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SUMMARY

Introduction: The capacity of resistance to (-lactam among enterobacteriales is
notable, mainly into water environment. Herein, many species of this family have
the ability to carrier and produce B-lactamases enzymes, such as extended-spectrum
B-lactamases (ESBLs) and carbapenemases. However, contrary to clinical settings,
where the distribution of resistant bacteria is well documented, the evidence of resis-
tant pathogens in the domestic sewage has been little explored, especially in Brazil.
Thus, we aimed to investigate the occurrence of ESBL and carbapenemases between
ampicillin-resistant enterobacteriales recovered from a municipal raw sewage
in Minas Gerais, Brazil. Methods: Enterobacteriales were isolated from sewage
samples on MacConkey agar supplemented with ampicillin. Species identifica-
tion was performed by biochemical and morphological methods and the resistance
profile determined by the Kirby-Bauer test. The production of ESBL and carbapen-
emase was investigated in all isolates by phenotypic tests. Results and discussion:

A total of 45 species of enterobacteriales resistant to ampicillin were recovered (37
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Escherichia coli, four Klebsiella pneumoniae, and one Klebsiella oxytoca, Citrobacter
Jfreundii and Pantoea agglomerans). Most isolates showed a high B-lactam suscep-
tibility profile (14/45, 31.1 %), however E. coli with decreased susceptibility to
imipenem was detected (2/37; 2.7 %). ESBL-positive isolates were mostly identified
as E. coli (10/45; 22.2 %), but no isolates were positive carbapenemase. Conclu-
sion: Domestic sewage is an important source of f-lactams resistant determinants

in Brazil.

Keywords: Enterobacteriales, antibiotic resistance, environmental samples, carbapen-

emase, beta-lactamase, Escherichia coli, Pantoea agglomerans.

REsuMmoO

Ocorréncia de beta-lactamase de espectro estendido (ESBL) ¢
carbapenemases entre enterobacteriales resistentes & ampicilina
recuperadas de esgoto bruto municipal em Minas Gerais, Brasil

Introdugio: a capacidade de resisténcia aos beta-lactimicos entre enterobacteriales ¢
notével, principalmente no ambiente aqudtico. Nessa direcio, muitas espécies desta
familia tém a capacidade de transportar ¢ produzir enzimas B-lactamases, especial-
mente a B-lactamases de espectro estendido (ESBL) e as carbapenemases. Porém, ao
contrario do cendrio clinico, onde a distribuicio de bactérias resistentes é bem docu-
mentada, as evidéncias de patégenos resistentes no esgoto doméstico tém sido pouco
exploradas, principalmente no Brasil. Assim, objetivamos investigar a ocorréncia de
ESBL ¢ carbapenemases entre enterobacteriales resistentes a ampicilina recuperadas
de um esgoto bruto municipal em Minas Gerais, Brasil. Métodos: enterobacteriales
foram isoladas de amostras de esgoto em 4gar MacConkey suplementado com ampici-
lina. A identificagio das espécies foi realizada por métodos bioquimicos e morfoldgicos
e o perfil de resisténcia determinado pelo teste de Kirby-Bauer. A produgio de ESBL e
carbapenemase foi investigada em todos os isolados por testes fenotipicos. Resultados
e discussdo: foram recuperadas 45 isolados de enterobacteriales resistentes & ampi-
cilina (37 Escherichia coli, quatro Klebsiella pneumoniae e uma Klebsiella oxytoca,
Citrobacter freundii e Pantoca agglomerans). A maioria dos isolados apresentou um
perfil de alta susceptibilidade aos P-lactimicos (14/45, 31,1 %), porém E. coli com
susceptibilidade diminuida ao imipenem foi detectada (2/37; 2,7 %). Os isolados
ESBL-positivos foram identificados principalmente como E. coli (10/45; 22,2 %), mas
nenhum isolado foi positivo para a carbapenemase. Conclusao: o esgoto doméstico ¢

uma importante fonte de determinantes de resisténcia aos -lactimicos no Brasil.
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RESUMEN

Ocurrencia de beta-lactamasa de espectro extendido (BLEE) y
carbapenemasas entre enterobacteriales resistentes a ampicilina

recuperados de un alcantarillado municipal en Minas Gerais,
Brasil

Introduccién: la capacidad de resistencia a betalactdmicos entre enterobacteriales
es notable, principalmente en el medio acudtico. En este sentido, muchas especies
de esta familia tienen la capacidad de transportar y producir enzimas B-lactamasas,
especialmente B-lactamasas de espectro extendido (BLEE) y carbapenemasas. Sin
embargo, en contraste con el escenario clinico, donde la distribucién de bacterias
resistentes estd bien documentada, la evidencia de patdgenos resistentes en las aguas
residuales domésticas ha sido poco explorada, especialmente en Brasil. Por lo tanto,
nuestro objetivo es investigar la ocurrencia de BLEE y carbapenemasas entre ente-
robacteriales resistentes a ampicilina recuperadas de un alcantarillado municipal sin
tratar en Minas Gerais, Brasil. Métodos: se aislaron enterobacteriales de muestras
de aguas residuales en agar MacConkey suplementado con ampicilina. La identifi-
cacién de las especies se realizé mediante métodos bioquimicos y morfolégicos y el
perfil de resistencia se determiné mediante la prueba de Kirby-Bauer. La produccién
de BLEE y carbapenemasa se investigé en todos los aislamientos mediante pruebas
fenotipicas. Resultados y discusién: se recuperaron 45 aislamientos de enterobac-
teriales resistentes a ampicilina (37 Escherichia coli, cuatro Klebsiella pneumoniae y
una Klebsiella oxytoca, Citrobacter freundii'y Pantoea agglomerans). La mayoria de los
aislamientos tenfan un perfil de susceptibilidad alto a los B-lactdmicos (14/45, 31,1
%), pero se detectd E. coli con susceptibilidad reducida al imipenem (2/37; 2,7 %).
Los aislamientos positivos para BLEE se identificaron principalmente como E. coli
(10/45;22,2 %), pero ningtin aislado fue positivo para carbapenemasa. Conclusién:
las aguas residuales domésticas son una fuente importante de determinantes de la

resistencia a los B-lactdmicos en Brasil.
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INTRODUCTION

