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“Nothing in life is to be feared, it is only to be understood. 

Now is the time to understand more, so that we may fear less.” 

Marie Curie  
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Resumo 

 O aumento da resistência antimicrobiana resulta do uso abusivo de antibióticos na 

saúde humana e animal e na produção animal ao longo dos anos, exercendo uma pressão 

seletiva sobre os microrganismos, favorecendo o surgimento de bactérias resistentes e a sua 

disseminação no meio ambiente. Enterococcus spp. são bactérias comensais da microbiota 

intestinal, extremamente versáteis e podem sobreviver numa ampla diversidade de condições, 

tornando-se cada vez mais relatadas como um patógeno oportunista e capaz de causar 

infeções graves. A resistência a determinados antibióticos é cada vez mais emergente, sendo 

este um problema preocupante. 

 O objetivo deste estudo foi avaliar a prevalência de Enterococcus spp. e a diversidade 

de espécies em amostras de peixes para consumo humano, avaliar o fenótipo/genótipo de 

resistência a antibióticos dos isolados recuperados, bem como a sua capacidade de produção 

de bacteriocinas. Além disso, determinou-se a taxa de enterococos resistentes à vancomicina 

nas amostras (inoculadas em Slanetz-Bartley suplementadas com vancomicina), os 

mecanismos de resistência à vancomicina, o tipo de Tn1546, a presença de genes de 

virulência e as linhagens genéticas de VRE. 

 Recolheu-se Enterococcus em 63 das 150 amostras de peixes testadas (42%), 

detetadas quando inoculadas em Slanetz-Bartley (sem vancomicina), e foi caracterizado um 

isolado/amostra. Foram detetadas as seguintes espécies: E. faecium-E. faecalis (84,7%) e E. 

hirae-E. gallinarum-E. mundtii (15,3%). Foi detetado um fenótipo de multirresistência em 

15,2% dos enterococos. Detetaram-se as seguintes frequências de resistência: tetraciclina 

(40,7%, principalmente pelo gene tetM, mas também tetL/tetK), eritromicina (33,9%, 

principalmente pelo gene ermB, mas também ermT/msrA), canamicina (35,6%, aph(3)-III), 

ampicilina (25,4%), estreptomicina-ciprofloxacina (10,2-18,6%), gentamicina-cloranfenicol-

quinupristina/dalfopristina (1,7-5%) e linezolide-vancomicina-teicoplanina (0%). O gene 

aac(6’)-Ie-aph(2”)-Ia foi detetado numa estirpe E. faecium resistente a gentamicina de alta 

carga, da nova linhagem ST1396. Sessenta por cento dos enterococos das amostras de 

peixes foram capazes de produzir substâncias antimicrobianas com atividade contra 

diferentes bactérias indicadoras. Os genes que codificam as bacteriocinas entA, entB, 

ent1071A/B e/ou entL50A/B foram detetados em metade das estirpes testadas. 

 Além disso, foram detetados VRE em 4 das 150 amostras de peixes (2,7%), 

correspondendo a 3 E. faecium e 1 E. faecalis, todos com genótipo vanA. Aos 3 E. faecium 

foi atribuído o ST139 (CC5) e ao E. faecalis o ST16 (CC16). Os isolados VRE eram 

multirresistentes e continham os genes tetM, tetL, tetK, ermB, aac(6’)-Ie-aph(2”)-Ia e/ou 
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catpC223. Os genes hyl e gel não foram detetados entre os isolados VRE, mas o gene esp foi 

identificado no E. faecalis. As estirpes VRE mostraram a estrutura Tn1546 padrão e o gene 

vanA não pôde ser transferido por conjugação para as estirpes E. faecalis e E. faecium 

recetoras. 

 Estes resultados indicam que as espécies de peixe para consumo humano estão 

contaminadas com enterococos com resistências antimicrobianas relevantes, como é o caso 

de VRE com o genótipo vanA, entre outros, com potencial implicação na saúde pública. Os 

dados obtidos neste estudo são importantes para estabelecer políticas para o uso prudente 

de antibióticos, bem como para alertar a população sobre os riscos do uso inadequado de 

antimicrobianos e o consumo de produtos crus ou mal cozidos. 

