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ABSTRACT

Background and Objectives: Pseudomonas aeruginosa, drug-resistant, causes health infections. Resistance to the preferred
therapy meropenem is a serious threat. This study aimed to analyze changes in meropenem minimum inhibitory concentra-
tion (MIC), changes in ampC, mexA, and oprD gene expression, and the correlation between MIC and ampC, mexA, and
oprD gene expression after meropenem exposure.

Materials and Methods: Ten isolates of P. aeruginosa from the Clinical Microbiology Department, Faculty of Medicine,
Universitas Indonesia were used. After the bacteria were shown to be sensitive to meropenem phenotypically, intrinsic resis-
tance genes were detected using PCR. After meropenem exposure on Days 5 and 12, sensitivity testing was carried out with
the concentration gradient method and RNA was detected using real-time RT-PCR.

Results: All P. aeruginosa isolates that were phenotypically sensitive to meropenem had the ampC, mexA, and oprD genes.
An increase in MIC, an increase in ampC and mexA gene expression, and a decrease in oprD gene expression were observed
after meropenem exposure. There was a very strong and significant correlation (p < 0.05) between MIC and oprD gene ex-
pression after Day 12 of meropenem exposure.

Conclusion: Although there were no significant differences in MIC and ampC, mexA, and oprD gene expression between
Day 5 and Day 12, there was a very strong and significant correlation between MIC and oprD gene expression on Day 12 (p
<0.05). This indicates that decreasing oprD gene expression has the potential to increase meropenem resistance in Pseudo-
monas aeruginosa.
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INTRODUCTION a prevalence of 14.5%; moreover, 48.7% of cases are
caused by multidrug-resistant variants (1-3). Gener-
Pseudomonas aeruginosa is one of the main patho- ally, the preferred therapy for P. aeruginosa infec-

gens causing healthcare-associated infections, with tions is meropenem (4); thus, resistance to meropen-
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em poses a serious threat. Resistance mechanisms
to meropenem, both intrinsic and acquired, signifi-
cantly challenge efforts to control infectious diseas-
es (5, 6). Previous research by Pelegrin et al. (2019)
showed the involvement of the acquired resistance
genesbla . ,bla  ,bla _ bla . bla,,,, and
bla,,,, ¢ in the appearance of resistance to carbape-
nem in P. aeruginosa (7). However, the role of the
intrinsic resistance genes ampC, mexA, and oprD in
P. aeruginosa, which phenotypically shows sensitiv-
ity to meropenem, has not been studied extensively.
P. aeruginosa was found to experience changes, such
as gaining resistance, on Days 3 and 4 after antibi-
otic exposure (8). Previous research has also shown
that meropenem often loses effectiveness due to resis-
tance development in P. aeruginosa. Identifying the
genes involved can provide important insights into
how resistance develops and how it can be overcome
(6, 9). This study focuses on meropenem because of
its importance in first- and second-line therapy for
Gram-negative bacterial infections, especially P.
aeruginosa infections. Understanding the mecha-
nisms of resistance to meropenem may help develop
more effective treatment strategies and guide more
judicious use of antibiotics (10-13). In this study,
the use of 10 P. aeruginosa isolates was based not
only on the need for adequate numbers but also on
the urgency of obtaining comprehensive information
about antibiotic resistance in this bacteria. This study
aimed to analyze changes in minimum inhibitory
concentration (MIC), changes in ampC, mexA, and
oprD gene expression, and the correlation between
MIC and ampC, mexA, and oprD gene expression af-
ter meropenem exposure.

MATERIALS AND METHODS

Study design and bacteria. This research used an
in vitro pre-post experimental study design and was
conducted at the Clinical Microbiology Department,
Faculty of Medicine, Universitas Indonesia, from Au-
gust 2020 to August 2023. The work was approved
by the Ethics Committee of the Faculty of Medicine,
Universitas Indonesia with Approval Number KET-
273/UN2.F1I/ETIK/PPM.00.02/2020. The inclusion
criterion was P. aeruginosa sensitive to meropenem,
while the exclusion criterion was P. aeruginosa resis-
tant to meropenem. Sample size was calculated us-
ing the Federer formula: (n-1)(t-1) > 15, with t = 3 (be-
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fore, 5 days, and 12 days after meropenem exposure),
so that n > 8.5. This study used 10 samples, including
P. aeruginosa ATCC 27853.

