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Background & Objective: Acinetobacter baumannii is a globally recognized
nosocomial pathogen capable of developing multidrug resistance. This study
investigates antibiotic resistance patterns, evaluates common resistance genotypes, and
explores the genetic relatedness of PDR A. baumannii clinical isolates from hospitals
in the Middle Euphrates region of Iraq.

Methods: Fourteen PDR A. baumannii isolates were obtained and subjected to
antimicrobial susceptibility testing using the Vitek-2 compact system. Resistance genes
were identified via conventional PCR, and clonal relationships were analyzed using
multilocus sequence typing (MLST).

Results: Among 175 A. baumannii isolates, 8% (14/175) were classified as PDR strains,
exhibiting resistance to all tested antibiotics. TEM was the most prevalent resistance gene
(50%), followed by CTX-M (43%). SHV, IMP, KPC, OXA-48, and Mcr-1 genes were
absent in all PDR isolates. MLST analysis identified five sequence types (STs): ST2,
ST218, ST138, ST123, and ST460, with ST2 being the most common (50%).

Conclusion: The high prevalence of PDR A. baumannii strains in Iraq highlights the need
for enhanced antibiotic surveillance. A comprehensive molecular investigation is necessary
to mitigate the spread of these resistant pathogens.
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Introduction

Acinetobacter baumannii is a Gram-negative
bacterium responsible for nosocomial infections and
has recently increased in prevalence. This
opportunistic pathogen is well-known for its ability to
develop resistance to multiple antibiotics, posing a
significant challenge for healthcare professionals (1).
The emergence of multidrug-resistant (MDR) and
extensively drug-resistant (XDR) strains of A.
baumannii is a major concern for public health and
clinical practice due to their increased resistance
patterns, which diminish treatment effectiveness (2).
Recent studies indicate a rise in XDR A. baumannii
strains in Middle Eastern countries (3,4).

The emergence of PDR A. baumannii strains has
raised significant concerns within healthcare
environments. These bacteria demonstrate resistance to
all known antibiotics, leading to the development of
pan-drug resistance (5). This phenomenon is facilitated
by mechanisms such as efflux pumps and genetic
mutations. Understanding the genetic determinants of
PDR is crucial for developing effective strategies to
combat these highly drug-resistant organisms (6).
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The high detection frequency of antibiotic
resistance genes in A. baumannii isolates represents a
significant public health risk. The genetic relatedness
of A. baumannii to hospital environments and its
association with multidrug resistance episodes
highlight substantial genetic variation in resistance
mechanisms (7). This variation includes multi-class p-
lactamases and carbapenemases in clinical isolates
(4,8). Intensive surveillance and a targeted treatment
approach are required to control this bacterium.
Epidemiological trends must be closely monitored to
improve infection prevention and treatment strategies
against A. baumannii isolates (9).

Molecular methods such as MLST, which employ
multiple loci in the bacterial genome, allow for the
determination of isolate lineages and their clonal
relationships. This technique characterizes the genetic
and evolutionary differences of PDR strains of A.
baumannii (10). Research has shown that MLST
profiles ST1 and ST2 are associated with specific
resistance genes, such as OXA-23, providing insights
into the genetic basis of resistance within clonal
complexes (11). The study of MLST diversity in
relation to resistance mechanisms offers a better
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understanding of A. baumannii's adaptability to
antibiotic exposure, underscoring the importance of
continuous monitoring and molecular analysis in the
fight against multidrug-resistant organisms (9,10).

The emergence and spread of PDR A. baumannii in
Middle Euphrates hospitals remain poorly understood.
Limited studies have characterized its resistance genes
and molecular epidemiology, particularly through
MLST. This study aims to investigate the
dissemination of PDR strains, identify resistance
genes, and analyze the correlation between sequence
types (STs) and antibiotic resistance patterns,
providing insights into the mechanisms driving
antibiotic resistance in A. baumannii.

Materials and Methods

Sample Collection and Bacterial Identification

A cross-sectional study was conducted on PDR A.
baumannii isolates collected from patients attending
ten hospitals in the Middle Euphrates region between
January 2023 and April 2024. A total of 175 clinical
samples, including blood, urine, sputum, wound
discharge,  cerebrospinal ~ fluid (CSF), and
bronchoalveolar lavage (BAL), were collected prior to
antibiotic administration. The University of Kufa
(registration number 102) granted this study's ethical
approval. Clinical information, including age and sex,
was anonymized to maintain patient privacy. Samples
were stored in Amies Charcoal medium at room
temperature and processed within two hours.
Specimens were cultured on MacConkey, Blood, and
Chrom agars at 44°C in a 5% CO2 incubator. A.
baumannii  was confirmed through standard
microbiological assays and the Vitek-2 bacterial
identification system.

Antibiotic Susceptibility Testing

Antimicrobial susceptibility was evaluated using
the Vitek-2 compact system with the AST-GN222
card, following Clinical and Laboratory Standards
Institute (CLSI) 2023 guidelines (12). The MDR,
XDR, and PDR resistance phenotypes were classified
based on established cut-off values (13).

