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Abstract. Urinary tract infections (UTIs) caused by Acinetobacter baumannii have become
an important public health concern due to the pathogen’s multidrug-resistant (MDR) nature.
Its increasing prevalence in clinical and environmental settings underscores the need to
better understand resistance mechanisms, epidemiology, and therapeutic challenges.
Objectives. To systematically review studies published between 2020 and 2025 that
investigated the prevalence, antimicrobial resistance patterns, genomic characteristics,
and therapeutic strategies for A. baumannii-associated UTIs, with the aim of identifying
regional and global trends, resistance determinants, and emerging interventions.

FEligibility criteria. Studies were included if they focused on A. baumannii isolated from
UTI cases and reported antimicrobial resistance profiles, genomic analyses, or therapeutic
aspects. Only peer-reviewed articles published between January 2020 and May 2025 were
considered.

Sources of evidence. Data were retrieved from PubMed, Scopus, and Web of Science using
predefined keywords (e.g., “Acinetobacter baumannii,” “urinary tract infection”).
Methods. A standardized data extraction template was used to collect information on study
design, geographic location (Iraq [Baghdad, Diyala, Duhok], China, South Korea, and
South-FEast Nigeria), resistance patterns, molecular findings, and potential therapeutic
strategies. Study selection and review processes followed PRISMA 2020 guidelines.
Results. The review demonstrates a high prevalence of multidrug-resistant A. baumannii
in UTIs across diverse regions. Genomic data revealed multiple resistance determinants,
while therapeutic options remain limited, with few promising alternatives under evaluation.
Limitations. The number of eligible studies was relatively small, and regional representation
was uneven, limiting generalizability.

Conclusions. Multidrug-resistant A. baumannii represents a growing challenge in the
management of UTIs. Enhanced surveillance, genomic monitoring, and the development
of innovative therapies are urgently needed. Multinational collaboration is essential to
mitigate the global burden of A. baumannii infections.

Systematic review registration: PROSPERO, CRD420251041315.

Keywords: urinary tract infection,  multidrug-resistant, Acinetobacter baumannii,
systematic review.
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3aitna6é Canexk Anil-2, Pas Ezat Mapyd?, Iccam Ixxymaa Haccep?

CucremMaTuuHmii oryis iHeKiliii ce4oBoi cucTeMu, cipuaMHeHuX Acinetobacter
baumannii: naTepHn pe3UCTEHTHOCTI Ta KiHiyHi Hacaiaku (2020—-2025)

IMiHicTepcTBO 0XOpOHU 310p0B’s, JlupeKkTopar oxopoHu 310poB’a Anb-Kapx, barnan, Ipax
2CepenHilt TexHiuHMi yHiBepcuTeT, Kosemx 300poB’a Ta MeAMYHUX TexHOJorii, barnan, Ipak
y bl bl b

Pestome. Inugeruii cevosoi cucmemu (ICC), cnpuuuneni Acinetobacter baumannii, € cepiio3Horn npooaemoro epo-
Madcbko2o 300p08 ’a uepe3 MyAbmupe3ucmeHmHicMb Yb02o 30YOHUKA. 3pOCMAHHA 11020 NOWUPEHOCMI Y KATHIYHUX YMOBAX
ma 006Kinni nidkpecaroe HeobXiOHIiCMb 2AUbUL020 PO3YMIHHA MEXAHI3MIE pe3ucmeHmHocmi, enidemionoeii ma mepanes-

MUYHUX BUKAUKIB.

Mema. Cucmemamuuno npoananizyeamu odocaiodxcenns, onyonikosarni y 2020—2025 pp., wio eusuaiu nowiupe-
Hicmb, npogini aHMumikpoOHOi pe3ucmeHmHoOCmi, eeHOMHI Xapakmepucmuku ma mepanesmuyni cmpameeii ICC, 3y-
Moenenux A. baumannii, 3 Memoro u3Ha4eHHs peciOHANbHUX | 2100aAbHUX MeHOeHYill, OemepMiHanm pe3ucmeHmHOCMi

ma HOBIMHIX nioxo0ié 00 NiKYEaHHS.

