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ABSTRACT

Introduction: Multidrug resistance phenotype of Pseudomonas aeruginosa utilizes several resistant mechanisms to overcome the action
of antibiotics. This phenotype is caused by several resistance mechanisms or a combination of thereof. This study aimed to evaluate
various resistance mechanisms by phenotypic methods.

Materials and Methods: Carbapenem-resistant P. aeruginosa were included in this study. Antimicrobial resistance mechanisms such
as efflux pump activity, reduced outer membrane permeability (OMP), various B-lactamase activities, and biofilm formation ability of
clinical P. aeruginosa isolates were determined by phenotypic methods.

Results: Of the P. aeruginosa isolates, 33.7% (n= 33/98) had a positive efflux pump activity. The co-existence of positive efflux pump
activity and Metallo 3-lactamase (MBL) production was detected in 30.3% (10/33) of the isolates. In 34.7% of the clinical P. aerugino-
sa isolates, reduced OMP was detected and 70.6% of them were also biofilm producers. Totally 21.4% (21/98) of P. aeruginosa isolates
were evaluated as extended-spectrum beta-lactamase (ESBL) positive. AmpC B-lactamase was detected in 15.3% (n= 15/98) of the
clinical P. aeruginosa isolates. MBL activity was detected in 33.7% (n= 33/98) of the clinical P. aeruginosa isolates. Of the MBL-positive
isolates, 69.7% were biofilm producers. The co-existence of MBL and reduced OMP was detected in 36.4% (n=12/33).

Conclusion: High resistance of P. aeruginosa was attributed to several resistance mechanisms or a combination of thereof. This infec-
tions caused by multidrug-resistant (MDR) P. aeruginosa are difficult to treat due to the co-existence of different resistance mechanisms.
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Karbapenem Direncli Klinik Pseudomonas aeruginosa izolatlarinda Coklu Direng
Mekanizmalarinin Birlikte Varhgi

Aylin USKUDAR-GUCLU, Hasan Cenk MIRZA, Sezin UNLU
Baskent Universitesi Tip Fakuiltesi, Tibbi Mikrobiyoloji Anabilim Dali, Ankara, Tcirkiye

Giris: Antibiyotiklerin etkisinden kacabilmek icin Pseudomonas aeruginosa suslari bircok direngc mekanizmasindan yararlanir. Cok ilaca
direncli suslar, farkli diren¢ mekanizmalarini veya bunlarin kombinasyonunu kullanir. Bu ¢calismada, karbapenem direncli izolatlarda
cesitli direng mekanizmalarinin fenotipik yontemlerle degerlendirilmesi amaglanmistir.

Materyal ve Metod: Karbapenem direngli P. aeruginosa izolatlari bu ¢alismaya dahil edilmistir. Klinik P. aeruginosa izolatlarinin efluks
pompasi aktivitesi, dis membran gecirgenligi, cesitli B-laktamaz aktiviteleri gibi antimikrobiyal diren¢c mekanizmalari ve biyofilm olustur-
ma yetenekleri fenotipik yéntemlerle arastirilmistir.

Bulgular: Efluks pompasi aktivitesi, P. aeruginosa izolatlarinin %33.7'sinde (n= 33/98) saptanmistir. izolatlarin %30.3"inde (10/33)
efluks pompasi aktivitesi ve metallo B-laktamaz (MBL) tiretiminin birlikteligi tespit edilmistir. Dis membran gegirgeniginin azalmasi klinik
P. aeruginosa izolatlarinin %34.7 'sinde saptanmistir ve bunlarin %70.6°s1 biyofilm olusturmaktadir. P. aeruginosa izolatlarinin %21.4 (i
(n= 21/98) genislemis spektrumlu beta laktamaz (GSBL) pozitif olarak saptanmustir. Klinik P. aeruginosa izolatlarinin %15.3"linde (n=
15/98) AmpC B-laktamaz varligi saptanmstir. Klinik P. aeruginosa izolatlarinin %33.7sinde (n= 33/98) MBL aktivitesi saptanmistir.
MBL aktivitesi pozitif izolatlarin %69.7’si biyofilm olusturmaktadir. izolatlarin %36.4‘iinde (n= 12/33) MBL ve azalmis dis membran
gecirgenligi birlikteligi saptanmustir.

