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				Distribución de enterobacterias productoras de betalactamasas de espectro extendido en pacientes ambulatorios
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				ABSTRACT

				Introduction: bacterial resistance is a global public health problem in community and hospital settings, it has been influenced by human, environmental, animal, and food chain factors.

				Objective: to determine the frequency of extended-spectrum beta-lactamase-producing enterobacteria present in the intestinal microbiota and its association with sex, age, and socioeconomic status in outpatients at the Hospital Universitario del Río, Cuenca, Ecuador. 

				Methodology: an observational, analytical, cross-sectional study was carried out with a total of 223 participants. The sample size was calculated with a 95% confidence level (α = 0.05) and a 5% margin of error. Non probabilistic convenience sampling was employed. Stool samples were collected, and phenotypic methods were used for microbiological identification of enterobacteria, focusing exclusively on the detection of ESBL producing strains. Statistical analysis was performed using SPSS version 24.

				Results: the frequency of ESBL producing enterobacteria was 9.4% (21/223), with Escherichia coli was the only species isolated, while 90.6% (202/223) corresponded to non ESBL producing strains. No statistically significant associations were found between the presence of ESBLs and the evaluated health determinants: sex, age, and socioeconomic status.

				Conclusions: a 9.4% frequency of ESBL producing enterobacteria was observed in the outpatient population, with no statistically significant association with age, sex, or socioeconomic status.

				Keywords: beta-lactamases, anti-bacterial agents, enterobacteriaceae.

				RESUMEN

				Introducción: la resistencia bacteriana es un problema de salud pública mundial en contextos comunitarios y hospitalarios, influenciado por factores humanos, ambientales, animales y la cadena alimentaria.

				Objetivo: esta investigación tuvo como objetivo determinar la frecuencia de enterobacterias productoras de betalactamasas de espectro extendido presentes en la microbiota intestinal y su asociación con sexo, edad y nivel socioeconómico en pacientes ambulatorios del Hospital Universitario del Río, Cuenca, Ecuador. 

				Metodología: se trata de un estudio observacional, analítico de corte transversal con 223 participantes. El tamaño muestral se calculó con un nivel de confianza del 95% (α=0.05) y un margen de error del 5%. Se empleó 
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				un muestreo no probabilístico por conveniencia. Se recolectaron muestras de heces y se utilizaron métodos fenotípicos para la identificación microbiológica de enterobacterias enfocándose únicamente en la detección de cepas productoras de betalactamasas de espectro extendido. Para el análisis estadístico se utilizó el programa SPSS v 24.

				Resultados: la frecuencia de enterobacterias productoras de betalactamasas de espectro extendido encontrada fue del 9.4% (21/223), siendo Escherichia coli la única especie aislada, mientras que el 90.6% (202/223) correspondió a cepas que no mostraron resistencia bacteriana. No se identificaron asociaciones estadísticamente significativas entre la presencia de betalactamasas de espectro extendido y los determinantes de salud evaluados: sexo, edad y nivel socioeconómico.

				Conclusiones: se evidenció una frecuencia de enterobacterias productoras de betalactamasas de espectro extendido del 9.4% en población ambulatoria, sin asociación estadísticamente significativa con las variables edad, sexo ni nivel socioeconómico.

				Palabras clave: beta-lactamasas, antibacterianos, enterobacteriaceae.

				INTRODUCTION

				The World Health Organization (WHO) has warned that antimicrobial resistance is among the top ten threats to global public health1. This statement underscores the gravity and urgency of addressing this phenomenon, which undermines the effectiveness of treatments once considered routine and facilitates the spread of difficult-to-control infections. 

				In particular, extended-spectrum beta-lactamase-producing Enterobacteriaceae (ESBL-producing Enterobacteriaceae) have emerged as key players in this scenario, both in hospital and community settings, due to their ability to resist multiple β-lactam antibiotics and put outpatients at risk1.

