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Background. Antimicrobial resistance is a global threat, heavily impacting low- and middle-income countries. This study 
estimated antimicrobial-resistant gram-negative bacteria (GNB) fecal colonization prevalence in hospitalized and community- 
dwelling adults in Chile before the coronavirus disease 2019 pandemic.

Methods. From December 2018 to May 2019, we enrolled hospitalized adults in 4 public hospitals and community dwellers 
from central Chile, who provided fecal specimens and epidemiological information. Samples were plated onto MacConkey agar 
with ciprofloxacin or ceftazidime added. All recovered morphotypes were identified and characterized according to the 
following phenotypes: fluoroquinolone-resistant (FQR), extended-spectrum cephalosporin-resistant (ESCR), carbapenem- 
resistant (CR), or multidrug-resistant (MDR; as per Centers for Disease Control and Prevention criteria) GNB. Categories were 
not mutually exclusive.

Results. A total of 775 hospitalized adults and 357 community dwellers were enrolled. Among hospitalized subjects, the 
prevalence of colonization with FQR, ESCR, CR, or MDR-GNB was 46.4% (95% confidence interval [CI], 42.9–50.0), 41.2% 
(95% CI, 37.7–44.6), 14.5% (95% CI, 12.0–16.9), and 26.3% (95% CI, 23.2–29.4). In the community, the prevalence of FQR, 
ESCR, CR, and MDR-GNB colonization was 39.5% (95% CI, 34.4–44.6), 28.9% (95% CI, 24.2–33.6), 5.6% (95% CI, 3.2–8.0), 
and 4.8% (95% CI, 2.6–7.0), respectively.

Conclusions. A high burden of antimicrobial-resistant GNB colonization was observed in this sample of hospitalized and 
community-dwelling adults, suggesting that the community is a relevant source of antibiotic resistance. Efforts are needed to 
understand the relatedness between resistant strains circulating in the community and hospitals.
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Antimicrobial resistance (AMR) is a global health threat. 
Despite prevention and control efforts, AMR’s burden contin
ues to increase, particularly in low- and middle-income coun
tries. Global estimates suggest that nearly 5 million deaths were 
associated with AMR in 2019, and costs could reach US$1 to 2 
trillion annually if not addressed [1, 2]. Antimicrobial-resistant 

gram-negative bacteria (AR-GNB), such as multidrug- 
resistant (MDR) Escherichia coli, Klebsiella pneumoniae, 
carbapenem-resistant Enterobacterales, carbapenem-resistant 
Pseudomonas aeruginosa, and Acinetobacter baumannii are of 
particular concern because they frequently produce difficult 
to treat or untreatable infections [3–6]. Low- and 
middle-income countries bear the most significant burden of 
AR-GNB, but there is a paucity of epidemiological data from 
such settings [1].

Reliable data on resistant pathogens are essential to imple
ment infection control and antimicrobial stewardship efforts 
and inform research priorities. AR-GNB burden varies widely 
geographically, temporally, and even across healthcare settings 
within the same region. Current initiatives that seek to build 
AMR surveillance capacity, such as the World Health 
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Organization’s Global Antimicrobial Resistance and Use 
Surveillance System, focus on capturing incident clinical infec
tions [7]. Although such an approach has long been the stan
dard, it depends on substantial healthcare utilization and 
diagnostic stewardship capacities that are only sometimes 
available in low- and middle-income countries, which can in
troduce substantial ascertainment bias into surveillance data, 
resulting in inaccurate estimates [8, 9]. Additionally, effective 
surveillance of AR-GNB to support public health action needs 
to go beyond clinical isolates identified in healthcare settings 
and include assessments of the burden of AMR in communi
ties. For most clinically meaningful AR-GNB, such as 
carbapenem-resistant Enterobacterales and extended- 
spectrum beta-lactamase (ESBL) producing Enterobacterales, 
colonization of the gastrointestinal tract is a well-characterized 
state, along with microbiota disruption and mucosal compro
mise, that precedes the development of AR-GNB clinical infec
tions [10–14]. Thus, colonization may better represent the 
overall burden of AMR than infection.

In this study, we aimed to determine the burden of AR-GNB 
colonization in hospitals and a community. For this, we con
ducted point prevalence studies of hospitalized patients from 
4 tertiary care hospitals in Chile and a population-based com
munity cohort [15] predominantly served by 1 of these 
hospitals.

