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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.
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following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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
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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 p-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 B-lactamases
(ESBLs), AmpC B-lactamases, and carbapenemases has dramatically
eroded that reliability. Recently, newer 3 lactam/f 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  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,
a2023-2024 surveillance at a reference hospital in Romania identified
[159% 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 [ lactam/(
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:

(%] A baseline comparison of “susceptible” profiles vs. resistant
phenotypes.
(%] Cross-group evaluation to identify which antibiotic classes

remain broadly effective and which have lost reliability.

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

(9] 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).
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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: [-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  f-lactamases (ESBLs) and AmpC
p-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 pg 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 pg cefoxitin disk and PCR assay.
High-level aminoglycoside resistance (HLAR): The mechanism of
HLAR stability was revealed with a 30 pug 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.



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: B-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 B-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 B-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: B-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
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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 4. 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 p-lactams,
fluoroquinolones, glycopeptides, linezolid, and tetracycline. MRSA
isolates (NCTC 12493) were resistant to oxacillin, cefoxitin, and
multiple other [-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 f3-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
B-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.



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 ph?notype of Susceptible (S) Intermediate (I) Resistant (R)
reference strains

P. aeruginosa ATCC 27853 Susceptible control 4 8 2

P. aeruginosa UKNEQAS . .

$290/4576 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) g:::isl::nce phenotype of reference 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 Resistant control 3 1 10

4907

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 2. Comparative analysis of antimicrobial susceptibility patterns among selected clinical isolates and corresponding reference strains.

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 p-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
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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 B-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 B-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. prneumoniae 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.



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 f-lactam
efficacy. Although carbapenems and fluoroquinolones retained
activity against susceptible isolates, their reduced effectiveness against
resistant strains reflects the growing prevalence of plasmid-mediated
B-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 P-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 KI. 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
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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.
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