Kpumepii exatouenns. Y docaidxucenns exarouaru pobomu, npucesaueri A. baumannii, eudireHomy 6i0 Xeopux Ha
ICC, aki micmuau 0ani npo aHmMumiKpoOHy pe3ucmeHmHiCMb, 2eHOMHI AHANI3U YU mepanesmuyHti acnekmu. Poseasdanu
Auue peyen3o8ari nyorikauii, onyonikoeani 3 ciuna 2020 no mpasensv 2025 p.

Iicepena danux. Ingpopmauiro ompumyeanu 3 PubMed, Scopus ma Web of Science i3 euxopucmanuam 3azoane-

2i0b 8U3HaueHux Karouosux crie (“Acinetobacter baumanni

LB A (8

L)

urinary tract infection”).

Memoodu. Bukopucmosysanu cmanoapmu3oeamny opmy oas 300py 0anux w000 ou3aiiny 0ocaioxiceHs, eeoepa-
iunoi noxanizauyii (Ipax [baedad, Mdissa, dyxox], Kumaii, ITicoenna Kopes, Iliedenno-Cxiona Hieepis), namepnis
Pe3UCMEeHMHOCMI, MOAEKYASAPHUX 3HAXIO0K Ma MONCAUBUX mepaneemuyHux cmpameeiil. Bidbip i ananiz nybaikauiii 30ii-

cHI08aAU 8i0n08i0HO do KepieHuymea PRISMA 2020.

Pezyavmamu. Oenso 3aceiduué eucokuil piseHb nowupeHocmi myavmupesucmenmuozo A. baumannii y xeopux
Ha ICC 6 piznux pecionax. lenomui 0ani 6uA6UAU YUCAEHHI OemMepMIHAHMU pe3UcmeHmHocmi, moodi 5K mepanesmutHi
MONCAUBOCMI 3ANUULAIOMBCS OOMENCEHUMU, | Aulle OKpeMi HO8I nioxoou nepedysaromo Ha cmaodii OUIHKU.

Obmexncenns. Kinvkicms 6i0nogionux docaiodxcenb 6yaa 6i0HOCHO HE8eAUKOI0, a pe2ioHANbHe NPeOCMAGHULMBO

HEPIBHOMIDHUM, W0 3HUICYE Y3A2aNbHIO8AHICIb GUCHOBKIG.

Bucnosxu. Myasmupesucmenmnuii A. baumannii dedani wacmiwe yckaaouioe nepebie ICC, wo eumaeae eno-
b6anvHOi cnienpaui ma nowlyKy Hosux mepanesmuynux piuiens. Egpexmuena npomudis ingexyiam, cnpuuunenum A.
baumannii, moxcauea auuie 3a yMosu NOCUAEH020 enioHaeaa0y ma MidcHapooHoi KoopOuHauii.

Peecmpauyin cucmemamuunoeo oeasdy: PROSPERO, CRD420251041315.

KmouoBi ciioBa: ingexuii cevosux wiasxis, myavmupesucmenmuicme, Acinetobacter baumannii, cucmemamuy-

Huil 02n40.

Introduction. Urinary tract infections (UTIs), one
of the most common infectious disorders, affect around
150 million people worldwide [1]. They represent a ma-
jor public health problem, particularly among women,
the elderly, and immunocompromised individuals.
UTIs can cause delirium, leading to cognitive dysfunc-
tion, agitation, and memory loss due to disruptions in
the frontal cortex and hippocampus [2, 3]. Pyelone-
phritis involves the upper urinary tract, while cystitis
and urethritis affect the lower tract [4]. Pregnancy-re-
lated UTIs affect 2—10% of women globally [5]. Un-
treated bacteriuria can result in premature delivery and
neonatal morbidity [6]. Physiological alterations during

Zainab Sadeq Ali:
edc4011@mtu.edu.iq

pregnancy, including glycosuria and urethral dilatation,
promote bacterial growth and infection [7].

