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ABSTRACT

Globally, the spread of carbapenem-resistant strains has limited treatment options for multidrug-
resistant (MDR) Pseudomonas aeruginosa infections. This study aimed to determine the role of point
mutations as well as the expression level of the oprD gene in the emergence of imipenem-resistant
P. aeruginosa strains isolated from patients referred to Ardabil hospitals. A total of 48 imipenem-
resistant clinical isolates of P. aeruginosa collected between June 2019 and January 2022 were used in
this study. Detection of the oprD gene and its amino acid alterations was performed using the poly-
merase chain reaction (PCR) and DNA sequencing techniques. The expression level of the oprD gene in
imipenem-resistant strains was determined using the real-time quantitative reverse transcription PCR
(RT-PCR) method. All imipenem-resistant P. aeruginosa strains were positive for the oprD gene based
on the PCR results, and also five selected isolates indicated one or more amino acid alterations. Detected
amino acid alterations in the OprD porin were Ala210Ile, GIln202Glu, Alal89Val, Alal86Pro,
Leul70Phe, Leul27Val, Thr115Lys, and Ser103Thr. Based on the RT-PCR results, the oprD gene was
downregulated in 79.1% of imipenem-resistant P. aeruginosa strains. However, 20.9% of strains showed
overexpression of the oprD gene. Probably, resistance to imipenem in these strains is associated with the
presence of carbapenemases, AmpC cephalosporinase, or efflux pumps. Owing to the high prevalence of
imipenem-resistant P. aeruginosa strains due to various resistance mechanisms in Ardabil hospitals, the
implementation of surveillance programs to reduce the spread of these resistant microorganisms along
with rational selection and prescription of antibiotics is recommended.
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INTRODUCTION

*“Corresponding author.
E-mail: k_farzad@yahoo.com,

£ Khademi@arums.ac.ir Multidrug-resistant (MDR) Pseudomonas aeruginosa strains have expanded in hospital

environments, mainly in the intensive care units (ICU), all over the world [1-3]. The dis-
tribution of MDR P. geruginosa strains in Iran is also high (58%) [4]. Hence, it is not sur-

prising that the prevalence of these resistant bacteria in the hospitals of Ardabil, northwest of
’j Journals Iran, is high (52%) [5]. Recently, MDR P. aeruginosa isolates have become a global public
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health problem due to their limited treatment options [1, 3].
The best available antibiotics for the treatment of MDR
P. aeruginosa infections are carbapenems [6]. However, the
World Health Organization (WHO) released a list of anti-
biotic-resistant bacteria in 2017 in which carbapenem-
resistant P. aeruginosa was ranked second [7]. This high rate
of resistance is compliant with the increasing trend of
resistance in different cities of Iran. For example, the overall
prevalence of imipenem resistant P. aeruginosa strains in
Iran is 54%, while the rate has been reported to be higher in
Ardabil city (66.7%) [3, 8]. Considering the importance of
carbapenem antibiotics in P. aeruginosa infection treatment,
evaluation of resistance mechanisms to these antibiotics is
essential to help better control this opportunistic nosocomial
pathogen. In phenotypic methods, there are three antibiotic
susceptibility profiles for carbapenem-resistant P. aeruginosa
clinical isolates including isolates resistant to imipenem (and
sensitive to meropenem), sensitive to imipenem (and resis-
tant to meropenem), and resistant to both imipenem and
meropenem [9]. This suggests that P. aeruginosa resistance
to carbapenem antibiotics is multifactorial and can be
attributed to the action of carbapenemases (mainly metallo-
B-lactamases), increased expression of AmpC cephalospor-
inase, increased expression of efflux pumps (MexAB-OprM,
MexCD-Opr], MexEF-OprN, and MexXY-OprM), and loss
or downregulation of the OprD porin [10]. All the above-
mentioned carbapenem resistance mechanisms have been
assessed in clinical isolates of P. aeruginosa collected from
Ardabil hospitals except for loss or downregulation of the
OprD porin. The loss or downregulation of the OprD porin
is the most common resistance mechanism to imipenem,
which is also responsible for a low-grade resistance to
meropenem in P. aeruginosa [9]. Alterations in the oprD
gene because of point mutations, deletions, or insertions are
involved in the loss or reduced expression of the OprD porin
in the outer membrane [11].

