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Carbapenem-resistant Pseudomonas aeruginosa has emerged as a deadly pathogenic agent globally, responsible for the majority of
morbidity and fatalities in bum patients. Genes of carbapenemase are considered to be among the most prevalent means of resistance in
P. aeruginosa to carbapenem. In the present study, the existence of metallo-beta-lactamase (MBL) genes of the VIM and IMP in carba-
penem-resistant P. aeruginosa isolated from burn patients were determined and also the antibacterial effects of five ethanolic plant extracts
were investigated. Twenty carbapenem-resistant P. aeruginosa isolates were isolated from bum infections. The disc diffusion test was
used for examination of antibacterial susceptibility. Subsequently, MBL were identified by the imipenem-EDTA combined disc test and
PCR. This was followed by evaluation of the plant extract and MIC determination by the well-diffusion method. The results revealed that
among 20 P. aeruginosa isolates, 17 (85%) were imipenem-resistant. Among them, 11 (64.7%) isolates appeared positive for the IMP-
EDTA combined disc test. The VIM gene was detected positively in seven (41.2%) isolates. Not a single isolate had the IMP gene. None
of the imipenem-sensitive isolates harbored the IMP or VIM genes. Evaluation of ethanolic extract of Rhus coriaria, Punica granatum,
Thymus vulgaris, Syzygium aromaticum and Curcuma longa revealed possibly effective though variable efficacy against the tested
P. aeruginosa isolates. Rhus coriaria extract was the most efficient and exhibited bactericidal and bacteriostatic activities with MIC's of
3.6 mg/mL while Punica granatum and Syzygium aromaticum showed MIC which reached 4.5 mg/mL. These plant extracts which were

demonstrated to be potentially efficient could be utilized as natural alterative treatment to eradicate carbapenem-resistant P. aeruginosa.

Keywords: carbapenemase; Rhus coriaria, Punica granatum;, Thymus vulgaris; Syzygium aromaticum; Curcuma longa.

Introduction

Carbapenems, such as meropenem (MEM) and imipenem (IPM), are
the most effective anti-pseudomonal therapies. They are often used as a
last resort in patients with multi-B-lactam-resistant Pseudomonas infecti-
ons (Kazeminezhad et al., 2017). Carbapenems are considered to be the
last effective line of defense against Pseudomonas aeruginosa; hence, the
emergence of carbapenem-resistant P. aeruginosa has lately confused tre-
atment options (Al Bahrani et al., 2024). Evidence indicates that individu-
als infected with carbapenem-resistant bacteria have a higher risk of mor-
tality and morbidity than those infected with susceptible infections (Nord-
mann & Poirel, 2019). Carbapenemases can cause resistance to carbape-
nems and other B-lactam medicines, including novel B-lactam-B-lactama-
se inhibitors (Reyes et al., 2023). Pseudomonas aeruginosa may produce
metallo-B-lactamases (MBL) that hydrolyze all carbapenems except aztre-
onam, which contributes to resistance to carbapenem antibiotics (Doosti
etal, 2013; Das, 2023). Therefore, their action is hindered by chelators
such as ethylenediaminetetraacetic acid (EDTA) and others. Tazobactam,
sulbactam, and clavulanic acid, which are often used to block beta-lacta-
mase enzymes, are ineffective against MBLs (Shirani et al., 2016). Carba-
penemases are classified into three out of four -lactamase classes (Amb-
ler A, B, and D) based on their hydrolytic processes at active sites. Class A
and D carbapenemases are known as serine carbapenemases because they
contain serine (amino acid) at the site of action (serine-dependent), while
class B carbapenemases contain zinc (zinc-dependent) and are commonly
referred to as metallo-B-lactamases (Kateete et al.2016). Class B metallo-
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[-lactamases are plasmid-encoded (or chromosomal) and the most preva-
lent enzymes, primarily belonging to the IMP, VIM, NDM, SPM, GIM,
AIM, DIM, and SIM families (Tsakris et al., 2006; Anvarinejad et al.,
2014). The identification of metallo-beta-lactamase (MBL)-generating
P. aeruginosa is essential for preventing the increase of resistant strains as
well as creating novel treatment plans and preventative strategies to man-
age bacterial infection in burn patients (Anvarinejad et al., 2014). The ele-
vated use / misuse of antibiotic doses is mainly contributing to the occur-
rence of antimicrobial resistance (Alam et al., 2022). The development of
antibiotic resistance and associated toxicity problems restrict the use of
these medications, resulting in a revival in phytotherapy research (Radji
etal., 2013). Because of the common development of resistance during
single-drug therapy treatment of patients with P. aeruginosa, natural plant
extracts have been identified as a promising way for dealing with and
overcoming related infections and resistance mechanisms (Ahmed et al.,
2021).

This study aims to investigate the prevalence of metallo-beta-lactama-
se among P. aeruginosa collected from burn infections, utilizing both phe-
notypic and genotypic methods, and evaluate some ethanolic plant ex-
tracts to determine antibacterial activity as a new source of drugs and an
alternative treatment approach.

Materials and methods

Pseudomonas aeruginosa isolates. Twenty P. aeruginosa isolates
were used in the current study, isolated from burn infections and identified
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previously phenotypically and molecularly in the Biology Department,
Science College, Mosul University, Iraq.