Identification of P. aeruginosa. VITEK®?2 (bio-
Merieux) an automated system used to identify mi-
croorganisms. All isolates were re-cultured in blood
gel before testing. After 18-24 hours of incubation,
the bacterial suspension matched McFarland 0.5.
VITEK® 2 AST-GN93 (bioMerieux) cards were in-
oculated as per the manufacturer’s recommendations
(14). MALDI-TOF MS (Bruker) is a method used to
identify microorganisms. In this process, some of the
colonies to be tested are applied to a target slide. A ma-
trix solution was added to the smear. The dry smear
was loaded into the system. The sample spectra were
compared to the system’s microbial species-based
spectra database. The spectra sample was analyzed to
identify organisms based on trust level (15).

Antimicrobial susceptibility studies. Antimicro-
bial susceptibility was tested with VITEK®2 and the
concentration gradient method. VITEK®2 is an an-
timicrobial susceptibility testing system. All isolates
were regrown on blood agar before testing. Incuba-
tion for 18-24 hours yielded a 0.5 McFarland standard
bacterial suspension. VITEK® 2 AST-GN93 (bio-
Merieux) cards were inoculated per the manufactur-
er’s instructions. Using the Clinical and Laboratory
Standards Institute (CLSI) breakpoint, the MIC re-
sults were clinically interpreted to determine whether
the microorganism was susceptible, intermediate, or
resistant. For meropenem is <2 mg/L, 4 mg/L, and >
8 mg/L (16, 17). The concentration gradient method
determines MIC using the strip Etest® (Liofilchem).
Mueller—Hinton agar was inoculated with P. aeru-
ginosa isolates. The strip Etest® with antibiotics of
various concentrations was applied to the inoculat-
ed medium. The MIC value can be determined by
observing the inhibition zone of bacterial growth
around the strips after 24 hours of incubation at 35°C.
MIC is calculated by comparing the inhibition zone
to the strip Etest scale. The CLSI provision was used
to interpret the MIC result and determine whether P.
aeruginosa was sensitive, intermediate, or resistant to
the tested antibiotics (18, 19).

Gene detection. Bacterial DNA was extracted

from a single colony grown in blood agar using the
QlAamp ® DNA Mini kit (QIAGEN). PCR was per-
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formed to detect the presence of the ampC, oxa-50,
mexA, mexB, oprM, and oprD genes. The master mix
consisted of 8.5 pL diethyl pyrocarbonate, 1 pL 10
UM forward primer, 1 UM reverse primer, 12.5 pL 2x
MyTaq Mix, and 2 uL DNA. Primers used to detect
gene ampC, oxa-50, mexA, mexB, oprM, and oprD
are presented in Table 1. The amplification was per-
formed as follows: initial denaturation for 1 minute at
95°C, 40 denaturation cycles at 95°C for 15 minutes,
extension at 72°C for 1 minute, annealing at standard-
ized temperatures as shown in Table 1 for 15 minutes,
extension at 72°C for 1 minute, and final extension at
72°C for 7 minutes. The PCR product was confirmed
by electrophoresis in 2% agarose, and DNA was visu-
alized using a gel documentation system (Bio-Rad).
The DNA signal was 100 bp (Bioline).

Preparation of meropenem antibiotic solution.
To prepare the stock solution, 4.45 mg of meropen-
em antibiotic powder (Merck) was weighed and dis-
solved in 25 mL of sterile water to create a 40 pg/
mL stock solution. The MF-Millipore TH membrane
filter (Merck) was used to sterilize the liquid. A work-
ing solution was prepared by adding 15 mL of 40 g/
mL meropenem antibiotic stock solution to 135 mL
of sterile nutrition stock. The working solution had a
volume of 150 mL and a concentration of 4 ug/mL.

Preparation of bacterial suspensions. Bacterial
isolates of P. aeruginosa were inoculated on blood
agar and incubated at 35°C for 24 hours. The turbid-
ity of the bacterial suspension was measured until it
reached 1 McFarland. P. aeruginosa ATCC 27853
was used as a quality control at all test stages.

