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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.



GEORGIAN MEDICAL NEWS
NO 2 (371) 2026

Hua-ting Bi, Wen-Wen Hao. 
CORRELATION BETWEEN PREOPERATIVE MACULAR THICKNESS AND POSTOPERATIVE VISUAL PROGNOSIS IN PATIENTS 
WITH DIABETIC CATARACT……….………………….....................................................................………………………………………….6-9

Melik-Andreasyan G.G, Tkhruni F.N, Karapetyan K.J, Atoyan S.A, Aleksanyan N.J, Kotsinyan N.Yu, Israyelyan A.L. 
COMPARATIVE SUSCEPTIBILITY PROFILES OF CLINICAL AND REFERENCE BACTERIAL STRAINS ACROSS MULTIPLE 
ANTIBIOTIC CLASSES……………………………………………….................................…………………………………………………..10-16

Khramtsov D.M, Chernyshov O.V, Stoyanov O.M, Gryb V.A, Vorokhta Y.M. 
COGNITIVE RESERVE IN PATIENTS AFTER CORONAVIRUS INFECTION……..............................……………………………………17-22

Egzon Daku, Leon B. Hajdari, Bese R. Morina. 
OPTIMIZING SPINAL ANESTHESIA IN URGENT CESAREAN DELIVERY: THE TAYLOR APPROACH IN A PARTURIENT WITH 
CORRECTED SEVERE SCOLIOSIS AND PULMONARY COMPLICATIONS: A CASE REPORT……..…………………………………23-28

Ana Maisuradze, Ketevan Kiguradze-Gogilashvili, Flavien Fettak, Ketevan Oghiashvili, Vaja Maisuradze. 
CORRELATION BETWEEN RADIATION SAFETY TRAINING AND COMPLIANCE WITH RADIATION PROTECTION PRACTICES: A 
CROSS-SECTIONAL STUDY………………………………...........................................................................………………………………..29-32

Sarmad S. Salih Al Qassar, Omar Hussein Alluazy, Ahmed Khalaf Ali. 
A NOVEL NON-INVASIVE MODULATION OF ORTHODONTIC RELAPSE: INSIGHTS FROM A RABBIT MODEL…....……………33-44

Fitim Alidema, Lirim Mustafa, Egzona Papraniku, Arieta Hasani Alidema, Mirlinda Havolli. 
BIOCHEMICAL ABNORMALITIES OF HEPATIC AND RENAL FUNCTION IN HOSPITALIZED PATIENTS RECEIVING 
PHARMACOLOGICAL THERAPY: A THREE-YEAR RETROSPECTIVE ANALYSIS…….........................................................…………45-49

Sion Jo. 
DOUBLE LUMEN TECHNIQUE (DLT) - ENDOTRACHEAL TUBE GUIDED LEVIN TUBE INSERTION 
TECHNIQUE…………………………………………………………………………………........……………………………………………50-53

Ellen Safadi, Aparnna Baburaj, Sara Musa Abdalla Elamin, Marwan Ismail. 
ASSOCIATION OF DEMOGRAPHIC AND SOCIOECONOMIC VARIABLES WITH PATIENTS’ COMPREHENSION AND 
CONTENTMENT REGARDING INFORMED CONSENT IN A UNIVERSITY HOSPITAL SETTING: A CROSS-SECTIONAL STUDY.54-59

Ostemirkyzy Darika, Kapsalyamova Elmira, Daryono Hadi Tjahjono, Ustenova Gulbaram, Eva Susanty Simaremare. 
ISOLATION AND IDENTIFICATION OF β-SITOSTEROL FROM ZYGOPHYLLUM FABAGO L. HERB USING SUBCRITICAL CO₂ 
EXTRACTION……………………………….................................................…………………………………………………………………60-66

Oleg Batiuk, Marharyta Shkabarina, Andrii Manko, Svitlana Cherneta, Iryna Bychuk. 
THE DYNAMICS OF PERCEPTIONS AND EVALUATION OF THE COMPONENTS OF THE IMAGE OF AN IDEAL TEACHER DURING 
THE COVID-19 PANDEMIC…………………………………............................................................................………………………………67-75

Ghaith Wadhah Hamdoon, Aws Hazem Al-Numan, Nawar Yahya Ahmed, Rikan Sulaiman Jumaah, Mazin Mahmoud Fawzi, Banan Burhan 
Mohammed. 
UMBILICAL STUMP CARE IN NEWBORNS: IS BREAST MILK AS EFFECTIVE AS CONVENTIONAL METHODS……….......……76-80

Sana Khamassi, Emna Bornaz, Nourhène Tayari, Amel Gamoudi, Kamilia Ounaissa, Haifa Abdesselem, Ichraf Ben Ammar, Bahija Riahi, Dorra 
Bousnina, Henda Jamoussi, Chiraz Amrouche. 
OVERWEIGHT AMONG TUNISIAN SCHOOL-AGED CHILDREN: PREVALENCE AND ASSOCIATED FACTORS……….………….81-86

Tsisana Giorgadze, Tinatin Gognadze, Lasha Dolidze. 
CERTAIN PROPERTIES OF β-GLUCOSIDASE FROM YUCCA GLORIOSA FLOWERS……….....................................…………………87-92

Issenova Saule, Rakhimzhanova Adel, Shukirgaliyeva Marzhana. 
RISK MANAGEMENT AND HEALTH SUPPORT FOR PREGNANT WOMEN USING INOSITOLS……………………………………93-100

Lirim Isufi, Diellza Kelmendi, Adelina Ahmeti Pronaj. 
GENDER DIFFERENCES IN EMOTIONAL REGULATION AMONG ADOLESCENTS WITH ELEVATED ADHD SYMPTOMS: A 
SCHOOL-BASED STUDY……………………...............................................………………………………………………………………101-105

Ketevan Omiadze, Alikya Chipurupalli, Tea Abzhandadze. 
CHRONIC URTICARIA RELATED TO HELICOBACTER PYLORI INFECTION – A CASE REPORT…..........................................……106-109

Dinara Aliyeva, Ildar Fakhradiyev, Marat Shoranov. 
IDEOLOGICAL FAULT LINES IN PHARMACEUTICAL POLICY OF KAZAKHSTAN: A Q-METHODOLOGICAL APPROACH….110-119

Ahmed Abdalla Jarelnape. 
ARTIFICIAL INTELLIGENCE UTILIZATION AND ITS ASSOCIATION WITH NURSING PRACTICE IN CARDIOLOGY AND 
INTENSIVE CARE UNITS: A CROSS-SECTIONAL STUDY……………………….......................................................................………120-124