Sonug: P. aeruginosa izolatlarindaki karbapenem direncinin, ayni anda cesitli direng mekanizmalarinin birlikte varhgiyla saglandigi
gortlmdstiir. Farkl direng mekanizmalarinin ayni anda aktif olmasiyla, ¢ok ilaca direncli P. aeruginosa’nin neden oldugu infeksiyonlarin
tedavisi gticlesmektedir.

Anahtar Kelimeler: P. aeruginosa; Biofilm; Antibiyotik direnc mekanizmalari; Karbapenem direnci

INTRODUCTION carbapenems) was 12.1%, and carbapenem resist-

Pseudomonas aeruginosa is a ubiquitous ance was 16.5%'".
gram-negative opportunistic pathogen!l:2 that is Carbapenems have been used as the last re-
mostly associated with nosocomial infections'!. sort of antimicrobials in treating severe infections
Infections caused by P. aeruginosa are associated caused by gram-negative bacteria. However, the
with significant morbidity and mortality rates!!-3:4], clinical use of carbapenem is in danger with the
Eradication of P. aeruginosa has become increas- emergence of the high rate of resistance, and
ingly difficult due to its remarkable capacity of carbapenem-resistant P. aeruginosa isolates are
both intrinsic and acquired resistance to antibi- often resistant to multiple antibiotics!®l. According
otics! -2l p. aeruginosa displays resistance to a to the surveys, the rate of carbapenem non-sus-
variety of antibiotics, including aminoglycosides, ceptible P. aeruginosa strains in Turkey increased

quinolones and B-lactamsll*s’f’]. Such isolates are from 33.3% in 2011 to 44.0% in 2018.
mostly referred to as multidrug-resistant (MDR) as
described by the European Centre for Disease
Prevention and Control (ECDC). According to the
European Antimicrobial Resistance Surveillance
Network (EARS-Net) report in 2019, the rate of
P. aeruginosa isolates with combined resistance
(resistance to >3 antimicrobial groups, including

Major antibiotic resistance mechanisms of P.
aeruginosa are classified into intrinsic, acquired
and adaptive resistance. The expression of ef-
flux pumps, reduced outer membrane permeability
(OMP), and the production of antibiotic-inactivat-
ing enzymes are the intrinsic resistance mecha-
nisms'!. The acquired resistance of P. aeruginosa
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can be achieved by either horizontal transfer of
resistance genes or mutational changes[w]. The
adaptive resistance of P. aeruginosa involves the
formation of biofilm that limit antibiotic access to
the pathogen!!). Different carbapenem resistance
mechanisms have been defined in P. aerugino-
sa so far. These mechanisms include inducible
chromosomal AmpC[lz], reduced drug uptake due
to mutation or lost outer membrane porins, in-
creased drug efflux due to over-expression of
efflux pumps, and acquisition of carbapenem-hy-
drolyzing enzymesm.

Since antibiotic resistance in P. aeruginosa
involves the collaboration of restricted uptake
through the outer membrane and secondary
resistance mechanisms such as efflux and
B-lactamase(s), this study aimed to evaluate the
resistance mechanisms, including efflux pump
activity, outer membrane permeability, various
B-lactamase activities, as well as biofilm formation
ability of clinical P. aeruginosa isolates by
phenotypic methods.

MATERIALS and METHODS

This study was approved by Baskent Uni-
versity Institutional Review Board (Project no:
KA21/321).

Isolate profile

Previously identified 98 carbapenem resistant
clinical P. aeruginosa isolates from various clinical
samples were included in the study[13].