Molecular Detection of Antibiotic Resistance
Genes

DNA Extraction

According to the manufacturer's instructions, DNA
extraction from PDR A. baumannii isolates was
performed using a GeneJET Purification Kit (Thermo
Scientific, USA). Extracted DNA samples were stored
at -20°C for subsequent PCR analysis.
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PCR Amplification

PCR amplification of specific targets in A.
baumannii isolates was performed using different
primer sets and DNA extracted from one isolate. Table
1 provides details of the antibiotic resistance genes
used in this study, along with amplification conditions
and annealing temperatures.

The PCR reaction was conducted in a 25 pL. volume
containing 12.5 pL of 2x Taq PCR MasterMix (Beijing
ComWin Biotech Co. Ltd., Beijing, China), 9.5 pL of
ddH:O, 1 pL of forward primer, 1 pL of reverse primer,
and 1 pL of extracted template DNA. The amplification
conditions were as follows: initial denaturation at 94°C
for 5 min, followed by 31 cycles of 94°C for 30 s,
annealing at various temperatures depending on the
target gene (as shown in Table 1) for 45 s, and
extension at 72°C for 30 s to 1 min. A final extension
step was performed at 72°C for 10 min.

PCR products were verified by electrophoresis on a
1.5% agarose gel. The bands were visualized using an
ultraviolet (UV) transilluminator (UV Tech, France)
after staining with DL2000 DNA Marker (TaKaRa,
Dalian, China).

Multilocus Sequence Typing (MLST)

MLST analysis was performed on 14 PDR A.
baumannii clinical isolates based on PCR amplification
of seven housekeeping genes: cpn60, fusA, gltA, pyrG,
recA, rplIB, and rpoB. The PCR reaction was conducted
in a 50 pL final volume, with the following cycling
conditions: initial denaturation at 94°C for 2 min,
followed by 35 cycles of 94°C for 30 s, annealing at
50°C for 30 s, and extension at 72°C for 30 s. A final
extension step at 72°C for 5 min was performed before
cooling the samples to 4°C.

Sangon Biotech Company sequenced PCR
products. The allelic profiles for each housekeeping
gene were combined to determine sequence types
(STs). ST assignment was conducted using the MLST
online database
(https://pubmlst.org/bigsdb?db=pubmlst_abaumannii
seqdef&page=profiles).

Statistical Analysis

Data were analyzed using IBM SPSS (SPPS Inc,
Chicago, IL, USA). Significant variables were assessed
using the chi-square test. Descriptive statistics were
presented using relative frequency distributions. A p-
value of <0.05 was considered statistically significant
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Table 1. The gene primers utilized for the PCR amplification of antibiotic resistance genes in PDR clinical isolates

A.baumannii
5
g 3 2 :
< . N == 5
= Oligo sequence (5'-3') 2 S5 =
) = 43 ()
= 13 = -9 o=
%} = = £ 5]
O = <5 &
j=
-9
F: TCGCCGCATACACTATTCTCAGAATGA
TEM R: ACGCTCACCGGCTCCAGATTTA 443 45 a4
F: ATGCGTTATATTCGCCTGT
g SHV R: TGCTTTGTTATTCGGGCCAA a7 33 14
> F: TCTTCCAGAATAAGGAATCCC
= CTX R: CCGTTTCCGCTATTACAAAC 254 60 an
CTX- F: ATGTGCAGTACCAGTAAGCGTCATGGC 503 5 (14
M R: TGGGTAAAATATGTCACCAGAACCAG
OXA- F: GATCGGATTGGAGAACCAGA so1 - (a1
23 R: ATTCTGACCGCATTTCCAT
g OXA- F: GGTTAGTTGGCCCCCTTAAA 246 5 a1
g 24 R: AGTTGAGCGAAAAGGGGATT
= OXA- F: TAATGCTTTGATCGGCCTTG 353 - (15)
s 51 R: TGGATTGCACTTCATCTTGG
° OXA- F: GCGTGGTTAAGGATGAACAC - - a1
48 R: CATCAAGTTCAACCCAACCG
F: GATGGTGTTTGGTCGCATA
2 VIM R: CGAATGCGCAGCACCAG 390 65 an
= F: GGAATAGAGTGGCTTAAYTC
£
S MP R: TCGGTTTAAYAAAACAACCACC 232 60 an
D
2 F: CGTCTAGTTCTGCTGTCTTG
g K R: CTTGTCATCCTTGTTAGGCG 789 >8 an
= F: GGTTTGGCGATCTGGTTTTC
O
NDM R: CGGAATGGCTCATCACGATC o 65 an
= =  MCR- F: AGTCCGTTTGTTCTTGTGGC 320 sg 16)
S < 1 R: AGATCCTTGGTCTCGGCTTG
Results

This study analyzed 175 non-duplicative A.
baumannii isolates collected from various clinical
specimens, including wound discharge (68, 38.8%),
urine (51, 29%), blood (26, 14.8%), sputum (13, 7.4%),
cerebrospinal  fluid (CSF) (11, 6.2%), and
bronchoalveolar lavage (BAL) (6, 3.4%). The isolates
were sourced from different hospital wards: burns
centers (78, 44.5%), urology (45, 25.7%), infectious
diseases (25, 14.3%), surgery (17, 9.7%), and intensive
care units (ICU) (10, 5.7%).

Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing of the 175 A.
baumannii isolates revealed a high prevalence of
antibiotic resistance. The results are illustrated in
Figure 1. Most isolates exhibited resistance to
cephalosporins  (ceftazidime and  cefepime),
aminoglycosides (gentamicin and tobramycin), and 3-
lactamase inhibitors (ticarcillin, ticarcillin/clavulanic
acid, piperacillin, and piperacillin/tazobactam).
Furthermore, the majority of A. baumannii isolates
were resistant to trimethoprim/sulfamethoxazole and
ciprofloxacin. In contrast, carbapenems (imipenem and
meropenem) had the lowest resistance rates. Although
colistin, a lipopeptide antibiotic, was the most effective
agent, 14 isolates (8%) displayed resistance.
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According to the results of antibiotic susceptibility
testing and the criteria proposed by Magiorakos et al.
(13), multidrug-resistant (MDR) isolates were defined
as those resistant to at least one antibiotic in three or
more antimicrobial classes. Among the 175 A.
baumannii isolates, 129 (73.3%) were classified as
MDR, while 32 (18.2%) were considered extensively
drug-resistant (XDR). Notably, only 8% (14/175) of
isolates were resistant to all 13 antibiotics tested,
classifying them as pandrug-resistant (PDR) agents.

Molecular Characterization of Resistance Genes

Fourteen A. baumannii isolates, phenotypically
confirmed as PDR, were subjected to PCR experiments
to detect extended-spectrum f-lactamases (ESBLsS),
carbapenemase, oxacillinase, and colistin resistance
genes. The PCR results revealed heterogeneous
distribution of antibiotic resistance genes among the 14
PDR isolates, with some isolates harboring multiple
resistance genes.

PCR analysis for ESBL genes showed that TEM,
CTX-M, and CTX were detected in seven (50%), Six
(43%), and one (7%) of the PDR A. baumannii isolates,
respectively (Table 2). The SHV gene was not found in
any PDR A. baumannii isolates.
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Carbapenemase genes were also investigated. VIM
and NDM genes were present in three (21%) and one
(7%) isolates, respectively, while no amplification was
detected for IMP and KPC genes.

Regarding oxacillinase-encoding genes, five (36%)
isolates harbored the OXA-23 gene, three (21%) had
the OXA-51 gene, and two (14%) carried the OXA-24
gene. None of the isolates contained the OXA-48 gene.
Additionally, none of the PDR A. baumannii isolates
possessed the mcr-1 colistin resistance gene.

Trimethoprim/Sulfamethoxazole
Colistin
Ciprofloxacin
Tobramycin
Gentamicin
Meropenem
Imipenem
Cefepime
Ceftazidime
Piperacillin/Tazobactam
Piperacillin
Ticarcillin/Clavulanic Acid

Ticarcillin

o
]

20%

m Resistance %

©
=

Multilocus Sequence Typing (MLST) Analysis

MLST analysis was performed to evaluate the
genetic diversity of the PDR A. baumannii isolates. The
14 isolates were classified into five distinct sequence
types (STs), based on the "Oxford" MLST scheme
(Table 3). ST2 and ST218 were the most prevalent,
accounting for seven (50%) and three (21%) isolates,
respectively. Other sequence types identified included
ST138 (n=2),ST123 (n=1),and ST460 (n=1).
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Fig. 1. Antimicrobial susceptibility testing of 175 A. baumannii clinical isolates.

Table 2. Distribution of antibiotics resistance genes among PDR A. baumannii isolates (n=14)

Isolate

Antibiotic resistance genes

TEM CTX-M CTX VIM NDM OXA-23  OXA-24 | OXA-51
PDR-AB1 + + - - - + - -
PDR-AB2 - - - I ) - + -
PDR-AB3 + - + ; ; - - -
PDR-AB4 I + ; ) . m ) :
PDR-AB5 - - - - - - - +
PDR-AB6 - + - + ; - - -
PDR-AB7 + - - ) ) - + -
PDR-AB8 - - - - - - - -
PDR-AB9 - + - ) - + - -
PDR-AB10 + ; ; ; ; ; ; ;
PDR-AB11 - - - - - - - +
PDR-AB12 + + - + - - - -
PDR-AB13 - - - - - + - -
PDR-AB14 + + E E E + E +
ol NO. 7 6 1 3 1 5 2 3
% 50% 43% 7% 21% 7% 36% 14% 21%

(-) denotes negative, (+) denotes positive PCR reaction.
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Table 3. Sequence types (STs), type of samples, and wards of 14 PDR A. baumannii isolates in the Middle Euphrates region.
Sequenced housekeeping genes (Allelic profile)

