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a b s t r a c t 

Chlorhexidine is widely used as a disinfectant in hospitals, which may impose a selective pressure on 

bacteria. This study aimed to determine whether continuous exposure to chlorhexidine could lead to 

adaptive resistance and cross-resistance as well as investigating potential resistance mechanisms. Three 

clinical Klebsiella pneumoniae strains susceptible to conventional antimicrobials were selected and were 

continuously cultured in broth with gradually increasing concentrations of chlorhexidine. Antimicrobial 

susceptibility was determined. Mechanisms of acquired resistance to chlorhexidine and colistin were anal- 

ysed by PCR and reverse transcription quantitative PCR (RT-qPCR). Furthermore, fitness was assessed 

through growth curve assays. Increased resistance to chlorhexidine and colistin was observed in all 

strains. Expression of the cepA gene was upregulated in the adapted strains, suggesting that hyperex- 

pression of CepA was probably the main mechanism of adaptive resistance to chlorhexidine. The amino 

acid substitutions Leu82Arg and Arg256Gly in PmrB were detected in all of the adapted strains, whilst 

Leu344Pro was only identified in one adapted strain, indicating that the PmrB substitution was responsi- 

ble for the cross-resistant phenotype. Moreover, chlorhexidine adaptation might have an effect on bacte- 

rial growth. 

© 2019 Published by Elsevier B.V. 
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1. Introduction 

Klebsiella pneumoniae is a major nosocomial pathogen known

to cause a variety of severe infections resulting in increased pa-

tient morbidity and mortality. Moreover, over the last few decades

K. pneumoniae has rapidly developed multidrug resistance world-

wide, limiting therapeutic choices [1] . Consequently, it is of partic-

ular importance to prevent the dissemination of K. pneumoniae in

the clinical environment. 

Chlorhexidine is a widely used disinfectant with broad-

spectrum bactericidal activity. It was previously reported that 86–

92% of skin flora was decreased by hand washing with chlorhex-

idine [2] . However, excessive use of chlorhexidine may impose a

selective pressure and accelerate the emergence of chlorhexidine

resistance. Bacteria with reduced chlorhexidine susceptibility have

been reported [3] . The primary resistance mechanism to chlorhex-

idine in Gram-negative bacteria involves multidrug efflux pumps

encoded by the cepA, qacE and qacE �1 genes. 
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Long-term exposure of bacteria to chlorhexidine may also lead

o cross-resistance to other antimicrobial agents with similar struc-

ures or mechanisms of action [4] . Undoubtedly there is an ur-

ent need to understand the potential cross-resistance between

hlorhexidine and antimicrobial agents as well as the molecular

echanisms involved. However, few reports on this subject are

vailable at present. In the current study, three clinical K. pneu-

oniae isolates were cultured with gradually increasing concentra-

ions of chlorhexidine to assess acquired resistance to this disinfec-

ant as well as to other antimicrobial agents. Potential resistance

echanisms and fitness cost were also investigated. 

. Materials and methods 

.1. Bacterial strains 

Three clinical isolates of K. pneumoniae (FK1891, FK2114 and

K2138) were recovered from three patients in different wards

f the First Affiliated Hospital of Wenzhou Medical University

Wenzhou, China) in 2015. The patients had not been exposed

o chlorhexidine previously. The isolates were clonally unrelated

different pulsed-field gel electrophoresis (PFGE) patterns and
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equence types] and were susceptible to almost all commonly

sed antibiotics. In addition, the isolates were also susceptible to

hlorhexidine [5] , with minimum inhibitory concentrations (MICs)

f 8, 4 and 4 μg/mL, respectively. 

