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SUMMARY

Introduction: Escherichia coli, a Gram-negative bacillus, is found in diverse envi-
ronments and causes several human diseases, such as pneumonia and urinary tract
infections. Aminoglycosides are antimicrobials that present high activity against
Gram-negative species, including multidrug-resistant pathogens. However, the
indiscriminate use of these compounds has selected resistant microorganisms, mainly
due to the production of aminoglycoside-modifying enzymes (AME). Material and
methods: The minimal inhibitory concentration of the aminoglycosides amikacin,
gentamicin, and neomycin against clinical (CL n = 52, only urinary) and domestic
sewage (DS, n = 33) E. coli isolates was determined by the microdilution method,
according to the European Committee on Antimicrobial Susceptibility Testing. The
presence of AMEs among E. coli isolates was determined based on the susceptibility
profile to amikacin, gentamicin, kanamycin, and tobramycin, according to Mancini
et al. (2019). Results: Overall, 33.3% of the DS isolates and 100% of the CI
isolates presented mechanisms of resistance to amikacin, gentamicin, or neomycin.
The extended-spectrum beta-lactamase enzymes-producing isolates (23/27, 85%)
showed mechanisms of resistance to gentamicin and/or neomycin and resistance

to amikacin was simultancously observed only in CI isolates. All DS isolates were
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considered wild-type-no AME, while APH (3°) (14/52) and AAC (3’) (10/52)
enzymes were detected among CI isolates, one of which produces APH (3’) and
AAC (6')-I simultaneously. Conclusion: Resistance to aminoglycosides is present
among E. coli isolates in Brazil, but to a lesser extent in environmental isolates.
Besides, AMEs are frequent in CI isolates, and surveillance for antimicrobial resis-

tance should be implemented to monitor aminoglycoside-resistant E. coli infections.

Keywords: Antimicrobial resistance, aminoglycoside, aminoglycoside-modifying

enzymes, Escherichia coli, Brazil.

RESUMEN

Resistencia a aminoglucdsidos en aguas residuales domésticas y
aislamientos clinicos de Escherichia coli

Introduccién: Escherichia coli se encuentra en diversos ambientes y causa enfer-
medades humanas. Los aminoglucésidos son antimicrobianos que presentan acti-
vidad contra especies gramnegativas. Sin embargo, el uso indiscriminado de estos
compuestos ha seleccionado microorganismos resistentes, principalmente debido
a la produccién de enzimas modificadoras de aminoglucédsidos (AME). Mate-
rial y métodos: la concentracién minima inhibitoria de aminoglucésidos frente a
aislados de E.coli clinicos (CI, n = 52) y de aguas residuales sanitarias (DS, n = 33)
se determind mediante el método de microdilucidn, segiin la European Committee
on Antimicrobial Susceptibility Testing. La presencia de AME se determiné con
base en el perfil de susceptibilidad a amikacina, gentamicina, kanamicina y tobra-
micina, segiin Mancini ez a/. (2019). Resultados: 33,3% de los aislados de DS y
100% de los CI presentaron resistencia a amikacina, gentamicina o neomicina. Los
aislados productores de enzimas betalactamasas de espectro extendido (23/27, 85%)
mostraron resistencia a gentamicina y/o neomicina y la resistencia a amikacina se
observé simultineamente solo en CI. Todos los aislados de DS se consideraron wild
type sin AME, mientras que las enzimas APH (3’) (14/52) y AAC (3’) (10/52) se
detectaron entre CI, uno de los cuales produce APH (3’) y AAC (6)-I simultd-
neamente. Conclusidn: la resistencia a los aminoglucdsidos estd presente entre los
aislados de E. co/i en Brasil, pero en menor grado en los aislados ambientales. Se debe
implementar la vigilancia de la resistencia a los antimicrobianos para monitorear las

infecciones por E. coli resistentes a los aminoglucésidos.

Palabras-clave: Resistencia a los antimicrobianos, aminoglucésidos, enzimas modifi-

cadoras de aminoglucdsidos, Escherichia coli, Brasil.
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SUMARIO

Resisténcia a aminoglicosideos em esgoto doméstico e isolados
clinicos de Escherichia coli

Introdugio: Escherichia coli é encontrada em vérios ambientes e causa doengas em
humanos. Os aminoglicosideos sao antimicrobianos que exibem atividade contra
espécies Gram—negativas. No entanto, o uso indiscriminado desses compostos
tem selecionado microrganismos resistentes, principalmente devido 4 produgio
de enzimas modificadoras de aminoglicosideos (EMA). Material e métodos: a
concentragio inibitéria minima de aminoglicosideos contra isolados de E. coli
recuperadas de amostras clinicas (IC, n=52) e de dguas residuais sanitarias (AR,
n=33) foi determinada pelo método de microdilui¢io, de acordo com o European
Committee on Antimicrobial Susceptibility Testing. A presenca de EMA foi determi-
nada com base no perfil de suscetibilidade & amicacina, gentamicina, canamicina e
tobramicina, de acordo com Mancini ez /. (2019). Resultados: 33,3% dos ARS e
100% dos ICs apresentaram resisténcia 4 amicacina, gentamicina ou neomicina. Os
isolados produtores de enzima beta-lactamase de espectro estendido (23/27, 85%)
mostraram resisténcia A gentamicina e/ou neomicina e resisténcia a amicacina foi
observada simultaneamente apenas em um IC. Todos os ARs foram considerados
de tipo selvagem sem EMA, enquanto as enzimas APH (3’) (14/52) e AAC (3)
(10/52) foram detectadas entre os ICs, um dos quais produz APH (3’) e AAC (6°)-1
simultaneamente. Conclusio: a resisténcia aos aminoglicosideos esta presente entre
isolados clinicos de E. coli no Brasil, mas em menor grau em isolados ambientais.
Assim a vigilincia da resisténcia antimicrobiana deve ser implementada para moni-