The enterobacteriales comprises a large group of Gram-negative, glucose-fermenters
and non-spore-forming bacteria with typically 0.8-5.0 um in length. These microorga-
nisms are widely distributed, been founded in various sites of the human and animal
body, as well as in the environment and food samples [1]. Although strains of some
species are harmless commensals, others are potentially pathogenic to humans, ani-
mals, insets and plants. The members of this order are closely related with the most
common opportunistic infections and are associated to several complex diseases inclu-
ding septicemia, pneumonia, meningitis and urinary tract infections [2].

Generally, for the treatment of infections caused by enterobacteriales, several antimi-
crobials are used, especially the class of beta-lactam antibiotics (e.g., penicillins, cepha-
losporins, monobactams and carbapenems) [3, 4]. In susceptible microorganisms, the
beta-lactam antibiotics are bactericidal agents that irreversibly inhibit the enzyme
transpeptidase that catalyzes reactions between the peptideoglycan chains of the bac-
terial cell wall [5]. Among these antimicrobials, ampicillin, a semi-synthetic penicillin
discovered in 1961, has an important role in therapy of enterobacteriales infections.
However, as with other antimicrobials, the exacerbated use of ampicillin as prophylac-
tic or therapeutic in veterinary and agrarian practices contributes to emergence and
dissemination of resistance against this compound [6].

It has been described that the main mechanism of resistance to ampicillin in entero-
bacteriales is the production of Extended-spectrum B-lactamases (ESBLs) [7]. ESBLs
are a rapidly evolving group of -lactamases which share the ability to hydrolyze peni-
cillins; first-, second-, and third-generation cephalosporins; and aztreonam (but not
the cephamycins such as cefoxitin or carbapenems), and are inhibited by B-lactamase
inhibitors such as clavulanic acid [8-10]. The majority of ESBLs are derived from the
widespread broad-spectrum P-lactamases TEM and SHV. There are also others fami-
lies of ESBLs, including the CTX-M and OXA-type enzymes as well others unrelated
B-lactamases (e.g., PER-1, PER-2, VEB-1, CME-1, TLA-1, GES-1) [11]. The ESBLs
are widely distributed and can spread easily since the genes encoding them can be trans-
ferred via mobile genetic elements, such as plasmids, transposons and integrons [12].
In the clinical setting, ESBL-producing enterobacteriales are associated with increased
mortality rates and high health costs [13].
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The increase in infections caused by ESBL-positive enterobacteriales led to a greater use
of carbapenems, thus promoting the emergence of resistant strains to this class [14]. Bac-
terial resistance to carbapenems is observed due to the reduction of bacterial outer mem-
brane permeability, expression of efflux pumps, site mutation and enzymatic hydrolysis
(ie., carbapenemase production) of the antimicrobial; this latter is of greater concern to
the biomedical community due to the high potential of dissemination interspecies [15].
The most frequent carbapenemases in Gram-negative bacteria belong to class A (Klebsie-
lla pneumoniae carbapenemase- KPC; Guiana extended spectrum-GES); class B (New
Delhi metallo-beta-lactamase-NDM; Verona imipenem-VIM; Imipenem-IPM) and
class D (Oxacillinases-OXA-48, OXA-181) from Ambler and are transferred by mobile
genetic elements. These enzymes can be detected using phenotypic tests, but detection of

the gene encoding b/a is considered gold standard [16-18].

Beta-lactamase-producing bacteria outside the clinical setting have showed to contribute
with the postulated decline of the efficacy of beta-lactam antibiotics worldwide. Especially
raw sewage seems to play a key role in this spread, as they serve both as habitats and as trans-
port systems for microorganisms. For instance, in Brazil is estimated that approximately 20
% of the medicaments are discarded in the sewage network or household wastewater [19].
Regarding the antimicrobials, they are not fully metabolized in the body, and are released to
the effluent through excreta from the patient. A major concern is the easy adaptation of bac-
terial population, since the subconcentrations of antimicrobials may exert selective pressure
on the bacterial, selecting resistant strains [20]. As a result, these environments have been
considered reservoirs of bacterial resistance to antimicrobials [21].

However, contrary to clinical settings, where the distribution of resistant bacteria is
well documented, distribution and evidence of resistant pathogens in the domestic
sewage has been little explored, especially in developing countries such as Brazil. Our
group already has showed that Pseudomonas aeruginosa isolates from a domestic was-
tewater treatment plant (WWTP) localized in Minas Gerais state (Brazil) is able to
carried beta-lactamases (AmpC) and has considerable resistance rate to carbapenems
(11 %), suggesting that the sewage is a potential reservoir of resistance determinants
against beta-lactam in this region [22]. Thus, considering the importance of beta-lac-
tam against glucose-fermenter Gram-negative bacilli and the circulation of ESBL and
carbapenemase-producing microorganisms in sewage, this study aimed to investigate
the occurrence of ESBL and carbapenemases between ampicillin-resistant enterobac-
teriales recovered from a municipal raw sewage in Minas Gerais, Brazil.
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MATERIAL AND METHODS

Sample collection

One liter of sewage in direct and spontancous drainage for a watercourse in the city
of Divindpolis (MG) (geographical coordinates: 20° 08 20 “S and 44° 53’ 02” W),
localized in southeast Brazil (232 945 inhabitants), was collected on 6 of June 2017
[22]. The sample was placed in pre-sterilized screw-cap polypropylene vial, stored on
ice until analyzed and was processed within two hours of collection at the Laboratdrio
de Digandstico Laboratorial e Microbiologia Clinica at the Universidade Federal de Sao
Jodo del-Rei (Divindpolis-MG/Brazil).