Antibiotic sensitivity test. Mueller Hinton Agar (MHA) plates were
used in the disc diffusion approach for antibiotic sensitivity, and the results
were explained in accordance with the guidelines provided by the Clinical
Laboratory Standards Institute (CLSL 2023). Discs of antibiotic were used
as follows: imipenem (IPM 10 pg), meropenem (MEM 10 pg), aztronam
(ATM 30 pg), ceftazidime (CAZ 30 pg), ceftriaxone (CRO 10 pg), cefe-
pime (FEP 10 pg), pipracillin (PRL 100 pg), amikacin (AK 10 pg), tobra-
mycin (TOB 10 pg), ciprofloxacin (CIP 10 pg), levofloxacin (LEV 5 pg),
rifampin (RA 5 pg).

Detection of MBL activity phenotypically. Using the IMP-EDTA
combined disc tests (IMP-EDTA CDT), all strains resistant to (IPM
10 pg) (size of zone <15 mm according to CLSI recommendations, 2023)
were subjected to test on MHA by disc diffusion approach to determine
MBL action. To clarify this briefly, the test organism was seeded on an
MHA plate after an overnight culture was adjusted with 0.5 McFarland,
that is equivalent to the concentration of the suspension of bacteria 1.5 x
10® CFU/mL. On the plate, two discs of imipenem (10 pg) were positio-
ned five centimeters apart. One of the discs received 10 uL. of a 0.5 M
EDTA solution. For 16-18 hours, the plates were incubated at 35 °C.
After comparing the inhibitory zones of each disc, test isolates that re-
vealed a size of zone of >7 mm for the IMP-EDTA disc in comparison to
the single imipenem disc were identified as MBL producers (Joji et al.,
2019).

Detection of metallo-beta-lactamase genes of VIM and IMP by po-
lermerase chain reaction. Following the manufacturer’s instructions, con-
ventional PCR testing was performed on each isolate to determine if the
VIM and IMP genes were present. Table 1 lists the primer sequences spe-
cific to the VIM and IMP that were employed in this investigation. All of
the total DNA of the bacterial isolates was extracted using the Geneaid
DNA extraction kit, then kept at —20 °C until it was processed further.
The PCR reaction was performed in a total volume of 25 pL, consisted of
12.5 pL GoTaq Green Master Mix (Promega), 1 uL of the forward and
reverse primers, 3 pL of the DNA template, and finally 7.5 puL nuclease-
free water to complete the volume. The optimum condition was one cycle
at 95 °C for 5 min as initial denaturation. 35 cycles at 95 °C for 30 s were
completed for denaturation, at 53 °C for 30 s for annealing, and at 72 °C
for 30 s for extension, followed by one cycle at 72 °C for 10 min for final
extension. To detect the amplicon bands, gel electrophoresis was carried
out with 5 UL of each product and 100 bp of ladder separated on an aga-
rose gel made by 1.5% of agarose. Amplicons were investigated after
being observed using a UV transilluminator.

Table 1
Primers for VIM and IMP genes
Gene Sequence of primer 53’ Sl;e of Reference
amplicon, bp
VIM F-GATGGTGTTTGGTCGCATA 390 Jojietal.
R-CGAATGCGCAGCACCAG (2019)
MP F- GAAGGCGTTTATGTTCATAC 587 Goundarzi
R-GTAAGTTTCAAGAGTGATGC etal. (2023)

Preparation of plant extract. Plant materials for the five plant species
used in this study (Table 2) were obtained from the local market in Mosul.
The received plants were thoroughly cleansed, decontaminated, washed
with distilled water, and then dried in the shade. Dried plant material of
each species was crushed into a fine powder that could pass through a
100-mm sieve. To get a clear filtrate, 50 g of the finely ground powder
was allowed to soak in 200 mL of ethanol with shaking for 24 hours,
purified through eight layers of gauze, centrifuged at 3000 rpm for 5 mi-
nutes, and filtered again using Whatman filter paper No. 41. The filtrate
solutions were evaporated and dehydrated at 45 °C in a cooled incubator
(Gallenkamp). The extract outputs were measured and placed in tiny vials
in the refrigerator at 5 °C (Mostafa et al., 2018).

Determination of the antimicrobial activity by Well diffusion suscep-
tibility method. The bacterial suspensions were prepared by comparison
with standard tube (McFarland number 0.5) containing 1.5x 10® CFU/mL.
Bacterial suspension was streaked into Mueller-Hinton agar plates. Cotton
swabs were dipped into a screw tube containing bacterial suspension and

spread over the surface of the plates, after which the plates were allowed to
dry for 5-15 minutes at the ambient temperature. Several wells (8 mm in
diameter) were made into the medium of agar with a sterile cork borer and
then plant extracts in 24 pl volumes containing 7.2, 9.6, 12.0 mg for
thyme and turmeric, sumac, pomegranate and clove respectively were
poured into the wells, An DMSO (24 uL per well) was also poured into
one well as negative control, then allowed to incubate at 37 °C for 24 hrs
and zones of inhibition were measured in mm (Bakht et al., 2011; Al-
Ahbabi et al., 2016).

