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Abstract: Disinfectants are organic molecules that kill pathogenic microorganisms on object
surface, equipment, and skin, in the air and water, and carried by other vectors. They can kill
pathogenic microorganisms in vitro and cut off their transmission routes to achieve
contamination control, playing a role in ensuring life safety. However, the irrational use of
disinfectants leads to resistance of bacteria to disinfectants. Horizontal transfer of disinfectant
resistance genes between different species exacerbates the risk of transmission, aggravating
resistance to disinfectants. Moreover, bacterial resistance to disinfectants may lead to
co-resistance to antibiotics, posing a huge threat to public safety. However, the knowledge
about resistance to disinfectants and co-resistance to disinfectants and antibiotics is limited. We
review the research reports on the resistance of bacteria to disinfectants, introduce the
mechanisms of disinfectants and the mechanisms of bacterial resistance to disinfectants, and
expound the spread of disinfectant resistance genes and the co-resistance of bacteria to
disinfectants and antibiotics. This review lays a foundation for reducing the emergence of
disinfectant resistance and formulating reasonable specifications for the use of disinfectants.
Keywords: disinfectant; mechanism of resistance to disinfectant; disinfectant resistance gene;
spread; co-resistance
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Figure 1  Application of disinfectants.
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Figure 2 Mechanisms of bacterial resistance to disinfectants. A: The target of disinfectant is mutated, and the
affinity of disinfectant to Dbacteria is decreased. B: Bacteria resist disinfectants by producing
resistance-associated specific enzymes via transcription and translation. C: Bacteria reduce penetration of
disinfectants into cells by reducing expression levels of porins and lipoproteins in the outer membrane of cells.
OprG and OprF are outer membrane porins, OprL and Oprl and MlaA are outer membrane lipoproteins. D:
Bacteria pump disinfectants out of the cell by enhancing the expression levels of efflux pumps, such as ABC,
MFS, RND, MATE family. E: Bacteria are protected from adverse environments and disinfectants by forming

biofilms on attached carrier surfaces.
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Table 1 Major efflux pumps for disinfectants by bacteria
Family Efflux pump Bacteria Disinfectant Reference
ABC PatA, PatB Streptococcus pneumoniae  Acriflavine [22]
MFS NorA Staphylococcus aureus Benzalkonium chloride, chlorhexidine [23]
Lde Listeria monocytogenes Ethidium bromid [24]
MdrL Listeria monocytogenes Benzalkonium chloride [25]
QacA, QacB Staphylococcus aureus Quaternary ammonium compound [26]
MATE MdtK Escherichia coli Quaternary ammonium compound [27]
SMR QacC, QacG, QacH, QacJ Staphylococcus aureus Benzalkonium chloride [26]
RND AcrAB-TolC Escherichia coli Chlorhexidine [28]
MexAB-OprM Pseudomonas aeruginosa Chlorhexidine [29]
CmeABC Campylobacter Chlorhexidine, benzalkonium chloride [30]
OgxAB Klebsiella pneumoniae Benzalkonium chloride [31]
Tri ABC Pseudomonas aeruginosa Triclosan [32]
HURAT SR IORERLRE Y. BEGCR I, WEOE 3 % T 25 L I WAL 4%

e JRE 19 T B2 790 Ak LT R i B 4 A B A )
i 0 B T L B U S A PR
<5 9 {0 A BR A O R 2 R DR R i, A= W v
I R 5e 5B S8k, IRE WAL U AR
PR L — Py R T B A ) Bl R A B 5 A 4R

PLiHREAE I,

ARATHA: T 2 ) T 245 ik DR AR 40 35 DX T b o
IR 87 S L P G L VA R CHER 7 NI i 17 (1
sugE(c). emrE. ydgE/vdgF Tl mdfA 3& KA T 40
R (A b T 200 TR0 2 B R IS AR ) A T
2y; —rh AR Bt onttrh . — 8ok,

http://journals.im.ac.cn/actamicrocn



2972

WANG Xiujuan et al. | Acta Microbiologica Sinica, 2023, 63(8)

