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Abstract 

Introduction: In human and veterinary medicine, 

Enterobacteriaceae are common causes of enteric and extra-

intestinal opportunistic infections and their resistance to multiple 

antimicrobials is a major global threat. Multidrug-resistant (MDR) 

Enterobacteriaceae are increasingly reported in companion animals, 

thus raising great concerns for animal and public health (Bogaerts et 

al., 2015). The β-lactam resistance in Enterobacteriaceae is 

associated mainly with production of enzymes hydrolyzing these 

antibiotics, among which the extended-spectrum β-lactamases 

(ESBLs), Plasmid-mediated AmpC β-lactamases (pAmpC) and 

carbapenemases are the most important resistance mechanisms 

(Rubin and Pitout, 2014). 

Objectives: This study aimed to investigate the antimicrobial 

resistance of Enterobacteriaceae isolates from a Sicilian population 

of cats affected by diseases commonly encountered in practice, with 

emphasis on multidrug resistance, and to detect the occurrence of 

ESBLs and Plasmid-mediated AmpC β-lactamases pAmpC 

producers. 
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Materials and Methods: Clinical samples were collected from 

n=101 cats affected by several clinical conditions (58.4% diarrhoea, 

30.7% rhinitis, 3.9% otitis, 2.9% conjunctivitis, 1% abscess, 2% 

stomatitis, 1% cystitis). Bacterial susceptibility testing to n= 8 

antimicrobial classes and interpretation were performed according to 

EUCAST clinical breakpoints (EUCAST, 2015). ESBLs and pAmpC 

genes were identified by PCR and DNA sequencing. Phylogenetic 

groups of Escherichia coli (E. coli) harbouring resistance genes were 

determined according to Doumith et al. (2012). 

Results: A total of n=125 Enterobacteriaceae were isolated from 

n=90 cats. E. coli (52%) was the most frequently isolated, followed 

by Enterobacter spp. (16%), Proteus spp. (10%) 

and Citrobacter spp. (10%). The higher prevalences of resistance 

among isolates were against amoxicillin-clavulanic acid (49%) and 

third-generation cephalosporines (40%). Although lower, resistance 

to aztreonam (32%), ciprofloxacin (23%), amikacin (31%), 

chloramphenicol (24%) and sulphamethoxazole-thrimetoprim (37%) 

were also significant, whereas all isolates were susceptible to 

meropenem. 
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Forty-five percent (n=56) of isolates were multidrug-resistant, 

showing n= 29 different MDR profiles, and were isolated from the 

47% (n=42) of cats. 

PCR and DNA sequencing confirmed a total of n = 26 MDR isolates 

as ESBLs/pAmpC β-lactamases producers, representing the 21% of 

total isolates and recovered from the 20% (n=18) of cats, affected by 

diarrhoea, rhinitis, abscess, otitis, stomatitis and cystitis. 

Twenty-three isolates were confirmed as ESBLs-producers, 

harbouring several bla genes, namely: blaCTX-M-group1 (n=12), -

group2 (n=1) and –group9 (n=1); blaSHV (n=1), blaTEM (n=8) and 

blaOXA-1 (n=6). 

Ten isolates were pAmpC blaCMY-producers, with n=7 isolates also 

harbouring blaTEM (n=4), blaCTX-M (n=2) and blaOXA-1 (n=1). 

ESBL/pAmpC-producing E. coli (n=12) belonged to phylogenetic 

groups B2 and D and were collected from n=6 diarrheic cats, n=1 cat 

with rhinitis, n=1 with cystitis and n=1 with otitis. Two MDR non β-

lactamase producing E. coli belonged to phylogenetic groups B2 and 

D as well and were isolated from n=1 cat with rhinitis and n=1 cat 

with diarrhea. Six E. coli belonged to phylogenetic groups A and 

B1and were isolated from n=3 cats with rhinitis, n=1 cat with 
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diarrhea, n=1 with abscess and n=1 with stomatitis. One MDR non 

β-lactamase producing E. coli belonged to phylogenetic group B1 

was isolated from n=1 cat with diarrhea. 

Discussion and Conclusions: This study showed the prevalence of 

MDR and β-lactamases producing Enterobacteriaceae isolated in a 

variety of common clinical conditions in a feline population in 

Southern Italy, with a high degree of diversity between antimicrobial 

resistance profiles. 

To the best of knowledge, occurrence of MDR ESBLs/pAmpC 

producing E. coli in cats affected by rhinitis and detection of gene 

blaCTX-M-79 in a member of Enterobacteriaceae isolated from 

companion animals are described for the first time in literature. 

The emergence of ESBL/pAmpC-producing 

MDR Enterobacteriaceae poses major limitations in companion 

animals’ therapeutic options. Furthermore, it raises great concerns 

regarding the bi-directional transmission of MDR bacteria between 

pets and humans, and awareness should be raised among companion 

animal practitioners. Resort to appropriate bacteriological isolation, 

identification and susceptibility testing is essential to address 

antimicrobial treatment of commonly encountered bacterial 
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infections. This could avoid the resort to ineffective compounds, thus 

reducing selective pressure excerted by antimicrobials on resistant 

strains, helping the control and monitoring of antimicrobial 

resistance in companion animals’ medicine. 
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1.1 Enterobacteriaceae 

The family Enterobacteriaceae belongs to the class γ-proteobacteria 

and includes a very large group of biochemically and genetically 

related microorganisms, which are provided with heterogeneity in 

terms of ecology, host range and pathogenic potential. 

Taxonomically, it comprises 56 genera and over 170 named species 

(J.P. Euzéby: List of Prokaryotic Names with Standing in 

Nomenclature, http://www.bacterio.cict.fr (accessed November 11, 

2016). 

Enterobacteriaceae are spread worldwide and inhabit a wide 

spectrum of environmental niches, some of them being recovered in 

water, soil and sewage (Johnson et al., 2008; Schmiedel et al., 2014; 

Picao et al., 2013). 

Most are part of the normal commensal gut flora of humans and 

animals. They can be isolated from several clinical conditions in 

companion animals, such as urinary, respiratory, skin and soft tissue, 

gastrointestinal, joint and opportunistic infections (Bogaerts et al., 

2015, Greiner et al., 2007; Costa et al., 2008; Suchodolski , 2011). 

Members of this family are Gram-negative, medium sized (0.3–1.0 × 

1.0–6.0 μm), non spore-forming, straight rods. 
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Essential biochemical characteristics of most organisms include 

fermentation of glucose, reduction of nitrate to nitrite, catalase 

positivity and oxidase negativity. This latter characteristic, due to the 

absence of the cytochrome-oxidase activity, allows for a quick 

differentiation of Enterobacteriaceae from other Gram-negative 

bacilli (Murray et al., 2008). 

Enterobacteriaceae can be motile or non-motile (e.g. Klebsiella, 

Shigella and Yersinia species), depending on the presence or absence 

of peritrichous flagella, long filaments distributed on the entire 

surface of the organism and fixed to a proteinic disc, which is 

integrated in the inner cell membrane. 

Flagella are constituted by helically looped subunits of flagellin and 

they number usually 5-10 per cell. They possess antigenic properties, 

representing the H antigen of motile species.  

Several traits of the cellular structure and cellular products of 

Enterobacteriaceae are important from a medical point of view. 

An inner and an outer membrane, a thin peptidoglycan layer and a 

periplasm constitute their cell wall. 
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The outer membrane is an asymmetric bilayer with phospholipids on 

its inner surface, and lipid A, the hydrophobic anchor of 

lipopolysaccharide (LPS), on the outer one.  

LPS is a potent endotoxin, inducer of host’s innate immune response. 

Its main endotoxic principle is lipid A, which is released after death 

and lysis of bacteria, eliciting severe toxic reactions due to its effects 

on the innate immune and coagulatory systems (Park et al., 2009). 

Once released, lipid A binds to serum LPS-binding protein, which 

converts oligomeric micelles of LPS into a monomer for delivery to 

the cluster of differentiation 14 (CD14). 

CD14 concentrates lipid A for binding to the Toll-like receptor 4 

(TLR4) – myeloid differentiation factor 2 (MD2) complex, found on 

the surfaces of macrophages, dendritic cells and endothelial cells. 

Binding of lipid A to CD14 triggers a signal transduction cascade 

that results in expression of proinflammatory cytokines (TNF-α, IL-

1β, and IL-6).  

This enables the expression of tissue factor by endothelial cells and 

B7 proteins induced costimulatory molecules by macrophages and 

dendritic cells. 
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These proinflammatory and procoagulatory responses are 

responsible, in part, for the clinical signs associated with 

endotoxemia: fever, leukopenia followed by leukocytosis and 

hyperglycemia, with a subsequent fall in blood sugar and lethal shock 

after a latent period. 

The outermost region of LPS consists of the hydrophilic O antigen 

polysaccharide region.  It is on the cell surface and appears to be a 

major target for both immune system and bacteriophages. 

Enterobacteriaceae possess other virulence factors that are part of 

the cell structure. 

Many members express adhesins, which consist of proteins 

embedded in the outer cell membrane, composed of subunits and 

assembled into organelles, such as fimbriae (pili) and afimbrial 

(nonfimbrial) adhesins. 

Fimbriae are hair-like appendages diffusely arranged on the surface 

of bacterial cells. They usually number 100–1000 per cell. 

Fimbriae bind to receptors on the surface of host cells, and different 

types of fimbriae vary in their binding specificities. 

A single bacterial isolate can express multiple fimbrial types. 
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Most Enterobacteriaceae have type 1 fimbriae, which enable 

bacterial adhesion to epithelial cells and represent the F antigen. 

Enterobacteriaceae often express a capsule that consists of an acidic 

polysaccharide. 

Two types of capsular polysaccharides may be produced: the M 

antigen, consisting of colanic acid, is produced by most strains and 

is thought to provide protection against desiccation; the K antigen 

may provide antiphagocytic, serum resistance and mucosal 

adherence properties (Euzeby, 2013). 

Enterobacteriaceae have simple nutritional requirements and most 

grow well at 22–35°C, under aerobic or anaerobic conditions. 

This ability reflects both a respiratory and fermentative metabolism, 

although fermentation is the more common method of utilization of 

carbohydrates, often with production of acid and gas. 

Blood agar and MacConkey agar are the solid culture media routinely 

used to isolate Enterobacteriaceae in diagnostic laboratories. 

MacConkey agar is a selective medium, which contains lactose as 

fermentable sugar, bile salts and crystal violet, in order to inhibit 

Gram-positive bacteria, and neutral red as pH indicator. 
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After aerobic incubation of the organism at 37°C for 24-48 hours, in 

case of lactose fermentation, acid metabolic products are generated 

and the medium and colonies appear pink (lactose-positive). If the 

organism is unable to use the lactose, then it attacks the peptone in 

the medium, with release of alkaline products. 

Members that ferment lactose are traditionally indicated with the 

term “coliform”, such as E. coli and Klebsiella, Citrobacter and 

Enterobacter species, to distinguish them from the non-lactose 

fermenters, such as Shigella, Yersinia, Proteus and Salmonella 

species. 

Other useful selective media to isolate Enterobacteriaceae include 

Brilliant Green Agar, Hektoen Enteric Agar and Xylose Lysine 

Deoxycholate Agar. 

Enrichment media like selenite F broth are commonly used to 

increase the possibility of detecting Salmonella and Shigella species, 

whose numbers in fecal specimens may be too low to be detected on 

the primary plating media. 

Genera and species of the family Enterobacteriaceae have 

traditionally been differentiated based on biochemical tests, used to 
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identify isolates after a preliminary examination of their morphology, 

motility, and growth responses. 

Commonly used tests are those for the type of fermentation, lactose 

and citrate utilization, indole production from tryptophan, urea 

hydrolysis, and hydrogen sulfide production. 

The usefulness of biochemical tests in identifying enteric bacteria is 

synthetized in commercial identification systems, such as the 

Enterotube and API 20-E systems, which are based on these tests. 

Other methods include immunological tests: the great variability of 

O, H and K antigens provides the major basis for the internationally 

recognized serotyping schemes of Enterobacteriaceae. Hence, it is 

possible to distinguish several serotypes within a species (Baron et 

al., 1996). 

Molecular methods are used to identify bacteria at taxonomic levels 

from the family down to the strain; furthermore, molecular tests 

based on virulence and pathogenicity genes can be used to 

distinguish pathogenic and non-pathogenic isolates (Keer and Birch, 

2003). 

Enterobacteriaceae can be divided into three main groups based on 

their pathogenicity for animals: 
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• Major pathogens such as Salmonella species, E. coli and Yersinia 

species. 

• Opportunistic pathogens and commensals that occasionally cause 

infections, like species within the genera Escherichia, Klebsiella, 

Enterobacter, Proteus, Serratia, Edwardsiella, Citrobacter, 

Morganella and Shigella. 

• Organisms of uncertain significance, including Buttiauxella 

agrestis, Leclercia adecarboxylata, Kluyvera and Providencia 

species. 
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1.1.1 Escherichia coli 

The genus Escherichia includes straight Gram-negative rods that are 

approximately 0.5 μm in diameter and 1.0–3.0 μm in length. 

It comprises six species: albertii, coli, fergusonii, hermannii, 

marmotae and vulneris. The species blattae has been recently moved 

into the Shimwellia genus (Priest and Baker, 2010). 

E. coli is undoubtedly the best-studied bacterium and the 

experimental organism of choice for many microbiological research 

laboratories. 

The species comprises commensal variants, which belong to the 

normal gut flora of humans and warm-blooded animals. 

Additionally, several pathogenic variants have been identified as 

responsible for different types of intestinal or extraintestinal 

opportunistic infections in both humans and animals. 

In order to produce disease, E. coli must possess genes encoding 

virulence factors. Nonpathogenic strains may also acquire genes 

through transduction, conjugation or transformation, thus gaining a 

pathogenic potential. 
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This form of gene acquisition, often realized through bacteriophages 

or plasmids, is particularly important for the occurrence of new 

pathogenic types. 

E. coli strains can be classified based on serology, using the antigenic 

differences in the structure of the LPS somatic antigen (O antigen), 

flagellar antigens (H antigen) and capsular antigens (K antigen). The 

existence of 170 O antigens, 56 H antigens and 80 K antigens has 

been reported (Ruffo G., 1998) and over 700 antigenic serotypes 

of E. coli are documented.  

Moreover, numerous fimbrial adhesins (F antigens) have been 

described, providing strains with the ability to adhere to and colonize 

the epithelial cells of intestinal mucosa. 

Although serotyping is still widely used for the epidemiological 

investigation of E. coli disease, a number of molecular methods for 

E. coli strain characterization are now available and increasingly 

employed. 

Among all, PCR based methods are used to assign strains to major 

phylogroups A, B1, B2, D and E (Boyd and Hartl 1998, Clermont et 

al. 2000). 
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According to this classification, extra intestinal pathogenic strains 

belong to phylogroups B2 and D, whereas intestinal pathogenic 

strains and commensals belong to groups A and B1. 

E. coli that cause gastrointestinal disease are classified into 

pathogenic categories, also called pathovars.  

Each pathovar is defined by a characteristic set of virulence factors 

that act in concert to determine the clinical, pathologic, and 

epidemiologic features of the disease they cause. Pathovars can be 

broadly divided into diarrheagenic (DEC) and extra intestinal 

pathogenic (ExPEC). 

DEC pathovars isolated in companion animals include 

enterotoxigenic E. coli (ETEC), enterohemorragic E. coli (EHEC), 

enteropathogenic E. coli (EPEC), necrotoxigenic E. coli (NTEC) and 

adherent invasive E. coli (AIEC). 

In contrast to ETEC strains, which are obligate pathogens, ExPEC 

and EPEC strains form part of the normal flora in animals and are 

considered opportunistic pathogens (Gyles and Fairbrother, 2010). 

ETEC strains are responsible of the enterotoxigenic diarrhea, which 

occurs in pigs, calves and lambs and has been reported in dogs, cats 

and horses (Beutin, 1999; Olson et al., 1984). In human medicine, 
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they cause infantile diarrhea (in developing countries) and a 

syndrome known as "traveler's diarrhea" (Navarro Garcia et al., 

2001). 

ETEC strains produce fimbrial adhesins, which promote attachment 

to surface glycoproteins of jejunal epithelial cells and ileum, which 

appears from the first to the sixth week of life, explaining the highest 

incidence of disease in young animals. 

Some strains also produce curli fimbriae, which mediate adherence 

to extracellular matrix proteins, whose exposition is determined by 

concurrent viral or parasitic infections. This determines an increase 

in the window of age of susceptibility to enterotoxigenic disease. 

In order to cause disease, they must also synthesize enterotoxins, 

protein exotoxins encoded by genes usually carried on transmissible 

plasmids (e.g. heat labile enterotoxin (LT), heat-stable (ST) 

enterotoxins, and EAST1). 

Most of the canine ETEC strains express ST enterotoxins. The 

bacteria adhere to the proximal small intestinal mucosa and produce 

plasmid-encoded enterotoxins, which bind to the extracellular 

domain of guanylyl cyclase C, which leads to accumulation of 
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intracellular cyclic GMP and ultimately secretion of chloride and 

decreased absorption of NaCl, with resultant osmotic diarrhea. 

Two different ST enterotoxins have been identified, STa and STb. 

ST-producing ETEC have been detected in young dogs with diarrhea 

(Drolet et al., 1994; Hammermueller et al., 1995; Beutin, 1999) 

After ingestion by the host, ETEC strains adhere to epithelial cells 

without damaging them, then multiply and secrete enterotoxins. 

Following the action of enterotoxins, fluid and electrolytes 

accumulate in the lumen of the intestine, resulting in watery and 

nonbloody diarrhea, dehydration, and electrolyte imbalances. 

Peristalsis determines the infecting strains to move distally, away 

from the target cell, and the disease process stops. Nevertheless, 

unless fluid and electrolyte imbalances are corrected, the disease has 

high mortality. 

EPEC strains adhere to mucosal cells of the small intestine and colon, 

with a typical intestinal lesion, characterized by intimate adherence 

of bacteria to the epithelium, microvilli destruction and 

reorganization of the cytoskeletal actin, which leads to the formation 

of actin-rich pedestals (DeVinney et al., 1999). 
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They carry the eaeA gene on their chromosome, which encodes a 94-

kDa protein, intimin, which is mainly responsible for the intimate 

attachment, by forcing the host cells to form the attachments with the 

bacteria using their own actin. 

EPEC are one of the most important causes of infantile diarrhea in 

humans in the world and infections occur naturally in pigs, calves, 

dogs and cats as well. In animals, they colonize and cause lesions in 

both the distal small intestine and the large intestines. They do not 

produce enterotoxins and are responsible for watery diarrhea. 

They have been isolated in healthy cats and in one diarrheic cat in 

Brazil (Morato et al., 2009), and several serotypes have been 

identified, two of which were recognised as human pathogens. 

EHEC strains act with the same attaching mechanisms used by EPEC 

and cause the same type of lesions. 

The higher severity of clinical signs is due to the production of two 

forms of toxin called Shiga-like toxins (SLT 1 and SLT 2), also 

known as verocytotoxins VT-I and VT-II, which have chemical and 

biological similarity with the toxin elaborated by Shigella 

dysenteriae type 1 (Buchanan and Doyle, 1997). 
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Genes encoding Shiga-like toxins are harboured in phages within 

bacteria, which mediate lysis of bacteria and release of toxins if a 

damage of DNA occurs. 

One of the most known EHEC serotypes is E. coli O157:H7, often 

called verotoxigenic (VTEC), which is responsible for foodborne and 

waterborne infections in humans and is recognized as the primary 

cause of hemorrhagic colitis or bloody diarrhea, which can progress 

to the potentially fatal hemolytic uremic syndrome. 

E. coli O157:H7 is naturally harboured by cattles, which are resistant 

to infection due to the lack of Stx-receptors, and it has been isolated 

in dogs (Kataoka et al., 2010; Hogg et al., 2009). 

A study conducted in the USA by Smith et al. (1998) identified an 

overall prevalence of 12.3% of E. coli O157:H7 in a feline 

population, composed by both healthy and ill cats and some of the 

isolated serotypes were similar to those found in people and cattle, 

suggesting that cats might be reservoirs for human infection. 

NTEC strains produce cytotoxic necrotizing factors (CNFs), protein 

toxins CNF1 and CNF2, which have been associated with diarrhea, 

bacteremia, and urinary tract infections in humans. 
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E. coli producing CNF1 have been isolated from stools of normal 

dogs and cats, as well as from dogs with enteritis (Starcic et al., 2002; 

Mainil et al., 2003).  

AIEC strains have been implicated in approximately 37% of human 

Crohn’s patients (Barnich and Darfeuille-Michaud, 2007). 

They adhere to carcinoembryonic antigen-related cell adhesion 

molecule 6 in the ileum, which is overexpressed in patients with 

Crohn’s disease. 

AIEC then translocate into the lamina propria, where they live and 

replicate within macrophages, stimulating production of large 

amounts of TNF- α. Granuloma formation is thought to be the 

consequence of aggregation and fusion of infected macrophages, 

with subsequent recruitment of lymphocytes. 

An association has been made between histiocytic ulcerative 

(granulomatous) colitis in Boxer dogs and intramucosal colonization 

by E. coli that phylogenetically resembles Crohn’s disease – 

associated E. coli LF-82 (Simpson et al., 2006). 

Others diarrheagenic pathovars implicated in humans’ disease and 

not documented in small animals are enteroaggregative E. coli 

(EAEC), enteroinvasive E. coli (EIEC), diffusely adherent E. coli 
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(DAEC), neonatal meningitis E. coli (NMEC) and cell-detaching E. 

coli (CDEC). 

ExPEC strains possess virulence characteristics that allow them to 

invade, colonize and induce disease in body sites other than the 

gastrointestinal tract. 

In most animal species, ExPEC infections commonly occur in the 

urinary tract, umbilicus, blood, lung, and wounds. 

Extraintestinal diseases may result from infection with strains 

causing invasive conditions, as it is the case of septicaemia (SEPEC), 

and uropathogenic E. coli (UPEC), and with commensals. 

Moreover, Köhler & Dobrindt (2011) recently suggested two new 

animal pathogenic groups: mammary pathogenic E. coli (MPEC), 

causing infections of the mammary gland, and endometrial 

pathogenic E. coli (EnPEC), affecting the uterus. 
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1.1.2 Salmonella 

The genus Salmonella includes bacteria with a size of 0.7-1.5 x 2.0-

5.0 microns, generally motile because of the presence of peritrichous 

flagella, with exceptions like S. enterica ssp. enterica ser. Gallinarum 

and S. enterica ssp. enterica ser. Pullorum. 

They harbour the intestine of warm and cold-blooded animals, as 

well as the environment, where they can survive more than nine 

months, particularly in water and moist soil. 

Infection occurs through the gastrointestinal way and the most 

common source is the contact with contaminated food, water or 

fomites. The airborne transmission, which determines the respiratory 

infection, can occasionally occur, since the microorganism is able to 

survive on dry air particles in absence of organic material.  In fact, 

the biological cycle of Salmonella also comprises "environmental 

guests" that act as a link between ecological niches formed by wild 

animals and domestic ones. 

Environmental reservoirs are natural sources such as wastewater, 

shallow lakes, seas, sewage and other sources such artificial surfaces 

or instruments. 
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The genus currently comprises three species: S. bongori, S. enterica, 

and S subterranea. 

S. enterica contains six subspecies: enterica (ssp. I), salamae (ssp. 

II), arizonae (ssp. IIIa), diarizonae (ssp. IIIb), houtenae (ssp. IV), 

and indica (ssp. V). Subspecies V has been reclassified as S. bongori. 

The type species is S. enterica ssp. enterica and the type strain is S. 

enterica ssp. enterica serotype Typhimurium strain LT2 (Lilleengen 

strain type 2). 

There are currently 2,463 serotypes of Salmonella (also known as 

serovars or varieties), based on O and H antigens (Popoff et al., 2000) 

and nearly 60% of these falls within subspecies I, whose strains are 

commonly isolated from humans and warm-blooded animals. 

S. bongori and S. enterica subspecies II, IIIa, IIIb, IV, and VI 

generally infect cold-blooded vertebrates and live in the 

environment. 

S. subterranea is a recent addition to the genus and was isolated from 

low pH subsurface sediment contaminated with nitrate and 

hexavalent to tetravalent uranium. 

From an epidemiological point of view, Salmonellae are classified in 

host-specific and non-host-specific strains, the first ones being 
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responsible of more severe clinical forms compared to non-host-

specific ones. 

Among non-host-specific ones, S. enterica ser. Enteritidis and S. 

enterica ser. Typhimurium cause infection in humans and animals, 

with a variety of clinical forms, although they are usually self-

limiting diseases. 

A further subdivision within host-specific Salmonellae includes host-

restricted and host-adapted strains. 

These latter are confined to a limited number of guests, as it is the 

case of S. enterica ser. Dublin in cattles and S. enterica ser. 

Choleraesuis in pigs, which can also infect humans. 

Host-restricted Salmonellae are associated with severe systemic 

forms in a single host species, as it is the case of S. enterica ser. Typhi 

and S. enterica ser. Paratyphi in humans, S. enterica ser. Gallinarum 

in poultry and S. enterica ser. Abortusovis in sheeps. 

Infection of dogs and cats with Salmonella has been associated with 

the feeding of raw meat diets (Finley et al., 2000; Lenz et al., 2009), 

although commercial dry and raw dog food and pig ear pet treats have 

also been contaminated with the organism (Behravesh et al., 2010; 

Selmi et al., 2011). 
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The clinical signs of salmonellosis vary depending on the number of 

infecting organisms, host's immune status and the complicating 

factors or concomitant diseases. 

The syndrome may comprise of gastroenteritis, bacteremia and 

endotoxemia, organ localization and persistence of asymptomatic 

carrier state. 

In particular, metastatic infection can occur because of clinical or 

subclinical bacteremia. The microorganisms can be located in a 

particular organ for a certain period before producing overt clinical 

signs, which are related to the bacterial location. 

Salmonellosis is a significant disease of ruminants, mainly cattle. 

The disease affects commonly young and adult animals in feedlots 

and dairies. The disease may present as septicemia or be limited to 

an enteritis or enterocolitis. Pneumonia can be hematogenously 

acquired. Abortion may follow septicemia. 

Salmonellosis is uncommon in dogs and cats. When outbreaks in 

companion animals occur, they are usually associated with a 

common source, such as contaminated pet food or “treats”. 

Dogs and cats infected with Salmonella spp. may show no signs or 

they may develop enterocolitis, focal suppurative infection, or severe 
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systemic illness. The majority of dogs are chronically and 

subclinically infected. 

Occasionally salmonellae localize in a particular organ. Rodriguez et 

al. (1993) reported the case of a cat that developed pneumonia caused 

by S. choleraesuis without enteric events or positive results of stool 

cultures. Moreover, it has been described in a short-haired cat with 

severe pneumonia without gastrointestinal or cutaneous 

manifestations, so it should be considered as a possible cause of lung 

disease in cats, especially if immunocompromised (Callegari et al., 

2014). 
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1.1.3 Yersinia 

The genus Yersinia includes 11 species, of which three key members 

infect dogs, cats and humans: Y. enterocolitica, Y. pestis and Y. 

pseudotubercolosis. 

Y. enterocolitica is a Gram-negative, mobile coccobacillus, 

measuring 0.5-1.0 × 1.0-3.0 μm that causes enterocolitis in humans. 

An unusual feature of this bacterium is that it replicates in culture at 

refrigeration temperature. 

The prevalence of isolation from animals increases in colder months. 

Since Y. enterocolitica was isolated from dogs’ feces and clinically 

healthy cats, it is thought to be a commensal organism (Fenwick et 

al., 1994; Salamah, 1994). 

Y. pseudotuberculosis is the cause of enteritis in many animals, 

especially during winter and spring months (Black et al., 1996). 

Many animals, including birds, rodents, cats and pigs, have been 

indicated as reservoirs (Fukushima et al., 1989; Salamah, 1994). 

Humans are more severely affected and develop mesenteric 

lymphadenitis and septicemia (Fukushima et al., 1989). 
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Y. pestis is the type species of the genus and it is the cause of plague, 

a septicemic disease of major importance in humans, rodents, and 

occasionally domestic animals, mainly cats. 