Table 1. Primers used to detect gene

Meropenem exposure. A total of 4 mL of bacterial
suspension was added to 4 mL of meropenem anti-
biotic solution to achieve a final concentration of 2
pg/mL. Bacterial suspensions and antibiotics were
prepared in 10 screw-capped tubes. The eleventh tube
contained 0.5 McFarland bacterial suspension with-
out antibiotics for use as a bacterial growth control,
while the twelfth tube contained 2 pg/mL meropen-
em working solution without inoculum for use as an
antibiotic control. Following exposure, observation
was performed on Days 5 and 12, followed by antimi-
crobial sensitivity testing and gene expression anal-
ysis.

Antimicrobial susceptibility studies. Mueller—
Hinton agar was inoculated with P. aeruginosa iso-
lates. The strip Etest® (Liofilchem) with antibiotics
of various concentrations was applied to the inocu-
lated medium. The MIC value could be determined
by observing the inhibition zone of bacterial growth
around the strips after 24 hours of incubation at 35°C.
The inhibition zone and strip Etest scale were checked
for MIC. The CLSI provision was used to interpret
the MIC result and determine whether P. aeruginosa
was sensitive, intermediate, or resistant to the tested
antibiotics (18).

Gene expression analysis. RNA was extract-
ed from blood gel isolates using the SensiFASTTM
SYBR® No0-ROX One-Step Kit (Bioline). ampC,
mexA, and oprD expression were measured by re-
al-time RT-PCR. The master mix comprised 3.8 pL
Diethylpyrocarbonate, 0.8 pL 10 pM forward and
reverse primers, 10 uL SensiFASTTM SYBR® No-

Primer Sequence 5°-3° Annealing (°C) Size (bp) Reference
ampC forward GATGAAGGCCAATGACATTCCG 58 742 (20)
ampC reverse CATGTCGCCGACCTTGTAGTAA

oxa-50 forward AATCCGGCGCTCATCCATC 55 869

oxa-50 reverse GGTCGGCGACTGAGGCGG

mexA forward CTACGAGGCCGACTACCAGA 59 772 (20)
mexA reverse TGCAGGCCTTCGGTAATGAT

mexB forward CCGTGAATCCCGACCTGATG 59 355

mexB reverse TGACATGATGGCTTCCGCAT

oprM forward TACCAGAAGAGTTTCGACCTGAC 55 227 (20)
oprM reverse ACTTCGAGCAGGGCCT

oprD forward CAACGAGAAGTCCTGGAAGC 55 201

oprD reverse ACGTACTGCAGGTCGAGCTC
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ROX One-Step Mix, 0.2 puL reverse transcriptase, 0.4
ML RNase inhibitor, and 4 pL RNA. Table 2 shows
primary gene ampC, mexA, and oprD detection. The
amplification process involved reverse transcription
at 45°C for 10 minutes, polymerase activation at 95°C
for 5 seconds, annealing at 55°C for 30 seconds, and
extension at 72°C for 5 seconds, for 40 cycles. Melt-
ing was performed at 95°C for 5 seconds, 54°C for 30
seconds, and 97°C for 1 second. The reference gene
was rpoD; test values were normalized to the gene
expression of rpoD in the same strain. A significant
increase or decrease in gene expression was defined
as > 2 times and < 0.5 times, following previous cri-
teria (21). The relative gene expression was calculated
using the AACT method.

Statistical analysis. Statistical analysis was car-
ried out using the Wilcoxon sign-rank test to measure
differences in MIC and ampC, mexA, and oprD gene
expression between Days 5 and 12 and Spearman
rank correlation to measure the correlation between
MIC and ampC, mexA, and oprD gene expression.

RESULTS

Ten isolates of P. aeruginosa were re-identified
using VITEK®2 and MALDI-TOF. Bacterial sen-
sitivity testing for meropenem was done using the
VITEK®2 method and concentration gradients. All
isolates were sensitive to the tested meropenem. All
isolates had the intrinsic resistance genes ampC,
mexA, and oprD. The MIC values ranged from 0.047
to 0.19 pg/mL. Six isolates had decreased MIC val-
ues from day 5 to Day 12, two isolates had increased
MIC values during the same period, and two isolates
showed no change between the two observation times
(Table 3).