In this study, imipenem-resistant P. aeruginosa isolates
from patients referring to Ardabil hospitals were evaluated
to determine the role of point mutations as well as the
expression level of the oprD gene in the emergence of these
resistant bacteria.

MATERIALS AND METHODS

Carbapenem-resistant P. aeruginosa

A total of 48 imipenem-resistant clinical isolates of
P. aeruginosa were used in this cross-sectional study.
Isolates were obtained from different specimens of
patients who were referred to Ardabil hospitals between
June 2019 and January 2022 and were identified based on
laboratory standard tests. Antimicrobial susceptibility
testing of P. aeruginosa isolates to imipenem was previ-
ously done using the disk diffusion method according to
the Clinical and Laboratory Standard Institute (CLSI)
guidelines [3]. All imipenem-resistant P. aeruginosa
strains were MDR.
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Detection of the oprD gene

The presence of the oprD gene in imipenem resistant
P. aeruginosa was determined using the polymerase chain
reaction (PCR) technique (Eppendorf Thermal Cycler,
Germany). For this aim, chromosomal DNA was extracted
using the boiling method, and its quality was confirmed
using a NanoDrop 2000c Spectrophotometer (Thermo Sci-
entific, USA). PCR reactions for the oprD gene amplification
were performed in a volume of 25 puL (20 pL of Master Mix
(Ampliqon, Denmark) with 3 puL of extracted bacterial DNA,
and 2 pL of primers (10 pmol L") (Metabion, Germany)).
The presence/absence of the oprD gene was determined in
1% agarose gel electrophoresis and confirmed by nucleotide
sequencing. Primers used in the present study were forward:
ATGAAAGTGATGAAGTGGAGC and reverse: AGG-
GAGGCGCTGAGGTT (amplicon size 671 bp) [12]. This
primer set was not used for measuring the rate of the oprD
gene expression. In addition, the PCR program was as fol-
lows: initial denaturation at 95°C for 5min (1 cycle), fol-
lowed by three steps of 34 cycles including denaturation at
94 °C for 1 min, annealing at 57 °C for 1 min, and extension
at 72 °C for 1 min.

Identification of amino acid alterations in the OprD
porin

Molecular identification of amino acid alterations in the
OprD porin in clinical isolates of imipenem-resistant P. aer-
uginosa was performed using the PCR and nucleotide
sequencing methods. For this purpose, after determining the
presence of the oprD gene in imipenem-resistant P. aerugi-
nosa isolates, five strains were selected randomly and their
PCR products were sequenced. An imipenem-sensitive strain
was used as a control as well. The results were compared with
the reference strain PAO1 and then the main point mutations
were determined. Analysis of amino acid changes was done
using the BioEdit Sequence Alignment Editor (version 7.2.5).

Analysis of the oprD gene expression

The level of the oprD gene expression in imipenem-resis-
tant P. aeruginosa strains was assessed using the real-time
quantitative reverse transcription PCR (RT-PCR) method
(LightCycler™ System, Roche Diagnostics). For this pur-
pose, total RNA extraction was performed using the RNA
extraction kit (Favorgen, Taiwan). Qualified RNAs were
identified using a NanoDrop 2000c Spectrophotometer,
and were selected for cDNA synthesis using oligo (dT) and
random hexamer primers (50 pM) based on the manufac-
turer’s instructions (YTA, Iran). In addition, the primers
used for the oprD gene transcriptional expression in
RT-PCR were forward: CGACCTGCTGCTCCGCAACTA
and reverse: TTGCATCTCGCCCCACTTCAG (amplicon
size 301 bp) [13]. The housekeeping ribosomal gene rpsL
was used as the internal control and its primers were
forward: GCTGCAAAACTGCCCGCAACG and reverse:
ACCGCAGGTGTCCAGCGAACC (amplicon size 250

bp) [13].
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Each RT-PCR reaction for the oprD and rpsL genes was
performed in a volume of 20 pL (SYBR Green PCR Master
Mix without ROX™ (10 pL) (Ampliqon, Denmark), primers
(2 uL) (10 pmol L") (Metabion, Germany), cDNA (1 pL),
and DEPC-treated water (7 uL)). RT-PCR programs were as
follows: pre-incubation at 95 °C for 600 s (1 cycle), followed
by 40 cycles of amplification steps including 95 °C for 20s,
64 °C for 20 s (both oprD and rpsL genes), and 72 °C for 30 s.
All amplifications were done in duplicate. The expression of
the oprD gene in each isolate was standardized to the
housekeeping rpsL gene and then compared with the cor-
responding mRNA expression by the reference strain
P. aeruginosa PAO1. The oprD mRNA expression was
calculated using the 2~ 4" method and the expression rate
<30% compared with the reference strain was considered as
diminished gene expression [14].