Typical UTI symptoms include dysuria, frequent
urination, lower abdominal pain, and foul-smelling
urine. When bacteria reach the kidneys, fever, nausea,
and systemic involvement may occur [5]. Uropatho-
gens employ pili, adhesins, capsular polysaccharides,
and biofilm formation to establish infection and evade
host defenses [8, 9]. Because clinical symptoms are of-
ten nonspecific, laboratory testing is essential for accu-
rate diagnosis [10]. Escherichia coli is the most common
uropathogen, but antimicrobial resistance (AMR) com-
plicates therapy and increases mortality [11, 12]. Multi-
drug-resistant (MDR) pathogens such as Acinetobacter
baumannii are increasingly associated with both com-
munity- and hospital-acquired UTIs [13]. This is par-
ticularly concerning in healthcare settings, where cath-
eter-associated UTIs facilitate the entry of MDR bacte-
ria [14—16]. In developing countries, limited access to
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drugs and healthcare infrastructure amplifies the impact
[11]. Due to these challenges, herbal medicines are being
explored as potential antibacterial adjuvants [17].

A. baumannii is a leading MDR pathogen in UTI
management. Initially isolated in calcium acetate-en-
riched minimal media [18], it is now recognized as a
prominent nosocomial pathogen, especially in intensive
care units (ICUs) [23]. It is highly versatile, capable of
colonizing soil, water, animals, and humans [19]. Rising
antibiotic resistance has made A. baumannii a “red alert”
pathogen since the early 2000s [20—22]. Its resistance to
most commercial antibiotics makes it a major threat to
infection management, particularly in ICUs [23]. MDR,
extensively drug-resistant (XDR), and pandrug-resistant
(PDR) strains resist multiple antibiotics. The structure
of the outer membrane limits porin-mediated penetra-
tion, contributing to resistance [24]. Genomic resistance
islands harbor over 45 resistance-related genes, en-
abling rapid acquisition of new resistance determinants
[25, 26]. Enzymes encoded by resistance genes, such as
methyltransferases, increase aminoglycoside resistance,
further limiting therapeutic options [27, 28].

The A. baumannii complex includes A. calcoaceti-
cus and Acinetobacter genomic species 13TU, compli-
cating identification but remaining clinically important
[29]. Its oxidase-negative reaction distinguishes it from
other Moraxellaceae [30]. Biofilm formation shields
bacteria from antimicrobials and harsh environments
[31]. Biofilms formed via poly-(1,6)-N-acetylglucos-
amine enhance adhesion and resistance [32]. Biofilm
development proceeds through bacterial attachment,
monolayer formation, extracellular matrix production,
and detachment, facilitating infection spread [33, 34].
Contamination of medical devices by biofilms enables
survival and resistance to most antibiotics [35].

New therapeutic approaches are being developed to
address biofilm-associated infections. Polyphenol-based
therapies appear to disrupt quorum sensing and mem-
brane integrity, reducing biofilm formation and enhanc-
ing antibiotic effectiveness [36, 37]. The polysaccharide
capsule of A. baumannii further promotes immune eva-
sion and antimicrobial resistance [38]. Its densely packed
oligosaccharide subunits confer environmental resilience,
reduce immunological recognition, and resist disinfec-
tants [39, 40]. Survival on hospital surfaces such as bed
rails and medical equipment enhances its spread [41, 42].

The global rise in MDR A. baumannii infections
is driven by its ability to acquire and disseminate anti-
biotic resistance genes (ARGs) [43]. These infections
are associated with high morbidity and mortality [44].
Resistance to last-line antibiotics such as imipenem and
meropenem makes alternative therapies urgently neces-
sary [45, 46]. However, last-resort agents such as poly-
myxin B and fosfomycin are limited by nephrotoxicity
and neurotoxicity [47, 48].

A systematic review approach enables a compre-
hensive evaluation of current knowledge, identifying key
themes and novel advances in UTI management. Given
the capacity of MDR A. baumannii to evade existing an-

tibiotics, new therapeutic strategies are essential. Future

directions include genomic surveillance to monitor resis-

tance, anti-biofilm interventions to improve outcomes,
and the exploration of metal-based antimicrobials, phage
therapy, and immunotherapeutics.

