R ) T SE AT A A — SR R, R
T8 (VP A% A2 0 T A i 2 R AT A 08 375 i, /0>
HHRL AR IEPEA A 2R 5 (2) 5 T 2% R 500 A it 25 AL 4 T
FEATSANE AT | D0 2% AR 0 2R 16 R B A8 B 5
AR AR  G) & T4 R AR — R AE TR A
WA R =, B AT = &4 19 V8 AL 52
PN ZER) 5 ()T A A RV K B A R 24 P AL 1
AOBLTR BT FEATI AN J 2B, R 23 A 0 ik B DR K P
TS A B, JUHXS T8 AR R PR B P 2 A
AEIE i % T S AL S 78 (HAS HE— 2D AT

ST H AT BR R A Rl R A H g5 B R
23 A 7R TS 24 TR R A8 A0 ARG H L R R Bt A R i 24
AR R et | 1 SR B o AR H B0 A A 700 Y
b= I S 1N A G 1[5/ bya B O 7 R BT 2R e
1558 B AR 25 XU , i oA IR JEE il i 2 3% A 5 % 448 T 0
A ZR 2 A0 A S A% | T EEATUE 2 — 20 W o
A3 25 B RR AR A B R 227 RHE S T B
Tk 2% AR 5 i 245 B AR B AT 5, 2 T AR 25 1 O K
HE 7R AR ) S P0A ZR T 25 R i A B L ] 42 fHE 2
A,

BIEE BT R4(1989—), B, 1 &, £ BHF R 7 & A R
G ol R LR ) o

HEEFAEEE /T2 5 (1981—), %, AT A, T L5
FEIARILE ST,
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