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Escherichia coli present the ampC naturally, and the observation of phenotypical resistance to cefoxitin
is related to this gene deregulation. Mutations in the regulatory region in ampC cause exaggerated
expression. The most frequent alterations in the E. coli AmpC promoter/attenuator leading to this
overexpression is described at the positions: -88, -82, -42, -18, -1 and +58. Mastitis studies were carried
in Rio de Janeiro and Mato Grosso, Brazil. Two cefoxitin and amoxicillin-clavulanic acid-resistant E. coli
from farms animals were unusually detected once these characteristics are not observed together in
this species. The objective of this work was to determine if these isolates had a chromosomal gene
mutation, determining AmpC hyperproduction. After DNA sequencing, mutations were observed at -88,
-82, -73, -18, -1 and +58 positions, confirming the initially suspected AmpC hyperexpression. In Brazil,
this is the first work to report E. coli hyperproducing this enzyme.
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INTRODUCTION

AmpC is a serine-B-lactamase that belongs to group 1 of
Bush-Jacoby-Medeiros and class C of Ambler
classifications. This enzyme is codified by the
chromosomal gene, ampC, which is a natural gene in
Escherichia coli species. The ampC is a non-inducible

gene in this species because it has lost its regulator
gene. So, the resistance to cephamycins is not
phenotypically observed in this species (Ambler, 1980;
Bush and Jacoby, 2010). The hyperproduction of AmpC
in E. coli caused by spontaneous mutations that produce
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deregulation of ampC has been reported and is
responsible to resistance to first, second and third-
generation cephalosporins and to Extended-Spectrum
Beta-Lactamase (ESBL) inhibitors (Siu et al., 2003;
Jorgensen et al.,, 2010; Kohlmann et al., 2018). This
hyperproduction does not cause resistance to cefepime
that is related to ESBL co-production or Extended-
Spectrum AmpC (ESAC) production in the isolates.
AmpC may occur in bacteria producing another J-
lactamase as ESBL, and it decreases the therapeutic
options in the treatment of bacterial infectious diseases
(Kojima et al., 2005; Mammeri et al., 2006; Rodriguez-
Martinez et al., 2012).

Two regions are associated with controlling the enzyme
production. The first is the promoter region that contains
two important boxes, -35 box and -10 box, located
between -42 and -18 positions. Another critical region is
the attenuator of the ampC that is located between +17
and +37 locations (Olsson et al., 1983; Caroff et al.,
1999; Corvec et al., 2002; Siu et al., 2003; Jorgensen et
al.,, 2010). The mutations in the ampC gene may occur
alone or in combination, although a single mutation in a
specific position is sufficient to cause high enzyme
production (Olsson et al., 1983).

The most frequent insertions or deletions in
hyperproducers ampC E. coli occurs in -88, -82, -42, -18,
-1 and +58 positions, but mutations at -32, -11, +6, +24
and +31 (Olsson et al., 1983; Caroff et al., 1999; Caroff et
al., 2000; Haenni et al., 2014). There are data in the
literature about these alterations in human clinical strain,
but in E. coli from animal samples, it is not frequently
demonstrated. Considering E. coli isolated from animals,
these mutations had been described in Spain, Denmark
and Japan (Brifias et al., 2002; Olesen et al., 2004;
Kojima et al., 2005; Hiroi et al., 2011). However, there are
no data about AmpC-hyperproducing E. coli in Brazil. The
aim of this work was to detect the mechanism
responsible for AmpC phenotypic characteristics
observed in two E. coli from feces and milk in dairy cows
during an antimicrobial resistance study.

MATERIALS AND METHODS

E. coli were isolated from milk and feces of cows on dairy farms in
Rio de Janeiro (RJ) and Mato Grosso (MT), Brazil, within six years
(2009-2015) (protocol no. CEUA-3664040915, Federal Rural
University of Rio de Janeiro, Brazil). Routine biochemical tests
identified 238 E. coli isolates, which was further confirmed by
matrix-assisted laser desorption/ionization time-of-flight MS assay
(Rodrigues et al., 2017; Santiago, 2017). Antimicrobial resistance of
the E. coli isolates was obtained by the disk diffusion method, and
two strains (G27 and S10) was suspected to AmpC
hyperproduction. The cefoxitin-resistance was confirmed by MIC,
according to CLSI (2017). To evaluate ampC promoter/attenuator
was used the primers AB1 (5-GATCGTTCTGCCGCTGTG-3') and
AmpC2 (5'-GGGCAGCAAATGTGGAGCAA-3'), yielding a 271-bp
amplification product (Corvec et al., 2002). They were sequenced
(ABI 3130xI, Applied Biosystems, S&o Paulo, Brazil) and analyzed
by DNA Sequence Assembler version 4 (HeracleBioSoft, Arges,
Romania) and Mega software version 7 (Caspermeyer, 2016). The
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sequences were deposited in a GenBank database (Genbank
accession numbers: MK559376, MK559377 and MK559378). E.
coli ATCC 25922 obtained from FIOCRUZ (Rio de Janeiro, Brazil)
were used as a control for phenotypic and genotypic tests (CLSI,
2017).