Humans and pets are alternative hosts for Y. pestis, which is 

maintained in nature through a chronic bacteremia in wild rodents 

and transmitted by fleas. Cases in pets are more frequent from 

February to August, when rodents and their fleas are most active and 

humans and their companion animals are more likely to be outdoors. 

Transmission is less commonly due to the contact with mucous 

membranes or broken skin or inhalation of droplets from animals 

with pneumonic plague. 

In both humans and cats, three clinical forms of the disease have been 

described: bubonic plague, septicemic plague and pneumonic plague. 

The most common is bubonic plague, which in cats is usually 

acquired through ingestion of infected rodents and is associated with 

fever (40.6 to 41.2 ° C), dehydration and adenopathy of 

submandibular, retropharyngeal and cervical lymph nodes, which 

become swollen and abscessed. 

Cats with spontaneously draining abscesses have more chances of 

surviving. 
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In case of progress of the bubonic form (without draining of 

abscesses), infection can spread via blood or through the lymph to 

become a septicemic form. 

This can determine involvement of any organ, although more 

frequently involved are the spleen and lungs in humans and cats. 

In cats, fever, shock, disseminated intravascular coagulation and 

severe leukocytosis are characteristic findings of the septicemic 

form, which is deadly and normally occurs 1-2 days after bacteremia. 
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1.1.4 Klebsiella 

The genus Klebsiella comprises of straight rods, measuring 0.3–

1.0x0.6–6.0 mm, arranged singly, in pairs or short chains. 

They are often surrounded by a capsule and are Gram negative, 

nonmotile (except K. mobilis) and facultatively anaerobic. 

The type species is Klebsiella pneumoniae, which, together with K. 

oxytoca, is the most common pathogens in veterinary medicine and 

a commensal of the intestinal tract of animals. 

In humans, as well as in veterinary medicine, this species has been 

frequently associated with hospital-acquired infections and with 

many forms of opportunistic infections. Contaminated obstetric 

equipment, surgical equipment, cleaning devices, and clinic surfaces 

may contribute to the occurrence of the infection. 

Virulence factors associated with Klebsiella spp. are similar to other 

Enterobacteriaceae. 

The capsule is essential for resistance to host defense mechanisms 

(phagocytosis, opsonization, and cytolysis). 

Endotoxins, adhesins, enterotoxins, siderophores, and cell wall 

components have an also significant role. 
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Members of the genera have been involved in a wide range of canine 

diseases such as pneumonia (Haenni et al., 2012), otitis externa 

(Brothers et al., 2002), prostatitis (White and Williams, 

1995), meningoencephalomyelitis (Radaelli and Platt, 

2012), cholangiophepatitis (Forrester et al., 1992; Farrar et al., 1996) 

and pyoderma. 

Klebsiella spp. are the second most common cause of canine cystitis 

(Ling et al., 2001; Johnson et al., 2003). They are also reported in 

canine mastitis (Schäfer-Somi et al., 2003). 

Neonatal puppies are particularly predisposed to infections: sources 

of infection include the environment, vaginal discharge, maternal 

faeces, oropharynx and skin (Münnich, 2008). 

Systemic infections in dogs are common with these bacteria and may 

present with multiorgan dysfunction. Treatment often require 

aggressive antimicrobial therapy and supportive treatment for 

pneumonia (Cavana et al., 2009). 

In cats, Klebsiella spp. have been involved in cat flu (Adler et al., 

2007) and cystitis (Ghantous and Crawford, 2006), as well as in 

hospital-associated infections (Bowlt et al., 2013). 
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1.1.5 Citrobacter 

Citrobacter spp. are usually considered to be of low pathogenicity. 

They are commonly present in water, soil and food, whilst they 

occasionally colonise the gastrointestinal tract of animals and 

humans. 

However, in immunocompromised human hosts, a range of 

infections such as urinary tract infections, pneumonia, skin and soft-

tissue infections, sepsis and meningitis are likely to occur (Lipsky et 

al., 1980). 

The genus includes 11 different species, of which C. freundii and C. 

diversus are the most significant and responsible for healthcare-

associated opportunistic infections. 

The high incidence of mortality, as a result of infections by these 

microrganisms, has been associated with multidrug-resistant strains 

(Pepperell et al., 2002). 

Citrobacter spp have been associated with cystitis in the dog and cat 

(Euclid et al., 2011). 

They are considered an opportunistic or secondary pathogens of the 

skin, gastrointestinal and respiratory tracts (Farmer and Kelly, 1991). 
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In dogs, they are part of the normal biotome of the oropharynx 

(Kasempimolporn et al., 2003) and gastrointestinal flora. 

Species which are pathogenic for dogs include C. freundii, C. 

diversus and C. koserii. 

In dogs, Citrobacter spp have been commonly involved in recurrent 

cystitis, with reports of emphysematous cystitis occurring rarely 

(Chang et al., 2007). 

Localized infections associated with indwelling intravenous 

catheters (Lobetti et al., 2002) and secondary infections with 

respiratory diseases have been reported (Johnson and Fales, 2001). 

However, septicemia is not uncommon, with a number of puppies 

and immunocompromised adult dogs reportedly suffering acute 

hemorrhagic diarrhea, followed by septicemia, peritonitis (Galarneau 

et al., 2003), myocarditis (Cassidy et al., 2002) and fibrinous 

pericarditis (Stafford Johnson et al., 2003). 
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1.1.6 Enterobacter 

Enterobacter species are found in the natural environment including 

water, sewage, vegetables, and soil. In human medicine, 

Enterobacter spp.  are frequently encountered as nosocomial 

pathogens, probably due to a greater resistance to disinfectants and 

antimicrobial agents than that of other members of the 

Enterobacteriaceae. 

E. cloacae predominates, followed by E. agglomerans, E. sakazakii, 

and others.  

They are a common cause of nosocomial infections of surgical 

wounds and burns, whereas other infections include cellulitis, 

fasciitis, abscesses, emphysema, myositis and urinary tract 

infections, from asymptomatic bacteriuria to pyelonephritis and 

urosepsis. 

In veterinary medicine, Enterobacter spp. have been associated to 

neonatal mortality (Münnich and Küchenmeister, 2014), urinary tract 

infections (Marsh-Ng et al., 2007; Bubenik et al., 2007), urinary 

catheterization (Bubenik and Hosgood, 2008) and as commensals in 

dogs affected by tracheal collapse (Johnson and Fales, 2001). 
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They have also been associated with pancreaticobiliary duct 

infections (Quian et al., 1993) and post-operative empyemas (De 

Stefani et al., 2008). Zoonotic infections in humans have been 

attributed to these bacteria, which are normal residents of the canine 

oropharynx (Saphir and Carter, 1976). 
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1.1.7 Proteus 

The genus comprises of straight rods, measuring 0.4–0.8x1.0–3.0 

µm. They are Gram negative and motile by peritrichous flagella. 

Most strains, in solid culture media, swarm with periodic cycles of 

migration producing concentric zones, or spread in a uniform film. 

The type species is Proteus vulgaris. 

They are commensal bacteria normally found on dogs’ skin and 

gastrointestinal tract. 

Clinically, Proteus spp. are regularly involved in bacterial infections 

in neonatal puppies (Münnich, 2008), but are sometimes associated 

also with cystitis (Ball et al., 2008), paronychia and otitis externa 

(Zamankhan Malayeri et al., 2010). 
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1.1.8 Buttiauxella 

Members of the genus Buttiauxella are straight rods, measuring 0.5–

0.7 x 2–3 µm. They are Gram negative, motile with peritrichous 

flagella and facultatively anaerobic.  

Buttiauxella spp. are widely distributed in nature, may be isolated 

from food and are occasionally isolated from human sources. 

Although the natural habitat of Buttiauxella spp. was originally 

thought to be water, the majority of strains have been isolated from 

the intestines of snails and slugs (Muller et al., 1996). 

The type species is B. agrestis, which has been recently reported as 

a cause of infection in human medicine (Antonello et al., 2014). 
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1.1.9 Hafnia 

Members of this genus have the common characteristics of 

Enterobacteriaceae. 

The type species is Hafnia alvei, which occurs in humans and 

animals, including birds, and in natural environments such as soil, 

sewage, and water. 

Kume (1962) described a case of equine abortion in which H. alvei 

was isolated from a fetus and lochia in pure culture. 

Riggio et al. (2013) detected found it associated to ovine “broken 

mouth” periodontitis. 

In human medicine, H. alvei has been reported to cause septicemia 

(Englund, 1969; Mobley, 1971), respiratory tract infections 

(Klapholz et al., 1994; Fazal et al., 1997), meningitis (Mojtabaee and 

Siadati, 1978), abscesses (Agustin and Cunha, 1995), urinary tract 

infections (Whitby and Muir, 1961), wound infections (Berger et al., 

1977), periodontal disease with tissue destruction (Vieira Colombo 

et al., 2016). 

The intestinal tract of animals, in particular mammals, appears to be 

a very common ecologic habitat for this bacterium (Janda and Abbot, 

2006). Moreover, H. alvei has been isolated from reptiles (snakes 
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and skinks), fish, invertebrates, insects and avian species (Goldstein 

et al. 1981; Goatcher et al. 1987; Cassel-Beraud and Richard, 1988; 

Okada and Gordon 2003). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

47 
 

http://www.tandfonline.com/doi/full/10.1080/09712119.2014.963086%23cit0021
http://www.tandfonline.com/doi/full/10.1080/09712119.2014.963086%23cit0020
http://www.tandfonline.com/doi/full/10.1080/09712119.2014.963086%23cit0009
http://www.tandfonline.com/doi/full/10.1080/09712119.2014.963086%23cit0039


1.1.10 Kluyvera 

The genus Kluyvera includes Kluyvera ascorbata, K. cryocrescens, 

and K. georgiana. 

Fainstein et al. (1982) isolated strains of Kluyvera spp. from human 

patients with and without diarrhea, and suggested that Kluyvera 

strains might have had a role in some of the diarrhea cases. 

The presence of Kluyvera in food and water is a possible source of 

intestinal isolates. 

The respiratory tract has been the most common source for Kluyvera 

spp., but there is no strong evidence that it is clinically significant at 

this site (however, one isolate of K. ascorbata was from a lung at 

autopsy). The respiratory tract (particularly sputum) is notoriously 

difficult to evaluate for clinical significance. The urinary tract has 

been the next most common source, but it has also been difficult to 

document clinical significance (Tristram and Forbes, 1988).  
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1.1.11 Leclercia 

The type species is Leclercia adecarboxylata, previously named 

Escherichia adecarboxylata by Leclerc (1962), which proposed that 

it should have been recognized as a separate species in the genus 

Escherichia. 

Tamura et al. (1986) used DNA–DNA hybridization to show that E. 

adecarboxylata was only 26% related to the type strain of 

Escherichia coli. Hence, they proposed a new genus Leclercia with 

one species Leclercia adecarboxylata. 

Isolated from human clinical specimens, environmental samples, 

food and water, its clinical significance is not fully documented but 

its potential role as a pathogen is suggested by isolates from blood 

and similar specimens that are normally sterile. 

However, it may be colonizing rather than infecting nonsterile body 

sites. 

The isolates from food, drinking water, feces, and an intravenous 

fluid bottle suggest ways that humans are exposed to it. There is no 

evidence that it can cause diarrhea or intestinal infections. 
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It should be considered a rarely isolated species of 

Enterobacteriaceae, and a possible opportunistic pathogen 

(extraintestinal infections only) for humans. 
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1.1.12 Providencia 

The type species is P. alcalifaciens and the genus includes P. 

rustigianii, P. heimbachae, P. stuartii and P. rettgeri.  Some strains 

are opportunistic pathogens in humans and can cause urinary tract 

infections, particularly in patients with long-term indwelling urinary 

catheters or extensive severe burns. 

In companion animals, P. alcalifaciens has been reported as a cause 

of diarrhea in dogs and cats (Kròl et al., 2007; Tribe and Rood, 2002) 

and P. stuarti in a dog with severe skin ulceration and cellulitis 

(Papadogiannakis et al., 2007). 
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1.1.13 Serratia 

The type species is Serratia marcescens, which has been reported as 

possibly associated with a subgroup of 

granulomatous/pyogranulomatous skin lesions in dogs (Cornegliani 

et al., 2015). 

It can be considered as an opportunistic pathogen: Lobetti et al. 

(2002) reported that IV catheters might be colonized with bacteria 

including S. marcescens in 22% of young dogs suspected to have 

Parvovirus infection.  

Perez et al. (2011) reported the case of a 2 years old Dalmatian, 

referred for evaluation of acute lethargy, fever, neurologic signs, and 

a heart murmur, whose echocardiography and blood cultures 

revealed a nonhospital-acquired Serratia marcescens bacteremia and 

aortic valve endocarditis. 
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1.2 Antimicrobial resistance 

Antimicrobial resistance is the ability of bacteria to be, or become, 

resistant to antimicrobials, therefore managing to survive and 

multiply in presence of the drug (Cantón et al., 2011). 

The ability of bacteria to develop resistance was described soon after 

the first antimicrobials were introduced during the 1930s and 1940s. 

Bacteria are ubiquitous in the environment, including on the skin and 

mucous membranes as well as in the gastrointestinal tract of animals. 

Their ecologic success is largely attributable to their ability to survive 

hostile conditions and adapt to changes in the environment. 

Therefore, development of antimicrobial resistance does not 

represent a recent phenomenon but an unavoidable result of 

microbial cell evolution. 

Development of antimicrobial resistance by pathogens and 

commensals represents a major threat to both animal and public 

health, due to its alarming development rates and its quick spread 

across the globe among different species of bacteria, as highlighted 

by the World Health Organization (WHO, 2014). 
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The decreased efficacy of commonly used antibacterial agents and 

the need to use more expensive drugs leads to disposal of limited 

therapeutic options and increase in treatment costs. 

Moreover, the arsenal of antibacterial drugs available to treat 

infections caused by resistant bacteria may be so restricted that the 

ability to cure an infection without producing toxicity is 

compromised. 

In fact, current concerns related to antimicrobial resistance arise 

principally from the rapid rate of development of resistance relative 

to the slow rate at which new antibiotics are introduced and the 

conviction that development of resistance is accelerated by overuse 

of antimicrobials. 

Furthermore, because of the acquisition of resistance determinants 

against different antimicrobials, multi-drug resistance in common 

bacterial pathogens is being reported worldwide, extremely 

compromising the future usefulness of antimicrobials in treating 

bacterial infections. 

The ease with which resistant genes are transferred between bacteria 

accelerates the emergence of antimicrobial resistance in a particular 
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animal species and increases the risk of spread of resistance to other 

species, including human beings. 

Obviously, if the development and spread of resistance are to be 

retarded, it is necessary that public health workers, including 

veterinarians, understand the mechanisms that bacteria use to resist 

antibacterial agents. 

Antimicrobial resistance can be intrinsic or acquired. 

Intrinsic resistance is the resistance of all members of a bacterial 

species without any genetic extra-modification and it is due to either 

lack of the target for the action of the drug or to the inability of the 

drug to enter the bacterial cell (Normark and Normark, 2002; 

Greenwood et al., 2006). 

Knowledge of the intrinsic resistance of pathogens is important in 

practice, in order to avoid resort to inappropriate and ineffective 

therapies for infections caused by an intrinsically resistant 

microrganism. 

Some examples of intrinsic resistance and their respective 

mechanisms (Forbes et al., 1998; Giguere et al., 2006) are: 

- resistance of anaerobic bacteria to aminoglycosides, due to lack of 

oxidative metabolism which drives the uptake of aminoglycosides 
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- resistance of aerobic bacteria to metronidazole, due to their inability 

to anaerobically reduce the drug to its active form 

- resistance of Gram-positive bacteria to aztreonam, due to the lack 

of penicillin binding proteins (PBPs) that bind and are inhibited by 

this beta-lactam antimicrobial 

- resistance of Gram-negative bacteria to vancomycin, due to lack of 

uptake, resulting from inability of vancomycin to penetrate their 

outer membrane. 

Acquired resistance occurs when a microorganism gains the ability 

to resist the activity of an antimicrobial agent to which it was 

previously susceptible. 

Acquired resistance can result from: 

- mutations in chromosomal genes (Martinez et al., 1998) 

- acquisition of new genes by horizontal gene transfer (Jacoby and 

Sutton, 1991) 

- a combination of these two mechanisms (e.g. mutations in 

previously acquired genes) (Jacoby and Medeiros, 1991). 

Mutational resistance occurs by point mutations, deletions, 

inversions or insertions in the bacterial genome. 
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Transferable resistance occurs when a resistance gene is transfered 

from a resistant to a susceptible bacterial cell by several mobile 

genetic elements, such as plasmids, bacteriophages, transposons and 

integrons (Normark and Normark, 2002; Greenwood et al., 2006). 

Selection and expression of resistance can also result from exposure 

to antimicrobial agents. 

Generally, antibiotic exposure does not cause a susceptible strain to 

mutate to a resistant one. 

Nevertheless, exposure to antimicrobial agents promotes emergence 

of resistance by facilitating the survival of resistant strains or 

inducing the expression of existing antimicrobial resistance genes. 

Classically, resistance in a bacterial population can be identified by 

the existence of at least two distinct subpopulations separated on the 

basis of Minimal Inhibitory Concentration values. 

Survival of the relatively resistant subpopulation is promoted by 

exposure to concentrations of antibiotics that inhibit only the 

susceptible subpopulation. 

As a result of this differential effect, resistant strains increase in 

number until they represent a larger proportion of the population as 
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a whole, thus increasing the likelihood that they cause infectious 

diseases. 

Within environments that are subject to frequent and consistent 

antibacterial use patterns, such as intensive care units, the emergence 

of predominant populations of resistant strains is accelerated, 

particularly when little care is taken to prevent transfer of resistant 

strains between patients. 

Antibiotic exposure not only promotes the survival of drug-resistant 

pathogenic bacteria, but increases the population of drug-resistant 

nonpathogenic bystanders, many of which are commensals in the 

upper respiratory and gastrointestinal tracts, thus increasing the 

reservoir of resistance in the bacterial population as a whole and 

increasing the opportunity for resistance to be transferred to 

pathogenic bacteria by processes like conjugation and transposition. 

Aside from the effect of antimicrobial exposure on survival of 

resistant mutants, antimicrobial agents may also induce the 

expression of existing resistance genes (Palzkill, 2001). 

For example, beta-lactamases are present in virtually all Gram-

negative bacilli. However, in some bacterial strains, such as E. coli 

and Klebsiella spp., the β-lactamase is produced at a low level and 
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cannot be induced to greater production by the presence of β-lactams. 

In other species, β-lactamase production occurs at low levels, but is 

inducible when exposed to certain β-lactams, commonly resulting in 

resistance to these agents. These inducible β-lactamases are 

frequently found in Enterobacter spp., Citrobacter freundii, 

Providencia spp., Morganella spp. and Serratia spp., often termed 

the 'ESCPM' group, which may express high levels of 

chromosomally determined AmpC β-lactamases following exposure 

to β-lactams, either by induction or selection for derepressed 

mutants. This may lead to clinical failure even if an isolate initially 

tests susceptible in vitro (Harris and Ferguson, 2012). 
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1.3 β-lactam antimicrobials 

In veterinary medicine, antimicrobial use is directed towards farm 

animals, companion animals, wildlife and animals raised in 

aquaculture. 

Nine classes of antimicrobials are exclusively used in animals (Pagel, 

2012), but several classes are commonly prescribed in both 

veterinary and human medicine, namely: penicillins, cephalosporins, 

tetracyclines, chloramphenicols, aminoglycosides, macrolides, 

nitrofuranes, nitroimidazoles, sulphonamides, trimethoprim, 

polymyxins and quinolones (Prescott, 2000). 

Due to their diversity, broad spectrum of activity and low toxicity, β-

lactams are the most prescribed antimicrobials worldwide 

(Livermore and Woodford, 2006) and in companion animals 

medicine they represent the most widely used antimicrobials for 

treating bacterial infections also caused by Enterobacteriaceae 

(Escher et al., 2010; Mateus et al., 2011). 

All β-lactam antimicrobials share the presence, in their molecular 

structure, of the β-lactam ring, a four-atom ring that serves as a 

substrate for the transpeptidase target enzymes of bacteria and is 

therefore vital for the antimicrobial activity. 
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The cross-linked peptidoglycan layer in the bacterial cell wall is vital 

for the protection of the cell shape and rigidity. 

The cross-linking of peptidoglycan units is catalysed by a group of 

bacterial enzymes, the cell wall transpeptidases (Fisher et al, 2005; 

Wilk et al, 2005), which are traditionally named penicillin binding 

proteins (PBPs) (Spratt, 1994), because of their affinity for and 

binding of the β-lactam penicillin, which has a stereochemical 

similarity to the D-alanine residues of peptidoglycan units. 

Through the creation of a covalent complex between PBPs and β-

lactams, PBPs are inactivated and the peptidoglycan cross-linking is 

inhibited. 

Consequently, this produces irregularities in the cell wall synthesis, 

such as elongation, lesions and loss of selective permeability, leading 

to loss of integrity and finally cell lysis (Tipper and Strominger, 

1965). 
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1.3.1 Mechanisms of resistance to β-lactam antimicrobials 

There are four main ways bacteria can avoid the effect of β-lactam 

antimicrobials. 

The first way involves the production of β-lactamases, bacterial 

enzymes that hydrolyze the β-lactam ring and cause the antimicrobial 

to be inactive before it reaches the transpeptidases/PBPs target 

(Babic et al., 2006). 

The second way, typical of Gram-positive bacteria, is the existence 

of modified transpeptidases/PBPs, which are not susceptible or are 

less susceptible to inhibition by β-lactams (Chambers, 1997). 

The third way, which is characteristic of Gram-negative bacteria, is 

the lack of expression of outer membrane proteins (OMPs), 

transmembrane protein structures that provide access to relatively 

water-soluble antibacterial agents. 

Loss of OMPs causes impermeability of the cell wall or cell 

membranes, impeding the entry of β-lactams into the periplasmic 

space of Gram-negative bacteria and therefore the access to PBPs on 

the inner membrane. 

The fourth mechanism is the overexpression of efflux pumps, which 

actively transport drugs from the inner phospholipid layer of the 
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inner cytoplasmic membrane, a site that is sequestered from the 

aqueous cytoplasm and is therefore accessible primarily to relatively 

lipid-soluble drugs. Overexpression of efflux pumps results in the 

rapid expulsion of an antimicrobial from the cell. 

In contrast to mutational changes in the structure of antibacterial 

target sites, which confer resistance to similar drugs that meet 

stringent stereospecific characteristics, changes in porin expression 

and the action of efflux pumps generally are less specific for 

individual antimicrobial agents but discriminate only on the basis of 

general physicochemical characteristics, such as lipid solubility. 

For example, multidrug-resistant efflux pumps exist that have wide 

substrate activities across a variety of different chemical groups of 

antibacterial agents. 

The hydrolytic inactivation of β-lactam antimicrobials by β-

lactamases is a major determinant of resistance in Gram-negative 

pathogens, particularly among Enterobacteriaceae (Babic et al., 

2006) and mechanisms for the efflux of these agents and lack of 

expression of OMPs contribute often in conjunction to the first one. 
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1.3.2 Classification and history of β-lactam antimicrobials 

β-lactam antimicrobials have a long history in the treatment of 

infectious diseases, although their use has been and continues to be 

threatened by the development of resistance in target organisms. 

The β-lactam antimicrobial class includes amino-, carboxy-, idanyl, 

and ureido-penicillins, first- to fourth-generation cephalosporins, 

monobactams and carbapenems (Babic et al., 2006). 

Penicillins were the first β-lactams to be discovered and introduced 

to clinical use. They are active against most Gram-positive bacteria 

such as staphylococci and streptococci, against spirochetes 

(Treponema pallidum and Leptospira spp), gonococci and 

meningococci. 

Natural penicillins are inactive against Gram-negative bacteria, 

whereas semi-synthetic penicillins, such as ampicillin and 

amoxicillin, have a broader spectrum of activity, even against some 

Gram-negative bacteria. 

Penicillin G, or benzylpenicillin, is the product of fermentation of 

Penicillium spp. and progenitor of all penicillins. Its structural core 

is the 6-aminopenicillanic acid, which comprises a thiazolidine ring 

and a β-lactam ring. 
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Penicillin G was discovered by Sir Alexander Fleming in 1927, but 

it was not until the early 1940s, through the work of Drs. Florey, 

Chain and Heatley from Oxford University, that it was purified and 

shown to cure specific bacterial infections. 

Within a few years after its introduction, Staphylococcus aureus 

strains showed resistance to penicillin (Rammelkamp and Maxon, 

1942), due to the production of penicillinase, a β-lactamase enzyme. 

This drove the search for new forms of β-lactams that were not 

inhibited by penicillinase and had a wider spectrum of activity 

against both Gram-positive and Gram-negative bacteria. 

The inclusion of different side chains gave rise to the many existing 

semi-synthetic penicillins. 

Semi-synthetic penicillins, such as ampicillin and carbenicillin, were 

introduced by the early 1960s, showing much more efficacy against 

Gram-negative bacteria than natural penicillins. 

Moreover, many other chemical derivatives have been developed 

from penicillin to combat resistance that has arisen in bacteria. 

These derivatives, commonly referred to as the extended-spectrum 

β-lactams, include cephalosporins, carbapenems and monobactams. 
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Cephalosporins were developed with the objective of combining the 

broad-spectrum activity of ampicillin and achieving stability to 

staphylococcal penicillinase. 

They are all semi-synthetic derivatives of a compound called 

cephalosporin C that is produced by the mould Cephalosporium 

acremonium (Acremonium chrysogenum). 

A natural progenitor of cephalosporins, cephalosporin C was 

immediately interesting for its broad spectrum of activity, being 

active against both Gram-positive and Gram-negative bacteria. 

Furthermore, compared to penicillin G, it had the advantage of being 

resistant to β-lactamases. 

Although it did not find application in the therapeutic field, it turned 

out to be of industrial interest for the production of the 7-

aminocephalosporanic acid, a base compound to obtain the clinically 

used semi-synthetic cephalosporins, whose antibacterial activity is 

much more potent than that of the original compound. 

The production of cephalosporines evolved between 1960 and 1980 

and they are classified into first, second, third and fourth generation 

cephalosporines, based upon the spectrum of antibacterial activity 
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and their stability against β-lactamase-producing Gram-negative 

bacteria. 

First-generation cephalosporins, including cephaloridine, 

cephalothin, cefazolin and cephadrine, are more effective against 

Gram-positive bacteria such as streptococci and staphylococci and 

present a moderate activity against Gram-negatives like E. coli and 

P. vulgaris. 

Second-generation cephalosporins, such as cefuroxime, cefoxitin 

and cefotetan, are less active against staphylococci and streptococci 

but more active against Gram-negative bacilli. 

The third generation of cephalosporins includes cefotaxime, 

ceftriaxone, ceftazidime, and cefoperazone, which are more resistant 

to β-lactamases and are provided with an increased activity against 

strains of Haemophilus spp. and Neisseria spp. producers of β-

lactamase as well as against Citrobacter spp., Serratia marcescens 

and Providencia spp. Some of these compounds, in particular 

ceftazidime and cefoperazone, are also active against Pseudomonas 

aeruginosa. 

67 
 



Fourth generation cephalosporines, such as cefepime and cefpirome, 

are active against staphylococci and Gram-negative bacteria 

including P. aeruginosa. 

In contrast to the earlier cephalosporins, cefepime penetrates the 

bacterial cell more rapidly and escapes the effects of many 

chromosomal and plasmid-mediated β-lactamase enzymes due to 

their low affinity for this cephalosporin. 

Monobactams are monocyclic β-lactams characterized by a unique 

β-lactam ring, not fused with another ring, unlike many other β-

lactam antimicrobials, which have at least two rings. 

Naturally occurring monobactams exhibit poor antimicrobial 

acitivity. However, modification of the monocyclic monobactam 

results in a potent antibacterial agent. 

The only commercially available compound is aztreonam, which is 

active mainly against aerobic and facultatively anaerobic Gram-

negative bacteria such as Neisseria spp. and Pseudomonas spp. 