Yute (A S i i 245 5L DR 3 8 A T AR L ]
R Bt A% JC A (R TS 24 25 R T il K P A A%
RRI 251, 9 R 24 40 o Y B R A L. PR Y
IK A% 4% (horizontal gene transfer, HGT)J&—14>
LA BE = T BRI 240 i STk S KPR
FEARAT BT 75 70 J B2 S5 AN S0 2 8 o 51
AR 2 Y R AR PO Y B R 2 JE 8 A%
T, — AR R T BR800 71—,
TR L PR Gy T e AR S PR AN S e B A
B E B, 25 A TR A TR B iR YT A R B
TR PRI SE T AR

A] %% 315t % JCF (mobile genetic elements,
MGE )iz 21 B % 5 T 1 700 T 24 ) i S A . 9
R 25 5 R I R RS ) 2 A TAE AR R T S
Blst AL Je A AE Bl | RS Y, 2 T ol 30 5 590 it 24 4
W EE 2N . AT St AL oo A
B RS T BB A TN X LR 55
1t A% JU A 22 18] B AH B AR FH AT B 2 3 2500 I 24 1
TR S BLAY JE R] 22— o 52 T 4 TR ks b A 3 5
T 245 B PR 5 448 o 0o 3 2 R U PE BRI A OG- gac
DRI AE e A TR T i R T 245 %) T 5 790 i 24 5 [
B9 B R T, X — R A R A
X R R R AW 25 . 2, gacd . qacB
F gacC HE AR Ai 4 60,75 2 3K B 00 1 B 701 7
A2y, M qacE. qacEAI. qacF Fl gacG FEH
F2 B 2 B R N R B R IS T 2 M G
qacA 1 qacB BT REUR b, T qacG . qacH
Il gacd TN T/NT 3 kb /NFRE b, FE/NFORE
b B 24 PR DL R R A
i MFS %, Ja# FE % SMR SMHER D,
fiti R e B AR P A PRHY qacdE . qacE 5Tt 255
AT 5 JHEOP 3 T 45 T B 7 AN 2 1A G, 3K S
A T ok FIF HARES & B e fa ik 1P,
sugE (p) 3R AL TP 1T IncA/C 22 24T 25 51
B b, A St e R A A B S HEFE R

<l actamicro@im.ac.cn, & 010-64807516

BRI V30 el — B AT 2 R ]
H2% 240 B3 A 2 W e TR 67 T JE - Tn6188 1 4
fith SMR AMHEZ I qacH FE T H 0 Z4 3
ST B0 AR A ST i 2 101

T B 7 24 25 R 38 115 B MGE TEAS [R] B ik
T Z [ K56 7%, Horh 426 BORA SR K
SALABAETN 25 AL B h 5w WP, ol R 21
TH B R 25 3L RN AT DAAE [RI PR i A [R] A 2
], A DITEAR R E YR Z 0545 . w5tk
B, FEREEIEH AR TEOLT , 50 g
SMR FGAMIEE R FL AL 25 5L berdBC 1)
JEkr AT LA 35 2 5 HE AN [ S50 PR AN A S0 P iz
R S T S Dol o1 o WE L AR 1 L= Wi
A BB ERA HHET gacd WIS BORIAT LA
AR RERIBRAE N, RECOR IR A A
7 A R AR 2T T 245 35 PR T Al 2ok A7
ot B - ] — 20 T v DA% 0 AR e i 1) — A kL
W, ml A — S SR A R 1 5 — A ok R OOl
o HP TR 25 55 PR AT DL DLSE R & T 2Rl DB, 5
FERF A F 2Z B sh ™), vt 25 3L 1 i
SR G AT AR R g SR 4R . ML/ DNA rh
PRI 3 TORL AN PR 0 2 A2 -7 T A3 2o
B ALK T 20 L RS 2 2 (R rp B ki
T 25 700 i 24 5 DR fi 5 38 o O O B0 Ak ko 3l
b W TR AR SRS T 5 (52 AR AR T 2 M AN 4
X AT RE AR T B AUOCTERY oAb, Xt 2
FR 257k i AT A sl st AL Jo R S5A  5 8 T ff
AR

4 HEANARERAWEY

00 TR R 5 5 A A 2R i 24 R 4 AN
T 2%l it PRS0 P 40 1) 80 I S A e vk S
AIHTE IR IS, XA S LR AT A
AR PR S A T AR A o T RS T R A 45 3
Ao FHIANAS S 502 i X 2 0 R 24, T L 22 240 G A