Isolate " (STs) Sample ward
gitA | gyrB | gdhB | recA | cpn60 | gpi rpoD

PDR-AB1 2 2 2 1 1 2 7 2 Wound Burns centers
PDR-AB2 1 3 3 2 2 50 3 138 Wound Burns centers
PDR-AB3 2 2 2 1 1 2 7 2 Wound Burns centers
PDR-AB4 2 2 2 1 1 2 7 2 Wound Burns centers
PDR-AB5 4 12 4 11 4 100 5 123 Wound Burns centers
PDR-AB6 1 3 3 2 2 102 3 218 Blood ICU
PDR-AB7 2 2 2 1 1 2 7 2 Wound Burns centers
PDR-AB8 1 3 3 2 2 102 & 218 Wound Burns centers
PDR-AB9 2 2 2 1 1 2 7 2 Wound Burns centers
PDR-AB10 2 2 2 1 1 2 7 2 Wound Burns centers
PDR-AB11 65 17 107 11 1 156 6 460 Urine Surgery
PDR-AB12 1 3 3 2 2 102 3 218 Wound Burns centers
PDR-AB13 1 3 3 2 2 50 3 138 Blood Infectious diseases
PDR-AB14 2 2 2 1 1 2 7 2 Wound Burns centers
Discussion

Acinetobacter baumannii has emerged as an
opportunistic pathogen with increasing isolation rates in
hospitals, particularly within intensive care units and
burn centers. The rising resistance to all antibiotics
presents a significant public health concern. This
bacterium's remarkable ability to acquire multidrug
resistance complicates treatment regimens and
contributes to high morbidity and mortality rates in
infected patients (17,18).

According to the antimicrobial resistance patterns
observed, 38% of strains were resistant to meropenem,
30% to imipenem, and 8% to colistin. Other antibiotic
classes, including cephalosporins, aminoglycosides, and
B-lactamase inhibitors, also exhibited high resistance
rates. The colistin resistance observed in this study was
comparable to findings from India, China, and Lebanon,
which reported resistance rates of 8.2%, 11.8%, and
17.5%, respectively (19). The increasing prevalence of
multidrug-resistant strains is alarming, as A. baumannii
demonstrates resistance to critical antibiotics, including
colistin, meropenem, and imipenem (8,20).

Most previous studies have focused on MDR and
XDR A. baumannii isolates. This study is the first to
examine the dissemination of PDR A. baumannii strains
in Irag, revealing antibiotic resistance gene profiles with
similar MLST patterns. A total of 14 (8%) PDR A.
baumannii isolates were obtained from hospitals within
the same district, suggesting possible transmission
between these isolates. This is crucial for epidemiology
and antibiotic resistance surveillance, as A. baumannii is
classified as a priority pathogen. A similar study in
Egypt reported a PDR prevalence of 2.2% (21), while in
Oman, the prevalence was 1% (22). The increasing
occurrence of PDR A. baumannii poses a critical
challenge in healthcare settings, highlighting the
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selective pressure exerted by carbapenems and
ciprofloxacin, which, along with clonal expansion,
promotes the spread of resistant strains.

Molecular analysis of PDR A. baumannii isolates is
essential for understanding their genetic profiles and
resistance patterns. Previous studies have used PCR to
analyze antimicrobial susceptibility and resistance genes
to guide interventions and surveillance efforts (21,23).
In this study, PDR A. baumannii strains were
predominantly ESBL-positive, with 50% carrying the
TEM gene, 43% harboring the CTX-M gene, and 7%
carrying the CTX gene. Al-Sheboul et al. reported a high
prevalence of PDR A. baumannii in Jordanian 1CUs,
with most strains being ESBL-positive and harboring
TEM and CTX-M genes (24).

The identification of carbapenemase genes was
another critical finding. Three isolates carried VIM
genes, while one harbored the NDM gene. These genes
are associated with the high prevalence of PDR strains
and limited treatment options. Studies in Indonesia
identified carbapenem-resistant A. baumannii with a
high prevalence of carbapenemase production, where
the VIM gene was predominant (25). National
monitoring of carbapenem-resistant A. baumannii
isolates is essential to prevent their spread. A study in
Egypt revealed that carbapenem resistance is driven by
multiple B-lactamase enzymes, including Class A, B, C,
and D B-lactamases (21).

Additionally, oxacillinase-encoding genes were
found to be prevalent, with OXA-23, OXA-51, and
OXA-24 detected in 36%, 21%, and 14% of isolates,
respectively. This suggests that oxacillinase enzymes
play a crucial role in antibiotic resistance in PDR A.
baumannii strains. Investigations in eastern China
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highlighted the emergence of epidemic PDR A.
baumannii strains carrying the OXA-23 gene (26).
Further molecular analysis of PDR A. baumannii
isolates revealed that the most frequently detected genes
were OXA-23 and OXA-51, with some isolates also
carrying OXA-24, further complicating the resistance
profile of A. baumannii (27). The findings underscore
the need for enhanced surveillance and control programs
to prevent the spread of PDR A. baumannii strains.
These studies also emphasize the significance of
genotyping in epidemiological analysis and infection
management (1,11).

