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Introduction

he COVID-19 pandemic has left an indelible

mark on public health and healthcare man-

agement. One of the most pressing issues that

has come to light is antimicrobial resistance

(AMR). During the COVID-19 pandemic, 70%

of patients with COVID-19 received antibiot-
ics, either as outpatients or inpatients, which led to an
increased risk of hospital-acquired infections and con-
tributed to AMR following the pandemic. With the rise
of infectious diseases and overuse of antibiotics, AMR
has turned out to be a critical public health concern
[1]. The COVID-19 pandemic has led to co-infections
in many parts of the world, with a reported prevalence
ranging from 0.35% to 53%. The widespread use of an-
tibiotics to prevent or treat secondary infections in CO-
VID-19 patients has further contributed to increasing
antibiotic resistance. Patients with COVID-19 who are
infected with Pseudomonas aeruginosa can transmit
antibiotic resistance genes within healthcare facilities
[1]. The irrational prescription of antibiotics and the
surge in hospital admissions led to the rise of multidrug-
resistant (MDR) and extensively drug-resistant (XDR)
bacteria, such as P. aeruginosa. Infections caused by P.
aeruginosa include pneumonia, urinary tract infections
(UTI), as well as wound, ear and bloodstream infec-
tions. Moreover, P. aeruginosa is inherently resistant to
many antimicrobial agents and is capable of developing
secondary resistance to other available antibacterial
classes. Strains of MDR and XDR P. aeruginosa are as-
sociated with a high death rate and pose a significant
public health threat [2], due to the ineffectiveness of
available treatment options against these strains, which
have been identified as critical priority pathogens. Most
risk factors for XDR P. aeruginosa are prevalent among
patients with a prior hospital or ICU stay, those with pro-
longed use of broad-spectrum antibiotics and critically
ill patients [3].

Beta-lactam antibiotics are highly effective and widely
prescribed owing to their broad spectra and low toxic-
ity. However, the emergence of mutated forms of beta-
lactamases, such as extended-spectrum beta-lactamase
(ESBLs)-producing isolates, AmpC beta-lactamases and
carbapenemase genes, has become a major challenge
to healthcare settings in treating infections. P. aerugi-
nosa exhibits an outstanding ability to develop resis-
tance to antimicrobial agents through chromosomal
mutations and the acquisition of resistance genes, such
as beta-lactamases, particularly carbapenemases, in ad-
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dition to other resistance mechanisms [4]. As a result,
there has been a rise in XDR and MDR strains.

Furthermore, this bacterium harbors numerous viru-
lence factors that greatly contribute to its pathogenic
nature, leading to the development of both acute and
chronic infections. Researchers have identified several
factors and characteristics that contribute to the patho-
genicity of P. aeruginosa. This bacterium is capable of
causing acute to chronic infections. These factors in-
clude cell-mediated factors, toxins and protease en-
zymes. P. aeruginosa can form biofilms, which is a signif-
icant virulence factor that helps it to survive in its host.
Biofilm is a powerful defense mechanism that enables
bacteria to resist antimicrobial drugs. It reduces the ca-
pacity for drug diffusion, creates low oxygen levels and
allows dormant phenotypes to emerge. P. aeruginosa
is a pathogenic bacterium that induces severe illness in
humans.

One of its most potent virulence factors is the secre-
tion systems it uses to inject toxic proteins into eukary-
otic cells. The type lll secretion system is particularly
important, as it is responsible for injecting four toxic ef-
fector proteins—ExoU, ExoS, ExoT and ExoY—into the
host cells’ cytoplasm. The presence of a functional type
Ill secretion system is strongly correlated with poor
prognosis and higher mortality rates. Approximately
70% of clinical strains of P. aeruginosa carry the gene
that encodes ExoS, a factor that enhances the bacte-
rium’s spread to the bloodstream and triggers host
cell apoptosis. Additionally, the highly toxic virulence
factor ExoA, which is secreted by the type 2 secretion
system (T2SS), has been shown to cause severe damage
to mammalian cells [5]. The ineffectiveness of current
medications for P. aeruginosa infections is directly tied
to the emergence of antibiotic resistance and the si-
multaneous presence of multiple virulence factors. This
research was conducted to find the incidence of MDR
and XDR P. aeruginosa isolated from patients with noso-
comial infections (NIs) and investigate the presence of
antibiotic-resistant genes in the COVID-19 era in North-
ern Iran.