THIES | e FH, 2023, 63(8)

2973

TEDTAE R R B2 50 2[R A8 Tt 25 Lo a4 B 485 2
S 245 BE DR B, 20 TR S0 PT DA R AR R Y T
P AR R b A R e AR SR 2
6T 240 BT A TS 245 BIOBRE— 25 A FIHE LAl 7 A
Fb LA TR 24 B R B S 3, 25— SL A B s
TR YT Y ok B R A Bk R A R o EU2: B Fiv 3k
it 25 BT IR 80, L TR R TR A
41 HETMREZREMARAR

WS RBL, AT BE R AT A: R AL 25
MG FE R TRERRTH TN . BB & A
LR EIRN T . Ji4h, At iRk rb oy 4 e it
WG . BB RIVDT  E IR EE T
TIIAR B A 22 B B 25T 4 A a3k 48 740
AR 2570, H Ik BUER 0 58 28 A s o il S
PUE 25 A = SR S R 251 K A AN
A 2R TR AU 1 T B S R R T B D R R T
SV TR BN TG i i — 5 T RS A
AN B B BUSE AL, B 28Rty
WRUPE | AR REHHA TN ZD T 800
it ve B A K 2 T A C e AT AL E
FEARTNZY, AT AR RS B 2 SRR IR

2 BR TR ) LR 2 IR BN L o 4 8
A E R N K R A UK B e A A
M= AEFHEEN T AR H =X —FPidE R
R TR 2 3 7 [ R B 4 2 R T 40 1)
T Wl Wk B A O E - WA B R
(chlorhexidine-digluconate, CHDG) Fl 7 1. 5 £&
Jei, AU A SR RN 2, g 7%
Ty A SRS AP A e 2P

[Fi] A TR 0] et i P L AT % B 1 . B BE VAR BE
PRFLEEL T, X IR K3 2R DA SR VD B A5 i 245
ERTE b1 B TS 3 (8 0 B i
FERIIR AR NG, X 14 FhitE R Ay 9 Fhik
FrE R 2O AR TR R R A A TR R
() 28 BB AR GE PR NS , WS B X Kl

2 SAfbiE | ED R . KRB R FIRNTYD
LA 25 A SRR R IR

W A B 4 B R G AT R R
PRI . MR . TR v TR AR AE 76 ARkt
T4 B 700 BBUR 0 200 TR S5 S 25 vk JEE S BT 1 o 1)
AR A EAL TN BE IR 5 R B, 2R LA
Bl TS B BT MIC B4 T 4-50 1%, &4
b 7S Jo8 RN B Ak B 14 T R MIC e e 3
Jnd it 100 75, H 2R LA AL S 0 R kR 3R
B L S S G MR R Sk 7 1 Jf S T AR 2 U R
P, K& S s b S, T4 Fp
PR 2 S8 S A BA 7, SERERE R, T
EVEPEAE T, i ST 20 Bt P e i DL BT Ak
R 2y, 7 A A3 A KUY
4.2 HEFFIRE Z LM AL

1 B R T B ) A 24 4 0 e 30 R o 1 1Y)
U ANHEVERT . TR AR IR AE ML . T
BRI T A 3 RTTE B 55 AT 24 ML AR B, T A3
B 77 AT 25 AR 1T B th 2 5 3 X e A K 9 2L
2y, SRR . O AEAN
KWIBEREE I T, B T XA B i 50 245 =2 A1,
IR X LR R AN U B ST 24 1 11 %
PERRAL o A & BN 5 9075 5 BT 24 B iR 5 15
SR CEARE A, SMEE A | SMEE DY)
PR RSEAR G SE A A 22 3R ak, IEBHAMBE &R (148
b INHEZE TE A DL A B Y 1 S 5 B 5
V5325 5 i B X B B 2 A S 2 R Y oY
KB, AT B R A AR R ST 25 L 1
FI A F TR | HMHESFE TGP AR ) B 0 AR A DL R
LR G AR alat iR 55 7 1HI o 72 2 XA A 2 55 TH
BE A5 X B AR A S 2595 K B B JLFR L
HEFT T AR R, DR B bR ] AR AR R TR, T
TERIVEFPLE A 22 50k, BT LSBT AR w2
AN B AR PR 8 HOAS R R AR Ak, A T 2
HL A T — 2 5% .

