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Introduction: The colonization of the oral cavity by potentially pathogenic
antimicrobial-resistant bacteria in adolescents and its consequences is very
poorly understood. The present study focused on the occurrence of oral
colonization by Gram-negative bacilli (GNB) and their multidrug resistance,
including the production of extended-spectrum B-lactamases (ESBLs) and
carbapenemases, among healthy adolescents and risk factors associated with
GNB colonization.

Materials and methods: This study was conducted as part of “A program for the
early detection of risk factors for lifestyle diseases SOPKARD-Junior” (SOPKARD -
Junior). Oral samples were collected from 182 adolescents from four public
elementary schools in Sopot, Poland, aged 13-14 years. Bacterial strains were
identified by the MALDI-TOF MS method. Screening of antimicrobial resistance
was performed using a disk diffusion method. The NG-Test® CARBA-5 was used
to detect and differentiate the five most widely distributed carbapenemases.
Demographic and clinical data were collected and statistical analysis of risk
factors was performed.

Results: A total of 68 out of 182 (37.4%) healthy adolescents was documented
oral colonization with Gram-negative bacilli, including 50/182 (27.5%) multidrug
resistant (MDR-GNB) strains. Over 60% of oral carriage concerned three main
genera Enterobacter spp., Pseudomonas spp., and Serratia spp., which were
detected in 22.1%, 19.1%, and 19.1% of participants, respectively. Citrobacter spp.,
Escherichia coli, Klebsiella spp., Hafnia spp., Aeromonas spp., Acinetobacter spp.,
and Stenotrophomonas spp. were also isolated. The antimicrobial resistance to
ampicillin (100%), ceftazidime (69.1%), meropenem (60.3%), gentamycin (60.3%),
piperacillin/tazobactam (52.9%), and piperacillin (45.6%) were the most common.
Among 73.5% GNB strains multidrug resistance was observed, including all
Pseudomonas spp. strains. Among MDR-GNB, 30.4% were resistant to four
groups of antibiotics, half of the MDR Pseudomonas spp. strains were resistant
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to 10 groups of antibiotics. Extended-spectrum B-lactamases were produced by
Enterobacter cloacae, Klebsiella spp., and Serratia spp. (7.4%). Colonization by
ESBLs-positive GNB strains was significantly associated with recurrent
respiratory infections, nasal congestion, and bronchitis (p<0.05).

Conclusion: Our study revealed high oral carriage of multi-drug resistant Gram-
negative bacilli in healthy adolescents and the association of ESBL-producing
strains with respiratory infections. Further studies on oral colonization with GNB
are necessary due to the possibility of distinct infections and the acquisition of

antibiotic resistance by resident microbiota.
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Introduction

The oral cavity is one of the most biologically complex niches in
the body and the body’s entrance to the outside world. In particular
from the air or through ingestion while eating, the mouth can serve
as a site of entry for various microbial pathogens. Specific features of
the oral cavity, such as specialized mucosal surfaces, teeth enamel,
and salivary flow, make it distinct from all other body surfaces
leading to colonization by selected microbes. As a consequence, not
all microorganisms that enter the mouth can persist and form the
oral microbiota. The composition of the oral microflora is dynamic
and changes over human life. The microbial community of the
mouth coexists harmoniously with the host, and this symbiosis is
advantageous to both. Exogenous and commonly pathogenic
bacteria can colonize the mouth as a result of the loss or
disruption of resident microbiota, predisposing to many disorders
(Jakubovics, 2015; Marsh et al., 2016).

Oral carriage of both Gram-positive and -negative bacteria such as
Streptococcus pneumoniae, Streptococcus pyogenes, Staphylococcus
aureus, Haemophilus influenzae, Moraxella catarrhalis, especially in
children, is very well known, but there are only a few studies reported
the oral colonization by Gram-negative bacilli (GNB) (Lima et al.,
2010; Le et al., 2020; Osei et al., 2022; Ledo et al., 2023). The persistence
of GNB in the oropharyngeal area makes patients, primarily
hospitalized or immunocompromised, vulnerable to bacterial
infections such as pneumonia, bacteremia, and urinary tract
infections (Osei et al., 2022). The hazard of GNB colonization is
mainly due to their widespread resistance to antibiotics including the
production of extended-spectrum [-lactamases (ESBLs) and
carbapenemases. Gram-negative bacilli such as Acinetobacter
baumannii, Pseudomonas aeruginosa, and Enterobacter spp. is one
of the most frequent causes of nosocomial infections belonging to the
alarming ESKAPE group (Paauw et al., 2009; Akbari et al,, 2016;
Motiwala et al., 2022).

While previous studies evaluated Gram-negative bacterial
carriage mainly based on fecal or rectal samples, recent studies
indicated the presence of GNB in the oropharyngeal region in
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addition to the other sites revealed striking differences in GNB
colonization rates depending on sampling protocols, selected body
sites for screening, and microbiological testing procedures (Le et al,,
2020). Just as there is a consensus on sampling methods for the
carriage of some bacteria (e.g. nasal swab collection for methicillin-
resistant S. aureus), there is debate over the collection of screening
samples for some MDR Gram-negative bacteria (Torres
et al,, 2022).

For these reasons, the study conducted within the SOPKARD-
Junior program addresses the prevalence of oral colonization by
multidrug-resistant GNB, including extended-spectrum f3-
lactamases (ESBLs)- and carbapenemases-producing strains,
among healthy adolescents and risk factors associated with
GNB colonization.

Materials and methods
Study design and participants

The study was carried out as part of a preventive program “A
program for the early detection of risk factors for lifestyle diseases
SOPKARD-Junior” (SOPKARD-Junior). The main purpose of the
program was to assess the health condition of adolescents. The
program was conducted from September to December 2021 in all
elementary schools in the city of Sopot in the Pomeranian
Voivodeship of Poland. All teenagers (n=246) aged 13-14 years
attending 8th grade of Sopot elementary schools (attending school
regularly, without long breaks due to hospitalization or chronic
diseases) were invited to the SOPKARD-Junior program. The study
began after receiving written informed consent from each child’s
parent or legal guardian, as well as approval from the bioethics
committee of the Medical University of Gdansk (NKBBN/510-745/
2021). A total of 182 participants took part in the microbiological
study. Adolescents did not eat or drink or brush their teeth for a
minimum of one hour before sample collection. One oral sample
was collected from each study participant using a sterile swab on
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STUART transport medium (MEDLAB-PRODUCTS, Raszyn,
Poland) and directly transported to the laboratory of the
Department of Oral Microbiology of the Medical University
of Gdansk.