Cultures and bacterial isolation

In order to isolate the enterobacteriales species, the entire sewage sample was centrifu-
ged and then 2 grams of the sediment was inoculated into BHI broth (Isofar, Brazil)
plus ampicillin (640 pug/mL) (Sigma-Aldrich, Germany). Subsequently, a serial dilu-
tion of the 100 uL sample of each dilution and of the raw sample was inoculated on
MacConkey agar (Isofar, Brazil) added of ampicillin (288 pg/mL) (Sigma-Aldrich,
Germany). The concentration of ampicillin used is in accordance with the Manual of
the Clinical Laboratory Standards Institute M100 S28 where enterobacteriales isolates
for which the minimum inhibitory concentration (MIC) is > 32 ug/mL are considered
resistant to this antimicrobial [23].

In order to identify the bacterial species, the Gram staining technique and biochemical-phy-
siological tests were used [24], including the production of oxidase enzyme, fermentation of
carbohydrates (glucose, lactose and sucrose), pigment production, lysine decarboxylation,
indole production, H,S production, use of citrate and malonate as the carbon source and
urease production. In addition, chromogenic agar (Renylab, Brazil) was also used to iden-
tify the colonies, according to the manufacturer’ instructions. Subsequently, the bacterial
isolates were inoculated in nutrient agar to verify the purity of the culture by evaluating the
morphology of the colonies. From this culture, three to five colonies were suspended in
BHI broth and incubated at 37 °C for a period of 18-24 h. After this incubation, 500 pl of
the culture was added with 25 % v/v glycerol and stored at -80 °C.

Beta-lactams susceptibility test

The antimicrobial susceptibility profile of aztreonan (ATM), ceftazidime (CAZ), cefo-
taxime (CTX), ceftriaxone (CRQO), amoxicillin with clavulanic acid (AMC) (Sensi-
far) and carbapenens (meropenem, MEM; imipenem, IMP and ertapenem, ERT)
(Cecon, Brazil) was determined by the standard agar diffusion technique and inter-
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preted according to the Manual of the Clinical Laboratory Standards Institute M100
$28, considering the breakpoints established by it. Escherichia coli ATCC 25 922 was

used as control of the experiments [23].

Phenotypic detection of the production of carbapenemases and ESBL

The enterobacteriales isolates were submitted to phenotypic tests to determine the
production of carbapenemases using the modified Hodge test (MHT) and inactiva-
tion of carbapenems (mCIM and ¢CIM). Briefly, the MHT was performed using an
E. coli ATCC 25 922 inoculum prepared according to the 0.5 McFarland standard
in nutrient broth (Isofar, Brazil). Subsequently, this suspension was inoculated onto
the surface of a Mueller-Hinton agar (Isofar, Brazil) with [25] and without [23] 50
microliters of Triton X-100 previously added. Next, a meropenem disk was placed in
the center of the plaque. Using a 10 uL loop, three to five colonies of each test species
freshly grown in nutrient agar (Isofar, Brazil) were inoculated in a straight line from
the end of the plate to the center of the disc. After incubation at 35 + 2 °C for 16-20
h, the plate was analyzed. If a carbapenemase is produced by the test bacterium, the
antimicrobial will be hydrolyzed, allowing E. co/i ATCC 25 922 to grow toward the
disc, creating a distortion of the inhibition halo.

To perform the mCIM test [23], in turn, three to five colonies of each bacterial iso-
late grown from blood agar were inoculated into 2 mL of nutrient broth (Isofar,
Brazil). Simultaneously, a meropenem disk was placed in each test tube and it was
incubated at 35 + 2 °C for 4 h. Upon completion of the incubation, a suspension
of E. coli ATCC 25922 with turbidity pattern compatible with the 0.5 McFarland
scale was inoculated on the Mueller Hinton agar plate (Isofar, Brazil). The merope-
nem disks removed from the tubes were placed on the Muller Hinton agar plate pre-
viously inoculated with the E. co/i ATCC 25922 indicator strains and the plates were
incubated at 35 + 2 °C. If carbapenemase is produced, the carbapenem is inactivated
during incubation, allowing the growth of E. co/i ATCC 25922, with the formation
of an inhibition halo of less than 15 mm [23]. Simultaneously with the mCIM test,
the ¢eCIM test [23] was performed, which presents as a modification of the proce-
dure described above, the use of a tube of nutrient broth from each isolate containing
20 puL of 0.5 M EDTA. According to CLSI [23], this procedure allows the diffe-
rentiation of carbapenemases type. In experiments to search of carbapenemase, E.
coli ATCC 25 922 and clinical carbapenemase-positive- K. pneumoniae were used,
respectively, as negative and positive controls.