				Antibiotic resistance (AR) is defined as the ability of bacteria to withstand the effects of antibiotics designed to inhibit or eliminate them2. Although the discovery of antibiotics marked a milestone in modern medicine, the indiscriminate and excessive use of these drugs in both humans and animals has led to the selection of resistant strains that spread through various reservoirs, including the environment, wildlife, and the food chain. This multifactorial and rapidly 

			

		

		
			
				evolving phenomenon requires a comprehensive “One Health” approach to address its complexity and reduce its negative impact on the population3-14.

				Bacterial resistance increases mortality rates, prolongs hospital stays, and significantly raises healthcare costs. As a countermeasure, surveillance cultures have been implemented to identify carriers of multidrug-resistant Enterobacteriaceae early, enabling the establishment of isolation and contact tracing measures to curb nosocomial and community transmission. These surveillance strategies, together with the optimization of antibiotic prescribing protocols, constitute indispensable tools in the fight against resistance3,15,16.

				Among the various mechanisms of bacterial resistance, the production of enzymes that inactivate the drug stands out. Beta-lactamases hydrolyze the beta-lactam ring, an essential element for the activity of penicillins, cephalosporins, and monobactams15. Extended-spectrum variants, or BLEE, confer resistance to penicillins, third- and fourth-generation cephalosporins, and aztreonam. However, they do not affect carbapenems or cephamycins and are inhibited by clavulanic acid, sulbactam, and other enzyme inhibitors15.

				Intestinal enterobacteria, such as Escherichia coli (E. coli), Klebsiella pneumoniae, and Enterobacter sPágs., act as reservoirs for ESBL genes and other resistances, facilitating their persistence in the human microbiome and their transmission in the community6,17. These commensal species can become opportunistic pathogens, causing urinary tract, gastrointestinal, and bacteremia infections that are difficult to treat when they carry BLEE. Therefore, detecting ESBL in commensal strains is essential for understanding their contribution to the burden of bacterial resistance and for designing appropriate preventive interventions18.

				From a clinical and epidemiological perspective, the presence of ESBL strains in outpatients increases the risk of complications in immunocompromised individuals, raises the likelihood of recurrent infections, and promotes silent outbreaks in the community. Factors such as inappropriate antibiotic use, a history of travel to areas with higher bacterial resistance, recent hospitalizations, and chronic comorbidities have been associated with an increased risk of colonization and dissemination of BLEE, reinforcing the need to identify specific health determinants in this population group17-22.
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				The determinants of colonization by E. coli ESBL-producing strains are numerous. Advanced age, linked to greater exposure to antibiotics and healthcare settings, increases the risk23–26; gender may influence risk through biological and behavioral factors, and socioeconomic conditions facilitate fecal-oral transmission24,27,28.

				Numerous global studies have estimated increasing prevalences of ESBL carriage in healthy individuals. For example, Abera et al. reported a global prevalence of approximately 31% in 202422. In the pediatric setting, Kibwana et al. in 2022 found a 56% prevalence of ESBL carriage in hospitalized children in Africa, associated with a high risk of subsequent invasive infections. In Latin America, data also reflect high circulation: in Mexico, 84.3% of BLEE-producing Enterobacteriaceae were detected in blood donors, while in Peru, 31% of carriers were reported in the general population27,29. In Ecuador, studies conducted in Quito in 2016 reported prevalence rates of 9.0% and 14.3% in outpatients, highlighting the local significance of the problem23,30.

				In response to the global threat of bacterial resistance, the WHO has launched the Global Action Plan focused on surveillance, prevention, and scientific innovation1,31. However, the implementation of these measures at the regional level is limited by the scarcity of epidemiological data in settings such as Cuenca, Ecuador. In this locality, despite the importance of the community reservoir in the spread of resistance, evidence in the non-hospitalized population remains insufficient. Most local studies have been limited to clinical presentations and urinary tract infections, overlooking the critical role that intestinal colonization plays in outpatients as a key factor in the spread of antibiotic resistance.