Methods. Protocol and registration. This system-
atic review was conducted in accordance with PRISMA
guidelines. The protocol was registered in PROSPERO
(CRD420251041315, 2025) and was designed to com-
prehensively assess Acinetobacter baumannii in urinary
tract infections, with a particular focus on antimicrobial
resistance, genomic characteristics, and therapeutic ap-
proaches.

Eligibility Criteria. The inclusion criteria for this
review were as follows:

e Study Type: Peer-reviewed original research
articles investigating A. baumannii in UTTIs.

e Population: Studies that included patients with
UTIs.

e  Publication Period: Studies published between
January 2020 and January 2025.

e  Language: Articles published in English

e Focus Areas: Research focusing on antimicrobial
resistance.

e Rationale: The eligibility criteria were designed
to capture recent advancements and trends in the
epidemiology and management of A. baumannii
UTIs. The focus on the last five years aligns with
the goal of understanding contemporary challenges
and therapeutic innovations.

Information sources. The information for this sys-
tematic review includes:

e Search: Database PubMed, google scholar, science
direct, MDPI Microorganisms, BMC, Scopus,
Web of Science.

e Search terms “A. baumannii” AND “urinary
tract infection” AND (“multidrug resistance”
OR “MDR”) “A. baumannii” AND “UTI”
Acinetobacter” AND “UTI” AND (“antimicrobial
susceptibility” OR “resistance patterns”).

e Filters applied (January 2020 to January 2025),
English language, Peer-reviewed articles.

Selection of sources of evidence.
e Initial screening:
— All identified articles from the search were
reviewed independently by researchers.
— Studies were included if they investigated MDR
A. baumannii and UTIs within the scope of the
inclusion criteria, including the years 2020-2025.
o  Eligibility assessment:
Full text examined MDR A. baumannii in UTIs.
Relevance to resistance mechanisms, clinical
consequences, environmental diffusion, or ther-
apeutic techniques. Studies in Iraq (Baghdad,
Diyala, Duhok), Southeast Spain, China, South
Korea, and South-East Nigeria. English articles
from 2020-2025.
Studies missing sufficient data on A. baumannii
or outside the scope of UTIs were excluded.

YKPATHCBKUIN XXYPHOA HEPPOAOTT TO Alaaidy N23 (87) 2025
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o Data management: Duplicates were removed.
o Final selection: 11 studies.

Data extraction was done methodically. Each
study’s pertinent data was gathered using a standardized
extraction form, which included:

e  Features of the study: publication year, study site,
and study design

e  Microbiological information: techniques for
identifying A. baumannii, such as molecular,
biochemical, or culture-based approaches.

o Patterns of antibiotic susceptibility: A. baumannii
resistance patterns to widely used antibiotics.

e Howwelldoantibiotics or other therapy approaches
work to treat UTIs linked to A. baumannii.

Quality assessment. A formal risk of bias assess-
ment was not performed because the included stud-
ies were highly heterogeneous in design (ranging from
molecular laboratory investigations to clinical observa-
tional studies). Instead, methodological aspects such as
study design, sample size, laboratory techniques, and
completeness of reporting were narratively considered
when interpreting findings.

Data_items. Data extraction followed PRISMA
standards and included study information (country,
year, design, and population). Studies were identified,

screened, and selected from Iraq (Baghdad, Diyala,
Duhok), Southeast Spain, China, South Korea, and
South-East Nigeria.

Synthesis of results. Data were synthesized nar-
ratively because of the heterogeneity in study designs,
populations, and reported outcomes. Findings were
grouped by study location, resistance patterns, ge-
nomic characteristics, and therapeutic approaches.
Where possible, similarities and differences across re-
gions (Iraq, Southeast Spain, China, South Korea, and
South-East Nigeria) were highlighted to identify trends
in antimicrobial resistance and potential interventions.

Results. Study selection. The database search
yielded 645 records. After removing 145 duplicates and
20 records for ineligible or other reasons, 480 records
remained for screening. Of these, 390 were excluded
based on title and abstract. A total of 90 full-text articles
were as-sessed for eligibility; 79 reports were excluded.
Following full-text review, 32 ar-ticles were excluded
for reason 1, 24 for reason 2, 13 for reason 3, and 10
for reason 4. Ultimately, 11 studies met the inclusion
criteria and were included in the systematic review. The
PRISMA flow diagram (Fig. 1) summarizes the study
selection process.