The data such as sex, prevalence of comorbidities such as
bronchitis, otitis, tonsillitis, tonsillectomy, adenoid hypertrophy,
chronic rhinitis, allergic rhinitis, nasal congestion, sinusitis, asthma,
recurrent respiratory infections, allergy, atopic dermatitis, psoriasis,
thyroid disease, liver disease, kidney disease, cardiologic disease,
diabetes, hypercholesterolemia, attention deficit hyperactivity
disorder (ADHD), and depression were collected.

Bacterial strains and screening of
antimicrobial resistance

A total of 182 oral swabs were collected. All swabs were
subcultured on Columbia blood agar (GrasoBiotech, Starogard
Gd., Poland) and MacConkey agar (bioMérieux, Marcy I’Etoile,
France) and incubated aerobically at 35 + 2°C for 18 to 24h.
Bacterial strains were identified according to standard procedure
routine microbiological diagnostics, including the API system
(bioMeriux, Marcy-I’Etoile, France) (Tille, 2013). Identification of
GNB species was verified by the matrix-assisted laser desorption
ionization time-of-flight mass spectrometry (MALDI-TOF MS)
method (Bruker Daltonics, MA, USA).

The screening of antimicrobial susceptibility of isolated bacteria
was performed by disk diffusion method according to the European
Committee on Antimicrobial Susceptibility Testing (EUCAST)
(EUCAST, 2021). In total, the used antimicrobial agents included
amikacin (30 pg), ampicillin (10 pg), aztreonam (30 pg), cefoxitin
(30 pg), cefepime (30 pg), ceftazidime (10 pg), ciprofloxacin (5 pg),
colistin (10 pg), gentamycin (10 pg), imipenem (10 pg), levofloxacin
(5 pg), meropenem (10 pg), piperacillin (30 pg), piperacillin/
tazobactam (30pg/6pg), ticarcillin (75 ug), ticarcillin/clavulanic
acid (75ug/10ug), trimethoprim/sulfamethoxazole (1.25ug/
23.75ug) (Oxoid, Basingstoke, England). The multidrug resistant
Gram-negative bacilli (MDR-GNB) were defined as strains resistant
to one or more agents in three or more antimicrobial categories.

The strains produced of extended-spectrum B-lactamases
(ESBL) were detected with discs with ceftazidime (30 ug),
cefotaxime, and aztreonam (30 pg) placed at a distance of 20 mm
from the center of the disc with amoxicillin/clavulanic acid (20 pg/
10 pg) (EUCAST, 2022).

CHROMagar ESBL (GrasoBiotech, POLAND) and NG-Test®
CTX-M MULTI (NG BIOTECH, France) were used to confirm the
occurrence of the ESBL mechanism in the tested positive strains. The
test allows detection of the five major groups (1, 2, 8, 9 and 25) in the
CTX-M-type enzymes of extended-spectrum [-lactamases (ESBLs).
The NG-Test® CARBA-5 (NG BIOTECH, France) was used to detect
carbapenemase-producing strains. The test determined the five most
widely distributed carbapenemases (KPC, NDM, IMP, VIM, OXA-48)
belonging to the following classes: A - Klebsiella pneumoniae
carbapenemase (KPC); class B - New Delhi metallo-f-lactamase
(NDM), imipenemase (IMP), Verona integron-encoded metallo-f3-
lactamase (VIM), and class D - oxacillinase (OXA-48).
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Statistical analysis

The analysis of association between the demographic/clinical
data of participants and occurrence of antimicrobial-resistant GNB
was performed. Statistical analysis was performed using software
from TIBCO Software Inc. (2017) Statistica (data analysis software
system), version 13. http://statistica.io. The qualitative variables
were presented with the use of count and percentage. Chi-squared
tests for independence were used for qualitative variables. In all
calculations, 0:=0.05 was taken as the significance level.

Results
Distribution of Gram-negative bacilli

From 182 oral swabs collected from healthy adolescents, 68 (one
strain from each person) Gram-negative bacilli were isolated
(37.4%), including Enterobacterales (46/68 - 67.6%) and non-
fermenting bacilli strains (22/68 - 32.4%). Ten bacterial species
belonging to the Enterobacterales comprised Enterobacter cloacae
(15/46 - 32.6%), Serratia marcescens (11/46 — 23.9%), Citrobacter
freundii (7/46 - 15.2%), Escherichia coli (3/46 - 6.5%), Klebsiella
oxytoca (3/46 — 6.5%), Serratia odorifera (2/46 — 4.3%), Citrobacter
koseri (2/46 - 4.3%), Hafnia alvei (1/46 - 2.2%), Aeromonas
hydrophila (1/46 - 2.2%), and Klebsiella pneumoniae (1/46 -
2.2%). Ten non-fermenting bacilli species such as Pseudomonas
aeruginosa (7/22 - 31.8%), Stenotrophomonas maltophilia (7/22 -
31.8%), Pseudomonas tolaasii (1/22 - 4.5%), Pseudomonas
extremorientalis (1/22 - 4.5%), Pseudomonas jessenii (1/22 -
4.5%), Pseudomonas rhodesiae (1/22 - 4.6%), Pseudomonas
monteilii (1/22 - 4.6%), Pseudomonas lundensis (1/22 - 4.5%),
Acinetobacter radioresistens (1/22 - 4.5%), and Acinetobacter
baumanii (1/22 - 4.5%) were identified (Table 1; Figure 1).

Antimicrobial resistance

According to the EUCAST recommendation, all isolated GNB
strains were resistant to ampicillin (100%), followed by resistance to
ceftazidime (69.1%), meropenem (60.3%), gentamycin (60.3%),
piperacillin/tazobactam (52.9%), piperacillin (45.6%), amikacin
(38.2%), ciprofloxacin (36.8%), trimethoprim/sulfamethoxazole
(36.8%), and imipenem (29.4%) (Table 2; Figure 2). All
Pseudomonas spp. strains were resistant to amikacin, ciprofloxacin,
imipenem, aztreonam, piperacillin, piperacillin/tazobactam,
ticarcillin and levofloxacin. Resistance of Pseudomonas spp. strains
to cefepime, ceftazidime and ticarcillin/clavulanic acid was 92.3%, to
colistin 84.6% and to meropenem 53.9%.