torar infecgoes por E. coli resistentes aos aminoglicosideos.

Palavras-chave: Resisténcia aos antimicrobianos, aminoglicosideos, enzimas modifi-

cadoras de aminoglicosideos, Escherichia coli, Brasil.

INTRODUCTION

Escherichia coli is a Gram-negative bacillus that belongs to the Enterobacteriales order
and is part of the intestinal microbiota of humans and animals. It is also considered
an ubiquitous pathogen, which can be found in several environments, such as rivers,
lakes, sewage, and soil. Furthermore, E. co/i is also one of the most commonly isolated
species from clinical samples, in which it causes several diseases, including pneumonia,
abscesses, septicemia, otitis, gastrointestinal infections, and urinary tract infections [1].
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E. coli infections can be treated with several classes of antimicrobials. However, due to
an alarming increase of E. coli with diversified antimicrobial resistance phenotypes, the
number of therapeutic options has decreased considerably in recent years [2].

Aminoglycosides are antimicrobial agents obtained from the secondary metabolism of
bacteria of the Streptomyces and Micromonospora genus. Neomycin, tobramycin, kan-
amycin, gentamicin, and amikacin are the main representatives of this pharmacologi-
cal class, which is available for clinical use since the 1943s [3]. The most recent drug
developed of this class is plazomycin, approved in 2018 by the FDA and obtained by
structural modifications of existing aminoglycosides due to the need to circumvent
antimicrobial resistance . Aminoglycosides are concentration-dependent bactericide
agents that act through inhibition of protein synthesis and have a broad spectrum of
action with increased activity against Enterobacteriales [4, 5]. These antimicrobials are
available for clinical administration via inhalational, topical, oral, intramuscular, and
intravenous formulations for the empirical therapy of serious infections caused by mul-
tidrug-resistant pathogens [4, 6].

Despite the potent bactericidal effect of aminoglycosides, their indiscriminate use has
selected many resistant microorganisms, especially E. coli. Bacterial resistance against
aminoglycosides can be chromosomal or encoded by mobile genetic elements, such as
plasmids and transposons. Currently, four aminoglycoside-resistance mechanisms are
known, which include (i) enzymatic modification and inactivation of the drug, (ii)
increased efflux of the antimicrobial, (iii) decreased membrane permeability, and (iv)
modifications of the pharmacological target [4, 5].

Enzymatic modification/inactivation is the most frequent resistance mechanism to
aminoglycosides in Enterobacteriales and involves aminoglycoside-modifying enzymes
(AME) that are classified into three groups: O-phosphotransferase (APH), amino-
glycoside O-nucleotidyltransferase (ANT), and aminoglycoside N-acetyltransferase
(AAC). These enzymes are encoded by genes frequently carried by plasmids and trans-
posons with pronounced potential for interspecies dissemination [7-9]. Furthermore,
the report of mobile genetic elements harboring AMEs and determinants of resistance
to beta-lactam antimicrobials, such as extended-spectrum beta-lactamase enzymes
(ESBL) and carbapenemases, is of particular concern since they can induce multidrug
resistance (MDR) or extensively drug-resistant (XDR) phenotypes in Gram-negative
bacteria [10, 11]. ESBL-positive bacterial isolates are resistant to penicillins, cephalo-
sporins, and monobactams, while carbapenemases provide resistance to carbapenems,
considered the latest generation of beta-lactams. In this context, E. coli AMEs- and
ESBL-positive have been reported in clinical isolates [12, 13] and chicken farms [14].
Importantly, in Brazil, this finding has extended beyond the clinical setting, in which
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these isolates were found in water samples [15], feedlot lambs [16], and peri-urban
wild animals [17].

The detection of AMEs and ESBLs in bacterial isolates, especially in medical settings,
guides the antimicrobial choice and avoids therapeutic failure. However, due to its
diversity, AMEs detection must be done in the laboratory using a molecular approach,
which is not yet a reality in the diagnosis routine. Thus, the search for inferences based
on phenotypes has been developed [18, 19]. Therefore, considering the relevance of
aminoglycosides in the clinical setting, we aimed to evaluate the resistance of clinical
(CI) and domestic sewage (DS) E. coli isolates to aminoglycosides. In addition, the
possible presence of AMEs was identified through phenotypic methods.

