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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.




REQUIREMENTS

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
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
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.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
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.

Enterobacterales are among the leading causes of community-
acquired infections and represent an increasing public health
concern due to the emergence of antimicrobial resistance. This
study aimed to characterize the antimicrobial susceptibility
profiles and resistance phenotypes of Escherichia coli and
Enterobacter spp. isolates recovered from clinical specimens
processed in a microbiology laboratory in Mérida, Venezuela,
between January 2017 and May 2021. A descriptive,
retrospective, cross-sectional study was conducted, including
39 clinically relevant isolates corresponding to E. coli (n =
17) and Enterobacter spp. (n = 22). Bacterial identification
was performed using conventional biochemical methods, and
antimicrobial susceptibility testing was carried out by disk
diffusion according to Clinical and Laboratory Standards
Institute (CLSI) guidelines. Phenotypic detection of extended-
spectrum B-lactamases (ESBLs) and AmpC -lactamases was
also performed.

Escherichia coli was the predominant pathogen isolated
from urine samples (58.8%), whereas Enterobacter spp.
predominated in skin and wound secretion specimens. Ten
antimicrobial susceptibility profiles were identified among
E. coli isolates and eight among Enterobacter spp., revealing
substantial phenotypic diversity. E. coli isolates exhibited
high susceptibility to cefepime, aztreonam, imipenem, and
meropenem, but showed high resistance rates to ampicillin,
cefuroxime, and trimethoprim-sulfamethoxazole. In addition,
susceptibility patterns compatible with ESBL production and
multidrug-resistant phenotypes were identified. Enterobacter
spp. isolates retained susceptibility to third- and fourth-
generation cephalosporins, monobactams, and carbapenems,
while displaying frequent resistance to B-lactam/p-lactamase
inhibitor combinations, a pattern consistent with inducible
chromosomal AmpC production. No isolate exhibited a
phenotype compatible with carbapenemase production.

These findings demonstrate the circulation of Enterobacterales
with diverse resistance profiles in community-acquired infections
and highlight the importance of continuous microbiological
surveillance to support empirical antimicrobial therapy and
prevent the dissemination of emerging resistance mechanisms.

Key words. Escherichia coli, Enterobacter spp., antimicrobial
resistance, extended-spectrum -lactamases, AmpC -lactamase,
community-acquired infection.

Introduction.

Community-acquired infections represent a major public
health concern due to their high prevalence and substantial
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impact on morbidity and healthcare costs. Among the most
important etiological agents are Enterobacterales, a diverse
group of Gram-negative bacteria capable of causing urinary
tract, gastrointestinal, respiratory, skin, and soft tissue
infections in both immunocompetent and immunocompromised
individuals [1,2].

Enterobacterales constitute part of the normal human
gastrointestinal microbiota; however, certain species possess
virulence factors that enable them to colonize extraintestinal
sites and cause disease. Within this group, Escherichia coli is the
pathogen most frequently associated with community-acquired
infections, particularly urinary tract infections and infectious
diarrhea. Additionally, E. coli may cause severe extraintestinal
infections, including bacteremia, hepatobiliary infections,
peritonitis, and sepsis, especially when host anatomical barriers
are compromised [2,4].

Species belonging to the genus Enterobacter have also
emerged as clinically significant opportunistic pathogens due
to their ability to cause urinary tract infections, respiratory
infections, bacteremia, and wound infections. Although
traditionally associated with healthcare settings, the isolation
of Enterobacter spp. from community-acquired infections has
increased in recent years, posing an additional challenge for
clinical management and epidemiological surveillance [3,5].

The increasing prevalence of antimicrobial resistance among
Enterobacterales represents one of the most critical threats to
global health. These microorganisms have developed multiple
resistance mechanisms,among which the production ofextended-
spectrum B-lactamases (ESBLs) is particularly concerning.
These enzymes hydrolyze penicillins, extended-spectrum
cephalosporins, and monobactams, thereby significantly limiting
available therapeutic options. Consequently, the treatment of
infections caused by these pathogens often requires the use of
broad-spectrum or last-resort antimicrobials, further promoting
the selection and dissemination of multidrug-resistant strains
[1,6].