METHODS

Study Design and Sample

This study was part of the Antibiotic Resistance in Communities 
and Hospitals studies evaluating antimicrobial resistant bacteria 
(ARB) colonization prevalence in 6 countries [9].

We performed cross-sectional studies between December 
2018 and May 2019 to determine the phenotypic and genotypic 
prevalence of intestinal colonization with AR-GNB among hos
pitalized and community-dwelling adults. For 5 consecutive 
days, we approached all hospital patients aged 16 years or older 
for recruitment from 4 tertiary-care public hospitals serving 
cities across the Chilean territory: Antofagasta, Santiago, 
Curico, and Puerto Montt. Local teams, comprising 5 nurses 
or physicians, performed daily rounds in each hospital. If a pa
tient was unavailable, the team revisited the next day. For each 
hospital, we recorded the total number of eligible subjects, the 
number of subjects approached, and the total number of indi
viduals who agreed to participate in the survey. Patients with 
acute diarrhea, gastrointestinal bleeding, or conditions pre
cluding rectal sampling (eg, having colostomy bags) were ex
cluded. The sample size for the hospital point prevalence 
studies was estimated to find a prevalence of colonization re
sulting from MDR-GNB at least 5% different from a theoretical 
20% prevalence. Using an alpha of 0.05 and a power of 80%, we 
needed to recruit 528 subjects. Assuming a conservative 50% 

rejection rate, we aimed to approach at least 1056 subjects to 
achieve the target sample size.

A random sample of community-dwelling adults was re
cruited from a population-based community cohort designated 
MAUCO (Maule Cohort). MAUCO is an ongoing cohort fol
lowing approximately 10 000 adults (aged 38–74 years) living 
in Molina, a semirural, agricultural town in central Chile [15, 
16]. To appropriately capture the general composition of the 
cohort, our sample was stratified by age, sex, and rurality. 
MAUCO participants with fever, diarrhea, or respiratory 
symptoms at the time of recruitment were excluded from the 
study. Assuming a 10% prevalence of intestinal colonization re
sulting from AR-GNB, the sample size necessary to find a 5% 
difference in the proportion of colonized individuals was 316. 
We anticipated a 50% rejection rate; our target sample size 
was 632 individuals.

Data Collection and Processing

Data were collected from participating hospitals using a stan
dardized questionnaire. Similarly, standardized questionnaires 
were administered to all hospitalized and community partici
pants to obtain demographic and relevant clinical data. 
Medical records were accessed to obtain additional details if 
needed.

Intestinal colonization was assessed using rectal swabs ob
tained by study personnel in the hospital or self-collected stool 
samples in the community. The methodologies for sampling, 
transporting, and processing study specimens have been pub
lished [13, 17, 18]. In brief, after specimens were collected ei
ther by hospital personnel or self-collection, they were 
transported to a local laboratory within 2 (hospital) and 48 
(community) hours from collection. Specimens were then plat
ed onto 2 screening plates of MacConkey agar supplemented 
with either ciprofloxacin (2 µg/mL) or ceftazidime (2 µg/mL), 
incubated for 24 hours, and shipped with dry ice to a central 
laboratory at Universidad del Desarrollo, Santiago, Chile, for 
further characterization. At receipt, incubated plates were imme
diately assessed for bacterial growth. All distinct morphotypes ob
served on each plate were subcultured and underwent species 
identification via matrix-assisted laser desorption ionization-time 
of flight. Antibiotic susceptibility testing was performed using the 
disk diffusion method as per CLSI 2019 recommendations [19]. 
All isolates exhibiting resistance to at least 1 extended-spectrum 
cephalosporin (ESC) (ie, ceftriaxone, cefotaxime, ceftazidime, or 
cefepime for Enterobacterales, and ceftazidime or cefepime for 
nonlactose fermenting gram-negative bacilli) underwent conven
tional, in-house polymerase-chain-reaction (PCR) testing for 
blaTEM, blaSHV, and blaCTX-M genes. All isolates found to be resis
tant to 1 or more carbapenems (ie, meropenem, imipenem, or er
tapenem for Enterobacterales, and meropenem or imipenem for 
nonlactose fermenting gram-negative bacilli) were phenotypically 
screened for carbapenemase production using Blue-Carba. 
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Isolates with positive Blue-Carba test underwent molecular test
ing for blaKPC, blaNDM, blaVIM, blaIMP, and blaOXA-48. In addition, 
all isolates were studied for the presence of the mcr-1 gene by a 
previously standardized pooled PCR method in batches of 20 
samples. Positive pools were deconvoluted, and individual PCR 
testing was performed to identify the specific isolates carrying 
the mcr-1 gene. Phenotypic susceptibility to colistin was not eval
uated (Supplementary Figure 1).