Palavras-chave: Enterococcus spp., peixe, VRE, multirresistência, saúde pública. 
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Abstract 

 The increase of antimicrobial resistance results from the abusive use of antibiotics in 

human and animal health and in animal production over the years, exerting selective pressure 

on the microorganisms, favouring the emergence of resistant bacteria and their dissemination 

in the environment. Enterococcus spp. are commensal bacteria of the intestinal microbiota, 

extremely versatile and can survive in a wide diversity of conditions, becoming increasingly 

reported as an opportunistic pathogen and capable of causing serious infections. Resistance 

to certain antibiotics is increasingly emerging, being this a worrying problem. 

 The aim of this study was to evaluate the prevalence of Enterococcus spp. and the 

diversity of species in fish samples for human consumption, to evaluate the 

phenotype/genotype of antibiotic resistance of the recovered isolates, as well as their capacity 

to produce bacteriocins. In addition, it was determined the rate of vancomycin-resistant 

enterococci among the samples (inoculated in Slanetz-Barley supplemented with 

vancomycin), the mechanisms of vancomycin resistance, the type of Tn1546, the presence of 

virulence genes and the genetic lineages of VRE. 

 Enterococcus was recovered in 63 of 150 fish samples tested (42%), detected when 

inoculated in Slanetz-Bartley (without vancomycin), and one isolate/sample was characterized. 

The following species were detected: E. faecium-E. faecalis (84.7%), and E. hirae-E. 

gallinarum-E. mundtii (15.3%). A multidrug resistance phenotype (MDR) was found in 15.2% 

of enterococci. The following frequencies of resistance were detected: tetracycline (40.7%, 

mostly by tetM, but also tetL/tetK genes), erythromycin (33.9%, mostly by ermB, but also 

ermT/msrA genes), kanamycin (35.6%, aph(3´)-III), ampicillin (25.4%), streptomycin-

ciprofloxacin (10.2-18.6%), gentamicin-chloramphenicol-quinupristin/dalfopristin (1.7-5%), 

and linezolid-vancomycin-teicoplanin (0%). The aac(6’)-Ie-aph(2”)-Ia gene was detected in 

one high-level-gentamicin-resistant E. faecium strain, of the new lineage ST1396. Sixty-per-

cent of enterococci of fish samples were able to produce antimicrobial substances with activity 

against different indicator bacteria. The entA, entB, ent1071A/B and/or entL50A/B bacteriocin 

encoding genes were detected in half of bacteriogenic tested strains. 

 Moreover, VRE carriage was detected in 4 of 150 fish samples (2.7%), corresponding 

to 3 E. faecium and one E. faecalis, all with vanA genotype. The 3 E. faecium were ascribed 

to ST139 (CC5), and the E. faecalis to ST16 (CC16). VRE isolates were MDR and carried the 

genes tetM, tetL, tetK, ermB, aac(6’)-Ie-aph(2”)-Ia and/or catpC223. The hyl and gel genes were 

not detected among VRE isolates, but the esp gene was identified in the E. faecalis. VRE 
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strains showed the standard Tn1546 structure and the vanA gene couldn’t be transferred by 

conjugation to E. faecalis and E. faecium receptors strains. 

 These results indicate that fish species for human consumption are contaminated with 

enterococci with relevant antimicrobial resistance, as is the case of VRE with the vanA 

genotype, among others, with potential implication in public health. The data obtained in this 

study are important to establish policies for the prudent use of antibiotics, as well as to warn 

the population about the risks of inappropriate use of antimicrobials and the consumption of 

raw or undercooked products. 

 

Keywords: Enterococcus spp., fish, VRE, multi-resistance, public health 
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1. Introduction 

1.1 Importance of the antibiotic resistance study in fish species 

 In the past, the consumption of raw or other undercooked dishes was associated with 

specific cultures and geographical areas of the world. Nevertheless, over time, some 

consumption habits changed and with the increase of travel, the globalization of food supplies 

and the embracement of foreign eating habits, the diseases that were considered rare and 

exclusive of certain geographic areas are now becoming increasingly widespread (Broglia & 

Kapel, 2011). 

 The consumption of sushi, sashimi or nigiri, which are raw or undercooked dishes, 

originating from Japan, and consisting mainly of rice and raw fish became very popular around 

Europe in the last years. In Japanese restaurants and sushi bars, these dishes are preferably 

prepared from marine fish such as tuna, salmon, yellowtail and red snapper, although other 

fish species can be used (Nawa et al., 2005).  

 While fish is generally considered healthy, just like many other animal products, it is a 

potential carrier of public health risks, as the ingestion of the musculature can lead to the 

ingestion of pathogenic bacteria or parasites if not properly cooked (Atanassova et al., 2008). 