Table 2
Data of the plant species used

Specics Familics Local Common  Plant part

pec names names utilized

Rhus coriaria L. Anacardiaceae  sumack ~ sumac fruit
Syvzygium aromaticum
(L) Merr. & LM Perry Myrtaceae koronfil  clove flower
Punica granatum L. Lythraceae romman  pomegranate peel
Curcuma longa L. Zingiberaceae  kurkum  turmeric rhizome
Thymus vulgaris L. Lamiaceae za'ater thyme leave

Determination of the minimum inhibitory concentration of the etha-
nolic extracts (MIC). MIC is described as the lowest concentration of the
antimicrobial substance that inhibits the growth of microbes after 24 hours
of incubation. The most efficient plant extract which showed a strong anti-
bacterial activity at 12.0 and 9.5 mg/mL was used to detect their MIC by
well-diffusion method. Several concentrations of the efficient plant extract
(2.25,4.5, 6.0 and 12.0 mg/mL) were prepared separately for P. granatum
and S. aromaticum, and (1.8, 3.6, 4.8 and 9.6 mg/mL) prepared for
R. coriaria DMSO used as diluent.

Results

Bacterial strains were collected from bum infections. The antimi-
crobial susceptibility test of twenty P. aeruginosa isolates to 12 various
antibiotics revealed that from 20 P. aeruginosa isolates, 17 (85%) were
resistant to imipenem. 95% of the strains were meropenem, levofloxacin
and ciprofloxacin resistant. All the isolates were resistant to eight antibio-
tics (100%), which is shown in Figures 1 and 2.

To investigate whether resistance to imipenem is produced by MBL
synthesis or different mechanisms, the 17 isolates were tested using the
IMP-EDTA CDT. During phenotyping, it was shown that 11 (64.7%) of
the 17 strains were positive for MBL. Figure 3 shows an example.

Genotyping of all 20 bacterial isolates was implemented to detect the
existence of the IMP and VIM genes. In Figure 4, the results show that
among 17 isolates resistant to imipenem, 7 (41.2%) strains carried the
VIM gene, and no strain carried the IMP gene. None of the isolates sensi-
tive to imipenem harbored these genes.
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Fig. 1. Antibiotics resistance pattern
of twenty P. aeruginosa isolates to 12 antibiotics
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Fig. 3. IMP-EDTA CDT exhibiting isolate A as MBL producer and isolate B as non-MBL producer
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Fig. 4. Gel electrophoresis showed PCR products: whereas some lanes revealed bands with amplicon size equal 390 bp (VIM gene),
some lanes without band for VIM gene, lane ladder contains a 100 bp

Fig. 5. Growth inhibition of two bacterial isolates initiated by ethanolic plant extracts clove, pomegranate, sumac, turmeric and thyme

Some plant species were studied to determine their antimicrobial ca-
pability against carbapenem-resistant P. aeruginosa, as shown in Figure 5.
The findings demonstrated that all plant extracts have the ability to inhibit
the microbial replication of carbapenem-resistant P. aeruginosa with
variable efficacy.

Discussion
Our study showed the prevalence of multidrug-resistant (MDR) phe-

notype in 100% of the isolates of P. aeruginosa obtained from burn infec-
tions. Emergence of resistance to carbapenem in P. aeruginosa has beco-

me a serious threat. Resistance can develop via a variety of strategies, in-
cluding the biosynthesis of carbapenemase enzymes, reduced permeabili-
ty of the bacterial cell wall, raised efflux pump activity, modifications of
outer membrane porins, and target-specific mutations that impair affinity
to carbapenems (Gashaw et al., 2024). Periodic antimicrobial resistance
monitoring in P. aeruginosa is essential for knowing the current activity
level of commonly administered antipseudomonal medicines. In the cur-
rent research, carbapenems were among the least active drugs investiga-
ted, with just 5% and 15% of isolates sensitive to meropenem and imipe-
nem, respectively. Several recent investigations have found imipenem to
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be particularly active against P. aeruginosa (Abdeta et al., 2023; Hafiz
etal., 2023).

Table 3
Antimicrobial test of ethanolic plant extracts
against P. aeruginosa (inhibition zone in mm)

Ethanolic plant extract

rfusi)rll?afr pomegranate, clove, sumac, turmeric, thyme,
12 mg/mL 2mgml 96mgml 72mgmlL 72 mg/mL
14 19 12 16 0 0
19 18 14 16 0 11
Table 4

MIC of the greatest efficient ethanolic plant extracts against P. aeruginosa

Plant extract Concentration, mg/mL Inhibition zone, mm
1.8 0
R. coriaria 8 10
48 12
9.6 16
23 0
45 11
P granatum 60 16
120 19
23 0
. 45 9
S. aromaticum 60 10
120 12

A prior study conducted in Iraq by Ronat et al. (2014) reported 23%
imipenem resistance in P. aeruginosa (Ronat et al., 2014). But, our results
revealed an increase in resistance to imipenem (85%). Also previous
studies from Iraq and other countries reported variable rates of imipenem
resistance to P. aeruginosa among patients. In Karbala, imipenem resis-
tance was 58.3% (Shilba et al., 2015), in Duhok 60.6% (Polse et al.,
2024), in Saudi Arabia 29.5% (Hafiz et al., 2023) and in Ethiopia 16.0%
(Abdeta et al., 2023). Previous studies showed a similar trend from other
countries to our study (Rodriguez-Martinez et al., 2009; Gill et al., 2016).
The variation in the occurrence of imipenem resistant P. aeruginosa in va-
rious studies could be related to the type of isolates, type of hospitals, the
studied population and geographical locations. Our recent investigation fo-
und a substantial prevalence of phenotypic carbapenem resistance. This
rise in resistance might be related to the increased use of carbapenems in
hospitals and inadequate infection control methods. Infections produced
by these resistant strains significantly restrict treatment choices.