The advantage of the narrow-spectrum is the absence of damage to 

the patient's normal protective flora. 

Carbapenems represent the most recently developed sub-class of β-

lactam agents and exhibit the broadest spectrum of antibacterial 
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activity. These agents have been isolated from the fermentation 

products of a variety of Streptomycetes. 

The most commonly administered compounds are meropenem, 

imipenem, doripenem and ertapenem. 

They are active against many Gram-positive and Gram-negative, 

aerobic and anaerobic bacteria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

69 
 



1.4 Beta-lactamases 

Production of β-lactamases represents the predominant method of 

resistance to β-lactam antimicrobials among Enterobacteriaceae. 

They are distributed in both Gram-negative and Gram-positive 

bacteria (Bush, 1997; Ambler, 1980). 

In Gram-positive bacteria, β-lactamases are secreted extracellularly, 

whereas in Gram-negative bacteria they remain in the periplasmic 

space (Samaha-Kfoury and Araj, 2003). 

The first report of a β-lactamase dates 1940, when an enzyme 

produced by a strain of E. coli was shown to compromise the ability 

of penicillin to kill bacterial cells (Abraham and Chain, 1940). 

This represented the first report of β-lactamase activity before 

widespread use of penicillin, suggesting the existence of β-lactam-

inactivating enzymes in the natural environment. 

To date, over 1300 β-lactamases have been reported (Bush, 2013). 

The genes encoding β-lactamases (bla genes) are located on either 

the bacterial chromosome or in mobile genetic elements, such as 

plasmids, transposons and integrons (Wright, 2005; Babic et al., 

2006; Drawz, 2010). 
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The two most commonly used classification schemes for the β-

lactamase enzymes are the Ambler scheme and the Bush-Jacoby-

Medeiros (BJM) scheme.  

The Ambler scheme divides β-lactamases into four groups based on 

amino acid sequences (Ambler, 1980). 

Ambler class A, C and D β-lactamases are named “serine β-

lactamases” as they possess in their active site a serine residue to bind 

to the β-lactam ring. Amber Class B β-lactamases are called 

“metallo-β-lactamases” (MBLs) as they possess zinc ions in their 

active site (Livermore, 1995; Bush, 1997). 

In the BJM scheme, β-lactamases are classified based on their 

substrate and inhibitor profiles. It includes groups 1, 2 and 3, and 

several subgroups (e.g. 2a, 2c, 3a, etc) (Bush and Jacoby, 2010). 

The major clinically important β-lactamases in Gram-negative 

bacteria are grouped in Table 1. 
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Table 1. Major clinically important β-lactamases in Gram-negative 

bacteria (adapted from Bush, 2010) 

      β-Lactams to which resistance is conferred 

BJMa Amblerb Common name Primaryc Secondaryd 

1 C Cephalosporinase 
Penicillins, 

cephalosporins 
Carbapenems, 
monobactams 

2b A Penicillinase 
Penicillins, early 
cephalosporins 

β-lactamase inhibitor 
combinations 

2be A 
Extended-spectrum 

β-lactamase 

Penicillins, 
cephalosporins, 

monobactams, β-
lactamase inhibitor 

combinations 

None 

2d D Cloxacillinase 
Penicillins, including 

oxacillin and cloxacillin 
None 

2df D Carbapenemase 
Carbapenems and other 

β-lactams 
None 

2f A Carbapenemase All current β-lactams None 

3 B 
Metallo-β-
lactamase 

All β-lactams except 
monobactams 

None 

 

aBJM classification scheme. bAmbler classification scheme. cβ-

lactams that are resistant solely as a function of β-lactamase 

production. dβ-lactams that are resistant as a function of β-lactamase 

production, usually at high levels, in combination with efflux or porin 

modifications. 
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There are two primary ways to overcome β-lactamases action: either 

through inhibitors (or inactivators) or by finding a new β-lactam 

antimicrobial that has a greater affinity for the target PBP and is 

resistant to β-lactamases. 

There are currently three inhibitors used to this aim in combination 

with β-lactamase antimicrobials: clavulanic acid, sulbactam and 

tazobactam (Babic et al., 2006). 

All three of these compounds resemble penicillin structurally, they 

exhibit high affinity for PBP’s and are poorly hydrolyzed by β-

lactamases (Helfand et al., 2003). 

As previously described, in order to address the challenge posed by 

the production of β-lactamases confering resistance to β-lactam 

antimicrobials, newer extended spectrum β-lactams with a greater 

resistance to β-lactamase activity were introduced in the 1980’s, 

including cephalosporins and carbapenems (Philippon et al., 2002). 

Some of the β-lactamases target the newer broad-spectrum β-

lactams, such as the cephalosporins, carbapenems and aztreonam.  

These enzymes comprise: 

- extended spectrum β-lactamases (ESBLs), mostly belonging to 

Ambler classes A (Bradford, 2001) 
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- AmpC cephalosporinases, belonging to Ambler class C (Philippon 

et al., 2002) 

- carbapenemases, belonging to Ambler classes A, B and D (Poirel 

and Nordmann, 2002). 
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1.4.1 ESBLs 

Classically, ESBLs are defined as enzymes that have hydrolytic 

activity against the extended spectrum cephalosporins (ceftazidime 

or cefotaxime), the penicillins and aztreonam, but not the 

cephamycins (cefoxitin) or carbapenems, and are inhibited by β-

lactamase inhibitors including clavulanic acid (Bush et al., 1995). 

Most ESBLs contains a serine in their active site and belongs to the 

Ambler class A. In the BJM scheme, the ESBLs are inserted in the 

2be functional group (Bush et al., 1995). 

The most clinically important groups of ESBLs are CTX-M 

enzymes, followed by SHV- and TEM-derived ESBLs. 

The majority of ESBLs are acquired enzymes, encoded by genes on 

plasmids, and they are expressed at various levels. 

The level of expression, properties of a specific enzyme and the co-

presence of other resistance mechanisms (other β-lactamases, 

overexpression of efflux pumps, lack of porins) result in a large 

variety of resistance phenotypes observed among ESBL-positive 

isolates. 
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1.4.1.1 TEM 

The first plasmid-mediated β-lactamase was detected in Greece in 

the 1960s and was designated TEM after the name of the patient 

(Temoneira) who carried the pathogen, an E. coli. 

The original TEM-type β-lactamases (TEM-1, TEM-2 and TEM-13) 

confer resistance to all penicillins, first generation cephalosporins 

(e.g. cephalothin) and are susceptible to β-lactam inhibitors such as 

clavulanic acid. 

Amino acid substitutions in the TEM enzyme sequence cause 

alterations of the substrate profile and result in hydrolysis of the 

extended-spectrum cephalosporins. 

The first TEM-type ESBL was reported in the late 1980’s in 

Germany (Kliebe et al., 1985) and was originally designated CTX-1, 

due to the enzyme’s ability to hydrolyse the third generation 

cephalosporin cefotaxime, but, shortly afterwards, the enzyme was 

renamed TEM-3. The extended-spectrum TEM enzymes also confer 

resistance to aztreonam and are susceptible to β-lactamase inhibitors 

such as clavulanic acid. 

TEM-type ESBLs are most often found in E. coli and K. pneumoniae, 

but also in other species of Gram-negative bacteria (Bradford, 2001). 
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1.4.1.2 SHV 

The designation ‘SHV’ refers to the term ‘Sulfhydryl Variable’, 

initially used to describe a biochemical property of the enzyme now 

known as ‘SHV’. 

SHV-1, the parent enzyme, is present on the chromosome of K. 

pneumoniae and determines the 20% of ampicillin resistance in this 

species. 

In 1983, Knothe found a single nucleotide mutation in a SHV that 

represented the first plasmid-encoded β-lactamase that could 

hydrolyze the extended-spectrum third-generation cephalosporins in 

an isolate of K. ozaenae, and this type was named SHV-2 (Knothe et 

al., 1983). 

Outbreaks of Klebsiella spp. infections with mutated SHV enzyme 

derivates were reported from French hospitals at the end of the 1980s 

(Sirot et al., 1987; Philippon et al., 1989). 

Mobilization of the blaSHV gene from the chromosome of Klebsiella 

species has been associated with the rapid dissemination of the 

enzyme to other members of the Enterobacteriaceae such as E. coli, 

Enterobacter spp. and other non-Enterobacteriaceae, such as 

Pseudomonas aeruginosa and Acinteobacter spp. (Paterson and 
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Bonomo, 2005; Bradford, 2001; Velasco et al., 2007; Morosini et al., 

2006). 

To date, more than 114 varieties of SHV are currently recognized 

(Jacoby and Bush, 2008). 
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1.4.1.3 CTX-M 

The most common group of ESBLs is termed CTX-M (Jacoby and 

Munoz-Price, 2005). 

Unlike TEM and SHV ESBLs, which have arisen from point 

mutations of parent enzymes, the CTX-M class is thought to have 

developed because of incorporation of pre-existing chromosomal 

ESBL genes from Kluyvera species onto a mobile plasmid (Bonnet, 

2004). 

They can be divided into five groups based on their amino acid 

identities: the CTXM- 1 group, the CTX-M-2 group, the CTX-M-8 

group, the CTX-M-9 group, and the CTX-M-25 group (Pitout et al., 

2007). 

The designation ‘CTX-M’ refers to ‘cefotaximase’, as they 

demonstrate greater activity against cefotaxime than against 

ceftazidime (Babic et al., 2006, Jacoby and Munoz-Price, 2005). 

CTX-M ESBLs are most often found in E. coli, with CTX-M variants 

being identified also in other members of the Enterobacteriaceae 

such as Klebsiella, Serratia, Enterobacter and Salmonella species 

(Bradford, 2001). At present, over 100 CTX-M-type enzymes have 

been identified (Bonnet, 2004). 
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1.4.1.4 OXA 

The OXA-type enzymes are another growing family of ESBLs. 

They differ from TEM and SHV enzymes, belonging to molecular 

Ambler Class D and functional BJM group 2d (Bush et al., 1995). 

The OXA-type β-lactamases confer resistance to ampicillin, first 

generation cephalosporins, oxacillin and cloxacillin, but they are 

poorly inhibited by clavulanic acid (Bush et al., 1995), with the 

exception of OXA-18 (Philippon et al., 1997). 

While most of ESBLs have been found in E. coli, K. pneumoniae and 

other Enterobacteriaceae, the OXA-type ESBLs were mainly found 

in Pseudomonas aeruginosa. 

Many of the OXA-type ESBLs are derived from OXA-10 (OXA-11, 

-14, -16 and -17) (Danel et al., 1999; Danel et al., 1995; Hall et al., 

1993; Mugnier et al., 1998). 

OXA-14 differs from OXA-10 for a single amino acid residue, OXA-

11 and OXA-16 differ for two, and OXA-13 and OXA-19 differ for 

nine. 

Unlike most of the OXA-type ESBLs, which confer resistance to 

ceftazidime, the β-lactamase OXA-17 confers resistance to 
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cefotaxime and ceftriaxone, but offers only marginal protection 

against ceftazidime (Danel et al., 1999).  

Recently a number of non-ESBL OXA has been described, including 

OXA-20 (Naas et al., 1998), OXA-22 (Nordmann et al., 2000), 

OXA-24 (Bou et al., 2000), OXA-25, -26, and -27 (Afazal- Shah et 

al., 2001), OXA-30 (Siu et al., 2000). 

OXA-1 gene has been found in plasmids and integrons in a large 

variety of Gram-negative bacteria, frequently associated with genes 

encoding other ESBLs. 

OXA-1 β-lactamase, like most OXAs, significantly hydrolyzes 

amino and ureidopenicillins (piperacillin) and weakly hydrolyzes 

narrow-spectrum cephalosporins. In addition, it hydrolyzes broad-

spectrum cephalosporins, conferring reduced susceptibility to 

cefepime and cefpirome. 

Recent studies have reported very frequent association of blaOXA-1 

with the worldwide-spread CTX-M-15 ESBL determinant found 

among human E.coli isolates from diverse geographical origins 

(Poirel et al., 2011). This association of blaOXA-1 with blaCTX-M 

genes makes isolates resistant to β-lactam-β-lactamase inhibitor 

combinations. 

81 
 



1.4.2 AmpC β-lactamases 

Ambler class C (Bush Group 1) β-lactamases are the second largest 

class of β-lactamases, also called AmpC beta-lactamases (Bulychev 

and Mobashery, 1999). 

Like Ambler class A and D, class C enzymes also possess a serine 

residue within their active site (Jacoby and Munoz-Price, 2005). 

They can be chromosomally or plasmid-encoded. 

They were initially coded on the chromosomes of enteric and non-

enteric Gram-negative bacteria (Tenover et al., 2003). 

Expression of the chromosomal AmpC gene is normally low. 

However, gene amplification within the chromosome, or mutations 

in the promoter region, may lead to an over-expression of the AmpC 

β-lactamase (Siu et al., 2003; Caroff et al., 1999; Fernandez-Cuenca 

et al., 2005; Tracz et al., 2005), and this over-expression is inducible 

by the presence of β-lactams (Hanson and Sanders, 1999). 

The phenotype of bacteria over-expressing AmpC β-lactamases is 

similar to ESBLs, in that they hydrolyze first, second and third 

generation cephalosporins (Philippon et al., 2002).  
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However, unlike ESBLs, these isolates are poorly inhibited by β-

lactamase inhibitor and they hydrolyze cefoxitin (Nelson and Elisha, 

1999). 

AmpC β-lactamase genes have recently been found on plasmids that 

transfer non-inducible cephalosporin resistance. 

These mobile AmpC genes originate from natural producers, such as 

the Enterobacter group (MIR, ACT), the Citrobacter freundii group 

(CMY-2-like, LAT, CFE), the Morganella morganii group (DHA), 

the Hafnia alvei group (ACC), the Aeromonas group (CMY-1-like, 

FOX, MOX) and the Acinetobacter baumannii group (ABA). 

The most prevalent and widely disseminated are the CMY-2-like 

enzymes. 

Plasmids harboring genes encoding AmpC β-lactamases frequently 

carry resistance genes for other classes of antimicrobials, such as 

aminogylcosides, chloramphenicol, sulfonamides, tetracyclines and 

trimethoprim (Philippon et al., 2002). 

Clinical isolates frequently produce an AmpC β-lactamase in 

addition to another β-lactamase, harboured either on the same 

plasmid or on a different plasmid (Philippon et al., 2002). 
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Therefore, the phenotypic detection of plasmid-encoded AmpC β- 

lactamases is difficult, and frequently these β-lactamases can be 

misidentified as ESBLs (Hanson, 2003). 
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1.4.3 Carbapenemases 

The spread of β-lactamase producing Enterobacteriaceae, able to 

hydrolyze almost all cephalosporins except carbapenems (Pitout and 

Laupland, 2008), highlighted how essential is to maintain clinical 

efficacy of carbapenems, which have become the “last resort” 

antimicrobial drugs. 

These agents are essential keys to prevent and treat nosocomial 

infections that are often associated with techniques developed in the 

field of modern medicine like transplants, admissions to intensive 

care units and highly technical surgeries (Nordmann et al., 2011). 

Nonetheless, isolation of Enterobacteriaceae resistant to 

carbapenems is nowadays reported worldwide (Queenan and Bush, 

2007). 

Carbapenemases producing Enterobacteriaceae do not produce 

specific clinical infections. 

The role of these bacteria is linked more to the difficulty of treating 

infections rather than to the expression of specific traits of virulence. 

The first carbapemenase-producing species (NmcA-producing 

Enterobacter cloacae) was identified in 1993 (Naas and Nordmann, 

1994). 
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Since then, several carbapenemases have been identified and they 

belong to Ambler Classes A, B, and D. 

In addition, a rare chromosome-encoded cephalosporinase belonging 

to class C may express a certain activity against carbapenems, 

although its clinical role remains unknown (Queenan and Bush, 

2007; Giske et al., 2009). 
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1.4.3.1 Class A Carbapenemases 

To date, numerous class A carbapenemases have been described, 

some encoded by chromosomes (NmcA, Sme, IMI-1, SFC-1) and 

others encoded by plasmids (Klebsiella pneumoniae carbapenemase 

[KPC], IMI, KPC-2, GES and derivatives). 

All hydrolyze effectively carbapenems and are partially inhibited by 

clavulanic acid (Queenan and Bush, 2007). 

The first producer of KPC, a KPC-2 producing K. pneumoniae, was 

identified in 1996 in the eastern United States (Yigit et al., 2001). 

Numerous producers of KPC were later reported, especially 

nosocomial strains of K. pneumoniae but also strains of E. coli and 

other species of Enterobacteriaceae (Nordmann et al., 2009). 
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1.4.3.2 Class B Carbapenemases (Metallo β-lactamase) 

Class B metallo-β-lactamases (MBLs) are represented by the 

metallo-β-lactamase Verona (VIM), encoded by integrons, the IMP 

types and more recently, the New Delhi metallo-β-lactamase-1 

(NDM-1) (Queenan and Bush, 2007; Walsh et al., 2005). 

The first acquired MBL, called IMP-1, was reported in Serratia 

marcescens in Japan in 1991 (Ito et al., 1995). In recent years MBLs 

have been described worldwide (Queenan and Bush, 2007; Walsh et 

al., 2005). 

These enzymes hydrolyze all β-lactams except aztreonam (Walsh et 

al., 2005) and their activity is inhibited by EDTA, but not by 

clavulanic acid (Walsh et al., 2005). 

Several producers of MBLs are nosocomial multidrug-resistant 

strains of K. pneumoniae (Walsh et al., 2005), which are associated 

to a high mortality rate (18-67% of human patients) (Daikos et al., 

2009). 

Discovered in 2008 in Sweden in an Indian patient with a history of 

previous hospitalization in New Delhi (Yong et al., 2009), NDM-1-

producing Enterobacteriaceae are the new focus of world attention 

today (Daikos et al., 2009; Nordmann et al., 2011). 
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Compared to other carbapenemases, NDM-1 has several features that 

are deeply worrying to public health in the world (Nordmann et al., 

2011). 

Occurrence of blaNDM-1 gene is not in a single species but in many 

unrelated species, as it spreads in the environment. 

It is frequently acquired by K. pneumoniae, a typical nosocomial 

pathogen, and by E . coli, which is by far the most widespread human 

pathogen. 

Moreover, dangerous human reservoirs have been identified (e.g. in 

some areas of Pakistan, ≤ 20% of the population hosts NDM-1 

producers) (Nordmann et al., 2011). 

Of particular interest was the identification of NDM-1 strains of E. 

coli type ST-131, responsible for community infections (Poirel et al., 

2010), because this organism can increase the risk of releasing drug-

resistant strains into the environment. 

The level of resistance to carbapenems can vary. 

Plasmids carrying blaNDM-1 gene are different and can harbour a 

large number of resistance genes associated with other 

carbapenemases genes (OXA48 types, other types of VIM), plasmid-

mediated cephalosporinases genes, ESBLs genes, genes of resistance 
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to aminoglycoside (16S RNA methylase), resistance genes to 

macrolides (esterase), rifampicin resistance genes (rifampin 

modifying enzymes) and sulfamethoxazole resistance determinants. 

Therefore, they represent a source of multidrug resistance 

(Nordmann et al., 2011; Kumarasamy et al., 2010). 
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1.4.3.3. Class D Carbapemenases (OXA-48 type) 

The first reported OXA-48 producer was a strain of K. pneumoniae 

isolated in Turkey in 2003 (Poirel et al., 2004). 

Since then, OXA-48 producers have been widely reported in Turkey 

as a source of nosocomial outbreaks (Carrer et al., 2010; Poirel et al., 

2011). 

Their distribution throughout the world now includes countries in 

Europe, in the southern and eastern part of the Mediterranean Sea, 

and Africa (Poirel et al., 2004; 2011). 

OXA-48 is unique because it weakly hydrolyzes carbapenems, third 

generation cephalosporins, such as ceftazidime, and aztreonam 

(Poirel et al., 2004; Castanheira et al., 2011) and its activity is not 

inhibited by EDTA or clavulanic acid. 

Although reported in various species of enteric bacteria, producers of 

OXA-48 are mostly K. pneumoniae and E. coli. 

The mortality rate attributed to infection by producers of OXA-48 is 

unknown (Nordmann et al., 2011). 
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1.5 β-lactamases producing Enterobacteriaceae in 

companion animals 

Emergence of antimicrobial-resistant bacteria in food animals and 

the risk posed to human consumers when these resistant bacteria 

contaminate food products have been a subject of considerable 

concern in the veterinary and human health communities. 

In comparison to people and food animals, relatively few studies 

have addressed the emergence of resistance in small companion 

animals and the relationships between the use of antibacterial agents 

and development of resistance. 

According to the statistics of FEDIAF – The European Pet Food 

Industry (2014), the estimated number of European households 

owning at least one pet animal is 75 millions. 

The most represented species among household pet animals in 

Europe is the feline species, with an estimated total population of 

99.195.251 cats, followed by 81.013.940 dogs, 54.718.038 

ornamental birds, 29.302.020 small mammals, 12.651.000 

ornamental fishes and 7.288.500 reptiles (FEDIAF, Facts and 

Figures, 2014). 
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These data reflect changes in the relationships between humans and 

companon animals, which possess nowadays a well-established 

status of family members. 

Companion animals live in close contact with humans and they might 

contribute substantially to the exposure of humans to ESBL-

producing Enterobacteriaceae (Guardabassi et al., 2004). 

This is associated with unique risks that are broader than risks 

associated with farm animals. In addition, both humans and pet 

animals are exposed to antimicrobial agents for the treatment and 

prophylaxis of diseases (DeVincent and Reid-Smith, 2006). 

Veterinarians frequently use first-line antibacterials, such as 

amoxicillin-clavulanate, cephalosporins, and fluoroquinolones, in 

pet animals and the resultant resistance in pathogenic bacteria as well 

as commensals presents a significant risk for zoonotic transfer 

between pets and people (Guardabassi et al., 2008) 

Such transfer poses a risk to human health, because pets can then 

serve as reservoirs of these microorganisms and as a source of 

infection for other susceptible people and animals living in the same 

household. 
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Similar ESBLs gene types, i.e., CTX-M-14, CTX-M-15, SHV-12, 

and CMY-2, were found in strains originating from humans and 

companion animals (Ewers et al., 2012). Additionally, transmission 

of CTX-M-15-carrying ST131 and ST648 Escherichia coli strains 

between dogs and humans has been suggested (Ewers et al., 2010; 

Ewers et al., 2014). 

This underlines the importance of investigating the role of 

companion animals in the epidemiology of ESBL-producing 

Enterobacteriaceae. 

β-lactamases producing Enterobacteriaceae isolates from 

companion animals have been reported worldwide, both in healthy 

(Costa et al., 2004; Guardabassi et al., 2004; Albrechtova et al., 2012; 

Gandolfi-Decristophoris et al., 2013; Belas et al., 2014) and diseased 

animals (Carattoli et al., 2005; Dierikx et al., 2011; Hordijik et al., 

2013; Huber et al., 2013; O’Keefe et al., 2010; Schink et al., 2011). 

Studies evaluating the colonization rates of healthy companion 

animals with β-lactamases producers have been small, including at 

most just over 200 dogs and 50 cats, as reported in a study by 

Albrechtova et al. (2012). 
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In this study, n=2 MDR ESBL-positive E. coli were isolated from 

two healthy cats, harbouring both blaCTX-M-15 and blaOXA-1, in 

Northern Kenya, representing the 4% of total n =50 isolates from 

rectal swabs of n=50 cats. In the same study, a total of 47 (22%, n = 

216) ESBL-positive E. coli isolates were obtained from dogs. 

In a study conducted in Tunisia, n= 8 blaCTX-M-1 producing E. coli 

were isolated from fecal samples of 39 healthy cats (Sallem et al., 

2013). 

In a canadian study, the prevalence and patterns of antimicrobial 

susceptibility of fecal Escherichia coli and extended-spectrum β-

lactamase producing E. coli were determined for healthy cats (n = 

39) from veterinary hospitals in southern Ontario. 

The prevalence of antimicrobial resistance in E. coli was obtained 

against streptomycin (2%), ampicillin (4%), cephalothin (< 1%), and 

tetracycline (2%), with the 15% of cats harbouring isolates resistant 

to at least 2 antimicrobials. However, none harboured an ESBL 

(Murphy et al., 2009). 

In Europe, in a study conducted in Switzerland among healthy 

animals in community and living in nursing homes, only 2% (n=4) 

of n=202 cats were carrying ESBL producing Enterobacteriaceae 
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(Gandolfi-Decristophoris et al., 2013), represented by E. coli, K. 

pneumoniae, and Enterobacter spp. 

In Portugal, a rate of 12.1% of ESBLs producing E.coli has been 

reported on a population of n=36 healthy cats (Costa et al., 2008). 

Surveys of diagnostic isolates have identified β-lactamases 

producing Enterobacteriaceae also in diseased cats. 

In the Netherlands, Dierikx et al. (2012) reported a total of n=11 

Enterobacteriaceae isolates from diseased cats, expressing an 

ESBL/AmpC resistance phenotype. 

Among members showing an ESBL resistance profile, n=2 blaCTX-

M-1 harbouring E. coli from urine, n=1 blaCTX-M-2 and blaTEM-

1 harbouring E. coli from urine and n=1 blaTEM-52 harbouring S. 

enterica from faeces, were isolated. 

Among isolates with an AmpC profile, n=1 blaCMY-2 harbouring 

P. mirabilis from urine, n=1 blaCMY-2 and blaSHV-1 harbouring E. 

coli, n=1 E. coli from bile with chromosomal ampC mutation and 

n=2 blaTEM-1harbouring E. cloacae from wounds, were isolated. 

N=1 blaCTX-M-9 harbouring E. cloacae isolated from a wound 

presented a combined ESBL/AmpC profile, while n=1 blaTEM-1 
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and blaOXA-1 harbouring E. coli from a wound showed 

inconclusive results in the combination disc test. 

Authors from Switzerland identified n=1 blaCTX-M-15 harbouring 

E. coli and n=2 blaCTX-M-15 and blaTEM harbouring E. coli 

among n=40 feline urinary isolates (Huber et al., 2013), belonging to 

phylogroup A and D, respectively. 

Also in Europe, in a small Dutch study of healthy (n=20) and 

diarrheic (n=20) cats, the frequency of colonization with ESBLs and 

AmpC producing Enterobacteriaceae was 0% and 12.5%, 

respectively, and blaCTX-M-1 producers predominated (Hordijk et 

al., 2013). 

The first detection of CTX-M ESBLs in uropathogenic E. coli in the 

United States has been reported by O’Keefe et al. (2010): a total of 

n=12 isolates producing blaCMY and blaCTX-M-15 were found, 

accounting for n=10 and n=4 feline urinary isolates, respectively, 

with n=2 isolates harbouring both blaCMY and blaCTX-M-15. 

Only one study has been conducted that included the sole feline 

species (Nebbia et al., 2014), the most represented species among 

household pet animals, nowadays accounting for the 26% of total 

household pet animals in Europe.  
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Indeed, most of the studies included also other domestic animals like 

dogs, horses and farm animals (Carattoli et al., 2005; Costa et al., 

2004; Dierikx et al., 2012; Huber et al., 2013; Murphy et al., 2009; 

O’Keefe et al., 2010; Sallem et al., 2013; Schink et al., 2011). 

Moreover, in these studies, isolates were obtained from organs at 

necropsy (Carattoli et al., 2005), faeces from healthy cats (Costa et 

al., 2004; Murphy et al., 2009; Sallem et al., 2013), urinary tract 

infections (Huber et al., 2013; O’Keefe et al., 2010) and in one study 

(Schink et al., 2011), results of isolates from dogs and cats were 

presented together. 

In Italy, only few studies (Carattoli et al., 2015; Donati et al.,2014; 

Nebbia et al., 2014) have been conducted about detection of beta-

lactamases in companion animals including cats. 

Carattoli et al. (2005) reported three multidrug-resistant blaCTX-M-

1 and blaTEM producing E. coli isolated at necropsy from organs of 

diseased cats. 