Molecular epidemiology plays a crucial role in
understanding A. baumannii strain relatedness and
antibiotic resistance lineages. Given these challenges,
molecular typing methods like MLST are indispensable.
MLST characterizes bacterial strains by sequencing
conserved housekeeping genes, allowing for detailed
genetic analysis of A. baumannii populations and inter-
isolate relationships (28). Our findings identified five
sequence types (ST2, ST218, ST138, ST123, and
ST460), with ST2 being the most prevalent, representing
50% of PDR A. baumannii strains from hospitals in the
Middle Euphrates region. This study provides the first
MLST analysis of PDR A. baumannii isolates in Iraq.
These sequence types may indicate intercontinental
transmission, as they have been identified in isolates
from multiple countries. Previous studies have linked
certain sequence types to resistance profiles, suggesting
that specific genetic backgrounds may increase the
likelihood of pan-drug resistance (11).

The predominance of ST2 among PDR A. baumannii
isolates, especially in burn centers, underscores the
importance of local epidemiological surveys to control
their dissemination. A study by Hojabri et al. conducted
MLST analysis on A. baumannii strains from an Iranian
hospital, demonstrating the predominance of ST2 strains
associated with severe infections, increased multidrug
resistance, and elevated mortality rates (29). Similarly,
Liu et al. in China used MLST to characterize
carbapenem-resistant A. baumannii isolates, identifying
diverse sequence types and common carbapenemase
gene combinations (30). The high resistance levels
observed in PDR A. baumannii isolates, particularly to
carbapenems, underscore the global threat posed by
these pathogens. Our study demonstrated the genetic
diversity of isolates, with ST2 being the most prevalent
among clinical samples in the Middle Euphrates region.
These findings align with global reports on the
widespread dissemination of specific sequence types
(31,32).

Integrating MLST data into antibiotic susceptibility
testing can enhance the accuracy of treatment outcome
predictions and optimize clinical decision-making.
Therefore, utilizing MLST to predict antibiotic response
in A. baumannii infections offers significant promise for
improving patient care and addressing the global
challenge of antibiotic resistance.
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Conclusion

This study highlights the high prevalence of
pandrug-resistant (A. baumannii) strains in clinical
isolates from hospitals in the Middle Euphrates region of
Iraq, emphasizing the urgent need for enhanced
surveillance and antibiotic resistance studies. Detecting
multiple resistance genes, including NDM, VIM, TEM,
OXA-23, and OXA-51, underscores the necessity of
comprehensive molecular epidemiology studies to
mitigate the spread of PDR strains.

Many PDR A. baumannii isolates exhibited
resistance to carbapenems and colistin, further
complicating treatment options. The application of
multilocus sequence typing (MLST) as a molecular
typing method has provided valuable insights into the
genetic variation and evolutionary relationships of A.
baumannii strains. Understanding the epidemiology and
transmission of these drug-resistant isolates through
MLST is critical for developing effective infection
control strategies.

Overall, these findings emphasize the importance of
molecular surveillance and genomic characterization in
addressing the rising threat of PDR A. baumannii. The
integration of MLST and molecular epidemiology can
aid in monitoring the dissemination of resistant strains
and inform targeted interventions to combat antibiotic
resistance.

Acknowledgments

We gratefully acknowledge all members and staff
in the bacteriological laboratories of hospitals in the
Middle Euphrates region for their invaluable assistance
in collecting clinical specimens.

Ethical Approval

This study received ethical approval from the
University of Kufa (registration number 102) for
collecting samples from bacteriological laboratories in
various hospitals within the Middle Euphrates region.

Funding/Support

This research did not receive any specific grant
from public, commercial, or not-for-profit funding
agencies.

Data Reproducibility

Data are available upon reasonable request from
the corresponding author.

Conflict of Interest
The authors declare no conflict of interest.

IRANIAN JOURNAL OF PATHOLOGY



References
]

1.

Almasaudi SB. Acinetobacter spp. as nosocomial
pathogens: Epidemiology and resistance features.
Saudi J Biol Sci. 2018;25(3):586-96.
[DOI:10.1016/j.5jbs.2016.02.009] [PMID] [PMCID]

Mirzaei B, Bazgir ZN, Goli HR, Iranpour F,
Mohammadi F, Babaei R. Prevalence of multi-drug
resistant (MDR) and extensively drug-resistant (XDR)
phenotypes of Pseudomonas aeruginosa and
Acinetobacter baumannii isolated in clinical samples
from Northeast of Iran. BMC Res Notes. 2020;13(1):6.
[DOI:10.1186/s13104-020-05224-w] [PMID]

[PMCID]

Al-Tamimi M, Albalawi H, Alkhawaldeh M, Alazzam
A, Ramadan H, Altalalwah M, et al. Multidrug-
resistant ~ Acinetobacter baumannii in  Jordan.
Microorganisms. 2022;10(5):849.[PMID] [PMCID]
[DOI:10.3390/microorganisms10050849]

Jasemi S, Douraghi M, Adibhesami H, Zeraati H,
Rahbar M, Boroumand MA, et al. Trend of extensively
drug-resistant Acinetobacter baumannii and the
remaining therapeutic options: A multicenter study in
Tehran, Iran over a 3-year period. Lett Appl Microbiol.
2016;63(6):466-72. [DOI:10.1111/lam.12669] [PMID]

Jalali Y, Liptadkova A, Jalali M, Payer J. Moving toward
extensively drug-resistant: Four-year antimicrobial
resistance trends of Acinetobacter baumannii from the
largest department of Internal Medicine in Slovakia.
Antibiotics (Basel). 2023;12(7):1200.