Beyond sushi and sashimi, other raw fish preparations have also sparked global interest. In 

Latin American countries, dishes such as ceviche (usually raw fish marinated in lemon), and 

smoked fish dishes can be sources of bacterial infections and some European specialities, 

such as fermented salmon, can be risks to human health (Broglia & Kapel, 2011).  

 As the intestinal microbiota is the natural habitat of some enterococcal species, its 

occurrence in the fish intestinal microbiota or fish environments has been already reported and 

although enterococci are usually seen as harmless commensal bacteria, these organisms are 

also considered as one of the causes of nosocomial infections (Hammad et al., 2014). These 

microorganisms are frequently present in food either because of their occurrence in the raw 

materials or because they were introduced during the manufacture, storage or 

commercialization, thus contaminating the food products. The consumption of contaminated 

food products, especially those that are not cooked or are undercooked, constitute an imminent 

risk to public health, taking into account the possibility of transmission of virulence factors or 

genes implicated in resistance to antibiotics (Soares-Santos et al., 2015).  

 

1.2 Enterococcus spp. 

1.2.1 Characterization of the genus Enterococcus 

 The name “enterococcus” was introduced at the end of the 19th century, by Thiercelin, 

to describe the origin of an intestinal organism, saprophytic coccus capable of causing 
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infection. The name proposed was “Enterocoque”, to emphasize the morphology and intestinal 

origin of the microbe. MacCallum and Hastings, in the same year, characterized a similar 

organism, now known as Enterococcus faecalis, from a lethal case of endocarditis, providing 

a detailed description of its pathogenic abilities (Lebreton et al., 2014). 

 Enterococci are Gram-positive organisms, non-spore-forming, catalase-negative, and 

facultative anaerobes. These cocci can be arranged in pairs or short chains, although some 

species are motile, such as Enterococcus gallinarum and Enterococcus casseliflavus (Fisher 

& Phillips, 2009; Vu & Carvalho, 2011). As 

members of the lactic acid bacteria (LAB) 

group and bacteriocin producers, these 

organisms are identified by a low G+C 

content of ˂50mol%. In addition, they are 

chemoorganotrophic and produce L-lactic 

acid from hexoses by homofermentative 

lactic acid fermentation. Through DNA 

hybridization and 16S rRNA sequencing, it 

was established in 1984 that two species, 

Streptococcus faecium and Streptococcus 

faecalis, were sufficiently distinct from the 

other streptococci to be designated another 

genus, Enterococcus, meaning that the D 

group antigen can be found in both 

streptococci and enterococci (Figure 1) (Franz et al., 2003; Fisher & Phillips 2009).  

 Enterococci are able to survive in a wide range of environmental conditions, such as 

extreme temperatures (5 to 50 ºC) and pH (4.6-9.9). They can also hydrolyze esculin in the 

presence of 40% (w/v) bile salts, survive at 60 ºC for 30 minutes and grow in 6.5% NaCl. Most 

enterococci are able to hydrolyze L-pyrrolidonyl-β-naphthylamide (PYR) (Fisher & Phillips, 

2009; Lebreton et al., 2014). These characteristics allow enterococci to be distinguished from 

other Gram-positive, homofermentative and catalase-negative organisms. 

 Based on acid formation in mannitol and sorbose broth and hydrolysis of arginine, 

Facklam and collaborators divided the enterococcal species into 5 different groups, from Group 

I to Group V (Table 1). Over thirty Enterococcus species have been described so far with 

distinct phenotype, habitat and metabolic characteristics (Facklam et al., 2002). 

 

Figure 1. Phylogenetic dendrogram of Gram-
positive genera and Enterococcus position by 16S 
rRNA (retrieved from Fisher & Phillips (2009)). 
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Table 1. Distribution, into 5 different groups, of the enterococcal species according to acid formation on 
mannitol and sorbose broths and arginine hydrolysis (based on Facklam et al., (2002)). 

 Group I Group II Group III Group IV Group V 

A
c
id

 

F
o
rm

a
ti
o
n

 Mannitol 
Broth 

     

Sorbose 
Broth 

     

Arginine 
Hydrolysis 

     

Enterococcal 
Species 

• E. avium, 

• E. malodoratus, 

• E. raffinosus, 

• E. pseudoavium, 

• E.saccharolyticus, 

• E. pallens, 

• E. gilvus. 