PCR evaluation is the important standard for MBL. However, it is not
commonly employed in typical microbiology labs. This study employed
phenotypic techniques like the IMP-EDTA combined disc test for MBL
testing and then compared it with genotyping findings. IMP-EDTA CDT
phenotyping revealed that 11 (64.7%) of the 17 isolates resistant to imipe-
nem produced MBL. Similarly, a study in Iran detected MBL activity in
65 of 69 imipenem-resistant strains (Saderi et al., 2010). Also, a study
found that 90% of imipenem-resistant isolates were positive for produc-
tion of MBL (Moosavian & Rahimzadeh, 2015). Many factors contribute
to these variations, including variability in strains from different places, the
type of equipment and antibiotics used, the amount of EDTA/disk used,
and mistakes committed by the individual doing the testing. However, we
encourage utilizing the CD test to detect MBL-producing P. aeruginosa
since it is easy to implement, can be quickly integrated into a clinical labora-
tory workflow, and is less costly than other methods (Sheikh et al., 2014).

Our genotyping results showed that among 17 imipenem resistant
strains, 7 (41.2%) strains carried the VIM gene, and no strain carried the
IMP gene. None of the imipenem-sensitive isolates harbored these genes,
which is similar to a study in Bahrain where the VIM gene was found in
47.5% of strains (Joji et al., 2019). A study in Al-Najaf city detected (bla-
VIM, bla-IMP) with the following percentages (10.4% and 22.9%, re-
spectively) (Almayali & Al-Muhana, 2023). A study in Iran showed that
56.0% carried blaVIM and 24.3% possessed the blaIMP gene (Doosti
etal,, 2013). A study in Turkey showed the presence of VIM in one of the
P. aeruginosa strains. None of the strains were positive for the IMP from
200 carbapenem-resistant P. aeruginosa isolates (Cayci et al., 2022), whe-
reas a study in Saudi Arabia noted VIM in all 15 MBL carrying isolates
(100%) (Tawfik et al., 2012). Geographical differences and variation in

the use of antibiotics may explain variation in the occurrence and categori-
es of these genes found in MBL-synthesizing bacteria (Joji et al., 2019).
Also may be these genes are plasmid encoded.

Antibacterial activity of five ethnolic plants extract was evaluated
against two isolates of carbapenem-resistant P. aeruginosa which have
high resistance to all antibiotics used in our study using the well diffusion
method. The results revealed that three plant extracts were potentially ef-
fective in suppressing microbial growth with variable potency, R. coriaria,
P. granatum and S. aromaticum at concentration 9.6, 12.0, 12.0 mg/mL,
respectively. 7. vulgaris was found to suppress microbial growth in one
strain at concentration 7.2 mg/mL so it can be used at higher concentration
to achieve inhibitory effect against P. aeruginosa. A study in Iran revealed
that ethanol extracts of 7. vulgaris reached MIC values of 15.6 mg/mL
(Ahmadi etal., 2022). Also, C. longa can be used at a higher concentration
than 7.2 mg/mL to exert antibacterial activity, as shown by a study in
Nepal where the plant exhibited MIC at 40 mg/mL (Suwal et al., 2021).

The MIC of the most effective plant extracts was used by well diffu-
sion technique to estimate their bactericidal and bacteriostatic attributes.
This method showed that there was a significant relationship between the
concentration and growth inhibition zone diameter. The concentration ef-
fects of the efficient plant extracts (R. coriaria, S. aromaticum and P. gra-
natum) are presented in Table 4. The inhibitory effect of R. coriaria ex-
tract began at 3.6 mg/mL with inhibition zone of 10 mm while extract of
P. granatum and S. aromaticum suppressed bacterial growth at concentra-
tion of 4.5 mg/mL with inhibition zones of 11 and 9 mm respectively.
Similarly, a study in Saudi Arabia showed bacteriostatic and bactericidal
activities of P. granatum and S. aromaticum ethanolic extracts against
P. aeruginosa with MICs which reached 2.5 and 5.0 mg/mL, respectively
(Mostafa et al., 2018). A study in Iran revealed antibacterial activity of
R. coriaria ethanolic extracts with MIC equal 8.0 mg/mL against MDR
isolates of P. aeruginosa (Ahmed et al., 2022). In a Slovenian study on
P. aeruginosa growth inhibition, the highest applied concentration
(2.7 mg/mL) of ethanolic peel extract reduced growth by 87% (Kupnik
etal., 2016).

According to a study in Karbala, Irag, showed ethanolic P. granatum
peel extract to be ineffective against P. aeruginosa (Al-Daamya et al.,
2016). Therefore, the final concentation in the well would become 1.25
mg/mL according to Bakht et al. (2011). This concentration is low when
tested against P. aeruginosa. However, a study in Iran showed that the
MICs of pomegranate peel extracts were 12.5 mg/mL (Nozohour et al.,
2018). According to another study Kupnik et al. (2021), P. granatum fruit
has outstanding antioxidant capabilities, as well as anti-atherosclerotic,
antihypertensive, anti-inflammatory, and anti-mutagenic characteristics,
which promote wound healing.

The MIC values for S. aromaticum ethanolic extract in a study in
Egypt showed ranged higher than our study from 10.0 to 21.3 mg/mL
(Ahmed et al.,, 2021) while a study in India revealed that the MIC was
1.56 mg/mL (Faujdar et al., 2020). This variance in MIC might be caused
by differences in phytochemical content throughout the plant, as well as
geographical and environment-related factors that may influence the bio-
activity level of secondary metabolites and the methodologies utilized in
measurement.