RESULTS AND DISCUSSION

The isolates were sequestered from Agar MacConkey
and thereafter subjected to Gram test to confirm the
morphological and tinctorial characteristics. The isolates
were identified as E. coli by phenotypic laboratory tests in
accordance with Koneman et al. (2010). All E. coli were
confirmed by matrix-assisted laser desorption/ionization
time-of-flight MS assay (Rodrigues et al., 2017).

After specie identification, these isolates were
submitted for antibiotics tests for detection of resistance
to B-lactams. So, two E. coli isolates, G27 and S10,
presented resistance to cefoxitin, amoxicillin and
amoxicillin-clavulanic acid and susceptibility to cefepime,
suspected to AmpC hyperproduction. G27 and S10
presented MIC < 4 (CLSI 2017). The E. coli G27 was
isolated from dairy cows' milk samples in suspected
mastitis cases in Rio de Janeiro (2010), and the E. coli
G27 was isolated from dairy cows' milk samples in
suspected mastitis cases in Rio de Janeiro during
evaluations in 2010, and the E. coli S10 was isolated in
cow feces from Mato Grosso, in 2014.

These isolates were submitted to PCR and the primers
used include the -35 box, the -10 box, and the attenuator
segment. The sequencing of the regulatory region of G27
and S10 were analyzed using DNA Sequence Assembler
version 4 (HeracleBioSoft, Arges, Romania) and Mega
software version 7. Some alterations were observed in
important positions. G27 and S10 ampC regulatory
region revealed the mutations previously described in the
literature  responsible for causing the AmpC
hyperproduction. Both isolates presented the most
common substitutions for -88, -82, -18, -1 and +58
positions, although they have also shown a replacement
at -73 position (Table 1).

Many authors described alterations in important regions
in E. coli ampC regulator from human and animals
samples. Naturally, E. coli produces AmpC enzyme in a
low quantity because it is responsible for wall
maintenance as a biological function (Johnson et al.,
2013; Santiago et al., 2016).

The ampC promoter studies demonstrated -1 and +58
mutations are associated with increased strength of
promoter taking higher gene transcription in E. coli
(Olsson et al., 1983; Caroff et al., 1999; Corvec et al.,
2002; Jorgensen et al., 2010; Haenni et al., 2014). Siu et
al. (2003) and Yu et al. (2009) found replaced C
(cytosine) by T (timine) at -58 position as in this study.

In other studies involving E. coli from animal was
detected this species expressing resistance to cefoxitin
with mutations at -88, -82 -42, -32, -18, -1, +37 +58 and
+70 positions in promoter region of ampC gene (Brifias et
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Table 1. Nucleotide mutation in the ampC promoter/attenuator of Escherichia coli G27 and S10 compared with Escherichia coli

ATCC 25922.
. Nucleotide mutation
Isolate Origin
- 88 - 82 -73 - 18 -1 + 58
E. coli ATCC 25922 - T G C C
G27 Milk T C A T T
S10 Feces T C A T T
C, cytosine; A, adenosine; T, thymine; G, guanine.
al., 2002; Olesen et al., 2004; Kojima et al., 2005; Hiroi et ACKNOWLEDGMENTS

al., 2011; Haenni et al.,, 2014). The mutation in -73
position was only observed in human isolates studied by
Yu et al. (2009). They described one E. coli containing
mutation at -73 position and it was associated with other
mutations, among them at 80, -28, -1, +58 and +82
position.

The AmpC-hyperproducing E. coli has not been
reported in dairy cattle. However, many positions of
mutation observed in E. coli beef cattle, broiler, and meat
were described in human samples (Brifias et al., 2002;
Hiroi et al., 2011). These changes demonstrate that there
is a relationship between the transmission of these
bacteria in the food chain and dissemination through the
environment.

Another important fact is that some mutations were
observed in human isolates before been reported in
animal samples. That way, we believe the dissemination
of these bacteria occurred before 1999, but only years
later; the studies involving animals were published. This
may have happened due to the new paradigm
implemented by the One Health concept in 2007.

Interestingly, the occurrence of AmpC-hyperproducing
E. coli was low during the period evaluated. den Drijver et
al. (2018) studied the prevalence of AmpC-producing E.
coli from a Dutch teaching hospital and affirmed these
characteristics had been declined. In Brazil, AmpC-
hyperproducing E. coli had not been reported until now,
so it is challenging to state about the epidemiology of
these isolates.

These mutations demonstrate that AmpC enzyme has
been hyperproduced by these isolates. This study
indicates that AmpC-hyperproducing E. coli also exist in
Brazil, specifically in dairy herds. This is the first Brazilian
report to consider hyperproduction of AmpC enzyme in E.
coli isolated from dairy cows. Future studies can be
conducted with the aim of identifying other animals and
animal products containing E. coli with these
characteristics.
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