In addition, the isolates were submitted to the phenotypic test to determine ESBL produc-
tion, using the antimicrobial substrates CAZ, ATM, CRO and CTX, according to CLSI
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protocol [23]. Briefly, a suspension of each bacterial isolate (concentration 10¥ UFC/mL)
was inoculated into Muller-Hinton agar (Alere, USA). The antimicrobial discs were then
arranged around the AMC disc at a distance of 20 mm and incubated at 37 °C for 24 h. The
isolate is considered an ESBL producer when a halo distortion of antimicrobial substrate
is observed after incubation. E. coli ATCC 25922 and clinical ESBL-positive- Klebsiella
preumoniae were used, respectively, as negative and positive controls.

RESULTS AND DISCUSSION

Currently, raw sewage is recognized as one of the most important routes for propagation
of AMR genes worldwide. Recent evidences showed that antibiotic resistance in urban
sewage mirrors the pattern of clinical antibiotic resistance prevalence, making the search
for resistance determinants in these residues an indirect way of epidemiological survei-
llance of multi-resistant microorganisms [7]. Despite the large number of studies that
highlights the importance of sewage in dissemination of antibiotic resistance in Europe
and EUA, the dynamic of this phenomenon has been little explored in Brazil [26].
However, Hendriksen ez /. [27], in an metagenomic analysis of untreated sewage to cha-
racterize the bacterial resistome from 79 sites in 60 countries, showed that the Brazil had
the highest abundance of AMR genes of all countries studded (4616.9 fragments per
kilobase per million) (Global monitoring of antimicrobial resistance based on metageno-
mics analyses of urban sewage). Thus, we have aimed to determine the resistance profile
and presence of beta-lactamase among ampicillin-resistance enterobacteriales recovered
from an urban raw sewage in a medium-sized city from southeast Brazil.

Here, 45 bacterial isolates were recovered from the domestic sewage in ampicillin-
enriched medium (640 pg/mL). Overall, five different species were identified, been
them Escherichia coli (37/45; 82.2 %), Klebsiella pneumoniae (4/45; 8.9 %), Klebsie-
lla oxytoca (1/45; 2.2 %), Citrobacter freundii (1/45; 2.2 %) and Pantoea agglomerans
(1/45; 2.2 %). In fact, these species are often recovered in both domestic [28, 29] and
hospital sewage [7], the latter characterized by the great exposure of the bacterial popu-
lation to various antimicrobials, including ampicillin.

The highest number of E. coli isolates (82.2 %) is possibly associated with the fact that
this species is part of the intestinal microbiota of humans and animals. As in our study,
this species was also the most recovered by Korzeniewska and Harnisz [30] in a munic-
ipal sewage. However, it is worth mentioning that E. co/i is also responsible for approxi-
mately 50 % of health care-related infections and 70-90 % of urinary tract infections
[31]. In fact, acute community-acquired urinary tract infections (CA-UTIs) caused by
E. coli are the most common bacterial infections worldwide, affecting approximately
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150 million persons per year, particularly women [32]. Of particular concern is that
the isolates recovered here are resistant to ampicillin, an antimicrobial widely used in
the clinical setting.

Species of the genus Klebsiella and Citrobacter were also recovered, but to alesser extent.
These bacteria are considered as coliforms because they inhabit the gastrointestinal
tract, but can also be found in pastures, soils and submerged plants [33]. Already the
P agglomerans, formerly known as Enterobacter agglomerans, is a clinically important
species. It is associated with plants, but has been the cause of opportunistic infections
mainly in plant-related wounds or infections related to health care in immunocom-
promised patients [34]. Possibly this finding is because this species is present in plants
located near the domestic sewage.

All bacterial isolates from this study were submitted to the susceptibility test for seve-
ral beta-lactam agents by the agar diffusion method (table 1). In general, a moderate
beta-lactam resistance rate (14/45, 31.1 %) was observed among the isolates. An
important finding in this work was that all the isolates of Klebsiella spp. and C. freundii
were sensitive to the tested beta-lactam antibiotics (AMC, CTX, CRO, CAZ, ATM,
MEM, IMP, ERT). Thus, our data show that these species may have limited resis-
tance mechanisms, which cover only ampicillin as intrinsic resistance in Klebsiella spp.
Corroborating with this study, Klebsiella spp. and C. freundii exhibiting resistance to
this beta-lactam have been found in water samples from Latin America. Oliveira [35]
relates that 52 % of enterobacteriales isolates from water samples in Porto Alegre-RS
(including K. pneumoniae and C. freundii) are resistant to ampicillin. In turn, Casta-
fieda ez al. [36] demonstrated resistance to ampicillin involving all isolates of Klebsiella
and Citrobacter recovered from marine water and beach sediments in Venezuela. Pos-
sibly ampicillin resistance in these bacteria may be related to the widespread use of this
drug, which is available for a longer time in the market.

Table 1. Susceptibility profile to beta-lactam antimicrobials and distribution of ESBL-producing

isolates among ampicillin-resistant enterobacteriales recovered from raw sewage.

Isolated species ESBL Susceptibility profile to beta-lactam
(n=45) production | AMC | CAZ | CTX | ATM | CRO | MEM | IPM | ERT

Escherichia coli - I S I S I S S S
Escherichia coli - S S S S S S S S
Escherichia coli + R R R R R S S S
Escherichia coli - S S S S S S S S
Escherichia coli - S S S S S S S S
Escherichia coli + R R R R R S S S
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Klebsiella
pneumoniae i S S S S S S S S
Klebsiella oxytoca - S S S S S S S S
Citrobacter freundii - S S S S S S S S
Pantoea agglomerans + R R R R R S S S

ESBL: Extended-spectrum beta-lactamase; S: Sensible, R: Resistant; I: Intermediary; AMC: Amoxicillin with clavulanic
acid; CAZ: Ceftazidime; CTX: Cefotaxime; ATM: Aztreonan; CRO: Ceftriaxone; MEM: Meropenem; IMP: Imipenem;
ERT: Ertapenem.