Jiaqi Liu, Yan Pan, Zuliang Yan, Hong Jiang, Hanglin Li, Ying Yu. 
GLOBAL, REGIONAL, AND NATIONAL BURDEN OF CHRONIC KIDNEY DISEASE DUE TO TYPE 2 DIABETES MELLITUS, 1990-
2021, WITH FORECASTS TO 2035: A FORECASTING STUDY FOR THE GLOBAL BURDEN OF DISEASE STUDY 202…………125-135



Ahmed Dallal Bashi, Noor Abdulmonim, Noor Salem, Saleh Nayf, Teba Ammar, Yosif Ismaeel. 
THE MOST COMMONLY PRESCRIBED MEDICATIONS BY PEDIATRICIANS IN MOSUL CITY…..........................................……136-142

Lukina Veronika V, Katibgadzhiev Magomed A, Solovyov Andrey A, Kovalenko Polina S, Kuzmich Vitaliy V, Eremeeva Mariia V, Gaevskaya 
Rinata R, Kuznetsova Anna A, Aleksandrova Iuliia S, Bulia Mariam Z, Sadrutdinov Tatam D, Saitova Atikat S. 
COMPARATIVE EFFECTIVENESS OF CONSERVATIVE METHODS FOR ACCELERATING EPITHELIALIZATION IN ACUTE ANAL 
FISSURE………………………………………………………………...........................................................................................…………143-147

Yerzhan Sharapatov, Maida Tusupbekova, Yermek Turgunov, Yuriy Pak, Yersaiyn Zhiyenbayev, Kuandyk Beisenov. 
COMPARATIVE EXPERIMENTAL STUDY OF MORPHOLOGICAL CHANGES IN THE KIDNEY IN ACUTE OBSTRUCTIVE 
PYELONEPHRITIS MODEL: INFLUENCE OF INFECTION ROUTE……................................................................……………………148-155

Aymar Kassa Boukat, Massine El Hamoummi, Yassine Sarboute, Beaouiss Mohamed, Andemey Leyoubou Emilie, Edderai Meryem, El Hassane 
Kabiri. 
POST-CT-GUIDED BIOPSY PNEUMOTHORAX, ACCORDING TO THE COAXIAL TECHNIQUE WITH AN 18-GAUGE NEEDLE: 
EPIDEMIOLOGICAL, DIAGNOSTIC AND THERAPEUTIC ASPECTS……….....................................................................……………156-161

Azamat K. Kairgali, Raisa A. Aringazina, Murat K. Jakanov, Abdolreza Haghpanah, Marat N. Sarkulov. 
THE EFFECT OF TRIVALENT CHROMIUM ON METABOLIC SYNDROME: A NARRATIVE REVIEW……………………………162-169

Mohammed K.M Madi, Hannan Awad, Marwan Ismail, Maxmudjon Butaboyev, Jamoliddin Bobokalonzoda, Gaybiev Akmaljon 
Axmadjonovich, Elryah I Ali, Husham O. Elzein, Rasha Babiker, Amin SI Banaga, Salah Eldin Omar Hussein, Ayman H. Alfeel, Ahmed L. 
Osman, Asaad Babker. 
RETICULOCYTE SUBPOPULATION ANALYSIS AND ITS CORRELATION WITH IRON DEFICIENCY ANEMIA: A RETROSPECTIVE 
STUDY IN A PREDOMINANTLY FEMALE POPULATION…………………………........................................................................……170-176

Zena S. Tawffiq, Inas H. Ahmed, Luma M. Al-Obaidy. 
PHYTOCHEMICAL SCREENING AND LIPID LOWERING EFFECTS OF TERMINALIA CHEBULA FRUIT EXTRACTS IN ALBINO 
WISTAR RATS…………………………………………….............................................................…………………………………………177-181

Azamat Shamsiev, Abdiqodir Shakhriev, Botir Yuldashev, Leyla Khakimova, Fariza Khalimova, Sagirayev Nodir Zhumakulovich. 
CLINICAL EFFECTIVENESS OF TRADITIONAL TREATMENT METHODS FOR GRADE III CHEMICAL ESOPHAGEAL BURNS IN 
CHILDREN…………………………………………………...................................................................……………………………………182-186

Plaurat Krasniqi, Leon B. Hajdari, Fatos Sada, Egzon Daku. 
POSTOPERATIVE MORPHINE USE IN ABDOMINAL SURGERY: CLINICAL INSIGHTS FROM A ONE-YEAR SINGLE-CENTER 
RETROSPECTIVE STUDY…………………………………………………………......................................................……………………187-193

Bashayr Z. Alamri, Reem F. Alnemari, Abduljawad S. Alharbi. 
UNDERSTANDING FACTORS CONTRIBUTING TO PATIENTS’ NON-ADHERENCE TO A LIFESTYLE MODIFICATION 
PLAN: A CROSS-SECTIONAL STUDY AMONG VISITORS OF LIFESTYLE CLINICS IN KING ABDUL-AZIZ MEDICAL CITY, 
JEDDAH………………………………………………….........................…………………………………..................................................194-201



GEORGIAN MEDICAL NEWS
No 1 (370) 2026

© GMN 10

COMPARATIVE SUSCEPTIBILITY PROFILES OF CLINICAL AND REFERENCE 
BACTERIAL STRAINS ACROSS MULTIPLE ANTIBIOTIC CLASSES

Melik-Andreasyan G.G1, Tkhruni F.N2, Karapetyan K.J2, Atoyan S.A1, Aleksanyan N.J1, Kotsinyan N.Yu1, Israyelyan A.L2*.
1“National Center for Disease Control and Prevention”, SNCO, Ministry of Health, Yerevan, Republic of Armenia.

2“Probiotic Biotechnology Laboratory”, Scientific and Production Center “Armbiotechnology” NSPO, National Academy of Sciences, Yerevan, 
Republic of Armenia.