MATERIAL AND METHODS

Bacterial isolates

CI (n = 52, only urinary tract) and DS (n = 33) E. coli isolates used in this study were
obtained in Divindpolis (MG) (geographical coordinates: 20° 08’ 20" S and 44° 53’
02" W), located in the southeast of Brazil. DS isolates were characterized by Alves-
Coclho ez al. (2021) [20], while Cl isolates belong to the collection of the Laboratério
de Diagnéstico Laboratorial ¢ Microbiologia Clinica/Universidade Federal de Sao
Jodo del-Rei, and the species identification was previously performed usinga VITEK-
2" automated system (bioMérieux, Marcy-I'Eroile, France). The isolates showed dif-
ferent resistance profiles to beta-lactams, including ESBL-producers (five DS and 22
Cl isolates) previously determined using the approximation disk test according to the
Clinical Laboratory Standard Institute (2017) [21]. All isolates were maintained as
frozen stocks at -20 °C with 15% glycerol (Isofar, Brazil).

Aminoglycoside susceptibility testing

The minimal inhibitory concentration (MIC) of the aminoglycosides (Cecon, Brazil)
amikacin (AMI), gentamicin (GEN), and neomycin (NEQO) was determined by the
microdilution method, following the European Committee on Antimicrobial Suscep-

tibility Testing (EUCAST, 2021) [22].

E. coli isolates with a MIC > 8 pg/mL and > 2 ug/mL to amikacin and gentamicin,
respectively, were classified as resistant. For neomycin, isolates with MIC < 8pg/mL
were considered wild-type (WT) (without antimicrobial resistance mechanism) based
on the epidemiological cut-off point (ECOFF). According to the EUCAST (2021)
[22], the isolates cannot be categorized as resistant or sensitive to neomycin due to

their lack of cut-off point. Therefore, the analysis of the WT phenotype of the iso-
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lates is recommended (i.c., they do not present mechanisms of resistance to neomy-
cin). Despite that, at some points in this work, we consider the absence of resistance
mechanism as “sensitive” to facilitate the understanding of the context of neomycin
susceptibility. E. coli American Type Culture Collection (ATCC) 25922 was used as a

standard strain in antimicrobial susceptibility testing.

MICs, and MICy, values for gentamicin and amikacin were defined as the lowest con-
centrations that inhibited 50% and 90% of bacterial isolates, respectively.

Inferences of AME production from the aminoglycoside resistance phenotype

The disk diffusion test was performed to evaluate the presence of modifying enzymes
in E. coli isolates as a possible aminoglycoside resistance mechanism [22].

The antimicrobials (Cecon, Brazil) amikacin (30 pg), gentamicin (10 pg), kanamycin
(30 ug, KAN), and tobramycin (10 ug, TOB) were used. The results were analyzed and
interpreted according to Mancini et al. (2019) [19], which proposed an algorithm to
correlate the resistance phenotype with the production of AMEs by bacterial isolates.

RESULTS AND DISCUSSION

Aminoglycoside susceptibility testing

In this study, two distinct populations of E. coli were evaluated for their susceptibil-
ity profile to amikacin, gentamicin, and neomycin. The MICs and MICy,/MICy,
obtained revealed a significant difference between the susceptibility profiles of the
isolates according to their origin. In general, 33.3% (11/33) of the DS (table 1) and
100% (52) of the CI (table 2) isolates showed mechanisms of resistance to amikacin,
gentamicin, or neomycin. It is noteworthy that 78.8 % (41/52) of the Cl isolates were
resistant to the three aminoglycosides tested, while 69.9 % (23/33) of the DS isolates
were sensitive to these drugs (table 2). Similarly, Lindemann ez a/. (2012) [23] showed
that resistance to more than 3 aminoglycosides was frequent between clinical isolates
of E. coli (mostly from urine) recovered from Western Norway, which corresponds to
92 % of these isolates. In another study, 66.19 % of 276 uropathogenic E. coli (UPEC)
obtained from urine samples in a hospital in Tehran were resistant to gentamicin, con-
firming the high rate of aminoglycoside resistance among UPECs recovered from hos-

pitalized patients [24].
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Table 1. Minimum inhibitory concentration (MIC) values for aminoglycosides (amikacin, gen-
tamycin, and neomycin) among Escherichia coli recovered from domestic sewage and phenotypic

determination of mechanisms of resistance to aminoglycosides and beta-lactam.

Serain MIC (ug/ml)* ECOFF Phenotype assay
AMI GEN | NEO | classification | ESBL AME

DS_03 2(5) | 1(9) 2 WT ] -

DS_09 16@R) | 1(9) 8 No ; .

DS_13 208) | 1(5) | 4 WT ] -

DS_23 408 | 2(s) 2 WT ; -

DS_26 4(5) | 1(5) | 8 WT ) )

DS_39 8(S) | 8(R) | 8 WT ) .