Detection of Efflux Pump Activity

Ethidium bromide (EtBr) agar cartwheel meth-
od was used to detect overexpressed efflux system
of tested isolates!. Briefly, Trypticase Soy Agar
(TSA) (Orlab, Turkey) plates containing EtBr (Ap-
pliChem GmbH, Germany) concentrations ranging
from 0.0 to 2.5 mg/L were prepared on the
same day of the experiment and kept protected
from light. Overnight cultures of the bacterial
isolates were adjusted to 0.5 McFarland turbidity.
Bacterial suspensions were swabbed on the Et-
Br-TSA plates from the center to the margin of
the plate by dividing TSA plates into 6-8 sectors
by radial lines that form the cartwheel pattern.
The plates were then incubated for 16 hours at
37°C and were examined under a U.V. transil-

luminator; the minimum concentration of EtBr
producing fluorescence of the bacterial mass was
recorded, and strains that showed lower fluores-
cence than the control were defined as positive
efflux pump activity (Figure 1A).

Detection of Reduced Outer Membrane
Permeability (OMP)

Evaluation of OMP was performed by deter-
mining minimum inhibitory concentration (MIC)
values for imipenem (IPM) in the presence and
absence of EDTA; a permeabilizer that chelates
divalent cations that stabilize molecular interac-
tions in the OM, causing disruption of OMP[15].
The MICs of IPM and IPM+EDTA were deter-
mined by broth micro-dilution according to CLSI
guidelines[16]. Two-fold serial dilutions of IPM
(Oxoid, UK) and IPM+EDTA were prepared in
96-well microtiter plates in a final volume of
100 pL per well. Each well was inoculated with
100 pL of the previously prepared bacterial sus-
pension and incubated at 37°C for 18-20 h. In
order to eliminate EDTA effect, it was used at a
concentration of 1/4 MIC. A four-fold reduction
in the IPM MIC or more in the presence of
EDTA indicates OM reduced permeability activity.

Detection of B-lactamases

Extended-spectrum B-lactamase (ESBL)
production was detected by the combination disk
test (CDT) and the double-disk synergy test (DDST)
as described by EUCASTH7. The inhibition zone
around ceftazidime and cefotaxime disks combined
with clavulanic acid was compared with the zone
around the disks with ceftazidime and cefotaxime
alone in CDT method. If diameter of inhibition
zone for one of the combination disks was >5 mm
larger than that of corresponding cephalosporin
disk, the test was evaluated as positive. In DDST,
disks containing cefotaxime, ceftazidime, and
cefepime are applied to plates next to a disk
with amoxicillin-clavulanic acid. If the inhibition
zones around any of the cephalosporin disks were
augmented, or a ‘keyhole effect’ was observed
in the direction of the disk containing clavulanic
acid, the test was considered as positive.

Detection of AmpC phenotype was performed
by the AmpC Disk Test (ADT)!8. The AmpC
disks were prepared by applying 20 pl of a
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1:1 mixture of saline and 100 pl Tris-EDTA to
sterile blank disks, allowing the disks to dry. The
disks were stored at 2-8°C. The surface of the
Mueller-Hinton agar (MHA) plate was inoculated
with E. coli ATCC 25922 suspension. AmpC
disks were rehydrated with 20 pl of saline before
use, and several colonies of each test organism
were applied to the disk. A cefoxitin (FOX) disk
(Oxoid, UK) was placed on the inoculated surface
of the MHA. The AmpC disks inoculated with
tested bacterial suspension were placed almost
touching the FOX disk with the inoculated disks
face in contact with the agar surface. After over-
night incubation at 37°C, plates were examined
for either an indentation or a flattening of the
zone of inhibition, indicating enzymatic inactiva-
tion of FOX (positive result), or the absence of
distortion, indicating no significant inactivation of
FOX (negative result).

Detection of AmpC phenotype was also con-
firmed by Three Dimensional Tests with slight
modifications!?. An overnight culture suspension
of the organism E. coli ATCC 25922 was ad-
justed to 0.5 McFarland standard and inoculated
on MHA. A 30 pg FOX disc was placed at the
center. A linear slit of 3 cm length was cut for
each isolate with the help of a pipette tip to
form wells. The 20 ul of tested isolates adjusted
to 0.5 McFarland were added to each well on
MHA. The plates were incubated overnight. The
presence of a distorted inhibition zone was inter-
preted as a positive result for AmpC production.