The spread of antimicrobial-resistant Enterobacterales extends
beyond healthcare facilities into the community, where colonized
or infected individuals may serve as reservoirs and potential
sources of transmission. This phenomenon has highlighted the
need for continuous microbiological surveillance programs
aimed at monitoring local antimicrobial susceptibility patterns
and guiding empirical antimicrobial therapy. Such strategies are
essential for optimizing antimicrobial use and mitigating the
emergence and dissemination of bacterial resistance [1,7].

In this context, understanding the antimicrobial susceptibility
profiles of E. coli and Enterobacter spp. isolated from
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community-acquired infections is crucial for clinical decision-
making and the development of effective infection control
strategies. Therefore, the present study aimed to characterize the
antimicrobial susceptibility profiles and resistance trends of E.
coli and Enterobacter spp. associated with community-acquired
infections, isolated at a reference microbiology laboratory in
Me¢rida, Venezuela, between January 2017 and May 2021.

Materials and Methods.

Study design:

A retrospective descriptive observational study was conducted
to characterize the antimicrobial susceptibility profiles of E.
coli and Enterobacter spp. isolated from community-acquired
infections processed at a reference microbiology laboratory in
Me¢érida, Venezuela, between January 2017 and May 2021.

Study Population and Selection Criteria:

The study population consisted of 39 bacterial isolates
identified as E. coli and Enterobacter spp. recovered from
clinical specimens obtained from outpatients with suspected
community-acquired infections.

Inclusion Criteria:

Clinical specimens obtained from community patients
presenting signs and symptoms suggestive of bacterial infection.

Patients who had not received antimicrobial therapy before
specimen collection.

Isolates identified as E. coli or Enterobacter spp.

Exclusion Criteria:

Specimens collected from patients receiving antimicrobial
therapy at the time of sampling.

Isolates with incomplete identification or
antimicrobial susceptibility results.

inconclusive

Sample Collection and Microbiological Processing:

Bacterial isolates were recovered from urine, pharyngeal swabs,
nasal secretions, vaginal secretions, and skin and soft tissue
specimens. Samples were transported using Stuart transport
medium and processed according to standard microbiological
procedures for each specimen type.

Specimens were inoculated onto Blood Agar and MacConkey
Agar plates and incubated aerobically at 37 °C for 18-24 h.
Following incubation, Gram staining and colony morphology
assessment were performed.

Bacterial Identification:

Bacterial identification was carried out using conventional
biochemical methods according to the procedures described by
Koneman et al. The biochemical tests included oxidase, Kligler
Iron Agar (KIA), Lysine Iron Agar (LIA), Motility-Indole-
Ornithine (MIO), Simmons citrate, and urease tests.

Isolates were identified as Escherichia coli or Enterobacter
spp. based on their characteristic biochemical profiles and
established identification criteria for clinically relevant
Enterobacterales.

Antimicrobial Susceptibility Testing:

Antimicrobial susceptibility testing was performed using the
Kirby-Bauer disk diffusion method according to the Clinical
and Laboratory Standards Institute (CLSI, 2018) [8] guidelines.
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Briefly, bacterial suspensions were prepared in sterile 0.85%
saline solution and adjusted to a turbidity equivalent to the 0.5
McFarland standard (1.5 x 10® CFU/mL). The inoculum was
evenly spread onto Mueller-Hinton agar (HiMedia) plates using
sterile cotton swabs.

The following antimicrobial disks (Oxo0id®) were tested:

Cefotaxime (CTX, 30 ug)

Ceftazidime (CAZ, 30 pg)

Cefepime (FEP, 30 pg)

Cefoxitin (FOX, 30 pg)

Amoxicillin-clavulanic acid (AMC, 20/10 pg)

Imipenem (IMP, 10 pg)

Meropenem (MER, 10 pg)

Amikacin (AK, 30 pg)

Gentamicin (CN, 10 pg)

Ciprofloxacin (CIP, 5 pg)

Levofloxacin (LEV, 5 pg)

Trimethoprim-sulfamethoxazole (SXT, 1.25/23.75 nug)

Plates were incubated aerobically at 37 °C for 18-24 h.
Inhibition zone diameters were measured in millimeters and
interpreted as susceptible (S), intermediate (1), or resistant (R)
according to CLSI 2018 breakpoints.

Quality Control:

Quality control procedures were performed using Escherichia
coli ATCC 25922, Escherichia coli ATCC 35218, and
Pseudomonas aeruginosa ATCC 27853 reference strains in
accordance with CLSI [8], recommendations. Additionally,
a previously characterized metallo-p-lactamase-producing
Pseudomonas aeruginosa clinical isolate was included as a
quality control strain.