More recently,  Nebbia et al. (2014) described E. coli isolates from 

cats with urinary tract infection, characterized by multidrug-

resistance, production of ESBLs and pAmpC genes (namely, 

blaCTX-M-1, -14, -15, blaCMY-2 and blaTEM-1) and possession of 
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virulence factors linked to the pathogenicity of extraintestinal 

pathogenic E. coli. Moreover, the first uropathogenic blaCTX-M-

producing E. coli ST131 in cats in Italy was described in the same 

study. 

Another study (Donati et al., 2014) described isolates of Klebsiella 

pneumoniae and K. oxytoca from cats at necropsy, which showed 

extended-spectrum cephalosporin resistance and harboured ESBLs 

or pAmpC genes and plasmid-mediated quinolone resistance genes. 

In summary, antimicrobial resistance of small animal pathogens 

varies considerably depending on geographic location and the 

specific microorganism of interest. 

Although resistance of microorganisms affecting small animals may 

be less widespread than in human beings and food animals, probably 

because of differences in antibacterial exposure, there are 

nevertheless sufficient data to conclude that the prevalence of 

resistance in dogs and cats is high enough to pose therapeutic 

challenges and to justify development and implementation of 

strategies to retard further development of resistance. 
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2.1 Aims 

 

1. To investigate the antimicrobial resistance of 

Enterobacteriaceae isolates from a population of diseased cats 

in Sicily, with emphasis on multidrug resistance 

 

2. To detect and characterize the ESBLs and Plasmid-Mediated 

AmpC-β-lactamases resistance mechanisms 
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2.2 Materials and Methods 

2.2.1   Study design, animals and sampling 

From November 2014 to February 2015, clinical samples were 

collected from n=101 cats admitted to the Veterinary Teaching 

Hospital of the Department of Veterinary Sciences of the University 

of Messina (Italy) and to private veterinary practices of the cities 

Palermo and Messina (Italy). 

Samples were collected using sterile Amies medium swabs (rectal, 

nasal, etc.) and only one sample per animal was collected, for a total 

of n=100 swabs. One sample was represented by urine collected in a 

container. 

The animals’ owners were questioned verbally on data concerning 

race, age, sex, Feline Immunodeficiency Virus (FIV) and Feline 

Leukaemia Virus (FeLV) infection status, previous hospitalization, 

currently and previously administered antimicrobial treatment. 
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2.2.2 Bacterial isolation and identification 

Samples were transported to the Laboratory of Bacteriology, 

Department of Veterinary Sciences, Messina (Italy), where analyses 

were carried out immediately. 

Swab material was inoculated in buffered peptone water, incubated 

18-24h at 37°C and subcultured onto MacConkey agar 18-24 hours 

at 37°C. 

The species of each isolate was determined by matrix-assisted laser 

desorption ionization–time of flight mass spectrometry (MALDI-

TOF MS). 
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2.2.3 Antimicrobial susceptibility testing 

Susceptibility testing was performed using the disk diffusion method. 

The density of bacterial inoculum (a saline suspension) used in the 

test was equivalent to a 0.5 McFarland standard. 

Bacteria were spread to a Mueller-Hinton agar plate and 

antimicrobial agent disks were placed on the surface of the medium. 

Plates were incubated for 18 hours at 37°C in aerobic conditions, and 

the diameters of complete growth inhibition zones were measured. 

The following antimicrobial disks were used: 30 µg amikacin (AK), 

30 µg amoxicillin-clavulanic acid (AUG), 30 µg aztreonam (ATM), 

5 µg cefotaxime (CTX), 10 µg ceftazidime (CAZ), 30 µg ceftriaxone 

(CRO), 5 µg ciprofloxacin (CIP), 30 µg chloramphenicol (C), 10 µg 

meropenem (MRP), 25 µg thrimethoprim-sulfamethoxazole (SXT). 

Isolates were classified as susceptible or resistant according to the 

clinical breakpoints of the European Committee on Antimicrobial 

Susceptibility Testing Breakpoint tables for interpretation of MICs 

and zone diameters (EUCAST, 2015).  
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Isolates displaying resistance to at least one antimicrobial in at least 

three categories were considered as multidrug-resistant (Schwarz et 

al., 2010). 

The analysis was performed for eight antimicrobial categories: 

penicillin with β-lactamase inhibitor (amoxicillin/clavulanic acid), 

extended-spectrum cephalosporines (cefotaxime, ceftazidime, 

ceftriazone), carbapenems (meropenem), monobactams (aztreonam), 

aminoglycosides (amikacin), fluoroquinolones (ciprofloxacin), 

folate pathway inhibitors (sulfamethoxazole/trimethoprim) and 

phenicols (chloramphenicol). 
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2.2.4 Detection of β-lactamases production 

Isolates resistant to 3rd generation cephalosporins (cefotaxime, 

ceftazidime, ceftriaxone) were considered as ESBLs and AmpC 

producers. 

ESBLs production was confirmed by phenotypic synergy test 

(Combination Disk Test), in which disks containing a cephalosporin 

alone (cefotaxime, ceftazidime, cefepime) and in combination with 

clavulanic acid are applied, according to EUCAST guidelines for the 

detection of resistance mechanisms and specific resistances of 

clinical and/or epidemiological importance (www.eucast.org). 
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2.2.5 Bacterial genotyping for resistance genes 

This study focused on plasmid-mediated ESBL genes. 

Biomolecular analyses were conducted at the Laboratory of 

Antibiotic and Biocide Resistance, Faculty of Veterinary Medicine, 

Lisbon (Portugal).  

Isolates resistant to 3rd generation cephalosporins and positive to 

phenotypic confirmation method for ESBLs detection were subjected 

to PCRs targeting the presence of ESBLs encoding genes blaCTX-M, 

blaSHV, blaTEM and blaOXA-1 (Edelstein et al., 2003; Pomba et al., 

2006). The blaCTX-M-group1, -group9, -group2, -group8 and -

group25 genes were identified by PCR with specific primers and 

positive amplicons were submitted to nucleotide sequencing 

(Woodford et al., 2005). 

A multiplex-PCR for plasmid-borne genes encoding AmpC β-

lactamases (blaCIT, blaFOX, blaDHA, blaMIR, blaACT, blaMOX) was 

performed, using specific primers as previously described (Pérez and 

Hanson, 2002). Isolates positive for the pAmpC group CIT were 

submitted to nucleotide sequencing after a specific PCR targeting the 

entire blaCMY (Belas et al., 2014). 
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2.2.6 Detection of Phylogenetic groups and Detection of clonal 

group O25b:H4-B3-ST131 

E. coli harbouring resistance genes were categorised into 

phylogroups (A, B1, B2 or D) by multiplex PCR as decribed by 

Doumith et al. (2012). 

Isolates belonging to group B2 were screened for detection of the 

human pandemic clone O25b:H4-B3-ST131 by PCR with specific 

primers for O25b rfb, allele 3 of pabB gene to identify as described 

by Clermont et al. (2009). 
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2.2.7 Statistical analyses 

Statistical analyses were performed using EPITools 

(http://epitools.ausvet.com.au/content.php?page=PrevalenceS). 

Results are presented as prevalence with a Wilson 95% confidence 

interval, expressed in percentage. 
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2.3 Results 

2.3.1 Study population 

The study population included cats showing clinical signs of several 

diseases, as shown in Table 2. 

 

Table 2. Diseases affecting sampled animals 

Disease N° Cats 

Diarrhoea 59 

Rhinitis 31 

Otitis 4 

Conjunctivitis 3 

Stomatitis 2 

Cystitis 1 

Abscess 1 

                       Total            101 
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Diarrheic cats (n= 59) represented the most numerous group of the 

study population (58.4%), followed by n= 31 cats (30.7%) with 

rhinitis, n= 4 cats with otitis (3.9%), n= 3 cats with conjunctivitis 

(2.9%), n= 2 cats with stomatitis (2%), n= 1 cat with abscess (1%) 

and n= 1 cat with cystitis (1%). 

Cats with diarrhea and rhinitis were chronically affected with 

recurring symptoms. 

Cats were all European Shorthair, with a median age of 3.7 years (8 

months – 12 years). 

Fifty-one percent (n=51) were males, 49% (n=50) were females. 

Sixty-three percent lived in shelters (n=64), 37% (n=37) were 

household cats. 

Eight cats (7.9%) were positive for FIV infection (n=1 with abscess, 

n=3 with rhinitis, n=4 with diarrhea). 

Eighty-five percent of cats (n=86) had never received an 

antimicrobial treatment. 

Fifteen percent (n=14) had been treated during the last year with 

compounds belonging to several antimicrobial classes, namely: 

amynoglycosides (streptomycin), β-lactams (cefadroxil, cefovecin, 
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ceftiofur, penicillin G), phenicols (florfenicol), fluoroquinolones 

(enrofloxacin), macrolides (spiramycin), nitroimidazoles 

(metronidazole), polymyxins (polymyxin B) and tetracyclines 

(doxycycline). 

At the moment of sample collection, 17% (n=17) of cats were under 

antimicrobial treatment with various compounds, namely: 

amoxicillin-clavulanic acid, cefovecin, ceftiofur, doxycycline, 

enrofloxacin, spiramycin+metronidazole. No prior antimicrobial 

susceptibility test was ordered by treating veterinarians before 

starting the antimicrobial treatment. 

Cats under antimicrobial treatment included n=10 cats with rhinitis 

(treated with amoxicillin-clavulanic acid, enrofloxacin, ceftiofur and 

doxycycline), n=5 cats with diarrhea (treated with 

spiramycin+metronidazole, cefovecin and enrofloxacin), n=1 cat 

with otitis and n=1 cat with stomatitis (both treated with cefovecin). 

Cats with diarrhoea had a median age of 3.5 years (8 months – 8 

years). Twenty-eight were females (47.4%), n= 31 (52.6%) were 

males; 47.5% (n=28) were household cats, three of which were FIV 

positive; 52.1% (n=31) lived in shelters, one of them being FIV 

positive. At the time of sample collection, n=5 diarrheic cats (8.5%) 
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were under antimicrobial treatment (cefovecin, enrofloxacin, 

spyramycin and metronidazole) and other five cats had received an 

antimicrobial treatment in the last year (amoxicillin-clavulanic acid, 

cefovecin, enrofloxacin). 

Cats affected by rhinitis (n=31) had a median age of 3.5 years (1-8 

years); 54.8% (n=17) were females, 45.2% (n=14) were males. 

Eighty percent (n=25) were living in shelters, three of which were 

FIV positive cats, 20% (n=6) were household cats. Thirty-eight point 

seven percent (n=12) were under antimicrobial treatment 

(amoxicillin-clavulanic acid, ceftiofur, doxycycline, enrofloxacin) 

and 22.6% (n=7) had an antimicrobial treatment in the last year 

(amoxicillin-clavulanic acid, benzilpenicilline-diidrostreptomicine, 

cefadroxil, ceftiofur, cefovecin, doxicicline, florfenicol, spyramycin-

metronidazole). 
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2.3.2. Enterobacteriaceae isolates 

A total of 101 samples were screened, and 91 samples were culture 

positive on MacConkey Agar, resulting in 125 isolates. 

A single bacterial species was isolated in n=81 samples (89%); two 

or more bacterial species were isolated in n=10 samples (11%). 

All isolated bacterial species are displayed in Table 3. 

Fifty-two percent (n=65) were E. coli, 16 % (n=20) Enterobacter 

spp., 10.4 % (n=13) Proteus spp., 9.6 % (n=12) Citrobacter spp. and 

4.8 % (n=6) Providencia spp. 

Two strains per each were isolated for Buttiauxiella agrestis, 

Kluyvera spp. and Serratia liquefaciens. 

A single strain per each was isolated for Hafnia alvei, Klebsiella 

oxytoca and Leclercia adecarboxylata. 
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Table 3. Enterobacteriaceae isolates and disease condition 

Species Rhinitis Diarrhoea Other 
conditions* 

E. coli (n=65) 12 40 13 

Enterobacter species 
(n=20) 

6 14 - 

Proteus species (n=13) 1 12 - 

Citrobacter species (n=12) 5 7 - 

Providencia species (n=6) 1 5 - 

Buttiauxella agrestis (n=2) 1 1 - 

Kluyvera species (n=2) - 2 - 

Serratia liquefaciens (n=2) 2 - - 

Hafnia alvei (n=1) - 1 - 

Klebsiella oxytoca (n=1) 1 - - 

Leclercia adecarboxylata 
(n=1) 

 1 - 

     *abscess, conjunctivitis, cystitis, otitis, stomatitis 
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Eighty-three Enterobacteriaceae, which represented the 66.4% of 

total isolates, were isolated from samples of fifty-eight cats with 

diarrhea. 

Species isolated from cats with diarrhea were represented by E. coli 

(n=40), Enterobacter spp. (n=14), Proteus spp. (n=12), Citrobacter 

spp. (n=7), Providencia spp. (n=5), Kluyvera spp. (n=2), Buttiauxella 

agrestis (n=1), Hafnia alvei (n=1) and Leclercia adecarboxylata 

(n=1). 

Twenty-nine strains were isolated from samples of twenty-four cats 

with rhinitis, accounting for the 24% of total isolates. 

They were represented by E. coli (n=12), Enterobacter spp. (n=6), 

Citrobacter spp. (n=5), Proteus mirabilis (n=1), Serratia 

liquefaciens (n=2), Buttiauxella agrestis (n=1), Klebsiella oxytoca 

(n=1) and Providencia rettgeri (n=1). 

The rest of the strains (9.6%), represented by thirteen E. coli, were 

isolated from a cat with abscess (n=1), two cats with conjunctivitis 

(n=3), one cat with cystitis (n= 3), four cats with otitis (n=4) and two 

cats with stomatitis (n=2).  
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2.3.2 Antimicrobial susceptibility 

The highest rates of resistance among all Enterobacteriaceae isolates 

(n=125) were observed to amoxicillin-clavulanic acid (48.8%), 

ceftazidime (40%), ceftriaxone (40.8%) and cefotaxime (38.4%). 

Although lower, resistances to amikacin (31.2%), aztreonam (32%), 

chloramphenicol (24%), ciprofloxacin (23.2%) and 

sulphamethoxazole-trimethoprim (33.6%) were also significant. 

All isolates were clinically susceptible to meropenem. 

Overall prevalence of resistance is shown in Table 4. 
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Table 4. Overall prevalence % (95% CI) of resistance among n=125 

Enterobacteriaceae isolates 

Molecule 95% CI Prevalence 

AUG 48.8 (40.2 – 57.5) 

n=61 

CTX 38.4 (30.3 – 47.2) 

n=48 

CAZ 40 (31.8 – 48.8) 

n=50 

CRO 40.8 (32.6 – 49.6) 

n=51 

ATM 32 (24.5 – 40.6) 

n=40 

CIP 23.2 (16.7 – 31.3) 

n=29 

AK 31.2 (23.7 – 39.8) 

n=39 

C 24 (17.4 – 32.2) 

n=30 

SXT 33.6 (25.9 – 42.3) 

n=42 

MRP 

MDR 

0 

44.8 (36.4 – 53.5) 

n=56 
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Prevalence of resistant E. coli, Citrobacter spp., Enterobacter spp. 

and Proteus spp., isolated in cats with diarrhea and rhinitis, which 

represented the most numerous groups, are shown in Table 5 and 

Table 6. 

Among n=67 isolates resistant to 3rd generation cephalosporines, 

n=49 (73.1%) were confirmed as ESBLs producers phenotypically 

by Combination Disk Test, represented by n=21 E. coli, n=9 Proteus 

spp., n=8 Enterobacter spp., n=5 Citrobacter spp., n=2 Kluyvera 

spp., n=2 Serratia spp., n=1 Providencia rettgeri and n=1 Hafnia 

alvei. 

Multidrug-resistance was displayed by 44.8% (n=56) of total 

isolates, accounting for n=27 E. coli, n=11 Proteus spp., n=3 

Citrobacter spp., n=7 Enterobacter spp., n=2 Providencia spp., n=2 

Buttiauxella agrestis, n=2 Kluyvera spp., n=1 Serratia liquefaciens 

and n=1 Klebsiella oxytoca. Overall, they displayed twenty-nine 

different resistance profiles (Table 7). 

Among total E. coli (n=65), Proteus spp (n=13) Enterobacter spp. 

(n=20) and Citrobacter spp. (n=12) isolated in the study, 41.5% 

(n=27), 85% (n=11), 35% (n=7) and 25% (n=3) were MDR, 

respectively. 
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Twenty-nine different resistance profiles were displayed (Table 7). 

Resistance to third generation cephalosporins was associated to 

resistance to sulphamethoxazole-thrimetoprim, ciprofloxacin, 

amikacin or chloramphenicol in the 56.5% (n=35), 38.7% (n=24), 

35.5% (n=22) and 42% (n=26) of MDR strains. 
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Table 7. Resistance patterns detected in n=56 multidrug-resistant 

Enterobacteriaceae isolated from n=42 cats– (A.C. = antimicrobial classes; 

CEPH= third generation cephalosporines) 

A.C. Phenotypes Isolates Disease N°Animals 
3 AUG, AK, SXT E. coli (n=2); Proteus 

spp. (n=1) 
Diarrhea, Rhinitis; Diarrhea N=2 

AUG, CEPH, SXT E. coli (n=2) Rhinitis, Diarrhea N=2 
AUG, CEPH, CIP E. coli (n=1); Proteus 

spp. (n=1) 
Rhinitis; Diarrhea N=2 

AUG, CEPH, C Kluyvera spp. (n=1); 
Serratia spp. (n=1) 

Diarrhea; Rhinitis N=2 

AUG, CEPH, ATM E. coli (n=2) Conjunctivitis, Diarrhea N=2 
CEPH, CIP, SXT Buttiauxella spp. (n=1) Diarrhea  N=1 
CEPH, C, SXT Citrobacter spp. (n=1) Diarrhea  N=1 
CEPH, AK, C Enterobacter spp. (n=1) Rhinitis N=1 
CEPH, ATM, AK Enterobacter spp. (n=1) Rhinitis N=1 
ATM, CIP, C Klebsiella oxytoca (n=1) Rhinitis N=1 

4 AUG, CEPH, ATM, SXT E. coli (n=3) Rhinitis (n=1), Diarrhea 
(n=2) 

N=2 

AUG, CEPH, CIP, C Proteus spp. (n=1) ; 
Kluyvera spp. (n=1) 

Diarrhea; Diarrhea N=2 

AUG, CEPH, C, SXT Proteus spp. (n=2) Diarrhea N=2 
AUG, CEPH, CIP, AK E. coli (n=1) Conjunctivitis N=1 
CEPH, ATM, CIP, AK Citrobacter spp. (n=1) Diarrhea N=1 
CEPH, ATM, AK, SXT E. coli (n=1) Otitis N=1 
CEPH, ATM, C, SXT Enterobacter spp. (n=1) Diarrhea N=1 
CEPH, ATM, CIP, SXT Enterobacter spp. (n=1) Diarrhea N=1 

5 AUG, CEPH, ATM, AK, SXT E. coli (n=4) Diarrhea (n=2), Rhinitis 
(n=1), Stomatitis (n=1) 

N=4 

AUG, CEPH, ATM, CIP, SXT E. coli (n=3) Abscess (n=1), Diarrhea 
(n=1), Rhinitis (n=1) 

N=3 

AUG, CEPH, ATM, AK, C E. coli (n=3) Cystitis (n=1), Diarrhea 
(n=2) 

N=3 

AUG, CEPH, ATM, C, SXT Proteus spp. (n=3) Diarrhea N=2 
AUG, CEPH, ATM, CIP, AK Buttiauxella spp. (n=1); 

Providencia spp. (n=1) 
Diarrhea; Rhinitis N=2 

AUG, CEPH, CIP, C, SXT Proteus spp. (n=2) Diarrhea N=2 
CEPH, ATM, CIP, C, SXT Citrobacter spp. (n=1); 

Enterobacter spp. (n=2) 
Rhinitis; Diarrhea   N=2 

CEPH, ATM, CIP, AK, SXT Enterobacter spp. (n=1); 
Providencia spp. (n=1) 

Diarrhea; Rhinitis 
 

N=2 

6 AUG, CEPH, ATM, AK, C, 
SXT 

E. coli (n=1) 
 

Otitis 
 

N=1 

AUG, CEPH, ATM, CIP, C, 
SXT 

E. coli (n=1) 
 

Cystitits 
 

N=1 

7 AUG, CEPH, ATM, CIP, AK, 
C, SXT 

E. coli (n=3); Proteus 
spp. (n=1) 

Cystitis (n=1), Diarrhea 
(n=2); Diarrhea 

N=4 
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Multidrug-resistant Enterobacteriaceae were harboured by the 47% 

(n=42) of cats (n=90). 

These cats were affected by diarrhoea (n=24), rhinitis (n=12), otitis 

(n=2), abscess (n=1, conjunctivitis (n=1) cystitis (n=1) and stomatitis 

(n=1). 

Among the n=24 diarrheic cats haurbouring MDR strains, n=12 were 

from shelters, with only one cat being under antimicrobial treatment; 

n=12 were household; one cat tested positive for FIV and n=4 cats 

were receiving an antimicrobial treatment (Table 8). 

They represented the 42%% of diarrheic cats included in the study 

from which Enterobacteriaceae members were isolated (n=57). 
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Table 8. Clinical data of n=24 diarrheic cats harbouring MDR isolates (M=male; 

F=female; H=household; S=shelter; Antimicrobial therapy = therapy at the 

moment of sample collection) 

 

 

 

ID MDR isolates Age 
(y) 

Sex Habitat FIV/FeLV Antimicrobial therapy 

2588 E. coli 4 M H neg - 
2589 Proteus mirabilis 

(n=2) 
5 M H neg Enrofloxacin, 

Spiramycin, Metronidazol 
2590 E. coli 2 F H neg - 
2597 E.coli 1 F H neg - 
2607 Citrobacter spp. 5 F S neg - 
2613 E.coli 2 F S neg - 
2616 E.coli (n=2) 3 F S neg - 
2619 Proteus spp. (n=2) 2 F H FIV+ - 
2622 Proteus spp. 3 M H neg Cefovecin 
2639 E.coli 6 M H neg Spiramycin+Metronidazol 
2644 E.coli 5 F S neg Cefovecin 
2650 Kluyvera spp. 

(n=2)+ E.coli 
7 M S neg - 

2653 Proteus spp. 7 M H neg Cefovecin 
2657 Proteus spp. (n=2) 5 M S neg - 
2660 Citrobacter spp 2 M S neg - 
2664 Proteus spp. (n=2) 3 F H neg - 
2665 Proteus spp. 4 F S neg - 
2667 E.coli 3 M S neg - 
2670 E.coli 4 F S neg - 
2674 Enterobacter spp. 

(n=2) 
4 M S neg - 

2675 Buttiauxiella spp. 3 M S neg - 
2677 E.coli 2 F H neg - 
2686 Providencia spp. 4 M H neg - 
2855 Enterobacter spp. 

(n=3) 
3 F H neg - 

125 
 



Among cats affected by rhinitis and harbouring MDR isolates 

(n=12), n=11 were from shelters, n=1 was household. Among shelter 

cats, n=2 had tested positive for FIV and n=8 were under 

antimicrobial treatment (Table 9). 

They represented the 50% of total n=24 cats with rhinitis included in 

the study from which Enterobacteriaceae members were isolated. 
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Table 9. Clinical data of n=12 cats affected by rhinitis and harbouring 

MDR strains (y=years; M=male; F=female; H=household; S=shelter, 

Antimicrobial therapy = therapy at the moment of sample collection)  

 

 

 

 

 

 

 

 

ID MDR isolates Age 
(y) 

Sex Habitat FIV/FeLV Antimicrobial therapy 

2626 Buttiauxiella spp. 3 F S Neg Ceftiofur 
2627 Citrobacter spp. 6 M S Neg Amoxicillin/Clavulanate 
2608 E. coli 5 F S Neg Amoxicillin/Clavulanate 
2635 E. coli; 

Enterobacter spp. 
2 F S Neg Amoxicillin/Clavulanate 

2642 E.coli 6 F S Neg - 
2618 E.coli 4 F S Neg - 
2637 E.coli 5 F S Neg - 
2652 E.coli 4 M S Neg Enrofloxacin 
2640 Enterobacter spp. 4 M S FIV+ Amoxicillin/Clavulanate 
2592 Klebsiella oxytoca 1 M H Neg - 
2620 Providencia spp. 3 M S Neg Enrofloxacin 
2631 Serratia spp. 6 M S FIV+ Ceftiofur 
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The rest of cats harbouring MDR isolates had otitis (n=2), stomatitis 

(n=1), cystitis (n=1), conjunctivitis (n=1) and abscess (n=1) (Table 

10). 

Four were shelter cats (n=1 with abscess, n=1 with conjunctivitis, 

n=1 with otitis, n=1 with stomatitis), of which one had tested positive 

for FIV and n=2 were under antimicrobial treatment. Two were 

household cats (n=1 cat with otitis and n=1 cat with cystitis). 
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Table 10. Clinical data of cats with abscess, conjunctivitis, cystitis, otitis 

and stomatitis, harbouring MDR isolates (y=years; M=male; F=female; 

H=household; S=shelter, Antimicrobial therapy = therapy at the moment of 

sample collection) 

ID  Disease MDR 
isolates 

Age 
(y) 

Sex Habitat FIV/FeLV Antimicrobial 
therapy 

2606 Conjunctivitis E. coli 5 F S neg - 
2610 Abscess E. coli 8 M S FIV+ - 
2600 Otitis E. coli 12 F H neg - 
2612 Otitis E. coli 2 F S neg Cefovecin 
2621 Stomatitis E. coli 3 M S neg Cefovecin 
2977 Cystitis E. coli (n=3) 4 M H neg - 

 

 

 

 

 

 

 

 

 

 

 

129 
 



2.3.4 ESBL/AmpC determinants and phylogeny of E. coli 

A total of n=26 isolates were confirmed as ESBLs/pAmpC β-

lactamases producers by PCR and DNA sequencing. 

They were represented by n=18 E. coli, n=5 Proteus spp. and n=3 

Enterobacter spp. (Table 11). 

Twenty-three isolates were confirmed as ESBLs-producers, 

harbouring different types of bla genes. 

Three types of CTX-M ESBLs were detected, belonging to CTX-M-

1 (n=12), CTX-M-2 (n=1) and CTX-M-9 (n=1) groups. 

The rest of ESBLs producers harboured blaSHV (n=1), blaTEM 

(n=8) and blaOXA-1 (n=6). 

Ten isolates were pAmpC blaCMY-producers, with n=7 isolates also 

harbouring blaTEM (n=4), blaCTX-M (n=2) and blaOXA-1 (n=1). 

All β-lactamases producing isolates were MDR, showing resistance 

to at least three antimicrobial classes. 

Twelve ESBL/pAmpC-producing E. coli belonged to phylogenetic 

groups B2 and D, and were collected from n=6 diarrheic cats (n=3 

living in shelter, n=3 household), n= 1 shelter cat with rhinitis, n= 1 

household cat with cystitis and n= 1 household cat with otitis. 
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The human O25b:H4-B3-ST131 pandemic clone was not detected 

among E. coli strains belonging to phylogenetic group B2. 

Six ESBL/pAmpC-producing E. coli belonged to phylogenetic 

groups A and B1, collected from n=1 FIV positive cat with abscess, 

n=3 cats with rhinitis, n=1 cat with stomatitis and n=1 cat with 

diarrhoea. 

ESBLs/pAmpC β-lactamases-producing isolates (n=26) were 

recovered from n=18 cats (Table 12) of total cats from which 

Enterobacteriaceae members were isolated (n=90), with a 

prevalence of 20% (95% Confidence Interval 13 – 29.4). 