Table 2. Priners used to detect gene

Two isolates showed increased ampC gene expres-
sion on Days 5 and 12. Three isolates showed de-
creased ampC gene expression on Day 12. One isolate
showed increased mexA gene expression on Days 5
and 12. One isolate showed decreased mexA gene ex-
pression on Days 5 and 12. Two isolates showed de-
creased mexA gene expression on Day 5. One isolate
showed decreased mexA gene expression on Day 12.
Five isolates showed decreased oprD gene expres-
sion on Days 5 and 12. One isolate showed decreased
oprD gene expression on Day 5. One isolate showed
increased oprD gene expression on Day 5 (Table 3).

Statistical analysis showed no significant difference
between MICs on Day 5 and Day 12. There was no
significant difference in the expression of the ampC,
mexA, and oprD genes on Day 5 and Day 12. The
correlation between MIC and ampC gene expression
was weak and not significant. The correlation between
MIC and mexA gene expression was weak and not sig-
nificant. The correlation between MIC and oprD gene
expression was very strong and significant (p < 0.05)
on Day 12.

DISCUSSION

This study highlights the urgency of addressing the
threat of P. aeruginosa in healthcare-associated in-
fections, especially considering the high rate of mul-
tidrug resistance. Although the mechanisms of resis-
tance are understood, the role of intrinsic resistance
genes in P. aeruginosa, which remains phenotypical-
ly sensitive to meropenem, has not been well-stud-
ied. The CLSI mentions changes in sensitivity on
Days 3 and 4 after antibiotic exposure. However, the
results of the present study showed that on Day 5,
despite changes in gene expression, sensitivity did
not change phenotypically ampC and oxa-50 are

Primer Sequence 5°-3’ Size (bp) Use Reference
ampC F CGGCTCGGTGAGCAAGACCTTC 218 Real-time RT-PCR (22)
ampCR AGTCGCGGATCTGTGCCTGGTC
mexA F CGACCAGGCCGTGAGCAAGCAGC 316
mexA R GGAGACCTTCGCCGCGTTGTCGC
oprD F ATCTACCGCACAAACGATGAAGG 156
oprDR GGCGAAGCCGATATAATCAAACG
rpoD F CGCAACAGCAATCTCGTCTGAAA 130 Real-time RT-PCR (23, 24)
rpoD R GCGGATGATGTCTTCCACCTGTT
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Table 3. Genetic and phenotypic analysis of Pseudomonas aeruginosa after meropenem exposure on days 5 and 12

Isolat MIC (ng/mL) Gene expression
ampC mexA oprD
Day5 Day12 Day5 Day12 Day5 Day 12 Day5 Day 12

AK25 0,125 0,094 1,0 0,8 13 11 2,3 1,3
AK36 0,125 0,125 0,9 0,9 3,2 3,6 0,4 0,4
AK40 0,19 0,125 0,8 0,8 0,5 0,7 0,7 0,6
AK59a 0,19 0,125 0,7 0,1 0,6 0,2 0,003 0,04
AK59b 0,094 0,125 0,7 0,1 0,1 0,7 0,03 0,006
AK204 0,047 0,064 18 0,8 11 1,2 0,8 0,9
AK237a 0,19 0,19 0,9 0,8 0,5 0,3 0,2 0,02
AK237b 0,19 0,125 2,3 25 1,2 1,2 0,3 0,09
AK203 0,125 0,094 1,7 0,5 15 1,0 1,8 1,8
ATCC 27853 0,19 0,125 2,1 2,6 15 1,2 0,2 0,7

Gene expression that increases or decreases is defined by expression values > 2 and < 0.5, and is indicated in bold (21).

genes that code the production of the beta-lactamase
enzyme. oxa-50 is a natural marker to identify the
species P. aeruginosa. mexA, mexB, and oprM are
responsible for the efflux system, and oprD is respon-
sible for bacterial membrane permeability (25, 26).

This research discusses the impact of meropenem
exposure on P. aeruginosa for a period of 12 days at
a low concentration (2 pg/mL). The analysis of anti-
microbial sensitivity shows that phenotypically, all
isolates were initially considered sensitive to mero-
penem.