http://journals.im.ac.cn/actamicrocn



2974

WANG Xiujuan et al. | Acta Microbiologica Sinica, 2023, 63(8)

£ i 3 8 114 A5 fh A0 47 A4 e R 35 1 PR A1 &
Jif 2 THI % /K 1 DL R SRR, 1 el AR ™ BiF g 2 R
K 35 A TR S 2 8 TRV SR e, AN
=AM, W HX R R . AR
2, RSN e L AR PN R 7 PRI, T ELAb
HEE M35 5 KM 15 7 T 5 1 A e
JE S K7 384 0 ) 8 B2 = 4 (trisodium  phosphate,
TSP). WAHEREN(sodium nitrite, SNI)FIYR S BL £
Jo, XA S 3 FIEEE R L K — R ANPUAE R A R
PEIREAR o 3 AT RE -5 200 B 530 375 1 AR LA K S HE
EAESVS DI IE I ORI Ve~ K I WA 7P ¢
ML b P 2 B AN BE KT f , XU R ER | B
B PG AR A RO T R, ARSI 2 30T R A B A
R 201 3 T K PR DT

fii R RIAMAER L EEI T, @il cepA
B DR 1 S MV E P 8 T XAl 28 7= A i 2%
FESIZ A 1l e g 1) 2R L S e b PR AR S (R IR T )
RIS B BRI ARV R . 2R
ARG T 253G 0, XA 7504
KL mexCD-oprJ Z 25 AMHEZE FEIN 1 33K T BT

®2 WEMHESFIERLM LS

RALE M E IG5, pmrB JEH R A 5878 5
SOOI L1 B A g 0 R STV R
Ok ) 2= 8 (a quaternary ammonium
disinfectant containing formaldehyde and glutaraldehyde,
QACFG)AF M BE AL FIVD [T B 5 & BLH AcrAB
I TolC AMIFRGERIBAKFT i, SMEE /KPR
1%, XFERPN DAL | DUPR R AT TR 29 B AR,

) £ 1 B T 8 3 I B AR M S R R L SR
A B R R AR A R BB RRAR , b A B
T TR 200 2 TR K MRS 08, I AT — BB R AR A
W R FURE T 1 S M P T A AR R
TALAM G H RS PR B IS , HXF 14 Rt =
HAY 9 FiHTLAR SRR 2GR T, Al e B 73
AT A A PRI R A e B = A
IR FL A B S I A S S ORI R
B B 2R A BB AR, R BRI 25 AR AN DUB 25
FIAMETR R BB, AEYBIY b,
VFZ P50 IR S A2 W IR A2 40 10 11 27 77
i 245 BIBILI 2 — , ELXF A= Uy WA BT 1 2 Py AL i
R VR BRI A

Table 2 Mechanisms of bacterial co-resistance to disinfectants and antibiotics

Disinfectant Antibiotic

Co-resistance mechanism Reference

Benzalkonium chloride

Triclosan

Trisodium phosphate, sodium nitrite,
sodium hypochlorite

Chlorhexidine, etc.

Chlorhexidine

Benzalkonium chloride

Colistin

A quaternary ammonium disinfectant
containing formaldehyde and glutaraldehyde
Benzalkonium chloride

Triclosan, benzalkonium chloride
Sodium hypochlorite

Quaternary ammonium compound, etc. Quinolones
Dodecyltrimethylammonium chloride

Triclosan

Gentamicin, ciprofloxacin, etc.
Erythromycin, chloramphenicol, etc.

Gentamicin, ciprofloxacin, etc.

Ciprofloxacin, gentamicin, etc.

Kanamycin, streptomycin

Tetracycline, chloramphenicol

Decreased cell membrane  [49,55-57,60-62]
permeability, changes in
membrane proteins and cell

surface hydrophobicity

Tetracycline, amoxicillin, etc.

Enhance efflux activity [55-56,58-60]

Ciprofloxacin, polymyxin, etc.

Ciprofloxacin, tetracycline, etc.

Biofilm formation [49-50,61]

Meropenem, ciprofloxacin, etc.

Gene mutation or [45,59,62-63]

overexpression

Amoxicillin, chloramphenicol, etc.
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