On the other hand, P, agglomerans presented sensitivity only to carbapenems (MEM,
IPM, and ERT). Ruiz [37] and Borges ez al. [38] also showed a high resistance profile
in P agglomerans isolated from hospital sewage and clinical, respectively. In contrast to
our finding, Filho [39] related high rate of resistance to carbapenems in this species,
including the ertapenem, imipenem and meropenem. Considering the clinical impor-
tance of P agglomerans, studies on the susceptibility profile in this species is relevant
and may help in choosing the best antimicrobial therapy.

Nevertheless, resistant E. coli to at least two beta-lactams (11/37; 29.7 %) and with
decreased or intermediate susceptibility to amoxicillin/clavulanic acid (2/37; 5.4 %),
cefotaxime (2/37; 5.4 %), ceftriaxone (1/37; 2.7 %) and imipenem (2/37; 2.7 %) were
found. Carbapenems are the last generation of beta-lactam antimicrobials used to treat
infections caused by Gram-negative bacteria resistant to penicillins, cephalosporins
and other compounds of the same class [40]. According to Bessa ez al. [41] high rates
of E. coli resistant to different antimicrobials, among them imipenem, are not common
in environments such as rivers, domestic sewage and sewage treatment plants. Thus,
ours finding of decreased susceptibility imipenem among E. co/i isolates from domes-
tic sewage is of particular concern considering the possibility of exchange of bacteria
between environmental and clinical settings, which may contribute to the spread and
increase of carbapenem resistance [42].

In this context, resistance to carbapenems in enterobacteriales occurs mainly by
hydrolytic action promoted by carbapenemases [15], and phenotypic tests have been
widely used for detection these enzymes. It should be emphasized that the investi-
gation of the production of carbapenemases is of great importance, since even in
isolates considered sensitive to carbapenems, it is possible to harbor the genes coding
for this enzyme [43]. Here, using the modified Hodge test (MHT) and inactivation
of carbapenems mCIM and eCIM methods, none isolated was carbapenemase-posi-
tive. It may be suggested that there is a low prevalence of microorganisms producing
carbapenemases in domestic sewage environments in region studded. In fact, Conte
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et al. [44] did not detect the bla gene in E. coli, K. pneumoniae and K. oxytoca recov-
ered from hospital sewage and domestic or industrial sanitary effluent from Curi-
tiba-PR. However, the finding of E. co/i with decreased susceptibility to imipenem
alerts to the possibility of the presence of non-enzymatic mechanisms of resistance
to carbapenems circulating in the investigated environment, such as overexpression
of efflux pumps (e.g., AdeABC), penicillin-binding protein alterations, or loss of
outer membrane protein (e.g., CarO) [45].

In contrast to the carbapenemases, the phenotypicassay hasrevealed considerable preva-
lence of ESBL-producer isolates, which were mostly identified as E. co/i (10/45;22.2 %)
(figure 1). Phenotypic test for ESBL detection has not been validated by CLSI [23] for
P, agglomerans. But, here, these species presented a test result that would be compatible
with the producer interpretation of this beta-lactamase [46, 47]. ESBL-producing stra-
ins are capable of hydrolyzing penicillins, broad-spectrum cephalosporins and mono-
bactans [3], which limit considerable the therapeutic options available to, basically, the
carbapenens and polymyxins. Korzeniewska & Harnisz [30] found similar results in
E. coli isolates from municipal sewage samples, but other ESBL-positive enterobacte-
riales, including the genera Citrobacter and Klebsiella, were also reported. In addition,
according to Mesa ez al. (48], all E. coli (32) recovered from five domestic sewage sam-
ples were ESBL producers. However, it should be considered that the present study
was conducted in a single sample of domestic sewage, what could explain the greater
diversity of enterobacteriales found in other studies as well as the higher rate of ESBL-
positive E. coli detected.

Figure 1. Phenotypic disk approximation test according to CLSI 2017. A) ESBL-Negative test. B) ESBL-positive test.
CAZ: Ceftazidime; CTX: Cefotaxime; ATM: Aztreonam; CRO: Ceftriaxone.
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Most ampicillin-resistant E. coli were carbapenemase and ESBL-negative and sensitive
to the antimicrobials aztreonam, ceftazidime, amoxicillin/clavulanic acid, ceftriaxone,
cefotaxime and carbapenens. Thus, possibly mechanisms of resistance to ampicillin
other than enzymatic inactivation circulate among the species of the studied envi-
ronment, including target modification, change in eflux pump and external mem-
brane permeability [S]. In this study, only the production of inactivating enzymes was
investigated, and the evaluation of other resistance determinants thought of different
phenotypic and genotypic methodologies are needed to elucidate the mechanisms of
resistance to ampicillin presented by these isolates.

CONCLUSION

Ampicillin-resistant and ESBL-producing enterobacteriales (mainly E. coli) were reco-
vered from the urban raw sewage and analyzed. Thus, we showed that the domestic
sewage is an important source of AMR determinants in medium-sized cities from
southeast Brazil. Furthermore, the absence of detection of beta-lactam hydrolytic
enzymes (ie., ESBL and carbapenemases) in many cases, suggests that possibly the
mechanism of bacterial resistance to beta-lactams in this environment is non-enzyma-
tic and specific for ampicillin. Despite the ampicillin-resistant, the sensitivity to others
beta-lactam antibiotics (e.g., carbapenems) was high, suggesting that these compounds
remain as good therapeutic option against microbial population of region. The results
showed here not only reinforce the importance of surveillance to improve antibiotic
resistance control, but also help to predict the profile of resistance in clinical, since
that is well documented the strong relationship between clinical and environmental
resistance pattern.

