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ABSTRACT

Commensal bacteria, such as Escherichia coli, are involved in the transmission of resistance genes
because it is widely distributed and constantly exposed to antibiotics. In this study, we examined multidrug
resistance (MDR) in 282 collections of Escherichia coli isolates recovered from hospitalized animals in Brazil.
A total of 2186 disc diffusion susceptibility tests were performed for 22 antibiotics. We verified 100% resistance
for Lincomycin, metronidazole and penicillin and for other drugs we observed: sulfonamide (77%), amoxicillin
(75%), cephalothin (70%), ampicillin (57%), tetracycline (52%), doxycycline (48%), amoxicillin plus clavulanic
acid (47%), cephalexin (45%), sulfamethoxazole plus trimethoprim (41%), ciprofloxacin (40%), cefazolin
(40%), trimethoprim (39%), norfloxacin (34%), enrofloxacin (34%), neomycin (33%), florfenicol (27%),
ceftiofur (24%), chloramphenicol (20%) and gentamicin (17%). In addition, multidrug resistance was observed
in 39% (151/282) of the samples tested. The study demonstrated that E. coli isolates showed resistance to
antibiotics used in human medicine and, due to the ability to transfer resistance genes, is a public health issue.
Multidrug resistance limits the drug choice for the treatment of E. coli infections, suggesting that veterinarians
seek antimicrobial alternatives.
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RESUMO

Bactérias comensais, como a Escherichia coli, estdo envolvidas na transmissdo de genes de resisténcia
por estarem amplamente distribuidas e constantemente expostas aos antibidticos. Neste estudo, analisamos a
multirresisténcia de 282 isolados de Escherichia coli de animais hospitalizados no Brasil. Um total de 2186
testes de suscetibilidade por disco-difusdo foi realizado para 22 antibidticos. Verificou-se 100% de resisténcia
para Lincomicina, metronidazol e penicilina e para os demais farmacos observou-se: sulfonamida (77%),
amoxicilina (75%), cefalotina (70%), ampicilina (57%), tetraciclina (52%), doxiciclina (48%), amoxicilina e
acido clavulanico (47%), cefalexina (45%), sulfametoxazol e trimetoprima (41%), ciprofloxacina (40%),
cefazolina (40%), trimetoprim (39%), norfloxacina (34%), enrofloxacina (34%), neomicina (33%), florfenicol

(27%), ceftiofur (24%), cloranfenicol (20%) e gentamicina (17%). Além disso, o padrao de multirresisténcia foi
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observado em 39% (151/282) das amostras. O estudo demonstrou que os isolados de E. coli

apresentaram resisténcia para antibioticos utilizados em humanos e, pela capacidade de transferéncia de genes de

resisténcia, € um problema de satude publica. O padrao de multirresisténcia implica na escolha do fArmaco para o

tratamento de infec¢des causadas pela bactéria, sugerindo o médico veterinario buscar antimicrobianos

alternativos.

Palavras-chave: Escherichia coli, multirresisténcia, hospital veterinario.

INTRODUCTION

The  indiscriminate  use  of
antibiotics, to treat of infections or as
growth promoters, is the main factor for
selection and dissemination of multidrug
resistant bacteria in veterinary and human
medicine (LAXMINARAYAN et al,
2016). Bacteria, even when not exposed to
antibiotics, are subject to horizontal
transmission of virulence genes through
plasmid conjugation (MATAMOROS et
al., 2017). In addition, resistant strains can
be transferred between animals and
humans. Van Den et al. (2001) reported
resistant bacterial clones isolated in
different bird species as homologous
agents in infections of workers with daily
contact with these animals (VAN
DUIJKEREN E et al., 2004; VAN DEN
BOGAARD et al., 2001).

Commensal bacteria, such as
Escherichia coli, are involved in the
transmission of resistance genes because it
is widely distributed and constantly
exposed to antibiotics (PORSE et al.,
2017). E. coli is the main facultative

anaerobic bacterium of animal flora,

including humans, and has a wide genetic
variability ~ through  the  horizontal
transmission of genetic elements such as
plasmids and phages (PORSE et al., 2017,
LEIMBACH et al, 2013). When in
equilibrium, it brings benefits to the host
and 1s confined in the intestine. However,
when  immunosuppressed, or when
gastrointestinal barriers are compromised,
even non-pathogenic strains may cause
infections (NATARO et al.,, 1998). The
bacterium has been reported as resistant in
strains isolated from swine, poultry, and
humans, and in the latter, they were
resistant even when there was no exposure
to such antimicrobials (BARROS et al.,
2012; BACCARO et al., 2002; PIDDOCK,
1996).