Conclusion

Ethanolic extracts of pomegranate, sumac, and clove at the above-
mentioned concentrations, as well as thyme and turmeric at higher con-
centrations, were found to be effective against carbapenem-resistant P. ae-
ruginosa and supplied baseline data for the possible treatment of bacterial
infections. As a result of our research, we determined that these extracts
can be utilized to generate novel antibacterial drugs, which are urgently
needed. However, further study is required to identify and characterize the
bioactive compounds observed in these extracts, as well as their in vivo
antibacterial properties against human infections.

References
Abdeta, A., Negeri, A. A., Beyene, D., Adamu, E., Fekede, E., Fentaw, S., Tesfaye,

M., & Wakoya, G. K. (2023). Prevalence and trends of carbapenem-resistant
Pseudomonas aeruginosa and Acinetobacter species isolated from clinical spe-

Regul. Mech. Biosyst., 2024, 15(3)

620


http://doi.org/10.2147/idr.s403360
http://doi.org/10.2147/idr.s403360
http://doi.org/10.2147/idr.s403360

cimens at the Ethiopian Public Health Institute, Addis Ababa, Ethiopia: A retro-
spective analysis. Infection and Drug Resistance, 16, 1381-1390.

Ahmadi, M., Bahador, N., & Khodavandi, A. (2022). Phenolic compounds, antioxi-
dants, and antibacterial activity of some native medicinal plants against Psewu-
domonas aeruginosa. Pharmaceutical and Biomedical Research, 8(4), 259-268.

Ahmed, A. A., & Salih, F. A. (2019). Quercus infectoria gall extracts reduce quorum
sensing-controlled virulence factors production and biofilm formation in Pseu-
domonas aeruginosa recovered from bum wounds. BMC Complementary and
Alternative Medicine, 19, 177.

Ahmed, O., Mohamed, H., Salem, W., Afifi, M., & Song, Y. (2021). Efficacy of
ethanolic extract of Syzygium aromaticum in the treatment of multidrug-resis-
tant Pseudomonas aeruginosa clinical isolates associated with urinary tract in-
fections. Evidence-Based Complementary and Altemative Medicine, 2021,
6612058.

Al-Ahbabi, H. H., Jassim, A. M., Hasson, S. O., Abed, W. F., Al-Ahbabi, M. H., &
Amer, M. (2016). Antimicrobial activity of Aloe vera extract on cases of kerato-
conjunctivitis in sheep (in vivo and in vitro study) and compared with penicillin-
streptomycin. Basrah Journal of Veterinary Research, 15(2), 227-245.

Alam, M., Bano, N., Ahmad, T., Sharangi, A. B., Upadhyay, T. K., Alraey, Y., Alab-
dallah, N. M., Rauf, M. A., & Saeed, M. (2022). Synergistic role of plant ex-
tracts and essential oils against multidrug resistance and Gram-negative bacterial
strains producing extended-spectrum B-lactamases. Antibiotics, 11(7), 855.

Al-Bahrani, S., Alqazih, T. Q., Aseeri, A. A., Al Argan, R., Alkhafaji, D., Alrqyai, N.
A., Alanazi, S. M., Aldakheel, D. S., Ghazwani, Q. H., Jalalah, S. S., Alshuaibi,
A. K., Hazzazi, H. A., & Al-Tawfiq, J. A. (2024). Pattern of cephalosporin and
carbapenem-resistant Pseudomonas aeruginosa: A retrospective analysis. Inter-
national Journal of Infectious Diseases, Regions, 10, 31-34.

Al-Daamy, A. A. H., Bahaa, U., Alaaddin, D., & Hassan, M. (2016). Investigation of
inhibition efficiency of Punica granatum peel extract against bacteria. Journal of
Contemporary Medical Sciences, 2(6), 63-66.

Almayali, E. J., Al-Muhana, A. S. (2023). Detection of VIM and IMP metallo-beta-
lactamase genes in carbapenem resistant Pseudomonas aeruginosa isolated
from different clinical infection in Al-Najaf Province. History of Medicine, 9(1),
2315-2321.

Anvarinejad, M., Japoni, A., Rafaatpour, N., Mardaneh, J., Abbasi, P., Amin Shahidi,
M., Dehyadegari, M. A., & Alipour, E. (2014). Bum patients wounds infected
with metallo-beta-lactamase-producing Pseudomonas aeruginosa: Multidrug
resistant strains. Archives of Trauma Research, 3(2), e18182.

Bakht, J., Islam, A., & Shafi, M. (2011). Antimicrobial potential of Eclipta alba by
well diffusion method. Pakistan Journal of Botany, 43, 169-174.

Cayci, Y. T, Biyik, 1, & Birinci, A. (2022). VIM, NDM, IMP, GES, SPM, GIM,
SIM metallobetalactamases in carbapenem-resistant Pseudomonas aeruginosa
isolates from a Turkish University Hospital. Journal of Archives in Military
Medicine, 10(1), e118712.

Das, S. (2023). The crisis of carbapenemase-mediated carbapenem resistance across
the human-—animal-environmental interface in India. Infectious Diseases Now,
53(1), 104628.