Abstract.
Antimicrobial resistance (AMR) is a major global public health threat, 

undermining the efficacy of commonly used antibiotics. Resistance 
patterns differ across bacterial taxa, including Enterobacteriaceae, 
non-fermenting Gram-negative bacilli, and Gram-positive cocci. 
This study aimed to provide a comparative analysis of antimicrobial 
susceptibility among reference strains with defined susceptible and 
resistant phenotypes, alongside selected clinical isolates, to evaluate 
the preservation of phenotypic traits and the impact of antibiotic use. 
Reference susceptibility strains exhibited high susceptibility across 
most antibiotics, whereas resistant reference strains demonstrated 
multidrug resistance. Among Enterobacteriaceae, reference strains 
harboring ESBL and AmpC mechanisms displayed resistance 
to penicillins, cephalosporins, and carbapenems. Non-fermenters, 
including Pseudomonas aeruginosa and Acinetobacter baumannii, 
showed both intrinsic and acquired resistance to multiple classes, 
particularly carbapenems and fluoroquinolones. Gram-positive cocci 
largely retained susceptibility to glycopeptides and linezolid, while 
MRSA, high-level aminoglycoside-resistant enterococci, and penicillin-
resistant Streptococcus pneumoniae posed significant therapeutic 
challenges. Comparative analysis revealed that antimicrobial 
susceptibility is influenced not only by bacterial taxonomy but also by 
patterns of uncontrolled or inappropriate antibiotic use. Clinical strains 
of Klebsiella pneumoniae and Streptococcus pneumoniae displayed 
reduced and more variable susceptibility compared to the predictable 
profiles of reference strains.

These findings highlight the importance of continuous surveillance, 
strict adherence to antimicrobial stewardship, and the use of 
standardized reference strains to ensure reliable susceptibility testing. 
Early detection of emerging resistance patterns is essential to guide 
effective therapy and mitigate the public health impact of multidrug-
resistant pathogens.

Key words. Antimicrobial resistance, reference strains, clinical 
isolates, Enterobacteriaceae, Gram-negative bacilli, Gram-positive 
cocci.

Introduction.
Antimicrobial resistance (AMR) has become one of the gravest 

public health threats of our time, undermining decades of progress 
in infectious disease control. According to a 2025 report by World 
Health Organization (WHO), one in six laboratory confirmed bacterial 
infections globally in 2023 was resistant to at least one of the commonly 
used antibiotics; between 2018 and 2023, over 40% of monitored 
pathogen–antibiotic combinations showed increasing resistance trends 
[1]. The problem is especially pronounced among Gram negative 
bacteria, which the report identifies as posing “the greatest threat,” 
particularly in resource-limited settings where surveillance and 
treatment options are constrained [2,3].

These worrying global patterns underscore the need for comprehensive 
surveillance and analysis across diverse bacterial taxa. In clinical 
practice, the main culprits responsible for serious infections — urinary, 
bloodstream, respiratory, and nosocomial — frequently belong to three 
broad groups: Gram-negative Enterobacteriaceae, Gram-negative 

non-fermenters, and Gram-positive cocci. Each group has unique 
biology, ecology, and mechanisms of resistance, which influence how 
susceptibility evolves over time and across regions [4,5].

Gram-negative Enterobacteriaceae and the erosion of β-lactam 
efficacy: Historically, many Enterobacteriaceae — such as Escherichia 
coli, Klebsiella pneumoniae, and Proteus species — were reliably 
treated with penicillins and cephalosporins. However, over the past two 
decades, the global dissemination of extended-spectrum β-lactamases 
(ESBLs), AmpC β-lactamases, and carbapenemases has dramatically 
eroded that reliability. Recently, newer β lactam/β lactamase inhibitor 
combinations were developed to restore activity against ESBL- and 
carbapenemase-producing strains. Nevertheless, a 2025 systematic 
review and meta-analysis found that resistance to one such combination 
— Ceftazidime–avibactam — is rising globally among Gram-negative 
bacteria, both in Enterobacterales and non-fermenting species. This 
reflects the alarming reality that even latest-generation antibiotics are 
encountering resistance, underscoring the dynamic adaptability of 
bacterial pathogens [6-10].

Non fermenters: Intrinsic and Acquired Defences Amplify the 
Threat: Beyond Enterobacteriaceae, non fermenting Gram-negative 
bacilli — notably Pseudomonas aeruginosa and Acinetobacter 
baumannii — pose an even greater therapeutic challenge, due to both 
intrinsic and acquired resistance mechanisms. These organisms often 
resist multiple drug classes simultaneously because of impermeable 
outer membranes, efflux pumps, and ability to acquire carbapenemases 
or other β lactamases. A recent ICU based surveillance study (2022–
2024) reported that resistance among Pseudomonas isolates to key 
antibiotics — including ceftazidime, ciprofloxacin, meropenem, and 
gentamicin — remains substantial, although some decline was observed 
in 2024 compared to 2022. MDPI Similarly, recent clinical data show 
that A. baumannii remains among the most resistant nosocomial 
pathogens, often requiring last-line agents for treatment [11-13].

These findings highlight that non-fermenters are not merely “difficult 
to treat” but are continuously evolving, sometimes outpacing the 
development and deployment of new antibiotics.

Gram-Positive Cocci: Persistent Resistance Despite Long-Term 
Use of Targeted Therapies: Resistance is not confined to Gram-
negatives. Among Gram-positive cocci — including Staphylococcus 
aureus, Streptococcus pneumoniae, and Enterococcus faecalis — the 
longstanding challenges of methicillin-resistance (MRSA), macrolide-
resistance in pneumococci, and high-level aminoglycoside resistance 
in enterococci persist worldwide. A 2024 meta-analysis focusing on a 
Middle East region showed that ESBL-producing Enterobacteriaceae, 
carbapenem resistant non-fermenters, MRSA, and other resistant 
Gram positives are all prevalent and contribute significantly to clinical 
burden .Meanwhile, local and hospital-based studies continue to report 
high rates of multidrug resistance among Gram-positives: for instance, 
a 2023–2024 surveillance at a reference hospital in Romania identified 
∼59% of Staphylococcaceae strains as multidrug-resistant (MDR), 
with a substantial proportion being MRSA or showing macrolide-
lincosamide-streptogramin B (MLSB) resistance. MDPI These 
developments underscore that resistance among Gram-positive cocci 
remains dynamic, not static — driven by ongoing antibiotic pressure, 
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horizontal gene transfer, and selection in both community and hospital 
[14,15].