Methods

This cross-sectional research across four teaching hos-
pitals Bou Ali Sina, Fatemeh Zahra, Imam Khomeini and
Shahid Zare in Sari, Iran, between May 2022 and June
2023. The research aimed to evaluate the incidence of
MDR and XDR P. aeruginosa among patients with Nls,
based on the national directory of Nlis surveillance sys-
tem. The study included various samples of hospitalized
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patients with NIs who contracted a new infection after
three days of hospitalization. Additionally, it specifically
focused on including MDR P. aeruginosa among the
gram-negative isolates. Outpatients, as well as gram-
positive and gram-negative isolates without multiple
resistance, were excluded.

A laboratory technician collected various samples from
340 patients who were suffering from HAls. The samples
included urine, sputum, wound swabs, blood, cerebro-
spinal fluid (CSF), pleural fluid, eye swabs, endotracheal
tube (ETT) samples, ear swabs and ascites. The samples
were immediately sent to the central microbiology labo-
ratory for analysis. As part of the routine procedure, all
samples were cultured on MacConkey and blood agar
(QUELAB, USA) plates. Blood specimens were inoculat-
ed in BD BACTEC plus Aerobic/F culture bottles (Becton
Dickinson Company, Ireland). These bottles were then
incubated in a BACTEC FX40 (BD, USA) culture system.
Standard microbiological procedures were followed to
identify P. aeruginosa [4, 5].

Demographic data were collected from the patients’
files (Table 1). To test P. aeruginosa susceptibility, the
standard broth dilution technique was used. Macro di-
lution trays were prepared with reagent-grade powders
from manufacturers. The MIC of ampicillin-sulbactam,
ceftazidime, cefepime, ciprofloxacin, colistin, co-amox-
iclav, gentamicin, meropenem and piperacillin-tazobac-
tam (Sigma, Germany) was determined to evaluate their
efficacy. Strains resistant to at least one agent in three
or more antimicrobial classes were described as MDR,
while strains resistant to at least one agent in all but two
or fewer antimicrobial classes were denoted as XDR. To
combat the spread of antibiotic resistance, strains that
produced ESBLs using the double-disk synergy test were
screened. At least one of the following cephalosporins
was used: Cefotaxime, cefepime, ceftazidime and cef-
triaxone (Padtan Teb, Iran) to identify ESBL-producing
strains. Additionally, the presence of ESBLs was detect-
ed using ceftazidime/clavulanic acid (30/10 pg), cefo-
taxime (30 pg), cefotaxime/clavulanic acid (30/10 pg),
and cefepime/clavulanic acid (30/10 pg) antibiotic disks
(Padtan Teb, Iran). The P. aeruginosa ATCC 27853 strain
served as the positive control [6].

According to the company’s instructions, the DNA of
bacteria was extracted using a commercial DNA extrac-
tion kit (Yekta Tajhiz, Iran). All isolates were screened by
the multiplex PCR method for AmpC beta-lactamases,
ESBL genes (bla_, and bla,, ), MBL genes (bla,, , bla,,

and bla,, ), as well as ExoA and ExoS using specific prim-

ers as previously defined 4-5. The list of primers is pre-
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sented in Table 1. The multiplex PCR reaction was pre-
pared in a final volume of 20 pL, which included 10 uL
of tag DNA polymerase 2x master mix RED, 1.5 mM of
MgCL, (AMPLIQON, Denmark), 0.5 uL of each primer
(10 PM), 2 uL of DNA template (100 ng) and DNase-free
distilled water. The amplification was performed us-
ing a Touchdown (TD) PCR protocol [7]. The following
strains were used as positive controls: Klebsiella pneu-
monige ATCC NO.51503 (bla_,,, ), K. pneumoniae ATCC
NO. 700603 (bla,, ), Escherichia coli ATCC BAA NO.1143
(bIaAmpc), Escherichia coli NCTC NO. 13476 (bla,,), P.
aeruginosa NCTC NO. 13921 (bla,,, ) and P. aeruginosa
NCTC NO. 14361 (bla

SIM)'

Statistical analysis

SPSS software, version 22 was used to analyze the
data, employing descriptive statistics, chi-square tests,
and Fisher’s exact tests.