Data Analysis

The demographic information of hospitalized and community- 
dwelling adults was analyzed using descriptive statistics. We 
estimated the prevalence (95% confidence interval [CI]) of col
onization with AR-GNB in both the hospital and community 
settings as the total number of individuals colonized with at 
least 1 AR-GNB over the total number of individuals enrolled 
in the study. The outcomes corresponded to 4 nonmutually ex
clusive phenotypical categories of AR-GNB: (1) fluoroquino
lone resistant (FQR); (2) extended-spectrum cephalosporins 
resistant (ESCR); (3) carbapenem resistant (CR); and (4) mul
tidrug resistant as per the Centers for Disease Control and 
Prevension definition [20].

The proportion of AR-GNB–carrying genes encoding beta- 
lactamases or carbapenemases was also analyzed according to 
the isolate’s phenotype (Supplementary Figure 1). Prevalence 
data are presented at the participant level.

Analyses were performed using STATA/SE version 17.0 and 
R version 4.0.5.

Ethics

All enrolled participants provided written informed consent. 
Our study was approved by the Research Ethics Committee 
CEC-MEDUC, Pontificia Universidad Católica de Chile, ID: 
181105003.

RESULTS

Characteristics of Study Subjects

Hospitalized patients. A total of 1294 hospitalized adults were 
approached for study participation, of whom 775 (59.9%) 
agreed to participate, with the following distribution per facil
ity: (1) Hospital Antofagasta (n = 225); (2) Hospital Santiago 
(n = 216); (3) Hospital Curico (n = 166); and (4) Hospital 
Puerto Montt (n = 168). The median (interquartile range) age 
was 60 (42–72) years, and 402 subjects (52%) were female. A to
tal of 79% of patients were admitted to medical-surgical wards, 
13% to maternity wards, and 9% to a critical care unit. The 
overall median Charlson comorbidity score was 3 (range, 0– 
5). A summary of the characteristics of the hospitalized partic
ipants by hospital is provided in Table 1.

Community-dwelling individuals. A total of 601 
community-dwelling adults participating in the MAUCO 

cohort were approached, of whom 357 (59.4%) were enrolled. 
The median (interquartile range) age was 55 (48–62) years, 
and 224 subjects (62.8%) were female. Exposure to the inpatient 
healthcare setting was low as 21 subjects (5.0%) recalled under
going hospitalization in the previous 6 months. In contrast, 244 
(68.4%) participants reported at least 1 visit to the local emer
gency department (ED) or an ambulatory clinic during the pri
or 6 months. Fifty-seven (16.3%) subjects reported using 
antimicrobials in the past 3 months, of whom 45 (78.9%) had 
a history of ED or ambulatory clinic visits. Table 2 summarizes 
the most relevant epidemiological and clinical characteristics of 
the MAUCO sample.

Prevalence of AR-GNB Colonization at the Hospital and Community Level

Among the 775 hospitalized patients, 434 (56%) exhibited bac
terial growth in at least 1 positive screening plate. A total of 
1136 morphotypes were identified and confirmed phenotypi
cally as part of the previously mentioned AR-GNB categories. 
Supplementary Figure 2 shows the distribution of the most 
prevalent AR-GNB species and their main antimicrobial sus
ceptibility patterns. Strains of E. coli, K. pneumoniae, and 
Enterobacter spp. predominated.

Among hospital participants, the overall prevalence of gut 
colonization with FQR, ESCR, CR-GNB, and MDR-GNB was 
46.4% (95% CI, 42.9–50.0), 41.2% (95% CI, 37.7–44.6), 14.5% 
(95% CI, 12.0–16.9), and 26.3% (95% CI 23.2–29.4), respective
ly. The prevalence of colonization varied by the hospital, with 
patients from Hospital Antofagasta demonstrating the highest 
prevalence of FQR, ESCR, and MDR organisms (57%, 51%, and 
37%, respectively), whereas participants from Hospital Curico 
exhibited the highest prevalence of CR-GNB (19%) coloniza
tion (Table 3). The most prevalent antimicrobial-resistant 
genes (ARG) carried by isolated AR-GNBs with phenotypic re
sistance to ESC or carbapenems are summarized in Table 4. A 
total of 280 hospital participants were colonized with at least 1 
ESCR-GNB carrying 1 or more genes encoding for beta- 
lactamases, representing 87.8% of all participants colonized 
by AR-GNB with an ESCR phenotype. In contrast, the propor
tion of patients carrying carbapenemase-producing CR-GNB 
was 21.4% among participants colonized with GNB phenotyp
ically resistant to carbapenems.