Given the divergent biology and resistance mechanisms across 
Enterobacteriaceae, non fermenters, and Gram-positive cocci, a 
comparative approach is essential. A narrow focus on one group 
or antibiotic class can overlook broader shifts in bacterial ecology 
and treatment efficacy. For example, reliance on new β lactam/β 
lactamase inhibitor agents may provide a temporary reprieve for 
Enterobacteriaceae, but non fermenters might still harbor high 
resistance. Similarly, while glycopeptides or linezolid remain effective 
against many Gram-positive cocci, emerging resistance patterns in 
other drug classes may compromise empirical therapy, especially in 
mixed or unknown pathogen infections. Global analyses corroborate 
this need: a broad meta‐analysis spanning dozens of countries found 
a continuous upward trend in multidrug-resistant (MDR) infections, 
especially in low- and middle-income countries, where antibiotic 
misuse is more common and surveillance systems are weaker. A 
regional meta-analysis from 2024 demonstrated high incidences of 
resistant Gram-negatives and Gram-positives in a Middle-Eastern 
country, reflecting how global trends manifest locally [16-19]. 
Previously have been shown the influence of antibiotics on different 
pathogens strains isolated from sick patients [20]. 

The present study aims to perform a comparative analysis of 
antimicrobial susceptibility across three major bacterial groups — 
Enterobacteriaceae, non fermenting Gram-negative bacilli, and Gram-
positive cocci — using reference both susceptible and resistant strains. 
This approach allows:

Ø	 A baseline comparison of “susceptible” profiles vs. resistant 
phenotypes.

Ø	 Cross-group evaluation to identify which antibiotic classes 
remain broadly effective and which have lost reliability.

Ø	 Insight into how resistance mechanisms (ESBLs, 
carbapenemases, efflux, altered PBPs, HLAR, etc.) influence overall 
susceptibility.

Ø	 Data to inform empirical therapy, antibiotic stewardship 
policies, and infection control strategies in light of evolving resistance.

By integrating these data, we aim to provide a current, evidence-
based of the evolving landscape of antibiotic susceptibility — bridging 
local findings with global trends.

Aim: The aim of this research to support the development of effective 
therapeutic strategies and alternative approaches to conventional 
antibiotics against multidrug-resistant pathogens.

Materials and Methods.
Bacterial Strains and Sample Collection:

All strains were sourced from reference culture collections of the 
American Type Culture Collection (ATCC) (https://www.atcc.org/), 
the National Collection of Type Cultures of the United Kingdom 
(NCTC) (https://www.culturecollections.org.uk/collections/nctc), the 
Microbiological Quality Control Laboratory in Darmstadt, Germany 
(MQCL), and the type cultures provided by the United Kingdom 
National External Quality Assessment Service (UK NEQAS) (https://
www.ukneqas.org.uk/).

Enterobacteriaceae: Escherichia coli (ATCC 25922, MQCL 6578), 
Proteus mirabilis (UKNEQAS 4571/5275, 5243/7400), Klebsiella 
pneumoniae (ATCC 13883, 700603).

Non-fermenters: Pseudomonas aeruginosa (ATCC 27853, 
UKNEQAS 5290/4576), Acinetobacter baumannii (UKNEQAS 
7601/5307, ATCC 13301, OXA-48 positive).

Gram-positive cocci: Staphylococcus aureus (ATCC 29213, NCTC 
12493, MRSA), Streptococcus pneumoniae (ATCC 49619, UK 
NEQAS 4907), Enterococcus faecalis (ATCC 29212, NCTC 13379, 
HLAR).

Clinical isolates: Klebsiella pneumoniae (n=13) and Streptococcus 
pneumoniae (n=33) isolated from hospitalized patients (throat, sputum, 
blood) in multiple medical centers in Armenia during the COVID-19 
epidemic period. These isolates were included for comparative 
purposes only.

For the purposes of this study, individual microbial cultures with 
distinct tinctorial characteristics (“Gram-positive” and “Gram-
negative”), belonging to different genera and classified as either 
“susceptible” or “resistant” to antimicrobial agents, were selected.
Bacterial Identification:

Enterobacteriaceae and non-fermenters: In order to study the 
preservation of the biochemical properties of the reference strains, 
identification was carried out using API systems and the VITEK 
2 automated analyzer. The study of susceptibility/resistant to 
antibacterial drugs was carried out in accordance with the requirements 
of the European Committee on Antimicrobial Susceptibility Testing 
(EUCAST) guidelines.

Gram-positive cocci: Identified via morphology, catalase/coagulase 
tests, optochin sensitivity, bile solubility, standard biochemical tests 
(API Staph/ Strep) https://www.biomerieux.com/products/api®, 
VITEK 2 as appropriate (https://www.biomerieux.com/products/
vitek-2).
Antimicrobial Susceptibility Testing:

Studies on susceptibility to antimicrobial agents and the interpretation 
of the results were conducted in accordance with the guidelines of 
the European Committee on Antimicrobial Susceptibility Testing 
(EUCAST, https://www.eucast.org).

Antibiotic panels included: 
Enterobacteriaceae: β-lactams, cephalosporins (I–IV generation), 
monobactams, fluoroquinolones, aminoglycosides, carbapenems, 
sulfonamides, chloramphenicol, fosfomycin, nitrofurans, nitroxoline. 
Non-fermenters: Piperacillin-tazobactam, ceftazidime, 
ceftazidime-avibactam, cefepime, aztreonam, fluoroquinolones, 
aminoglycosides, carbapenems, trimethoprim-sulfamethoxazole. 
Gram-positive cocci: Penicillins, cephalosporins, fluoroquinolones, 
aminoglycosides, carbapenems, glycopeptides, oxazolidinones, 
tetracyclines, sulfonamides, macrolides, nitrofurans, fusidic acid.

Results were interpreted as susceptible (S), intermediate (I), or 
resistant (R) according to EUCASTbreakpoints.
Detection of Resistance Mechanisms.

Extended-spectrum β-lactamases (ESBLs) and AmpC 
β-lactamases: Detected using double-disk synergy tests and 
AmpC disk tests (https://www.cdc.gov/hai/settings/lab/ampc.html). 
Carbapenemases: The mechanisms were identified by a 
phenotypic method using a 10 μg meropenem disk and confirmed 
by combined disks, evaluated using modified Hodge test (https://
www.cdc.gov/hai/organisms/cre/cre-toolkit/hodge-test.html), 
Carba NP test, and PCR assays targeting KPC, NDM (https://
www.cdc.gov/hai/organisms/cre/technical-info.html), OXA-
type genes (https://apps.who.int/iris/handle/10665/275454). 
Methicillin resistance (MRSA): The mechanism of MRSA resistance 
was determined using a 30 μg cefoxitin disk and PCR assay. 
High-level aminoglycoside resistance (HLAR): The mechanism of 
HLAR stability was revealed with a 30 μg gentamicin disk. For detected 
using cefoxitin disk screening, MIC determination, or molecular assays 
as appropriate.
Data Analysis.