The melting curve of each amplicon was analyzed to
evaluate specific ¢cDNA amplification with the following
program: 1 cycle at 95 °C for 105, 65 °C for 60's, and 97 °C
for 1s. Data analysis included the cycle threshold (Ct) from
primer dimer- and artefact-free amplifications.

Other imipenem resistance mechanisms of P. aeruginosa
resistance, i.e. carbapenemases (IMP, VIM, OXA-23, and
OXA-48), AmpC cephalosporinase, and efflux pumps
(MexAB-OprM, MexCD-Opr], MexEF-OprN, and MexXY-
OprM), were investigated in our previous studies. To have
an overview of the presence of various resistance mecha-
nisms, the results of previous studies are compared in
Table 1 [15].

RESULTS

All imipenem-resistant P. aeruginosa strains harbored the
oprD gene based on the PCR results. The nucleotide
sequence accession number for the oprD gene in the Gen-
Bank database is ON009070. In addition, all of the imipe-
nem-resistant and oprD gene-positive P. aeruginosa strains
were MDR.

The oprD gene of imipenem-resistant P. aeruginosa
strains was subjected to DNA sequencing to find point
mutations associated with resistance to carbapenems.
ON986770 to ON986774 are nucleotide sequence accession
numbers received from the GenBank database. All five
clinical isolates of P. aeruginosa indicated one or more
amino acid alterations. Amino acid alterations in the OprD
porin are shown in Fig. 1. The most common mutations
occurred at codons 210 (Ala210Ile) and 202 (GIn202Glu).
These alterations were observed in four isolates. At codons
189 and 186, Alal89Val and Alal86Pro amino acid alter-
ations were found, respectively. Amino acid substitutions of
Leul70Phe and Leul27Val at positions 170 and 127,
respectively, were detected in two different strains. One
strain showed amino acid changes at codons 115
(Thr115Lys) and 103 (Ser103Thr).

Based on the RT-PCR results, the oprD mRNA expres-
sion was downregulated in 79.1% (38 out of 48) of imipe-
nem-resistant P. aeruginosa strains (Table 1). As shown in
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Fig. 2, the expression level of the oprD gene was between
—716.5 (0.001) and 100.7 folds compared with the reference
strain PAO1 (expression rate = 1). In addition, 20.9% of
imipenem-resistant P. aeruginosa strains showed over-
expression of the oprD gene. Nevertheless, Table 1 shows
that these strains carried genes encoding carbapenemases
(for example, carbapenemase (blapp and blayyy genes),
oxacillinase-23 (blagxa_»3), and —48 (blagxa.4g)), over-
production of the AmpC cephalosporinase or efflux pumps.
Table 1 showed all resistance mechanisms to imipenem in P.
aeruginosa strains isolated from different Ardabil hospitals.
As shown in Table 1, the main mechanisms associated with
imipenem resistance in P. aeruginosa strains were the loss of
outer membrane porin OprD and overexpression of the
efflux pumps.