Phenotypic detection of extended-spectrum p-lactamases
(ESBLs) was performed using the CLSI-recommended
combined disk method with cefotaxime (30 pg) and ceftazidime
(30 pg), alone and in combination with clavulanic acid. ESBL
production was considered positive when an increase of > 5 mm
in the inhibition zone diameter was observed in the presence of
clavulanate.

Plasmid-mediated AmpC [-lactamase production was
detected using the boronic acid disk potentiation method
described by Bakthavatchalam et al. [9]. Enterobacteriaceae
isolates were tested with cefoxitin (30 pg) alone and cefoxitin
(30 pg) supplemented with boronic acid. The disks were placed
on Mueller—Hinton agar plates previously inoculated with the
bacterial suspension adjusted to a 0.5 McFarland standard and
incubated at 35 £+ 2°C for 18-24 h. An increase of >5 mm in
the inhibition zone diameter around the cefoxitin-boronic acid
disk compared with the cefoxitin disk alone was interpreted as
positive for AmpC B-lactamase production.

Data Processing and Statistical Analysis:

Data were entered into an electronic database and analyzed
using descriptive statistics. Absolute and relative frequencies
were calculated to describe the distribution of bacterial species
and antimicrobial susceptibility profiles.

Results were summarized in tables and figures to illustrate the
frequency of bacterial isolates and their susceptibility patterns
to the antimicrobial agents tested. Statistical analyses were
performed using the Statistical Package for the Social Sciences
(SPSS®).



Ethical Considerations.

This study was conducted using microbiological data
generated during routine diagnostic procedures at a reference
microbiology laboratory in Mérida, Venezuela. All patient-
related information was anonymized and handled confidentially
to ensure privacy and data protection.

The study was conducted in accordance with the ethical
principles for research involving human subjects established
in the Declaration of Helsinki and its subsequent amendments.
Data were used exclusively for scientific and academic purposes.

Results.

Between January 2017 and May 2021, a total of 66 clinical
specimens obtained from patients attending a microbiology
laboratory in Mérida, Venezuela, were analyzed. Among these
samples, 39 clinically relevant Enterobacterales isolates were
recovered, including E. coli (n=17; 43.6%) and Enterobacter
spp. (n=22; 56.4%).

Of the 17 E. coli isolates, most were recovered from urine
samples (10/17; 58.8%), whereas the remaining isolates
originated from wound secretions (7/17; 41.2%) (Table 1).

The distribution of Enterobacter species revealed a
predominance of isolates recovered from nasal secretions
and skin-related specimens. Enterobacter spp. was the most
frequently identified group (36.36%), being mainly isolated
from nasal secretions, whereas E. cloacae complex (22.73%)
exhibited the broadest distribution across clinical specimens,
including respiratory, skin, and vaginal samples. Likewise, E.
vulneris and E. agglomerans were predominantly recovered
from upper respiratory tract specimens, suggesting either
colonization or involvement in localized infections at these
anatomical sites. In contrast, E. sakazakii showed the lowest
frequency (9.09%) and was detected only in urine and skin
samples. These findings highlight the ability of Enterobacter
species to colonize and infect multiple anatomical sites in
community patients.

Ten distinct antimicrobial susceptibility profiles were identified
among the 17 E. coli isolates recovered from urine and wound
secretion samples, revealing substantial phenotypic diversity in
resistance patterns. Profiles 1 and 2 were the most prevalent,
each accounting for 17.6% (3/17) of the isolates. Profiles 6, 7,
and 8 represented 11.8% (2/17) each, whereas the remaining
profiles were observed in a single isolate (5.9%) (Table 3).

Profile 1 exhibited broad susceptibility to [-lactam/p-

lactamase inhibitor combinations, third- and fourth-
generation cephalosporins, carbapenems, monobactams,
aminoglycosides, and fluoroquinolones, while remaining

resistant only to ampicillin, cefuroxime, and trimethoprim-
sulfamethoxazole. This pattern suggests limited antimicrobial
selective pressure and the absence of broad-spectrum resistance
mechanisms. In contrast, Profile 2 displayed resistance
to P-lactamase inhibitor combinations, aminoglycosides,

fluoroquinolones, and trimethoprim-sulfamethoxazole, while
maintaining susceptibility only to third- and fourth-generation
cephalosporins, monobactams, and carbapenems, consistent
with a multidrug-resistant (MDR) phenotype.