The prevalence of ESBLs/pAmpC β-lactamases producers in 

diarrheic cats and cats with rhinitis was 17.5% (95 % Confidence 

Interval 9.8 – 29.4) and 16.7% (95% Confidence Interval 6.7 – 35.9), 

respectively. 
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Table 11. Resistance determinants and antimicrobial resistance profile of 

ESBLs/pAmpC β-lactamases producing Enterobacteriaceae strains and 

phylogrouping of resistant E. coli. (PG=phylogenetic group) 

 

Species Sample 
ID 

Resistance 
profile 

     PG      Genes       Disease 

E. coli 1 AUG-CAZ-
CRO-ATM-

CIP-SXT 

A SHV-12 Abscess 

E. coli 9 AUG-CTX-
CAZ-CRO-

ATM-AK-SXT 

A CTX-M-15,OXA-1 Stomatitis 

E. coli 13 AUG-CTX-
CAZ-CRO-
ATM-SXT 

B2 CTX-M-3/22/162 Rhinitis 

E. coli 15 AUX-CTX-
CAZ-CRO-

ATM-CIP-SXT 

B1 TEM, OXA-1, 
CMY-2 

Rhinitis 

E. coli 18 AUG-CTX-
CRO-ATM-AK-

SXT 

B1 CTX-M-group2 Rhinitis 

E. coli 24 AUG-CTX-
CAZ-CRO-

ATM-CIP-C-
SXT 

D CTX-M-79, OXA-1 Otitis 

E. coli 25 AUG-CTX-
CRO-SXT 

B1 CTX-M-9, CMY-2 Rhinitis 

E. coli 30 AUG-CTX-
CAZ-CRO-

ATM-CIP-AK-
C-SXT 

D CTX-M-79, CMY-2 Diarrhea 

E. coli 32 AUG-CTX-
CRO-ATM-

CIP-AK-C-SXT 

D TEM Diarrhea 

E. coli 40 AUG-CTX-
CAZ-CRO-
ATM-AK-C 

D CMY-2 Diarrhea 

E. coli 41 AUG-CTX-
CAZ-CRO-
ATM-SXT 

B2 CTX-M-15 Diarrhea 

E. coli 42 AUG-CTX-
CAZ-CRO-
ATM-SXT 

B2 CTX-M-15 Diarrhea 
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E. coli 47 AUG-CTX-
CAZ-CRO-

ATM-CIP-SXT 

B2 CTX-M-15 Diarrhea 

E. coli 48 AUG-CTX-
CAZ-CRO-

ATM-AK-SXT 

B2 TEM, CTX-M-15 Diarrhea 

E. coli 61 AUG-CTX-
CAZ-CRO-

ATM 

B1 CTX-M-15 Diarrhea 

E. coli 65 AUG-CTX-
CAZ-ATM-AK-

C 

B2 CMY-2 Cystitis 

E. coli 71 AUG-CTX-
CAZ-CRO-

ATM-AK-C-
SXT 

B2 OXA-1, CMY-2 Cystitis 

E. coli 72 AUG-CTX-
CAZ-ATM-AK-

C-SXT 

B2 CMY-2 Cystitis 

Enterobacter 
cloacae 

27 CTX-CAZ-
ATM-CIP-AK-

C-SXT 

- CTX-M-15, OXA-1 Diarrhea 

Enterobacter 
cloacae 

28 CTX-CAZ-
CRO-ATM-C-

SXT 

- CTX-M-15, OXA-1 Diarrhea 

Enterobacter spp. 29 CTX-CAZ-
CRO-ATM-
CIP-C-SXT 

- CTX-M-15 Diarrhea 

Proteus mirabilis 43 AUG-CTX-
CAZ-CRO-CIP-

C-SXT 

- TEM,CMY-2 Diarrhea 

Proteus mirabilis 44 AUG-CTX-
CRO-CIP 

- TEM Diarrhea 

Proteus mirabilis 46 AUG-CTX-
CAZ-CRO-

ATM-CIP-AK-
C-SXT 

- TEM Diarrhea 

Proteus mirabilis 66 AUG-CTX-
CAZ-CRO-

ATM-C-SXT 

- TEM,CMY-2 Diarrhea 

Proteus mirabilis 67 AUG-CTX-
CAZ-ATM-C-

SXT 

- TEM,CMY-2 Diarrhea 
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Table 12. Clinical informations of n=18 cats harbouring ESBLs/pAmpC β 

lactamases producing Enterobacteriaceae (y=years; M=male; F=female; 

H=household; S=shelter, Antimicrobial therapy = therapy at the moment of 

sample collection) 

 

ID  Disease Isolates bla Gene Age (y) Sex Habitat FIV/FeLV Antimicrobial therapy 
2588 Diarrhea E. coli CTX-M-79, 

CMY-2 
4 M H Neg - 

2590 Diarrhea E. coli TEM 2 F H Neg - 
2600 Otitis E. coli CTX-M-79, 

OXA-1 
12 F H Neg - 

2608 Rhinitis E. coli CTX-M-9, 
CMY-2 

5 F S Neg Amoxicillin/Clavulanate 

2610 Abscess E. coli SHV-12 8 M S FIV+ - 
2613 Diarrhea E.coli CMY-2 2 F S Neg - 
2616 Diarrhea E.coli (n=2) CTX-M-15 3 F S Neg - 
2618 Rhinitis E.coli TEM, OXA-1, 

CMY-2 
4 F S Neg - 

2619 Diarrhea Proteus spp. 
(n=2) 

TEM, CMY-2; 
TEM 

2 F H FIV+ - 

2621 Stomatitis E.coli CTX-M-15, 
OXA-1 

3 M S Neg Cefovecin 

2622 Diarrhea Proteus spp. TEM 3 M H Neg Cefovecin 
2637 Rhinitis E.coli CTX-M-2-

group 
5 F S Neg - 

2639 Diarrhea E.coli CTX-M-15 6 M H Neg Spiramycin+Metronidazol 
2642 Rhinitis E.coli CTX-M-

3/22/162  
6 F S Neg - 

2657 Diarrhea Proteus spp. 
(n=2) 

TEM, CMY-2 5 M S Neg - 

2670 Diarrhea E.coli CTX-M-15 4 F S Neg - 
2855 Diarrhea Enterobacter 

spp. (n=3) 
CTX-M-15, 

OXA-1 (n=2) ; 
CTX-M-15 

(n=1) 

3 F H Neg - 

2977 Cystitis E.coli (n=3) CMY-2 
(n=2) ; OXA-

1, CMY-2 
(n=1) 

4 M H Neg - 
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Discussion 

This study highlights the large number of cats carrying MDR and 

ESBLs/pAmpC producing Enterobacteriaceae in a variety of clinical 

conditions commonly encountered in practice, reaching the 45% and 

the 20% of isolates studied, respectively. 

Moreover, MDR isolates and ESBLs/pAmpC producers were 

harboured by the 47% and 19% of cats included in the study 

population, representing also an alarming data. 

Resistance prevalence to several antimicrobial classes was 

significantly high, especially to those of antimicrobials that in human 

medicine are categorized as critically important antimicrobials 

(amoxicillin-clavulanic acid, third generation cephalosporins and 

fluoroquinolones) and are commonly used as first line molecules in 

small animal practice. 

Overall, a very high prevalence of resistance to amoxicillin-

clavulanic acid (48.8%), third generation cephalosporins (40%) and 

fluoroquinolones (23%) was found among total isolates, and this 

prevalence was still high when considering single species. 

Fifty-trhee percent and 66.7% of E. coli isolated from diarrheic cats 

and cats with rhinitis, respectively, and 100% of Proteus spp. isolated 

135 
 



in diarrheic cats in the study displayed resistance to amoxicillin-

clavulanic acid. 

This compound represents by far the most prescribed antimicrobial 

to treat companion animals worldwide (Guardabassi et al., 2004; 

Murphy et al., 2012) and results of this study confirmed the high 

frequency of resistance to amoxicillin-clavulanic acid reported 

among clinical E. coli isolates of different origin worldwide (Belmar-

Liberato et al., 2011). 

Authors have previously associated resistance to amoxicillin-

clavulanic acid with the activity of class C β-lactamases or inhibitor-

resistant TEM β-lactamases (Philippon et al., 2002; Thomson, 2010). 

This association was observed in this study through detection of 

blaCMY/blaTEM producing isolates displaying resistance to 

amoxicillin-clavulanic acid. 

ESBLs/pAmpC production, which is the main mechanisms of 

resistance to third generation cephalosporins, was detected in the 

46% of isolates resistant to third-generation cephalosporins. 

Most likely, other resistance mechanisms, such as lack of expression 

of outer membrane proteins or overexpression of efflux pumps, may 

be implicated. 
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Resistance to fluoroquinolones was presented by the 46% of strains 

in which an ESBL/pAmpC gene was detected. 

Shaheen et al. (2013) have recently showed an association between 

ESBLs production and resistance to fluoroquinolones, identifiying 

new mechanisms of resistance, represented by novel mutations in 

topoisomerase and qepA genes, and plasmid-mediated 

fluoroquinolone resistance determinants in ESBL-producing E. coli 

of canine and feline origin. 

Although in our study we did not charachterize the mechanisms of 

resistance to fluoroquinolones, the percentage of ESBLs/pAmpC 

producers showing resistance to fluoroquinolones was high and this 

result should stimulate a more focused monitoring of 

fluoroquinolone resistance. 

A high prevalence of resistance to aminoglycosides (31.2%) was also 

detected in the study. Use of these drugs in the treatment of infections 

in companion animals has been tempered by toxicity considerations 

(ototoxicity, nephrotoxicity) and by the need to administer them 

parentally. Neverthless, our results indicate 

that Enterobacteriaceae strains harboured in cats could be a 

substantial reservoir of the aminoglycoside resistance genes. 
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MDR was displayed by a high percentage of isolates (45%) and all 

ESBLs/pAmpC producers detected in the study were MDR. 

Results obtained in this work could constitute additional evidence 

about the association between ESBLs/pAmpC production and MDR, 

which allows a co-selection process, because these genes are on 

plasmids that frequently carry aminoglycoside, tetracycline, 

sulfonamide or fluorquinolone resistant genes (Canton and Coque, 

2006). 

Thirty-eight percent of cats with rhinitis (n=12/31) carried MDR 

strains. 

Most were shelter cats, while only one cat was a household cat and 

had never received an antimicrobial treatment before sample 

collection.  

All shelter cats were treated with several compounds at the time of 

sample collection or had been treated in the last year, without 

bacterial isolation and susceptibility testing to address the treatment, 

and four of these cats were harbouring ESBLs/pAmpC genes. 

These results underline the role of an unrational use of antimicrobials 

for the selection of MDR ESBLs/pAmpC harbouring isolates.   
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Forty-one per cent of n=59 cats with diarrhea carried MDR strains: 

50% were household cats, 50% were from shelter, though no 

difference in the frequency of isolation of MDR bacteria between 

shelter and household diarrheic cats was shown. 

Except for one cat, shelter cats had never received a previous 

antimicrobial treatment before sample collection and four of them 

harboured ESBLs/pAmpC genes. 

Only four cats on thirteen household cats were receiving an 

antimicrobial treatment and ESBLs/pAmpC genes were found on 

both treated and untreated cats. 

These data may suggest that diarrheic cats living either in  

shelter/community or in a household may harbour MDR and 

ESBLs/pAmpC producing strains, also without a selective pressure 

by antimicrobial treatment. 

The CTX-M enzymes were the most common ESBLs and different 

types of these enzymes were detected, indicating a high diversity of 

CTX-M-encoding genes in Enterobacteriaceae  from diseased cats, 

whereas the CMY-2 was the only pAmpC β-lactamase found in this 

study. The high prevalence of pAmpC CMY-2 is of concern since 

these β-lactamases confer resistance to a wide range of extended-

139 
 



spectrum cephalosporins used for the treatment of serious infections 

in humans and animals, and because they are not affected by β-

lactamase inhibitors and can easily be transferred between different 

bacterial species and between animals and humans (Guardabassi et 

al., 2004; Carattoli et al., 2005; Shaheen et al., 2011). 

Among ESBLs genes, the blaCTX-M-79 gene has been detected. 

CTX-M-79 harbouring isolates were from n=1 cat with diarrhea and 

n=1 cat with otitis, which were both household cats and had not 

received any antimicrobial treatment. 

To the best of knowledge, detection of blaCTX-M-79 harbouring E. 

coli is described for the first time from a companion animal in 

literature. 

Previos reports described the gene from Enterobacteriaceae isolated 

from house crows, hospital waste, human patients and farmed fish in 

Asia (Hasan et al., 2015; Guo et al., 2013; Jiang et al., 2012) and 

from faeces of cattle in United States (Wittum et al., 2010). 

Feline upper respiratory tract disease represented the second most 

common disease of cats included in the study, and it is frequently 

encountered in clinical practice. 
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In the study, the detection of MDR ESBLs/pAmpC producing E. coli 

in  cats with upper respiratory tract disease is described for the first 

time in literature, accounting for n=4 shelter cats that had never 

received an antimicrobial. Moreover, one of these isolates harboured 

a blaCTX-M-15 gene and belonged to phylogenetic group B2, while 

others belong to phylogenetic group B1. 

These results show that chronic rhinitis in cats may be complicated 

by MDR extraintestinal pathogenic E. coli and that ESBLs/pAmpC 

genes harbouring E. coli may be involved, even without a previously 

excerted antimicrobial selective pressure. 

In the study, besides common pathogens, such as E. coli, 

Enterobacter spp., Citrobacter spp. and Proteus spp., members that 

are less commonly reported in literature, such as Buttiauxiella 

agrestis, Kluyvera spp., Hafnia alvei, Leclercia adecarboxylata, 

Providencia spp. and Serratia spp., are described. Furthermore, 

among them, Buttiauxiella spp. (from a cat with diarrhea and a cat 

with upper respiratory tract disease), Serratia liquefaciens (from a 

cat with upper respiratory tract disease), Kluyvera spp. and 

Providencia spp. (from two diarrheic cats) isolates were MDR. 
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Although the above-mentioned microrganisms rarely determine 

clinical infections in companion animals, as reported in literature, the 

detection of MDR members in this study warn of the possibility that 

these bystanders could become a source of resistance determinants 

or could determine opportunistic infections, which can be difficult to 

treat due to their MDR. 

Carriage of unusually non-pathogenic members of Enterobacteriace 

among companion animals intestinal flora in concomitance with 

major antimicrobial resistant pathogens may favorite acquisition of 

resistance genes from antimicrobial resistant strains through mobile 

genetic elements. Hence, these rarely reported bacteria may become 

reservoirs of resistance genes and express the acquired resistance 

when causing opportunistic infections. 

All isolates in the study were susceptible to carbapenems. 

The resistance to carbapenems has so far remained a rare 

phenomenon among Gram-negative bacteria isolated from 

companion animals, but recently several studies showed that they 

could harbour carbapenemase-producing bacteria, which represents 

an additional hazard to public health and veterinary medicine. 
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The first producer of beta-lactamase-type NDM-1 bacterium of 

veterinary interest was an E. coli isolated from a cat (Shaheen et al., 

2012). Furthermore, the first E. coli and K. pneumoniae producers of 

OXA-48-like carbapenemase were also recently identified (Stolle et 

al., 2013). In 2014, the first strain of Acinetobacter baumanii 

producing an OXA-23 carbapenemase was reported from a urinary 

tract infection in a cat that lived outdoor and had a 1.5-year history 

of skin and soft tissues infections, for which multiple courses of 

amoxicillin-clavulanic acid had been prescribed (Pomba et al., 2014). 

Reports of carbapenemase-producing bacteria are today anecdotal in 

companion animals, but they could raise in the future, based on the 

advancing spread of this type of resistance in humans isolates. 

The prevalence of carriage of ESBL- or pAmpC-producing 

Enterobacteriaceae identified in this study was higher than that 

documented in previous reports in Italy, which may indicate that 

ESBL- and pAmpC-producing Enterobacteriaceae might be 

widespread in the Palermo and Messina regions. 

The spread of these enzymes can be attributed to the transfer of 

plasmids and other mobile genetic elements between species. 
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The findings suggest that diseased cats may suffer from infections 

caused by cephalosporin-resistant Enterobacteriaceae and act as 

reservoirs for resistant bacteria. 
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Conclusions 

Our results confirm that the phenomenon of antimicrobial resistance 

has spread so rapidly that it represents today one of the most dire 

threats to public health (E.P., 2013). 

The problem posed by the emerging resistance, underlined in this 

study by the discovery of a new β-lactamase gene not previously 

described from companion animals, the prospect of losing these 

drugs and the possibility of an already attested interspecies spread 

emphasize the urgent need to define the epidemiology of β-

lactamases producing bacteria in companion animals. 

The emergence of ESBL/pAmpC-producing 

MDR Enterobacteriaceae poses major limitations in companion 

animals’ therapeutic options. 

Furthermore, it raises great concerns regarding the bi-directional 

transmission of MDR bacteria between pets and humans. 

Awareness should be raised among companion animals’ general 

practitioners about the threat they may encounter in their daily 

clinical activities. 

Moreover, these results suggest that veterinary practitioners should 

ask for a bacteriological examination and a susceptibility testing 
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before setting up antimicrobial therapy, in order to establish precisely 

treatment of commonly encountered bacterial infections. 

This could reduce costs by avoiding the resort to ineffetctive 

compounds and play a role in the control and monitoring of 

antimicrobial resistance in companion animals’ medicine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

146 
 



References 

 

1) Abraham E.P., Chain E. An enzyme from bacteria able to destroy 

penicillin. Nature 1940; 146:837. 

2) Acikgoz Z.C., Gulay Z, Bicmen M, Gocer S, Gamberzade S. CTX-

M-3 extended-spectrum β-lactamase in a Shigella sonnei clinical 

isolate: first report from Turkey. Scand J Infect Dis 2003; 35: 503–

505. 

3) Adler K., Radeloff I., Stephan B., Greife H., Hellmann K. 

Bacteriological and virological status in upper respiratory tract 

infections of cats (cat common cold complex). Berl Munch Tierarztl 

Wochenschr2007; 120:120-125 

4) Afazal-Shah M, Woodford N, Livermore DM. Characterization of 

OXA-25, OXA-26, and OXA-27, molecular class D β-lactamases 

associated with carbapenem resistance in clinical isolates of 

Acinetobacter baumanii. Antimicrob Agents Chemother 2001; 45: 

583–588. 

5) Agustin E.T., Cunha B.A. Buttock abscess due to Hafnia alvei. Clin 

Infect Dis 1995; 20:1426. 

147 
 



6) Albrechtova K., Dolejska M., Cizek A., Tausova D., Klimes J., 

Bebora L., Literak I. Dogs of nomadic pastoralists in northern Kenya 

are reservoirs of plasmid-mediated cephalosporin- and quinolone-

resistant Escherichia coli, including pandemic clone B2-O25-

ST131.Antimicrob Agents Chemother. 2012 ; 56:4013-4017 

7) Alfonsi V., Camilli R., Del Manso M., D’Ambrosio F., D’ancona F., 

Del Grosso M., Giannitelli S., Monaco M., Sanchini A., Sisto A., 

Pantosti A. and reference persons for AR-ISS laboratories, 2010. 

AR-ISS: antibiotic resistance surveillance in Italy. Report for three-

year period 2006-2008. Rapporti ISTISAN 10/37. European Centre 

for Diseases Prevention and Control, 2012. Antimicrobial resistance 

surveillance in Europe. Annual report of the European Antimicrobial 

Resistance Surveillance Network (EARS-Net). Stockholm: ECDC; 

2013. 

8) Ambler R.P. The structure of β-lactamases. Philos Trans R SocLond 

B Biol Sci 1980; 289 :321-331. 

148 
 

http://www.ncbi.nlm.nih.gov/pubmed/22508313
http://www.ncbi.nlm.nih.gov/pubmed/22508313
http://www.ncbi.nlm.nih.gov/pubmed/22508313
http://www.ncbi.nlm.nih.gov/pubmed/22508313


9) Antonello V.S., Dallé J., Domingues G.C.., Ferreira J.A., Fontoura 

Mdo C., Knapp F.B. Post-cesarean surgical site infection due 

to Buttiauxella agrestis. Int J Infect Dis. 2014; 22:65-66. 

10) Babic M., Hujer A.M., and Bonomo R.A. What's new in 

antibiotic resistance? Focus on beta-lactamases. Drug Resist Update 

2006; 9:142-156. 

11) Ball K.R., Rubin J.E., Chirino-Trejo M., Dowling 

P.M. Antimicrobial resistance and prevalence of canine 

uropathogens at the Western College of Veterinary Medicine 

Veterinary Teaching Hospital, 2002-2007. Can Vet J 2008; 49:985-

990 

12) Baraniak A., Sadowy E., Hryniewicz W. et al. Two different 

extended-spectrum β-lactamases (ESBLs) in one of the first ESBL-

producing Salmonella isolates in Poland. J 

ClinMicrobiol 2002; 40: 1095–1097. 

149 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Antonello%20VS%5BAuthor%5D&cauthor=true&cauthor_uid=24641982
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dall%C3%A9%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24641982
http://www.ncbi.nlm.nih.gov/pubmed/?term=Domingues%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=24641982
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ferreira%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=24641982
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fontoura%20Mdo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24641982
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fontoura%20Mdo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24641982
http://www.ncbi.nlm.nih.gov/pubmed/?term=Knapp%20FB%5BAuthor%5D&cauthor=true&cauthor_uid=24641982
http://www.ncbi.nlm.nih.gov/pubmed/?term=antonello+buttiauxella
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rubin%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=19119366
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chirino-Trejo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19119366
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dowling%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=19119366
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dowling%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=19119366


13) Barnich N., Darfeuille-Michaud A. Adherent-

invasive Escherichia coli and Crohn's disease. Curr Opin 

Gastroenterol. 2007; 23:16-20. 

14) Behravesh CB, Ferraro A, Deasy M, et al. Human Salmonella 

infections linked to contaminated dry dog and cat food, 2006- 2008. 

Pediatrics. 2010;126:477-483. 

15) Belas A., Salazar A.S., Gama L.T., Couto N., Pomba C. Risk 

factors for faecal colonisation with Escherichia coli producing 

extended-spectrum and plasmid-mediated AmpC β-lactamases in 

dogs. Vet Rec. 2014 ; 175:202. 

16) Belmar-Liberato R., Gonzalez-Canga A., Tamame-Martin P., 

Escribano-Salazar M. Amoxicillin and amoxicillin-clavulanic acid 

resistance in veterinary medicine—the situation in Europe: a 

review. Veterinarni Medicina 2011; 56:473–485. 

150 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Barnich%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17133079
http://www.ncbi.nlm.nih.gov/pubmed/?term=Darfeuille-Michaud%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17133079
http://www.ncbi.nlm.nih.gov/pubmed/17133079
http://www.ncbi.nlm.nih.gov/pubmed/17133079
http://www.ncbi.nlm.nih.gov/pubmed/?term=Belas%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24943100
http://www.ncbi.nlm.nih.gov/pubmed/?term=Salazar%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=24943100
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gama%20LT%5BAuthor%5D&cauthor=true&cauthor_uid=24943100
http://www.ncbi.nlm.nih.gov/pubmed/?term=Couto%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24943100
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pomba%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24943100
http://www.ncbi.nlm.nih.gov/pubmed/24943100


17) Benjamin A., Lipsky Edward W. Hook III, Smith A.A., 

and Plorde J.J. Citrobacter Infections in Humans: Experience at the 

Seattle Veterans Administration Medical Center and a Review of the 

Literature. Clin Infect Dis. 1980; 2 : 746-760. 

18) Berger S. A., Edberg S. C., and Klein R. S.. Enterobacter 

hafniae infection; report of two cases and review of the 

literature. Am. J. Med. Sci 1977; 273:101-105. 

19) Beutin L. Escherichia coli as a pathogen in dogs and cats. Vet 

Res. 1999 ; 30:285-298. 

20) Black S.S., Austin F.W., McKinley E. Isolation of Yersinia 

pseudotuberculosis and Listeria monocytogenes serotype 4 from a 

gray fox (Urocyon cinereoargenteus) with canine distemper. J Wildl 

Dis 1996; 32: 362-366 

21) Bogaerts P., Huang T.D., Bouchahrouf W., Bauraing C., 

Berhin C., El Garch F., Glupczynski Y. Characterization of ESBL- 

and AmpC-Producing Enterobacteriaceae from Diseased 

Companion Animals in Europe.Microb Drug Resist. 2015;21:643-

650. 

151 
 

http://cid.oxfordjournals.org/search?author1=Benjamin+A.+Lipsky&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=Edward+W.+Hook+III&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=Arlene+A.+Smith&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=James+J.+Plorde&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/?term=Beutin%20L%5BAuthor%5D&cauthor=true&cauthor_uid=10367359
http://www.ncbi.nlm.nih.gov/pubmed/10367359
http://www.ncbi.nlm.nih.gov/pubmed/10367359
http://www.ncbi.nlm.nih.gov/pubmed/26098354
http://www.ncbi.nlm.nih.gov/pubmed/26098354
http://www.ncbi.nlm.nih.gov/pubmed/26098354


22) Bonnet R. Growing group of extended-spectrum β-lactamases: 

the CTX-M enzymes. Antimicrob.Agents Chemother 2004; 48: 1–

14. 

23) Bou G., Oliver A., Martínez-Beltrán J. OXA-24, a novel class 

D β-lactmase with carbapenemase activity in an Acinetobacter 

baumannii clinical strain. Antimicrob Agents Chemother 200;44: 

1556–1561 

24) Bowlt K.L. et al. Ischaemic distal limb necrosis and Klebsiella 

pneumoniae infection associated with arterial catheterisation in a 

cat. J Feline Med Surg 2013, 15:1165-1168 

25) Boyd E.F., Hartl D.L. Chromosomal regions specific to 

pathogenic isolates of Escherichia coli have a phylogenetically 

clustered distribution. J Bacteriol. 1998 ;180:1159-1165. 

26) Bradford P.A. Extended-spectrum β-lactamases in the 21st 

century: charaterization, epidemiology, and detection of this 

important resistance threat. Clin Microbiol Rev 2001; 14: 933-951. 

152 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Boyd%20EF%5BAuthor%5D&cauthor=true&cauthor_uid=9495754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hartl%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=9495754
http://www.ncbi.nlm.nih.gov/pubmed/9495754


27) Brothers A.M., Gibbs P.S., Wooley R.E. Development of 

resistant bacteria isolated from dogs with otitis externa or urinary 

tract infections after exposure to enrofloxacin in vitro. Vet Ther 

2002; 3:493-500 

28) Bubenik L., Hosgood G. Urinary tract infection in dogs with 

thoracolumbar intervertebral disc herniation and urinary bladder 

dysfunction managed by manual expression, indwelling 

catheterization or intermittent catheterization. Vet Surg 

2008; 37:791-800 

29) Bubenik L.J., Hosgood G.L., Waldron D.R., Snow L.A. 

Frequency of urinary tract infection in catheterized dogs and 

comparison of bacterial culture and susceptibility testing results for 

catheterized and noncatheterized dogs with urinary tract infections. J 

Am Vet Med Assoc 2007; 231:893-899 

30) Buchanan R., Doyle M. Food born disease significance of 

Escherichia coli O157:H7 and other Enterohemorrhagic E. coli. 

Food Technol 1997; 51: 69–76. 

31) Bulychev A., Mobashery S. Class C β-lactamases Operate at 

the Diffusion Limit for Turnover of Their Preferred Cephalosporin 

Substrates. Animicrob. Agents Chemother 1999; 43: 1743-1746. 

153 
 



32) Bush K. Alarming beta-lactamase-mediated resistance in 

multidrug-resistant Enterobacteriaceae. Curr Opin Microbiol 2010; 

13: 558-64. 

33) Bush K. Review- Proliferation and significance of clinically 

relevant β-lactamases. Ann N Y Acad Sci 2013; 1277:84-90. 

34) Bush K. The Evolution of β-lactamases. Antibiotic Resistance: 

Origins, Evolution, Selection and Spread. Wiley, Chichesen, New 

York, Weinheim1997; 152-166. 

35) Bush K., Jacoby G.A. and Medeiros A.A. A functional 

classification scheme for β-lactamases and its correlation with 

molecular structure. Antimicrob Agents Chemother 1995; 39: 1211-

1233. 

36) Bush K., Jacoby G.A. Updated functional classification of β-

lactamases. Antimicrob.Agents Chemother 2010;54: 969–976. 

37) Callegari C., Palermo G., Greco M.F., Corrente M., Piseddu 

E., Auriemma E., Zini E. Pneumonia associated 

with Salmonella spp. infection in a cat receiving cyclosporine. 

Schweiz Arch Tierheilkd 2014; 156: 499-503. 