DS 44 2(S) 4 (R) 4 No - -

DS_47 64 (R) 4 (R) 8 No - B}

DS 51 16(®R) | 2(9) 4 No ; ;

DS_17 40 | 4®) | 8 No ] -

DS 65 4(8) | 4R 8 No ; ;

DS_29 8(S) | 2(5) | 4 WT ] -

DS 33 8(S) | 2(9) 4 WT ] .

DS_40 8(S) | 2(5) | 4 WT ; -

DS_46 4(S) 2(S) 8 WwWT -

DS_75 4(5) | 2(5) 8 WT ;

DS_49 8(S) | 4®R) | 8 No ] -

DS_63 8(S) | 4(R) | 8 No B )

DS_25 8(S) | 4MR) | 4 No ] -

DS 73 8(S) | 4@®R) | 4 No ; .

DS_50 8(S) | 4(R) | 4 No + ;

DS_52 8(S) | 1(s) 4 WT ;

Strain MIC (pg/ml)* ECOFF Phenotype assay
AMI GEN NEO ESBL AME

DS 71 8(S) | 1(S) 4 WT -

DS_69 8(S) | 1(5) 8 WT +

DS_27 8(S) | 1(5) 8 WT +

DS 08 2() | 1(9) 8 WT ;

DS 31 2(5) | 1(5) 8 WT ;

DS_74 2(S) 1(S) 8 WT -

DS_53 2(5) | 1(5) 8 WT + :

(Continued)
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DS_21 8(S) | 2(9) 8 WT -

DS_s8 8(S) | 2(S) 8 WT - -
DS_59 8(S) | 2(S) 8 WT -

DS_41 8(S) | 2(S) 8 WT + -
MIC,, 8 1 8

MIC,, 8 2 8

WT: Wild type, without antimicrobial resistance mechanism based on the epidemiological cutoff point (ECOFF - EU-
CAST 2021); No: Isolate no wild type; AMI: Amikacin; GEN: Gentamycin; NEO: Neomycin; R: Resistant; S: Suscep-

tible; ESBL: Extended-spectrum beta-lactamase enzymes; AME: Aminoglycoside-modifying enzymes.

*According to EUCAST (2021), MIC > 8ug/mL and > 2pg/mL to amikacin and gentamicin, respectively, were categorized

as resistant and MIC < 8pg/mL for ncomycin were considered wild type.

Table 2. Minimum inhibitory concentration (MIC) values for aminoglycosides (amikacin, genta-

mycin, and neomycin) among Escherichia coli recovered from urine sample of hospitalized patients

with diagnostic of urinary infection and phenotypic determination of mechanisms of resistance to

aminoglycosides and beta-lactam.

Strain MIC (pg/ml) ECOFF Phenotype assay
AMI | GEN | NEO | classification ESBL AMEs
CL_03 16(R) | 128 (R) | >128 No - -
CL07 16(R) | 4(R) 16 No - -
CI_08 64(R) | 64(R) | >128 No - AAC(3)
CL_11 32(R) | 8(R) 8 No - AAC(3)
CL_13 64(R) | 4(R) 8 No - AAC(3)
CIL 21 16 (R) | 128 (R) 8 No - -
CIl 22 64 (R) | 128 (R) | >128 No - -
CIL_46 32(R) | 8(R) 32 No + -
CL_01 16(R) | 4(R) 64 No +
CIL_49 16(R) | 4(R) 64 No + -
CL_35 16(R) | 4(R) 64 No - -
CI_38 16(R) | 4(R) 64 No - APH(3)
CL_02 16(R) | 128 (R) | 64 No + AAC(3)
CIL_10 16 (R) | 128 (R) | 64 No + AAC(3)
CL 04 32(R) | 4(R) | >128 No + AAC(3)
CI_25 32(R) | 4(R) | >128 No + -
CIL_30 32(R) | 4(R) | >128 No + APH(3)
CL_18 32(R) | 4(R) | >128 No - APH(3)
(Continued)
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CI 05 16(R) | 4(R) | >128 No - -
CI 06 16(R) | 4(R) | >128 No - -
CI_09 32(R) | 128(R)| 8 No - AAC(3)
CIL 15 32(R) | 128(R) | 8 No - AAC(3)
Strain MIC (ug/ml) ECOFF Phenotype assay
AMI | GEN | NEO | classification ESBL AMEs
CL 12 32(R)| 4(R) 64 No - -
CI_39 32 (R) 4(R) 64 No - -
CI 24 32(R)| 4(R) 64 No - AAC(3)
CI_34 32(R)| 4(R) 64 No - APH(3)
CI 23 32(R)| 4(R) 64 No + -
CI 45 32(R)| 4(R) 64 No + -
Cl_14 16(R)| 4(R) 8 No - APH(3)
CI 29 16(R)| 4(R) 8 No - -
CI_16 32(R)| 64(R) | >128 No + AAC(3)
CI 26 32(R)| 64(R) | >128 No + APH(3")
CL_17 32(R) | 64(R) 64 No + -
CI 33 32(R)| 64(R) 64 No + APH(3") and
AAC(6)-1
CL52 32(R)| 64(R) 64 No + -
CI 47 32(R) | 64(R) 64 No - -
CI 19 32(R)| 8(R) 64 No - -
CI 51 32(R)| 8(R) 64 No - APH(3")
CI 20 64(R)| 8(R) | >128 No - APH(3")
CI_36 64(R)| 8(R) >128 No - -
Cl 27 32(R)| 128(R) | >128 No - -
CI 28 32(R) | 128(R) | >128 No - -
CI 31 32(R)| 4(R) 8 No - -
CI_40 32(R)| 4(R) 8 No - APH(3")
Cl 42 32(R)| 4(R) 8 No - APH(3")
CI 43 32(R)| 4(R) 8 No + -
CI 32 64(R)| 4(R) 64 No + -
CI_37 32(R)| 8(R) | >128 No + APH(3")
CI 41 32(R)| 8(R) | >128 No + APH(3)
(Continued)
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Strain MIC (pg/ml) ECOFF Phenotype assay
AMI | GEN | NEO | classification ESBL AMEs