In order to detect MBL activity of tested
isolates, combined disk synergy test (CDST) and

double-disk synergy test (DDST) with 0.5 M
EDTA were performed. For CDST, two IPM (10
ug) disks were placed 30 mm apart from center
to center on the surface of Mueller Hinton agar
(MHA) plate, and 10 pl 0.5 M EDTA solution
was added to one of them. In CDST, if the
zone of inhibition of the IPM-EDTA disk was
>7 mm more than that of the IPM disk alone,
it was considered MBL positive. In the DDST
assay, an IPM (10 pg) disk was placed 20 mm
apart from a blank disk containing 10 ul of 0.5
M EDTA (750 pg)[?”sl. Enhancement of zone of
inhibition between IPM and EDTA disk was con-
sidered positive MBL activity[21’22] (Figure 1B).

Biofilm Formation Assay

Biofilm formation was assayed in vitro by the
method as described by Peeters et al. using a
microtiter plate assay[23]. Flat-bottom polystyrene
microtiter plates containing 180 pl of Tryptic soy
broth (TSB) (Condalab, Spain) were inoculated
with 20 ul of bacterial culture adjusted ~1x10°
CFU/ml. Biofilm formation was quantified by the
crystal violet staining method after the incubation
period. The supernatant was removed, and the
wells were washed thrice with 200 pl phosphate
saline buffer (PBS, pH 7.2). By adding 200 pl
of 95% methanol into each well for 20 minutes,
the biofilms were fixed, and then the supernatant
was removed. Then 2% crystal violet solution
was added to each well, and 20 min later, the
excess dye was removed by washing with PBS
three times, and then wells were air-dried. Final-
ly, 200 pl of 95% ethanol was added to wells,
followed by incubation for 10 min at room tem-

Figure 1. Determination of (A) efflux pump activity and (B) MBL activities by phenotypic
methods. Numbers indicate the tested strains.
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Table 1. Percentage of resistance mechanisms and MIC, and MIC,, values of meropenem in P. aeruginosa

Meropenem
Resistance mechanisms n % MIC,, (ug/ml) MIC,, (ug/ml)
MBL 33 33.6 >32 >32
Efflux Pump Activity 33 33.6 >32 >32
Reduced OMP 34 34.6 >32 >32
ESBL 21 21.4 32 >32
AmpC 15 15.3 >32 >32
Biofilm 75 76.5 >32 >32

perature. The absorbance was measured at 570
nm (BioTek Instruments, ELX 800, USA), and
strains were evaluated as negative, weak, interme-
diate and strong biofilm formerl?4. p. aeruginosa
ATCC 15442 was used as positive control, and
P. aeruginosa ATCC 27853 as negative control
for biofilm formation.

RESULTS

Totally, 98 clinical isolates were included in the
study. These isolates were previously confirmed
as carbapenem—resistant[lg]. Most of them were
isolated from trans tracheal aspiration (42.9%),
blood culture (20.4%) and wound (10.2%), fol-
lowed by sterile body side (7.1%), bronchoalveolar
lavage (8.2%), sputum (5.1%), and urine (6.1%).
Minimum Inhibitory Concentration (MIC) of me-
ropenem varied between 8 to over 32 ug/mL.
In 68 isolates (69.4%), MIC was 32 or over 32
pg/mL. MIC was found 16 pg/mL in 20 isolates
(20.4%) and 8 pg/mL in 10 isolates (%10.2).
58.8%, 66.7% 69.7% of the isolates having
a MIC value of over 32 pg/mL had reduced
OMP, efflux pump activity and MBL production,
respectively.

Efflux Pump Activity

S. aureus ATCC 29213 was used for efflux
pump activity control, and it fluoresced at
concentrations of 0.5 mg/L and 1 mg/L of
EtBr and did not fluoresce at concentrations
higher than 1 mg/L. 33.7% (n= 33/98) of the
P. aeruginosa isolates showing fluorescence at
lower EtBr concentration than the control has a
positive efflux pump activity (Table 1). 78.8% (n=
26/33) of them were able to form biofilm. In
42.4% (n= 14/33) of the isolates, positive efflux

pump activity was accompanied by reduced OMP.
The co-existence of positive efflux pump activity
and MBL production was detected in 24.2%
(8/33) of the isolates (Table 2).

