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Pseudomonas aeruginosa and Resistance Mechanisms 

The study of resistant P. aeruginosa isolates circulating in various aquatic 

habitats is profoundly important to public health, but the environmental 

reservoirs of resistance factors such as swimming pools are poorly 

understood. 

 

acquired resistance mechanisms 

an extensive efflux pump 

system 

intrinsic antimicrobial resistance: 

low outer membrane 

permeability 

chromosomally 

encoded AmpC 

transposons integrons plasmids 



Pseudomonas aeruginosa and Resistance Mechanisms 

Reduced outer-membrane permeability + increase in drug efflux 

Multi Drug Resistant isolates (MDR) 

(Livermore, 2011; Sanchez, 2014) 

Resistant P. aeruginosa isolates  

pool water samples biofilms 

potential mechanisms of bacteria 

resistance against chlorine 

(Grobe, 2001; Venezia, 2005) 



Pseudomonas aeruginosa and Resistance Mechanisms 

In Greece, studies on P. aeruginosa isolated from pools have been published, 

but these studies outlined the resistance of the bacterium in commonly used 

antibiotics only (Papadopoulou, 2008; Tirodimos, 2008) 

beta-lactamases 

Extended Spectrum Beta-

Lactamases (ESBLs) 

Metalo Beta-Lactamases 

(MBL) 

(Zhang, 2013; Maravic, 2012) 



Aim of the study 

Since the detection of P. aeruginosa is required by the current legislation in 

swimming pools, it is very important to elucidate the resistance mechanisms 

circulating in aquatic environments and specifically in swimming pools. 

Multi Locus Sequence Typing (MLST): a typing method focusing strictly on 7 

conserved housekeeping genes was chosen for the typing and the discrimination 

of the isolates. The behavior of the resistant isolates when MLST is applied 

also included in the study.  



Material and Methods 

Sampling 

 

16.7% Central 

Greece 

  15.5% 

Attica 

36.8% the  

Peloponnese 

Water samples were 

collected from all over 

Greece……… 

Dodecanese 

With the majority:  

43.5% Southern Greece 

15.5% Attica 



Material and Methods 

Sampling 

239 

51 swimming pools 188 others: boreholes, bottled water, 

drilling-water, flounders, lakes, spa, 

mains water, water-tanks 

Antibiotic Susceptibility testing 

non-carbapenem b-lactams 

carbapenems 

aminoglycosides 

fluoroquinolones 

ceftazidime (CAZ), cefotaxime (CTX), 

cefepime (FEP), piperacillin (PIP), 

ticaricillin (TIC), piperacillin/tazobactam 

(TZP), ticarcillin/clavulanate (TCC), 

aztreonam (ATM) 

imipenem (IPM) and meropenem (MEM) 

amikacin (AN), tobramycin 

(TOB) gentamycin (GM) 

ciprofloxacin (CIP) 



Material and Methods 

Detection of ESBLs and MBLs 

phenotypical  molecular 

Double Disk 

Synergy Test 

(DDST) 

EDTA test 

isolates R/r to at least one antibiotic of each category  

blaPER-1, blaOXA-2,  

blaVEB-1A,  blaGES-

1A, blaTEM-A, 

blaSHV-A  

blaVIM-2, blaIMP, 

blaSIM-1, blaGIM-1, 

blaSPM-1, blaNDM 

The CLSI confirmatory test for 

ESBL production was performed 

by inoculating Mueller-Hinton 

agar by the standard diffusion 

method and placing disks 

containing CTX or CAZ with or 

without Boronic Acid 

A combined-disc test 

employing discs of 

imipenem 10 mg 

without and with 0.1 

M EDTA  

(Tsakris, 2009; Ranelloy, 2011; Giakkoupi, 

2008) 



Material and Methods 

Detection of class 1 integrons 

Screening for Integrase class 1 was performed according to Levesque et al, 1995 

where the IntI1 is amplified with specific primers.  

while the determination of the variable regions (number of integrons and 

molecular weight) was performed according to Maguire et al, 2001 



Material and Methods 

Multi Locus Sequence Typing 

(MLST) 
41 isolates 

geographical basis one representative isolate from 

each resistant phenotype 

Gurran et al, 2004 
acsA, mutL, guaA, aroE, trpE, nuoD, ppsA 

Tm of the seven housekeeping 

genes 
new primers designed 



Results and Discussion 

Antibiotic Susceptibility testing 

S: susceptible to all 

antibiotics without 

induction 

W: susceptible to all 

antibiotics with strong 

induction 

N.W.: 

susceptible to 

all antibiotics 

except TIC 

and TCC with 

or without 

induction 

R: resistance 

or 

intermediate 

to more than 

three 

antibiotics 

Resistant phenotype Interpretation Frequency 

R1  AmpC part derepressed Common  

R1 AmpC full derepressed Rare  

R2 Increased effluxb Common  

R3 Loss of OprD porin Scattered  

A substantial portion of 

the strains was 

characterized separately 

as ESBL producers 

according to the 

phenotypic tests. 



Results and Discussion 
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23/239 in total 

5/51 in pools 

 

9.6% 

118/239 in total 

27/51 in pools 

 

50% 



Results and Discussion 

Distribution of the resistant phenotypes into the various geographical areas of Greece 
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Results and Discussion 

Detection of ESBLs 

a/a 

Isolates 

Antimicrobial resistance profile 

114 TIC TCC CTX ATM CAZ 

245 TIC TCC CTX ATM MEM 

254 TIC TCC CTX ATM MEM 

255 TIC TCC CTX ATM MEM 

256 TIC TCC CTX ATM MEM FEP 

Antimicrobial resistance profile of the five ESBL positive isolates 

derived from swimming pools 
23 

5 from 

swimming 

pools 

9 from 

other 

samples 

DDS-test (synergy between AMC and CAZ or CTX) 

None of the 23 isolates produced 

electrophoretic bands for the 6 ESBL 

genes tested!!!!! 