ACKNOWLEDGEMENTS

The authors would like to thank the University of Sao Joao del-Rei for its support dur-
ing the research. W.G.L. is grateful to Coordenagio de Aperfeicoamento de Pessoal do
Nivel Superior (Capes) for a Ph.D. fellowship.

CONFLICTS OF INTEREST

The authors have reported no conflicts of interest.

720



Extended-spectrum beta-lactamase and carbapenemases among ampicillin-resistant enterobacteriales

REFERENCES

M. Adeolu, S. Alnajar, S. Naushad, S.R Gupta, Genome-based phylogeny and
taxonomy of the ‘enterobacteriales’: proposal for Enterobacterales ord. nov. divi-
ded into the families Enterobacteriaceae, Erwiniaceae fam. nov., Pectobacteriaceae
fam. nov,, Yersiniaceae fam. nov., Hafniaceae fam. nov., Morganellaceae fam. nov.,

and Budviciaceae fam. Nov, Iz, J. Syst. Evol. Microbiol., 66(12),5575-5599 (2016).

T.P. Gomes-Chagas, Deteccio de bactérias multirresistentes aos antimicrobianos
em esgoto hospitalar no Rio de Janeiro, Dissertagao (Mestrado em Ciéncias), Insti-

tuto Oswaldo Cruz, Rio de Janeiro, 2011, 147 p.

J.D. Pitout, K.B. Laupland, Extended-spectrum §-lactamases-producing Entero-

bacteriaceae: an emerging public-health concern, Lancer Infect. Dis., 8(3), 159-
166 (2008).

J.D. Pitout, P. Nordmann, K.B. Laupland, L. Poirel, Emergence of Enterobacte-
riaceae producing extended-spectrum b-lactamases (ESBLs) in the community,

J. Antimicrob. Chemother. S6(1), 52-59 (2005).

D.O. Guimaraes, L.S. Momesso, M.T. Pupo, Antibi6ticos: importancia terapéu-
tica e perspectivas para a descoberta e desenvolvimento de novos agentes, Quim.

Nowva. 33(3), 667-679 (2010).

A.D. P. Cione, M.J. Liberale, P.M. Silva, Desenvolvimento e validagao de método
analitico por cromatografia liquida de alta eficiéncia (CLAE) para determinacio
de associagio de ampicilinas em pé liofilizado para injecao, Quim. Nova. 33(1),
200-207 (2010).

M.A.S. Junior, E.S. Ferreira, G.C. Conceicio, Betalactamases de espectro
ampliado (ESBL): um importante mecanismo de resisténcia bacteriana ¢ sua
deteccio no laboratério clinico, NewsLab, 63, 152-174 (2004).

Z.D. Pana, T. Zaoutis, Treatment of extended-spectrum [-lactamase-produ-
cing Enterobacteriaceac (ESBLs) infections: what have we learned until now?

FI1000Res., 29, 1347 (2018).

Y. Doi, A. Iovleva, R.A. Bonomo, The ecology of extended-spectrum p-lacta-
mases (ESBLs) in the developed world, J. Travel. Med., 24(Suppl. 1), S44-S51
(2017).

721


https://www.ncbi.nlm.nih.gov/pubmed/?term=S Gupta R%5BAuthor%5D&cauthor=true&cauthor_uid=27620848
https://www.ncbi.nlm.nih.gov/pubmed/27620848

Niuane Thais Alves Coelho, Raquel Salviano da Silva, Giovana Morais Delmondes ez a/.

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22,

722

A. Brolund, Overview of ESBL-producing Enterobacteriaceae from a Nordic
perspective, Infect. Ecol. Epidemiol., 4, 24555 (2014).

S. Ghafourian, N. Sadeghifard, S. Soheili, Z. Sekawi, Extended spectrum beta-
lactamases: Definition, classification and epidemiology, Curr. Issues Mol. Biol.,

17,11-21 (2015).

K. Bush, Alarming @-lactamase-mediated resistance in multidrug-resistant

Enterobacteriaceae, Curr. Opin. Microbiol., 13, 558-564 (2010).

D.B. Fuentefria, A.E. Ferreira, G. Cor¢ao, Antibiotic-resistant Psendomonas
aeruginosa from hospital wastewater and superficial water: are they genetically

related?. J. Environ. Manage., 92, 250-255 (2011).
S. Tschudin-Sutter, J.C. Lucet, N.T. Mutters, E. Tacconelli, J.R. Zahar, S. Har-

barth, Contact precautions for preventing nosocomial transmission of extended-
spectrum B lactamase—producing Escherichia coli: A point/counterpoint review,

Clin. Infect. Dis., 65, 342-347 (2017).
F.Codjoe, E. Donkor, Carbapenem resistance: A review, Med. Sci., 6(1),1(2017).

K. Bush, The ABCD’s of (-lactamase nomenclature, J. Infect. Chemother., 19,
549-59 (2013).

G. Patel, R.A. Bonomo, Stormy waters ahead: global emergence of carbapen-
emases, Front. Microb., 4, 1-17 (2013).

LK. Logan, R.A. Weinstein, The epidemiology of Carbapenem-resistant
enterobacteriaceae: The impact and evolution of a global menace, J. Infect. Dis.,

215(Suppl. 1), S28-S36 (2017).

E. Falqueto, D.C. Kligerman, Diretrizes para um programa de recolhimento de
medicamentos vencidos no Brasil, Ciéncia ¢ Saiide Coletiva, 18, 883-892 (2013).