Out of 68 GNB strains, 5 (7.4%) produced extended-spectrum [3-
lactamases, Enterobacter spp. (3/68), Klebsiella spp. (1/68), and Serratia
spp. strains (1/68). None of the isolated GNB strains produced
carbapenemases. Fifty (73.5%) multidrug-resistant GNB were
identified, including all Pseudomonas spp. and Stenotrophomonas
maltophilia strains (29.4%), and Enterobacterales strains (44.1%).
Among MDR-GNB, 30.4% were resistant to four classes of
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TABLE 1 The frequency of Gram-negative bacilli species isolated from
the oral cavity of healthy adolescents.

Bacterial Enterobacterales Gram-negative
species (n=46) bacilli (n=68)
N (%) N (%)
Enterobacter 15 (32.6) 15 (22.1)
cloacae
Serratia marcescens 11 (23.9) 11 (16.2)
Citrobacter freundii 7 (15.2) 7 (10.3)
Escherichia coli 3 (6.5) 3 (44)
Klebsiella oxytoca 3 (6.5) 3 (44)
Serratia odorifera 2 (4.3) 2(29)
Citrobacter koseri 2 (4.3) 2(29)
Hafnia alvei 1(2.2) 1(1.5)
Aeromonas 1(2.2) 1(1.5)
hydrophila
Klebsiella 1(2.2) 1(1.5)
pneumoniae
Bacterial Non-fermenting Gram-negative
species bacilli (n=22) bacilli (hn=68)
n (%) n (%)
Pseudomonas 7 (31.8) 7 (10.3)
aeruginosa
Stenotrophomonas 7 (31.8) 7 (10.3)
maltophilia
Pseudomonas 1(4.5) 1(1.5)
tolaasii
Pseudomonas 1(4.5) 1 (1.5)
extremorientalis
Pseudomonas 1(4.5) 1 (1.5)
Jjessenii
Pseudomonas 1 (4.5) 1(1.5)
rhodesiae
Pseudomonas 1 (4.5) 1(1.5)
monteilii
Pseudomonas 1(4.5) 1 (1.5)
lundensis
Acinetobacter 1(4.5) 1 (1.5)
radioresistens
Acinetobacter 1 (4.5) 1(1.5)
baumanii

antimicrobials, half of the MDR Pseudomonas spp. strains were
resistant to 10 classes of antimicrobials.

Demographic and clinical characteristic

The analysis of demographic and clinical data showed that most
of them (sex, school, bronchitis, otitis, tonsillitis, tonsillectomy,
adenoid hypertrophy, chronic rhinitis, nasal congestion, sinusitis,
asthma, recurrent respiratory infections, allergy, psoriasis, thyroid
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disease, liver disease, kidney disease, cardiologic disease, diabetes,
hypercholesterolemia, ADHD and depression) did not affect growth
of oral colonization by GNB. Only atopic dermatitis (p=0.008) and
allergic rhinitis (p=0.029) revealed statistically significant differences
between colonized and non-colonized adolescents (Table 3). The
prevalence of ESBL-positive strains was significantly associated with
participants reporting recurrent respiratory infections (p=0.004),
nasal congestion (p=0.008), and bronchitis (p=0.045). Whereas, no
association was found between the analyzed data and MDR
Pseudomonas spp. colonization (Table 4).

Discussion

In healthy people, Gram-negative bacilli sporadically colonize
the oral cavity and are not considered a natural component of the
oral microbiota. Their incidence in this site is variable and may
increase in some specific conditions, such as immunosuppression,
diabetes, oldness, hospitalization, xerostomia, and other oral
disorders (Li et al., 2000; Ashreen et al., 2020; Cruz et al., 2022;
Hernandez-Jimenez et al, 2022). Due to the GNB may cause
pneumonia (Levison and Kaye, 1985; Vincent et al., 1995),
meningitis (Lanks et al., 2019), bloodstream infection (Cheol-In
et al., 2004), endocarditis (Ledo et al, 2023), and urinary tract
infections (Ceroni, 2013), their presence in the oral cavity poses a
potential risk for systemic infections.

In our study, Gram-negative bacilli were frequently isolated
from the oral cavity of healthy adolescents, and more than 37% were
colonized. Colonization rates worldwide differ considerably
depending on the age of the studied population and geographic
region. Lower prevalence was reported by Lima et al. in
nasopharynx swabs from children attending day-care centers
(8.9%) and by Osei et al. in healthy under-five children in Ghana
(13.9%) (Lima et al., 2010; Osei et al., 2022). In previous studies
from Brazil and Angola, the GNB carriage rates in healthy children
were higher and amounted to 50% and 57%, respectively (Wolf
et al,, 1999). Interestingly, a similar result to ours (32.5%) obtained
Gaetti-Jardim Janior et al. from gingival pockets in a group of HIV-
positive adult patients with necrotizing periodontitis (Gaetti-Jardim
Junior et al., 2008).

The most common GNB in our study were Enterobacter
cloacae, followed by Pseudomonas spp. and Serratia spp.,
accounting for 22.1%, 19.1%, and 19.1% respectively. Otherwise,
Wolf et al. found a lower prevalence of Enterobacter cloacae (5.4%)
and Pseudomonas spp. (5%) in healthy children (Wolf et al., 2001).
The isolation rates of Enterobacter cloacae (3.7%) and Pseudomonas
aeruginosa (0.8%) from nasopharynx in healthy under-five children
from day-care centers in Brazil were much lower (Lima et al., 2010).
Similar results to ours were reported by authors from Ghana, where
Enterobacter cloacae was found in 17.5% of healthy children (Osei
et al,, 2022). Likewise, Aragdo et al. isolated Enterobacter cloacae
from 18.1% of saliva samples of adolescents aged 15 to 19 years
from Brazilian public schools (Aragio et al, 2016). Ledo et al.
highlighted that Enterobacter cloacae was the leading pathogen
colonizing the oral cavity of healthy workers in intensive care
units in a high percentage (46.9%) (Salimiyan Rizi et al., 2019;
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FIGURE 1
Prevalence of GNB isolation from the oral cavity.
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Ledo et al, 2023). The same authors also indicated a similar
colonization rate of Pseudomonas aeruginosa (18.7%) (Ledo
et al., 2023).

The origin of Gram-negative bacilli in the oral cavity is not yet
clear. Their presence may be due to ingestion of contaminated
drinking water and food or poor personal hygiene (Zaatout, 2021).
The risk factors may also be socioeconomic status, season, climate,
and exposure to environmental pollution (Osei et al., 2022). The
analysis of our demographic and clinical data of adolescents showed
that oral colonization by GNB was significantly associated with
atopic dermatitis and allergic rhinitis. Similarly, Bilal found a
relationship between the isolation of GNB from the affected areas

and the severity of the course of atopic dermatitis (Bilal et al., 2013).