Doosti, M., Ramazani, A., & Garshasbi, M. (2013). Identification and characterizati-
on of metallo--lactamases producing Pseudomonas aeruginosa clinical isola-
tes in University Hospital from Zanjan Province, Iran. Iranian Biomedical Jour-
nal, 17(3), 129-133.

Faujdar, S. S., Bisht, D., & Sharma, A. (2020). Antibacterial activity of Syzygium
aromaticum (clove) against uropathogens producing ESBL, MBL, and AmpC
beta-lactamase: Are we close to getting a new antibacterial agent? Journal of
Family Medicine and Primary Care, 9(1), 180-186.

Gashaw, M., Gudina, E. K., Ali, S., Gabriele, L., Seeholzer, T., Alemu, B., Froeschl,
G., Kroidl, A., & Wieser, A. (2024). Molecular characterization of carbapenem-
resistance in Gram-negative isolates obtained from clinical samples at Jimma
Medical Center, Ethiopia. Frontiers in Microbiology, 15, 1336387.

Gill, J. S., Arora, S., Khanna, S. P., & Kumar, K. V. S. H. (2016). Prevalence of mul-
tidrug-resistant, extensively drug-resistant, and pandrug-resistant Pseudomonas
aeruginosa from a tertiary level Intensive Care Unit. Joumnal of Global Infec-
tious Diseases, 8(4), 155-159.

Goudarzi, H., Bostanghadiri, N., Riahi Rad, Z., Riahi Rad, Z., & Yasbolaghi Sharahi,
J.(2023). Evaluation of -lactamases and molecular typing of Pseudomonas ae-
ruginosa clinical strains isolated from hospitalized children in Tehran, Iran.
Archives of Clinical Infectious Diseases, 18(2), e134837.

Hafiz, T. A., Bin Essa, E. A, Alharbi, S. R., Alyami, A. S., Alkudmani, Z. S., Muba-
raki, M. A., Alturki, N. A., & Alotaibi, F. (2023). Epidemiological, microbiolo-
gical, and clinical characteristics of multi-resistant Pseudomonas aeruginosa
isolates in King Fahad Medical City, Riyadh, Saudi Arabia. Tropical Medicine
and Infectious Disease, 8(4), 205.

Joji, R. M, Al-Rashed, N., Saced, N. K., & Bindayna, K. M. (2019). Detection of
VIM and NDM-1 metallo-beta-lactamase genes in carbapenem-resistant Pseu-

Regul. Mech. Biosyst., 2024, 15(3)

domonas aeruginosa clinical strains in Bahrain. Journal of Laboratory Physi-
cians, 11(2), 138-143.

Kateete, D. P., Nakanjako, R., Namugenyi, J., Erume, J., Joloba, M. L., & Najjuka,
C. F. (2016). Carbapenem resistant Pseudomonas aeruginosa and Acinetobac-
ter baumannii at Mulago Hospital in Kampala, Uganda (2007-2009). Sprin-
gerPlus, 5(1), 1308.

Kazeminezhad, B., Bostanmanesh Rad, A., Gharib, A., & Zahedifard, S. (2017).
blaVIM and blaIMP genes detection in isolates of carbapenem resistant P. ae-
ruginosa of hospitalized patients in two hospitals in Iran. Iranian Journal of Pa-
thology, 12(4), 392-396.

Kupnik, K., Primozi&, M., Vasi¢, K., Knez, Z., & Leitgeb, M. (2021). A comprehen-
sive study of the antibacterial activity of bioactive juice and extracts from pome-
granate (Punica granatum L.) peels and seeds. Plants, 10(8), 1554.

Moosavian, M., & Rahimzadeh, M. (2015). Molecular detection of metallo--lacta-
mase genes, bla IMP-1, bla VIM-2 and bla SPM-1 in imipenem resistant Psew-
domonas aeruginosa isolated from clinical specimens in teaching hospitals of
Ahvaz, Iran. Iranian Journal of Microbiology, 7(1), 2-6.

Mostafa, A. A., Al-Askar, A. A., Almaary, K. S., Dawoud, T. M., Sholkamy, E. N.,
& Bakri, M. M. (2018). Antimicrobial activity of some plant extracts against
bacterial strains causing food poisoning diseases. Saudi Journal of Biological
Sciences, 25(2), 361-366.

Nordmann, P., & Poirel, L. (2019). Epidemiology and diagnostics of carbapenem
resistance in gram-negative bacteria. Clinical Infectious Diseases, 69(S7),
S521-8528.

Nozohour, Y., Golmohammadi, R., Mimejad, R., & Fartashvand, M. (2018). Anti-
bacterial activity of pomegranate (Punica granatum 1.) seed and peel alcoholic
extracts on Staphylococcus aureus and Pseudomonas aeruginosa isolated from
health centers. Journal of Applied Biotechnology Reports, 5(1), 32-36.

Polse, R., Khalid, H., & Mero, W. (2024). Molecular identification and detection of
virulence genes among Pseudomonas aeruginosa isolated from bums infec-
tions. Journal of Contemporary Medical Sciences, 10(1), 7-12.

Radji, M., Agustama, R. A, Elya, B., & Tjampakasari, C. R. (2013). Antimicrobial
activity of green tea extract against isolates of methicillin-resistant Staphylococ-
cus aureus and multi-drug resistant Pseudomonas aeruginosa. Asian Pacific Jo-
urnal of Tropical Biomedicine, 3(8), 663—667.