Profiles 3, 4, and 5 demonstrated resistance to third-generation
cephalosporins and aztreonam while retaining susceptibility
to carbapenems and cefepime, a pattern consistent with ESBL
production. Together, these profiles accounted for 17.7% (3/17)
of all isolates, indicating the presence of potential ESBL-
producing strains among community-acquired infections.

Profiles 7 and 10 exhibited simultaneous resistance to
aminoglycosides, fluoroquinolones, aminopenicillins, and
trimethoprim-sulfamethoxazole, representing MDR phenotypes
with significant therapeutic implications due to the reduction
of available oral treatment options. Likewise, Profile 9 showed
resistance restricted to fluoroquinolones while preserving
susceptibility to the remaining antimicrobial classes tested.

Eight distinct antimicrobial susceptibility profiles were
identified among the 22 Enterobacter spp. isolates, demonstrating
substantial phenotypic diversity in resistance patterns. Profile
2 was the most prevalent, accounting for 36.4% (8/22) of the
isolates, followed by Profile 7 with 18.2% (4/22), whereas the
remaining profiles occurred at frequencies ranging from 4.5%
to 13.6% (Table 4).

Profile 2 was characterized by susceptibility to third- and
fourth-generation cephalosporins, monobactams, carbapenems,
aminoglycosides, and fluoroquinolones, with resistance
limited to B-lactam/B-lactamase inhibitor combinations and
trimethoprim-sulfamethoxazole. This pattern suggests a
relatively low burden of acquired resistance mechanisms and
represents the most favorable therapeutic profile observed in the
study.

The second most common profile was Profile 7 (18.2%),
which exhibited susceptibility to all antimicrobial classes tested
except PB-lactamase inhibitor combinations. This finding is
consistent with the intrinsic or inducible resistance associated
with chromosomal AmpC f-lactamase production, a well-
recognized characteristic of Enterobacter species. The high
prevalence of this profile indicates that resistance to ampicillin/
sulbactam and amoxicillin/clavulanic acid is common among
the isolates evaluated.

Furthermore, Profiles 1, 6, and 8 exhibited resistance patterns
consistent with multidrug-resistant (MDR) phenotypes. Profile
1 demonstrated concurrent resistance to third-generation
cephalosporins, [-lactamase inhibitor combinations, and
trimethoprim-sulfamethoxazole, while retaining susceptibility
to cefepime and carbapenems, a pattern suggestive of AmpC
B-lactamase hyperproduction. Profiles 6 and 8 displayed
concomitant resistance to multiple antimicrobial classes,
including aminoglycosides, fluoroquinolones, f-lactamase
inhibitor combinations, and trimethoprim-sulfamethoxazole,
thereby meeting the criteria for multidrug resistance.

Table 1. Distribution of E. coli isolates according to clinical specimen type.

Clinical specimen type

Urine 10
Wound secretions 7
Total 17
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Number of isolates (n)

Percentage (%)
58.8

41.2

100.0



Table 2. Distribution of Enterobacter species according to clinical specimen type.

Species

Enterobacter spp. (unidentified species)f
Enterobacter cloacae complex
Enterobacter vulneris

Enterobacter agglomerans

Enterobacter sakazakii

Total

Clinical specimen source n %
Nasal secretion (5), Pharyngeal exudate (1), Skin (1), Skin secretion (1) 8 36.36
Nasal secretion (3), Skin (1), Vaginal secretion (1) 5 22.73
Nasal secretion (3), Skin (1) 4 18.18
Nasal secretion (2), Pharyngeal exudate (1) 3 13.64
Urine (1), Skin (1) 2 9.09
22 100.00

7 Enterobacter spp. refers to isolates that could not be identified to the species level.

Table 3. Antimicrobial susceptibility profiles and probable resistance phenotypes of E. coli isolates recovered from urine and wound secretions.

