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broad-spectrum β-lactamases (ESBL) are enzymes that 
hydrolysis the penicilins and cephalosporins but are 
susceptible when β-lactam is associated with inhibitor but 
others cephalosporinases are resistant to β-lactamases 
inhibitors and can hydrolyze carbapenem as AmpC and 
carbapenemases (Dalmarco, 2006; Jacoby, 2009; 
Thomson, 2010). The molecular and functional classify-
cation of the β-lactamases was proposed by Ambler 
(1980) and Bush and Jacoby (2010), respectively. AmpC 
β-lactamases are only produced by Gram negative 
bacteria and belong to the functional group 1 by Bush 
and Group C classification by Ambler (Aguilar, 2009). 

These enzymes can be detected by phenotypic 
antimicrobial markers and confirmed by specific tests. 
The research is done by searching for bla genes, which 
may be present in the bacterial chromosome or plasmid. 
Bla gene encode enzyme production and its expression 
can be induced by the presence of β-lactam or can be 
continuously activated (Livermore, 1995).  

The group of β-lactamases is increasing due to the 
discovery of new enzymes (ANVISA, 2013; Deshpande 
et al., 2013). Bacteria producing β-lactamases already 
widely studied in clinical microbiology can be retrieved 
from cow's milk, beef, pork and chicken, along with 
animal faeces (Li et al., 2007; Locatelli et al., 2009; Bush 
and Jacoby, 2010; Geser et al., 2012; Silva and 
Lincopan, 2012; Dahmen et al., 2013). β-Lactamases-
producing Enterobacteriaceae in raw milk can pose a risk 
to public health in countries even developed ones, where 
raw cheese is commonly consumed (Dahmen et al., 
2013). ESBL and transferable AmpC-producing 

Escherichia coli and Salmonella was isolated by broiler 
meat in Europe and may be considered a public health 
problem (Egervärn et al., 2014). 

To date, there is lack of information on the distribution 
of β-lactamases in animal isolates in South America. 

The impact of healthy animals as a potential reservoir 
for genes coding β-lactamases should be monitored to 
prevent the spread of resistance to β-lactam antibiotics 
and to choose suitable prophylactic and therapeutic 
measures. The present study evaluated specifically 
production of AmpC β-lactamases in enterobacteria 
isolated from dairy herds in the interior region of the state 
of Rio de Janeiro, Brazil. 
 
 
MATERIALS AND METHODS 
 
Milk samples, isolation and identification of Enterobacteriaceae 
 
The milk samples were collected from nine dairy farms in interior 
region of Rio de Janeiro. All animals were evaluated by clinical 
examination and no animal were considered clinical mastitis. These 
animals were submitted to the California Mastitis Test (CMT) to 
detect subclinical mastitis and 20% of the positive cows were 
included in the study. A total of 381 milk samples were collected 
according   to   the   method   described   by  Sampaio  (1998).  The 

 
 
 
 
characteristics enterobacteria colonies on blood agar (Columbia 
Blood Agar Base – HiMedia – with 5% defibrinated sheep blood) 
were picked in selective medium and all Gram negative glucose-
fermenting, oxidase-negative and catalase-positive strains were 
identified by phenotypic laboratory tests in accordance with 
Koneman et al. (2010). These identification of enterobacteria were 
confirmed by matrix-assisted laser desorption ionization time-of-
flight mass spectrometry (MALDI-TOF MS) (MALDI-TOF LT Microflex 
Bruker; MALDI Biotyper 2.0 program, Bruker) (Welham et al., 1998; 
Pribil and Fenselau, 2005; Suarez et al., 2014) and all isolates 
identified in the laboratory as E. coli were confirmed by phenotypic 
tests by the Oswaldo Cruz Foundation - FIOCRUZ (report number: 
384/12). 
 
 
Antimicrobials 
 
To detect the AmpC β-lactamase producing β-lactams, the following 
were used: amoxicillin with clavulanic acid (AMC) (30 µg), cefoxitin 
(CFO) (30 µg), ceftazidime (CAZ) (30 µg), ceftriaxone (CRO) (30 
µg), ertapenem (ERT) (10 µg), imipenem (IPM) (10 µg) (Sensidisc 
DME).  
 
 
Susceptibility and confirmatory testing 
 
The inoculum for these tests was obtained from overnight BHI broth 
(Merck) cultures and adjusted to achieve turbidity equivalent to a 
0.5 McFarland standard and the standard strains used as control 
were E. coli ATCC 25922 and Klebsiella pneumoniae ATCC 
700603 (CLSI, 2012). 

Susceptibility was determined by agar diffusion techniques by 
using Muller-Hinton agar plates (HiMedia) and by following the 
current recommendations of the National Committee for Clinical 
Laboratory Standards (CLSI, 2008; 2012). Isolates that showed 
resistant to cefotaxime, ceftazidime and clavulanate associated with 
a β-lactam, were suspected of producing AmpC type beta-
lactamases. 

These isolates were submitted to the three-dimensional extract 
test (Shahid et al., 2004, 2010). The characteristic of AmpC 
expression was revealed by disk approximation for classification as 
inducible or not (Martínez-Rojas, 2009). 
 
 
Modified Hodge test to confirm carbapenemase-producing 
isolates 
 
An overnight culture of indicator organism E. coli ATCC 25922 was 
adjusted to a turbidity 0.5 of Mc Farland scale and these were used 
to swab inoculate the surface of the Muller-Hinton agar plates. After 
drying the surface, test organisms were heavily streaked from the 
center to the periphery of the plate using an inoculating loop and a 
10 µg ertapenem disk was placed at the center, and incubated for 
18 h. The test is interpreted as positive by the presence of distortion 
of the inhibition zone (CLSI, 2012). 
 