154 
 

http://www.ncbi.nlm.nih.gov/pubmed/25273871
http://www.ncbi.nlm.nih.gov/pubmed/25273871


38) Cantón R., Coque T.M. The CTX-M beta-lactamase 

pandemic. Curr Opin Microbiol. 2006;9:466-475. 

39) Carattoli A.,Lovari S., Franco A., Cordaro G., Di Matteo 

P. and  Battisti A.. Extended-Spectrum β-Lactamases in Escherichia 

coli Isolated from Dogs and Cats in Rome, Italy, from 2001 to 2003. 

Antimicrob. Agents Chemother February 2005;  49: 2833-2835 

40) Caroff N., Espaze E., Berard I., Richet H., Reynaud A. 

Mutations in the ampC Promoter of Escherichia coliIsolates 

Resistant to Oxyiminocephalosporins Without Extended Spectrum 

β-Lactamase Production. FEMS Microbiol. Lett. 1999; 173: 459-

465. 

41) Carrër A., Poirel L., Yilmaz M., Akan O.A., Feriha C., Cuzon 

G., et al. Spread of OXA-48–encoding plasmid in Turkey and 

beyond. Antimicrob Agents Chemother 2010. 54: 1369-1373. 

155 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Cant%C3%B3n%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16942899
http://www.ncbi.nlm.nih.gov/pubmed/?term=Coque%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=16942899
http://www.ncbi.nlm.nih.gov/pubmed/16942899
http://aac.asm.org/search?author1=Alessandra+Carattoli&sortspec=date&submit=Submit
http://aac.asm.org/content/49/2/833.long%23aff-2
http://aac.asm.org/content/49/2/833.long%23aff-2
http://aac.asm.org/search?author1=Alessia+Franco&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Gessica+Cordaro&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Paola+Di+Matteo&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Antonio+Battisti&sortspec=date&submit=Submit


42) Cassel-Beraud A.M., Richard C. The aerobic intestinal flora of 

the microchiropteran bat Chaerephon pumila in Madagascar. Bull 

Soc Pathol Exot Filiales 1988; 81:806–810. 

43) Cassidy J.P., Callanan J.J., McCarthy G., O'Mahony M.C. 

Myocarditis in sibling boxer puppies associated with Citrobacter 

koseri infection. Vet Pathol 2002; 39:393-395. 

44) Castanheira M., Deshpande L.M., Mathai D., Bell J.M., Jones 

R.N., Mendes R.E. Early dissemination of NDM-1– and OXA-181–

producing Enterobacteriaceae in Indian hospitals: report from the 

SENTRY Antimicrobial Surveillance Program, 2006–2007. 

Antimicrob Agents Chemother 2011; 55: 1274-1278. 

45) Cavana P.,  Tomesello A., Ripanti D., Nebbia P., Farca A.M. 

Multiple organ dysfunction syndrome in a dog with Klebsiella 

pneumoniae septicemia. Schweiz Arch Tierheilkd 2009; 151:69-74. 

46) Chambers H.F. Methicillin resistance in staphylococci: 

molecular and biochemical basis and clinical implications. Clin 

Microbiol Rev 1997; 10: 781-791. 

156 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Callanan%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=12014505
http://www.ncbi.nlm.nih.gov/pubmed/?term=McCarthy%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12014505
http://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Mahony%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=12014505
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tomesello%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19189251
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ripanti%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19189251
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nebbia%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19189251
http://www.ncbi.nlm.nih.gov/pubmed/?term=Farca%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=19189251


47) Chang J., Jung J., Jeong Y., Hong K., Kim K., Yoon J., Choi 

M. What is your diagnosis? Emphysematous pyometra with a large 

amount of gas. J Small Anim Pract 2007; 48:717-719 

48) Clermont O., Bonacorsi S., Bingen E. Rapid and simple 

determination of the Escherichia coli phylogenetic group.Appl 

Environ Microbiol. 2000 ; 66:4555-4558. 

49) Clermont O., Dhanji H., Upton M., Gibreel T., Fox A., Boyd 

D., Mulvey M.R., Nordmann P., Ruppé E., Sarthou J.L., Frank T., 

Vimont S., Arlet G., Branger C., Woodford N., Denamur E. Rapid 

detection of the O25b-ST131 clone of Escherichia coli 

encompassing the CTX-M-15-producing strains.J Antimicrob 

Chemother 2009;64:274-277. 

50) Cornegliani L., Corona A., Vercelli A., Roccabianca P. 

Identification by real-time PCR with SYBR Green of Leishmania 

spp. and Serratia marcescens in canine 'sterile' cutaneous nodular 

lesions. Vet Dermatol. 2015;26:186-192. 

51) Costa D., Poeta P., Saenz Y., Coelho A., Matos M., Vinué L., 

Rodrigues J., Torres C. Prevalence of antimicrobial resistance and 

resistance genes in faecal Escherichia coliisolates recovered from 

healthy pets. Veterinary Microbiology 2008;127:97–105 

157 
 

http://www.ncbi.nlm.nih.gov/pubmed/11010916
http://www.ncbi.nlm.nih.gov/pubmed/11010916
http://www.ncbi.nlm.nih.gov/pubmed/19474064
http://www.ncbi.nlm.nih.gov/pubmed/19474064
http://www.ncbi.nlm.nih.gov/pubmed/19474064
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cornegliani%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25898803
http://www.ncbi.nlm.nih.gov/pubmed/?term=Corona%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25898803
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vercelli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25898803
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roccabianca%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25898803
http://www.ncbi.nlm.nih.gov/pubmed/?term=cornegliani+serratia


52) Council of the European Union. Council conclusions on the 

impact of antimicrobial resistance in the human health sector and in 

the veterinary sector – a “One Health” perspective. » (2012/C 

211/02) Official Journal of the European Communities, 2012 Jul, 2– 

5. 

53) Cunha M. P. V., de Oliveira M. G. X., de Oliveira M. C. V., et 

al. Virulence profiles, phylogenetic background, and antibiotic 

resistance of Escherichia coli isolated from Turkeys with 

Airsacculitis. The Scientific World Journal. 2014;2014:2018. 

54) Daikos G.L., Petrikkos P., Psichogiou M., Kosmidis C., 

Vryonis E., Skoutelis A., et al. Prospective observational study of the 

impact of VIM-1 metallo-β-lactamase on the outcome of patients 

with Klebsiella pneumoniae bloodstream infections. Antimicrob 

Agents Chemother 2009; 53:1868–1873. 

55) Danel F., Hall L.M.C., Duke B., Gur D., Livermore D.M. 

OXA-17, a further extended-spectrum variant of OXA-10 β-

lactamase, isolated from Pseudomonas aeruginosa. Antimicrob 

Agents Chemother 1999;43: 1362–1366. 

56) Danel F., Hall L.M.C., Gur D., Livermore D.M. OXA-14, 

another extended-spectrum variant of OXA-10 (PSE-2) β-lactamase 

158 
 



from Pseudomonas aeruginosa. Antimicrob Agents Chemother 

1995; 39: 1881–1884. 

57) De Stefani A., Garosi L.S., McConnell F.J., Diaz F.J., Dennis 

R., Platt S.R. Magnetic resonance imaging features of spinal epidural 

empyema in five dogs. Vet Radiol Ultrasound 2008; 49:135-140 

58) DeVincent S.J., Reid-Smith R.Stakeholder position paper: 

Companion animal veterinarian. Preventive Veterinary Medicine  

2006; 73: 181–189 

59) DeVinney R., Gauthier A., Abe A., Finlay B.B. 

Enteropathogenic Escherichia coli: a pathogen that inserts its own 

receptor into host cells.Cell Mol Life Sci. 1999; 55:961-976. 

60) Dierikx C.M., van Duijkeren E., Schoormans A.H., van Essen-

Zandbergen A., Veldman K., Kant A., Huijsdens X.W., van der 

Zwaluw K., Wagenaar J.A., Mevius D.J. Occurrence and 

characteristics of extended-spectrum-β-lactamase- and AmpC-

producing clinical isolates derived from companion animals and 

horses.J Antimicrob Chemother. 2012;67:1368-1374. 

 

 

159 
 

http://www.sciencedirect.com/science/article/pii/S0167587705002679
http://www.sciencedirect.com/science/article/pii/S0167587705002679
http://www.sciencedirect.com/science/journal/01675877
http://www.ncbi.nlm.nih.gov/pubmed/10412374
http://www.ncbi.nlm.nih.gov/pubmed/10412374
http://www.ncbi.nlm.nih.gov/pubmed/22382469
http://www.ncbi.nlm.nih.gov/pubmed/22382469
http://www.ncbi.nlm.nih.gov/pubmed/22382469
http://www.ncbi.nlm.nih.gov/pubmed/22382469


61) Doumith M., Day M.J., Hope R., Wain J., Woodford N. 

Improved multiplex PCR strategy for rapid assignment of the four 

major Escherichia coli phylogenetic groups.J Clin Microbiol 

2012;50:3108-3110. 

62) Drawz S.M., Bonomo R.A. Review- Three decades of beta-

lactamase inhibitors. Clin Microbiol Rev 2000; 23:160-201. 

63) Drolet R., Fairbrother J.M., Harel J., et al. Attaching and 

effacing and enterotoxigenic Escherichia coli associated with enteric 

colibacillosis in the dog. Can J Vet Res. 1994;58:87-92. 

64) Edelstein M., Pimkin M., Palagin I., Edelstein I., Stratchounski 

L. Prevalence and Molecular Epidemiology of CTX-M Extended-

Spectrumβ-Lactamase-Producing Escherichia coliand Klebsiella 

pneumoniaein Russian Hospitals. Antimicrobial Agents and 

Chemotherapy. 2003; 47:3724–3732 

65) Endimiani A., Rossano A., Kunz D., Overesch G., Perreten V. 

First countrywide survey of third-generation cephalosporin-resistant 

Escherichia coli from broilers, swine, and cattle in Switzerland. 

Diagn Microbiol Infect Dis. 2012; 73:31-38. 

66) Englund G.W. Persistent septicemia due to Hafnia alvei. 

Report of a case. Am J Clin Pathol. 1969; 51:717-9. 

160 
 

http://www.ncbi.nlm.nih.gov/pubmed/22785193
http://www.ncbi.nlm.nih.gov/pubmed/22785193
http://www.ncbi.nlm.nih.gov/pubmed/?term=Endimiani%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22578936
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rossano%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22578936
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kunz%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22578936
http://www.ncbi.nlm.nih.gov/pubmed/?term=Overesch%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22578936
http://www.ncbi.nlm.nih.gov/pubmed/?term=Perreten%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22578936
http://www.ncbi.nlm.nih.gov/pubmed/22578936
http://www.ncbi.nlm.nih.gov/pubmed/?term=Englund%20GW%5BAuthor%5D&cauthor=true&cauthor_uid=5770669
http://www.ncbi.nlm.nih.gov/pubmed/?term=englund+hafnia


67) Escher M, Vanni M, Intorre L, Caprioli A, Tognetti R, Scavia 

G, 2010. Use of antimicrobials in companion animal practice: a 

retrospective study in a veterinary teaching hospital in Italy. J 

Antimicrob Chemother 66:920-927. 

68) EUCAST. Breakpoint Tables for Interpretation of MICs and 

Zone Diameters. Version 3.1, 2013.European Committee on 

Antimicrobial Susceptibility Testing; 2013. http://www.eucast.org/ 

69) Euclid J.M. et al.Case Study: Citrobacter vaginitis and 

salpingitis in a Burmese kitten. Online J Vet Res 2011; 15:420-423. 

70) European Centre for Disease Prevention and Control, 

European Food Safety Authority, European Medicines Agency, 

Scientific Committee on Emerging and Newly Identified Health 

Risks. Joint Opinion on antimicrobial resistance (AMR) focused on 

zoonotic infections. Scientific Opinion of the European Centre for 

Disease Prevention and Control; Scientific Opinion of the Panel on 

Biological Hazards; Opinion of the Committee for Medicinal 

Products for Veterinary Use; Scientific Opinion of the Scientific 

Committee on Emerging and Newly Identified Health Risks. EFSA 

Journal 2009, 7, 1372. 

161 
 

http://www.eucast.org/
http://vetbook.org/wiki/cat/index.php?title=Jim_Euclid


71) European Commission, 2011. Communication from the 

Commission to the European Parliament and the Council. Action 

plan against the rising threats from Antimicrobial Resistance. 

COM(2011) 748. 

72) European Parliament. European Parliament resolution of 27 

October 2011 on the public health threat of antimicrobial resistance. 

Official Journal of the European Communities, 2013, April. 

73) Ewers C., Grobbel M., Stamm I., Kopp P.A., Diehl I., Semmler 

T., Fruth A., Beutlich J., Guerra B., Wieler L.H., Guenther S. 

Emergence of human pandemic O25:H4-ST131 CTX-M-15 

extended-spectrum-beta-lactamase-producing Escherichia coli 

among companion animals. J. Antimicrob. Chemother 2010; 65: 

651–660. 

74) Fainstein V., Hopfer R.L., Mills K., Bodey G.P. Colonization 

by or diarrhea due to Kluyvera species. J Infect Dis. 1982; 145:127. 

75) Farmer J.J., Kelly M.T. Enterobacteriaceae. In A. Balows, et 

al (Eds): Manual of clinical microbiology, 5th ed. American Society 

for Microbiology, Washington, D.C., 1999, p.360-383. 

162 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Fainstein%20V%5BAuthor%5D&cauthor=true&cauthor_uid=7054314
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hopfer%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=7054314
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mills%20K%5BAuthor%5D&cauthor=true&cauthor_uid=7054314
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bodey%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=7054314
http://www.ncbi.nlm.nih.gov/pubmed/?term=fainstein+kluyvera


76) Farrar E.T., Washabau R.J., Saunders H.M. Hepatic abscesses 

in dogs: 14 cases (1982-1994). J Am Vet Med Assoc 1996; 208:243-

247 

77) Fazal B.A., Justman J.E., Turett G.S., Telzak E.E. 

Community-acquired Hafnia alvei infection. Clin Infect Dis. 1997; 

24:527-528. 

78) FEDIAF – The European Pet Food Industry (2014). Facts & 

Figures 2014. www.fediaf.org/facts-figures/ 

79) Fenwick S.G., Madie P., Wilks C.R. Duration of carriage and 

transmission of Yersinia enterocolitica biotype 4, serotype 0:3 

in dogs. Epidemiol Infect. 1994; 113:471-477. 

80) Fernandez-Cuenca F., Pascual A., Martinez-Martinez L. 

Hyperproduction of AmpC β-lactamases in a Clinical Isolate of 

Escherichia coliAssociated with a 30 bp Deletion in the Attenuator 

region of ampC. J. Antimicrob. Chemother. 2005; 56: 251-252. 

81) Finley R, Ribble C, Aramini J, et al. The risk of salmonellae 

shedding by dogs fed Salmonella-contaminated commercial raw 

food diets. Can Vet J. 2000;48:69-75. 

163 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Fazal%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=9114222
http://www.ncbi.nlm.nih.gov/pubmed/?term=Justman%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=9114222
http://www.ncbi.nlm.nih.gov/pubmed/?term=Turett%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=9114222
http://www.ncbi.nlm.nih.gov/pubmed/?term=Telzak%20EE%5BAuthor%5D&cauthor=true&cauthor_uid=9114222
http://www.ncbi.nlm.nih.gov/pubmed/?term=fazal+hafnia
http://www.fediaf.org/facts-figures/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fenwick%20SG%5BAuthor%5D&cauthor=true&cauthor_uid=7995357
http://www.ncbi.nlm.nih.gov/pubmed/?term=Madie%20P%5BAuthor%5D&cauthor=true&cauthor_uid=7995357
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wilks%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=7995357
http://www.ncbi.nlm.nih.gov/pubmed/7995357


82) Fisher J. F., Meroueh S. O. and Mobashery S. Bacterial 

resistance to β-lactam antibiotics: compelling opportunism, 

compelling opportunity. Chem Rev 2005; 105:395-424. 

83) Forbes B.A., Sahm D.F., Weissfeld A.S. Bailey And Scott’s 

Diagnostic Microbiology, 10th edn. Mosby Inc., St. Louis Missouri, 

USA, 1998. 

84) Forrester S.D., Rogers K.S., Relford R.L. Cholangiohepatitis 

in a dog. J Am Vet Med Assoc 1992; 200:1704-1706. 

85) Fukushima H., Gomyoda M., Ishikura S. Cat-contaminated 

environmental substances lead to Yersinia pseudotuberculosis 

infection in children. J Clin Microbiol 1989; 27: 2706-2709. 

86) Galarneau J.R., Fortin M, Lapointe JM, Girard C. Citrobacter 

freundii septicemia in two dogs. J Vet Diagn Invest 2003; 15:297-

299 

87) Gandolfi-Decristophoris P., Petrini O., Ruggeri-Bernardi 

N., Schelling E. Extended-spectrum β-lactamase-producing 

Enterobacteriaceae in healthy companion animals living in nursing 

homes and in the community. Am J Infect Control 2013;41:831-835. 

164 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Rogers%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=1624352
http://www.ncbi.nlm.nih.gov/pubmed/?term=Relford%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=1624352
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fortin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12735357
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lapointe%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=12735357
http://www.ncbi.nlm.nih.gov/pubmed/?term=Girard%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12735357
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gandolfi-Decristophoris%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23422230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Petrini%20O%5BAuthor%5D&cauthor=true&cauthor_uid=23422230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ruggeri-Bernardi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23422230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ruggeri-Bernardi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23422230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schelling%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23422230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Extended-spectrum+b-lactamase-producing+Enterobacteriaceae+in+healthy+companion+animals+living+in+nursing+homes+and+in+the+community


88) Ghantous S.N., Crawford J. Double ureters with ureteral 

ectopia in a domestic shorthair cat. J Am Anim Hosp Assoc 

2006; 42:462-466 

89) Giguère S. Antimicrobial Drug Action and Interaction: An 

Introduction. Antimicrobial therapy in Veterinary Medicine 4th edn, 

S Giguère, JF Prescott, JD Baggot, RD Walker and PM Dowling, 

eds. Blackwell Publishing, Ames Iowa, USA, 2006. 

90) Giske C.G., Sundsfjord A.S., Kahlmeter G., Woodford N., 

Nordmann P., Paterson D.L., et al. Redefining extended-spectrum β-

lactamase: balancing science and clinical need. J Antimicrob 

Chemother 2009; 63: 1-4. 

91) Goatcher L.J., Barrett M.W., Coleman R.N., Hawley A.W.L., 

Qureshi A.A. A study of predominant aerobic microflora of black 

bears (Ursus americanus) and grizzly bears (Ursus arctos) in 

northwestern Alberta. Can J Microbiol 1987; 33:949–954. 

165 
 



92) Goldstein E.J.C., Agyare E.O., Vagvolgyi A.E., Halpern M. 

Aerobic bacterial flora of garter snakes: development of normal flora 

and pathogenic potential for snakes and humans. J Clin Microbiol 

1981; 13:954–956. 

93) Greenwood D., Finch R., Davey P. and Wilcox M. 

Antimicrobial Chemotherapy. (5th edition) by Oxford University 

Press Inc., New York, 2006. 

94) Greiner M., Wolf G., Hartmann K. Bacteraemia and 

antimicrobial susceptibility in dogs.Vet Rec. 2007; 160:529-530. 

95) Guardabassi L., Schwarz S., Lloyd D. Pet animals as reservoirs 

of antimicrobial- resistant bacteria. Journal of Antimicrobial 

Chemotherapy 2004; 54:321–332 

96) Gyles C.L., Fairbrother J.M. Escherichia coli. In: Gyles C.L., 

Prescott J.F., Songer J.G. & Thoen C.O. (Eds), Pathogenesis of 

Bacterial Infections in Animals. 4th ed. Iowa: Wiley-Blackwell, 

Ames, Iowa, 2010; p. 267-308. 

166 
 

http://www.ncbi.nlm.nih.gov/pubmed/17435104
http://www.ncbi.nlm.nih.gov/pubmed/17435104


97) Haenni M., Ponsin C., Métayer V., Médaille C., Madec J.Y. 

Veterinary hospital-acquired infections in pets with a ciprofloxacin-

resistant CTX-M-15-producing Klebsiella pneumoniae ST15 clone. 

J Antimicrob Chemother 2012 Mar; 67:770-771 

98) Hall L.M.C., Livermore D.M., Gur D., Akova M., Akalin H.E. 

OXA-11, an extended-spectrum variant of OXA-10 (PSE-2) β-

lactamase from Pseudomonas aeruginosa. Antimicrob Agents 

Chemother 1993; 37: 1637–1644. 

99) Hammermueller J., Kruth S., Prescott J., et al. Detection of 

toxin genes in Escherichia coli isolated from normal dogs and dogs 

with diarrhea. Can J Vet Res. 1995;59:265-270. 

100) Hanson N.D. AmpC β-lactamases: what do we need to know 

for the future? Journal of Antimicrobial Chemotherapy 2003; 52: 2-

4. 

101) Hanson, N.D., Sanders, C.C. Regulation of inducible AmpC 

β-lactamase expression among Enterobacteriaceae. Curr. Pharm. 

Des 1999; 5: 881–894. 

102) Helfand M. S., Bonomo R. A. β-lactamases: a survey of 

protein diversity. Curr. Drug Targets. Infect. Disord 2003; 3: 9–23. 

167 
 



103) Hille K., Fischer J., Falgenhauer L., Sharp H., Brenner 

G.M., Kadlec K., Friese A., Schwarz S., Imirzalioglu C., Kietzmann 

M., Von Münchhausen C., Kreienbrock L. On the occurence of 

extended-spectrum- and AmpC-beta-lactamase-producing 

Escherichia coli in livestock: results of selected European studies. 

Berl Munch Tierarztl Wochenschr. 2014 ; 127:403-411. 

104) Hogg R.A., Holmes J.P., Ghebrehewet S., Elders K., Hart 

J., Whiteside C., Willshaw G.A., Cheasty T., Kay A., Lynch 

K., Pritchard G.C. Probable zoonotic transmission of 

verocytotoxigenic Escherichia coli O 157 by dogs. Vet Rec. 2009; 

164:304-305. 

105) Hordijk J., Schoormans A., Kwakernaak M., Duim B., Broens 

E., Dierikx C., Mevius D., Wagenaar J.A. High prevalence of fecal 

carriage of extended spectrum β-lactamase/AmpC-producing 

Enterobacteriaceae in cats and dogs.Front Microbiol. 2013; 4:242. 

106) Huber H., Zweifel C., Wittenbrink M.M., Stephan R. ESBL-

producing uropathogenic Escherichia coli isolated from dogs and 

cats in Switzerland.Vet Microbiol. 2013; 162:992-996. 

 

168 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Hille%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25868168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fischer%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25868168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Falgenhauer%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25868168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sharp%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25868168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brenner%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=25868168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brenner%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=25868168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kadlec%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25868168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Friese%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25868168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schwarz%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25868168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Imirzalioglu%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25868168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kietzmann%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25868168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kietzmann%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25868168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Von%20M%C3%BCnchhausen%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25868168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kreienbrock%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25868168
http://www.ncbi.nlm.nih.gov/pubmed/25868168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hogg%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=19270322
http://www.ncbi.nlm.nih.gov/pubmed/?term=Holmes%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=19270322
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ghebrehewet%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19270322
http://www.ncbi.nlm.nih.gov/pubmed/?term=Elders%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19270322
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hart%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19270322
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hart%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19270322
http://www.ncbi.nlm.nih.gov/pubmed/?term=Whiteside%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19270322
http://www.ncbi.nlm.nih.gov/pubmed/?term=Willshaw%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=19270322
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cheasty%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19270322
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kay%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19270322
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lynch%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19270322
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lynch%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19270322
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pritchard%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=19270322
http://www.ncbi.nlm.nih.gov/pubmed/19270322
http://www.ncbi.nlm.nih.gov/pubmed/23966992
http://www.ncbi.nlm.nih.gov/pubmed/23966992
http://www.ncbi.nlm.nih.gov/pubmed/23966992
http://www.ncbi.nlm.nih.gov/pubmed/23177909
http://www.ncbi.nlm.nih.gov/pubmed/23177909
http://www.ncbi.nlm.nih.gov/pubmed/23177909


107) Ito H., Arakawa Y., Ohsuka S., Wacharotayankun R., Kato N., 

Ohta M. Plasmid-mediated dissemination of the metallo-β-lactamase 

gene blaIMP among clinically isolated strains of Serratia 

marcescens. Antimicrob Agents Chemother 1995; 39: 824–829. 

108) Jacoby G.A., Bush K. Amino Acid Sequences for TEM, SHV, 

and OXA Extended-Spectrum and Inhibitor Resistant β-lactamases. 

(Accessed June 20, 2010, at http://www.lahey.org/studies/webt.htm.) 

109) Jacoby G.A., Medeiros A.A. More extended-spectrum beta-

lactamases. Antimicrob Agents Chemother 1991; 35: 1697-704. 

110) Jacoby G.A., Munoz-Price L.S. The new β-lactamases. New 

Eng J. Med 2005; 352: 380–391. 

111) Jacoby G.A., Sutton L. Properties of plasmids responsible for 

production of extended-spectrum β-lactamases. Antimicrob. Agents 

Chemother 1991; 35:164–169. 

112) Janda J.M., Abbott S.L. The genus Hafnia: from soup to nuts. 

Clin Microbiol Rev 2006; 19:12–18. 

113) Johnson J.R., Kaster N., Kuskowski M.A., Ling G.V. 

Identification of urovirulence traits in Escherichia coli by 

comparison of urinary and rectal E. coli isolates from dogs with 

urinary tract infection. J Clin Microbiol 2003; 41:337-345 

169 
 

http://www.lahey.org/studies/webt.htm


114) Johnson L.R., Fales W.H. Clinical and microbiologic findings 

in dogs with bronchoscopically diagnosed tracheal collapse: 37 cases 

(1990-1995). J Am Vet Med Assoc. 2001; 219:1247-1250. 

115) Johnson J.R., Owens K., Gajewski A., Clabots C. Escherichia 

coli colonization patterns among human household members and 

pets, with attention to acute urinary tract infection.J Infect Dis. 2008; 

197:218-224. 

116) Kasempimolporn S., Benjavongkulchai M., Saengseesom W., 

Sitprija V. Oral bacterial flora of dogs with and without rabies: a 

preliminary study in Thailand. J Med Assoc Thai 2003; 86:1162-

1166. 

117) Kataoka Y., Irie Y., Sawada T., Nakazawa M. A 3-year 

epidemiological surveillance of Escherichia 

coli O157:H7 in dogs and cats in Japan. J Vet Med Sci. 2010; 

72:791-794. 

118) Kirchner M., Wearing H., Hopkins K.L., Teale C. 

Characterization of plasmids encoding cefotaximases group 1 

enzymes in Escherichia coli recovered from cattle in England and 

Wales. Microb Drug Resist. 2011; 17:463-470. 

170 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20LR%5BAuthor%5D&cauthor=true&cauthor_uid=11697368
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fales%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=11697368
http://www.ncbi.nlm.nih.gov/pubmed/11697368
http://www.ncbi.nlm.nih.gov/pubmed/18179385
http://www.ncbi.nlm.nih.gov/pubmed/18179385
http://www.ncbi.nlm.nih.gov/pubmed/18179385
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kataoka%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20124764
http://www.ncbi.nlm.nih.gov/pubmed/?term=Irie%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20124764
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sawada%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20124764
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakazawa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20124764
http://www.ncbi.nlm.nih.gov/pubmed/20124764
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kirchner%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21612507
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wearing%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21612507
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hopkins%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=21612507
http://www.ncbi.nlm.nih.gov/pubmed/?term=Teale%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21612507
http://www.ncbi.nlm.nih.gov/pubmed/21612507


119) Klapholz A., Lessnau K.D., Huang B., Talavera W., Boyle 

J.F. Hafnia alvei. Respiratory tract isolates in a community hospital 

over a three-year period and a literature review. Chest. 1994; 

105:1098-1100. 

120) Kliebe C., Nies B.A., Meyer J.F., et al. Evolution of plasmid-

coded resistance to broad-spectrum cephalosporins. Antimicrob 

Agents Chemother 1985; 28: 302-307. 