CI_44 64(R)| 8(R) 64 No - ;

CI 48 64(R)| 8(R) 64 No - B

CI_50 64(R)| 8(R) 64 No + -

MIC;, 32 8 64

MIC,, 64 32 64

WT: Wild type, without antimicrobial resistance mechanism based on the epidemiological cutoff point (ECOFF -
EUCAST 2021); No: Isolate no wild type; AMI: Amikacin; GEN: Gentamycin; NEO: Neomycin; R: Resistant; S:
Susccptible; ESBL: Extcndcd-spectrum beta-lactamase enzymes; AME: Aminoglycosidc-modifying enzymes; AAC: Ami-
noglycoside acetyltransferases; APH: Aminoglycoside phosphotransferases.

*According to EUCAST (2021), MIC > 8pug/mL and > 2pg/mL to amikacin and gentamicin, respectively, were categorized
as resistant and MIC < 8ug/mL for neomycin were considered wild type.

Considering the studied population (n = 82),67.0 % (55) and 74.4 % (61) of the E. coli
isolates were resistant to amikacin and gentamicin, respectively. Furthermore, resist-
ance to amikacin and gentamicin occurred simultaneously in all CI isolates (table 2),
while in DS isolates, this effect was only observed in the DS_47 (table 1). In contrast,
Lindemann et a/. (2012) [23] showed that amikacin resistance was lower in 67 clinical
isolates of E. coli that exhibited resistance to aminoglycosides and extended-spectrum
beta-lactam antibiotics. Still, a diversified profile was observed among the DS isolates,
with 24.4 % (8/33) resistant to gentamicin and sensitive to amikacin and 6.0 % (2/33)
resistant to only amikacin (table 1).

Regarding neomycin, all DS isolates were considered W'T or without resistance mech-
anism, according to the ECOFF value (EUCAST, 2021) [22] (table 1). However, only
11 out of 52 clinical E.coli showed this phenotype, in which 17 isolates showed MICs
higher than 128 pug/mL (table 2). These results reveal a significantly higher rate of neo-
mycin resistance in Brazil compared to Europe. Indeed, low frequencies of resistance to
this aminoglycoside were found in E. coli isolates in a retrospective study in Germany,
in which the percentage of neomycin-resistant isolates decreased from 2006 to 2017
(18.4% to 17.9 %) [25]. The difference between the two countries alludes to the indis-
criminate use of neomycin-based ointments in Brazil compared to Europe [26-28],
making the bacterial population more sensitive to selective pressure in South American
countries.

ESBL production in Enterobacteriales has been described to occur in conjunction
with AMEs, considering the common genetic elements involved in gene transfer [13].
In this context, the findings of this study again show different profiles among the pop-
ulations of E. coli studied. It was observed that among ESBL-producing E. coli, four
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susceptibility profiles to amikacin, gentamicin, and neomycin were detected (table 3),
differing based on their origin. The ESBL-positive DS isolates showed greater sensi-
tivity to the aminoglycosides tested. In contrast, all CI isolates were resistant to ami-
kacin and gentamicin, with MICs ranging from 16 - 64 ug/mL and 4 - 128 pg/mL,
respectively. Finally, most of the ESBL-producing isolates studied here (23/27, 85 %)
showed mechanisms of resistance to gentamicin and/or neomycin, in which simulta-
neous resistance to amikacin was observed only in clinical isolates.

Table 3. Susceptibility profile to aminoglycosides found in ESBL-producing E. coli (n=27) recove-

red from domestic sewage and clinical isolates.

Source E Slglltll—l%l)ies:);)aies Susceptibility profile
Domestic sewage 1/5 (20 %) S amikacin /R gentamicin/W'T neomycin
Domestic sewage 4/5 (80 %) S amikacin/S gentamicin/ WT neomycin
Clinical isolates 19/22 (86.3 %) R amikacin/R gentamicin/ no-WT neomycin
Clinical isolates 3/22 (13.7 %) R amikacin/R gentamicin/ WT neomycin

S: Sensitive; R: Resistant: WT: Wild type; ESBL: Extended-spectrum beta-lactamase enzymes.