• E. faecalis, 

• E. faecium, 

• E. 
casseliflavus, 

• E. mundtii, 

• E. gallinarum. 

• E. durans, 

• E. porcinus, 

• E. ratti, 

• E. hirae 

• E. dispar. 

• E. faecalis 
and E. 
faecium 
variants 

• E. asini, 

• E. sulfureus, 

• E. cecorum. 

• E. columbae,  

• E. faecalis, 
gallinarum and 
casseliflavus 
variants 
negative for 
arginine 
hydrolisis 

 

1.2.2 Enterococcus spp. habitats 

 Enterococci are widely distributed in the environment. In addition of being ubiquitous in 

the gastrointestinal (GI) tract of humans and a wide range of animals, they can also be 

frequently found in food, vegetables, water, soil, insects and other sources (Torres et al., 2018). 

 As typical colonizers of the GI tract, these organisms are the most abundant Gram-

positive coccus found in human faeces, being isolated at a rate of up to 105-108 CFU/g, with E. 

faecalis and E. faecium as the most prevalent species found. However, other species such as 

E. avium and E. durans can also be present. Despite being the natural colonizers of the lower 

GI tract, these bacteria can also appear in the vaginal tract, oral cavity and upper GI tract and 

from these sites, enterococci are able to colonize other tissues, such as urinary tract, wounds 

(commonly intra-abdominal and pelvic sites), bloodstream and endocardium, thus becoming 

nosocomial pathogens (Shepard & Gilmore, 2002; Martínez, 2011).  

 Enterococci are used as markers of faecal contamination of food products (e.g., raw 

meat, milk and milk products) and the acquisition of these bacteria through food may result in 

intestinal colonization (Tyson et al., 2017). Although these organisms are considered food 

contaminants, they are also used as probiotics in order to improve the microbial balance of the 

intestines, to treat gastroenteritis or as starter cultures to produce cheese (Eaton & Gasson 

2001; Biavasco et al., 2007). 
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 Although E.faecalis and E.faecium are the most prevalent species among the different 

environments, some enterococcal species are typically associated with a specific environment 

or animal species being the key to the Enterococcus spp. broad distribution in nature the 

capacity to survive under extreme conditions, allowing them to become pathogens with clinical 

relevance (Aarestrup et al., 2002; Vu & Carvalho, 2011). 

 

1.3 Antibiotics 

 Antibiotics are molecules capable of stopping bacteria, by killing or preventing them 

from growing. Produced by fermentation or chemical synthesis, antibiotics that stop bacterial 

growth are bacteriostatic and the ones causing cell death are bactericidal, lowering the 

bacterial count (Walsh 2003a; Maddison et al., 2008). The antibacterial agents can be natural 

or synthetic products, both with the aim of blocking crucial processes in microbial cells. The 

natural antimicrobial compounds are produced by bacteria and fungi, being the major producer 

of these substances the actinomycetes group (Walsh, 2003a). Antibiotics are also classified 

according to their spectrum of activity, describing the extent of microorganisms that are 

sensitive to the drug. Broad spectrum antibiotics are able to target different microbes from 

different species whilst narrow spectrum is only effective against a few species (Kester et al., 

2012). 

 

1.3.1 Evolution of the use of antibiotics as growth promoters 

 In the 1940s, chlortetracycline was discovered to have a growth promoting effect when 

chickens were fed with fermentation offal of this compound produced by Streptomyces 

aureofaciens. Ever since, several antibiotics had been used as growth promoters, as they 

improved nutrient absorption, feed intake, fatty acid absorption and reduced mortality due to 

clinical diseases, allowing a growth improvement between 4 and 8% (Gaskins et al., 2002; 

Butaye et al., 2003). In 1951, the U.S Food & Drug Administration (FDA) approved the use of 

antimicrobials as additives without a veterinary prescription. In Europe, in the 1950s and 

1960s, each European state approved national guidelines about the use of antibiotics in animal 

feed (Castanon, 2007).  