Results

Out of 340 hospitalized patients with NlIs caused by
drug-resistant gram-negative bacterial pathogens, MDR
and XDR P. aeruginosa were responsible for 104 cases
(30.6%) of NIs. The median age of the patients was 58
years (IQR: 27-69.25 years), of whom 68 (65.4%) were
male and 36 (34.6%) were female. The most common
NIs caused by P. aeruginosa were pneumonia (39 cases;
37.5%), UTI (36 cases; 34.6%), surgical site infection (SSI)
(22 cases; 21.2%) and bloodstream infection (BSI) (7
cases; 6.7%) (Table 1). The incidence of different types
of NIs caused by MDR P. geruginosa in various hospital-
ization wards was significantly different, as follows: ICU
(52 cases; 50%), surgery (15 cases; 14.4%), general (14
cases; 13.5%), pediatric intensive care unit (PICU) (13 cas-
es; 12.5%), emergency (7 cases; 6.7%) and pediatrics (3
cases; 2.9%) (P=0.002). The NIs caused by MDR and XDR
P. aeruginosa in different wards are shown in Figure 1.

Notably, 21.2% of strains isolated from patients with
NiIs (40.9% pneumonia, 40.9% UTls, 13.6% SSIs and
4.5% BSls) exhibited an XDR phenotype. Overall, 90.4%
of isolates were ESBL-producing P. aeruginosa. Table 2
summarizes the in vitro antibiotic susceptibilities, in-
cluding the MIC_, MIC,, geometric means (GM) MIC,
and mode of MICs for ampicillin-sulbactam, ceftazidime,
cefepime, ciprofloxacin, colistin, co-amoxiclav, gentami-
cin, meropenem and piperacillin-tazobactam against
MDR and XDR P. geruginosa. In terms of MIC_, values,
co-amoxiclav, and gentamicin exhibited the lowest ac-
tivity against P. aeruginosa. Regarding the geometric
mean of minimum inhibitory concentration (GM MIC)
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Table 1. Patients’ demographic information

Variables No. (%)
<1 9(7.89)
Age (y) 1-18 17(14.91)
>18 88(77.19)
Male 75(65.79)
Gender
Female 39(34.21)
ICU 51(44.74)
Surgery 17(14.91)
PICU 15(13.16)
Ward
Internal 15(13.16)
Emergency 11(9.65)
Pediatric 5(4.39)
Urine 38(33.33)
Sputum 37(32.46)
Wound 22(19.3)
Blood 7(6.14)
CSF 2(1.75)
Type of sample
Pleural fluid 2(1.75)
Eyes 2(1.75)
ETT 2(1.75)
Ears 1(0.88)
Ascites 1(0.88)

Abbreviations: ICU: Intensive care unit; PICU: Pediatric intensive care; ETT: Endotracheal tube. Journal of Pediatrics Review
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values, meropenem exhibited the most potent activity,
while co-amoxiclav displayed the lowest activity against
most P. aeruginosa isolates. Also, the incidence of ESBL-
producing P. aeruginosa among MDR and XDR isolates

among the isolates. Based on antibiotic-resistant genes,
seven genotypes were observed among the isolates. All
isolates contained at least two antibiotic-resistant en-
coding genes. The most common genotypes included

was 88.1% and 100%, respectively. the co-presence of b/aSHV, bla_, .. bla ampC andbla,,in 60
isolates (57.7%), bla,,, bIaAmpcand bla,, in 25 isolates

MIC,, and MIC, represent the concentrations re- (24%), bla,,,,, bla,, . andbla,, in eightisolates (7.7%),
quired to inhibit 50% and 90% of the isolates, respec- bla,, bla_,, and bla,, in five isolates (4.8%), bla,,,

tively, while GM refers to the geometric mean.

All isolates encoded ExoS gene, while the gene encod-
ing ExoA was not observed among the isolates. The fre-
quencies of resistance genes were as follows: bla_, (91.
3%), bla,,,, (76%), bIaAmpC(91.3%) and bla,,, (95.2%),
respectively. The bla, , and bla,,, were not detected

bla ... bIaAmpCin three isolates (2.9%), bla,,, and bIaAmpC
in two isolates (1.9%), bla_,, and bla,,, in one isolate
(1%), respectively. The bla_ ,, gene was significantly as-
sociated with resistance to ciprofloxacin (P<0.006) and
the bla, , gene was significantly associated with resis-

tance to meropenem (P<0.03) (Tables 3 and 4).
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Figure 1. Location of button battery based on pelvic radiography
Discussion

P. aeruginosa is a major challenge in hospitals, caus-
ing high mortality rates, prolonged stays and increased
costs [1-3]. The current study was carried out in the
northern region of Iran and found that P. aeruginosa
was accountable for 30.6% of NlIs caused by MDR
pathogens, with pneumonia accounting for the major-
ity of these infections at 37.5%. Interestingly, previous
surveillance studies conducted in teaching hospitals in