Inferences of AME production from the aminoglycoside resistance phenotype

Aminoglycosides, especially amikacin and gentamicin, are antimicrobial agents of
great relevance in the treatment of infections caused by multidrug-resistant Gram-neg-
ative bacteria. In these cases, they are usually administered in combination with other
classes of antimicrobials, such as beta-lactams and quinolones [29, 30]. However, the
widespread use of aminoglycosides favored the development of bacterial resistance, in
which the main resistance mechanisms involve the action of AMEs or methyltrans-
ferases enzymes that modify the binding target. Among the AMEs extensively pro-
duced by E. coli, AAC, APH, and ANT often act on more than one type of substrate

within the aminoglycoside class [9].

In this context, reference protocols do not provide tests capable of detecting the
aminoglycoside resistance phenotype of bacteria, requiring the determination of
AME-positive isolates by molecular approach. Considering the limited reach of this
tool in microbiology laboratories, the search for alternatives is essential and can help
to understand the susceptibility profile to aminoglycosides with inference in the ther-
apeutic outcome. For instance, Mancini ez a/. (2019) [19] proposed the use of an algo-
rithm based on the diameter of the halo of inhibition of aminoglycoside substrates
(ie., gentamicin, amikacin, tobramycin, and kanamycin), which, in comparison to the
genotypic determination, was able to evaluate the production of some AMEs in E. coli.
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Using this algorithm, we observed a diversity of AME-production profiles among the
E. coli isolates studied. As shown in table 1, all DS isolates were considered WT-no
AME (W'T without AME resistance mechanism, according to Mancini ez /. (2019)
[19]). Among Cl isolates, 55.7 % (29/52) presented this phenotype (table 2). It should
be noted that all clinical isolates were recovered from patients with urinary tract infec-
tion, which suggests that these isolates are of the UPEC pathotype. Interestingly, this
pathotype can also be found in other environments, such as domestic sewage, but
apparently it was not present in the DS population studied. As reviewed by Jang ez al.
(2017) [2]), E. coli from natural environments seems to present particularities regard-
ing the dissemination of antibiotic resistance and virulence that remains to be clarified.

APH (3’) (14/52) and AAC (3’) (10/52) enzymes were detected among Cl isolates in
this study. Additionally, one of the isolates (CI_33) was categorized as a producer of
APH (3’) and AAC (6’)-I enzymes simultaneously (table 1). In fact, these enzymes are
widely disseminated among Gram-negative bacteria, which can be attributed to their
high potential for mobility via plasmids, transposons, and integrons [5].

APH (3’)-positive isolates may have decreased susceptibility to neomycin, but gen-
tamicin and amikacin are not substrates for this enzyme. In contrast, the production of
AAC (3’) and or AAC (6’)-I compromises the susceptibility of Gram-negative bacteria

to gentamicin and amikacin without interfering with that of neomycin.

Here, 76.9 % (10/13) and 60,0% (6/10) of APH (3’)- and AAC (3’)-positive CI iso-
lates, respectively, had MIC > 64 pg/mL for neomycin, indicating that these isolates are
not WT according to EUCAST 2021 [22]. However, the finding of non-AME-pro-
ducing isolates but with MIC > 8 pg/mL for neomycin (WT no-AME based on the
epidemiological cut-off point—-ECOFF) indicates the presence of other mechanisms of
resistance to this compound. It should be monitored since neomycin is widely used in
the treatment of skin infections.

The co-occurrence of resistance to aminoglycosides and beta-lactam antimicrobials has
been reported. Specifically, in isolates resistant to beta-lactams due to an enzymatic
mechanism, including ESBL type, Bodendoerfer e al. (2020) [13] demonstrated that
more than 50 % of the clinical isolates are resistant to amikacin or gentamicin, most
often by the production of APH (3°), AAC (3’) and AAC (6 °). Similarly, regarding the
E. coli isolates included in this study, 40.7 % produce ESBL and AME simultaneously
(table 2). Furthermore, resistance mechanisms to aminoglycosides and beta-lactams
were observed exclusively in isolates of clinical origin, suggesting the impact of selec-
tive pressure of antimicrobials and the occurrence of horizontal transfer of genes for
resistance to antimicrobials.
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CONCLUSION

In conclusion, this study showed that resistance to aminoglycosides of clinical rele-
vance is present in E. coli isolates in Brazil of both clinical and environmental origin,
in the latter to a lesser extent. Furthermore, the results show that AMEs are frequent
in clinical isolates with an imminent risk of dissemination and correlation with clinical
therapeutic failure. Thus, epidemiological and molecular surveillance for aminoglyco-
side resistance must be implemented to ensure better monitoring of cases of infections
caused by E. coli resistant to this important class of antibiotics.

ACKNOWLEDGEMENTS

We thank Federal University of Sao Joao del Rey-UFS], Centro Oeste Dona Lindu
Campus for proving the infrastructure and bibliographic support.