The test was considered positive when: 

 an increase in the growth-inhibitory zone around either the 

CTX or the CAZ disk with BA was 5 mm or greater of the 

growth-inhibitory zone diameter around the disk containing 

CTX or CAZ alone 

an alteration of the halos between amc and any of the other 

three antibiotics is present 

amc+B

A 

atm+B

A 
ctx+BA 

caz+BA 

amc 

caz 

atm ctx 

9 from 

mains water 



Results and Discussion 

Detection of MBLs 

3 

1 from 

swimming 

pools 

2 from other 

samples 
caz 

mem ipm 

disk+E

DTA 

Synergy between the disk + EDTA 

and mem or/and ipm 

None of the 3 isolates produced electrophoretic 

bands for the 6 MBL genes tested!!!!! 



Results and Discussion 

Detection of class 1 integrons 

2 out of 23 ESBL and MBL isolates were positive for the presence of IntI1 gene 
a/a 

isolate 

sample area  Resistant 

profile 

Antibiotic reistance 

257 swimming 

pool 

Peloponnese R1 TIC, TCC, ATM and   

MEM 

269 mains 

water 

Central 

Greece 

R1 TIC, TCC, ATM and   

MEM 

both of the isolates had an integron of 1200 bp 

sequencing of the variable region of the integron revealed a region of 

800 bp where aadA1 - aminoglycoside resistance gene was 

recognized  



Results and Discussion 

Multi Locus Sequence Typing 
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acsA, aroE, mutL, ppsA, guaA, nuoD, trpE 

Distribution of the 41 isolates tested with MLST into the various resistant 

phenotypes  



Results and Discussion 
Multi Locus Sequence Typing 

16 positive for all 7 genes 

5 from 

pools 

11 from other 

samples 

25 positive for 2-6 genes 

4 from 

pools 

21 from other 

samples 

Distribution of the 25 isolates positive for 2 to 6 genes 

during MLST in the resistant phenotypes  

all belonging to the wild phenotype 

MSLT 

genes 

 

 

 

acsA mutL nuoD aroE ppsA guaA trpE 

257 1 0 0 1 1 1 0 

269 1 0 0 1 0 1 0 

a/a  

11 

4 

5 

5 
W

NW

R1

ESBL



Results and Discussion 

resistance genes such as ESBL + genetic mobile elements 

alteration in housekeeping genes in such stressed environments. 

wild isolates + resistant isolates 

same habitats 

resistance is transferred   

wild-type strains turn into resistant strains 

time + natural selection 



Conclusions 1 

Finally, it seems that the typeability of MLST is decreased when applied to 

environmental strains in comparison with clinical ones, due to changes in basal 

metabolism genes.  

Additional modification of the 

protocol besides the one proposed 

by Mansfeld (2009) e.g design new 

primers…… 

Reevaluation of the conserved genes 

could be a start. 

environmental stress 

chlorine resistant bacteria 

antibiotic resistant isolates 

This interpretation of the results 

is still under investigation…….. 



Conclusions 2 

The presence of ESBL in P. aeruginosa seems to be very likely in various aquatic habitats 

and especially in swimming pools, highlighting the risks when pools and hot tubs are used 

by immunocompromised patients for therapeutic purposes.  

Integrons are present in environmental isolates 

and play an important role in the dissemination 

of resistance genes  

resistance 

clinically relevant antimicrobial agents 

aztreonam, meropenem, ticarcillin, ticarcillin/clavulanic acid, 

ceftazidime and cefotaxime 



Conclusions 3 

isolates deriving from swimming pools seem to follow the same resistant 

patterns with those from other sampling sources, for all categories of the 

Resistant phenotypes 

major public 

health problem 





Double Disk 

Synergy Test 

(DDST) 

The CLSI confirmatory test for ESBL 

production was performed by inoculating 

Mueller-Hinton agar by the standard 

diffusion method and placing disks 

containing CTX or CAZ with or without 

Boronic Acid 

Clinical Laboratory 

Standards Institute 

The principle of the method is that BA 

inhibits ampC (intinsic mechanism) aimed to 

reveal acquired mechanisms due to some 

beta lactamase e.g ESBL  



EDTA test 

A combined-disc test employing discs 

of imipenem 10 mg without and with 

0.1 M EDTA  

MBL isolates require 

Zn(2+) for activity. When 

the Zinc is available, 

EDTA inhibits the zinc, 

and this synergy appears 

between the antibiotics 



induction 

AmpC production  

Induction  

induction is present when AmpC b-lactamase is 

expressed inducible 

very common in P. aeruginosa as it is one of the 

intrinsic resistance mechanisms  

appears with a characteristic 

lining of the halo 



Material and Methods 

Multi Locus Sequence Typing 

(MLST) 

Individual BLAST was used to determine whether the corresponding data 

matched with the appropriate gene while P. aeruginosa MLST database was 

used to assign a Sequence Type in each isolate. 

During this procedure the control strains Pseudomonas aeruginosa ATCC 27853, a clinical control 

from HPA/NEQAS (The HPA External Quality Control Scheme) and P. aeruginosa PAO1 were used as 

reference standards. 