Meropenem-sensitive P. aeruginosa isolates showed
a decrease in mexA gene expression, in accordance
with previous research (21). This decrease in mexA
gene expression causes the efflux system to work
less optimally in pumping out meropenem so that the
concentration of meropenem in cells remains high,
thus reducing the MIC and increasing sensitivity. On
the other hand, mexA gene expression increased in
meropenem-sensitive P. aeruginosa isolates, which
could cause an increase in the MIC, thereby poten-
tially increasing resistance. This is in accordance
with previous research, which showed an increase
in mexA gene expression in meropenem-resistant P.
aeruginosa isolates (21, 27). When expression of the
mexA gene in P. aeruginosa is increased but mero-
penem sensitivity is retained, another mechanism
is suspected to be at work; for example, the OprF
porin may act as an alternative channel for the entry
of meropenem into cells so that the concentration of
meropenem remains sufficient to induce sensitivity.
Meropenem-sensitive P. aeruginosa isolates showed
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a decrease in oprD gene expression, in accordance
with previous research (21, 28). Decreased expres-
sion of the oprD gene causes a decrease in membrane
permeability so that antibiotics are prevented from
entering the cell through the OprD porin, causing the
concentration of meropenem in the cell to decrease.
This decrease in meropenem concentration causes an
increase in resistance; however, in this study, sensi-
tivity was maintained, thought to be due to the exis-
tence of another mechanism that can increase mero-
penem concentration. The mechanism may involve
the OprF porin as an alternative channel for the entry
of meropenem (21). In contrast, there was an increase
in oprD gene expression in meropenem-sensitive P.
aeruginosa isolates. This increase in oprD gene ex-
pression causes an increase in membrane permeabili-
ty so that antibiotics can enter cells through the OprD
porin, increasing the concentration of meropenem so
that sensitivity can be maintained.
Meropenem-sensitive P. aeruginosa isolates showed
a decrease in ampC gene expression, in accordance
with previous research (29). Decreased expression of
the ampC gene causes a decrease in the production of
the beta-lactamase enzyme, resulting in a decrease
in meropenem degradation, thereby increasing sensi-
tivity. In contrast, an increase in ampC gene expres-
sion in meropenem-sensitive P. aeruginosa isolates
has been observed. This increase in ampC gene ex-
pression causes an increase in meropenem degrada-
tion, thus increasing resistance. However, in the pres-
ent study, P. aeruginosa isolates remained sensitive.
This finding can be attributed to other mechanisms,
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such as the porin OprF serving as an alternative
channel for meropenem entry so that sensitivity is
maintained.

In this study, one meropenem-sensitive P. aerugino-
sa isolate had a combination of increased ampC gene
expression and decreased oprD gene expression, and
one meropenem-sensitive P. aeruginosa isolate had
a combination of increased mexA gene expression
and decreased oprD gene expression. This combina-
tion of gene expression changes has the potential for
furthering antibiotic resistance. Previous research
showed a combination of increased ampC and mexA
expression and decreased oprD expression in mero-
penem-resistant P. aeruginosa. The potential for re-
sistance is supported by statistical results showing a
very strong and significant correlation (p < 0.05) be-
tween MIC and oprD gene expression after exposure
on the twelfth day.

The novelty of this research is the use of exposure
to meropenem at a dose of 2 pug/mL for 12 days of P.
aeruginosa that was initially sensitive to meropen-
em. At a low concentration (2 pg/mL), therapy was
still effective until the twelfth day. The findings show
that at this stage, phenotypic and genetic changes oc-
cur, indicating the potential for further resistance.

Our study was limited to testing the effects of
meropenem only, using a single concentration of 2
pg/mL. This limits the generalizability of our find-
ings to the use of other antibiotics and the variability
of doses commonly encountered in clinical settings.
Therefore, we recommend further research that in-
cludes the use of other antibiotics such as ceftazi-
dime, cefepime, and imipenem, which can provide
additional insights into bacterial responses to various
antimicrobial agents. Additionally, it is important
to explore the effects of antibiotics at intermediate
and resistant concentrations, as this can provide a
deeper understanding of bacterial resistance mech-
anisms and guide the development of more effective
therapies in the future. For specific implications in
practice, it can be recommended that students or
researchers new undertake advanced training in ge-
netic and phenotypic analysis techniques, such as re-
al-time RT-PCR.

CONCLUSION

Although there were no significant differences in
MIC and ampC, mexA, and oprD gene expression be-
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tween Day 5 and Day 12, there was a very strong and
significant correlation between MIC and oprD gene
expression on Day 12 (p < 0.05). This indicates that
decreasing oprD gene expression has the potential
to increase meropenem resistance in Pseudomonas
aeruginosa.