Recently, Paramita showed Gram-negative bacilli as one of the most
frequently isolated bacteria from lesions in patients with atopic
dermatitis (Paramita et al., 2022).

As stated, GNB being oral colonizers may spread to the
respiratory system and trigger life-threatening infections,
especially in the hospital setting (Scannapieco et al., 2009).
Pseudomonas aeruginosa was associated with nosocomial
infections that most often affect the lower respiratory system
(Kollef et al., 2021). Scannapieco established that a passage of
Pseudomonas bacteria into the lungs may occur by passive aspiration
of the bacterial microbiota released in saliva or eased by medical devices
such as bronchoscopes and endotracheal tubes (Scannapieco et al,
2009; Aketal., 2011). Moreover, Pseudomonas aeruginosa is listed as a

TABLE 2 Antibiotic resistance of Gram-negative bacilli isolated from the oral cavity (by genus).
Enterobacter Serratia Citrobacter Klebsiella E. coli Aeromonas Hafnia Pseudomonas
spp. (n=15) spp. spp. (n=9) N spp. (n=4) spp. spp. (n=1) spp. spp. (n=13)
N (%) (n=13) (%) N (%) (n=3) N (%) (n=1) N (%)
N (%) N (%) N (%)
AKN 0 2 (15.4) 0 1(25) 2 (66.7) 1 (100) 0 13 (100)
AMP 15 (100) 13 (100) 9 (100) 4(100) 3 (100) 1 (100) 1 (100) NT
cIp 2(13.3) 1(7.7) 0 0 0 0 0 13 (100)
CZD 12 (80) 2 (154) 7 (77.8) 2 (50) 1(33.3) 1 (100) 1 (100) 12 (923)
GMN 6 (40) 0 8 (88.9) 2 (50) 3 (100) 1 (100) 1 (100) NT
IMP 0 0 0 0 0 0 0 13 (100)
MEM 11 (73.3) 9 (69.2) 1(11.1) 1(25) 3 (100) 1 (100) 1 (100) 7 (53.9)
PIL 2(13.3) 2 (15.4) 0 3(75) 1(33.3) 1 (100) 0 13 (100)
PTZ 7 (46.7) 2 (15.4) 1(11.1) 2 (50) 1(333) 1 (100) 0 13 (100)
SXT 0 2 (15.4) 1(11.1) 0 0 0 0 NT

AKN-amikacin; AMP-ampicillin; CIP-ciprofloxacin; CZD- ceftazidime; GMN-gentamycin; IMP-imipenem; MEM-meropenem; PIL- piperacillin; PTZ- piperacillin/tazobactam; SXT-
trimethoprim/sulfamethoxazole; NT- not tested.
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FIGURE 2
Antibiotic resistance of Gram-negative bacilli isolated from the oral
cavity of healthy adolescents.

TABLE 3 Characteristics of the studiedadolescents with and without
oral carriage of Gram-negative bacilli.

Characteristics No coloniza-  Colonization p-
tion (N = 114) (N = 68) value
No (%) No (%)
School
SP1 (n=14) 10 (71.4) 4 (28.6) 0.4791
SP7 (n=55) 33 (64.7) 18 (35.3) 0.7189
SP8 (n=51) 35 (56.5) 27 (43.5) 0.2150
SP9 (n=62) 36 (65.5) 19 (34.5) 0.6052
Sex
Male (105) 70 (61.4) 35 (51.5) 0.1895
Female (77) 44 (38.6) 33 (48.5)
Bronchitis 23 (20.2) 14 (20.6) 0.9466
Otitis 18 (15.8) 7 (10.3) 0.3183
Tonsillitis 16 (14.0) 6 (8.8) 0.2968
Tonsillectomy 7 (6.1) 4 (5.9) 0.9437
Adenoid hypertrophy 6 (5.3) 4 (5.9) 0.8592
Chronic rhinitis 16 (14.0) 13 (19.1) 0.3648
Nasal congestion 16 (14.0) 13 (19.1) 0.3648
Allergic rhinitis 4 (3.5) 8 (11.8) 0.0299
Sinusitis 10 (8.8) 5(7.4) 0.7363
Asthma 7 (6.1) 1(1.5) 0.1371
Recurrent respiratory 6 (5.3) 2(2.9) 0.4598
infections
Allergy 4 (3.5) 5(7.4) 0.2472
Atopic dermatitis 0 4 (5.9) 0.0088
Psoriasis 0 1(1.5) 0.1942
(Continued)
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TABLE 3 Continued

Characteristics No coloniza-  Colonization p-

tion (N = 114) (N = 68) value
No (%) No (%)

Thyroid disease 4 (3.5) 1 (1.5) 0.4158
Liver disease 2 (1.8) 1(1.5) 0.8843
Kidney disease 1(0.9) 1(1.5) 0.7103
Cardiologic disease 1(0.9) 0 0.4387
Diabetes 1(0.9) 0 0.4387
Hypercholesterolaemia 0 1(1.5) 0.1942
ADHD 1(0.9) 1(1.5) 0.7103
Depression 0 1(1.5) 0.1942

ADHD - attention deficit hyperactivity disorder.

nosocomial alarm pathogen from the ESKAPE group which includes
six multidrug resistant bacteria (Mulani et al,, 2019; Venkateswaran
etal,, 2023). As our study proved, the majority of Gram-negative bacilli,
including Pseudomonas strains showed multi-drug resistance, above
70%. Alarmingly, the proportion of MDR strains isolated from patients
with nosocomial infections reached similar high values (Alkofide et al.,
2020; Mirzaei et al,, 2021). The commonly used first-line antibiotics in
the treatment of Pseudomonas infections are carboxypenicillins,
ureidopenicillins and their combinations with B-lactamase
inhibitors, 3rd and 4th generation cephalosporins, carbapenems,
fluoroquinolones, and colistin. In our study, we noted resistance of
Pseudomonas strains to ticarcillin, piperacillin with tazobactam,
ceftazidime, cefepime, imipenem, ciprofloxacin, and colistin, which
definitely limits the potential therapeutic options. Studies showed that
prolonged antibiotic therapy can lead to the emergence of antibiotic
resistance (Yusuf et al,, 2017). To our knowledge, multidrug resistant
oral strains were isolated without previous antibiotic treatment
of adolescents.