				Analysis of community colonization by BLEE-producing Enterobacteriaceae has frequently incorporated demographic variables such as age, sex, and socioeconomic status into multivariate models, often in conjunction with clinical and exposure factors23–28. These variables serve as indirect indicators of social determinants of health, allowing characterization of the epidemiological distribution of bacterial resistance. Their relevance lies in reflecting underlying conditions such as access to health services, patterns of antibiotic use, population density, and the quality of basic sanitation, all of which influence exposure to fecal-oral transmission mechanisms and the spread of resistant bacteria within the population. Although the literature typically includes clinical and exposure factors, the 

			

		

		
			
				use of demographic variables constitutes a valid epidemiological approach for initial characterization in settings with limited information. Therefore, this study prioritized these variables due to their diagnostic utility in the outpatient population. At the same time, the relevance of factors such as comorbidities or recent antibiotic exposure is acknowledged; these were excluded to focus on estimating the frequency and its demographic relationship in a setting with limited prior local evidence.

				This study aims to generate updated epidemiological information on the frequency of ESBL-producing E. coli and its relationship with demographic variables. The overall objective of this study was to determine the prevalence of extended-spectrum beta-lactamase (ESBL)- producing Enterobacteriaceae in the gut microbiota and their association with sex, age, and socioeconomic status among outpatients seen at the Laboratory of the Río University Hospital (HUR) in Cuenca during 2023.

				The working hypothesis was that the prevalence of colonization by extended-spectrum beta-lactamase-producing Enterobacteriaceae in the outpatient population exceeds 10% and that this prevalence is associated with sociodemographic variables such as age, sex, and socioeconomic status.

				METHODOLOGY 

				This is an observational, cross-sectional, analytical study conducted at the Hospital Universitario del Río in Cuenca, Ecuador. The study focused on a population of 460 outpatients aged 5 to 70 years during 2023. The sample size was calculated at a 95% confidence level (α=0.05) and a 5% margin of error, yielding a minimum sample size of 215 participants. This value included an additional adjustment for potential attrition. The final sample analyzed consisted of 223 participants. Recruitment took place between October and December 2023, using non-probabilistic convenience sampling until the established minimum sample size was reached and exceeded. Participants were selected from those who visited the laboratory on medical advice to undergo a stool test, without specific selection for the study. Before inclusion, compliance with the selection criteria was verified through a structured interview and a sociodemographic survey. Patients who provided informed consent, submitted stool samples of adequate quantity, and had not taken antibiotics, laxatives, or antidiarrheal medications in the previous seven days were included. Additionally, exclusion criteria for microbiological sample quality (duplicate 
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				or inadequate samples) were established; however, they were verified before enrollment. Consequently, all included participants met the established criteria, so no subsequent exclusions were recorded.

				Data collection was conducted using a self-designed sociodemographic questionnaire, based on criteria from the National Institute of Statistics and Census (INEC), administered by the researcher upon receipt of the sample, following informed consent.

				Enterobacteria were isolated from stool samples, with a focus on detecting strains resistant to third-generation cephalosporins. For bacterial identification, stool samples were inoculated onto MacConkey agar plates and MacConkey agar supplemented with ceftriaxone at a final concentration of 4 μg/mL32, and incubated at 35–37°C for 18–24 hours. Colonies of Gram-negative bacilli growing on the supplemented medium were considered indicative of ceftriaxone resistance and possible ESBL production. The isolated colonies were identified using the Enterosystem 18R system, and ESBL production was confirmed using the double-disk test (cefotaxime/clavulanic acid and ceftazidime/clavulanic acid).

				Quality control included ATCC strains (K. pneumoniae ATCC 700603 as a positive control and E. coli ATCC 25922 as a negative control) and validation using the Vitek Compact 2 on 10% of isolates. Agreement between manual and automated methods ensured the reliability of the results. 