In the community setting, specimens obtained from 232 
(65%) of the 357 participants exhibited growth in 1 or more 
screening plates, accounting for 528 morphotypes. Species dis
tributions are summarized in Supplementary Figure 2. E. coli 
was the most common colonizing species found in this setting. 
K. pneumoniae and Enterobacter spp. were rarely found. The 
prevalence of colonization among community dwellers result
ing from FQR, ESCR, CR, and MDR-GNB was 39.5% (95% CI, 
34.4–44.6), 28.9% (95% CI, 24.2–33.6), 5.6% (95% CI, 3.2–8.0), 
and 4.8% (95% CI, 2.6–7.0), respectively. Table 4 shows the 
most prevalent ARG found in colonizing AR-GNB. 
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Interestingly, 69 (67%) individuals colonized with ESCR-GNB 
had at least 1 gene that potentially encodes for ESBLs. Of note, 
62 (69%) were positive for a blaCTX-M gene. No carbapenemase- 
encoding genes were found in the community.

DISCUSSION

Our study found a high burden of fecal AR-GNB colonization 
in Chilean hospitals and an agricultural community in central 
Chile. Overall, colonization was higher in hospitals, reaching 
46%, 41%, and 15% for FQR, ESCR, and CR-GNB, respectively. 
Worryingly, 26% of hospitalized subjects carried an 
MDR-GNB. Among patients colonized with ESCR-GNB, car
riage of ARGs that encode for ESBL was almost universal 
(88%) and highly transmissible CTX-M-type enzymes were 
predominant. On the other hand, carbapenem resistance re
sulting from carbapenemase production was less frequent. 
Circulation of blaVIM was observed in 3 centers, 2 hospitals 
had circulation of AR-GNB carrying blaKPC genes, and only 1 
reported blaNDM-carrying organisms. This finding may suggest 
a recent importation of carbapenemase genes among Chilean 
hospitals. The transmission potential of carbapenemases 
highlights the need to reinforce infection control practices 
in Chilean hospitals to avoid further transmission of 
carbapenemases.

Table 1. General Characteristics of Hospitalized Patients by Study Hospital

Variable
Antofagasta 

Hospital
Santiago 
Hospital Curico Hospital

Puerto Montt 
Hospital

P 
Value

Sample (n) 225 216 166 168

Age (y)a 59.9 (41.6–68.3) 62.1 (43.3–73.7) 60.1 (38.3–74.2) 57.2 (43.4–68.1) .22

Femaleb 119 (52.9) 110 (50.9) 97 (58.4) 76 (45.2) .11

Unit of hospitalization

Medical/surgicalb 171 (76.0) 185 (85.7) 123 (74.1) 133 (79.2) .03

Maternity/gynecologyb 31 (13.8) 22 (10.2) 28 (16.9) 16 (9.5)

ICUb 23 (10.2) 9 (4.2) 15 (9.0) 19 (11.3)

Charlson Indexa [21] 3 (0–4) 3 (0–5) 3 (0–4) 3 (.5–5) .32

Surgery during hospitalizationb 115 (51.3) 68 (31.6) 45 (27.4) 77 (46.7) <.01

Use of central venous catheter in the current hospitalizationb 50 (22.3) 23 (10.7) 12 (7.2) 24 (14.6) <.01

Use of urinary catheter at the day of specimen collectionb 29 (13.6) 25 (11.9) 22 (13.3) 44 (26.8) <.01

Invasive mechanical ventilation during hospitalization (current or 
past)b

26 (11.6) 30 (13.9) 12 (7.3) 11 (6.8) .06

Prior MDR-GNB colonization (based on local laboratory data)b 48 (21.3) 29 (13.4) 3 (1.8) 10 (6.0) <.01

Length of stay (admission to swab)a 4 (1–12) 4 (1–10) 6 (3–12) 7 (4–17) <.01

Antimicrobial exposure prior to study participation (14 d before 
rectal swab)b

38 (21.7) 18 (10.0) 7 (4.3) 18 (12.0) <.01

Current antimicrobial exposure 142 (63.1) 126 (59.7) 85 (51.8) 107 (64.5) <.01

Current use of PPI 175 (77.8) 147 (68.1) 119 (71.7) 80 (47.6) <.01

December 2018 to May 2019.  