In the present study, Enterobacter cloacae strains were the
predominant GNB-producing ESBLs. The reasons for the increasing
prevalence of ESBL strains in many sites are not fully known. The
occurrence of ESBL-positive bacilli depends on the geographical area
and the regional use of antibiotics. They may be present in
contaminated drinking water and improperly discharged sewage
(Hawkey, 2008; Dhillon and Clark, 2012). The problem may also be
related to the increasing use of antibiotics in veterinary medicine
leading to the transmission of ESBL strains from animals to humans
(Carattoli, 2008). In many regions of the world, community-acquired
ESBL (CA-ESBL) infections are becoming more common and
colonization with ESBL-positive strains seems to be underestimated
(Tal Jasper et al, 2015). It stated that infections with ESBL were
strongly associated with previous colonization (Pena et al., 2001;
Troche et al,, 2005; Reddy et al., 2007; Bert et al., 2012). Regardless of
the site of infection, the main reservoir of ESBL-positive bacteria was
the gastrointestinal tract (Donskey, 2004; Bert et al.,, 2012; Carlet,
2012). Karanika assessed the worldwide average intestinal colonization
rate among healthy people at 14% (Karanika et al,, 2016). The authors
showed that in the Americas the incidence reaches no more than 2%,
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TABLE 4 Characteristics of the studies adolescents with oral carriage of ESBL-producing Enterobacterales and MDR Pseudomonas strains.

Characteristics Enterobacterales (h=46)

Non-fermenting bacilli (n=22)

ESBL-negative (n=41) ESBL-positve (n=5) p value MDR Pseudomonas Other p value
(n=13) (n=9)
School
SP7 7 (15.2) 1(22) 0.8326 6 (27.3) 5(22.7) 0.4664
SP9 18 (39.1) 2 (4.3) 0.9698 4(18.2) 3 (13.6) 0.7507
SP8§ 15 (32.6) 2(4.3) 0.8209 2(9.1) 0 0.2435
SP1 3(6.5) 0 0.5419 1(4.5) 0 04215
‘ Sex
Male 22 (47.8) 3 (6.5) 0.7469 6 (27.3) 4(18.2) 0.8639
Female 20 (43.5) 2 (4.3) 7 (31.8) 4(18.2)
|
Bronchitis 8 (17.4) 3(6.5) 0.0451 3 (13.6) 0 0.1210
Otitis 4(8.7) 0 0.4648 2(9.1) 1(4.5) 0.7740
Tonsillitis 5(10.9) 0 0.4082 1 (4.5) 0 0.3944
Tonsillectomy 2 (4.3) 1(2.2) 0.1961 0 1 (4.5) 0.2367
Adenoid hypertrophy 2 (4.3) 0 0.6136 2(9.1) 0 0.2172
Chronic rhinitis 6 (13.0) 1(22) 0.7525 4(18.2) 2(9.1) 0.6581
Nasal congestion 5(10.9) 3 (6.5) 0.0078 4 (18.2) 1(4.5) 0.2367
Allergic rhinitis 4(8.7) 1(22) 0.4872 2(9.1) 1(4.5) 0.7740
Sinusitis 2 (4.3) 1(22) 0.1961 1(4.5) 1(4.5) 0.7839
Asthma 1(22) 0 0.7240 0 0 -
Recurrent respiratory 0 1(2.2) 0.0038 0 1 (4.5) 0.2367
infections
Allergy 2 (4.3) 1(22) 0.1961 1(4.5) 0.7839
Atopic dermatitis 3(6.5) 1(2.2) 0.3420 0 0 -
Psoriasis 1(2.2) 0 0.7240 0 0 -
Thyroid disease 1(2.2) 0 0.7240 0 0 -
Liver diseases 0 0 - 1(4.5) 0 0.3944
Kidney disease 1(2.2) 0 0.7240 0 0 -
Cardiologic disease 0 0 - 0 0 -
Diabetes 0 0 - 0 0 -
Hypercholesterolaemia 1(2.2) 0 0.7240 0 0 -
ADHD 1(2.2) 0 0.7240 0 0 -
Depression 1(2.2) 0 0.7240 0 0 -

ADHD, attention deficit hyperactivity disorder.
-, not tested.

depending on the region of Europe from 3% to 6%, while in the Asian
and African populations, it ranges to 46% (Karanika et al., 2016).
Interestingly, our results from the oral cavity seem to be similar (7.4%).
Mirzaei et al. found that Gram-negative bacilli isolated from the oral
cavity have the ability to colonize the intestines in dysbiosis (Mirzaei
etal, 2021). Perhaps it should be considered that the oral cavity is an
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underestimated reservoir of ESBL-producing bacilli. In our study, the
prevalence of ESBL-producing strains was significantly associated with
participants reporting recurrent respiratory infections, nasal
congestion, and bronchitis. Many authors point to ESBL-GNB
colonization as a risk factor for lower respiratory tract infections
(van Prehn et al,, 2018; Le et al,, 2020). Undoubtedly, further studies
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are needed to fully understand the relationships between oral
colonization with ESBL-positive GNB and respiratory infections
in adolescents.

The potential limitation of the present study was the lack of
follow-up studies in adolescents to verify whether the presence of
Gram-negative bacilli in the oral cavity was transient or permanent
colonization. Longitudinal studies would be needed to track the
presence of these bacteria over an extended period. In addition, all
the adolescents in our study were from the same city of Sopot, the
study contains some geographical bias. The next one, the study was
limited to one age category of participants.

Conclusions

Despite these limitations, to our knowledge, this is the first
study in Poland that revealed that above one-fourth of healthy
adolescents carried in their oral cavity multi-drug resistant Gram-
negative bacilli. Moreover, oral carriage of ESBL-producing GNB
strains was associated with respiratory infections. These findings
justify further monitoring of oral colonization by antimicrobial-
resistant GNB and identifying the factors responsible for their
spread. Knowledge about MDR-GNB oral colonizers may be
useful for predicting empirical antibiotic therapy at the risk of
potential infection in adolescents.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Ethics statement

This study was approved by the bioethics committee of the
Medical University of Gdansk (NKBBN/510-745/2021). The studies
were conducted in accordance with the local legislation and
institutional requirements. Written informed consent for
participation in this study was provided by the participants’ legal
guardians/next of kin.