Identification of studies via databases and registers

Records removed before
screening:

Duplicate records
removed (n =145)
Records marked as
ineligible (n =20)
Records screened (n =480)

A 4

A 4

Records excluded**

Y

(n = 390)
v

Reports excluded: 79
Reason 1 (n =32)
Reason 2 (n =24)
Reason 3 (n =13)

A 4

Reason 4 (n =10)

)
= Records identified from*:
° Pubmed n=160
= MDPI n=70
= BMC n=55
= Scopus n= 140
5 Web science n=100
= Google scholar n= 120
Databases (n =645)
—
_ < A 4
Records scened
(n=480)
o0
&=
=
-] A 4
£
3} Reports sought for
R .
retrieval
(n=90)
A 4
)
= Studies included in
D .
= review (n =11)
% Reports of included
E studies (n =11)
——

Fig. 1. PRISMA flow diagram of studies on Acinetobacter baumannii-induced UTI.

Characteristics of included studies. The 11 included
studies were published between 2020 and 2025 and were
conducted in Iraq (Baghdad, Diyala, Duhok), South-
east Spain, China, South Korea, and South-East Ni-
geria. Study designs included laboratory-based inves-

tigations, molecular epidemiology studies, and clinical
observational reports. Sample sizes ranged from single
clinical isolates to over 200 patient-derived samples.
Table 1 presents the characteristics and major findings
of each study.
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Risk of bias within studies. A formal risk of bias as-
sessment was not conducted because of the heteroge-
neity of study designs, which ranged from molecular
laboratory investigations to small-scale clinical studies.
Instead, methodological aspects such as sample size,
study design, microbiological methodology, and com-
pleteness of reporting were considered narratively when
interpreting findings.

Results of individual studies. The findings from the
11 included studies provide important insights into the
role of Acinetobacter baumannii in UTIs. Alrifai et al.
[49] reported a high prevalence of multidrug-resistant
(MDR) A. baumannii in UTI patients, with resistance
rates exceeding 70% for carbapenems and significant re-
sistance also observed to fluoroquinolones and amino-
glycosides, highlighting the urgent need for effective in-
fection control. Dong et al. [50] demonstrated synergis-
tic activity of ebselen combined with silver ions in both
in vitro and in vivo models, where the combination in-
hibited biofilm formation and reduced bacterial colonies
by 90% compared to 40% with ebselen alone, suggesting
potential therapeutic value. AlYais and Al-Shammary
[51] identified A. baumannii in both human UTI cases
and local dairy samples, raising the possibility of zoo-
notic transmission, with resistance to $-lactams found in
more than 80% of isolates and no significant difference
between human and dairy strains. Kim et al. [52] identi-
fied resistance genes for carbapenems, tetracyclines, and
aminoglycosides through whole-genome sequencing of
an A. baumannii isolate, while phenotypic analysis re-
vealed strong biofilm formation associated with chronic
UTIs and increased resistance. Raheem Hassooni et al.
[53] confirmed A. baumannii in 45% of UTI cases using
PCR, with 75% of isolates resistant to carbapenems and
high resistance also reported to -lactams. Ahmed et al.
[54] found that biofilm-forming A. baumannii strains in
UTI patients were associated with elevated 1L-6 levels,
and some pharmaceutical compounds were able to re-
duce biofilm formation, indicating potential adjunctive
therapies. Nagqid et al. [55] identified A. baumannii as a
significant uropathogen with high resistance to cepha-
losporins and aminoglycosides but sensitivity to tige-
cycline, while resistance to ceftriaxone exceeded 50%.
Hussain et al. [56] reported extremely high levels of
resistance in Iraqi isolates, with carbapenem resistance
above 70% and high resistance to aminoglycosides,
fluoroquinolones, and cephalosporins; polymyxins re-
mained effective, emphasizing their role as last-resort
antibiotics. Echendu et al. [57] observed MDR A. bau-
mannii in urine samples from pregnant women, with
60% of isolates resistant to amoxicillin and 50% resistant
to gentamicin, raising concerns for maternal and neo-
natal health. Salman et al. [S8] reported high levels of
MDR A. baumannii in children with UTIs, with 68% of
isolates resistant to ciprofloxacin and gentamicin and a
significant association between MDR infection and pro-
longed hospitalization. Finally, Tamadonfar et al. [59]
investigated bacterial adhesins and found that fibrinogen
binding increased biofilm formation by 75% in catheter-

associated isolates, suggesting a critical role of adhes-
ins in resistance and persistence in catheter-associated
UTls.