Values are shown as amedian (interquartile range) or bnumber (percentage). P-values from χ2 or Kruskal Wallis test for categorical or continuous variables, respectively. Surgery during 
hospitalization and use of central venous catheter in the current hospitalization refer to any surgical intervention taking place between hospital admission and the time of the rectal swab 
sampling. Invasive mechanical ventilation (IMV) during hospitalization at the time of the rectal swab is labeled as “current” or “past” if the participants underwent IMV before the 
obtention of the rectal swab. Previous MDR-GNB colonization refers to participants that have a history of MDR-GNB colonization based on laboratory information available in the 
participant’s medical record up to 1 year before study participation.  

Abbreviations: ICU, intensive care unit; MDR-GNB, multidrug-resistant gram-negative bacteria; PPI, proton pump inhibitor.

Table 2. General Characteristics of Community-Dwelling Adults From the 
Maule Cohort (MAUCO), December 2018 to May 2019

Variable MAUCO

Sample (n) 357

Agea 55 (48–62)

Femaleb 224 (62.8)

Co-residence 
(persons per household)a

3 (2–4)

Hospitalization 
(6 mo)b

18 (5.1)

ED or ambulatory clinic visits 
(6 mo)b

224 (68.4)

BMI (kg/m2)c 29.5 (26.3–32.7)

Diabetesb 54 (15.4)

Liver diseaseb 82 (23.2)

Chronic renal diseaseb 8 (2.2)

Cancerb 8 (2.3)

Cardiovascular diseaseb 129 (36.5)

Respiratory diseaseb 12 (3.4)

Diarrhea 
(6 mo)b

65 (18.3)

Antibiotic exposure 
(3 mo)b

57 (16.3)

Antibiotic exposure 
Household 
(3  mo)b

32 (9.5)

Values shown as amedian (interquartile range), bnumber (percentage), or cmean (standard 
deviation).  

Abbreviations: Amb, ambulatory; BMI, body mass index; ED, emergency department; 
MAUCO, Maule cohort.
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Several factors may explain the high burden of AMR coloniza
tion observed in the hospital setting. First, antimicrobials are 
well-known disruptors of the colonization resistance against bac
terial pathogens and exert tremendous selective pressure on mi
crobial communities, setting ideal conditions for AR-GNB to 
colonize the human gut successfully [22]. As shown in Table 1, 
in our study, in-hospital antimicrobial exposure was common 
and ranged from 52% to 65%, according to the study hospital. 
Further analyses considering patterns of antimicrobial use or 

differing infection control practices may explain the differences 
in the prevalence of specific AR-GNB found in each hospital. 
Second, the sample of hospitalized subjects was frequently 
exposed to surgical and other invasive procedures, which may 
have increased their risk of AR-GNB colonization through 
cross-transmission. Finally, nonantimicrobial drugs, such as 
proton-pump inhibitors, were heavily used; this family of drugs 
has been pointed out as a relevant risk factor for AR-GNB acqui
sition, even in the absence of antimicrobial exposure [23].

Table 3. Prevalence of AR-GNB Colonization in the Hospital and Community Settings

Gram-negative bacteria resistant to:
Antofagasta Hospital 

N = 225
Santiago Hospital 

N = 216
Curico Hospital 

N = 166
Puerto Montt Hospital 

N = 168
MAUCO 
N = 357

Fluoroquinolones 128 (56.9%) 82 (38.0%) 83 (50.0%) 67 (39.9%) 141 (39.5%)

95% CI 50.4–63.4 31.5–44.4 42.4–57.6 32.5–47.3 34.4–44.6

Extended-spectrum cephalosporins 115 (51.1%) 77 (35.6%) 73 (44.0%) 54 (32.1%) 103 (28.9%)

95% CI 44.6–57.6 29.3–42.0 36.4–51.5 25.1–39.2 24.2–33.6

Carbapenems 24 (10.7%) 29 (13.4%) 32 (19.3%) 27 (16.1%) 20 (5.6%)

95% CI 6.6–14.7 8.9–18.0 13.3–25.3 10.5–21.6 3.2–8.0

Multidrug resistanta 78 (34.7%) 51 (23.6%) 41 (24.7%) 34 (20.2%) 17 (4.8%)

95% CI 28.4–40.9 17.9–29.3 18.1–31.3 14.2–26.3 2.6–7.0

Categories are not mutually exclusive.  