Author contributions

KG: Conceptualization, Funding acquisition, Writing — original
draft, Writing - review & editing. MK: Conceptualization, Data

References

Ak, O., Batirel, A., Ozer, S., and Colakoglu, S. (2011). Nosocomial infections and risk
factors in the intensive care unit of a teaching and research hospital: a prospective
cohort study. Med. Sci. Monit. 17 (5), 29-34. doi: 10.12659/msm.881750

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2023.1265777

curation, Investigation, Methodology, Visualization, Writing -
original draft, Writing - review & editing. EK: Conceptualization,
Data curation, Investigation, Methodology, Writing — review &
editing. KS: Data curation, Funding acquisition, Investigation,
Project administration, Writing - review & editing. AK:
Supervision, Writing - review & editing. DC: Data curation,
Writing — review & editing. DS: Software, Writing — review
& editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The
SOPKARD-Junior program were financed by the funds of the
City Hall in Sopot and from the unrestricted educational grants
from Servier Poland.

Acknowledgments

The authors acknowledge all of the persons supporting and
involved in the implementation of the SOPKARD-Junior program,
especially the directors and administration staff of the University
Clinical Center, the students of the Medical University of Gdansk,
the president and employees of the Polish Society of Health
Programs, the directors of Servier Poland, representatives of the
City Hall of Sopot, and the directors and teachers of public
elementary schools in Sopot. Additional special acknowledgement
to Professor Tomasz Zdrojewski.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Akbari, M., Bakhshi, B., and Najar Peerayeh, S. (2016). Particular distribution of
Enterobacter cloacae strains isolated from urinary tract infection within clonal
complexes. Iran BioMed. J. 20, 49-455. doi: 10.7508/ibj.2016.01.007

frontiersin.org


https://doi.org/10.12659/msm.881750
https://doi.org/10.7508/ibj.2016.01.007
https://doi.org/10.3389/fcimb.2023.1265777
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Katkowska et al.

Alkofide, H., Alhammad, A. M., Alruwaili, A., Aldemerdash, A., Almangour, T. A.,
Alsuwayegh, A., et al. (2020). Multidrug-resistant and extensively drug-resistant
enterobacteriaceae: prevalence, treatments, and outcomes - A retrospective cohort
study. Infect. Drug Resist. 24 (13), 4653-4662. doi: 10.2147/IDR.5283488

Aragdo, M. G. B, Gomes, F. I. F,, Rocha, F. R, Pinto, V. T., and Barbosa, F. C. B..
(2016). Prevalence and susceptibility of Enterobacteriaceae isolated from the saliva of
students from the northeast of Brazil. Glob. J. Med. Res 16, 2.

Ashreen, S., Ahmed, A., Hasan, N., Akhtar, W., and Hossain, M. M. (2020). Isolation
and identification of gram-negative bacteria from oral cancer site infections and study
of their antibiotic resistance pattern. Bangladesh ]. Microbiol. 36 (2), 85-90.
doi: 10.3329/bjm.v3612.45533

Bert, F., Larroque, B., Paugam-Burtz, C., Dondero, F., Durand, F., Marcon, E., et al.
(2012). Pretransplant fecal carriage of extend-ed-spectrum beta-lactamase-producing
Enterobacteriaceae and infection after liver transplant, France. Emerg. Infect. Dis. 18,
908-916. doi: 10.3201/eid1806.110139

Bilal, J. A., Ahmad, M. 1., Robaee, A. A., Alzolibani, A. A., Shobaili, H. A., and Al-
Khowailed, M. S. (2013). Pattern of bacterial colonization of atopic dermatitis in Saudi
children. J. Clin. Diagn. Res. 7 (9), 1968-1970. doi: 10.7860/JCDR/2013/5506.3371

Carattoli, A. (2008). Animal reservoirs for extended spectrum beta-lactamase
producers. Clin. Microbiol. Infect. 14 (1), 117-123. doi: 10.1111/j.1469-
0691.2007.01851.x

Carlet, J. (2012). The gut is the epicentre of antibiotic resistance. Antimicrob. Resist.
Infect. Control. 1, 39. doi: 10.1186/2047-2994-1-39

Ceroni, D. (2013). Musculoskeletal Postoperative Infections due to Enterobacter
cloacae complex: A New Reality? J. Med. Microbiol. Diagn. 3, 128. doi: 10.4172/2161-
0703.1000128

Cheol-In, K., Sung-Han, K., Wan Beom, P., Ki-Deok, L., Hong-Bin, K., Oh, M.-d.,
et al. (2004). Bloodstream infections caused by enterobacter species: predictors of 30-
day mortality rate and impact of broad-spectrum cephalosporin resistance on outcome.
Clin. Infect. Dis. 39, 6, 812-818. doi: 10.1086/423382

Cruz, A. S. D. C, Fidelis, Y. P., de Mendon¢a Guimaraes, D., Muller, H. S., Martins,
V. P, and Lia, E. N. (2022). Oral health and the presence of infectious microorganisms
in hospitalized patients: a preliminary observational study. Ann. Med. 54, 1908-1917.
doi: 10.1080/07853890.2022.2092895

Dhillon, R. H.-P., and Clark, J. (2012). ESBLs: A clear and present danger? Crit. Care
Res. Practice. 2012, 11. doi: 10.1155/2012/625170

Donskey, C. J. (2004). The role of the intestinal tract as a reservoir and source for
transmission of nosocomial pathogens. Clin. Infect. Dis. 39, 219-226. doi: 10.1086/422002

Gaetti-Jardim Janior, E., Nakano, V., Wahasugui, T. C,, Cabral, F. C., Gamba, R., and
Avila-Campos, M. J. (2008). Occurrence of yeasts, enterococci and other enteric
bacteria in subgingival biofilm of HIV-positive patients with chronic gingivitis and
necrotizing periodontitis. Braz. J. Microbiol. 39 (2), 257-261. doi: 10.1590/S1517-
838220080002000011

Hawkey, P. M. (2008). Prevalence and clonality of extended-spectrum beta-
lactamases in Asia. Clin. Microbiol. Infect. 14 (1), 159-165. doi: 10.1111/j.1469-
0691.2007.01855.x

Hernandez-Jimenez, P., Lopez-Medrano, F., Fernandez-Ruiz, M., Silva, J. T,
Corbella, L., San-Juan, R, et al. (2022). Risk factors and outcomes for multidrug
resistant pseudomonas aeruginosa infection in immunocompromised patients.
Antibiotics 11, 1459. doi: 10.3390/antibiotics11111459

Jakubovics, N. S. (2015). Saliva as the sole nutritional source in the development of
multispecies communities in dental plaque. Microbiol. Spectr. 3, 3. doi: 10.1128/
microbiolspec. MBP-0013-2014