Profile
Profile 1

Profile 2

Profile 3

Profile 4

Profile 5

Profile 6

Profile 7

Profile 8

Profile 9

Profile 10

n (%)
3(17.6)

3(17.6)
1(5.9)
1(5.9)
1(5.9)
2(11.8)

2(11.8)

2(11.8)

1(5.9)

1(5.9)

Antimicrobial susceptibility pattern
SAM, AMC, CTX, CAZ, CRO, FEP,
AZT, IMP, MER, GEN, AK, CIP, LEV

CTX, CAZ, CRO, FEP, AZT, IMP, MER
FEP, IMP, MER, GEN, AK
FEP, AZT, IMP, MER, GEN, AK, CIP, LEV

FEP, AZT, IMP, MER, GEN, AK

CTX, CAZ, CRO, FEP, AZT, IMP,
MER, GEN, AK, CIP, LEV

CTX, CAZ, CRO, FEP, AZT, IMP, MER,
CIP, LEV

CTX, CAZ, CRO, FEP, AZT, IMP,
MER, GEN, AK, CIP, LEV, SXT

CTX, CAZ, CRO, FEP, AZT, IMP,
MER, GEN, AK, SXT

CTX, CAZ, CRO, FEP, AZT, IMP, MER, SXT

Antimicrobial resistance pattern Resistance phenotype

Low-level acquired resistance
AMP, CXM, SXT (Non-MDR)
SAM, AMC, AMP, CXM, GEN,
AK, CIP, LEV, SXT

SAM, AMC, AMP, CTX, CAZ,

Multidrug-resistant (MDR)

CRO. AZT, CIP, LEV, CXM, SxT OBl producer + MDR
SAM, AMC, AMP, CTX, CAZ,

CRO. CXM. SXT ESBL producer

SAM, AMC, AMP, CTX, CAZ,  pepr 0o DR

CRO, CIP, LEV, CXM, SXT
Resistance associated with -lactamase
SAM, AMC, AMP, CXM, SXT inhibitor combinations (Non-MDR)
SAM, AMC, AMP, CXM, GEN, . .
AK, SXT Multidrug-resistant (MDR)
Resistance to aminopenicillins and
B-lactamase inhibitor combinations

(Non-MDR)

SAM, AMC, AMP, CXM

AMP, CXM, CIP, LEV Fluoroquinolone-resistant phenotype

SAM, AMC, AMP, CXM, GEN,

AK. CIP, LEV Multidrug-resistant (MDR)

Abbreviations: AMP, ampicillin; SAM, ampicillin/sulbactam; AMC, amoxicillin/clavulanic acid; CXM, cefuroxime; CTX, cefotaxime; CAZ,
ceftazidime; CRO, ceftriaxone; FEP, cefepime; AZT, aztreonam, IMP, imipenem; MER, meropenem; GEN, gentamicin, AK, amikacin; CIP,
ciprofloxacin, LEV, levofloxacin; SXT, trimethoprim-sulfamethoxazole; ESBL, extended-spectrum f-lactamase; MDR, multidrug-resistant.

Table 4. Antimicrobial susceptibility profiles and probable resistance phenotypes of Enterobacter spp. isolates recovered from different clinical
specimens (n = 22).

Profile
Profile 1

Profile 2

Profile 3

Profile 4

Profile 5
Profile 6
Profile 7
Profile 8

n (%)
2(9.1)

8 (36.4)

3(13.6)
1 (4.5)
2(9.1)
1 (4.5)
4(18.2)
1 (4.5)

Antimicrobial susceptibility pattern
FEP, AZT, IMP, MER, GEN, AK, CIP, LEV

CTX, CRO, FEP, AZT, IMP, MER, GEN,
AK, CIP, LEV

AMC, SAM, CTX, CRO, FEP, AZT, IMP,
MER, GEN, AK, CIP, LEV

AMC, SAM, CTX, CRO, FEP, AZT, IMP,
MER, CIP, LEV, SXT

CTX, CRO, FEP, AZT, IMP, MER, CIP,
LEV, SXT

CTX, CRO, FEP, AZT, IMP, MER

CTX, CRO, FEP, AZT, IMP, MER,

GEN, AK, CIP, LEV, SXT

CTX, CRO, FEP, AZT, IMP, MER, SXT

Antimicrobial resistance pattern
AMC, SAM, CTX, CRO, SXT

AMC, SAM, SXT

SXT
GEN, AK

AMC, SAM, GEN, AK

AMC, SAM
AMC, SAM, GEN, AK, CIP, LEV

Resistance phenotype

AmpC hyperproduction + MDR
Resistance to f-lactamase inhibitor
combinations and TMP-SMX
(Non-MDR)