.2. Adaptation to chlorhexidine 

The adaptation test was conducted as reported previously [6] .

riefly, 100 μL of an overnight culture (1 × 10 8 CFU/mL) was trans-

erred to 10 mL of nutrient broth supplemented with 0.5 × MIC of

hlorhexidine. It was then incubated for 24-48 h and was further

ubcultured in broth containing the original concentration and a

-fold higher concentration of chlorhexidine, respectively. Cultures

rown in the higher chlorhexidine concentration following incu-

ation were selected to repeat the above procedure. The process

as continued until the strains reached their maximum tolerance.

he stability of the adaptive tolerance was determined by repeated

ubculture in chlorhexidine-free broth for 10 generations. 

.3. Antimicrobial susceptibility testing 

The MICs of chlorhexidine and commonly used antibiotics

colistin, nitrofurantoin, fosfomycin, chloramphenicol, tetracycline, 

entamicin, aztreonam, meropenem, ciprofloxacin, ceftriaxone and

efepime) were determined by the agar dilution method in ac-

ordance with Clinical and Laboratory Standards Institute (CLSI)

uidelines [7] . The MIC was defined as the lowest concentration

f antibiotic or chlorhexidine that completely prevented bacterial

rowth, and a change of ≥4-fold in the MIC was considered signif-

cant. Escherichia coli ATCC 25922 was used as a control strain. 

.4. Detection of resistance determinants 

The mechanisms of resistance to chlorhexidine and colistin

ere investigated according to the results of antimicrobial suscep-

ibility testing. Total DNA from each of the K. pneumoniae strains

as extracted using a Biospin Bacteria Genomic DNA Extraction

it (Bioflux, Tokyo, Japan). Resistance genes to chlorhexidine ( cepA,

acE, qacE �1 ) and colistin ( pmrA, pmrB, phoP, phoQ and mgrB ) were

nvestigated by PCR and sequencing as described previously [8–10] .

.5. Reverse transcription quantitative PCR (RT-qPCR) 

RNA of the K. pneumoniae strains was extracted using an

Neasy ® Mini Kit (QIAGEN, Valencia, CA) and then was re-

erse transcribed using a RevertAid 

TM First Strand cDNA

ynthesis Kit (Thermo Scientific, Waltham, MA). The expres-

ion level of the cepA gene was evaluated by RT-qPCR with

orward (5 ́-TCCTGGTACGGCTGGCATCG-3 ́) and reverse (5 ́-

GTGATAATGTCCTGACGCTCCTC-3 ́) primers. All reactions were

erformed in triplicate. Relative expression of the cepA gene was

ormalised to that of the gapA reference gene and was determined

y the 2 –��Ct method [11] . 

.6. Bacterial growth curves 

Growth curve assays were conducted to assess the in vitro fit-

ess of strains [10] . Briefly, overnight cultures of the strains were

iluted with fresh Luria–Bertani broth at a final inoculum of 10 4 

FU/mL and were then cultured at 37 °C. The optical density at 600

m (OD 600 ) was measured every 2 h for 24 h. Experiments were

epeated in triplicate and the mean absorbance values were used

or analysis. 
. Results 

.1. Adaptation to chlorhexidine 

Final MICs of chlorhexidine reached 128 μg/mL in all three

trains following exposure to stepwise increasing concentrations

f chlorhexidine. Furthermore, adaptive resistance to chlorhexidine

as still stable following inoculation in chlorhexidine-free broth

or approximately 10 passages. 

.2. Antimicrobial susceptibility testing 

The MICs of a wide variety of antimicrobial agents were inves-

igated to determine the presence of cross-resistance. Compared

ith wild-type strains, the adapted strains showed a remarkable

ncrease in their resistance to colistin, with a change in MIC from

.25 μg/mL to 32 μg/mL. However, no obvious change in sus-

eptibility to other antimicrobial agents was observed following

hlorhexidine exposure. 

.3. Molecular resistance mechanisms to chlorhexidine and colistin 

The efflux pump gene cepA was identified in all of the strains,

hilst qacE and qacE �1 were not detected. The results of sequence

nalysis revealed the presence of point mutations in PmrB of the

dapted strains compared with the wild-type strains. All of the

dapted strains carried the mutations Leu82Arg and Arg256Gly.

oreover, the adapted strain of FK1891 also carried the point mu-

ation Leu344Pro. Alterations in other proteins (PmrA, PhoP, PhoQ

nd MgrB) were not detected. 