Table 2. Susceptibilities of MDR and XDR P. aeruginosa isolates

July 2024, Volume 12, Issue 3, Number 36

the same area prior to the COVID-19 pandemic showed
a significantly lower incidence of nosocomial pneumo-
nia caused by ESBL-producing P. aeruginosa, at 14.63%
[8]. Before the COVID-19 pandemic, UTls (26.8%), VAP
(20.3%), SSlIs (19.7%) and BSls (13.5%) were the most
common Nls in different regions of Iran, according to a
2020 study [9]. The high occurrence of pneumonia in
the current research is attributed to the high rate of ICU
and PICU patients requiring invasive and non-invasive
ventilation.

%

Antibiotic Agents MIC, MIC, GMMIC Mode
Resistant Intermediate Sensitive
Aminoglycosides Gentamicin 76 1 23 500 1000 110.17 1000
e =t e L 86.5 1 125 250 1000 14277 1000
lactamase inhibitor sulbactam
Co-amoxiclav 100 0 0 500 1000 446.09 1000
Carbapenems Meropenem 50 7.7 42.32 6 1000 14.12 0.9
Cephalosporins Ceftazidime 64.4 3.8 31.7 125 1000 57.17 1000
Cefepime 49 10.6 40.4 16 1000 29.39 1000
Fluoroquinolones Ciprofloxacin 77.9 6.7 15.4 125 500 39.07 500
Penicillins/R- Pineracillin-
lactamase P 38.6 15.4 46.2 32 500 34.36 250
R Tazobactam
inhibitors
Polymyxins Colistin 70.2 221 7.7 7.8 1000 21.86 7.8

Journal of Pediatrics Review
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Table 3. Susceptibilities of MDR and XDR P. aeruginosa Isolates in isolates containing antibiotic resistance genes

MIC Result (%)

Positive Genes Antibiotic P
Resistant Sensitive Intermediate
Gentamicin 74.7 24.2 11 0.709
Colistin 71.6 6.3 22.1 0.188
Ciprofloxacin 77.9 14.7 7.4 0.813
Ceftazidime 66.3 30.5 3.2 0.193
bla,,
Meropenem 49.5 43.2 7.4 0.658
Piperacillin-tazobac- 11 453 137 0.089
tam
Cefepime 50.5 38.9 10.5 0.532
Co-amoxiclav 100 0 0 NA
Gentamicin 79.7 20.3 0 0.106
Colistin 69.6 7.6 22.8 1
Ciprofloxacin 78.5 17.7 3.8 0.006"
Ceftazidime 67.1 29.1 3.8 0.535
bla_,,,
Meropenem 50.6 39.2 10.1 0.232
Piperacillin-tazobac- 367 168 165 0.822
tam
Cefepime 51.9 36.7 114 0.382
Co-amoxiclav 100 0 0 NA
Gentamicin 76.8 221 1.1 0.481
Colistin 68.4 8.4 23.2 0.725
Ciprofloxacin 77.9 14.7 7.4 0.813
Ceftazidime 65.3 30.5 4.2 0.635
blaAmpC
Meropenem 49.5 42.1 8.4 1
Piperacillin-Tazobac- 40 442 15.8 0.463
tam
Cefepime 50.5 38.9 10.5 0.532
Co-amoxiclav 100 0 0 NA
Gentamicin 74.7 24.2 1 0.608
Colistin 69.7 8.1 22.2 1
bla,,, Ciprofloxacin 77.8 16.2 6.1 0.432
Ceftazidime 63.6 32.3 4 1
Meropenem 52.5 39.4 8.1 0.037°
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MIC Result (%)

Positive Genes Antibiotic P
Resistant Sensitive Intermediate
Piperacillin-Tazobac- 36.4 475 16.2 0.184
tam
bla,,, Cefepime 48.5 40.4 11.1 1
Co-amoxiclav 100 0 0 NA

“Significant.

According to a 2014 survey, Pseudomonas spp. was
the most commonly found bacteria in wound infec-
tions (50.81%), respiratory infections (21.31%), UTls
(19.67%) and blood infections (8.19%) [10]. However,
a recent survey conducted in the post-COVID-19 era
revealed that UTIs (33.33%), respiratory infections
(32.46%), wound infections (19.30%) and blood infec-
tions (6.14%) were the most prevalent types of infec-
tions. In our study, MDR and XDR P. aeruginosa were re-
sponsible for 34.6% of UTIs, which is alarming because
these infections are linked to severe forms of UTls. They
are often associated with urinary catheter-related infec-
tions, prostatitis and urolithiasis, which are very chal-
lenging to treat. Although P. aeruginosa is the third
most common pathogen linked to nosocomial UTls, the
high incidence of UTIs caused by this bacterium is of
particular concern [11].