Pathogenic strains of E. coli are
serologically classified by their somatic
antigen (O) and cell surface (K). In
veterinary medicine it causes diseases such
as colibacillosis and mastitis, and in
humans the enterohemorrhagic strain,
serotype O157:H7, has emerged as a cause

of severe clinical manifestations of

hemorrhagic colitis, thrombocytopenia,
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and renal disorders, often fatal in children
(RIBEIRO et al., 2006; RIBEIRO et al.,
1999; MAGALHAES et al., 1991).

Thus, in order to understand the
dynamics of antimicrobial resistance, this
study aimed to verify the antimicrobial
resistance profile of E. coli isolated in a
Veterinary Hospital of northern Rio
Grande do Sul, Brazil, between 2015 and
2018.

MATERIALS AND METHODS

A retrospective study was carried
out on the results of E. coli antibiograms
isolated from animals hospitalized at the
Veterinary Hospital of the University of
Passo Fundo (HV/UPF, Brazil) and from
external samples between 2015 and 2018.
The Veterinary Hospital of the University
of Passo Fundo is a reference veterinary
hospital and receives both internal and
external samples from all the northern
region of the state of Rio Grande do Sul,
Brazil. Samples were isolated from
different sources and from different
animals, domestic and wild.
The isolated samples were confirmed by
biochemical tests (Edwards and Ewing,
1972) and the antibiograms were
performed by the disc diffusion method
based on the recommendations of the
Committee  for  Clinical

(NATIONAL

National

Laboratory Standards

COMMITTEE FOR CLINICAL
LABORATORY STANDARDS, 2003).
The results of the antibiograms
were evaluated by the standards of the
Clinical and Laboratory Standards Institute
(CLSI, 2013) and classified as sensitive,
intermediate or resistant. The data were
evaluated by Microsoft Excel Software and
the multiresistance standard defined by
Magiorakos (2012), as follows: multidrug
resistance (MRD), non-susceptible to >1
agent in >3 classes of antibiotics. The p-
value < 0.05 was considered statistically

significant for linear regression analysis.

RESULTS

We verified 282 positive cultures
for Escherichia coli between 2015 and
2018. Each sample, tested in the
antibiogram for eight or fewer antibiotics,
presented  different resistance rates.
Overall, 22 different antibiotics were
evaluated in a total of 2186 trials (Table 1).
Table 1 shows the prevalence of bacterial
resistance to antibiotics tested in the
antibiogram. The antibiotics lincomycin
and metronidazole showed resistance in
vitro in 100% of times tested, and
penicillin 99% of the time. The average
resistance among all antibiotics was 51%.
Also according to Table 1, the most chosen
antibiotic by  veterinarians for the

antibiogram test was enrofloxacin (11%),
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Table 1 - Bacterial resistance to antibiotics in veterinary infections between the years 2015 and 2018. Passo Fundo, Brazil.