				The data were anonymized and processed using SPSS v.24 software. The presence of ESBL-producing Enterobacteriaceae (dichotomous: yes/no) was the dependent variable, and the independent variables included age, sex, and socioeconomic status. The descriptive analysis included absolute and relative frequencies for the qualitative variables, while age (range 5–70 years) was reported using measures of central tendency and dispersion; additionally, age was categorized into five uniform-width intervals to optimize group comparisons. Socioeconomic status was determined using variables derived from the National Institute of Statistics and Census (INEC) stratification questionnaire, specifically occupation of the head of household, educational level, and type of sanitation facility, with a proportional estimate based on official criteria for categorization into low, medium, or high; due to the low representativeness of the low stratum (n=4), it was merged with the medium stratum into a dichotomous variable (high 

			

		

		
			
				and medium-low), for the bivariate analysis of ESBL-producing Enterobacteriaceae, the Chi-square or Fisher’s exact tests were used, with significance reported at p < 0.05. Prevalence ratios (PR) were also calculated, along with their respective 95% confidence intervals (95% CI), to determine the magnitude and precision of the associations.

				Potential sources of bias were considered. Selection bias related to convenience sampling at a single center could limit the representativeness of the study population. To partially mitigate this, all patients who met the criteria during the study period were consecutively included. Likewise, reporting bias was taken into account, especially for self-reported variables such as antibiotic use, which was minimized by having the researcher administer the survey directly at the time of sample collection.

				RESULTS 

				A total of 223 fecal samples were analyzed, revealing a BLEE-EP prevalence of 9.4%. All isolates were E. coli. No statistically significant association was found between the presence of BLEE-EP and the sociodemographic variables evaluated (p>0.05).

				During the study period, all patients who visited the laboratory for a coproparasitological examination were evaluated for eligibility. Those who met the inclusion criteria and did not present exclusion criteria were invited to participate, voluntarily agreeing to their inclusion. No exclusions were recorded after enrollment, nor were there any losses during sample processing. Ultimately, 223 participants were included, exceeding the calculated minimum sample size (n=215) due to additional participants voluntarily joining during the data collection period. The 223 study participants were characterized demographically (Table 1). Age ranged from 5 to 70 years (range = 65), with a mean of 37.7 ± 16.9 years and a median of 38.9 years. The 30–43 age group was the most common (31.4%). Fifty-seven percent were women and 43% were men. The middle socioeconomic level predominated at 76.2%, with lower representation of the high and low levels.
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				Figure 1. Prevalence of extended-spectrum 

				beta-lactamases
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				Following phenotypic confirmation of ESBL production in the evaluated samples, a frequency of 9.4% was determined (Figure 1). Bacteria were identified in all 21 samples positive for beta-lactamases, with E. coli isolated in 100% of cases.

				The highest frequency of ESBL-producing E. coli was observed in the 30–43 age group (14.3%). Regarding gender, the frequency was similar in men and women (9.4% in both groups). Regarding socioeconomic status, a higher frequency was observed in the high socioeconomic status group. 

			

		

		
			
				Table 1. Sociodemographic characteristics of the study population

				
					Sociodemographic variables

				

				
					n (223)

				

				
					%

				

				
					Age 

				

				
					5 to 15 years

				

				
					30

				

				
					13.5

				

				
					16 to 29 years

				

				
					35

				

				
					15.7

				

				
					30 to 43 years old

				

				
					70

				

				
					31.4

				

				
					44 to 57 years

				

				
					53

				

				
					23.8

				

				
					58 to 70 years

				

				
					35

				

				
					15.7

				

				
					Gender

				

				
					Male

				

				
					96

				

				
					43.0

				

				
					Female

				

				
					127

				

				
					57.0

				

				
					Socioeconomic status

				

				
					High

				

				
					49

				

				
					22.0

				

				
					Medium

				

				
					170

				

				
					76.2

				

				
					Low

				

				
					4

				

				
					1.8

				

			

		

		
			
				Table 2. Bivariate association between the presence of EP ESBL and social determinants

				Note: Percentages were calculated by row, using the total for each category as the denominator. PR: prevalence ratio; CI: confidence interval. The chi-square test or Fisher’s exact test was used as appropriate.

