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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.
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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 β-lactamases (ESBLs) and AmpC β-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 β-lactam/β-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 β-lactamases, AmpC β-lactamase, 
community-acquired infection.
Introduction.

Community-acquired infections represent a major public 
health concern due to their high prevalence and substantial 

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 of extended-
spectrum β-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 
Mérida, 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 
Mérida, 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 inconclusive 
antimicrobial susceptibility results.
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.

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 × 10⁸ CFU/mL). The inoculum was 
evenly spread onto Mueller-Hinton agar (HiMedia) plates using 
sterile cotton swabs.

The following antimicrobial disks (Oxoid®) were tested:
Cefotaxime (CTX, 30 μg)
Ceftazidime (CAZ, 30 μg)
Cefepime (FEP, 30 μg)
Cefoxitin (FOX, 30 μg)
Amoxicillin-clavulanic acid (AMC, 20/10 μg)
Imipenem (IMP, 10 μg)
Meropenem (MER, 10 μg)
Amikacin (AK, 30 μg)
Gentamicin (CN, 10 μg)
Ciprofloxacin (CIP, 5 μg)
Levofloxacin (LEV, 5 μg)
Trimethoprim-sulfamethoxazole (SXT, 1.25/23.75 μg)
Plates were incubated aerobically at 37 °C for 18–24 h. 

Inhibition zone diameters were measured in millimeters and 
interpreted as susceptible (S), intermediate (I), 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-β-lactamase-producing 
Pseudomonas aeruginosa clinical isolate was included as a 
quality control strain.

Phenotypic detection of extended-spectrum β-lactamases 
(ESBLs) was performed using the CLSI-recommended 
combined disk method with cefotaxime (30 μg) and ceftazidime 
(30 μg), 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 β-lactamase production was 
detected using the boronic acid disk potentiation method 
described by Bakthavatchalam et al. [9]. Enterobacteriaceae 
isolates were tested with cefoxitin (30 μg) alone and cefoxitin 
(30 μg) 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 β-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®).
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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 β-lactam/β-
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 β-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 β-lactam/β-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 β-lactamase inhibitor combinations. This finding is 
consistent with the intrinsic or inducible resistance associated 
with chromosomal AmpC β-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, β-lactamase inhibitor combinations, and 
trimethoprim-sulfamethoxazole, while retaining susceptibility 
to cefepime and carbapenems, a pattern suggestive of AmpC 
β-lactamase hyperproduction. Profiles 6 and 8 displayed 
concomitant resistance to multiple antimicrobial classes, 
including aminoglycosides, fluoroquinolones, β-lactamase 
inhibitor combinations, and trimethoprim-sulfamethoxazole, 
thereby meeting the criteria for multidrug resistance.

Clinical specimen type Number of isolates (n) Percentage (%)
Urine 10 58.8
Wound secretions 7 41.2
Total 17 100.0

Table 1. Distribution of E. coli isolates according to clinical specimen type.
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Species Clinical specimen source n %
Enterobacter spp. (unidentified species)† Nasal secretion (5), Pharyngeal exudate (1), Skin (1), Skin secretion (1) 8 36.36
Enterobacter cloacae complex Nasal secretion (3), Skin (1), Vaginal secretion (1) 5 22.73
Enterobacter vulneris Nasal secretion (3), Skin (1) 4 18.18
Enterobacter agglomerans Nasal secretion (2), Pharyngeal exudate (1) 3 13.64
Enterobacter sakazakii Urine (1), Skin (1) 2 9.09
Total 22 100.00

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

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

Profile n (%) Antimicrobial susceptibility pattern Antimicrobial resistance pattern Resistance phenotype

Profile 1 3 (17.6) SAM, AMC, CTX, CAZ, CRO, FEP, 
AZT, IMP, MER, GEN, AK, CIP, LEV AMP, CXM, SXT Low-level acquired resistance 

(Non-MDR)

Profile 2 3 (17.6) CTX, CAZ, CRO, FEP, AZT, IMP, MER SAM, AMC, AMP, CXM, GEN, 
AK, CIP, LEV, SXT Multidrug-resistant (MDR)