DISCUSSION

Choosing effective antibiotics against carbapenem-resistant
P. aeruginosa infections is difficult because of this microor-
ganism’s intrinsic and acquired resistance mechanisms [16].
Outer membrane protein OprD is the principal portal of
entry for carbapenems and hence loss or downregulation
of the OprD porin plays an important role in the emergence
of resistance to imipenem and reduced susceptibility to
meropenem [17]. Point mutations that cause the formation of
a premature stop codons in the oprD gene along with large
deletions, which interfere with the expression of the oprD
gene, are involved in the loss of the OprD porin from the
outer membranes of P. aeruginosa strains [17]. In the current
study, common amino acid alterations found in the OprD
porin were Ala210Ile, GIn202Glu, Alal89Val, Alal86Pro,
Leul70Phe, Leul27Val, Thr115Lys, and Ser103Thr. Similar
results were reported in a previous study in Isfahan by Fazeli
et al. [18]. Noteworthy, some of these amino acid alterations
were also observed in the imipenem-sensitive strain, which
implies that other mechanisms are also involved in the
induction of resistance to imipenem. In addition to point
mutations in the oprD gene, inactivation of this gene through
the insertion of mobile genetic elements confers resistance to
carbapenems [16]. The role of mobile genetic elements
including different insertion sequences (ISs), such as
ISPa1328, ISPal635, ISPpu2l, I1SPpu22, 1SPal33, 1SPa46,
ISPa45, ISPa26, and ISPa8, in the emergence of carbapenem-
resistant P. aeruginosa strains in different region of the world
has been emphasized [12]. Nevertheless, a study conducted by
Nazari et al. indicated that ISs were not involved in the
emergence of carbapenem-resistant P. aeruginosa strains in
Ardabil hospitals [12].

In the current study, we assessed the association between
imipenem resistance and diminished gene expression of
outer membrane protein OprD using the RT-PCR in
imipenem-resistant P. aeruginosa strains. Our results
showed that the oprD gene was downregulated in 79.1% of
the clinical strains of imipenem-resistant and MDR
P. aeruginosa. Rodriguez-Martinez et al. reported loss of the
OprD porin in 65% of the imipenem-resistant P. aeruginosa
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Table 1. Characteristics of imipenem-resistant P. aeruginosa strains

Other imipenem resistance mechanisms

Type of oprD mRNA AmpC Efflux pump
Isolate specimen Hospital expression” Carbapenemase overproduction overproduction
29 Urinary Sabalan 0.02 — AmpC mexA, mexC, mexY
cephalosporinase
32 Urinary Alavi 0.7 - AmpC mexA, mexC, mexY
cephalosporinase
34 Pulmonary Alavi 0.005 IMP — mexA, mexC
36 Urinary Bu-Ali 1.93 — AmpC mexA, mexC, mexE,
cephalosporinase mexY
39 Urinary Imam 4.19 IMP — mexA, mexC, mexE,
Khomeini mexY
40 Urinary Imam 0.02 - AmpC mexA
Khomeini cephalosporinase
41 Urinary Imam 0.04 VIM AmpC mexA, mexC, mexE,
Khomeini cephalosporinase mexY
43 Urinary Alavi 0.1 IMP AmpC mexA, mexC, mexY
cephalosporinase
49 Wound Imam 0.05 — — mexA, mexY
Khomeini
61 Pulmonary Alavi 0.06 - - mexA
62 Pulmonary Alavi 0.01 0OXA-23 AmpC mexA, mexC, mexY
cephalosporinase
63 Pulmonary Alavi 0.08 OXA-23 AmpC mexA, mexC, mexY
cephalosporinase
64 Pulmonary Alavi 0.01 - - mexA, mexC, mexY
65 Pulmonary Alavi 0.01 IMP, OXA-23 AmpC mexA, mexC, mexY
cephalosporinase
66 Urinary Alavi 0.02 IMP - —
68 Blood Alavi 0.03 OXA-23 — mexC
72 Urinary Imam Reza 0.002 — — mexC
74 Urinary Imam Reza 0.6 OXA-23 - mexA, mexC
75 Urinary Imam Reza 53 OXA-23 — mexA, mexC, mexY
77 Wound Alavi 0.02 OXA-23 - -
79 Urinary Imam Reza 0.05 OXA-23 - mexA, mexC, mexY
80 Wound Imam 0.5 OXA-23 — mexA, mexC, mexY
Khomeini
81 Urinary Imam 0.9 OXA-23 AmpC mexA, mexC
Khomeini cephalosporinase
83 Blood Alavi 0.02 OXA-23 - mexC
84 Pulmonary Alavi 0.03 OXA-23 - mexA, mexC
85 Pulmonary Imam 0.04 OXA-23, — mexA, mexC
Khomeini OXA-48
94 Urinary Imam 0.001 OXA-23 AmpC mexA, mexC
Khomeini cephalosporinase
96 Wound Imam 0.03 OXA-23 — mexA, mexC
Khomeini
97 Urinary Imam 0.01 OXA-23 AmpC mexA, mexC, mexY
Khomeini cephalosporinase
98 Pulmonary Imam 0.04 OXA-23, AmpC mexA, mexC, mexY
Khomeini OXA-48 cephalosporinase
100 Urinary Imam 0.03 OXA-23 — mexA, mexC
Khomeini
102 Urinary Imam 0.01 - - -
Khomeini
103 Wound Imam 0.09 — AmpC mexA, mexC, mexY
Khomeini cephalosporinase
110 Blood Imam 0.02 - - -
Khomeini
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(continued)
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Table 1. Continued