				
					Health

					determinants

				

				
					Presence of EP BLEE N=21 (9.4%)

				

				
					Absence of EP BLEE n=202 (90.6%)

				

				
					Total n=223

				

				
					P

				

				
					Prevalence ratio (PR)

				

				
					95% CI (PR)

				

				
					Age ranges (years)

				

				
					5 to 15

				

				
					2 (6.7)

				

				
					28 (93.3)

				

				
					30 (100)

				

				
					0.493

				

				
					16 to 29

				

				
					4 (11.4)

				

				
					31 (88.6)

				

				
					35 (100)

				

				
					30 to 43

				

				
					10 (14.3)

				

				
					60 (85.7)

				

				
					70 (100)

				

				
					44 to 57

				

				
					3 (5.7)

				

				
					50 (94.3)

				

				
					53 (100)

				

				
					58 to 70

				

				
					2 (5.7)

				

				
					33 (94.3)

				

				
					35 (100)

				

				
					Gender

				

				
					Male

				

				
					9 (9.4)

				

				
					87 (90.6)

				

				
					96 (100)

				

				
					1.00

				

				
					0.99 

				

				
					(0.43–2.26)

				

				
					Female

				

				
					12 (9.4)

				

				
					115 (90.6)

				

				
					127 (100)

				

				
					Socioeconomic 

					status

				

				
					High

				

				
					5 (10.2)

				

				
					44 (89.8)

				

				
					49 (100)

				

				
					0.79

				

				
					1.11

				

				
					(0.42–2.88) 

				

				
					Low-to-moderate 

				

				
					16 (9.2)

				

				
					158 (90.8)

				

				
					174 (100)

				

			

		

		
			
				No statistically significant associations were found between ESBL-positive E. coli and the health determinants evaluated. No statistically significant differences were found between age groups (p=0.49). Regarding sex, the prevalence ratio was 0.99 (95% CI: 0.43–2.26), while for socioeconomic status it was 1.11 (95% CI: 0.42–2.88), with no significant association in either case (Table 2). 

				Since no significant associations were identified in the bivariate analysis, no further analyses were performed.
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				DISCUSSION

				This study found a 9.4% colonization rate by ESBL EP in an outpatient population treated at a private hospital in the city of Cuenca, Ecuador, which falls within the lower range reported internationally in community settings. Studies conducted in the general population in Europe, such as in Germany and Spain, have reported prevalences close to 5–10% in fecal carriers33,34, while studies in sub-Saharan Africa, Asia, and some Latin American contexts report rates exceeding 20% and even exceeding 50%, particularly in community populations with high environmental exposure or limited regulation of antibiotic use35–38. This heterogeneity reflects the influence of local epidemiological factors, patterns of antibiotic use, sanitary conditions, and methodological differences between studies.

				In the Latin American and national context, the findings are comparable to previous reports in the outpatient population of Ecuador, particularly in the city of Quito, where frequencies of approximately 9–13% have been documented in community carriers and outpatient patients23,39. This similarity suggests that intestinal colonization by EP ESBL in the community is present but still moderate compared to regions of high endemicity. However, studies conducted in African countries such as Tanzania and Zambia, as well as in Asian regions such as China, have reported considerably higher prevalences in the community population26,40,41, which highlights the potential for the phenomenon to spread in the Absence of control measures, establishing the gut microbiota as a dynamic reservoir of antimicrobial resistance.

				Regarding age, although the 30–43 age group (mainly the economically active adult population) had the highest carriage frequency, no statistically significant association was found. This finding is consistent with community-based studies conducted in Eastern Europe and Southeast Asia, which found no significant association between age and colonization by ESBL-producing E. coli in the general population42,43. However, research in African settings and institutionalized populations has reported higher rates in both older adults and children22,36, suggesting that age may act as a modulating factor in interaction with other variables, such as exposure to healthcare services, antibiotic use, or living conditions. In this study, the wide age range (5 to 70 years) may have diluted potential associations due to biological, behavioral, and epidemiological differences across age groups. In this regard, the results reinforce the 

			

		

		
			
				idea that age, by itself, does not explain colonization; rather, its effect depends on interactions with other exposure factors.