DISCLOSURE STATEMENT

All authors report that they do not have any conflicts of interest.
REFERENCES

1. J.B. Kaper, ].P. Nataro, H.L.T. Mobley, Pathogenic Escherichia coli, Nat. Rev.
Microbiol., 2, 23-140 (2004).

2. ].Jang, H.G. Hur, M.J. Sadowsky, M.N. Byappanahalli, T. Yan, S. Ishii, Environ-
mental Escherichia coli: ecology and public health implications — a review, J. App.
Microbiol., 123, 570-581 (2017).

3. A.Schatz, E. Bugie, S.A. Waksman, Streptomycin, a substance exhibiting activity
against Gram-positive and Gram-negative bacteria, Exp. Biol. Med., 55, 66-69
(1944).

4. AW. Serio, T. Keepers, L. Andrews, K.M. Krause, Aminoglycoside revival:
review of a historically important class of antimicrobials undergoing rejuvena-

tion, EcoSal Plus, 8(1), ESP-0002 (2018).

5. B. Becker, M.A. Copper, Aminoglycoside antibiotics in the 21* century, ACS
Chem. Biol,, 8, 105-115 (2013).

637



Barbara de Oliveira Gomes, William Gustavo Lima, Debora Vargas Farias, Magna Cristina de Paiva

10.

11.

12.

13.

14.

15.

638

P.D. Tamma, S.E. Cosgrove, L.L. Maragakis, Combination therapy for treatment
of infections with Gram-negative bacteria, Clin. Microbiol. Rev., 25, 450-470
(2012).

S. Magnet, ].S. Blanchard, Molecular insights into aminoglycoside action and
resistance, Chem. Rev., 105, 477-498 (2005).

MW. Vetting, C.H. Park, S.S. Hedge, G.A. Jacoby, D.C. Hooper, ].S. Blan-
chard, Mechanistic and structural analysis of aminoglycoside N-acetyltransfe-
rase AAC(6’)-Ib-cr and its bifuntional, fluoroquinolone-active AAC(6’)-Ib-cr
variant, Biochemistry, 47, 9825-9835 (2008).

M.S. Ramirez, M.E. Tolmasky, Aminoglycoside modifying enzymes, Drug Resist.
Updat., 13,151-171 (2010).

M.E. Tolmasky, Bacterial resistance to aminoglycosides and beta-lactams: the
Tn1331 transposon paradigm, Front. Biosci., S, 20-29 (2000).

K. Bush, Proliferation and significance of clinically relevant -lactamases, Ann.

NY Acad. Sci., 1277, 84-90 (2013).

M. Ferndndez-Martinez, B. Ruiz Del Castillo, M.J. Lecea-Cuello, J. Rodriguez-
Bafo, L. Martinez-Martinez, Spanish Network for the Research in Infectious
Diseases (REIPI) and the Spanish Group for Nosocomial Infections (GEIH),
Prevalence of aminoglycoside-modifying enzymes in Escherichia coli and Kleb-
siella pneumoniae producing extended spectrum B-lactamases collected in two

multicenter studies in Spain, Microb. Drug. Resist., 4, 367-376 (2018).

E. Bodendoerfer, M. Marchesi, F. Imkamp, P. Courvalin, E.C. Bottger, S. Man-
cini, Co-occurrence of aminoglycoside and (-lactam resistance mechanisms in
aminoglycoside non-susceptible Escherichia coli isolates in the Zurich area, Swit-

zetland, Int. J. Antimicrob. Agents, 56, 106019 (2020).

T.K.N. Bui, TM.H. Bui, S. Ueda, D.T. Le, Y. Yamamoto, I. Hirai, Potential
transmission opportunity of CTX-M- producing Escherichia coli on a large-scale
chicken farm in Vietnam, J. Glob. Antimicrob. Resist., 13, 1-6 (2018).

V.D. Gongalves, F. Meirelles-Pereira, M. Cataldo, B.O. Fonseca, B.A. Nogueira,
J.G.B. Olivella, FEA. Esteves, L. Matos-Guaraldi, A.E.B. Andrade, A.R. Bello,
J.A.A. Pereira, Detection of multidrug-resistant Enterobacteriaceae isolated
from rivers waters flowing to the Guanabar Bay and from clinical samples of hos-

pitals in Rio de Janeiro, Brazil, Biomedica, 39(s1), 135-149 (2019).


about:blank
about:blank

Aminoglycoside resistance in domestic sewage and clinical isolates

16.

17.

18.

19.

20.

21.

22.

23.

24.

K.S. Gozi, J.R. Froes, L.P.T. Deus Ajude, C.R. da Silva, R.S. Baptista, J.R. Peird,
M. Marinho, L.C.C.Mendes, M.C.L. Nogueira, T. Casella, Dissemination of
multidrug-resistant commensal Escherichia coli in feedlot lambs in Southeastern

Brazil, Front. Microbiol., 10, 1394 (2019).