Karanika, S., Karantanos, T., Arvanitis, M., Grigoras, C., and Mylonakis, E. (2016).
Fecal colonization with extended-spectrum beta-lactamase-producing
enterobacteriaceae and risk factors among healthy individuals: A systematic review
and metaanalysis. Clin. Infect. Dis. 63 (3), 310-318. doi: 10.1093/cid/ciw283

Kollef, M. H.,, Torres, A., Shorr, A. F., Martin-Loeches, 1., and Micek, S. T. (2021).
Nosocomial infection. Crit. Care Med. 49, 169-187. doi: 10.1097/CCM.0000000000004783

Lanks, C. W., Musani, A. I, and Hsia, D. W. (2019). Community-acquired
pneumonia and hospital acquired pneumonia. Med. Clin. N. Am. 103, 487-501.
doi: 10.1016/j.mcna.2018.12.008

Le, M. N,, Kayama, S., Yoshikawa, M., Hara, T., Kashiyama, S., Hisatsune, J., et al.
(2020). Oral colonisation by antimicrobial-resistant Gram-negative bacteria among
long-term care facility residents: prevalence, risk factors, and molecular epidemiology.
Antimicrob. Resist. Infect. Control. 4 (9), 45. doi: 10.1186/s13756-020-0705-1

Ledo, I, de Carvalho, T. B., Henriques, V., Ferreira, C., Sampaio-Maia, B., and
Manaia, C. M. (2023). Pseudomonadota in the oral cavity: a glimpse into the
environment-human nexus. Appl. Microbiol. Biotechnol. 107, 517-534. doi: 10.1007/
500253-022-12333-y

Levison, M. E., and Kaye, D. (1985). Pneumonia caused by gram-negative bacilli: an
overview. Rev. Infect. Dis. 7 (4), 656-665. doi: 10.1093/clinids/7.supplement_4.5656

Li, X,, Kolltveit, K. M., Tronstad, L., and Olsen, I. (2000). Systemic diseases caused by
oral infection. Clin. Microbiol. Rev. 13 (4), 547-558. doi: 10.1128/CMR.13.4.547

Lima, A. B, de Oliveira Ledo, L. S., Oliveira, L. S., and Pimenta, F. C. (2010).
Nasopharyngeal Gram-Negative bacilli colonization in Brazilian children attending day-
care centers. Braz. J. Microbiol. 41 (1), 24-27. doi: 10.1590/S1517-83822010000100005

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2023.1265777

Marsh, P. D., Do, T., Beighton, D., and Devine, D. D. (2016). Influence of saliva on
the oral microbiota. Periodontol 70, 80-92. doi: 10.1111/prd.12098

Mirzaei, B., Babaei, R., Bazgir, Z. N., Goli, H. R, Keshavarzi, S., and Amiri, E. (2021).
Prevalence of Enterobacteriaceae spp. and its multidrug-resistant rates in clinical
isolates: A two-center cross-sectional study. Mol. Biol. Rep. 48, 665-675.
doi: 10.1007/s11033-020-06114-x

Motiwala, T., Mthethwa, Q., Achilonu, I, and Khoza, T. (2022). ESKAPE pathogens:
looking at clp ATPases as potential drug targets. Antibiotics 11, 1218. doi: 10.3390/
antibiotics11091218

Mulani, M. S., Kamble, E. E., Kumkar, S. N., Tawre, M. S., and Pardesi, K. R. (2019).
Emerging strategies to combat ESKAPE pathogens in the era of antimicrobial
resistance: A review. Front. Microbiol. 1 (10). doi: 10.3389/fmicb.2019.00539

Osei, M. M., Dayie, N. T. K. D., Azaglo, G. S. K,, Tettey, E. Y., Nartey, E. T., Fenny, A.
P., etal. (2022). Alarming levels of multidrug resistance in aerobic gram-negative bacilli
isolated from the nasopharynx of healthy under-five children in Accra, Ghana. Int. J.
Environ. Res. Public Health 19, 10927. doi: 10.3390/ijerph191710927

Paauw, A., Caspers, M. P., Leverstein-van Hall, M. A., Schuren, F. H., Montijn, R. C,,
Verhoef, J., et al. (2009). Identification of resistance and virulence factors in an
epidemic Enterobacter hormaechei outbreak strain. Microbiology 155, 1478-11488.
doi: 10.1099/mic.0.024828-0

Paramita, D. A, Kharina.,, and Lubis, N. Z. (2022). Bacterial colonization in atopic
dermatitis. Bali Med. J. 11 (3), 1924-1929. doi: 10.15562/bmj.v11i3.3811

Pena, C,, Pujol, M., Ardanuy, C,, Ricart, A., Pallares, R, Lifares, J., et al. (2001). An
outbreak of hospital-acquired Klebsiella pneumoniae bacteraemia, including strains
producing extended-spectrum beta-lactamase. J. Hosp Infect. 47, 53-59. doi: 10.1053/
jhin.2000.0862

Reddy, P., Malczynski, M., Obias, A., Reiner, S., Jin, N., Huang, J., et al. (2007).
Screening for extended-spectrum beta-lactamase-producing Enterobacteriaceae among
high-risk patients and rates of subsequent bacteremia. Clin. Infect. Dis. 45, 846-852.
doi: 10.1086/521260

Salimiyan Rizi, K., Ghazvini, K., and Farsiani, H. (2019). Clinical and pathogenesis
overview of Enterobacter infections. Rev. Clin. Med. 6 (4), 146-154. doi: 10.22038/
rcm.2020.44468.1296

Scannapieco, F. A, Yu, J., Raghavendran, K., Vacanti, A., Owens, S. L, and Mylotte, J.
M. (2009). A randomized trial of chlorhexidine gluconate on oral bacterial pathogens in
mechanically ventilated patients. Crit. Care 13 (4), R117. doi: 10.1186/cc7967

Tal Jasper, R., Coyle, J. R,, Katz, D. E., and Marchaim, D. (2015). The complex
epidemiology of extended-spectrum B-lactamase-producing Enterobacteriaceae. Future
Microbiol. 10 (5), 819-839. doi: 10.2217/fmb.15.16

The European Committee on Antimicrobial Susceptibility Testing (EUCAST)
(2021). Available at: http://www.eucast.org/ (Accessed 30 September 2021).

The European Committee on Antimicrobial Susceptibility Testing (EUCAST)
(2022). Available at: http://www.eucast.org/ (Accessed 12 April 2022).

Tille, P. M. (2013). Bailey and Scott’s Diagnostic Microbiology. 13th Edition Vol. 1056
(St. Loius: C.V. Mosby Company).