.4. Analysis of cepA gene expression 

All of the clinical strains showed an increased expression level

f the cepA gene after adaptation to chlorhexidine. Compared with

he wild-type strains of FK1891, FK2114 and FK2138, expression of

epA in their corresponding chlorhexidine-adapted strains was in-

reased by 8.88-fold, 11.04-fold and 11.95-fold, respectively ( Fig. 1 ).

.5. Growth capacity of the wild-type and chlorhexidine-adapted 

trains 

A similar growth trend was noted between the wild-type

trains and their corresponding adapted strains ( Fig. 2 ). All of the

dapted strains showed a slightly lower growth rate in the initial

 h. Strain FK1891 exhibited a statistically significant decrease in

acterial growth after chlorhexidine adaptation, whilst a contrary

esult was observed in strain FK2114 ( P < 0.05). However, there

as no statistically significant differences in growth of the wild-

ype and adapted strains of FK2138. 

. Discussion 

Chlorhexidine is applied widely to prevent the spread of bac-

eria in the hospital environment. However, its extensive use has

iven rise to great concern about the development of resistance

oth to disinfectants and antibiotics owing to selective pressure. In

 previous study, it was observed that bacteria recovered from pa-

ients with daily chlorhexidine bathing were more likely to have

educed chlorhexidine susceptibility than those from the patients

ithout daily bathing [12] . Similar to previous reports [11] , in the

urrent study three clinical K. pneumoniae strains acquired stable

esistance to chlorhexidine following repeated chlorhexidine expo-

ure. 

As well documented, the cepA, qacE and qacE �1 genes are con-

idered as important efflux mechanisms involved in chlorhexidine
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Fig. 1. Expression levels of the cepA gene in three Klebsiella pneumoniae strains. Bars and error bars indicate the mean values and standard deviation, respectively. ∗ Significant 

difference in expression ( P < 0.05). 

Fig. 2. Growth capacity of wild-type Klebsiella pneumoniae strains and their corresponding adapted strains. Data are the mean OD 600 values of three independent experi- 

ments. OD 600 , optical density at 600 nm. 
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resistance [13] . It has been reported that cepA was widely dis-

tributed among K. pneumoniae isolates with diverse chlorhexidine

MICs [8] . All of the wild-type strains in the current study har-

boured the cepA gene, which was likely to be the basis for adaptive

resistance. Similar to a previous report [13] , upregulated expres-

sion of cepA was observed in the adapted strains, indicating that

the active efflux pump contributed to transporting chlorhexidine

out of the bacterial cell. 

Russell et al. demonstrated that exposure of Pseudomonas

stutzeri isolates to chlorhexidine resulted in cross-resistance to

several antibiotics [14] . Similarly, it is worth noting that cross-

resistance to colistin was observed in the current study. The MICs

of colistin increased by 128-fold following chlorhexidine adapta-

tion, posing a potential threat and further highlighting the neces-

sity of prudent use of chlorhexidine. 

Colistin, one of the most important last-resort antimicrobial

agents, is used for the treatment of infections caused by multidrug-

resistant bacteria and exhibits a relatively low resistance rate. Re-

sistance to colistin is primarily due to modification of lipid A, me-

diated by changes in two-component systems such as PmrA/PmrB

and PhoP/PhoQ, as well as by inactivation of MgrB. A previous

study found that lipid A was altered in bacteria exposed to ben-

zalkonium chlorides [15] . In the current study, cross-resistance to

colistin was observed and the mutation Leu82Arg in PmrB asso-

ciated with colistin resistance was found in all of the adapted

strains. As previously reported, the mutation Arg256Gly was not

linked to decreased susceptibility [16,17] . Thus, we speculated that

Leu82Arg was probably the main colistin resistance mechanism,

whilst another mutation Leu344Pro might not be related to colistin

resistance since the latter mutation appeared not to confer an ad-
itional increase in MIC. However, further studies are still required

o determine the effect of the mutation Leu344Pro. Strikingly, it is

rst reported that exposure to chlorhexidine caused mutations in

mrB associated with colistin resistance. 