Other imipenem resistance mechanisms

Type of oprD mRNA AmpC Efflux pump
Isolate specimen Hospital expression” Carbapenemase overproduction overproduction
118 Pulmonary Alavi 0.02 - - mexA, mexC
120 Pulmonary Alavi 0.01 - - mexC
124 Pulmonary Alavi 0.03 - - mexA, mexC
126 Urinary Imam Reza 0.01 - - mexA, mexC
127 Urinary Imam Reza 1.1 — AmpC mexA, mexC, mexY
cephalosporinase
130 Urinary Imam 100.7 - AmpC mexA, mexC, mexE,
Khomeini cephalosporinase mexY
137 Pulmonary Imam Reza 0.02 - - mexA, mexC, mexE
138 Urinary Imam Reza 0.009 - - mexC
140 Pulmonary Imam Reza 0.01 - - mexY
141 Pulmonary Imam Reza 0.1 - - mexA, mexC
142 Pulmonary Imam 0.02 - - mexA, mexC
Khomeini
144 Wound Imam 0.4 — — mexC
Khomeini
146 Urinary Imam 0.2 — — mexA, mexC
Khomeini
147 Urinary Imam 0.01 - - mexC
Khomeini
148** Urinary Imam 0.5 - - -
Khomeini
PAO-1"** 1 — — —
*Highlighted numbers indicate decreased gene expression.
**Imipenem-sensitive P. aeruginosa.
***Standard strain.
(=) indicates not detected.
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Fig. 1. Amino acid alterations in the OprD porin

isolates [10]. Quale et al. reported a decreased expression of
the oprD gene in all imipenem-resistant P. aeruginosa
strains [19]. Arabestani et al. reported the presence of
the oprD gene in all clinical strains using the PCR, but the
gene expression rate was different [20]. Aghazadeh et al.
showed downregulation of the oprD gene was 14.8% in non-
metallo-f-lactamase producing P. aeruginosa [21]. Based on
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the study by Mirsalehian et al., the oprD gene expression
was downregulated in 56.6% of MDR P. aeruginosa strains
[22]. Differences in the results of various studies can be
attributed to the existence of several carbapenem resistance
mechanisms in P. geruginosa strains, and different in-
terpretations of gene expression results. In the current study,
20.9% of imipenem-resistant P. aeruginosa strains showed
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Fig. 2. Downregulation of the OprD porin in 48 imipenem-resis-

tant P. aeruginosa clinical isolates. A decreased level of the OprD

transcription was observed in the majority of P. aeruginosa isolates

compared with the reference strain PAOL. Each blue circle repre-
sents a strain

overexpression of the oprD gene. It seems that resistance
to imipenem in these P. aeruginosa strains is associated
with the presence of genes encoding carbapenemases,
overexpression of the AmpC cephalosporinase, or over-
expression of the efflux pumps. Based on our previous study
on 48 imipenem-resistant P. aeruginosa strains, over-
expression of the MexAB-OprM, MexCD-Opr], MexEF-
OprN, and MexXY-OprM was observed in 75%, 83.3%,
10.4%, and 41.6% of isolates, respectively [15]. Furthermore,
overexpression of the AmpC cephalosporinase and carba-
penemase-encoding genes was observed in 33.3% and 47.9%
of imipenem-resistant P. aeruginosa strains, respectively
[unpublished data].

Considering the high prevalence of imipenem-resistant
and MDR P. aeruginosa strains in Ardabil hospitals, which is
associated with the presence of different resistance mecha-
nisms, further research on the efficacy of other available
antibiotics such as polymyxins is recommended.

The main limitation of the current study was the lack of
assessment of alterations in the oprD gene through point
mutations in all imipenem-resistant P. aeruginosa clinical
isolates.