Comparative analysis between reference strains was performed to 
evaluate erosion of susceptibility over time. Statistical analysis was 
conducted using SPSS v28 or R software, applying chi-square with 
p<0.05 considered significant.
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Results.
Our findings from the antimicrobial susceptibility testing of reference 

Enterobacteriaceae strains including E. coli, P. mirabilis, and K. 
pneumoniae, against conventional antibiotics is summarized in Table 1.

Definition antimicrobial susceptibility testing of susceptible (S) 
and resistant (R) Enterobacteriaceae strains revealed the following 
trends: β-lactams and penicillins: S-strains (E. coli ATCC 25922, K. 
pneumoniae ATCC 13883) were mostly susceptible to amoxicillin-
clavulanic acid, piperacillin-tazobactam, and cefotaxime. R -strains 
(E. coli MQCL 6578, K. pneumoniae ATCC 700603, P. mirabilis 
UKNEQAS 5243/7400) showed high resistance to older β-lactams 
and cephalosporins. Carbapenems: Most S-strains were fully 
susceptible, while R-strains showed variable susceptibility, with 
some K. pneumoniae isolates resistant to meropenem and ertapenem. 
Fluoroquinolones and aminoglycosides: S-strains were largely 
susceptible, while R-strains exhibited reduced susceptibility, 
particularly to ciprofloxacin and gentamicin. Other antibiotics: 
Fosfomycin and nitrofurans retained activity against some resistant 
isolates, whereas trimethoprim-sulfamethoxazole showed inconsistent 
efficacy.

As shown in Table 1, susceptibility outcomes across a panel of 27 
antibiotics differed markedly between susceptible reference strains and 
resistant phenotypes, confirming expected EUCAST-defined resistance 
profiles. As expected, the susceptible control strains (E. coli ATCC 
25922, P. mirabilis UKNEQAS 4571/5275, and K. pneumoniae ATCC 
13883) demonstrated consistent susceptibility to nearly all antibiotics 
tested, confirming the reliability and accuracy of the susceptibility 
testing procedures.

In contrast, the resistant strains—including ESBL-producing E. coli 
MQCL 6578, resistant P. mirabilis UKNEQAS 5243/7400, and K. 
pneumoniae ATCC 700603 (ESBL, AmpC)—exhibited widespread 
resistance across multiple antibiotic classes. The high number of 
resistant outcomes (9, 19 and 19 resistant readings respectively) reflects 
the significant impact of β-lactamase production on the effectiveness of 
commonly used antimicrobials. Only minimal intermediate responses 
were observed, indicating that most antibiotics were either clearly 
effective or clearly ineffective.

Overall, the results highlight extensive resistance patterns associated 
with ESBL and AmpC mechanisms when tested across a broad panel 
of 27 antibiotics. This emphasizes the need for continuous monitoring, 
careful antibiotic selection, and strengthened antimicrobial stewardship 
to manage and prevent the spread of these resistant Enterobacteriaceae 
strains.

Definition antimicrobial susceptibility testing of susceptible (S) 
and resistant (R) Pseudomonas aeruginosa and Acinetobacter 
baumannii showed: β-lactams: S-strains were partially susceptible 
to piperacillin-tazobactam, ceftazidime, and cefepime. R-strains were 
largely resistant to penicillins and cephalosporins, though ceftazidime-
avibactam retained activity against some P. aeruginosa strains. 
Fluoroquinolones: S-strains showed intermediate susceptibility to 
ciprofloxacin and levofloxacin, whereas resistant isolates were mostly 
resistant. Aminoglycosides: Activity was preserved in S-strains but 
reduced in resistant isolates. Carbapenems: S-strains were generally 
susceptible; R- A. baumannii strains showed high resistance to 
imipenem, meropenem, and doripenem. Sulfonamides: Trimethoprim-
sulfamethoxazole showed limited activity, with most resistant isolates 
classified as resistant. So non-fermenters demonstrated intrinsic 
and acquired resistance, particularly in ICU-associated isolates, 
emphasizing their therapeutic challenge.

The results obtained for the susceptibility of Gram-Negative 
Non-Fermenting Bacteria such as Pseudomonas aeruginosa and 
Acinetobacter baumannii strains to conventional antibiotics is 
summarized in Table 2.

As shown in Table 2, susceptibility outcomes across a panel of 14 

antibiotics differed markedly between susceptible reference strains and 
resistant phenotypes, confirming expected EUCAST-defined resistance 
profiles. As expected, the quality-control strains Pseudomonas 
aeruginosa ATCC 27853 and Acinetobacter baumannii UKNEQAS 
7601/5307 showed predominantly susceptible or intermediate 
responses, confirming appropriate test performance.

In contrast, the resistant reference strains—P. aeruginosa UKNEQAS 
5290/4576 and A. baumannii ATCC 13301 (OXA-48)—exhibited 
extensive resistance across nearly all antibiotics tested. Notably, 
P. aeruginosa UKNEQAS showed complete resistance to all 14 
antibiotics, while the OXA-48–producing A. baumannii displayed 
high resistance (10 resistant results) with limited susceptibility. These 
findings highlight the severe therapeutic challenge posed by resistant 
non-fermenters, especially those harboring carbapenemase enzymes 
such as OXA-48. Overall, the data reveal that although susceptible 
control strains behave predictably, resistant strains of Pseudomonas 
and Acinetobacter demonstrate broad and clinically significant 
antimicrobial resistance. This underscores the essential need for 
rigorous antimicrobial stewardship, rapid detection of carbapenemase-
producing organisms, and continuous surveillance to mitigate the 
spread of highly resistant non-fermenting Gram-negative bacteria.

Definition antimicrobial susceptibility testing of susceptible (S) and 
resistant (R) of Gram-Positive Cocci revealed the following trends: 
Staphylococcus aureus: S-strains were susceptible to most β-lactams, 
fluoroquinolones, glycopeptides, linezolid, and tetracycline. MRSA 
isolates (NCTC 12493) were resistant to oxacillin, cefoxitin, and 
multiple other β-lactams. Streptococcus pneumoniae: S-strains 
remained susceptible to penicillin and levofloxacin, while resistant 
isolates showed resistance to benzylpenicillin and ceftriaxone. 
Enterococcus faecalis: S-strains were susceptible to ampicillin, 
vancomycin, linezolid, and teicoplanin. HLAR strains exhibited high-
level resistance to aminoglycosides and partial resistance to β-lactams. 
Those resistance among Gram-positive cocci persists, with MRSA, 
HLAR enterococci, and penicillin-resistant pneumococci representing 
a continuing clinical challenge. The suspectibility of Gram-positive 
cocci, including Staphylococcus aureus, Streptococcus pneumoniae, 
and Enterococcus faecalis, to conventional antibiotics is summarized 
in Table 3.