Isolated trimethoprim-
sulfamethoxazole resistance

Aminoglycoside-resistant phenotype

Resistance to B-lactamase inhibitor
combinations and aminoglycosides

AMC, SAM, GEN, AK, CIP, LEV, SXT Multidrug-resistant (MDR)

Resistance to f-lactamase inhibitor
combinations (Non-MDR)
Multidrug-resistant (MDR)

Abbreviations: AMC, amoxicillin/clavulanic acid; SAM, ampicillin/sulbactam; CTX, cefotaxime; CRO, ceftriaxone;, FEP, cefepime; AZT,
aztreonam; IMP, imipenem,; MER, meropenem; GEN, gentamicin; AK, amikacin; CIP, ciprofloxacin;, LEV, levofloxacin, SXT, trimethoprim-
sulfamethoxazole; MDR, multidrug-resistant; AmpC, AmpC p-lactamase.
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Profiles 3, 4, and 5 exhibited more limited resistance patterns.
Profile 3 showed resistance exclusively to trimethoprim-
sulfamethoxazole, whereas Profile 4 was resistant only to
aminoglycosides. Profile 5 demonstrated combined resistance to
B-lactamase inhibitor combinations and aminoglycosides while
maintaining susceptibility to cephalosporins, carbapenems, and
fluoroquinolones.

Importantly, all profiles remained susceptible to carbapenems
(imipenem and meropenem), indicating the absence of
phenotypes compatible with carbapenemase production
among the isolates analyzed. Likewise, most isolates retained
susceptibility to cefepime, suggesting that this antimicrobial
agent continues to be an effective therapeutic option for
infections caused by Enterobacter spp. in the study population.

Overall, these findings demonstrate a high prevalence
of resistance to [-lactamase inhibitor combinations and
a low frequency of resistance to carbapenems. However,
the identification of isolates exhibiting multidrug-resistant
phenotypes highlights the need to strengthen microbiological
surveillance and maintain continuous monitoring of
antimicrobial susceptibility patterns in community-acquired
infections.

Discussion.

The findings of the present study revealed distinct distributions
of bacterial genera according to the clinical source of the
specimens. Although Escherichia coli accounted for 43.6%
of all isolates, it was the predominant pathogen recovered
from urinary samples (58.8% of E. coli isolates), whereas
Enterobacter spp. represented the most frequently isolated
group from skin infections and wound secretions. These results
are consistent with the well-established role of E. coli as the
leading etiological agent of community-acquired urinary tract
infections (UTIs), particularly among sexually active women
and older adults, where Enterobacterales remain the most
commonly isolated pathogens [10,11].

The antimicrobial susceptibility profiles observed among
E. coli isolates demonstrated high susceptibility to cefepime,
aztreonam, imipenem, and meropenem in both urinary and
wound-derived isolates. However, a high frequency of resistance
to ampicillin, cefuroxime, and trimethoprim-sulfamethoxazole
was detected. These findings are consistent with reports
from Spain and several Latin American countries, where a
progressive decline in the effectiveness of aminopenicillins and
trimethoprim-sulfamethoxazole has been documented for the
empirical treatment of community-acquired UTIs caused by
E. coli [12,13]. In particular, Aguinaga et al. reported elevated
resistance rates to amoxicillin-clavulanic acid and trimethoprim-
sulfamethoxazole, recommending caution in their empirical use
in specific geographical settings [12].

The preservation of susceptibility to carbapenems among
all E. coli isolates represents a clinically relevant finding.
Several studies have documented the increasing emergence
of carbapenemase-producing Enterobacterales in Latin
America and Europe, particularly among E. coli and Klebsiella
pneumoniae, posing a major public health threat due to the
progressive reduction of effective therapeutic options [14,15].
In contrast, none of the susceptibility profiles identified in the
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present study were compatible with carbapenemase production.

Regarding the genus Enterobacter, a higher frequency
of isolation was observed in wound and skin specimens,
with Enterobacter spp. and Enterobacter cloacae complex
being the most prevalent species. Although these organisms
have traditionally been regarded as opportunistic pathogens
associated with healthcare settings, increasing evidence
indicates their growing involvement in community-acquired
infections, particularly skin and soft tissue infections as well
as contaminated wounds [16,17]. This trend may be associated
with the remarkable environmental adaptability of these
microorganisms and their ability to colonize multiple ecological
niches.