Reduced Outer Membrane Permeability
(OMP)

In 34.7% (n= 34/98) of the isolates, reduced
OMP was detected (Table 1) and 70.6% of them
were also biofilm producers. Reduced OMP activity

and MBL production was detected together in
35.3% (n= 12/34) of the isolates (Table 2).

B-lactamase Activities

ESBL activity was detected in 21 clinical
(21.4%) P. aeruginosa isolates. AmpC B-lactamase
was detected in 15.3% (n= 15/98) of the clinical
P. aeruginosa isolates. MBL activity was detected
in 33.7% (n= 33/98) of the clinical P. aeruginosa
(Table 1). Out of 33 MBL producer isolates, 12
of them were accompanied by reduced OMP
(Table 2). The co-existence of MBL production
and reduced OMP activity was accompanied by
efflux pump activity in four isolates.

Biofilm Formation Assay

Out of the 98 clinical P. aeruginosa isolates,
75 (76.5%) formed biofilm, of which 17 (22.6%)
were strong, 19 were intermediate (25.3%),
and 39 (52%) were weak biofilm producers.
Biofilm formation in relation to other resistance
mechanisms was also evaluated. Among the
biofilm-forming isolates, 29.3% showed MBL
activity, 35.6% had efflux pump activity, 23.3%
had ESBL activity, 31.5% had reduced OMP,
and 19.2% had AmpC activity (Figure 2).
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Table 2. Co-existence of resistance mechanisms in P. aeruginosa isolates

Resistance mechanisms n %
Only MBL 4 12.1
Efflux 8 24.2
Reduced OMP 12 36.4
MBL (n= 33)
ESBL 3 9.1
AmpC 6 18.2
Biofilm 23 69.7
Only Efflux 3 9.1
MBL 8 24.2
. Reduced OMP 14 42.4
Efflux Pump Activity (n=33)
ESBL 10 30.3
AmpC 5 15.2
Biofilm 26 78.8
Only reduced OMP 4 11.8
MBL 12 35.2
Efflux 14 41.1
Reduced OMP (n= 34)
ESBL 10 29.4
AmpC 4 11.8
Biofilm 24 70.6

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%
MBL

ESBL AmpC

® Biofilm positive ® Biofilm negative

Figure 2. Activities of MBL,
isolates.

DISCUSSION

Carbapenems are used as the

antibiotics against infections caused by multi-resis-
since they have exceptional
stability even in response to extended-spectrum

tant P. aeruginosa[ZS]

ESBL and AmpC among biofilm positive and negative P. aeruginosa

and AmpC B-lactamases. However, the collabo-
ration of reduced outer membrane permeability,
and secondary resistance mechanisms such as
efflux pumps activity and B-lactamase(s) resulted
in(l] significantly high antibiotic resistance in P.
aeruginosa.

last resort of
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Overproduction of efflux pump activity is one
of the most critical resistance mechanisms against
carbapenems in P. aeruginosa[26]. A previous
study has demonstrated that overexpression of
efflux pump activity was detected in 56.1% of the
P. aeruginosa isolates and significantly correlated
with carbapenem resistancel?”).  Similar result
has been obtained from the study conducted in
Turkey with 951 P. aeruginosa isolates, and it
has been reported that 47.6% of the isolates
have overproduction of efflux pump activity[zsl.
In the current study, 33.7% of (n= 33/98)
the clinical isolates were found to have efflux
pump activity and other resistance mechanisms
were found to accompany efflux pump activity.
For instance, 42.4% (n= 14/33) of the isolates
showing efflux pump activity harbored a second
resistance mechanism; reduced OMP (Table 2).
In addition to these two resistance mechanisms,
MBL activity was detected as a third resistance
mechanism in 12.1% of (n= 4/33) the isolates
showing efflux pump activity. The co-existence of
efflux pump activity, MBL and reduced OMP was
found in 4 isolates.