As shown in Table 3, susceptibility outcomes across a panel of 26 
antibiotics differed markedly between susceptible reference strains 
and resistant phenotypes, confirming expected EUCAST-defined 
resistance profiles. The susceptible control strains—Staphylococcus 
aureus ATCC 29213, Streptococcus pneumoniae ATCC 49619, and 
Enterococcus faecalis ATCC 29212—demonstrated high levels of 
susceptibility, confirming valid test performance and appropriate 
antibiotic activity against non-resistant strains.

In contrast, the resistant strains exhibited substantial resistance 
across multiple antibiotic classes. The MRSA strain (S. aureus NCTC 
12493) showed increased resistance (4 resistant readings), consistent 
with its methicillin-resistant phenotype. The resistant S. pneumoniae 
UK NEQAS 4907 strain showed a pronounced shift toward resistance 
(10 resistant results), reflecting reduced susceptibility particularly to 
β-lactams and related agents. The high-level aminoglycoside-resistant 
(HLAR) Enterococcus faecalis NCTC 13379 also displayed reduced 
susceptibility, with 3 resistant outcomes and no intermediate responses, 
consistent with the HLAR phenotype that compromises synergistic 
therapy options.

Overall, the results illustrate distinct differences between susceptible 
and resistant Gram-positive cocci, with resistant strains demonstrating 
notable multidrug resistance across the 26 antibiotics tested. These 
findings emphasize the ongoing clinical challenge posed by MRSA, 
drug-resistant S. pneumoniae, and HLAR enterococci, underscoring the 
importance of antimicrobial stewardship, careful antibiotic selection, 
and continuous resistance surveillance.
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Table 1. Antimicrobial susceptibility summary of reference Enterobacteriaceae strains (27 antibiotics tested).

Strain (reference) Resistance phenotype Susceptible (S) Intermediate (I) Resistant (R)
E. coli ATCC 25922 Susceptible control 27 0 0
E. coli MQCL 6578 ESBL producer 18 0 9
P. mirabilis UKNEQAS 4571/5275 Susceptible control 25 0 2
P. mirabilis UKNEQAS 5243/7400 Resistant 7 1 19
K. pneumoniae ATCC 13883 Susceptible control 26 0 1
K. pneumoniae ATCC 700603 ESBL, AmpC 8 0 19
Footnote: Values represent the number of antibiotics classified as susceptible (S), intermediate (I), or resistant (R) according to EUCAST 
breakpoints. Reference strains were used for comparative and quality-control purposes.

Table 2. Antimicrobial susceptibility summary of reference Gram-negative non-fermenting bacteria based on EUCAST interpretation (14 
antibiotics tested).

Strain (reference) Resistance phenotype of 
reference strains Susceptible (S) Intermediate (I) Resistant (R)

P. aeruginosa ATCC 27853 Susceptible control 4 8 2
P. aeruginosa UKNEQAS 
5290/4576 Multidrug-resistant 0 0 14

A. baumannii UKNEQAS 
7601/5307 Susceptible control 8 2 4

A. baumannii ATCC 13301 OXA-48 producer 3 1 10
Footnote: Susceptibility categories were assigned according to EUCAST guidelines. Values indicate the number of antibiotics within the tested 
panel.

Table 3. Antimicrobial susceptibility summary of reference Gram-positive cocci based on EUCAST interpretation (26 antibiotics tested).

Strain (reference) Resistance phenotype of reference 
strains Susceptible (S) Intermediate (I) Resistant (R)

S. aureus ATCC 29213 Susceptible control 15 3 2
S. aureus NCTC 12493 MRSA 13 3 4
S. pneumoniae ATCC 49619 Susceptible control 13 0 1
S. pneumoniae UK NEQAS 
4907 Resistant control 3 1 10

E. faecalis ATCC 29212 Susceptible control 11 1 0
E. faecalis NCTC 13379 HLAR 8 0 3
Footnote: S = susceptible; I = intermediate; R = resistant. Values indicate the number of antibiotics meeting EUCAST criteria within the tested 
panel.
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Figure 1. The comparative analysis of antimicrobial classes across Enterobacteriaceae, Gram-negative non-fermenters, and Gram-positive cocci (%).
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The comparative analysis of antimicrobial classes across 
Enterobacteriaceae, Gram-negative non-fermenters, and Gram-
positive cocci reveals distinct susceptibility and resistance trends that 
align with the intrinsic and acquired resistance mechanisms of each 
group are shown in Figure 1.

For Enterobacteriaceae, the highest susceptibility was observed 
with cephalosporins, fluoroquinolones, and carbapenems, indicating 
these classes remain largely effective against many isolates. However, 
notable resistance was seen in beta-lactams and aminoglycosides, 
reflecting the influence of ESBL and AmpC producers in this group 
and highlighting ongoing pressure on commonly used antibiotics. 
Among Gram-negative non-fermenters, particularly Pseudomonas 
and Acinetobacter, resistance was markedly higher across almost all 
antimicrobial classes. Beta-lactams, carbapenems, and aminoglycosides 
showed substantial resistance levels, consistent with multidrug-
resistant phenotypes and carbapenemase production. Susceptibility 
was most preserved in fluoroquinolones and some agents in the “other” 
category, though overall effectiveness remains limited. For Gram-
positive cocci, susceptibility rates were considerably higher than in 
the Gram-negative groups. Beta-lactams and cephalosporins showed 
strong activity against susceptible strains, whereas resistance was 
expectedly higher in MRSA and HLAR enterococci. Carbapenems—
though not routinely used for many Gram-positive infections—also 
showed high susceptibility values in the dataset.

Overall, the chart demonstrates that Gram-negative non-fermenters 
exhibit the highest levels of multidrug resistance, followed 
by Enterobacteriaceae, whereas Gram-positive cocci remain 
comparatively more susceptible across most antimicrobial classes. 
These patterns reinforce the need for targeted antibiotic stewardship, 
routine susceptibility testing, and continuous surveillance to manage 
evolving resistance profiles across bacterial groups.