In accordance with a recent study performed with biocide-

dapted bacterial strains [6] , different growth capacities were

ound in the current study between the adapted strains and their

espective wild-type strains, indicating that bacteria might change

heir physiological characteristics to adapt to the stress induced by

hlorhexidine. 

In conclusion, continued chlorhexidine exposure of bacterial

trains significantly increased their resistance to chlorhexidine and

olistin, primarily mediated by an active efflux pump encoded by

epA and a specific point mutation in PmrB, respectively. The find-

ngs of this study have important clinical significance, further em-

hasising the need for controlled use of chlorhexidine as well as

onstant surveillance of the chlorhexidine susceptibility of K. pneu-

oniae clinical strains. 

unding 

This work was supported by grants from the Planned Science

nd Technology Project of Wenzhou [grant nos. Y20180193 and

20170204]. 

ompeting interests 

None declared. 



Y. Zhang, Y. Zhao and C. Xu et al. / International Journal of Antimicrobial Agents 53 (2019) 864–867 867 

E

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

 

 

 

 

 

[  

 

 

[  

 

[  

 

[  

 

[  

 

 

 

thical approval 

Not required. 

eferences 

[1] Nordmann P , Naas T , Poirel L . Global spread of carbapenemase-producing En-
terobacteriaceae. Emerg Infect Dis 2011;17:1791–8 . 

[2] Milstone AM , Passaretti CL , Perl TM . Chlorhexidine: expanding the

armamentarium for infection control and prevention. Clin Infect Dis
2008;46:274–81 . 

[3] Naparstek L , Carmeli Y , Chmelnitsky I , Banin E , Navon-Venezia S . Reduced sus-
ceptibility to chlorhexidine among extremely-drug-resistant strains of Klebsiella

pneumoniae . J Hosp Infect 2012;81:15–19 . 
[4] Fuangthong M , Julotok M , Chintana W , Kuhn K , Rittiroongrad S , Vattanavi-

boon P , et al. Exposure of Acinetobacter baylyi ADP1 to the biocide chlorhex-

idine leads to acquired resistance to the biocide itself and to oxidants. J An-
timicrob Chemother 2011;66:319–22 . 

[5] Kampf G . Acquired resistance to chlorhexidine—is it time to establish an ‘anti-
septic stewardship’ initiative. J Hosp Infect 2016;94:213–27 . 

[6] Gadea R , Fernández Fuentes MÁ, Pérez Pulido R , Gálvez A , Ortega E . Effects of
exposure to quaternary-ammonium-based biocides on antimicrobial suscepti-

bility and tolerance to physical stresses in bacteria from organic foods. Food

Microbiol 2017;63:58–71 . 
[7] Clinical and Laboratory Standards Institute. Performance standards for antimi-

crobial susceptibility testing; twenty-fifth informational supplement, Wayne,
PA: CLSI; 2015. Document M100-S25 . 

[8] Abuzaid A , Hamouda A , Amyes SG . Klebsiella pneumoniae susceptibility to bio-
cides and its association with cepA, qac �E and qacE efflux pump genes and

antibiotic resistance. J Hosp Infect 2012;81:87–91 . 
[9] Gomaa FAM , Helal ZH , Khan MI . High prevalence of bla NDM-1 , bla VIM , qacE , and
qacE �1 genes and their association with decreased susceptibility to antibiotics

and common hospital biocides in clinical isolates of Acinetobacter baumannii .
Microorganisms 2017;5:E18 . 