121) Knothe H., Shah P., Krcmery V., et al. Transferable resistance 

to cefotaxime, cefoxitin, cefamandole and cefuroxime in clinical 

isolates of Klebsiella pneumoniaeand Serratia marcescens. Infection 

1983; 11: 315-317. 

122) Köhler C.D., Dobrindt U. What defines extraintestinal 

pathogenic Escherichia coli? Int J Med Microbiol 2011; 301:642-

647. 

123) Król J., Janeczek M., Pliszczak-Król A., Janeczek W., Florek 

M. Providencia alcalifaciens as the presumptive cause of diarrhoea 

in dog. Pol J Vet Sci. 2007; 10:285-287. 

 

 

171 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Klapholz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8162732
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lessnau%20KD%5BAuthor%5D&cauthor=true&cauthor_uid=8162732
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20B%5BAuthor%5D&cauthor=true&cauthor_uid=8162732
http://www.ncbi.nlm.nih.gov/pubmed/?term=Talavera%20W%5BAuthor%5D&cauthor=true&cauthor_uid=8162732
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boyle%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=8162732
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boyle%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=8162732
http://www.ncbi.nlm.nih.gov/pubmed/?term=klapholz+hafnia
http://www.ncbi.nlm.nih.gov/pubmed/?term=K%C3%B6hler%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=21982038
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dobrindt%20U%5BAuthor%5D&cauthor=true&cauthor_uid=21982038
http://www.ncbi.nlm.nih.gov/pubmed/21982038
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kr%C3%B3l%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18198546
http://www.ncbi.nlm.nih.gov/pubmed/?term=Janeczek%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18198546
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pliszczak-Kr%C3%B3l%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18198546
http://www.ncbi.nlm.nih.gov/pubmed/?term=Janeczek%20W%5BAuthor%5D&cauthor=true&cauthor_uid=18198546
http://www.ncbi.nlm.nih.gov/pubmed/?term=Florek%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18198546
http://www.ncbi.nlm.nih.gov/pubmed/?term=Florek%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18198546
http://www.ncbi.nlm.nih.gov/pubmed/?term=krol+providencia


124) Kumarasamy K.K., Toleman M.A., Walsh T.R., et al. 

Emergence of a new antibiotic resistance mechanism in India, 

Pakistan, and the UK: a molecular, biological, and epidemiological 

study. Lancet Infect Dis 2010; 10: 597-602. 

125) Kume T. A case of abortion possibly due to Hafnia organism. 

J Hokkaido Vet Med Assoc 1962; 6:1–4. 

126) Leclerc H.Biochemical study of 

pigmented Enterobacteriaceae.Ann Inst Pasteur (Paris) 

1962;102:726-741. 

127) Lenz J, Joffe D, Kauffman M, et al. Perceptions, practices, and 

consequences associated with foodborne pathogens and the feeding 

of raw meat to dogs. Can Vet J. 2009;50:637-643. 

128) Ling G.V., Norris C.R., Franti C.E., Eisele P.H., Johnson D.L., 

Ruby A.L., Jang S.S. Interrelations of organism prevalence, 

specimen collection method, and host age, sex, and breed among 

8,354 canine urinary tract infections (1969-1995). J Vet Intern Med 

2001; 15:341-347 

129) Livermore D.M. β-Lactamases in laboratory and clinical 

resistance. Clin Microbiol Rev 1995; 8:557–584. 

172 
 

http://www.ncbi.nlm.nih.gov/pubmed/14463377
http://www.ncbi.nlm.nih.gov/pubmed/14463377


130) Livermore, D.M., Woodford, N. The β-lactamase threat in 

Enterobacteriaceae, Pseudomonasand Acinetobacter. Trends 

Microbiol 2006; 14: 413-420. 

131) Lobetti R.G., Joubert K.E., Picard J., Carstens J., Pretorius E. 

Bacterial colonization of intravenous catheters in young dogs 

suspected to have parvoviral enteritis. J Am Vet Med Assoc. 2002; 

220:1321-4. 

132) Loncaric I., Stalder G.L., Mehinagic K., Rosengarten 

R., Hoelzl F., Knauer F., Walzer C.. Comparison of ESBL--and 

AmpC producing Enterobacteriaceae and methicillin-resistant 

Staphylococcus aureus (MRSA) isolated from migratory and 

resident population of rooks (Corvus frugilegus) in Austria. PLoS 

One. 2013 ; 8:e84048. 

133) Ma J., Zeng Z., Chen Z., Xu X., Wang X., Deng Y., Lu D., 

Huang L., Zhang Y., Liu J., Wang M. High prevalence of plasmid-

mediated quinolone resistance determinants qnr, aac(6’)-Ib-cr, and 

qepA among ceftiofur-resistant Enterobacteriaceae isolates from 

companion and food-producing animals. Antimicrob. Agents 

Chemother 2009; 53: 519–524. 

173 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Lobetti%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=11991409
http://www.ncbi.nlm.nih.gov/pubmed/?term=Joubert%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=11991409
http://www.ncbi.nlm.nih.gov/pubmed/?term=Picard%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11991409
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carstens%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11991409
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pretorius%20E%5BAuthor%5D&cauthor=true&cauthor_uid=11991409
http://www.ncbi.nlm.nih.gov/pubmed/?term=lobetti+serratia
http://www.ncbi.nlm.nih.gov/pubmed/?term=Loncaric%20I%5BAuthor%5D&cauthor=true&cauthor_uid=24391878
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stalder%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=24391878
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mehinagic%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24391878
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rosengarten%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24391878
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rosengarten%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24391878
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hoelzl%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24391878
http://www.ncbi.nlm.nih.gov/pubmed/?term=Knauer%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24391878
http://www.ncbi.nlm.nih.gov/pubmed/?term=Walzer%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24391878
http://www.ncbi.nlm.nih.gov/pubmed/24391878
http://www.ncbi.nlm.nih.gov/pubmed/24391878


134) Magiorakos A.P., Srinivasan A., Carey R. B., et al. Multidrug-

resistant, extensively drug-resistant and pandrug-resistant bacteria: 

an international expert proposal for interim standard definitions for 

acquired resistance. Clinical Microbiology and Infection. 2012; 

18:268–281. 

135) Mainil J.G., Jacquemin E., Oswald E. Prevalence and identity 

of cdt-related sequences in necrotoxigenic Escherichia coli. Vet 

Microbiol. 2003; 94:159-165. 

136) Marsh-Ng M.L., Burney D.P., Garcia J. Surveillance of 

infections associated with intravenous catheters in dogs and cats in 

an intensive care unit. J Am Anim Hosp Assoc 2007; 43:13-20 

137) Martinez J.L., Alonso A., Gomez-Gomez J.M., et al. 

Quinolone resistance by mutations in chromosomal gyrase genes. 

Just the tip of the iceberg? J Antimicrob Chemother 1998; 42: 683-

688. 

138) Mateus A., Brodbelt D.C., Barber N., Stärk K.D. 

Antimicrobial usage in dogs and cats in first opinion veterinary 

practices in the UK.J Small Anim Pract. 2011; 52:515-521. 

139) Mobley D.F. Hafnia septicemia. South Med J. 1971; 64:505-

506. 

174 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Mainil%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=12781483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jacquemin%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12781483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oswald%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12781483
http://www.ncbi.nlm.nih.gov/pubmed/12781483
http://www.ncbi.nlm.nih.gov/pubmed/12781483
http://www.ncbi.nlm.nih.gov/pubmed/?term=Burney%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=17209080
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garcia%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17209080
http://www.ncbi.nlm.nih.gov/pubmed/21824147
http://www.ncbi.nlm.nih.gov/pubmed/21824147
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mobley%20DF%5BAuthor%5D&cauthor=true&cauthor_uid=5552027
http://www.ncbi.nlm.nih.gov/pubmed/?term=mobley+hafnia


140) Mojtabaee A., Siadati A. Enterobacter hafnia meningitis. J 

Pediatr 1978; 93:1062–1063. 

141) Morato E.P., Leomil L., Beutin L., Krause G., Moura 

R.A., Pestana de Castro A.F. Domestic cats constitute a natural 

reservoir of human enteropathogenic Escherichia coli types. 

Zoonoses Public Health. 2009; 56: 229-237. 

142) Morosini M.I., García-Castillo M., Coque T.M., Valverde A., 

Novais A., Loza E., Baquero F., Cantón R.Antibiotic coresistance in 

extended-spectrum-β-lactamase-producing Enterobacteriaceae and 

in vitro activity of tigecycline. Antimicrobial Agents and 

Chemotherapy 2006; 50:2695-2699. 

143) Mugnier P., Podglajen I., Goldstein F.W., Collatz E. 

Carbapenems as inhibitors of OXA-13, a novel integron-encoded β-

lactamase in Pseudomonas aeruginosa. Microbiology 1998;144: 

1021–1031. 

 

 

 

 

175 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Morato%20EP%5BAuthor%5D&cauthor=true&cauthor_uid=19068073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Leomil%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19068073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Beutin%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19068073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Krause%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19068073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moura%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=19068073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moura%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=19068073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pestana%20de%20Castro%20AF%5BAuthor%5D&cauthor=true&cauthor_uid=19068073
http://www.ncbi.nlm.nih.gov/pubmed/19068073


144) Müller H.E., Brenner D.J., Fanning G.R., Grimont 

P.A., Kämpfer P. Emended description of Buttiauxella agrestis with 

recognition of six new species of Buttiauxella and two new species 

of Kluyvera: Buttiauxella ferragutiae sp. nov., Buttiauxella gaviniae 

sp. nov., Buttiauxella brennerae sp. nov., Buttiauxella izardii sp. 

nov., Buttiauxella noackiae sp. nov., Buttiauxella warmboldiae sp. 

nov., Kluyvera cochleae sp. nov., and Kluyvera georgiana sp. nov. 

Int J Syst Bacteriol. 1996; 46:50-63. 

145) Münnich A. The pathological newborn in small animals: the 

neonate is not a small adult. Vet Res Commun 2008; 32:81-85 

146) Münnich A., Küchenmeister U. Causes, diagnosis and therapy 

of common diseases in neonatal puppies in the first days of life: 

cornerstones of practical approach. Reprod Domest Anim. 2014 ; 49 

Suppl 2:64-74. 

147) Murphy C., Reid-Smith R.J., Prescott J.F., Bonnett B.N., 

Poppe C., Boerlin P., Weese J.S., Janecko N., McEwen S.A. 

Occurrence of anti-microbial resistant bacteria in healthy dogs and 

cats presented to private veterinary hospitals in southern Ontario: a 

preliminary study. Can. Vet. J. 2009; 50: 1047–1053. 

176 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%BCller%20HE%5BAuthor%5D&cauthor=true&cauthor_uid=11534554
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brenner%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=11534554
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fanning%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=11534554
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grimont%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=11534554
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grimont%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=11534554
http://www.ncbi.nlm.nih.gov/pubmed/?term=K%C3%A4mpfer%20P%5BAuthor%5D&cauthor=true&cauthor_uid=11534554
http://www.ncbi.nlm.nih.gov/pubmed/11534554
http://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%BCnnich%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24947863
http://www.ncbi.nlm.nih.gov/pubmed/?term=K%C3%BCchenmeister%20U%5BAuthor%5D&cauthor=true&cauthor_uid=24947863
http://www.ncbi.nlm.nih.gov/pubmed/?term=enterobacter+neonatal+mortality+dog


148) Murphy C.P., Reid-Smith R.J., Boerlin P., Weese J.S., Prescott 

J.F., Janecko N., McEwen S.A. Out-patient antimicrobial drug use in 

dogs and cats for new disease events from community companion 

animal practices in Ontario. Can. Vet. J. 2012; 53: 291–298. 

149) Murray P.R., Rosenthal K.S., Pfaller M.A. Microbiologia 

medica, E.M.S.I. Edizioni mediche scientifiche internazionali, 

Roma, 2008. 

150) Naas T., Nordmann P. Analysis of a carbapenem-hydrolyzing 

class A β-lactamase from Enterobacter cloacae and of its LysR-type 

regulatory protein. Proc Natl Acad Sci U S A 1994; 91: 7693–7697. 

151) Naas T., Sougakoff W., Casetta A., Nordman P. Molecular 

characterization of OXA-20, a novel class D β-lactamase, and its 

integron from Pseudomonas aeruginosa. Antimicrob Agents 

Chemother 1998;42: 2074–2083. 

152) Navarro Garcia F., Canizalez R.A., Luna J., Sears C., Nataro 

J.P. Plasmid-Encoded Toxin of Enteroaggregative Escherichia coliis 

Internalized by Epithelial Cells. Infect Immun 2001; 69: 1053-1060. 

177 
 



153) Nelson E.C., Elisha B.G. Molecular basis of AmpC 

hyperproduction in clinical isolates of Escherichia coli. Antimicrob 

Agents Chemother. 1999; 43:957-959. 

154) Nordmann P., Cuzon G., Naas T. The real threat of Klebsiella 

pneumoniae carbapenemase-producing bacteria. Lancet Infect Dis 

2009; 9: 228–236. 

155) Nordmann P., Naas T., Poirel L. Global Spread of 

Carbapenemase-producing Enterobacteriaceae. Emerging 

Infectious Diseases 2011; 17: 1791-1798. 

156) Nordmann P., Poirel L., Kubina M., Casetta A., Naas T. 

Biochemical-genetic characterization and distribution of OXA-22, a 

chromosomal and inducible class D β-lactamase from Ralstonia 

(Pseudomonas) pickettii. Antimicrob Agents Chemother 2000;44: 

2201–2204. 

157) Normark B. H., Normark S. Evolution and spread of antibiotic 

resistance. J. Intern. Med 2002; 252: 91-106. 

178 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Nelson%20EC%5BAuthor%5D&cauthor=true&cauthor_uid=10103209
http://www.ncbi.nlm.nih.gov/pubmed/?term=Elisha%20BG%5BAuthor%5D&cauthor=true&cauthor_uid=10103209
http://www.ncbi.nlm.nih.gov/pubmed/?term=nelson+elisha+1999
http://www.ncbi.nlm.nih.gov/pubmed/?term=nelson+elisha+1999


158) O’Keefe A., Hutton T.A., Schifferli D.M., Rankin S.C. First 

detection of CTX-M and SHV extended-spectrum beta-lactamases in 

Escherichia coli urinary tract isolates from dogs and cats in the 

United States. Antimicrob. Agents Chemother 2010; 54: 3489–3492. 

159) Okada S., Gordon D.M. Genetic and ecological structure 

of Hafnia alvei in Australia. Syst Appl Microbiol 2003; 26:585–

594.  

160) Olson P., Hedhammar A., Wadström T. Enterotoxigenic 

Escherichiacoli infection in two dogs with acute diarrhea.J Am Vet 

Med Assoc. 1984; 184:982-983. 

161) Pagel S.W., Gautier P. Use of antimicrobial agents in 

livestock, Rev Sci Tech 2012; 31:145-188. 

179 
 

http://www.ncbi.nlm.nih.gov/pubmed/6370939
http://www.ncbi.nlm.nih.gov/pubmed/6370939


162) Papadogiannakis E., Perimeni D., Velonakis E., Kontos 

V., Vatopoulos A. Providencia stuartii infection in a dog with severe 

skin ulceration and cellulitis. J Small Anim Pract. 2007; 48:343-345. 

163) Park B.S., Song D.H., Kim H.M., Choi B.S., Lee H., Lee J.O. 

The structural basis of lipopolysaccharide recognition by the TLR4-

MD-2 complex. Nature. 2009; 458:1191-1195. 

164) Paterson D.L., Bonomo R.A. Extended-Spectrum beta-

Lactamases: a Clinical Update. Clin. Microbiol. Rev., 2005; 18:657-

686. 

165) Pepperell C., Kus J.V., Gardam M.A., Humar A., Burrows 

L.L.. Low-Virulence Citrobacter Species Encode Resistance to 

Multiple Antimicrobials. Antimicrob Agents Chemother 2002 

November; 46: 3555–3560. 

166) Pérez F., Hanson N. Detection of plasmid-mediated AmpC 

beta-lactamase genes in clinical isolates by using Multiplex PCR. 

Journal of Clinical Microbiology. 2002; 40:2153–2162 

167) Perez C., Fujii Y., Fauls M., Hummel J., Breitschwerdt E. 

Fatal aortic endocarditis associated with community-

acquired Serratia marcescens infection in a dog. J Am Anim Hosp 

Assoc. 2011; 47:133-137. 

180 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Papadogiannakis%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17547643
http://www.ncbi.nlm.nih.gov/pubmed/?term=Perimeni%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17547643
http://www.ncbi.nlm.nih.gov/pubmed/?term=Velonakis%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17547643
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kontos%20V%5BAuthor%5D&cauthor=true&cauthor_uid=17547643
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kontos%20V%5BAuthor%5D&cauthor=true&cauthor_uid=17547643
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vatopoulos%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17547643
http://www.ncbi.nlm.nih.gov/pubmed/?term=Papadogiannakis+providecia
http://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=19252480
http://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=19252480
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=19252480
http://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=19252480
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19252480
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20JO%5BAuthor%5D&cauthor=true&cauthor_uid=19252480
http://www.ncbi.nlm.nih.gov/pubmed/19252480
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC128719/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC128719/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Perez%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21311076
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fujii%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21311076
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fauls%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21311076
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hummel%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21311076
http://www.ncbi.nlm.nih.gov/pubmed/?term=Breitschwerdt%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21311076
http://www.ncbi.nlm.nih.gov/pubmed/21311076
http://www.ncbi.nlm.nih.gov/pubmed/21311076


168) Philippon A., Arlet G. and Jacoby G.A. Plasmid-determined 

AmpC-type blactamases. Antimicrob. Agents chemother 2002; 46: 

1–11. 

169) Philippon A., Labia R., Jacoby G. Extended-Spectrum Beta-

Lactamases Antimicrob Agents Chemother. 1989; 33:1131-1136. 

170) Philippon L.N., Naas T., Bouthors A.-T., Barakett V., 

Nordmann P. OXA-18, a class D clavulanic acid-inhibited extended-

spectrum β-lactamase from Pseudomonas aeruginosa. Antimicrob 

Agents Chemother 1997;41: 2188–2195. 

171) Picão R.C., Cardoso J.P., Campana E.H., Nicoletti A.G., 

Petrolini F.V., Assis D.M., Juliano L., Gales A.C. The route of 

antimicrobial resistance from the hospital effluent to the 

environment: focus on the occurrence of KPC-producing Aeromonas 

spp. and Enterobacteriaceae in sewage.Diagn Microbiol Infect Dis. 

2013; 76:80-85. 

172) Pitout J.D., Church D.L., Gregson D.B., Chow B.L., 

McCracken M., Mulvey M.R. and Laupland K.B. Molecular 

epidemiology of CTX-M-producing Escherichia coli in the Calgary 

Health Region: emergence of CTX-M-15-producing isolates. 

Antimicrob Agents Chemother 2007; 51:1281-1286. 

181 
 

http://www.ncbi.nlm.nih.gov/pubmed/23478032
http://www.ncbi.nlm.nih.gov/pubmed/23478032
http://www.ncbi.nlm.nih.gov/pubmed/23478032
http://www.ncbi.nlm.nih.gov/pubmed/23478032


173) Pitout J.D., Laupland K.B. Extended-spectrum β-lactamase–

producing Enterobacteriaceae: an emerging public-health concern. 

Lancet Infect Dis 2008; 8: 159-166. 

174) Platell J.L., Cobbold R.N., Johnson J.R., et al. Commonality 

among fluoroquinolone-resistant sequence type ST131 

extraintestinal Escherichia coli isolates from humans and companion 

animals in Australia. Antimicrobial Agents and 

Chemotherapy. 2011; 55:3782–3787 

175) Poirel L., Heritier C., Tolun V., et al. Emergence of 

oxacillinase-mediated resistance to imipenem in Klebsiella 

pneumoniae. Antimicrob Agents Chemother 2004; 48: 15-22. 

176) Poirel L., Hombrouk-Alet C., Freneaux C., Bernabeu S., 

Nordmann P. Global spread of New Delhi metallo-β-lactamase 1. 

Lancet Infect Dis 2010; 10: 832. 

177) Poirel L., Nordmann P. Acquired carbapenem-hydrolyzing 

beta-lactamases and their genetic support. Curr. Pharm. Biotechnol 

2002; 3: 117–127. 

178) Poirel L., Revathi G., Bernabeu S., Nordmann P.  Detection of 

NDM-1- producing Klebsiella pneumoniae in Kenya. Antimicrob 

Agents Chemother 2011; 55: 934–936. 

182 
 



179) Poirel L., Ros A., Carrër A., Fortineau N., Carricajo A., 

Berthelot P., Nordmann P. Cross-border transmission of OXA-48–

producing Enterobacter cloacae from Morocco to France. J 

Antimicrob Chemother 2011; 66: 1181–1182. 

180) Poirel L., Walsh T.R., Cuvillier V., Nordmann P. Multiplex 

PCR for detection of acquired carbapenemase genes.Diagn 

Microbiol Infect Dis. 2011; 70:119-123. 

181) Pomba C., Mendonça N., Costa M., Louro D., Baptista B., 

Ferreira M., Duarte Correia J., Caniça M. Improved multiplex PCR 

method for the rapid detection of beta-lactamase genes in 

Escherichia coli of animal origin. Diagnostic Microbiology and 

Infectious Disease. 2006; 56:103–106 

182) Pomba C., Endimiani A., Rossano A., Saial D., Couto N., 

Perreten V. First report of OXA-23-mediated carbapenem resistance 

in sequence type 2 multidrug-resistant Acinetobacter baumannii 

associated with urinary tract infection in a cat.Antimicrob Agents 

Chemother. 2014; 58:1267-1268. 

183) Popoff M.Y., Bockemühl J., Brenner FW. Supplement 1999 

(no. 43) to the Kauffmann-White scheme. Res Microbiol. 2000; 

151:893-896. 

183 
 

http://www.ncbi.nlm.nih.gov/pubmed/21398074
http://www.ncbi.nlm.nih.gov/pubmed/21398074
http://www.ncbi.nlm.nih.gov/pubmed/24295971
http://www.ncbi.nlm.nih.gov/pubmed/24295971
http://www.ncbi.nlm.nih.gov/pubmed/24295971
http://www.ncbi.nlm.nih.gov/pubmed/?term=Popoff%20MY%5BAuthor%5D&cauthor=true&cauthor_uid=11191816
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bockem%C3%BChl%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11191816
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brenner%20FW%5BAuthor%5D&cauthor=true&cauthor_uid=11191816
http://www.ncbi.nlm.nih.gov/pubmed/11191816


184) Prescott JF. Antimicrobial drug resistance and its 

Epidemiology. In Antimicrobial Therapy in Veterinary Medicine. 

Edn 3. Edited by Prescott JF, Baggot JD, Walker RD, Ames: Iowa 

State University press 2000; P27-49. 

185) Priest F.G., Barker M. Gram-negative bacteria associated with 

brewery yeasts: reclassification of Obesumbacterium proteus 

biogroup 2 as Shimwellia pseudoproteus gen. nov., sp. nov., and 

transfer of Escherichia blattae to Shimwellia blattae comb. nov. Int 

J Syst Evol Microbiol. 2010; 60: 828-833. 

186) Qian D., Kinouchi T., Kunitomo K., Kataoka K., Matin M.A., 

Akimoto S., Komi N., Ohnishi Y. Mutagenicity of the bile of dogs 

with an experimental model of an anomalous arrangement of the 

pancreaticobiliary duct.Carcinogenesis 1993; 14:743-747. 

187) Queenan A.M., Bush K. Carbapenemases: the versatile beta-

lactamases.Clin Microbiol Rev. 2007; 20:440-458 

188) Radaelli S.T., Platt S.R. Bacterial meningoencephalomyelitis 

in dogs: a retrospective study of 23 cases (1990-1999). J Vet Intern 

Med 2012; 16:159-163. 

184 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Priest%20FG%5BAuthor%5D&cauthor=true&cauthor_uid=19661513
http://www.ncbi.nlm.nih.gov/pubmed/?term=Barker%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19661513
http://www.ncbi.nlm.nih.gov/pubmed/?term=priest+blattae
http://www.ncbi.nlm.nih.gov/pubmed/?term=priest+blattae
http://www.ncbi.nlm.nih.gov/pubmed/8472341
http://www.ncbi.nlm.nih.gov/pubmed/8472341
http://www.ncbi.nlm.nih.gov/pubmed/8472341
http://www.ncbi.nlm.nih.gov/pubmed/17630334
http://www.ncbi.nlm.nih.gov/pubmed/17630334


189) Rammelkamp, C. H., Maxon T. Resistance of Staphylococcus 

aureusto the action of penicillin, Proc. Soc. Exp. Biol. Med 1942; 

51:386-389. 

190) Rankin S.C., Whichard J.M., Joyce K., Stephens L., O’Shea 

K., Aceto H., Munro D.S., Benson C.E. Detection of a bla(SHV) 

extended-spectrum beta-lactamase in Salmonella enterica serovar 

Newport MDR-AmpC. J Clin Microbiol 2005; 43:5792–5793. 

191) Riggio M.P., Jonsson N., Bennett D. Culture-independent 

identification of bacteria associated with ovine 'broken mouth' 

periodontitis. Vet Microbiol. 2013; 166: 664-669.  

192) Rodriguez C.O. Jr, Moon M.L., Leib M.S. 

Salmonella choleraesuis pneumonia in a cat without signs of 

gastrointestinal tract disease.J Am Vet Med Assoc. 1993; 202:953-

955. 

193) Ruffo G. Enterobatteri. In: “Trattato di Malattie Infettive degli 

Animali” Farina R., Scatozza F. (Eds.). Torino: UTET. 1998 

194) Salamah A. A. Occurrence of Yersinia enterocolitica and 

Yersinia pseudotuberculosis in rodents and cat feces from Riyadh 

area, Saudi Arabia. Arab. Gulf J. Sci. Res 1994; 12:546–557. 

185 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Riggio%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=23928119
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jonsson%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23928119
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bennett%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23928119
http://www.ncbi.nlm.nih.gov/pubmed/?term=riggio+hafnia
http://www.ncbi.nlm.nih.gov/pubmed/8468222
http://www.ncbi.nlm.nih.gov/pubmed/8468222


195) Sallem R.B., Gharsa H., Slama K.B., Rojo-Bezares B., Estepa 

V., Porres- Osante N., Jouini A., Klibi N., Saenz Y., Boudabous A., 

Torres C. First detection of CTX-M-1 CMY-2, and QnrB19 

resistance mechanisms in fecal Escherichia coli isolates from healthy 

pets in Tunisia. Vector Borne Zoonotic Dis 2013; 13: 98–102. 

196) Samaha-Kfoury J.N., Araj G.F. Recent Developments in β-

lactamases and Extended Spectrum β-lactamases. British Med. J. 

2003; 327: 1209-1213. 

197) Saphir D.A., Carter G.R. Gingival flora of the dog with special 

reference to bacteria associated with bites. J Clin Microbiol 

1976; 3:344-349. 

198) Schäfer-Somi S., Spergser J, Breitenfellner J, Aurich 

JE. Bacteriological status of canine milk and septicaemia in neonatal 

puppies--a retrospective study. J Vet Med B Infect Dis Vet Public 

Health 2003; 50:343-346 

199) Schmiedel J., Falgenhauer L., Domann E., Bauerfeind R., 

Prenger-Berninghoff E., Imirzalioglu C., Chakraborty T. 

Multiresistant extended-spectrum β-lactamase-producing 

Enterobacteriaceae from humans, companion animals and horses in 

central Hesse, Germany.BMC Microbiol. 2014;14:187. 

186 
 

http://www.ncbi.nlm.nih.gov/pubmed/25014994
http://www.ncbi.nlm.nih.gov/pubmed/25014994
http://www.ncbi.nlm.nih.gov/pubmed/25014994


200) Selmi M, Stefanelli S, Bilei S, et al. Contaminated commercial 

dehydrated food as source of multiple Salmonella serotypes outbreak 

in a municipal kennel in Tuscany. Vet Ital. 2011;47:183-190. 

201) Shaheen B.W., Boothe D.M., Oyarzabal O.A., Smaha T. 