M.H.M. Menezes, A.LV. Santos, Descarte de medicamentos vencidos em droga-
rias do centro de barra do gargas, Revista Univar., 1, 164-169 (2016).

K. Kiimmerer, A. Henninger, Promoting resistance by the emission of antibiot-
ics from hospitals and households into effluent, Clin. Microbiol. Infect., 9, 1203-
1214 (2003).

L.G. Oliveira, L.G.R. Ferreira, A.M.A. Nascimento, M.P. Reis, M.E. Dias, W.G.
Lima, M.C. Paiva, Antibiotic resistance profile and occurrence of AmpC bet-
ween Psendomonas aeruginosa isolated from a domestic full-scale WWTP in

southeast Brazil, Water Sci. Technol., 1,108-114 (2017).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Fuentefria DB%5BAuthor%5D&cauthor=true&cauthor_uid=20884111
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferreira AE%5BAuthor%5D&cauthor=true&cauthor_uid=20884111
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cor%C3%A7%C3%A3o G%5BAuthor%5D&cauthor=true&cauthor_uid=20884111
https://www.ncbi.nlm.nih.gov/pubmed/20884111
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tschudin-Sutter S%5BAuthor%5D&cauthor=true&cauthor_uid=28379311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lucet JC%5BAuthor%5D&cauthor=true&cauthor_uid=28379311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mutters NT%5BAuthor%5D&cauthor=true&cauthor_uid=28379311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tacconelli E%5BAuthor%5D&cauthor=true&cauthor_uid=28379311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zahar JR%5BAuthor%5D&cauthor=true&cauthor_uid=28379311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harbarth S%5BAuthor%5D&cauthor=true&cauthor_uid=28379311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harbarth S%5BAuthor%5D&cauthor=true&cauthor_uid=28379311
https://www.ncbi.nlm.nih.gov/pubmed/28379311
https://www.ncbi.nlm.nih.gov/pubmed/23828655

Extended-spectrum beta-lactamase and carbapenemases among ampicillin-resistant enterobacteriales

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Clinical and Laboratory Standards Institute (CLSI), Performance Standards for
Antimicrobial Disk Susceptibility Tests, CLSI Twelfth two Edition, M02-A2, 2017.

W.C. Winn, S.D. Allen, W.M. Janda, E.W. Koneman, G.W. Procop, P.C. Schrec-
kenberger, G.L. Woods, Koneman, diagndstico microbioldgico: Texto e atlas colo-
rido, 6* edigao, Guanabara Koogan, Rio de Janeiro, 2008.

E. Pasteran, L.J. Gonzalez, E. Albornoz, G. Bahr, A J. Vila, A. Corso, Triton hodge
test: improved protocol for modified hodge test for enhanced detection of NDM
and other carbapenemase producers, J. Clinic. Microb., 54, 640-649 (2016).

LD. Rafraf, I. Lekunberri, A. Sinchez-Melsid, M. Aouni, C.M. Borrego, J.L.
Balcézar, Abundance of antibiotic resistance genes in five municipal wastewater
treatment plants in the Monastir Governorate, Tunisia, Environ. Pollution, 219,

353-358 (2016).

R.S. Hendriksen, P. Munk, P. Njage, B. van Bunnik, L. McNally, O. Lukjan-

cenko, ez al., Global monitoring of antimicrobial resistance based on metageno-
mics analyses of urban sewage, Naz. Commun., 10(1), 1124 (2019).

J.J. Huang, HYY. Hu, S.Q. Lu, Y. Li, F. Tang, Y. Lu, B. Wei, Monitoring and eva-
luation of antibiotic-resistant bacteria at a municipal wastewater treatment plant
in China, Environm. Internat., 42, 31-36 (2012).

H. Wilson, M.E. Torok, Extended-spectrum B-lactamase-producing and carba-
penemase-producing Enterobacteriaceae, Microb. Genomics, 4, 1-14 (2018).

E. Korzeniewska, M. Harnisz, Extended-spectrum beta-lactamase (ESBL)-posi-
tive Enterobacteriaceae in municipal sewage and their emission to the environ-

ment, J. Environm. Managem., 128,904-911 (2013).

M. Haque, M. Sartelli, J. McKimm, M.A. Bakar, Health care-associated infec-
tions-an overview, Inﬁa‘. Drug Resist., 11,2321-2333 (2018).

M.E. Terlizzi, G. Gribaudo, M.E. Maffei, Uropathogenic Escherichia coli (UPEC)
infections: Virulence factors, bladder responses, antibiotic, and non-antibiotic
antimicrobial strategies, Front. Microbiol., 8, 1566 (2017)

A. Cheng, CY. Liu, HY. Tsai, M.S. Hsu, CJ. Yang, T. Huang, C.H. Liao, P.R.
Hsueh, Bacteremia caused by Pantoea agglomerans at a medical center in Taiwan,

2000-2010, J. Microbiol. Immunol. Infect., 46(3), 187-194 (2013).

723


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6245375/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6245375/

Niuane Thais Alves Coelho, Raquel Salviano da Silva, Giovana Morais Delmondes ez a/.

34.

35.

36.

37.

38.

39.

40.

41.

42.

724

J. Dutkiewicz, B. Mackiewicz, M.K. Lemieszek, G.M. Marcin, J. Milanowski,
Pantoea agglomerans: a mysterious bacterium of evil and good. Part III. Deleteri-
ous effects: infections of humans, animals and plants, Ann. Agricult. Environm.

Med., 23,197-205 (2016).