[DOI:10.3390/antibiotics12071200] [PMID] [PMCID]

Rangel K, De-Simone SG. Treatment and management
of Acinetobacter pneumonia: Lessons learned from
recent world events. Infect Drug Resist. 2024;17:507-
29. [DOI:10.2147/1DR.S431525] [PMID] [PMCID]

Elbehiry A, Marzouk E, Moussa I, Mushayt Y, Algarni
AA, Alrashed OA, et al. The prevalence of multidrug-
resistant Acinetobacter baumannii and its vaccination
status among healthcare providers. Vaccines (Basel).
2023;11(7):1171. [DOI:10.3390/vaccines11071171]

[PMID] [PMCID]

Odih EE, Oaikhena AO, Underwood A, Hounmanou
YMG, Oduyebo OO, Fadeyi A, et al. High genetic
diversity of carbapenem-resistant Acinetobacter
baumannii isolates recovered in Nigerian hospitals in
2016 to 2020. mSphere. 2023;8(3):e00098-23.
[DOI:10.1128/msphere.00098-23] [PMID] [PMCID]

Ejaz H, Ahmad M, Younas S, Junaid K, Abosalif KOA,
Abdalla AE, et al. Molecular epidemiology of
extensively drug-resistant Acinetobacter baumannii
sequence type 2 co-harboring blaNDM and blaOXA
from clinical origin. Infect Drug Resist. 2021;14:1931-
9. [DOI:10.2147/IDR.S310478] [PMID] [PMCID]

Vol.20 No.2 Spring, 2025

10.

11.

12.

13.

14.

15.

16.

17.

18.

Hani Hasan Jubair et al. 179

Maleki A, Kaviar VH, Koupaei M, Haddadi MH,
Kalani BS, Valadbeigi H, et al. Molecular typing and
antibiotic resistance patterns among clinical isolates of
Acinetobacter baumannii recovered from burn patients
in Tehran, Iran. Front Microbiol. 2022;13:994303.
[DOI:10.3389/fmich.2022.994303] [PMID] [PMCID]

El-Shazly S, Dashti A, Vali L, Bolaris M, Ibrahim AS.
Molecular epidemiology and characterization of
multiple drug-resistant (MDR) clinical isolates of
Acinetobacter baumannii. Int J Infect Dis. 2015;41:42-
9. [DOI:10.1016/}.ijid.2015.10.016] [PMID] [PMCID]

Gaur P, Hada V, Rath RS, Mohanty A, Singh P,
Rukadikar ~ A. Interpretation of antimicrobial
susceptibility testing using European Committee on
Antimicrobial Susceptibility Testing (EUCAST) and
Clinical and Laboratory Standards Institute (CLSI)
breakpoints:  Analysis of agreement. Cureus.
2023;15(3):e36977. [DOI:10.7759/cureus.36977]

Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y,
Falagas ME, Giske CG, et al. Multidrug-resistant,
extensively drug-resistant and pandrug-resistant
bacteria: An international expert proposal for interim
standard definitions for acquired resistance. Clin
Microbiol Infect. 2012;18(3):268-81.
[DOI:10.1111/1.1469-0691.2011.03570.x] [PMID]

Egwuatu TOG, Osuagwu CS, Olorunnimbe OR,
Ogunrinde OG, Osibeluwo BB. Human body burden of
Pseudomonas aeruginosa, antibiotics susceptibility
pattern and presence of extended spectrum B-lactamase
and carbapenemase encoding genes in Lagos State,
Nigeria. J Appl Sci Environ Manag. 2022;26(12):1937-
41. [DOI:10.4314/jasem.v26i12.7]

Jubair HH, Al-Luhaiby Al, Hassan LA, Mayea NA.
Prevalence and antibiotic resistance patterns of
bacterial isolates from cerebrospinal fluids in Najaf
Hospitals, Irag. In: AIP Conference Proceedings. AIP
Publishing; 2023. [DOI:10.1063/5.0181859]

Jubair HH, Hadi ZJ, Almohana AM. First report of
colistin resistance gene mcr-1 in carbapenem-resistant
clinical isolates of Klebsiella pneumoniae in Irag.
Medico-Legal Update. 2020;20(2):1148.
[DOI:10.37506/mlu.v20i2.1148]

Ahuatzin-Flores OE, Torres E, Chavez-Bravo E.
Acinetobacter baumannii, a multidrug-resistant
opportunistic pathogen in new habitats: A systematic
review. Microorganisms. 2024;12(4):644.[PMCID]
[DOI:10.3390/microorganisms12040644] [PMID]

Kumar S, Anwer R, Azzi A. Virulence potential and
treatment options of multidrug-resistant (MDR)
Acinetobacter baumannii. Microorganisms.