Abbreviations: AR-GNB, antimicrobial-resistant gram-negative bacteria; CI, confidence interval; MAUCO, Maule cohort; NA, not available.  
aMultidrug-resistant bacteria were defined as resistance to at least 1 compound of ≥ 3 antibiotic classes. The differences in the prevalence of intestinal colonization with resistant 
gram-negative bacteria between hospitals were statistically significant (χ2, P < .01) for fluoroquinolones, extended-spectrum cephalosporins, and multidrug resistance, and were not 
statistically significant for carbapenem (P = .09).

Table 4. Participant Level Distribution of Antimicrobial Resistant Genes Carried by AR-GNB in the Hospital and Community Settings

Antofagasta 
Hospital 
N = 225

Santiago 
Hospital 
N = 216

Curico 
Hospital 
N = 166

Puerto Montt 
Hospital 
N = 168

MAUCO 
(Community) 

N = 357
Total 

N = 1132

Participant level

PT with ESBL phenotype 115 (51.1%) 77 (35.6%) 73 (44.0%) 54 (32.1%) 103 (28.9%) 422 (37.3%)

PT carrying ESBL genes 108 (94%) 66 (86%) 64 (88%) 42 (78%) 69 (67%) 350 (83%)

Prevalence (%) 48 31 39 25 19 …

TEM 46 (43%) 20 (30%) 24 (38%) 13 (31%) 19 (28%) 122 (35%)

SHV 32 (30%) 31 (47%) 23 (36%) 19 (45%) 6 (9%) 111 (32%)

CTX-M 103 (95%) 57 (86%) 60 (94%) 37 (88%) 62 (90%) 320 (91%)

PT with CR phenotype and Blue Carba 
(+)

7 (3.1%) 7 (3.2%) 8 (4.8%) 10 (6.0%) 1 (0.3%) 33 (2.9%)

PT with CR genea 6 (85.7%) 5 (71.4%) 8 (100%) 10 (100%) 0 24 (21%)

KPC 3 (50%) 5 (100%) 0 0 0 8| (33%)

NDM 0 5 (100%) 0 0 0 5 (21%)

IMP 0 0 0 0 0 0

VIM 3 (50%) 0 8 (100%) 9 (100%) 0 16 (67%)

OXA 0 0 0 0 0 0

PT with mcr-1 0 0 0 1 0 1

PT with ESBL phenotype denotes a participant colonized with at least 1 AR-GNB resistant to at least 1 extended-spectrum cephalosporin. PT carrying ESBL genes denotes a participant 
colonized with extended-spectrum cephalosporin-resistant organisms carrying at least 1 of the antimicrobial-resistant genes described in the table. PT with CR phenotype/Blue Carba (+) 
denotes a participant carrying at least 1 carbapenem-resistant gram-negative bacteria that resulted positive in the carbapenemase screening test (Blue Carba). PT with CR gene denotes a 
participant colonized with a carbapenem-resistant organism carrying at least 1 of the carbapenem-resistance genes described in the table.  