D.V. Oliveira, Avaliagio do perfil de Resistencia a antimicrobianos de bacterias
Gram-negativas idoladas nas dguas do arroia diliivio, Dissertagio (pos-graduagao
em Microbiologia Agricola e do Ambiente), Universidade federal do Rio Grande
do Sul, 2011, 84 p.

RY. Castafieda, P.L. Guaimacuto, R.Y. Figueroa, Z.J.L. Fuentes, Susceptibilidad
aantibi6ticos de bacterias indicadoras de contaminacién fecal aisladas de aguas y

sedimentos marinos de playas de la isla de margarita, Venezuela, Saber Universi-

dad de Oriente, 21, 12-19 (2009).

L.G.P. Ruiz, Resisténcia aos beta-lactimicos e detecgao dos genes blaSHYV; blaTEM,
blaCTX-M e blaGES em Enterobacteriaceae isoladas de efluentes hospitalar e
comunitdrio em wm municipio do noroeste paulista, Dissertacio (mestrado em
microbiologia), Universidade estadual Paulista “Julio de Mesquita Filho”, Cam-
pos de Sio José do Rio Preto, Sao José do Rio Preto, 2010, 92 p.

A.A. Borges, L.G. Magalhaes, A.P.L. Jabur, A.M. Cardoso, Infec¢ao uriniria
em gestantes atendidas em um laboratério clinico de Goiania-GO entre 2012 ¢

2013, Estudos Goiinia, 41, 637-648 (2014).

H. Rodrigues-Pereira Filho, Frequéncia e perfil de susceptibilidade a antibidticos de
bactérias isoladas em uroculturas, Monografia (conclusao do componente curri-

cular), Universidade federal da Bahia, Salvador, 2013, 57 p.

K. Bush, P.A. Bradford, p-Lactams and P-lactamase inhibitors: An overview,
Cold Spring Harb. Perspect. Med., 6(8), 2025247 (2016).

L.J. Bessa, A. Barbosa-Vasconcelos, A. Mendes, P. Vaz-Pires, P. Martins da Costa,
High prevalence of multidrug-resistant Escherichia coli and Enterococcus spp. in
river water, upstream and downstream of a wastewater treatment plant, J. Water

Health, 12, 426-435 (2014).
Y.K. Kwak, P. Colque, S. Byfors, C.G. Giske, R. Moéllby, 1. Kiihn, Surveillance of

antimicrobial resistance among Escherichia coli in wastewater in Stockholm dur-
ing 1 year: does it reflect the resistance trends in the society? Int. J. Antimicrob.

Agents, 45,25-32 (2015).



Extended-spectrum beta-lactamase and carbapenemases among ampicillin-resistant enterobacteriales

43

44,

45.

46.

47.

48.

L.P. Almeida, EP. de Carvalho, A.G. Marques, A.S. Pereira, R.P. Bortoleto,
M.D.V. Martino, Desempenho do disco de ertapenem como preditor da produ-
cao de Klebsiella pneumoniae carbapenemase por bacilos Gram-negativos isola-
dos de culturas em um hospital municipal de Sao Paulo, Einstein, Sio Paulo, 10,

439-441 (2012).

D. Conte, ].K. Palmeiro, K. da Silva-Nogueira, T.M. de Lima, M.A. Cardoso, R.
Pontarolo, EL. Degaut-Pontes, L.M. Dalla-Costa, Characterization of CTX-M
enzymes, quinolone resistance determinants, and antimicrobial residues from
hospital sewage, wastewater treatment plant, and river water, Ecotoxicol. Environ.

Saf. 136, 62-69 (2017).
W.G. Lima, G.C. Silva-Alves, C. Sanches, S.O. Antunes-Fernandes, M.C. de

Paiva, Carbapenem-resistant Acinetobacter baumannii in patients with burn
injury: A systematic review and meta-analysis, Burzs, 45, 1495-1508 (2019).

R.C.G. Silva, A.C.O. Silva, S.R. Oliveira, Microbial resistance and frequency
of extended-spectrum beta-lactamase (ESBL) in isolated from blood cultures, /.
Bras. Patol. Med. Lab.,50,421-427 (2014).

A. Lago, S.R. Fuentefria, D.B. Fuentefria, Enterobactérias produtoras de ESBL
em Passo Fundo, Estado do Rio Grande do Sul, Brasil, Revista Soc. Bras. Med.
Trop., 43, 430-434 (2010),

R.J. Mesa, V. Blanc, A.R. Blanch, P. Cortés, J.J. Gonzdlez, S. Lavilla, E. Mir6,
M. Muniesa, M. Saco, T. Tértola, B. Mirelis, P. Coll, M. Llagostera, G. Prats,
F. Navarro, Extended-spectrum b-lactamase-producing Enterobacteriaceae in
different environments (humans, food, animal farms and sewage), J. Antimicrob.

Chemother., 58, 211-215 (2006).

How TO CITE THIS ARTICLE

N.T. Alves-Coelho, R. Salviano da Silva, G. Morais-Delmondes, W.G. Lima, C.E.

de Matos Jensen, M.C. de Paiva, Occurrence of extended-spectrum beta-lactamase

(ESBL) and carbapenemases among ampicillin-resistant enterobacteriales recove-

red from a municipal raw sewage in Minas Gerais, Brazil, Rev. Colomb. Cienc. Quim.

Farm.,50(3), 708-725 (2021).

725


https://www.ncbi.nlm.nih.gov/pubmed/27816836
https://www.ncbi.nlm.nih.gov/pubmed/27816836
https://www.ncbi.nlm.nih.gov/pubmed/31351820
https://www.ncbi.nlm.nih.gov/pubmed/31351820

	bau1