o 2015 2016 2017 2018 Total
Antibiotic p-value
n° N % n° N % n° N % n° N % n° N %
AMO 53 42 79 22 17 77 49 35 71 33 23 70 157 117 75 0.0142
AMP 34 21 62 8 5 62 34 15 44 30 19 63 106 60 57 0.0841
CFE 23 14 61 22 9 41 50 18 36 27 14 52 122 55 45 0.1739
CF 18 11 61 11 9 82 17 11 65 17 13 76 63 44 70 0.2357
Cz 3 2 67 0 0 0 15 6 40 2 0 0 20 8 40 0.0233
PEN 28 27 96 10 10 100 26 26 100 16 16 100 80 79 99 0.0009
CIP 25 8 32 15 6 40 23 8 35 17 10 59 80 32 40 0.8285
EM 68 27 40 36 12 33 82 21 26 52 20 38 238 80 34 0.266
NOR 22 8 36 13 5 38 20 6 30 9 3 33 64 22 34 0.0451
LIN 6 6 100 5 5 100 8 8 100 3 3 100 22 22 100 0.0001
GEN 69 11 16 29 9 31 43 7 16 27 2 7 168 29 17 0.3006
NEO 25 12 48 18 4 22 36 12 33 7 0 0 86 28 33 0.0773
DOX 22 14 64 9 1 11 26 10 38 10 7 70 67 32 48 0.2088
TET 62 36 58 25 11 44 36 15 42 28 16 57 151 78 52 0.0268
SUL 33 25 76 2 1 50 8 7 88 0 0 0 43 33 77 0.0011
TRI 23 6 26 1 0 0 5 3 60 9 6 67 38 15 39 0.2191
CLO 16 2 13 2 0 0 9 1 11 8 4 50 35 7 20 0.5997
FIF 22 8 36 16 5 31 23 5 22 12 2 17 73 20 27 0.214
AMC 43 19 44 39 23 59 55 18 33 37 21 57 174 81 47 0.2075
SUT 37 21 57 34 10 29 64 21 33 45 21 47 180 73 41 0.5423
CTF 62 16 26 23 8 35 35 6 17 24 4 17 144 34 24 0.0996
MTZ 15 15 100 15 15 100 20 20 100 25 25 100 75 75 100 0.0001
Total 709 351 50 355 165 46 684 279 41 438 229 52 2186 1024 47

N: total number of resistance; AMO: amoxicillin; AMP: ampicillin; CFE: cephalexin; CF: cephalothin; CZ: cefazolin; PEN: penicillin; CIP: ciprofloxacin; EM: enrofloxacin; NOR:
norfloxacin; LIN: lincomycin; GEN: gentamicin; NEO: neomycin, DOX: doxycycline; TET: tetracycline; SUL: sulfonamide; TRI: trimethoprim; CLO: chloramphenicol; FIF:
florfenicol; AMC: amoxicillin plus clavulanic acid; SUT: sulfamethoxazole plus trimethoprim; CTF: ceftiofur; MTZ: metronidazole.

Rev. Cién. Vet. Saude Publ., v.6, n. 2, p. 251-261, 2019



255

Escherichia coli: antimicrobial susceptibility monitoring 2015 — 2018 in the north region of the state of
rio grande do sul, southern brazil

followed by amoxicillin associated with
clavulanic acid and sulfamethoxazole
associated with trimethoprim, both 8%
of the time.

Table 2 shows that the MRD

(multidrug resistance) was noted in 60%

of all antibiograms analyzed in 2015,
49% in 2016, 47% in 2017, and 58% in
2018. In general, during the four years,
39% of the multidrug resistance pattern
was observed in the 282 antibiograms

analyzed.

Table 2 - Time evolution of multidrug resistance Escherichia coli isolates between the years 2015 and

2018. Passo Fundo, Brazil.

2015 2016 2017 2018
(n=94) (n=47) (n=86) (n=155) p-valor

Resistance N % N % N % N %
MRD 56 60 23 49 40 47 32 58 0.0671

MRD: multidrug resistance; N: total number.

DISCUSSION

In this study, it is demonstrated
that Escherichia coli presents a bacterial
resistance rate different from other
studies carried out in Brazil and
worldwide (BACCARO et al., 2002;
BARROS et al., 2012; REINTHALER
et al., 2003). Older antibiotics, such as
penicillin and sulfonamide, have shown
high rates, other antibiotics may have
resistance explained to their use as
growth promoters, the presence of the
B-lactamase enzyme or reckless use.

The presence of P-lactamase
enzymes has been reported as the main
mechanism of resistance to [-lactam
antibiotics (WILLIAMS, 1999). Within
the

of these enzymes is

group

penicillinase, an enzyme responsible for
resistance to penicillins through the
hydrolysis
(MEHTA et al.,, 2016). In this study,
penicillin (99%), amoxicillin (75%) and

of the beta-lactam ring

ampicillin (57%) presented high rates

when compared to other authors.
Henquell et al. (1995), for example,
reports the presence of the enzyme in
40-50% of E. coli strains isolated from
urinary tract infections in the 1990s.
The increased rate may be due to
increased use of antibiotics and
horizontal transmission of virulence
genes

(MATAMOROS et al., 2017). The

among pathogens

association of amoxicillin  with

clavulanic acid (47%) presented the
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lowest rate among penicillins due to the
presence of the [-lactamase inhibitor
(WILLIAMS, 1999).