Reyes, J., Komarow, L., Chen, L., Ge, L., Hanson, B. M., Cober, E., Herc, E., Alena-
zi, T., Kaye, K. S., Garcia-Diaz, J., Li, L., Kanj, S. S., Liu, Z., Ofiate, J. M., Sala-
ta, R. A., Marimuthu, K., Gao, H., Zong, Z., Valderrama-Beltran, S. L., ... Sat-
lin, M. (2023). Global epidemiology and clinical outcomes of carbapenem-re-
sistant Pseudomonas aeruginosa and associated carbapenemases (POP): A pro-
spective cohort study. The Lancet Microbe, 4(3), e159—e170.

RodriguesMartinez].-M., Poirel, L., & Nordmann, P. (2009). Molecular epidemio-
logy and mechanisms of carbapenem resistance in Pseudomonas aeruginosa.
Antimicrobial Agents and Chemotherapy, 53(11),4783-4788.

Ronat, J.-B., Kakol, J., Khoury, M. N., Berthelot, M., Yun, O., Brown, V., & Mur-
phy, R. A. (2014). Highly drug-resistant pathogens implicated in burn-associa-
ted bacteremia in an Iraqi Bum Care Unit. PLoS One, 9(8), ¢101017.

Saderi, H., Lotfalipour, H., Owlia, P., & Salimi, H. (2010). Detection of metallo-3-
lactamase producing Pseudomonas aeruginosa isolated from bum patients in
Tehran, Iran. Laboratory Medicine, 41(10), 609-612.

Sheikh, A. F., Rostami, S., Jolodar, A., Tabatabaiefar, M. A., Khorvash, F., Saki, A.,
Shoja, S., & Sheikhi, R. (2014). Detection of metallo-beta lactamases among
carbapenem-resistant Pseudomonas aeruginosa. Jundishapur Journal of Micro-
biology, 7(11), 12289.

Shilba, A. A., Al-Azzawi, R. H., & Al-Awadi, S. J. (2015). Dissemination of carba-
penem resistant Pseudomonas aeruginosa among bum patients in Karbala Pro-
vince / Iraq. Iragi Journal of Science, 56(3A), 1850-1857.

Shirani, K., Ataei, B., & Roshandel, F. (2016). Antibiotic resistance pattem and eva-
luation of metallo-beta lactamase genes (VIM and IMP) in Pseudomonas aeru-
ginosa strains producing MBL enzyme, isolated from patients with secondary
immunodeficiency. Advanced Biomedical Research, 5, 124.

Suwal, N., Subba, R. K., Paudyal, P., Khanal, D. P., Panthi, M., Suwal, N., Nassan,
M. A., Alqami, M., Batiha, G. E.-S., & Koirala, N. (2021). Antimicrobial and
antibiofilm potential of Curcuma longa Linn. thizome extract against biofilm
producing Staphylococcus aureus and Pseudomonas aeruginosa isolates. Cel-
lular and Molecular Biology, 67(1), 17-23.

Tawfik, A. F., Shibl, A. M., Aljohi, M. A., Altammami, M. A., & Al-Agamy, M. H.
(2012). Distribution of ambler class A, B and D B-lactamases among Psewdo-
monas aeruginosa isolates. Bums, 38(6), 855-860.

Tsakris, A., Ikonomidis, A., Poumaras, S., Tzouvelekis, L. S., Sofianou, D., Legakis,
N. J., & Maniatis, A. N. (2006). VIM-1 metallo-beta-lactamase in Acinetobac-
ter baumannii. Emerging Infectious Diseases, 12(6), 981-983.