CONCLUSIONS

The present results revealed diverse mechanisms involved in
the resistance of P. aeruginosa clinical isolates to carbape-
nems. One major resistance mechanism was decreased
permeability to carbapenems due to the downregulation of
OprD porin. On the other hand, our previous studies
showed that the prevalence of carbapenem-resistant P. aer-
uginosa is high in Ardabil hospitals. Hence, implementation
of surveillance programs to reduce the spread of these
resistant microorganisms in hospitals along with rational
selection and prescription of antibiotics are key measures to
reduce the spread of carbapenem-resistant P. aeruginosa.

Conflict of interest: The authors declare that there is no
conflict of interest.

Authenticated k_farzad@yahoo.com/ Author's copy | Downloaded 06/22/23 06:27 AM UTC

ACKNOWLEDGMENT

This research has been financially supported by the Vice
Chancellor for Research, Ardabil University of Medical Sci-
ences, Iran, and approved by Regional Research Ethics Com-
mittee (approval ID: IR. ARUMS.MEDICINE.REC.1401.010).

REFERENCES

1. Rojo-Bezares B, Estepa V, Cebollada R, de Toro M, Somalo S,
Seral C, et al. Carbapenem-resistant Pseudomonas aeruginosa
strains from a Spanish hospital: characterization of metallo-beta-
lactamases, porin OprD and integrons. Int ] Med Microbiol 2014;
304: 405-14.

2. Namaki M, Habibzadeh S, Vaez H, Arzanlou M, Safarirad S,
Bazghandi SA, et al. Prevalence of resistance genes to biocides in
antibiotic-resistant Pseudomonas aeruginosa clinical isolates. Mol
Biol Rep 2022; 49: 2149-55.

3. Bazghandi SA, Arzanlou M, Peeridogaheh H, Vaez H, Sahebkar A,
Khademi F. Prevalence of virulence genes and drug resistance
profiles of Pseudomonas aeruginosa isolated from clinical speci-
mens. Jundishapur J Microbiol 2021; 14, e118452.

4. Vaez H, Salehi-Abargouei A, Ghalehnoo ZR, Khademi F. Multidrug
resistant Pseudomonas aeruginosa in Iran: a systematic review and
metaanalysis. ] Glob Infect Dis 2018; 10: 212-7.

5. Bazghandi SA, Safarirad S, Arzanlou M, Peeri-Dogaheh H,
Ali-Mohammadi H, Khademi F. Prevalence of multidrug-resistant
Pseudomonas aeruginosa strains in Ardabil. ] Ardabil Univ Med Sci
2020; 20: 280-6. [Full text in Persian].

6. Khademi F, Maarofi K, Arzanlou M, Peeri-Dogaheh H, Sahebkar A.
Which missense mutations associated with DNA gyrase and
topoisomerase IV are involved in Pseudomonas aeruginosa clinical
isolates resistance to ciprofloxacin in Ardabil? Gene Rep 2021; 24,
101211.

7. World Health Organization. WHO publishes list of bacteria for
which new antibiotics are urgently needed. WHO; [cited 24
October 2017]. Available from. http://www.who.int/mediacentre/
news/releases/2017/bacteria-antibiotics-needed/en/.

8. Vaez H, Salehi-Abargouei A, Khademi F. Systematic review and
meta-analysis of imipenem-resistant Pseudomonas aeruginosa
prevalence in Iran. Germs 2017; 7: 86-97.

9. Pai H, Kim JW, Kim J, Lee JH, Choe KW, Gotoh N. Carbapenem
resistance mechanisms in Pseudomonas aeruginosa clinical isolates.
Antimicrob Agents Chemother 2001; 45: 480-4.

10. Rodriguez-Martinez JM, Poirel L, Nordmann P. Molecular epide-
miology and mechanisms of carbapenem resistance in Pseudomonas
aeruginosa. Antimicrob Agents Chemother 2009; 53: 4783-8.

11. Al-Bayssari C, Valentini C, Gomez C, Reynaud-Gaubert M,
Rolain JM. First detection of insertion sequence element ISPa1328
in the oprD porin gene of an imipenem-resistant Pseudomonas
aeruginosa isolate from an idiopathic pulmonary fibrosis patient in
Marseille, France. New Microbes New Infect 2015; 7: 26-7.