 When livestock producers started to routinely use antimicrobials, the scientific 

community questioned the possible side effects of this practice in human health, as many of 

the antimicrobials used as feed additives were identical or related to drugs used to treat 

diseases in human medicine, in addition to the fact that the resistance genes usually encode 

resistance to an entire class of antibiotics, with the risk of cross-resistance. In 1969, the Swann 

Committee was formed in the UK to discuss these concerns and it was stated that antibiotics 
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used in livestock should be divided into feed and therapeutic classes, being that the feed class 

shouldn’t include therapeutic agents used in medicine (Butaye et al., 2003; Tollefson & Karp, 

2004). In 1970, the European Economic Community (EEC) decided that only antibiotics having 

a proven effect on animal growth, acting on bacteria and showing no intestinal absorption could 

be used as growth promoters in order to prevent the presence of residues in meat (Barros, 

2010). Since 1997, avoparcin was prohibited in the European Union (EU) as a growth promoter 

and in 1999 tylosin and virginiamycin were also banned (Poeta et al., 2006a). As a 

consequence of these directives, in 2006, it was decided by the EU to eliminate antibiotics as 

growth promoters (European Union, 2006). 

 

1.3.2 The mechanisms of action of antibiotics and microbial metabolism 

 As previously referred, antibiotics are molecules capable of stopping bacterial activity, 

being classified according to the mechanism of action, as described in Figure 2. There are 

four major mechanisms through which most antibiotics act on microbial cells, although only 

three will be described, which are: i) Antibiotics targeting the cell wall; ii) Inhibitors of the protein 

biosynthesis; and iii) Inhibitors of DNA replication (Kester et al., 2012).  

 

 

Figure 2. The four main mechanisms through which antibiotics act on the bacterial cell. The action of 
oxazolidinones and streptogramins is not represented however it is the same as that of chloramphenicol 
and macrolides (retrieved from Kester et al., (2012)). 

 

1.3.2.1 Antibiotics targeting the cell wall 

 Bacterial cells are enveloped by an outer layer, the cell wall, which is made of 

peptidoglycan (long sugar polymers) (Kapoor et al., 2017). As the internal osmotic pressure of 

bacterial cells is high, any injury or inhibition of this layer can lead to cell lysis (Allison & 
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Lambert, 2015). The peptidoglycan is, therefore, crucial to maintaining the integrity of bacteria. 

It consists of N-acetylglucosamine (NAGA) and N-acetylmuramic acid (NAMA) that alternate 

between each other, crosslinked by short strands of peptides by transglycosidase action. Most 

bacteria have cell membrane-binding proteins, called penicillin-binding-protein (PBP), which 

consists of enzymes involved in the terminal stages of assembling the cell wall, being 

responsible for cross-linking the D-alanyl-D-alanine portion of the peptide chain. This process 

strengthens the cell wall and reshapes it during division and growth (Maddison et al., 2008; 

Kapoor et al., 2017). 

 β-lactams and glycopeptides are examples of antibiotics whose target is the cell wall 

synthesis, inhibiting enzymes or sequestering substrates involved in the peptidoglycan 

assembly and cross-linking (Walsh, 2003b). 

 β-lactams were firstly discovered in 1928, by Alexander Fleming, who named the 

compound as “penicillin” (Hauser, 2012b). Penicillin is formed by a four-member ring 

denominated β-lactam ring. The modifications on this ring led to the production of different 

antibacterial compounds, including penicillins (e.g. ampicillin), cephalosporins, carbapenems 

and monobactams, each with a specific spectrum of activity. β-lactams inhibit the PBPs, thus 

not allowing the formation of the peptidoglycan layer, being bactericidal. It has been 

hypothesized that the β-lactam ring mimics the D-alanyl-D-alanine portion of the peptide chain 

that normally is linked by the PBPs. When in the presence of a β-lactam, the PBPs interact 

with the antibiotic ring invalidating the synthesis of new peptidoglycan, leading to bacterial cell 

lysis (Figure 3 A2) (Chopra, 2010; Hauser, 2012b; Kester et al., 2012). 

 Glycopeptides, such as vancomycin and teicoplanin, are a group of natural 

substances that prevent the cell wall synthesis, more specifically, the peptidoglycan assembly 

(Butler et al., 2014). Unlike β-lactams, glycopeptides act on their substrates. These antibiotics 

act by binding to the acyl-D-Ala-D-Ala terminus of the growing peptidoglycan. The bound 

occurs when the antibiotic forms a complex with the D-Ala-D-Ala residues, through the 

formation of five hydrogen bonds with the peptide backbone of the glycopeptide. The complex 

prevents transglycosylation and transpeptidation, leading to the formation of immature 

peptidoglycan, losing the integrity of the cell wall which leads to a higher susceptibility of the 

cell to lysis, causing bacterial death (Figure 3B) (Kahne et al., 2005; Kang & Park 2015). 
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Figure 3. β-lactams (A) and glycopeptides (B) mechanism of action. A1. In a normal situation, a new 
subunit of NAMA and NAGA with a peptide chain is linked to an existing peptidoglycan polymer. A2. In 
the presence of a β-lactam, the antibiotic binds to the PBP preventing the cross-linking of the glycine 
bridge to the peptide chain. B. In the presence of vancomycin, the antibiotic binds to the D-ala–D-ala 
dipeptide, inhibiting its incorporation into the cell wall by PBPs (retrieved from Hauser (2012b)). 