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.1016/j.sjbs.2016.02.009
https://www.ncbi.nlm.nih.gov/pubmed/29686523
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5910652
https://doi.org/10.1186/s13104-020-05224-w
https://www.ncbi.nlm.nih.gov/pubmed/32778154
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7418330
https://www.ncbi.nlm.nih.gov/pubmed/35630295
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9144680
https://doi.org/10.3390/microorganisms10050849
https://doi.org/10.1111/lam.12669
https://www.ncbi.nlm.nih.gov/pubmed/27626896
https://doi.org/10.3390/antibiotics12071200
https://www.ncbi.nlm.nih.gov/pubmed/37508296
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10376473
https://doi.org/10.2147/IDR.S431525
https://www.ncbi.nlm.nih.gov/pubmed/38348231
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10860873
https://doi.org/10.3390/vaccines11071171
https://www.ncbi.nlm.nih.gov/pubmed/37514987
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10384490
https://doi.org/10.1128/msphere.00098-23
https://www.ncbi.nlm.nih.gov/pubmed/37067411
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10286719
https://doi.org/10.2147/IDR.S310478
https://www.ncbi.nlm.nih.gov/pubmed/34079303
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8164867
https://doi.org/10.3389/fmicb.2022.994303
https://www.ncbi.nlm.nih.gov/pubmed/36386699
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9664937
https://doi.org/10.1016/j.ijid.2015.10.016
https://www.ncbi.nlm.nih.gov/pubmed/26518066
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4691561
https://doi.org/10.7759/cureus.36977
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://www.ncbi.nlm.nih.gov/pubmed/21793988
https://doi.org/10.4314/jasem.v26i12.7
https://doi.org/10.1063/5.0181859
https://doi.org/10.37506/mlu.v20i2.1148
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11051781
https://doi.org/10.3390/microorganisms12040644
https://www.ncbi.nlm.nih.gov/pubmed/38674589

180 MLST-Based Typing of Pandrug-Resistant Acinetobacter baumannii

19.

20.

21.

22.

23.

24.

25.

2021;9(10):2104.[PMID] [PMCID]
[DOI:10.3390/microorganisms9102104]

Pormohammad A, Mehdinejadiani K, Gholizadeh P,
Nasiri MJ, Mohtavinejad N, Dadashi M, et al. Global
prevalence of colistin resistance in clinical isolates of
Acinetobacter baumannii: A systematic review and
meta-analysis. Microb Pathog. 2020;139:103887.
[DOI:10.1016/j.micpath.2019.103887] [PMID]

Elwakil WH, Rizk SS, El-Halawany AM, Rateb ME,
Attia AS. Multidrug-resistant Acinetobacter baumannii
infections in the United Kingdom versus Egypt: Trends
and potential natural product solutions. Antibiotics
(Basel). 2023;12(1):77.

[DOI:10.3390/antibiotics12010077] [PMID] [PMCID]

Hamed SM, Elkhatib WF, Brangsch H, Gesraha AS,
Moustafa S, Khater DF, et al. Acinetobacter baumannii
global clone-specific resistomes explored in clinical
isolates recovered from Egypt. Antibiotics (Basel).
2023;12(7):1149. [DOI:10.3390/antibiotics12071149]

[PMID] [PMCID]

Sannathimmappa MB, Nambiar V, Aravindakshan R.
Antibiotic  resistance pattern of Acinetobacter
baumannii strains: A retrospective study from Oman.
Saudi J Med Med Sci. 2021;9(3):254-60.
[DOI:10.4103/sjmms.sjmms_855_20] [PMID]

[PMCID]

Maleki A, Kaviar VH, Koupaei M, Haddadi MH,
Kalani BS, Valadbeigi H, et al. Molecular typing and
antibiotic resistance patterns among clinical isolates of
Acinetobacter baumannii recovered from burn patients
in Tehran, Iran. Front Microbiol. 2022;13:994303.
[DOI:10.3389/fmich.2022.994303] [PMID] [PMCID]

Al-Sheboul SA, Al-Moghrabi SZ, Shboul Y, Atawneh
F, Sharie AH, Nimri LF. Molecular characterization of
carbapenem-resistant ~ Acinetobacter baumannii
isolated from intensive care unit patients in Jordanian
hospitals.  Antibiotics  (Basel). 2022;11(7):835.
[DOI:10.3390/antibiotics11070835] [PMID] [PMCID]

Anggraini D, Santosaningsih D, Saharman YR,
Endraswari PD, Cahyarini C, Saptawati L, et al.
Distribution of carbapenemase genes among
carbapenem-non-susceptible Acinetobacter baumannii
blood isolates in Indonesia: A multicenter study.
Antibiotics (Basel). 2022;11(3):366.
[DOI:10.3390/antibiotics11030366] [PMID]

Vol.20 No.2 Spring, 2025

26.