				Regarding sex, no significant differences were observed between men and women, consistent with studies conducted in community populations in Europe and Asia, where the distribution of EP ESBL is homogeneous between both sexes34,42. Although some studies in China and the United States have reported context-specific associations (such as increased risk in women or differences in exposure behaviors)40,44, these findings are not consistent globally. The Absence of an association in this study suggests that, in the outpatient setting in Cuenca, both sexes have similar exposures to community transmission mechanisms, particularly those related to the fecal-oral route, the domestic environment, and environmental factors.

				Regarding socioeconomic status, a higher carriage frequency was observed in the lower-middle group; however, this difference did not reach statistical significance. This finding is partially consistent with studies conducted in low- and middle-income countries, such as Zambia and China, where higher colonization rates have been reported in populations living in overcrowded conditions with limited access to drinking water and poor sanitation40,45. Nevertheless, the lack of a significant association suggests that the spread of ESBL E. coli in this population may be occurring more broadly, independent of classic socioeconomic determinants.

				The Absence of significant associations with the sociodemographic variables evaluated raises an important point: intestinal colonization by BLEE-EP in the community may be more influenced by factors not measured in this study. Key potential determinants include self-medication, inappropriate antibiotic use, exposure to contaminated food, water quality, and household transmission—factors widely documented in studies conducted in the United States, Africa, and Europe as key drivers of antimicrobial resistance in community settings46,47.

				From a microbiological standpoint, all isolates were E. coli, consistent with global evidence from studies in Europe, Latin America, and Asia, which identify it as the primary community reservoir of ESBL genes33,34,48. Its predominance is associated with its role as a common component of the gut microbiota and its high capacity to acquire and disseminate resistance genes, particularly CTX-M, reinforcing its epidemiological relevance in both colonization and subsequent infections.
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				An important aspect is that, despite the study’s analytical approach, no significant associations were identified. This finding highlights the multifactorial nature of ESBL EP colonization and the need to incorporate additional variables in future analyses.

				Among the study’s strengths is the application of standardized microbiological methodologies, including selective media and phenotypic confirmation via the double-disk test, which ensures the reliability of identifying BLEE-producing strains. Likewise, the generation of primary data in an outpatient population provides relevant evidence in an area that remains largely unexplored in the Ecuadorian context, contributing to the understanding of bacterial resistance from a community perspective.

				However, certain limitations must be considered. Convenience sampling at a single private center may introduce selection bias and limit the representativeness of the results with respect to the city of Cuenca’s general population. Furthermore, the use of self-reported information, particularly for variables such as antibiotic use, carries a risk of reporting bias. Finally, the absence of clinical, environmental, and molecular variables limits the study’s ability to comprehensively identify colonization-associated factors, which should be considered when interpreting the findings.

				CONCLUSIONS 

				In the outpatient population, extended-spectrum beta-lactamase-producing Enterobacteriaceae were detected, with a predominance of Escherichia coli, confirming a community reservoir of antimicrobial resistance. No significant associations were observed with sociodemographic variables, suggesting that environmental, behavioral, or antibiotic exposure-related factors are not involved. These findings provide relevant local evidence and highlight the importance of strengthening community-based epidemiological surveillance, promoting the rational use of antimicrobials, and incorporating clinical, environmental, and molecular variables in future research.

				RECOMMENDATIONS 

				It is recommended to strengthen community surveillance of bacterial resistance by targeting the outpatient population and by early detection of ESBL-producing Enterobacteriaceae. Additionally, longitudinal studies integrating environmental, genetic, and behavioral variables are needed to 

			

		

		
			
				clarify the determinants of intestinal colonization. The proportion of carriers identified supports evaluating screening strategies in at-risk outpatients, particularly before invasive procedures, and strengthening programs to promote the rational use of antibiotics. Finally, a multisectoral approach is proposed that links health systems and the community to limit the spread of antimicrobial resistance.
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