AmpC B-lactamases constitute one of the most clinically
relevant resistance mechanisms among Enterobacterales,
particularly in species such as the Enterobacter cloacae complex,
Klebsiella aerogenes, and Citrobacter freundii. These enzymes
are capable of hydrolyzing third-generation cephalosporins and
B-lactam/B-lactamase inhibitor combinations, when expressed
at high levels, thereby compromising their therapeutic efficacy.
In organisms harboring inducible chromosomal ampC genes,
exposure to B-lactam antibiotics may trigger gene derepression
and subsequent AmpC overproduction, leading to the emergence
of resistance during antimicrobial therapy. Consequently,
cefepime and carbapenems are generally considered more
reliable treatment options because of their greater stability
against AmpC-mediated hydrolysis [18].

In the present study, the antimicrobial susceptibility profiles
of Enterobacter spp. isolates demonstrated preserved activity of
third- and fourth-generation cephalosporins, monobactams, and
carbapenems. In contrast, a consistent resistance pattern was
observed against -lactam/B-lactamase inhibitor combinations,
particularly amoxicillin-clavulanic acid and ampicillin-
sulbactam. This phenotypic behavior is highly suggestive
of inducible chromosomal AmpC [-lactamase production,
an intrinsic resistance mechanism widely recognized among
Enterobacter species. The retention of susceptibility to
cefepime and carbapenems in most isolates further supports
this hypothesis and indicates that these agents remain effective
therapeutic alternatives for infections caused by Enterobacter
spp. within the studied population .Moreover, these findings
emphasize the importance of continuous surveillance of
emerging resistance mechanisms and the implementation of
antimicrobial stewardship strategies to reduce the selection and
dissemination of resistant strains [19].

Additionally, some susceptibility profiles exhibited MDR
phenotypes characterized by simultaneous resistance to
aminoglycosides, fluoroquinolones, p-lactamase inhibitor
combinations, and trimethoprim-sulfamethoxazole. The
presence of these MDR phenotypes is clinically relevant because
multidrug-resistant Enterobacterales have been associated with
treatment failure, prolonged hospitalization, and increased
healthcare costs [20]. Although the frequency of MDR isolates
was relatively low, these findings underscore the importance
of maintaining continuous microbiological surveillance in
community settings.

The isolation of a single Enterobacter spp. strain from a
pharyngeal exudate, which exhibited complete susceptibility to



all B-lactam agents tested and resistance only to trimethoprim-
sulfamethoxazole, is consistent with previous reports describing
occasional colonization of the upper respiratory tract by
Enterobacterales in both ambulatory individuals and healthcare
personnel [21]. Nevertheless, the low frequency of respiratory
isolation observed in this study suggests a limited role of these
microorganisms in community-acquired respiratory infections
within the studied population.

Finally, the absence of carbapenem resistance among both
E. coli and Enterobacter spp. contrasts with reports from
Venezuelan hospitals and other Latin American countries,
where carbapenemase-producing Enterobacterales, including
KPC- and metallo-B-lactamase-producing strains, have been
increasingly documented [22]. This discrepancy is likely
attributable to the community origin of the isolates analyzed and
the lower selective pressure exerted by last-line antimicrobial
agents outside hospital environments.

Authorship contribution statement.

M.E.A.: Conceptualization (supporting); Methodology
(lead); Formal analysis (equal); Investigation (equal); Writing
— original draft (lead); Writing — review and editing (equal);
Project administration (lead); Visualization (lead); Supervision
(lead).

M.A.A.B.: Investigation (equal); Writing — original draft
(supporting); Writing — review and editing (equal); Project
administration (supporting); Visualization (supporting).

A.C.G.R.: Conceptualization (lead); Funding acquisition
(lead); Investigation (equal); Project administration (supporting).

B.T.G.A.: Investigation (equal).

E.LLQ.R.: Investigation (equal).

REFERENCES

1. Bush K. Past and present perspectives on [-lactamases.
Antimicrob Agents Chemother. 2018;62:¢01076-18.

2. Madigan MT, Bender KS, Buckley DH, et al. Brock Biology
of Microorganisms. 16th ed. New York: Pearson Education;
2020.

3. Procop GW, Church DL, Hall GS, et al. Koneman's Color
Atlas and Textbook of Diagnostic Microbiology. 7th ed.
Philadelphia: Wolters Kluwer; 2017.