ACKNOWLEDGEMENTS

The authors thank the staff of the Clinical Microbi-
ology Laboratories and Faculty of Medicine, Univer-
sitas Indonesia for technical support.

This work was supported by grants from the Publika-
si Terindeks Intemasional (PUTI) Universitas Indo-
nesia Nomor: PENG-1/UN2.RST/PPM.00.00/2020.

REFERENCES

1. Fujii A, Seki M, Higashiguchi M, Tachibana I, Ku-
manogoh A, Tomono K. Community-acquired, hos-
pital-acquired, and healthcare-associated pneumonia
caused by Pseudomonas aeruginosa. Respir Med Case
Rep 2014; 12: 30-33.

2. Hassanzadeh S, Khoramrooz SS, Mazloomirad F,
Sharifi A, Roustaei N, Gholamnezhad M, et al. Bacte-
rial profile and their antimicrobial resistance patterns
among patients with community-acquired pneumonia
in southwestern Iran. Iran J Microbiol 2023; 15: 343-
349.

3. Ribeiro ACDS, Crozatti MTL, Silva AAD, Macedo
RS, Machado AMO, Silva ATA. Pseudomonas aeru-
ginosa in the ICU: Prevalence, resistance profile, and
antimicrobial consumption. Rev Soc Bras Med Trop
2019; 53: €20180498.

4. Glen KA, Lamont IL. B-lactam Resistance in Pseudo-
monas aeruginosa: Current Status, Future Prospects.
Pathogens 2021; 10: 1638.

5. Tafti FA, Eslami G, Zandi H, Barzegar K. Mutations
in nalc gene of Mex AB-OprM efflux pump in carbap-
enem resistant Pseudomonas aeruginosa isolated from
burn wounds in Yazd, Iran. Iran J Microbiol 2020; 12:
32-36.

6. Pourakbari B, Yaslianifard S, Yaslianifard S, Mahmou-
di S, Keshavarz-Valian S, Mamishi S. Evaluation of ef-
flux pumps gene expression in resistant Pseudomonas
aeruginosa isolates in an Iranian referral hospital. Iran
J Microbiol 2016; 8: 249-256.

7. Pelegrin AC, Saharman YR, Griffon A, Palmieri M,
Mirande C, Karuniawati A, et al. High-risk interna-

http://ijm.tums.ac.ir


http://ijm.tums.ac.ir/

10.

11.

12.

13.

14.

15.

16.

17.

http://ijm.tums.ac.ir

PSEUDOMONAS AERUGINOSA EXPOSURE TO MEROPENEM

tional clones of carbapenem-nonsusceptible Pseudo-
monas aeruginosa endemic to Indonesian intensive
care units: impact of a multifaceted infection control
intervention analyzed at the genomic level. mBio 2019;
10(6): e02384-19.

Weinstein MP. Performance standards for antimicrobi-
al susceptibility testing. 31 ed. Vol. 41. Clinical and
Laboratory Standars Institute; 2021.

Gobezie MY, Hassen M, Tesfaye NA, Solomon T, De-
messie MB, Kassa TD, et al. Prevalence of meropen-
em-resistant Pseudomonas aeruginosa in Ethiopia: a
systematic review and meta analysis. Antimicrob Resist
Infect Control 2024; 13: 37.

Ayobami O, Willrich N, Harder T, Okeke IN, Eck-
manns T, Markwart R. The incidence and prevalence
of hospital-acquired (carbapenem-resistant) Acineto-
bacter baumannii in Europe, Eastern Mediterranean
and Africa: a systematic review and meta-analysis.
Emerg Microbes Infect 2019; 8: 1747-17509.

Tadesse BT, Ashley EA, Ongarello S, Havumaki J, Wi-
jegoonewardena M, Gonzalez 1J, et al. Antimicrobial
resistance in Africa: A systematic review. BMC Infect
Dis 2017; 17: 616.

Omulo S, Oluka M, Achieng L, Osoro E, Kinuthia R,
Guantai A, et al. Point-prevalence survey of antibiotic
use at three public referral hospitals in Kenya. PLoS
One 2022; 17(6): e0270048.

Addis T, Araya S, Desta K. Occurrence of multiple,
extensive and pan drug-resistant Pseudomonas aerugi-
nosa and carbapenemase production from presumptive
isolates stored in a biobank at ethiopian public health
institute. Infect Drug Resist 2021; 14: 3609-3618.