SSls account for 15% of all Nis in surgical patients,
and SSls caused by MDR bacteria are associated with
significant postoperative complications and preopera-
tive surgery [12]. The most common causes of SSI are
Staphylococcus spp., Enterococcus spp., Streptococcus
spp., and Pseudomonas spp. [13]. In this research, SSls
were caused by MDR and XDR P. geruginosa in 22.2%
of cases, consistent with another research [14]. Under-
standing the development and risk factors of SSI can
help reduce treatment costs and allocate resources effi-
ciently. In our study, the rate of BSI caused by MDR and
XDR P. geruginosa was 6.7%. There was also a link be-
tween AMR and poor clinical outcomes in patients with
BSls. Specifically, patients infected with MDR P. aerugi-
nosa have twice the odds of mortality in comparison to
those with non-MDR P. aeruginosa infections [15].

Table 4. Coincidence of antibiotic resistant-encoding genes in MDR and XDR P. aeruginosa isolates

Co-incidence of Antibiotic-resistant-encoding

Antibiotics’ Resistance (%)

Genes (%)
bla,, bla_,,, b/aAmpCand bla,,, 60(57.6)

bla,,, blaAmpC and bla,, 25(24)
bla ., bIaAmpc and bla,,, 8(7.7)
bla,, bla_,,, and bla""? 5(4.8)
blag,, bla ., bla, . 3(2.9)
bla,,  and bIaAmpC 2(1.9)

bla_,,and bla,, 1(1)

AMC (79.7), SAM (80), CIP (79.7), GM (79.7), CL (69.5), CAZ (72.9), MEM (50.8),

CPM (57.6), PTZ (40.7)

AMC (100), SAM (96), CIP (72), GM (64, CL (68), CAZ (56), MEM (52), CPM (40), PTZ

(40)

AMC (100), SAM (100), CIP (75), GM (87.5), CL (50), CAZ (37.5), MEM (62.5), CPM

(25), PTZ (12.5)

AMC (100), SAM (85.9), CIP (80), GM (80), CL (80), CAZ (40), MEM (80), CPM (80),

PTZ (20)

AMC (100), SAM (100), CIP (66.7), GM (100), CL (66.7), CAZ (68.7), MEM (0), CPM

(66.7), PTZ (66.7)

AMC (100), SAM (100), CIP (100), GM (100), CL (100), CAZ (100), MEM (0), CPM

(50), PTZ (100)

AMC (100), SAM (100), CIP (100), GM (100), CL (100), CAZ (100), MEM (0), CPM

(100), PTZ (100)

Journal of Pediatrics Review

Abbreviations: AMC: Co-amoxiclav; SAM: Ampicillin/sulbactam; CIP: Ciprofloxacin; GM: Gentamicin; CL: Colistin; CAZ: Ceftazidime; MEM:

Meropenem; CPM: Cefepime; PTZ: Piperacillin-tazobactam.
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In a previous study involving patients with VAP and
sepsis, it was discovered that approximately half of the
isolated P. aeruginosa bacteria were resistant to all ami-
noglycoside antibiotics and 45.85% were resistant to
ciprofloxacin. Moreover, the study found that P. aerugi-
nosa exhibited resistance rates of 62.5% to colistin and
29.2% to imipenem [3]. After the COVID-19 outbreak,
our recent surveillance investigations revealed an en-
hancement in resistance to aminoglycoside antibiotics
among isolated P. aeruginosa bacteria, reaching 76%.
Additionally, resistance to ciprofloxacin has risen to
77.9%. The resistance rates to colistin and meropenem
among P. aeruginosa were found to be 70.2% and 50%,
respectively.

Our results (2017) revealed a high incidence of cathe-
ter-associated UTls in hospitals [16]. P. aeruginosa was
recognized as a major cause of UTls and demonstrated
resistance to aminoglycosides (56%), fluoroquinolones
(63%) and third-generation cephalosporins (38%). Fol-
lowing the COVID-19 outbreak, a further increase was
observed in resistance to aminoglycosides (68.42%),
fluoroquinolones (71.05%) and third-generation ceph-
alosporins (68.42%) based on UTI samples. Tiri et al.
found a significant increase in carbapenem-resistant
Enterobacterales colonization from 6.7% (2019) to 50%
(2020) [17].