4. MacFaddin JF. Biochemical Tests for Identification of
Medical Bacteria. 3rd ed. Philadelphia: Lippincott Williams &
Wilkins; 2003. https://books.google.com

5. Lopardo H, Predari S, Vay C. Manual de Microbiologia
Clinica de la Asociacion Argentina de Microbiologia. Buenos
Aires: Asociacion Argentina de Microbiologia; 2015. https://
Wwww.aam.org.ar

6. Paterson DL, Bonomo RA. Extended-spectrum (-lactamases:
a clinical update. Clin Microbiol Rev. 2005;18:657-86.

7. World Health Organization. Global Antimicrobial Resistance
and Use Surveillance System (GLASS) report 2024. Geneva:
World Health Organization; 2024. https://www.who.int/teams/
integrated-surveillance-of-antimicrobial-resistance/glass

188

8. Clinical and Laboratory Standards Institute (CLSI).
Performance standards for antimicrobial susceptibility testing.
28th ed. CLSI supplement M100-S28. Wayne (PA): CLSI;
2018. https://clsi.org

9. Bakthavatchalam YD, Anandan S, Veeraraghavan B.
Detection of ESBL among AmpC-producing Enterobacteriaceae
using inhibitor-based method. Pan Afr Med J. 2013;14:28.

10. Imam T. Introduction to Urinary Tract Infections. Riverside
(CA): University of California Riverside School of Medicine;
2020.

11. Brooks GF, Carroll KC, Butel IS, et al. Jawetz, Melnick &
Adelberg's Medical Microbiology. 27th ed. New York: McGraw-
Hill Education; 2016. https://accessmedicine.mhmedical.com
12. Aguinaga A, Gil-Zetas A, Mazon A, et al. Infeccion del tracto
urinario. Estudio de sensibilidad antimicrobiana en Navarra. An
Sist Sanit Navar. 2018;41:7-18.

13. Losada I, Barbeito G, Garcia F, et al. Estudio de sensibilidad
de Escherichia coli productores de infeccion del tracto urinario
comunitaria en Galicia, periodo 2016-2017. Rev Esp Quimioter.
2018;31:529-536.

14. Nocua-Baez LC, Cortés JA, Leal AL, et al. Susceptibilidad
antimicrobiana de enterobacterias identificadas en infeccion
urinaria adquirida en la comunidad en gestantes de nueve
hospitales colombianos. Rev Colomb Obstet Ginecol.
2017;68:305-314.

15. Gémez-Gamboa LM, Perozo-Mora AA, Lugo J, et al.
Carbapenemasas KPC en enterobacterias aisladas en un hospital
de Maracaibo, Venezuela. Kasmera. 2014;42:141-152.
16.CantonR, Novais A, Valverde A, etal. Prevalence and spread of
extended-spectrum [-lactamase-producing Enterobacteriaceae
in Europe. Clin Microbiol Infect. 2008;14:144-53.

17. Moreno-Rovira L, Tamayo-Quintero M, Quintero M, et al.
Infeccion por Enterobacter y Enterococcus resistentes asociados
ala atencion de salud. Rev Hispanoam Cienc Salud. 2020;6:145-
154.

18. Rojas J, Benadof D, Veas A, et al. Susceptibilidad de
enterobacterias a piperacilina/tazobactam en un hospital
pediatrico de Chile. Rev Chil Infectol. 2017;34:589-595.

19. Tebano G, Zaghi I, Cricca M, et al. Antibiotic Treatment
of Infections Caused by AmpC-Producing Enterobacterales.
Pharmacy. 2024;12:142.

20. Farinas MC, Martinez-Martinez L. Infecciones causadas
por bacterias Gram negativas multirresistentes: enterobacterias,
Pseudomonas aeruginosa y otros bacilos Gram negativos no
fermentadores. Enferm Infecc Microbiol Clin. 2013;31:402-
409.

21. Alvarez M, Castro R, Abdo A, et al. Infecciones respiratorias
altas recurrentes: algunas consideraciones. Rev Cub Med Gen
Integr. 2008;24:1-12.

22. Martinez D, Marcano D, Rodulfo H, et al. Enterobacter
cloacae productor de KPC y VIM en un hospital del noreste de
Venezuela. Invest Clin. 2015;56:158-168.



	Title