Guo L, Ye L, Zhao Q, Ma 'Y, Yang J, Luo Y. Compara-
tive study of MALDI-TOF MS and VITEK 2 in bacte-
ria identification. J Thorac Dis 2014; 6: 534-538.
Ayesha BB, Gachinmath S, Sobia C. Isolation of obli-
gate anaerobes from clinical samples received for rou-
tine bacterial culture and sensitivity: a cross sectional
study. Iran J Microbiol 2022; 14: 145-155.

Momenah AM, Bakri RA, Jalal NA, Ashgar SS, Fe-
lemban RF, Bantun F, et al. Antimicrobial resistance
pattern of Pseudomonas aeruginosa: an 1l-year ex-
perience in a tertiary care Hospital in Makkah, Saudi
Arabia. Infect Drug Resist 2023; 16: 4113-4122.
Madhavan A, Sachu A, Balakrishnan A, Vasudevan
A, Balakrishnan S, Vasudevapanicker J. Comparison
of PCR and phenotypic methods for the detection of
methicillin resistant Staphylococcus aureus. Iran J
Microbiol 2021; 13: 31-36.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

IRAN. J. MICROBIOL. Volume 16 Number 3 (June 2024) 299-305

Balouiri M, Sadiki M, Ibnsouda SK. Methods for in
vitro evaluating antimicrobial activity: A review. J
Pharm Anal 2016; 6: 71-79.

Lee M, Chung H-S. Different antimicrobial suscepti-
bility testing methods to detect ertapenem resistance
in enterobacteriaceae: VITEK2, MicroScan, Etest,
disk diffusion, and broth microdilution. J Microbiol
Methods 2015; 112: 87-91.

Murugan N, Malathi J, Therese KL, Madhavan HN.
Application of six multiplex PCR’s among 200 clinical
isolates of Pseudomonas aeruginosa for the detection
of 20 drug resistance encoding genes. Kaohsiung J
Med Sci 2018; 34: 79-88.

Morales S, Gallego MA, Vanegas JM, Jiménez JN.
Detection of carbapenem resistance genes in Pseudo-
monas aeruginosa isolates with several phenotypic
susceptibility profiles. Ces Med 2018; 32: 203-214.
Dumas JL, Van Delden C, Perron K, Koéhler T. Anal-
ysis of antibiotic resistance gene expression in Pseu-
domonas aeruginosa by quantitative real-time-PCR.
FEMS Microbiol Lett 2006; 254: 217-225.

Toméas M, Doumith M, Warner M, Turton JF, Beceiro
A, Bou G, et al. Efflux pumps, OprD porin, AmpC
B-lactamase, and multiresistance in Pseudomonas
aeruginosa isolates from cystic fibrosis patients.
Antimicrob Agents Chemother 2010; 54: 2219-2224.
McMillan M, Pereg L. Evaluation of reference genes
for gene expression analysis using quantitative RT-
PCR in Azospirillum brasilense. PLoS One 2014; 9(5):
€98162.

Bassetti M, Vena A, Croxatto A, Righi E, Guery B.
How to manage Pseudomonas aeruginosa infections.
Drugs Context 2018; 7: 212527.

Moradali MF, Ghods S, Rehm BH. Pseudomonas aeru-
ginosa lifestyle: A paradigm for adaptation, survival,
and persistence. Front Cell Infect Microbiol 2017; 7: 39.
Poole K. Pseudomonas aeruginosa: Resistance to the
max. Front Microbiol 2011; 2: 65.

Cabot G, Ocampo-Sosa AA, Tubau F, Macia MD, Ro-
driguez C, Moya B, et al. Overexpression of AmpC
and efflux pumps in Pseudomonas aeruginosa isolates
from bloodstream infections: Prevalence and impact on
resistance in a Spanish multicenter study. Antimicrob
Agents Chemother 2011; 55: 1906-1911.

Lee J-Y, Ko KS. OprD mutations and inactivation,
expression of efflux pumps and AmpC, and metal-
lo-B-lactamases in carbapenem-resistant Pseudomonas
aeruginosa isolates from South Korea. Int J Antimicrob
Agents 2012; 40: 168-172.

305


http://ijm.tums.ac.ir/