Abbreviations: AR-GNB, antimicrobial-resistant gram-negative bacteria; CR, carbapenem-resistant; CTX-M, Cefotaxime-Munich; ESBL, extended-spectrum beta-lactamase; IMP, 
Imipenemase; KPC, Klebsiella pneumoniae carbapenemase; NDM, New Delhi metallo-beta-lactamase; OXA, Oxacillinase; PT, participant; SHV, Sulfhydryl variable; TEM, Temoniera; VIM, 
Verona integron-encoded metallo-beta-lactamase.  
aThe percentage is calculated as the number of participants carrying a CR gene over the total number of participants carrying an AR-GNB with CR phenotype and a positive Blue Carba test. PT 
with mcr-1 denotes a participant colonized with at least 1 GNB carrying mcr-1 gene.
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The prevalence of fecal AR-GNB colonization among 
community-dwelling adults was lower than in hospitalized pa
tients; however, rates were strikingly high compared with older 
reports and similar to a recent study from Botswana that also 
found a significant reservoir of ESCR Enterobacterales in a 
community [24, 25]. In our study, 40% of community-dwelling 
participants carried an FQR-GNB, whereas 29% were colonized 
with an ESCR-GNB, and 5% had GNB classified as MDR-GNB. 
Importantly, 67% of subjects colonized with an ESCR-GNB 
carried a potential ESBL-encoding gene, which in 90% of the 
cases corresponded to blaCTX-M, similar to the hospital setting. 
Although the impact of ESCR-GNB colonization among 
community-dwelling adults remains unknown, this finding 
suggests that the community reservoir of AMR is tremendous 
and may be driving the epidemiology of AMR in hospitals. 
Resistance to carbapenems was low and not from carbapene
mase production. Potential drivers for AMR in this community 
include contamination from environmental sources. Although 
Chile has wide access to potable water, and the sewage system is 
fully connected to water treatment plants [26], a recent article 
reported significant river water and vegetable contamination 
resulting from FQR- and ESCR-GNB near the MAUCO area, 
suggesting that the environment may be a key player in spread
ing AMR among MAUCO participants [27]. Another explana
tion is the exposure to different selective pressures. Chile 
requires a medical prescription for using antimicrobials in 
the outpatient setting. In this study, the rate of antimicrobial 
use among MAUCO participants was modest (16%). 
However, almost 70% of the sample visited the ED or an ambu
latory clinic. Thus, recall bias may have underestimated antimi
crobial exposure. More studies are needed to determine the role 
of environmental contamination and healthcare exposure in 
driving AMR in the community.

Our work has limitations. First, as an observational study, it 
is subject to selection bias. Patients may differ in their willing
ness to participate in research activities in the hospital setting 
according to their baseline health status, which may bias the 
AR-GNB colonization estimation. Because of data privacy con
straints, we could not compare the population that agreed to 
participate or not; therefore, we cannot know the direction of 
this bias. To provide generalizable results, we included a large 
sample of hospitalized patients that achieved our prespecified 
target sample size. All hospitals were in different regions of 
the country and belonged to the public health system, which 
provides healthcare to ∼80% of the Chilean population. 
Similarly, in the community setting, study subjects may share 
behavioral features such as risk aversion and healthcare- 
seeking behavior differing from those rejecting participation. 
In addition, MAUCO includes subjects aged 38 years or older 
only, excluding the younger and healthier local population 
[15, 16]. Thus, we may have overestimated the overall burden 
of AR-GNB colonization in this community. In addition, it is 

worth mentioning that the Charlson Comorbidity Index may 
not be an accurate estimation of the burden of comorbidities 
in the hospitalized population.

Second, we screened for AR-GNB colonization using culture 
techniques, which may misclassify the colonization status of a 
subject because of a lower sensitivity compared with molecular 
approaches [28]. However, culturing techniques are still exten
sively used for identifying AR-GNB colonization for infection 
control in the hospital setting. They provide clinically useful in
formation in predicting the risk of adverse outcomes (eg, sub
sequent bacteremia) and allow for the characterization of 
isolated organisms. Also, using well-standardized sample col
lection and culture methods, our results can be compared 
with others and repeated over time to estimate trends 
[9]. Finally, using ceftazidime-based selective media for 
ESCR-GNB screening may not detect some ceftriaxone- 
resistant, ceftazidime-susceptible GNB. Resistance to ESC in 
GNB usually includes quinolone resistance; therefore, we ex
pect this potential sensitivity loss to be minor because we in
cluded a second plate embedded with ciprofloxacin [29, 30].

In conclusion, our study is one of the first to deliver a com
prehensive analysis of intestinal ARB colonization within both 
hospital and community settings in Chile, establishing the 
foundation for future regional research aimed at developing 
targeted interventions and policies. We found a high burden 
of AR-GNB colonization. Almost half of the hospitalized indi
viduals carried FQR- or ESCR-GNB, whereas 1 of every 3 to 4 
patients harbored at least 1 MDR-GNB. Within the communi
ty, one-third of the population carried at least 1 ESCR-GNB, of
ten with highly transmissible ESBL genes (eg, blaCTX-M). This 
community AR-GNB reservoir may play a critical role in emer
gence and spread of AMR, underlining the importance of 
incorporating community-focused strategies in the approach 
to controlling AMR. Further research is essential to elucidate 
the community’s role in AMR dissemination and assess the 
risk of subsequent infection for colonized individuals, particu
larly in low- and middle-income countries.
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