12. Nazari M, Ahmadi H, Vaez H, Khademi F. The role of insertion
sequence (IS) elements in inactivation of outer membrane porin
OprD and resistance to carbapenems among Pseudomonas


http://www.who.int/mediacentre/news/releases/2017/bacteria-antibiotics-needed/en/
http://www.who.int/mediacentre/news/releases/2017/bacteria-antibiotics-needed/en/

Acta Microbiologica et Inmunologica Hungarica

13.

14.

15.

16.

17.

aeruginosa clinical strains in Ardabil. ] Ardabil Univ Med Sci 2021;
21: 171-8. [Full text in Persian].

Farra A, Islam S, Strélfors A, Sorberg M, Wretlind B. Role of outer
membrane protein OprD and penicillin-binding proteins in resis-
tance of Pseudomonas aeruginosa to imipenem and meropenem.
Int ] Antimicrob Agents 2008; 31: 427-33.

Lee JY, Ko KS. OprD mutations and inactivation, expression of
efflux pumps and AmpC, and metallo-f-lactamases in carbapenem-
resistant Pseudomonas aeruginosa isolates from South Korea. Int J
Antimicrob Agents 2012; 40: 168-72.

Yousefi S, Nazari M, Ramazanzadeh R, Sahebkar A, Safarzadeh E,
Khademi F. Association of carbapenem and multidrug resistance
with the expression of efflux pump-encoding genes in Pseudomonas
aeruginosa clinical isolates. Acta Microbiol Immunol Hung 2023,
https://doi.org/10.1556/030.2023.02029.

Sadredinamin M, Hashemi A, Goudarzi H, Tarashi §,
Yousefi Nojookambari N, Erfanimanesh S. Detection of ISPa1328 and
ISPpu21, two novel Insertion sequences in the OprD porin and blaIMP-1
gene among metallo-beta-lactamase-producing Pseudomonas aerugi-
nosa isolated from burn patients. Arch Trauma Res 2017; 6: 1-7.
Wolter DJ, Hanson ND, Lister PD. Insertional inactivation of oprD
in clinical isolates of Pseudomonas aeruginosa leading to carbape-
nem resistance. FEMS Microbiol Lett 2004; 236: 137-43.

Authenticated k_farzad@yahoo.com/ Author's copy | Downloaded 06/22/23 06:27 AM UTC

18.

19.

20.

21.

22.

Fazeli H, Havaei SA, Saeidi S, Badamchi A, Zamani FZ, Solgi H.
Molecular detection of gyrA, parC and oprD mutation in Pseudo-
monas aeruginosa isolates from a university hospital of Isfahan,
Iran during 2016. ] Med Bacterial 2017; 6: 21-7.

Quale J, Bratu S, Gupta J, Landman D. Interplay of efflux system,
ampC, and oprD expression in carbapenem resistance of Pseudo-
monas aeruginosa clinical isolates. Antimicrob Agents Chemother
2006; 50: 1633-41.

Arabestani MR, Rajabpour M, Mashouf RY, Alikhani MY,
Mousavi SM. Expression of efflux pump MexAB-OprM and OprD
of Pseudomonas aeruginosa strains isolated from clinical samples
using qQRT-PCR. Arch Iran Med 2015; 18: 102-8.

Aghazadeh M, Hojabri Z, Mahdian R, Nahaei MR, Rahmati M,
Hojabri T, et al. Role of efflux pumps: MexAB-OprM and MexXY
(-OprA), AmpC cephalosporinase and OprD porin in non-metallo-
B-lactamase producing Pseudomonas aeruginosa isolated from
cystic fibrosis and burn patients. Infect Genet Evol 2014; 24:
187-92.

Mirsalehian A, Kalantar-Neyestanaki D, Taherikalani M,
Jabalameli F, Emaneini M. Determination of carbapenem resistance
mechanism in clinical isolates of Pseudomonas aeruginosa isolated
from burn patients, in Tehran, Iran. ] Epidemiol Glob Health 2017;
7: 155-9.


https://doi.org/10.1556/030.2023.02029

	Outline placeholder
	Imipenem resistance associated with amino acid alterations of the OprD porin in Pseudomonas aeruginosa clinical isolates
	Introduction
	Materials and methods
	Carbapenem-resistant P. aeruginosa
	Detection of the oprD gene
	Identification of amino acid alterations in the OprD porin
	Analysis of the oprD gene expression

	Results
	Discussion
	Conclusions
	Acknowledgment
	References