Since P. aeruginosa has been shown to
possess reduced OMP as an intrinsic resistance

mechanism, the current study also evaluated
reduced OMP activity in our clinical isolates.
34.7% of the isolates (n= 34/98) showed

reduced OMP activity, and 70.6% (n= 24/34) of
them were biofilm producers. The co-existence of
reduced OMP and ESBL production was found
in 29.4% (n= 10/34) of the isolates (Table 2),
and efflux pump activity accompanied 50.0%
(n= 5/10) of the isolates as a third resistance
mechanism.

Several mechanisms involved in the carbapenem
resistance of P. aeruginosa includes ESBLs.
They are a group of P-lactamases that inactive
B-lactams. Since they are encoded on plasmids,
they can be easily transferred between strains?l,
A study conducted in Poland has demonstrated
that out of 720 clinical P. aeruginosa isolates,
110  (%15) detected as ESBL positive by
phenotypic tests39). In the current study, ESBL
production was detected in 21.4% of the isolates.
It is known that ESBLs and AmpC are able to
contribute resistance to carbapenems when they

are combined with porin mutations!®!]. In this
study, the co-existence of ESBL and AmpC was
detected in 5 isolates, and one of them was
combined with reduced OMP.

Literature has suggested that solely AmpC-
B-lactamase does not contribute to carbapenem-
resistance; however, it could definitely increase
MICs of B-lactam antibiotics including carbapenems
and usually coexisted with another mechanism
specially reduced OMPI32:33] Chika et al. have
demonstrated that 36% of tested P. aeruginosa
isolates were AmpC p-lactamase producerst34.,
In this study, 15.3% (n= 15/98) of the clinical
P. aeruginosa isolate was found to be AmpC
B-lactamase producer, and 26.7% (n= 4/15) of
them had reduced OMP.

MBL enzyme production from P. aeruginosa
isolates is one of the most critical resistance
mechanisms against carbapenems. MBL genes can
be transferred between strains easily since they
are located on the chromosome or plasmid[35].
Antimicrobial treatment of severe infections is
complicated due to the spread of MBL genes.
Even though a previous study has demonstrated
significantly high MBL activities, 94.2% of the
isolates have been found to have MBL activity
by phenotypic methods; the genotypic method
have not detected MBL genes!®*. Differences in
sensitivities of phenotypic tests can cause these
differences. In this study, 33.7% (n= 33/98) of
the studied isolates were MBL producers. This
rate showed a correlation with other studies that
used phenotypic methods for the detection of
MBL production. Abbas et al. have reported that
40% of the studied isolates were MBL—positive[IS].
Also, a previous study conducted in Egypt has
demonstrated that 27% of P. aeruginosa isolates
were MBL producers[%]. In the current study,
69.7% of MBL-positive isolates were biofilm
producers. The co-existence of MBL and reduced
OMP was detected in 36.4% (n= 12/33) of the
isolates.

An important part of the pathogenesis of
P. aeruginosa includes biofilm formation. The
efficacy of antimicrobials is reduced in isolates
that are able to form biofilm. Biofilm forming
isolates become more resistant to immune
responses since biofilm provide a barrier against

FLORA 2022;27(1):45-54
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phagocytosis by host immune cellsl37:38] The
significantly high number of P. aeruginosa included
in this study showed biofiim formation with
76.5%. Several studies demonstrated the relation
between biofilm formation and the presence of
different types of P-lactamases. Chakraborty et
al. have demonstrated that P. aeruginosa isolates
with MBL activity have a strong biofilm-forming
ability[39]. This result is in concordance with the
current study that demonstrates that 69.7% (n=
23/33) of the MBL producer isolates formed
biofilm. Also, 78.8% (n= 26/33) of the isolates
showing efflux pump activity were found to have
the ability to form biofilm.

CONCLUSION

In conclusion, we believe that results obtained
from the current study are significant since these
resistance mechanisms overlap, and infections

caused by MDR P. aeruginosa are challenging
to treat.
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