Discussion. Summary of evidence. This systematic
review synthesized data on the prevalence, resistance
mechanisms, and clinical and molecular characteris-
tics of Acinetobacter baumannii in UTIs. The findings
highlight A. baumannii as a major uropathogen in both
hospital and community settings, with particularly high
prevalence in regions such as Iraq (Baghdad, Diyala,
Duhok), South-East Nigeria, China, and South Korea.
Across studies, MDR and XDR strains were consis-
tently reported, underscoring the growing public health
threat of this pathogen [49—59].

Comparison with existing knowledge. The reviewed
studies are in line with global evidence showing that
A. baumannii is highly resistant to carbapenems, ami-
noglycosides, fluoroquinolones, and p-lactams, while
retaining susceptibility mainly to polymyxins and ti-
gecycline. Similar to other reports, biofilm formation
emerged as a critical factor in persistence and resis-
tance, complicating eradication in catheter-associated
infections. Genomic findings confirmed the presence
of multiple resistance determinants, consistent with
previous literature identifying A. baumannii as a “red
alert” pathogen for healthcare systems. Importantly,
several studies in this review extended knowledge by
examining host—pathogen interactions, such as 1L-6
responses [54], and by exploring novel therapeutic ap-
proaches, including ebselen combined with silver ions
[50], which demonstrated strong synergistic antimicro-
bial and antibiofilm effects.

Strengths _and limitations. This review is among
the few to systematically compile recent evidence
(2020—2025) on A. baumannii in UTIs, providing both
clinical and molecular perspectives. The inclusion of
studies from diverse regions adds value by highlighting
geographic differences in resistance profiles. However,
limitations must be acknowledged. Many studies had
relatively small sample sizes, restricting generalizabil-
ity. Several investigations focused on narrow labora-
tory outcomes rather than patient-level data, limiting
clinical applicability. Geographic bias was also evident:
most data originated from Iraq, with fewer studies from
other regions, potentially underrepresenting global epi-
demiology. Finally, no formal risk of bias tool was ap-
plied due to heterogeneity in study designs, although
methodological aspects such as study size, laboratory
quality, and reporting were considered narratively.

Implications for clinical practice and policy. The
findings have important implications for infection
control and clinical management. High levels of car-
bapenem resistance (>70% in several studies [49, 56])
highlight the urgent need to preserve last-line antibiot-
ics such as polymyxins through strict stewardship. The
identification of MDR A. baumannii in vulnerable pop-
ulations, including pregnant women [57] and children
[58], underscores the need for targeted preventive strat-
egies in high-risk groups. Surveillance systems should
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be strengthened to monitor emerging resistance trends,
particularly in regions where A. baumannii is endemic.
At the policy level, ministries of health and interna-
tional agencies must invest in antimicrobial steward-
ship programs, genomic monitoring, and development
of therapeutic alternatives.

Future research directions. Further research is
needed to expand geographic coverage and include
larger, multicenter cohorts to better capture the epide-
miology of A. baumannii UTIs. Clinical trials are es-
sential to evaluate the safety and efficacy of novel or
adjunctive therapies, such as ebselen—silver combina-
tions [50], tigecycline, and anti-biofilm agents. More
work is also required to clarify the role of host immune
responses, such as IL-6 elevation in biofilm-forming
infections [54], and to assess the clinical significance of
adhesins in catheter-associated UTIs [59]. Integration
of genomic data with clinical surveillance will be key to
developing precision-targeted therapies and to slowing
the spread of MDR and XDR strains.

Conclusions. MDR and XDR A. baumannii are
increasingly recognized as major causes of urinary tract
infections worldwide. The pathogen’s complex resis-
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