621


http://doi.org/10.32598/pbr.8.4.77.4
http://doi.org/10.32598/pbr.8.4.77.4
http://doi.org/10.32598/pbr.8.4.77.4
http://doi.org/10.1186/s12906-019-2594-5
http://doi.org/10.1186/s12906-019-2594-5
http://doi.org/10.1186/s12906-019-2594-5
http://doi.org/10.1186/s12906-019-2594-5
http://doi.org/10.1155/2021/6612058
http://doi.org/10.1155/2021/6612058
http://doi.org/10.1155/2021/6612058
http://doi.org/10.1155/2021/6612058
http://doi.org/10.1155/2021/6612058
http://doi.org/10.33762/bvetr.2016.124301
http://doi.org/10.33762/bvetr.2016.124301
http://doi.org/10.33762/bvetr.2016.124301
http://doi.org/10.33762/bvetr.2016.124301
http://doi.org/10.3390/antibiotics11070855
http://doi.org/10.3390/antibiotics11070855
http://doi.org/10.3390/antibiotics11070855
http://doi.org/10.3390/antibiotics11070855
http://doi.org/10.1016/j.ijregi.2023.11.012
http://doi.org/10.1016/j.ijregi.2023.11.012
http://doi.org/10.1016/j.ijregi.2023.11.012
http://doi.org/10.1016/j.ijregi.2023.11.012
http://doi.org/10.1016/j.ijregi.2023.11.012
http://doi.org/10.5812/atr.18182
http://doi.org/10.5812/atr.18182
http://doi.org/10.5812/atr.18182
http://doi.org/10.5812/atr.18182
http://doi.org/10.5812/jamm-118712
http://doi.org/10.5812/jamm-118712
http://doi.org/10.5812/jamm-118712
http://doi.org/10.5812/jamm-118712
http://doi.org/10.1016/j.idnow.2022.09.023
http://doi.org/10.1016/j.idnow.2022.09.023
http://doi.org/10.1016/j.idnow.2022.09.023
http://doi.org/10.6091/ibj.1107.2013
http://doi.org/10.6091/ibj.1107.2013
http://doi.org/10.6091/ibj.1107.2013
http://doi.org/10.6091/ibj.1107.2013
http://doi.org/10.4103/jfmpc.jfmpc_908_19
http://doi.org/10.4103/jfmpc.jfmpc_908_19
http://doi.org/10.4103/jfmpc.jfmpc_908_19
http://doi.org/10.4103/jfmpc.jfmpc_908_19
http://doi.org/10.3389/fmicb.2024.1336387
http://doi.org/10.3389/fmicb.2024.1336387
http://doi.org/10.3389/fmicb.2024.1336387
http://doi.org/10.3389/fmicb.2024.1336387
http://doi.org/10.4103/0974-777x.192962
http://doi.org/10.4103/0974-777x.192962
http://doi.org/10.4103/0974-777x.192962
http://doi.org/10.4103/0974-777x.192962
http://doi.org/10.5812/archcid-134837
http://doi.org/10.5812/archcid-134837
http://doi.org/10.5812/archcid-134837
http://doi.org/10.5812/archcid-134837
http://doi.org/10.3390/tropicalmed8040205
http://doi.org/10.3390/tropicalmed8040205
http://doi.org/10.3390/tropicalmed8040205
http://doi.org/10.3390/tropicalmed8040205
http://doi.org/10.3390/tropicalmed8040205
http://doi.org/10.4103/jlp.jlp_118_18
http://doi.org/10.4103/jlp.jlp_118_18
http://doi.org/10.4103/jlp.jlp_118_18
http://doi.org/10.4103/jlp.jlp_118_18
http://doi.org/10.1186/s40064-016-2986-7
http://doi.org/10.1186/s40064-016-2986-7
http://doi.org/10.1186/s40064-016-2986-7
http://doi.org/10.1186/s40064-016-2986-7
http://doi.org/10.30699/ijp.2017.28323
http://doi.org/10.30699/ijp.2017.28323
http://doi.org/10.30699/ijp.2017.28323
http://doi.org/10.30699/ijp.2017.28323
http://doi.org/10.3390/plants10081554
http://doi.org/10.3390/plants10081554
http://doi.org/10.3390/plants10081554
http://doi.org/10.1016/j.sjbs.2017.02.004
http://doi.org/10.1016/j.sjbs.2017.02.004
http://doi.org/10.1016/j.sjbs.2017.02.004
http://doi.org/10.1016/j.sjbs.2017.02.004
http://doi.org/10.1093/cid/ciz824
http://doi.org/10.1093/cid/ciz824
http://doi.org/10.1093/cid/ciz824
http://doi.org/10.29252/jabr.01.01.06
http://doi.org/10.29252/jabr.01.01.06
http://doi.org/10.29252/jabr.01.01.06
http://doi.org/10.29252/jabr.01.01.06
http://doi.org/10.22317/jcms.v10i1.1415
http://doi.org/10.22317/jcms.v10i1.1415
http://doi.org/10.22317/jcms.v10i1.1415
http://doi.org/10.1016/s2221-1691(13)60133-1
http://doi.org/10.1016/s2221-1691(13)60133-1
http://doi.org/10.1016/s2221-1691(13)60133-1
http://doi.org/10.1016/s2221-1691(13)60133-1
http://doi.org/10.1016/s2666-5247(22)00329-9
http://doi.org/10.1016/s2666-5247(22)00329-9
http://doi.org/10.1016/s2666-5247(22)00329-9
http://doi.org/10.1016/s2666-5247(22)00329-9
http://doi.org/10.1016/s2666-5247(22)00329-9
http://doi.org/10.1016/s2666-5247(22)00329-9
http://doi.org/10.1128/aac.00574-09
http://doi.org/10.1128/aac.00574-09
http://doi.org/10.1128/aac.00574-09
http://doi.org/10.1371/journal.pone.0101017
http://doi.org/10.1371/journal.pone.0101017
http://doi.org/10.1371/journal.pone.0101017
http://doi.org/10.1309/lmqjf9j3t2oaacdj
http://doi.org/10.1309/lmqjf9j3t2oaacdj
http://doi.org/10.1309/lmqjf9j3t2oaacdj
http://doi.org/10.5812/jjm.12289
http://doi.org/10.5812/jjm.12289
http://doi.org/10.5812/jjm.12289
http://doi.org/10.5812/jjm.12289
http://doi.org/10.4103/2277-9175.186986
http://doi.org/10.4103/2277-9175.186986
http://doi.org/10.4103/2277-9175.186986
http://doi.org/10.4103/2277-9175.186986
http://doi.org/10.14715/cmb/2021.67.1.3
http://doi.org/10.14715/cmb/2021.67.1.3
http://doi.org/10.14715/cmb/2021.67.1.3
http://doi.org/10.14715/cmb/2021.67.1.3
http://doi.org/10.14715/cmb/2021.67.1.3
http://doi.org/10.1016/j.burns.2012.01.005
http://doi.org/10.1016/j.burns.2012.01.005
http://doi.org/10.1016/j.burns.2012.01.005
http://doi.org/10.3201/eid1206.051097
http://doi.org/10.3201/eid1206.051097
http://doi.org/10.3201/eid1206.051097