M.P.N. de Carvalho, M.R. Fernandes, EP. Sellera, R. Lopes, D.F. Monte, A.G.
Hippdlito, L. Milanelo, T.F. Raso, N. Lincopan, International clones of exten-
ded-spectrum B-lactamase (CTX-M) producing Escherichia coli in peri-urban
wild animals, Brazil, Transbound. Emerg. Dis., 67(5), 1804-1815 (2020).

J.A.van de Klundert, J.S. Vliegenthart, E. van Doorn, G.P. Bongaerts, L. Molen-
dijk, R.P. Mouton, A simple method for identification of aminoglycoside-modi-
tying enzymes, J. Antimicrob. Chemoter., 14, 339-348 (1984).

S. Mancini, M. Marchesi, F. Imkamp, K. Wagner, P.M. Keller, C. %iblier, E.
Bodendoerfer, P. Courvalin, E.C. Bottger, Population-based inference of amino-

glycoside resistance mechanisms in Escherichia coli, EBioMedicine, 46, 184-192
(2019).

N.T. Alves-Coelho, R.S. Silva, G.M. Delmondes, W.G. Lima, C.E.M. Jensen,
M.C. Paiva, Occurrence of extended-spectrum beta-lactamase (ESBL) and car-
bapenemases among ampicillin-resistant Enterobacteriales recovered from a

municipal raw sewage in Minas Gerais, Brazil, Rev. Colomb. Cienc. Quim. Farm.,
50(3), 708-725 (2021).

Clinical Laboratory Standard Institute (CLSI), Performance standards for antimi-
crobial susceptibility testing, Nineteenth informational supplement, M100-S27,
2017.

European Committee on Antimicrobial Susceptibility Testing (EUCAST),
EUCAST reading guide for broth microdilution and EUCAST breakpoint
tables for interpretation of MICs and zone diameters, 2021, URL: http:// www.
cucast.org/fileadmin/src/media/pdf.

P.C. Lindemann, K. Risberg, H.G. Wiker, H. Mylvaganam, Aminoglycoside
resistance in clinical Escherichia coli and Klebsiella pneumoniae isolates from
Western Norway, J. Pathol. Microbiol. Immunol., 120, 495-502 (2012).

N. Soleimani, M. Aganj, L. Ali, L. Shokoohizadeh, T. Sakinc, Frequency dis-
tribution of genes encoding aminoglycoside modifying enzymes in uropathoge-

nic E. coli isolated from Iranian hospital, BMC Res. Notes, 7, 842 (2014).

639


L.C.C.Mendes
www.eucast.org/fileadmin/src/media/pdf
www.eucast.org/fileadmin/src/media/pdf

Barbara de Oliveira Gomes, William Gustavo Lima, Debora Vargas Farias, Magna Cristina de Paiva

25.

26.

27.

28.

29.

30.

C. Moennighoff, N. Thomas, F. Nienhaus, M. Hartmann, A. Menrath, J. Mer-
kel, H. Detlefsen, L. Kreienbrock, I. Hennig-Pauka, Phenotypic antimicrobial
resistance in Escherichia coli strains isolated from swine husbandries in North
Western Germany — Temporal patterns in samples from laboratory practice from

2006 to 2017, BMC Vet. Res., 16, 37 (2020).

European Centre for Disease Prevention and Control (ECDC), Surveillance
report: Surveillance of antimicrobial consumption in Europe 2012, URL: http://
www.ecdc.europa.eu/, accessed 16 Nov 2019.

R.J. Loureiro, F. Roque, A. Teixeira-Rodrigues, M.T. Herdeiro, E. Ramalheira,
O uso de antibidticos e as resisténcias bacterianas: breves notas sobre a sua evo-

lugdo, Rev. Port. Saside Priblica, 34, 77-84 (2016).

M.T. Valenzuela, C. de %adros, Antibiotic resistance in Latin America: A cause
for alarm, Vaccine, 27,25-28 (2009).

D. Odjana, A. Sienko, P. Sacha, P. Majewski, P. Wieczorek, A. Wieczorek, E.
Tryniszewska, Genetic basis of enzymatic resistance of E. co/i amoniglycosides,

Adv. Med. Sci., 63,9-13 (2018).
N. Tsukamoto, Y. Ohkoshi, T. Okubo, T. Sato, O. Kuwahara, N. Fujii, Y. Tamura,

S. Yokota, High prevalence of cross-resistance to aminoglycosides in fluoroqui-

nolone-resistant Escherichia coli clinical isolates, Chemotherapy, 59, 379-384
(2013).

How TO CITE THIS ARTICLE

B. de Oliveira-Gomes, W.G. Lima, D. Vargas-Farias, M.C. de Paiva, Aminoglyco-
side resistance in domestic sewage and clinical Escherichia coli isolates, Rev. Colomb.
Cienc. Quim. Farm., 51(2), 625-640 (2022). http://dx.doi.org/10.15446/rcciquifa.
v51n2.97349

640


http://www.ecdc.europa.eu
http://www.ecdc.europa.eu
http://dx.doi.org/10.15446/rcciquifa.v51n2.XXXXX
http://dx.doi.org/10.15446/rcciquifa.v51n2.XXXXX

	_TOC_250005