Were investigation the antimicrobial comparison among K. 
pneumoniae and S. pneumoniae clinical isolates, the susceptible K. 
pneumoniae ATCC 13883 and S. pneomaniae ATCC 49619 strains, and 
the resistant ESBL/AmpC-producing K. pneumoniae ATCC 700603 
and S. pneumoniae UK NEQAS 4907 strains, reveals substantial 
differences in susceptibility patterns across antibiotic classes (Figure 
2).

In Figure 2A the clinical isolates showed moderate to high resistance 
across most antibiotic groups, with particularly elevated resistance 
to cephalosporins and quinolones, reflecting the growing prevalence 
of extended-spectrum β-lactamase (ESBL) production and other 
resistance mechanisms in clinical K. pneumoniae. Penicillins and 
agents in the “others” category showed the lowest activity, indicating 
limited treatment options when resistance is present. The susceptible 
ATCC 13883 strain demonstrated uniform susceptibility (100%) to 

all antibiotic classes tested, functioning effectively as a control and 
validating the accuracy of the susceptibility testing conditions. In 
contrast, the ESBL/AmpC-producing ATCC 700603 strain displayed 
extensive resistance across nearly all antibiotic classes. Resistance was 
particularly pronounced for cephalosporins, penicillins, and “other” 
group antibiotics, consistent with the enzymatic inactivation caused 
by ESBL and AmpC β-lactamases. Only quinolones retained notable 
activity, though even these showed reduced susceptibility compared to 
the fully sensitive strain.

Overall, the data illustrate the marked therapeutic challenge posed by 
resistant K. pneumoniae strains. While the susceptible control confirms 
reliable antibiotic performance, the sharp decline in susceptibility in 
clinical and ESBL/AmpC isolates underscores the urgent necessity for 
antimicrobial stewardship, early detection of β-lactamase-producing 
strains, and the strategic use of last-line agents to preserve their efficacy.

In Figure 2B the susceptibility profiles demonstrate clear differences 
between clinical S. pneumoniae isolates and reference strains. The 
ATCC 49619 strain exhibited uniformly high susceptibility to all 
major antimicrobial classes, confirming its reliability as a quality-
control strain. In contrast, clinical isolates showed notably lower 
susceptibility, particularly to aminoglycosides, quinolones, and 
penicillins, reflecting the expected variability and reduced sensitivity 
typically seen in circulating clinical strains. The UK NEQAS 4907 
strain displayed a mixed profile: while it maintained high susceptibility 
to aminoglycosides, cephalosporins, quinolones, and penicillins, it 
showed markedly reduced susceptibility within the “other” antibiotic 
group, consistent with its role as a resistant control strain. 

Overall, the comparison highlights the preserved susceptibility of 
reference control strains versus the diminished and more heterogeneous 
susceptibility observed in clinical isolates. These findings underline 
the importance of using both susceptible and resistant controls for 
validating antimicrobial susceptibility testing and for monitoring 
potential erosion of antimicrobial effectiveness in clinical populations.

The comparative analysis of antibiotic susceptibility among clinical 
and reference strains demonstrates that antimicrobial response is 
influenced by more than just bacterial taxonomy. While reference 
strains such as ATCC and UK NEQAS isolates maintained high 
and predictable susceptibility profiles, clinical strains of both K. 
pneumoniae and S. pneumoniae exhibited markedly reduced and more 
variable susceptibility across multiple antibiotic classes. This contrast 
highlights the impact of uncontrolled or inappropriate antibiotic use in 
clinical settings, which contributes to the emergence and persistence 
of resistant phenotypes. Overall, the findings reinforce the need for 
continuous surveillance, strict adherence to antimicrobial stewardship 
practices, and the use of standardized reference strains to ensure 
reliable susceptibility testing and early detection of resistance trends.

Figure 2. Comparative analysis of antimicrobial susceptibility patterns among selected clinical isolates and corresponding reference strains.
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Discussion.
This study provides a comprehensive comparative assessment of 

antimicrobial susceptibility across three major bacterial groups—
Enterobacteriaceae, non-fermenting Gram-negative bacilli, and 
Gram-positive cocci—using both susceptible reference strains and 
multidrug-resistant phenotypes, including ESBL-, AmpC-, MRSA-
, HLAR-, and carbapenemase-producing isolates, as well as selected 
clinical isolates of K. pneumoniae and S. pneumoniae obtained from 
hospitals in Armenia. The observed inhibitory effects were associated 
with the intrinsic characteristics of the pathogen strains rather than the 
geographic origin of the isolates. Across all taxa, a consistent trend 
emerged: reference susceptible strains demonstrated predictable and 
broad susceptibility, whereas resistant strains exhibited extensive 
multidrug resistance affecting multiple antibiotic classes. Among 
Enterobacteriaceae, ESBL- and AmpC-producing isolates showed 
substantial resistance to penicillins, cephalosporins, and, in some 
cases, carbapenems, highlighting the continued erosion of β-lactam 
efficacy. Although carbapenems and fluoroquinolones retained 
activity against susceptible isolates, their reduced effectiveness against 
resistant strains reflects the growing prevalence of plasmid-mediated 
β-lactamases. Non-fermenting Gram-negative bacilli—particularly 
Pseudomonas aeruginosa and Acinetobacter baumannii—displayed 
the highest resistance levels across all groups, with some isolates 
resistant to nearly all conventional agents. Their pronounced resistance 
to β-lactams, carbapenems, and aminoglycosides underscores the 
combined influence of intrinsic defense mechanisms (e.g., efflux pumps 
and reduced permeability) and acquired carbapenemase genes. These 
findings are consistent with global reports identifying non-fermenters 
as leading drivers of persistent and hard-to-treat nosocomial infections. 
Gram-positive cocci generally retained susceptibility to glycopeptides 
and linezolid, though the presence of MRSA, penicillin-resistant 
pneumococci, and HLAR enterococci posed significant therapeutic 
challenges. These resistant phenotypes exhibited multidrug resistance 
patterns that compromise standard treatment options and necessitate 
careful regimen selection.

Comparison across bacterial groups revealed a clear gradient of 
antimicrobial resistance: non-fermenters demonstrated the greatest 
resistance burden, followed by Enterobacteriaceae, while Gram-positive 
cocci remained comparatively more susceptible, yet still affected by 
notable resistance mechanisms. The evaluation of Kl. pneumonia and 
St. pneumoniae subgroups reinforced these trends, demonstrating 
marked differences in susceptibility between clinical isolates, fully 
susceptible reference strains, and ESBL/AmpC producers.