10] Jayol A , Poirel L , Brink A , Villegas MV , Yilmaz M , Nordmann P . Resistance
to colistin associated with a single amino acid change in protein PmrB

among Klebsiella pneumoniae isolates of worldwide origin. Antimicrob Agents
Chemother 2014;58:4762–6 . 

[11] Curiao T , Marchi E , Viti C , Oggioni MR , Baquero F , Martinez JL , et al. Poly-

morphic variation in susceptibility and metabolism of triclosan-resistant mu-
tants of Escherichia coli and Klebsiella pneumoniae clinical strains obtained

after exposure to biocides and antibiotics. Antimicrob Agents Chemother
2015;59:3413–23 . 

12] Suwantarat N , Carroll KC , Tekle T , Ross T , Maragakis LL , Cosgrove SE , et al. High
prevalence of reduced chlorhexidine susceptibility in organisms causing cen-

tral line-associated bloodstream infections. Infect Control Hosp Epidemiol

2014;35:1183–6 . 
13] Abuzaid AA , Amyes SG . The genetic environment of the antiseptic resistance

genes qacE �1 and cepA in Klebsiella pneumoniae . J Chemother 2015;27:139–44 .
14] Russell AD , Tattawasart U , Maillard JY , Furr JR . Possible link between bacterial

resistance and use of antibiotics and biocides. Antimicrob Agents Chemother
1998;42:2151 . 

15] Oh S , Tandukar M , Pavlostathis SG , Chain PS , Konstantinidis KT . Microbial com-

munity adaptation to quaternary ammonium biocides as revealed by metage-
nomics. Environ Microbiol 2013;15:2850–64 . 

16] Cheng YH , Lin TL , Pan YJ , Wang YP , Lin YT , Wang JT . Colistin resistance
mechanisms in Klebsiella pneumoniae strains from Taiwan. Antimicrob Agents

Chemother 2015;59:2909–13 . 
[17] Aires CA , Pereira PS , Asensi MD , Carvalho-Assef AP . mgrB mutations mediating

polymyxin B resistance in Klebsiella pneumoniae isolates from rectal surveil-

lance swabs in Brazil. Antimicrob Agents Chemother 2016;60:6969–72 . 

http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0001
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0001
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0001
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0001
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0002
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0002
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0002
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0002
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0003
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0003
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0003
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0003
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0003
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0003
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0004
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0005
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0005
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0006
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0006
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0006
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0006
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0006
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0006
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0007
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0008
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0008
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0008
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0008
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0009
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0009
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0009
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0009
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0010
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0010
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0010
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0010
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0010
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0010
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0010
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0011
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0011
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0011
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0011
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0011
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0011
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0011
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0011
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0012
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0012
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0012
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0012
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0012
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0012
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0012
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0012
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0013
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0013
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0013
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0014
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0014
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0014
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0014
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0014
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0015
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0015
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0015
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0015
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0015
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0015
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0016
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0016
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0016
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0016
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0016
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0016
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0016
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0017
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0017
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0017
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0017
http://refhub.elsevier.com/S0924-8579(19)30042-1/sbref0017

	Chlorhexidine exposure of clinical Klebsiella pneumoniae strains leads to acquired resistance to this disinfectant and to colistin
	1 Introduction
	2 Materials and methods
	2.1 Bacterial strains
	2.2 Adaptation to chlorhexidine
	2.3 Antimicrobial susceptibility testing
	2.4 Detection of resistance determinants
	2.5 Reverse transcription quantitative PCR (RT-qPCR)
	2.6 Bacterial growth curves

	3 Results
	3.1 Adaptation to chlorhexidine
	3.2 Antimicrobial susceptibility testing
	3.3 Molecular resistance mechanisms to chlorhexidine and colistin
	3.4 Analysis of cepA gene expression
	3.5 Growth capacity of the wild-type and chlorhexidine-adapted strains

	4 Discussion
	Funding
	Competing interests
	Ethical approval
	References