Antimicrobial resistance profiles and clonal relatedness of canine and 

feline Escherichia coli pathogens expressing multidrug resistance in 

the United States. Journal of Veterinary Internal Medicine. 2010; 

24:323–330. 

202) Shaheen B.W., Nayak R., Boothe D.M. Emergence of a New 

Delhi metallo-beta-lactamase (NDM-1)-encoding gene in clinical 

Escherichia coli isolates recovered from companion animals in the 

United States. Antimicrob. Agents Chemother 2013; 57: 2902–2903. 

203) Shaheen B.W., Nayak R., Foley S.L., Boothe D.M. 

Chromosomal and plasmid-mediated fluoroquinolone resistance 

mechanisms among broad-spectrum-cephalosporin-

resistant Escherichia coliisolates recovered from companion animals 

in the USA. Journal of Antimicrobial Chemotherapy.2013; 68:1019–

1024. 

 

187 
 



204) Sidjabat H.E., Hanson N.D., Smith-Moland E., Bell J.M., 

Gibson J.S., Filippich L.J., Trott D.J. Identification of plasmid-

mediated extended-spectrum and AmpC beta-lactamases in 

Enterobacter spp. isolated from dogs. J. Med. Microbiol 2007; 56: 

426–434. 

205) Simpson K.W., Dogan B., Rishniw M., Goldstein 

R.E., Klaessig S., McDonough P.L., German A.J., Yates 

R.M., Russell D.G., Johnson S.E., Berg D.E., Harel J., Bruant G., 

McDonough S.P., Schukken Y.H. 

Adherent and invasive Escherichia coli is associated with 

granulomatous colitis in boxer dogs. Infect Immun. 2006; 74:4778-

4792. 

206) Sirot D., Sirot J., Labia R., Morand A., Courvalin P., 

Darfeuille-Michaud A. et al. Transferable resistance to third-

generation cephalosporins in clinical isolates of Klebsiella 

pneumoniae: identification of CTX-1, a novel beta-lactamase. J 

Antimicrob Chemother1987; 20:323-334. 

 

 

188 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Simpson%20KW%5BAuthor%5D&cauthor=true&cauthor_uid=16861666
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dogan%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16861666
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rishniw%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16861666
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goldstein%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=16861666
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goldstein%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=16861666
http://www.ncbi.nlm.nih.gov/pubmed/?term=Klaessig%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16861666
http://www.ncbi.nlm.nih.gov/pubmed/?term=McDonough%20PL%5BAuthor%5D&cauthor=true&cauthor_uid=16861666
http://www.ncbi.nlm.nih.gov/pubmed/?term=German%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=16861666
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yates%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=16861666
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yates%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=16861666
http://www.ncbi.nlm.nih.gov/pubmed/?term=Russell%20DG%5BAuthor%5D&cauthor=true&cauthor_uid=16861666
http://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=16861666
http://www.ncbi.nlm.nih.gov/pubmed/?term=Berg%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=16861666
http://www.ncbi.nlm.nih.gov/pubmed/?term=Harel%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16861666
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bruant%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16861666
http://www.ncbi.nlm.nih.gov/pubmed/?term=McDonough%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=16861666
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schukken%20YH%5BAuthor%5D&cauthor=true&cauthor_uid=16861666
http://www.ncbi.nlm.nih.gov/pubmed/16861666


207) Siu L.K., Lo J.Y.C., Yuen K.Y., Chau P.Y., Ng M.H., Ho P.L. 

β-Lactamases in Shigella flexneri isolates from Hong Kong and 

Shanghai and a novel OXA-1-like β-lactamase, OXA-30. 

Antimicrob Agents Chemother 2000;44: 2034–2038. 

208) Siu L.K., Lu P., Chen J., Lin F., Chang S. High-Level 

Expression of AmpC β-lactamase Due to Insertion of Nucleotides 

between -10 and -35 Promoter Sequences in EscherichiacoliClinical 

Isolates: Cases Not Responsive to Extended-Spectrum-

Cephalosporin Treatment. Antimicrob. Agents Chemother. 2003; 47: 

2138-2144. 

209) Smith K.A., Kruth S., Hammermueller J., Gyles C., Wilson 

J.B. A case-control study of 

verocytotoxigenic Escherichia coli infection in cats with diarrhea. 

Can J Vet Res. 1998; 62:87-92. 

210) Spratt B.G. Resistance to antibiotics mediated by target 

alterations. Science 1994; 264: 388-393. 

211) Stafford Johnson J.M., Martin M.W., Stidworthy M.F. Septic 

fibrinous pericarditis in a cocker spaniel. J Small Anim Pract 

2003; 44:117-120. 

189 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=9553706
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kruth%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9553706
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hammermueller%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9553706
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gyles%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9553706
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wilson%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=9553706
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wilson%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=9553706
http://www.ncbi.nlm.nih.gov/pubmed/9553706
http://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=12653326
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stidworthy%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=12653326


212) Starcic M., Johnson J.R., Stell A.L., van der Goot J., Hendriks 

H.G., van Vorstenbosch C., van Dijk L., Gaastra W. Haemolytic 

Escherichia coli isolated from dogs with diarrhea have 

characteristics of both uropathogenic and necrotoxigenic strains. Vet 

Microbiol. 2002; 85:361-377.  

213) Stolle I., Prenger-Berninghoff E., Stamm I., Scheufen 

S., Hassdenteufel E., Guenther S., Bethe A., Pfeifer Y., Ewers C. 

Emergence of OXA-48 carbapenemase-producing Escherichia coli 

and Klebsiella pneumoniae in dogs. J Antimicrob Chemother. 2013; 

68:2802-2808. 

214) Su L.H., Chiu C.H., Chu C., Wang M.H., Chia J.H., Wu T.L. 

In vivo acquisition of ceftriaxone resistance in Salmonella enterica 

serotype anatum.Antimicrob Agents Chemother. 2003; 47:563-467. 

215) Suchodolski J.S. Companion animals symposium: microbes 

and gastrointestinal health of dogs and cats.J Anim Sci. 2011; 

89:1520-1530. 

190 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Starcic%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11856586
http://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=11856586
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stell%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=11856586
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20der%20Goot%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11856586
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hendriks%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=11856586
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hendriks%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=11856586
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Vorstenbosch%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11856586
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Dijk%20L%5BAuthor%5D&cauthor=true&cauthor_uid=11856586
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gaastra%20W%5BAuthor%5D&cauthor=true&cauthor_uid=11856586
http://www.ncbi.nlm.nih.gov/pubmed/11856586
http://www.ncbi.nlm.nih.gov/pubmed/11856586
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stolle%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23833179
http://www.ncbi.nlm.nih.gov/pubmed/?term=Prenger-Berninghoff%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23833179
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stamm%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23833179
http://www.ncbi.nlm.nih.gov/pubmed/?term=Scheufen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23833179
http://www.ncbi.nlm.nih.gov/pubmed/?term=Scheufen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23833179
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hassdenteufel%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23833179
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guenther%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23833179
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bethe%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23833179
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pfeifer%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23833179
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ewers%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23833179
http://www.ncbi.nlm.nih.gov/pubmed/?term=stolle+oxa-48
http://www.ncbi.nlm.nih.gov/pubmed/12543660
http://www.ncbi.nlm.nih.gov/pubmed/12543660
http://www.ncbi.nlm.nih.gov/pubmed/21075970
http://www.ncbi.nlm.nih.gov/pubmed/21075970


216) Tamang M.D., Nam H.-M., Jang G—C.,  Kim S.-R-, Chae 

M.H.,  Jung S.-C.,  Byun J.-B., Park Y.H., and Lim S.-K. Molecular 

Characterization of Extended-Spectrum-β-Lactamase-Producing and 

Plasmid-Mediated AmpC β-Lactamase-Producing Escherichia 

coli Isolated from Stray Dogs in South Korea. Antimicrob Agents 

Chemother. 2012; 56: 2705–2712. 

217) Tamura K., Sakazaki R., Kosako Y., Yoshizaki E. Leclercia 

adecarboxylata Gen. Nov., Comb. Nov., formerly known as 

Escherichia adecarboxylata. Current Microbiology 1986; 13: 179-

184. 

218) Tenover F.C., Raney P.M., Williams P.P., Rasheed J.K., 

Biddle J.W., Oliver A., Fridkin S.K., Jevitt L., McGowan J.E. 

Evaluation of the NCCLS Extended-Spectrum β-Lactamase 

Confirmation Methods for Escherichia coliwith Isolates Collected 

During Project ICARE. J. Clin. Microbiol. 2003; 41: 3142-3146. 

219) Thomson K.S. Extended-spectrum-β-lactamase, AmpC, and 

carbapenemase issues. Journal of Clinical Microbiology. 2010; 

48:1019–1025. 

191 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Tamang%20MD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nam%20HM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jang%20GC%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20SR%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chae%20MH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20SC%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Byun%20JW%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20YH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lim%20SK%5Bauth%5D
http://link.springer.com/journal/284


220) Tipper D. J., Strominger J. L. Mechanism of action of 

penicillins: a proposal based on their structural similarity to acyl-D-

alanyl-D-alanine. Proc Natl Acad Sci USA 1965; 54:1133-1141. 

221) Tracz D.M., Boyd D.A., Bryden L., Hizon R., Giercke S., 

Caeseele P.V., Mulvey M.R. Increase in ampC Promoter Strength 

Due to Mutations and Deletion of the Attenuator in a Clinical Isolate 

of Cefoxitin-Resistant Escherichia colias Determined by RT-PCR. J. 

Antimicrob. Chemother. 2005; 55: 768-772. 

222) Tribe G.W., Rood M.J. Providencia alcalifaciens in 

diarrhoeic dogs and cats. Vet Rec. 2002 Mar 23; 150(12):386-7. 

223) Tristram D.A., Forbes B.A. Kluyvera: a case report of urinary 

tract infection and sepsis. Pediatr Infect Dis J. 1988; 7:297-298. 

224) Velasco C., et al. Analysis of plasmids encoding extended-

spectrum beta-lactamases (ESBLs) from Escherichia coli isolated 

from nonhospitalised patients in Seville. International Journal of 

Antimicrobial Agents 2007; 29: 89-92. 

192 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Tribe%20GW%5BAuthor%5D&cauthor=true&cauthor_uid=11936417
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rood%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=11936417
http://www.ncbi.nlm.nih.gov/pubmed/11936417
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tristram%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=3368262
http://www.ncbi.nlm.nih.gov/pubmed/?term=Forbes%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=3368262
http://www.ncbi.nlm.nih.gov/pubmed/?term=tristram+kluyvera


225) Vieira Colombo A.P., Magalhães C.B., Hartenbach 

F.A., Martins do Souto R., Maciel da Silva-Boghossian C.. 

Periodontal-disease-associated biofilm: A reservoir for pathogens of 

medical importance. Microb Pathog. 2016; 94:27-34. 

226) Walsh T.R., Toleman M.A., Poirel L., Nordmannn P. Metallo-

β-lactamases: the quiet before the storm? Clin Microbiol Rev 

2005;18: 306–325. 

227) Whitby J.L., Muir G.G. Bacteriological studies of urinary tract 

infection. Br J Urol 1961; 33: 130-4 

228) White R.A., Williams J.M. Intracapsular prostatic 

omentalization: a new technique for management of prostatic 

abscesses in dogs. Vet Surg 1995; 24:390-395. 

229) Wilke M.S., Lovering A.L., Strynadka N.C. β-lactam 

antibiotic resistance: a current structural perspective. Curr Opin 

Microbiol 2005; 8: 525-533. 

230) Wright G.D. Bacterial resistance to antibiotics: enzymatic 

degradation and modification, Adv. Drug Deliv. Rev. 2005; 57: 

1451-1470. 

 

193 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Vieira%20Colombo%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=26416306
http://www.ncbi.nlm.nih.gov/pubmed/?term=Magalh%C3%A3es%20CB%5BAuthor%5D&cauthor=true&cauthor_uid=26416306
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hartenbach%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=26416306
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hartenbach%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=26416306
http://www.ncbi.nlm.nih.gov/pubmed/?term=Martins%20do%20Souto%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26416306
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maciel%20da%20Silva-Boghossian%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26416306
http://www.ncbi.nlm.nih.gov/pubmed/?term=vieira+colombo+hafnia


231) Yigit H., Queenan A.M., Anderson G.J., Domenech-Sanchez 

A., Biddle J.W., Steward C.D., et al. Novel carbapenem-hydrolyzing 

β-lactamase KPC-1 from a carbapenem-resistant strain of Klebsiella 

pneumoniae. Antimicrob Agents Chemother 2001; 45: 1151-1161. 

232) Yong D., Toleman M.A., Giske C.G., Cho H.S., Sundman K., 

Lee K., et al. Characterization of a new metallo-β-lactamase gene, 

blaNDM-1, and a novel erythromycin esterase gene carried on a 

unique genetic structure in Klebsiella pneumoniae sequence type 14 

from India. Antimicrob Agents Chemother 2009; 53: 5046–5054. 

233) Yu W.L., Wu L.T., Pfaller M.A., Winokur P.L., Jones R.N. 

Confirmation of extended-spectrum beta-lactamase-producing 

Serratia marcescens: preliminary report from Taiwan.Diagn 

Microbiol Infect Dis. 2003; 45:221-224. 

234) Zamankhan Malayeri H., Jamshidi S, Zahraei Salehi 

T. Identification and antimicrobial susceptibility patterns of bacteria 

causing otitis externa in dogs. Vet Res Commun 2010; 34:435-444. 

194 
 

http://www.ncbi.nlm.nih.gov/pubmed/12729989
http://www.ncbi.nlm.nih.gov/pubmed/12729989

	3) Adler K., Radeloff I., Stephan B., Greife H., Hellmann K. Bacteriological and virological status in upper respiratory tract infections of cats (cat common cold complex). Berl Munch Tierarztl Wochenschr2007; 120:120-125
	9) Antonello V.S., Dallé J., Domingues G.C.., Ferreira J.A., Fontoura Mdo C., Knapp F.B. Post-cesarean surgical site infection due to Buttiauxella agrestis. Int J Infect Dis. 2014; 22:65-66.
	10) Babic M., Hujer A.M., and Bonomo R.A. What's new in antibiotic resistance? Focus on beta-lactamases. Drug Resist Update 2006; 9:142-156.
	11) Ball K.R., Rubin J.E., Chirino-Trejo M., Dowling P.M. Antimicrobial resistance and prevalence of canine uropathogens at the Western College of Veterinary Medicine Veterinary Teaching Hospital, 2002-2007. Can Vet J 2008; 49:985-990
	13) Barnich N., Darfeuille-Michaud A. Adherent-invasive Escherichia coli and Crohn's disease. Curr Opin Gastroenterol. 2007; 23:16-20.
	14) Behravesh CB, Ferraro A, Deasy M, et al. Human Salmonella infections linked to contaminated dry dog and cat food, 2006- 2008. Pediatrics. 2010;126:477-483.
	15) Belas A., Salazar A.S., Gama L.T., Couto N., Pomba C. Risk factors for faecal colonisation with Escherichia coli producing extended-spectrum and plasmid-mediated AmpC β-lactamases in dogs. Vet Rec. 2014 ; 175:202.
	17) Benjamin A., Lipsky Edward W. Hook III, Smith A.A., and Plorde J.J. Citrobacter Infections in Humans: Experience at the Seattle Veterans Administration Medical Center and a Review of the Literature. Clin Infect Dis. 1980; 2 : 746-760.
	18) Berger S. A., Edberg S. C., and Klein R. S.. Enterobacter hafniae infection; report of two cases and review of the literature. Am. J. Med. Sci 1977; 273:101-105.
	19) Beutin L. Escherichia coli as a pathogen in dogs and cats. Vet Res. 1999 ; 30:285-298.
	24) Bowlt K.L. et al. Ischaemic distal limb necrosis and Klebsiella pneumoniae infection associated with arterial catheterisation in a cat. J Feline Med Surg 2013, 15:1165-1168
	27) Brothers A.M., Gibbs P.S., Wooley R.E. Development of resistant bacteria isolated from dogs with otitis externa or urinary tract infections after exposure to enrofloxacin in vitro. Vet Ther 2002; 3:493-500
	30) Buchanan R., Doyle M. Food born disease significance of Escherichia coli O157:H7 and other Enterohemorrhagic E. coli. Food Technol 1997; 51: 69–76.
	38) Cantón R., Coque T.M. The CTX-M beta-lactamase pandemic. Curr Opin Microbiol. 2006;9:466-475.
	42) Cassel-Beraud A.M., Richard C. The aerobic intestinal flora of the microchiropteran bat Chaerephon pumila in Madagascar. Bull Soc Pathol Exot Filiales 1988; 81:806–810.
	43) Cassidy J.P., Callanan J.J., McCarthy G., O'Mahony M.C. Myocarditis in sibling boxer puppies associated with Citrobacter koseri infection. Vet Pathol 2002; 39:393-395.
	45) Cavana P.,  Tomesello A., Ripanti D., Nebbia P., Farca A.M. Multiple organ dysfunction syndrome in a dog with Klebsiella pneumoniae septicemia. Schweiz Arch Tierheilkd 2009; 151:69-74.
	47) Chang J., Jung J., Jeong Y., Hong K., Kim K., Yoon J., Choi M. What is your diagnosis? Emphysematous pyometra with a large amount of gas. J Small Anim Pract 2007; 48:717-719
	50) Cornegliani L., Corona A., Vercelli A., Roccabianca P. Identification by real-time PCR with SYBR Green of Leishmania spp. and Serratia marcescens in canine 'sterile' cutaneous nodular lesions. Vet Dermatol. 2015;26:186-192.
	57) De Stefani A., Garosi L.S., McConnell F.J., Diaz F.J., Dennis R., Platt S.R. Magnetic resonance imaging features of spinal epidural empyema in five dogs. Vet Radiol Ultrasound 2008; 49:135-140
	59) DeVinney R., Gauthier A., Abe A., Finlay B.B. Enteropathogenic Escherichia coli: a pathogen that inserts its own receptor into host cells.Cell Mol Life Sci. 1999; 55:961-976.
	67) Escher M, Vanni M, Intorre L, Caprioli A, Tognetti R, Scavia G, 2010. Use of antimicrobials in companion animal practice: a retrospective study in a veterinary teaching hospital in Italy. J Antimicrob Chemother 66:920-927.
	69) Euclid J.M. et al.Case Study: Citrobacter vaginitis and salpingitis in a Burmese kitten. Online J Vet Res 2011; 15:420-423.
	76) Farrar E.T., Washabau R.J., Saunders H.M. Hepatic abscesses in dogs: 14 cases (1982-1994). J Am Vet Med Assoc 1996; 208:243-247
	77) Fazal B.A., Justman J.E., Turett G.S., Telzak E.E. Community-acquired Hafnia alvei infection. Clin Infect Dis. 1997; 24:527-528.
	79) Fenwick S.G., Madie P., Wilks C.R. Duration of carriage and transmission of Yersinia enterocolitica biotype 4, serotype 0:3 in dogs. Epidemiol Infect. 1994; 113:471-477.
	84) Forrester S.D., Rogers K.S., Relford R.L. Cholangiohepatitis in a dog. J Am Vet Med Assoc 1992; 200:1704-1706.
	86) Galarneau J.R., Fortin M, Lapointe JM, Girard C. Citrobacter freundii septicemia in two dogs. J Vet Diagn Invest 2003; 15:297-299
	88) Ghantous S.N., Crawford J. Double ureters with ureteral ectopia in a domestic shorthair cat. J Am Anim Hosp Assoc 2006; 42:462-466
	92) Goldstein E.J.C., Agyare E.O., Vagvolgyi A.E., Halpern M. Aerobic bacterial flora of garter snakes: development of normal flora and pathogenic potential for snakes and humans. J Clin Microbiol 1981; 13:954–956.
	97) Haenni M., Ponsin C., Métayer V., Médaille C., Madec J.Y. Veterinary hospital-acquired infections in pets with a ciprofloxacin-resistant CTX-M-15-producing Klebsiella pneumoniae ST15 clone. J Antimicrob Chemother 2012 Mar; 67:770-771
	99) Hammermueller J., Kruth S., Prescott J., et al. Detection of toxin genes in Escherichia coli isolated from normal dogs and dogs with diarrhea. Can J Vet Res. 1995;59:265-270.
	103) Hille K., Fischer J., Falgenhauer L., Sharp H., Brenner G.M., Kadlec K., Friese A., Schwarz S., Imirzalioglu C., Kietzmann M., Von Münchhausen C., Kreienbrock L. On the occurence of extended-spectrum- and AmpC-beta-lactamase-producing Escherichia...
	104) Hogg R.A., Holmes J.P., Ghebrehewet S., Elders K., Hart J., Whiteside C., Willshaw G.A., Cheasty T., Kay A., Lynch K., Pritchard G.C. Probable zoonotic transmission of verocytotoxigenic Escherichia coli O 157 by dogs. Vet Rec. 2009; 164:304-305.
	114) Johnson L.R., Fales W.H. Clinical and microbiologic findings in dogs with bronchoscopically diagnosed tracheal collapse: 37 cases (1990-1995). J Am Vet Med Assoc. 2001; 219:1247-1250.
	119) Klapholz A., Lessnau K.D., Huang B., Talavera W., Boyle J.F. Hafnia alvei. Respiratory tract isolates in a community hospital over a three-year period and a literature review. Chest. 1994; 105:1098-1100.
	123) Król J., Janeczek M., Pliszczak-Król A., Janeczek W., Florek M. Providencia alcalifaciens as the presumptive cause of diarrhoea in dog. Pol J Vet Sci. 2007; 10:285-287.
	125) Kume T. A case of abortion possibly due to Hafnia organism. J Hokkaido Vet Med Assoc 1962; 6:1–4.
	126) Leclerc H.Biochemical study of pigmented Enterobacteriaceae.Ann Inst Pasteur (Paris) 1962;102:726-741.
	127) Lenz J, Joffe D, Kauffman M, et al. Perceptions, practices, and consequences associated with foodborne pathogens and the feeding of raw meat to dogs. Can Vet J. 2009;50:637-643.
	128) Ling G.V., Norris C.R., Franti C.E., Eisele P.H., Johnson D.L., Ruby A.L., Jang S.S. Interrelations of organism prevalence, specimen collection method, and host age, sex, and breed among 8,354 canine urinary tract infections (1969-1995). J Vet In...
	131) Lobetti R.G., Joubert K.E., Picard J., Carstens J., Pretorius E. Bacterial colonization of intravenous catheters in young dogs suspected to have parvoviral enteritis. J Am Vet Med Assoc. 2002; 220:1321-4.
	132) Loncaric I., Stalder G.L., Mehinagic K., Rosengarten R., Hoelzl F., Knauer F., Walzer C.. Comparison of ESBL--and AmpC producing Enterobacteriaceae and methicillin-resistant Staphylococcus aureus (MRSA) isolated from migratory and resident popula...
	135) Mainil J.G., Jacquemin E., Oswald E. Prevalence and identity of cdt-related sequences in necrotoxigenic Escherichia coli. Vet Microbiol. 2003; 94:159-165.
	141) Morato E.P., Leomil L., Beutin L., Krause G., Moura R.A., Pestana de Castro A.F. Domestic cats constitute a natural reservoir of human enteropathogenic Escherichia coli types. Zoonoses Public Health. 2009; 56: 229-237.
	145) Münnich A. The pathological newborn in small animals: the neonate is not a small adult. Vet Res Commun 2008; 32:81-85
	146) Münnich A., Küchenmeister U. Causes, diagnosis and therapy of common diseases in neonatal puppies in the first days of life: cornerstones of practical approach. Reprod Domest Anim. 2014 ; 49 Suppl 2:64-74.
	153) Nelson E.C., Elisha B.G. Molecular basis of AmpC hyperproduction in clinical isolates of Escherichia coli. Antimicrob Agents Chemother. 1999; 43:957-959.
	158) O’Keefe A., Hutton T.A., Schifferli D.M., Rankin S.C. First detection of CTX-M and SHV extended-spectrum beta-lactamases in Escherichia coli urinary tract isolates from dogs and cats in the United States. Antimicrob. Agents Chemother 2010; 54: 34...
	159) Okada S., Gordon D.M. Genetic and ecological structure of Hafnia alvei in Australia. Syst Appl Microbiol 2003; 26:585–594.
	160) Olson P., Hedhammar A., Wadström T. Enterotoxigenic Escherichiacoli infection in two dogs with acute diarrhea.J Am Vet Med Assoc. 1984; 184:982-983.
	162) Papadogiannakis E., Perimeni D., Velonakis E., Kontos V., Vatopoulos A. Providencia stuartii infection in a dog with severe skin ulceration and cellulitis. J Small Anim Pract. 2007; 48:343-345.
	163) Park B.S., Song D.H., Kim H.M., Choi B.S., Lee H., Lee J.O. The structural basis of lipopolysaccharide recognition by the TLR4-MD-2 complex. Nature. 2009; 458:1191-1195.
	165) Pepperell C., Kus J.V., Gardam M.A., Humar A., Burrows L.L.. Low-Virulence Citrobacter Species Encode Resistance to Multiple Antimicrobials. Antimicrob Agents Chemother 2002 November; 46: 3555–3560.
	185) Priest F.G., Barker M. Gram-negative bacteria associated with brewery yeasts: reclassification of Obesumbacterium proteus biogroup 2 as Shimwellia pseudoproteus gen. nov., sp. nov., and transfer of Escherichia blattae to Shimwellia blattae comb. ...
	191) Riggio M.P., Jonsson N., Bennett D. Culture-independent identification of bacteria associated with ovine 'broken mouth' periodontitis. Vet Microbiol. 2013; 166: 664-669.
	192) Rodriguez C.O. Jr, Moon M.L., Leib M.S. Salmonella choleraesuis pneumonia in a cat without signs of gastrointestinal tract disease.J Am Vet Med Assoc. 1993; 202:953-955.
	197) Saphir D.A., Carter G.R. Gingival flora of the dog with special reference to bacteria associated with bites. J Clin Microbiol 1976; 3:344-349.
	198) Schäfer-Somi S., Spergser J, Breitenfellner J, Aurich JE. Bacteriological status of canine milk and septicaemia in neonatal puppies--a retrospective study. J Vet Med B Infect Dis Vet Public Health 2003; 50:343-346
	205) Simpson K.W., Dogan B., Rishniw M., Goldstein R.E., Klaessig S., McDonough P.L., German A.J., Yates R.M., Russell D.G., Johnson S.E., Berg D.E., Harel J.,
	209) Smith K.A., Kruth S., Hammermueller J., Gyles C., Wilson J.B. A case-control study of verocytotoxigenic Escherichia coli infection in cats with diarrhea. Can J Vet Res. 1998; 62:87-92.
	213) Stolle I., Prenger-Berninghoff E., Stamm I., Scheufen S., Hassdenteufel E., Guenther S., Bethe A., Pfeifer Y., Ewers C. Emergence of OXA-48 carbapenemase-producing Escherichia coli and Klebsiella pneumoniae in dogs. J Antimicrob Chemother. 2013; ...
	216) Tamang M.D., Nam H.-M., Jang G—C.,  Kim S.-R-, Chae M.H.,  Jung S.-C.,  Byun J.-B., Park Y.H., and Lim S.-K. Molecular Characterization of Extended-Spectrum-β-Lactamase-Producing and Plasmid-Mediated AmpC β-Lactamase-Producing Escherichia coli Is...
	222) Tribe G.W., Rood M.J. Providencia alcalifaciens in diarrhoeic dogs and cats. Vet Rec. 2002 Mar 23; 150(12):386-7.
	223) Tristram D.A., Forbes B.A. Kluyvera: a case report of urinary tract infection and sepsis. Pediatr Infect Dis J. 1988; 7:297-298.
	225) Vieira Colombo A.P., Magalhães C.B., Hartenbach F.A., Martins do Souto R., Maciel da Silva-Boghossian C.. Periodontal-disease-associated biofilm: A reservoir for pathogens of medical importance. Microb Pathog. 2016; 94:27-34.
	234) Zamankhan Malayeri H., Jamshidi S, Zahraei Salehi T. Identification and antimicrobial susceptibility patterns of bacteria causing otitis externa in dogs. Vet Res Commun 2010; 34:435-444.