Overall, these findings underscore the dynamic and evolving 
nature of antimicrobial resistance, driven by diverse mechanisms 
across bacterial taxa. The study highlights the critical importance of 
integrated surveillance, routine antimicrobial susceptibility testing, and 
robust stewardship programs to guide empirical therapy and contain 
the spread of resistance. Continuous monitoring, coupled with rational 
antibiotic use, remains essential for preserving the effectiveness of 
existing antimicrobials and mitigating the global AMR burden.

Conclusion.
In the last decade, the first comparative analysis of the susceptibility 

of AMR reference and clinical strains to commonly used antibiotics 
was conducted. This study contributes to the global understanding of 
different antimicrobial resistance (AMR) and provides a foundation 
for developing effective treatment and infection control strategies. 
Comparative analysis revealed notable differences in susceptibility 
patterns across bacterial taxa, highlighting antibiotics that remain 
broadly effective and those whose efficacy is declining. The findings 
emphasize the dynamic and evolving nature of AMR and underscore 
the need for integrated surveillance across multiple bacterial groups. 
Coordinated global and local efforts are essential to track resistance 

trends, guide empirical therapy, inform antimicrobial stewardship 
programs, and support evidence-based clinical decision-making. 
Continuous monitoring and prudent antibiotic use remain critical to 
mitigating the growing burden of AMR.

Author contributions.
Study Concept and Design: A.I. and F.Tkh. Acquisition, Analysis, 

and Interpretation of the Data: K.K., G.MA., S.A., N.A. and N.K. All 
of the authors have contributed substantially to the manuscript.

Funding.
This research was supported by the MESCS Science Committee of 

RA project scs 25RG-2I223.

Availability of data and materials.
Raw data can be provided upon request to the corresponding author.

Declarations.
Competing interests.

The authors declare no competing interests.
Conflict of interest.

The authors declare no conflict of interest.

REFERENCES
1. World Health Organization. Global antibiotic resistance 
surveillance report 2025. Geneva: WHO; 2025.
2. World Health Organization. WHO warns of widespread 
resistance to common antibiotics worldwide. News release. 
2025.
3. Seid M, Bayou B, Aklilu A, et al. Antimicrobial resistance 
patterns of WHO priority pathogens at a general hospital 
in southern Ethiopia during the COVID-19 pandemic, with 
particular reference to ESKAPE group isolates of surgical site 
infections. BMC Microbiol. 2025;25:84.
4. Wang Y, Sholeh M, Yang LD, et al. Global trends of 
ceftazidime–avibactam resistance in gram-negative bacteria: 
systematic review and meta-analysis. Antimicrob Resist Infect 
Control. 2025;14:10.
5. Horice B. Antibiotic resistance trends in clinical isolates: a 
systematic review of global or regional patterns. Int J Biomed 
Clin Res. 2025;3:1-4.
6. Alraey Y, Assiry MM, Ahmad I, et al. Antimicrobial 
resistance and beta-lactamase gene distribution among clinical 
isolates: a two-year cohort study. Sci Rep. 2025;15:23951.
7. Abayneh M, Zeynudin A, Tamrat R, et al. Drug resistance 
and extended-spectrum β-lactamase (ESBL)–producing 
Enterobacteriaceae, Acinetobacter and Pseudomonas species 
from the views of one health approach in Ethiopia: a systematic 
review and meta-analysis. One Health Outlook. 2023;5:12.
8. Mansouri S, Savari M, Malakian A, et al. High prevalence of 
multidrug resistant Enterobacterales carrying extended spectrum 
beta-lactamase and AmpC genes isolated from neonatal sepsis 
in Ahvaz. BMC Microbiol. 2024;24:136.
9. Rodríguez-Villodres Á, Martín-Gandul C, Peñalva G, 
et al. Systematic review on multidrug resistant organisms 
colonization in long-term care facilities globally. Antibiotics 
(Basel). 2021;10:680.
10. Salleh MZ, Nik Zuraina NMN, Zainy Deris Z, et al. 
Current trends in the epidemiology of multidrug resistant 



16

and beta-lactamase-producing Pseudomonas aeruginosa in 
Asia and Africa: systematic review and meta-analysis. PeerJ. 
2025;13:e18986.
11. Bostanghadiri N, Narimisa N, Mirshekar M, et al. Prevalence 
of colistin resistance in clinical isolates of Acinetobacter 
baumannii: a systematic review and meta-analysis. Antimicrob 
Resist Infect Control. 2024;13:24.
12. Martins APS, da Mata CPSM, dos Santos UR, et al. 
Association between multidrug-resistant bacteria and outcomes 
in intensive care unit patients: a non-interventional study. Front 
Public Health. 2024;11:1297350.
13. Rahman EB, Islam MR, Sultana R, et al. Determination of 
the antibiotic susceptibility pattern of Gram-positive bacteria 
causing UTI in Dhaka, Bangladesh. Bangladesh Bull Med Res 
Counc. 2023.
14. Kiran MA, Alghamdi S, Ashgar S, et al. Antimicrobial 
resistance and drug resistance in Saudi Arabia: systematic review 
and meta-analysis. J Glob Antimicrob Resist. 2024;28:128-136.

15. Novais C, Campos J, Freitas AR, et al. Spread of 
multidrug-resistant Enterococcus to animals and humans: an 
underestimated role for the pig farm environment. J Antimicrob 
Chemother. 2013;68:2746-2754.
16. Nasr J, Abdessamad H, Mina J, et al. The epidemiology of 
gram-negative bacteremia in Lebanon: a study in four hospitals. 
Ann Clin Microbiol Antimicrob. 2024;23:90.
17. Dash RK, Panda SK, Smriti S, et al. Prevalence of multidrug-
resistant gram-negative bacilli causing neonatal sepsis: a 
retrospective study in a tertiary care hospital from eastern India. 
Cureus. 2025;17:e93476.
18. Melik-Andreasyan GG, Tkhruni FN, Tsakanyan AV, et 
al. Evaluation of antibiotic resistance of human gut microbiota 
pathogens. In: Modern problems of infectious pathology of human. 
Minsk, Belarus: Book of Scientific Papers; 2013:208-213.
19. Gandra S, Alvarez-Uria G, Turner P, et al. Antimicrobial 
resistance surveillance in low- and middle-income countries: 
progress and challenges in eight South Asian and Southeast 
Asian countries. Clin Microbiol Rev. 2020;33:e00048-19.


	Title