27.

28.

29.

30.

31.

32.

Zhao Y, Zhu Y, Zhang H, Zhang L, Li J, Ye Y.
Molecular  tracking  of  carbapenem-resistant
Acinetobacter baumannii  clinical isolates: A
multicenter study over a 4-year period across eastern
China. J Med Microbiol. 2023;72(2):001655.
[DOI:10.1099/jmm.0.001655] [PMID]

Longjam LA, Tsering DC, Das D. Molecular
characterization of Class A-ESBLs, Class B-MBLs,
Class C-AmpC, and Class D-OXA carbapenemases in
MDR Acinetobacter baumannii clinical isolates in a
tertiary care hospital, West Bengal, India. Cureus.
2023;15(8):e43656. [DOI:10.7759/cureus.43656]

Moreno-Manjon J, Castillo-Ramirez S, Jolley KA,
Maiden MCJ, Gayosso-Vazquez C, Fernandez-
Vazquez JL, et al. Acinetobacter baumannii 1C2 and
IC5 isolates with co-existing blaOXA-143-like and
blaOXA-72 and exhibiting strong biofilm formation in
a Mexican hospital. Microorganisms. 2023;11(9):2316.
[DOI:10.3390/microorganisms11092316] [PMID]
[PMCID]

Hojabri Z, Pajand O, Bonura C, Aleo A, Giammanco
A, Mammina C. Molecular epidemiology of
Acinetobacter baumannii in Iran: Endemic and
epidemic spread of multiresistant isolates. J
Antimicrob Chemother. 2014;69(9):2383-7.
[DOI:10.1093/jac/dku045] [PMID]

Liu C, Chen K, Wu Y, Huang L, Fang Y, Lu J, et al.
Epidemiological and genetic characteristics of clinical
carbapenem-resistant Acinetobacter baumannii strains
collected countrywide from hospital intensive care
units (ICUs) in China. Emerg Microbes Infect.

2022;11(1):1730-41.[PMID] [PMCID]
[DOI:10.1080/22221751.2022.2093134]

Saffari F, Monsen T, Karmostaji A, Azimabad FB,
Widerstréom M. Significant spread of extensively drug-
resistant Acinetobacter baumannii genotypes of clonal
complex 92 among intensive care unit patients in a
university hospital in southern Iran. J Med Microbiol.
2017;66(11):1656-62. [DOI:10.1099/jmm.0.000619]
[PMID]

Chmielarczyk A, Pobiega M, Romaniszyn D,
Wojkowska-Mach J. Multi-locus sequence typing
(MLST) of non-fermentative Gram-negative bacilli
isolated from bloodstream infections in southern
Poland. Folia Microbiol (Praha). 2018;63:191-6.
[DOI:10.1007/s12223-017-0550-7] [PMID] [PMCID]

IRANIAN JOURNAL OF PATHOLOGY


https://www.ncbi.nlm.nih.gov/pubmed/34683425
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8541637
https://doi.org/10.3390/microorganisms9102104
https://doi.org/10.1016/j.micpath.2019.103887
https://www.ncbi.nlm.nih.gov/pubmed/31765766
https://doi.org/10.3390/antibiotics12010077
https://www.ncbi.nlm.nih.gov/pubmed/36671278
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9854726
https://doi.org/10.3390/antibiotics12071149
https://www.ncbi.nlm.nih.gov/pubmed/37508245
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10376554
https://doi.org/10.4103/sjmms.sjmms_855_20
https://www.ncbi.nlm.nih.gov/pubmed/34667473
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8473995
https://doi.org/10.3389/fmicb.2022.994303
https://www.ncbi.nlm.nih.gov/pubmed/36386699
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9664937
https://doi.org/10.3390/antibiotics11070835
https://www.ncbi.nlm.nih.gov/pubmed/35884089
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9311868
https://doi.org/10.3390/antibiotics11030366
https://www.ncbi.nlm.nih.gov/pubmed/35326829
https://doi.org/10.1099/jmm.0.001655
https://www.ncbi.nlm.nih.gov/pubmed/36762540
https://doi.org/10.7759/cureus.43656
https://doi.org/10.3390/microorganisms11092316
https://www.ncbi.nlm.nih.gov/pubmed/37764160
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10536109
https://doi.org/10.1093/jac/dku045
https://www.ncbi.nlm.nih.gov/pubmed/24562615
https://www.ncbi.nlm.nih.gov/pubmed/35730377
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9258068
https://doi.org/10.1080/22221751.2022.2093134
https://doi.org/10.1099/jmm.0.000619
https://www.ncbi.nlm.nih.gov/pubmed/29058650
https://doi.org/10.1007/s12223-017-0550-7
https://www.ncbi.nlm.nih.gov/pubmed/28940128
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5805803