Torres, I, Huntley, D., Tormo, M., Calabuig, M., Hernandez-Boluda, J. C., Terol, M.
J., et al. (2022). Multi-body-site colonization screening cultures for predicting multi-
drug resistant Gram-negative and Gram-positive bacteremia in hematological patients.
BMC Infect. Dis. 22 (1), 172. doi: 10.1186/s12879-022-07154-3

Troche, G., Joly, L. M., Guibert, M., and Zazzo, J. F. (2005). Detection and treatment
of antibiotic-resistant bacterial carriage in a surgical intensive care unit: a 6-year
prospective survey. Infect. Control Hosp Epidemiol. 26, 161-165. doi: 10.1086/502521

van Prehn, J., Kaiser, A. M., van der Werff, S. D., van Mansfeld, R., and
Vandenbroucke-Grauls, C. M. J. E. (2018). Colonization sites in carriers of ESBL-
producing Gram-negative bacteria. Antimicrob. Resist. Infect. Control. 12 (7), 52.
doi: 10.1186/s13756-018-0344-y

Venkateswaran, P., Vasudevan, S., David, H., Shaktivel, A., Shanmugam, K.,
Neelakantan, P., et al. (2023). Revisiting ESKAPE Pathogens: virulence, resistance,
and combating strategies focusing on quorum sensing. Front. Cell. Infect. Microbiol. 13.
doi: 10.3389/fcimb.2023.1159798

Vincent, J. L., Bihari, D. L., Suter, P. M., Bruining, H. A., White, J., Nicolas-Chanoin,
M. H,, et al. (1995). The prevalence of nosocomial infection in intensive care units in
Europe. Results of the European Prevalence of Infection in Intensive Care (EPIC)
Study. EPIC International Advisory Committee. JAMA. 274 (8), 639-44.

Wolf, B., Gama, A., Rey, L., Fonseca, W., Roord, J., Fleer, A., et al. (1999). Striking
differences in the nasopharyngeal flora of healthy Angolan, Brazilian and Dutch
children less than 5 years old. Ann. Trop. Paediatr. 19 (3), 287-292. doi: 10.1080/
02724939992383

Wolf, B, Rey, L. C., Moreira, L. B., Milatovic, D., Fleer, A., Verhoef, J., et al. (2001).
Carriage of gram-negative bacilli in young Brazilian children with community-acquired
pneumonia. Int. J. Infect. Dis. 5, 155-159. doi: 10.1016/s1201-9712(01)90091-8

Yusuf, E., Van Herendael, B., Verbrugghe, W., Ieven, M., Goovaerts, E., Bergs, H.,
et al. (2017). Emergence of antimicrobial resistance to Pseudomonas aeruginosa in the

intensive care unit: Association with the duration of antibiotic exposure and mode of
administration. Ann. Intensive Care 7, 72. doi: 10.1186/513613-017-0296-z

Zaatout, N. (2021). Presence of non-oral bacteria in the oral cavity. Arch. Microbiol.
203, 2747-2760. doi: 10.1007/500203-021-02300-y

frontiersin.org


https://doi.org/10.2147/IDR.S283488
https://doi.org/10.3329/bjm.v36i2.45533
https://doi.org/10.3201/eid1806.110139
https://doi.org/10.7860/JCDR/2013/5506.3371
https://doi.org/10.1111/j.1469-0691.2007.01851.x
https://doi.org/10.1111/j.1469-0691.2007.01851.x
https://doi.org/10.1186/2047-2994-1-39
https://doi.org/10.4172/2161-0703.1000128
https://doi.org/10.4172/2161-0703.1000128
https://doi.org/10.1086/423382
https://doi.org/10.1080/07853890.2022.2092895
https://doi.org/10.1155/2012/625170
https://doi.org/10.1086/422002
https://doi.org/10.1590/S1517-838220080002000011
https://doi.org/10.1590/S1517-838220080002000011
https://doi.org/10.1111/j.1469-0691.2007.01855.x
https://doi.org/10.1111/j.1469-0691.2007.01855.x
https://doi.org/10.3390/antibiotics11111459
https://doi.org/10.1128/microbiolspec.MBP-0013-2014
https://doi.org/10.1128/microbiolspec.MBP-0013-2014
https://doi.org/10.1093/cid/ciw283
https://doi.org/10.1097/CCM.0000000000004783
https://doi.org/10.1016/j.mcna.2018.12.008
https://doi.org/10.1186/s13756-020-0705-1
https://doi.org/10.1007/s00253-022-12333-y
https://doi.org/10.1007/s00253-022-12333-y
https://doi.org/10.1093/clinids/7.supplement_4.s656
https://doi.org/10.1128/CMR.13.4.547
https://doi.org/10.1590/S1517-83822010000100005
https://doi.org/10.1111/prd.12098
https://doi.org/10.1007/s11033-020-06114-x
https://doi.org/10.3390/antibiotics11091218
https://doi.org/10.3390/antibiotics11091218
https://doi.org/10.3389/fmicb.2019.00539
https://doi.org/10.3390/ijerph191710927
https://doi.org/10.1099/mic.0.024828-0
https://doi.org/10.15562/bmj.v11i3.3811
https://doi.org/10.1053/jhin.2000.0862
https://doi.org/10.1053/jhin.2000.0862
https://doi.org/10.1086/521260
https://doi.org/10.22038/rcm.2020.44468.1296
https://doi.org/10.22038/rcm.2020.44468.1296
https://doi.org/10.1186/cc7967
https://doi.org/10.2217/fmb.15.16
http://www.eucast.org/
http://www.eucast.org/
https://doi.org/10.1186/s12879-022-07154-3
https://doi.org/10.1086/502521
https://doi.org/10.1186/s13756-018-0344-y
https://doi.org/10.3389/fcimb.2023.1159798
https://doi.org/10.1080/02724939992383
https://doi.org/10.1080/02724939992383
https://doi.org/10.1016/s1201-9712(01)90091-8
https://doi.org/10.1186/s13613-017-0296-z
https://doi.org/10.1007/s00203-021-02300-y
https://doi.org/10.3389/fcimb.2023.1265777
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	High oral carriage of multidrug resistant Gram-negative bacilli in adolescents: the SOPKARD-Junior study
	Introduction
	Materials and methods
	Study design and participants
	Bacterial strains and screening of antimicrobial resistance
	Statistical analysis

	Results
	Distribution of Gram-negative bacilli
	Antimicrobial resistance
	Demographic and clinical characteristic

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References