Profile 3 1 (5.9) FEP, IMP, MER, GEN, AK SAM, AMC, AMP, CTX, CAZ, 
CRO, AZT, CIP, LEV, CXM, SXT  ESBL producer + MDR

Profile 4 1 (5.9) FEP, AZT, IMP, MER, GEN, AK, CIP, LEV SAM, AMC, AMP, CTX, CAZ, 
CRO, CXM, SXT  ESBL producer

Profile 5 1 (5.9) FEP, AZT, IMP, MER, GEN, AK SAM, AMC, AMP, CTX, CAZ, 
CRO, CIP, LEV, CXM, SXT ESBL producer + MDR

Profile 6 2 (11.8) CTX, CAZ, CRO, FEP, AZT, IMP, 
MER, GEN, AK, CIP, LEV SAM, AMC, AMP, CXM, SXT Resistance associated with β-lactamase

inhibitor combinations (Non-MDR)

Profile 7 2 (11.8) CTX, CAZ, CRO, FEP, AZT, IMP, MER, 
CIP, LEV

SAM, AMC, AMP, CXM, GEN, 
AK, SXT Multidrug-resistant (MDR)

Profile 8 2 (11.8) CTX, CAZ, CRO, FEP, AZT, IMP, 
MER, GEN, AK, CIP, LEV, SXT SAM, AMC, AMP, CXM

Resistance to aminopenicillins and
β-lactamase inhibitor combinations
(Non-MDR)

Profile 9 1 (5.9) CTX, CAZ, CRO, FEP, AZT, IMP, 
MER, GEN, AK, SXT AMP, CXM, CIP, LEV Fluoroquinolone-resistant phenotype

Profile 10 1 (5.9) CTX, CAZ, CRO, FEP, AZT, IMP, MER, SXT SAM, AMC, AMP, CXM, GEN, 
AK, CIP, LEV Multidrug-resistant (MDR)

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

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 β-lactamase; MDR, multidrug-resistant.

Profile n (%) Antimicrobial susceptibility pattern Antimicrobial resistance pattern Resistance phenotype
Profile 1 2 (9.1) FEP, AZT, IMP, MER, GEN, AK, CIP, LEV AMC, SAM, CTX, CRO, SXT  AmpC hyperproduction + MDR

Profile 2 8 (36.4) CTX, CRO, FEP, AZT, IMP, MER, GEN, 
AK, CIP, LEV AMC, SAM, SXT

Resistance to β-lactamase inhibitor
combinations and TMP-SMX 
(Non-MDR)

Profile 3 3 (13.6) AMC, SAM, CTX, CRO, FEP, AZT, IMP, 
MER, GEN, AK, CIP, LEV SXT Isolated trimethoprim-

sulfamethoxazole resistance

Profile 4 1 (4.5) AMC, SAM, CTX, CRO, FEP, AZT, IMP, 
MER, CIP, LEV, SXT GEN, AK Aminoglycoside-resistant phenotype

Profile 5 2 (9.1) CTX, CRO, FEP, AZT, IMP, MER, CIP, 
LEV, SXT AMC, SAM, GEN, AK Resistance to β-lactamase inhibitor

combinations and aminoglycosides
Profile 6 1 (4.5) CTX, CRO, FEP, AZT, IMP, MER AMC, SAM, GEN, AK, CIP, LEV, SXT Multidrug-resistant (MDR)

Profile 7 4 (18.2) CTX, CRO, FEP, AZT, IMP, MER, 
GEN, AK, CIP, LEV, SXT AMC, SAM Resistance to β-lactamase inhibitor

combinations (Non-MDR)
Profile 8 1 (4.5) CTX, CRO, FEP, AZT, IMP, MER, SXT AMC, SAM, GEN, AK, CIP, LEV Multidrug-resistant (MDR)

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

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 β-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 
β-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 β-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 

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 β-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 
β-lactam/β-lactamase inhibitor combinations, when expressed 
at high levels, thereby compromising their therapeutic efficacy. 
In organisms harboring inducible chromosomal ampC genes, 
exposure to β-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 β-lactam/β-lactamase inhibitor combinations, 
particularly amoxicillin-clavulanic acid and ampicillin-
sulbactam. This phenotypic behavior is highly suggestive 
of inducible chromosomal AmpC β-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, β-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 
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all β-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-β-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.
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