Other types of [-lactamases
(class A and C) are responsible for
hydrolyzing
(WILLIAMS, 1999). In this study, first-

cephalosporins

generation cephalosporins: cephalexin
(45%), cephalothin (70%) and cefazolin
(40%) presented a moderate resistance
rate and may indicate the presence of E.
coli strains positive for the enzyme.
Second-generation cephalosporin,
ceftiofur (24%), had the lowest rate of
resistance among all cephalosporins.
There are also extended spectrum [-
(ESBLs)

lactamases capable  of

hydrolyzing third-generation
cephalosporins, such as cefotaxime
(JACOBY & MEDEIROS, 1991).
According to  Albuquerque
(2005), lincomycin is one of the
antibiotics used in poultry feed as
growth promoters. Several authors
demonstrate complete resistance to this
antibiotic. Barros et al. (2012) report
that 100% of the isolates are resistant to
lincomycin in poultry samples, and
Ikuno et al. (2008) reported the same
rate in wild bird samples. In this study

100%, of the samples were resistant to

lincomycin in different animal species

and types of infections, noting that other
species are also exposed to resistance to
the lincosamide class.

For Reese and Beets (1995)
metronidazole is commonly used in
amebiasis and giardiasis and is not
active against staphylococci,
streptococci, and Enterobacteriaceae.
In this study, it presented resistance in
100% of the analyzed times and agrees
to the author. However, for Onderdonk
et al. (1979) has an in vivo effect even
when it has high resistance in vitro, but
only when a susceptible bacteria is
present.

Gentamicin (17%) was the antibiotic
that presented lower frequency of
resistance and this rate appears to vary
among the authors. Baccaro et al.
(2002) show 86% resistance rate in
piglets  with  diarrhea in  the
southwestern region of the state of Sao
Paulo and Brito and Tagliari (2000) in
4% 1in the state of Parana, both in Brazil.
In cows, Malinowski et al. (2011) report
88% of antibiotic sensitivity in 99
samples from metritis and endometritis.

Florfenicol, a veterinary analog of
thiamphenicol, is commonly used for
bovine respiratory tract diseases and has
been shown to be resistant in 92% of 48

E. coli strains in the United States,
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differing from this study that found 27%
of resistance in 282 samples (WHITE et
al., 2018). White et al. (2018) also
found a different rate for
chloramphenicol (90% compared to
20% of this study).

Cooke et al. (1971) have already
shown that animals are reservoirs of E.
coli strains found in humans and can
transfer resistance genes. This fact
associated with the present study
suggests that the high rate of multidrug
resistance bacteria (39%) can be
transferred to humans and,
consequently, will make treatment
difficult when antibiotics equivalent to
those used in veterinary medicine are
necessary. It is not always possible to
compare this result with other studies
since some authors define MRD without
considering the classes of antibiotics.

The multidrug resistance pattern
is not statistically significant (p-value >
0.05) due to the unequal number of
samples tested over the four years.
However, when analyzed individually,
they still represent concern due to the
expressive rate, evidencing that it is
necessary to search for alternative

antimicrobials to treat infections caused

by E. coli.

CONCLUSION

The Escherichia coli, isolated
from different animals, presented
resistance to multiple antibiotics.
Lincomycin  (100%), metronidazole
(100%) and penicillin (99%) had the
highest resistance rates, and only two
antibiotics had a 20% or less rate:
gentamicin (17%) and chloramphenicol
(20%). E. coli strains were also resistant
to sulfonamide (77%), amoxicillin
(75%), cephalothin (70%), ampicillin
(57%), tetracycline (52%), doxycycline
(48%), amoxicillin plus clavulanic acid
(47%), cephalexin (45%),
sulfamethoxazole plus trimethoprim
(41%), ciprofloxacin (40%), cefazolin
(40%), trimethoprim (39%), norfloxacin
(34%), enrofloxacin (34%), neomycin
(33%), florfenicol (27%) and ceftiofur
(24%). In addition, multidrug resistance
was observed in 39% of the 282
samples tested.

Thus, the study demonstrated
that E. coli isolates showed resistance to
antibiotics used in human medicine and,
due to the ability to transfer resistance
genes, 1is a public health issue.
Multidrug resistance limits the drug
choice for the treatment of E. coli
infections, suggesting that veterinarians

seek antimicrobial alternatives.
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