 
Genotypic resistance evaluation  
 
The DNA extraction was performed according to the method of 
Chapman et al. (2001) for the PCR technique, using the blaampC 
was amplified with primers 5’ CCC CGC TTA TAG AGC AAC AA 
and 5’ TCA ATG GTC GAC TTC ACA CC to produce a 634 pb 
product (Sobia et al., 2011).  

A typical 20 μl PCR reaction mixture for every primer set 
consisted of 10X Buffer (10 mM Tris-HCl, pH 9.0, 50 mM KCl and 
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express phenotypic carbapenemase production in both 
tests. 
 
 
Genotypic resistance evaluation  
 
The gene blaampC were detected in 23.8% of the isolates. 
Only 15% (3/20) of the isolates of the group 1 (1 and 1e) 
had the blaampC gene. 
 
 
DISCUSSION 
 
Enterobacteria were not the main cause of mastitis 
agents in these farms despite being present in samples. 
Thus, it was observed that low environmental hygiene 
contributed to these microorganisms which were present 
in the udders of these animals and affected by subclinical 
mastitis. In a study conducted by Santos (2006), 
enterobacteria were individually isolated in only 2.44% 
(2/82) and mixed infections with Staphylococcus spp. 
were more frequent (12/18), especially for the 
enterobacteria in association with coagulase-negative 
staphylococci. 

The MALDI-TOF is widely used to identify microbial 
species and enzymes produced by these organisms 
(Pribil and Fenselau, 2005; Seng et al., 2010; Wang et 
al., 2013). For bacterial identification, some differences 
were observed when comparing MALDI identification with 
conventional identifications. Risch et al. (2010) observed 
86.8% correct species identification by MALDI-TOF and 
Veen et al. (2010) observed the correct identification in 
97.7% of Enterobacteriaceae. 

E. coli was not the predominant species as expected. 
E. coli are considered one of the main agents of bovine 
mastitis and infection is characterized by environmental 
origin. Infections are related to opportunistic behavior of 
the agent, which infects animals mainly through contact 
of faeces with the teats. Poor sanitary conditions of farms 
available contribute to E. coli infections (Moreira et al., 
2008). 

The involvement of P. mirabilis in the etiology of bovine 
mastitis is underestimated and few reports in the literature 
point to its importance (Hogan and Smith, 2003). Proteus 
spp. commonly contaminates drop hoses used to wash 
udders before milking. These species were found in 
higher frequency in farms where drop hoses were used to 
wash the udder before milking.  

These bacteria are present in the environment and are 
susceptible to a wide genetic exchange. Antimicrobials 
have often been detected in hospital effluents, municipal 
water supply treated wastewater, surface water and in 
some cases in groundwater (Meireles, 2008). According 
to Srinivasan et al. (2007), E. coli isolated from cows with 
mastitis were multiresistant and even carried several 
resistance genes.  

 
 
 
 

The β-lactamase were classified based on resistance to 
cephalosporins, with cefoxitin the score for enzyme 
production type AmpC. The AmpC-type enzymes have 
activity on oxyimino-cephalosporin and on penicillins and 
monobactams. Some of these enzymes are weak 
hydrolyzing imipenem when expressed in large quantities 
and are weakly inhibited by clavulanic acid (Bush et al., 
1995; Kao et al., 2010). This group belonging to molecular 
class C is mainly encoded for chromosomes in many 
enterobacteria and other microorganisms (Bush and 
Jacoby, 2010).  

For phenotypical confirmation, the TET was not able to 
detect the most enzymes, but this may be linked to other 
resistance mechanisms (Shahid et al., 2004; Sobia et al., 
2011). Villar et al. (1997)  described bacterial isolates 
belonging to the Enterobacteriaceae that had absence or 
modification of porins. Recently, Hernández et al. (2010) 
studied the relationship between changes in porins 
expression and decreased sensitivity to β-lactams. These 
authors found isolated deficient in porins less sensitive to 
β-lactam regardless of β-lactamase production, and those 
isolated producers of β-lactamases were also resistant to 
carbapenems. Thus, this explanation is relevant as 
phenotypic resistance with low percentage of isolates 
confirmed production of the enzyme. 

Many species including C. freundii, E. cloacae and S. 
marcescens, are natural producers of AmpC and its 
expression is low but inducible, unlike the Proteus spp., 
which normally have plasmid genes (Martínez-Rojas, 
2009; Bush and Jacoby, 2010).  

The imipenem resistance in three bacteria may be due 
to a variant of the AmpC enzyme which was recently 
described with hydrolytic activity against this antimicrobial 
(Bush and Jacoby, 2010; Kao et al., 2010). 

Seven isolates not classified in Group 1 presented 
gene blaampC but probably did not express these traits 
phenotypically. The low detection of gene in Group 1 
isolates can be explained by presence of other AmpC 
families genes or another mechanism resistance that 
express this resistance. The dissemination of genes 
conferring resistance to β-lactams can be broad in interior 
region of Rio de Janeiro, confirming the ease of genetic 
transmission, either by contamination of the environment 
or by human-animal contact.  

The distinction between a β-lactamase AmpC chromo-
somal and plasmid by the gene is not always easy, but is 
of interest in terms of epidemiological surveillance, it has 
important consequences because of the easy spread of 
these plasmids. So in the future, other genes to detect 
AmpC enzymes will be studied, along with determination 
of gene origin by bacterial transformation. 
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