During the pandemic period, AlDiba et al. discovered
a substantial increase in the prevalence of carbapenem-
resistant Enterobacterales, which rose to 22.4% from
5.4% in the pre-pandemic period [18]. The CDC’s latest
report shows a 35% increase in MDR P. aeruginosa in-
fections from 2019 to 2020, possibly due to the high ad-
ministration of antibiotics to treat secondary bacterial
infections associated with SARS-CoV-2 [19].

The rational usage of antibiotics during the COVID-19
pandemic was not followed. The antibiotics prescribed
for COVID-19 patients were higher than the incidence
of bacterial co-infections in these patients (bacterial
co-infection [3.5%] and secondary bacterial infection
[14.3%]) [20]. The high use of antibiotics in patients with
COVID-19 during the pandemic raises concerns about
the emergence of antimicrobial-resistant pathogens,
such as resistant P. aeruginosa species, which have
developed resistance to several antibiotic categories,
such as cephalosporins, carbapenems, or polymyxins
[1, 20]. In this study, a high resistance phenotype (38.5-
100%) to different classes of antibiotics was observed,
which is significantly higher than our previous finding
(26-86.66%) before COVID-19 [3]. In the current study,
piperacillin-tazobactam and imipenem were the most ef-
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fective antibiotics against MDR and XDR P. aeruginosa.
Our findings were in agreement with those of Ahmadi et
al. who also reported that MDR P. aeruginosa was most
susceptible to meropenem and piperacillin [21]. The
antimicrobial sensitivity pattern in our examined strains
showed higher resistance than P. aeruginosa isolates
in other studies. This difference may be related to the
studied population, the type of infections (as all strains
were isolated from patients with Nls, not community-
acquired infections) and the study period of three years
after the COVID-19 pandemic.

The frequency of different ESBL genotypes varies in
different regions. The fact that 57.6% of isolates in the
current investigation contain all antibiotic-resistant
genes (AmpC beta-lactamases, ESBL genes and MBL
genes) is worrying. Several studies have reported the
simultaneous presence of different 8-lactamase genes
in the same strains [22, 23]. The acquisition of drug-
modifying enzymes in P. aeruginosa, such as ESBL and
carbapenemases, can be accessed through horizontal
gene transfer [4, 5]. Consistent with the current study,
the bla_,, gene (86.66%) was the most detected ESBL
gene in our previous survey [3]. Similar studies on ES-
Bl-encoding genes revealed diverse findings [24]. The
bla,, bla_, and bla,  variants have been the most
common ESBLs during the past decade [25-27]. In this
study, the most antibiotic-resistant-encoding gene was
bla,,, detected in 95.2% of isolates. However, 39.4%
of isolates contained the bla, , gene and showed a sus-
ceptible phenotype to meropenem. The incidence of
bla,, gene and resistance to meropenem was statisti-
cally significant (P=0.037). Most ESBL-encoding genes
are plasmid-mediated enzymes, which are transmitted
easily among bacteria, leading to inappropriate or failed
antimicrobial therapy [28, 29]. Constant monitoring of
bacteria carrying antibiotic resistance encoding genes
(ESBL and MBL-producing strains) is pivotal to designat-

ing appropriate antimicrobial therapy.

Certain limitations in our study need to be taken into
account. Firstly, the rate of hospital-acquired infections
caused by MDR and XDR P. ageruginosa, as well as the
presence of resistance genes, might have been under-
estimated due to partial treatment before the bacterial
cultures were obtained in some cases. Secondly, we did
not sequence the following genes associated with re-
sistance phenotypes: bla,, , bla_, , , b/aAmpC and bla,
which limited our ability to match in vitro and in vivo re-
sistance results. Despite these limitations, our findings
provide crucial insights.
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Conclusion

Our findings showed that UTIs, sputum and blood
samples have the highest prevalence of bla,, , bla .,
b/aAmpC and bla,,, genes in MDR P. geruginosa isolates.
The presence of these genes underscores the urgent
need to expand empiric antibiotic therapy for critically
ill patients. In addressing hospital-acquired infections
caused by MDR bacteria, like carbapenemase and ESBL
producers, it is imperative to implement suitable em-
piric or alternative treatments based on epidemiological
data or relevant antibiotic exposure history. This study
recommends the experimental use of meropenem to
treat NIs caused by MDR P. aeroginosa in hospitals lo-
cated in northern Iran.
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