 

1.3.2.2 Inhibitors of the protein synthesis 

 To multiplicate or replace older biomolecules, bacteria need to manufacture new 

proteins. To do so, from bacterial DNA genes, RNA molecules denominated messenger RNA 

(mRNA) are synthesized and then ribosomes, a macromolecular structure, synthesizes 

proteins from the information contained in the mRNA templates (translation). The protein 

biosynthesis is catalyzed by ribosomes and cytoplasmic factors. The bacterial 70S ribosomes 

are composed of two subunits, the 30S and 50S ribonucleoprotein subunits. As these 

processes are crucial for bacteria, they become targets of antibiotics whose purpose of action 

is the protein synthesis pathway (aminoglycosides, tetracyclines, chloramphenicol and 

macrolides) (Hauser 2012a; Kapoor et al., 2017). These drugs can affect the initiation phase 

of protein synthesis, the transfer RNA (tRNA) binding, the peptidyl transferase action or even 

cause inappropriate amino acid insertions leading to misreading errors (interfering with the 

essential protein functions) (Kester et al., 2012). 

• Inhibitors of 30S subunit 

 Aminoglycosides have been important agents to combat pathogenic bacteria since 

the 1940s as they are potent and broad-spectrum compounds. These antimicrobials are 

composed of a six-membered ring with amino group substituents and glycosidic bonds 

(Leggett, 2017). By binding reversibly to the 30S ribosomal subunit receptors, aminoglycosides 

cause a mismatching between mRNA codons and charged aminoacyl-tRNA, which 

consequently leads to mistranslation or to premature termination. The binding to the 30S 
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subunit does not inhibit the formation of the initiation complex but alters the elongation of the 

new chain by damaging the proofreading process that controls translation. The aberrant 

products are accumulated in the cell and can be inserted into the cell membrane, modifying 

the cell permeability (Maddison et al., 2008; Hauser, 2012a; Leggett, 2017;). 

 The tetracyclines, a class of broad-spectrum and bacteriostatic antibiotics discovered 

in the 1940s, have as target the protein synthesis, by blocking the attachment of aminoacyl-

tRNA to the ribosomal acceptor A-site. To achieve 

their function, tetracyclines access to the 

ribosomes by energy-dependent transport, in 

Gram-positive bacteria (Chopra & Roberts 2001; 

Kester et al., 2012). These antibiotics bind at the 

centre of the 30S subunit, the decoding site, where 

the mRNA codon is recognized by the tRNA 

anticodon, impairing translation by overlapping in 

position with the docking of aminoacyl-tRNA during 

elongation (Figure 4) (Nguyen et al., 2014; 

Grossman, 2016).  

 

• Inhibitors of 50S subunit 

 Chloramphenicol, an antibiotic belonging to the phenicols class, was first isolated in 

1947 from a soil sample. This antibiotic is highly lipophilic, with broad spectrum and it 

penetrates the cells by facilitated diffusion (in Gram-positive bacteria). (Maddison et al., 2008; 

Pogue et al., 2017). Its action is based on the competitive inhibition for the aminoacyl-tRNA 

binding to the peptidyl transferase domain located in the 50S subunit, altering the ribosome 

conformation and the transpeptidation process (van Bambeke et al., 2017). 

 The macrolides class includes erythromycin and other erythromycin-deriving 

antibiotics. The binding site of macrolides is the 

same as chloramphenicol, that is, the peptidyl 

transferase centre, located on the 50S subunit 

(Figure 5) (van Bambeke et al., 2017). These 

antibiotics are hydrophobic molecules composed 

by a large cyclic core (14- to 16- membered lactone 

ring) that passes through the cell membrane 

passively (Hauser, 2012a). In addition to block the 

peptide bond formation or the peptidyl tRNA 

translocation from A-site to P-site, macrolides also 

Figure 4. Action site of the tetracyclines 
(retrieved from Kester et al.(2012)). 

Figure 5. Action site of the macrolides and 
chloramphenicol (retrieved from Kester et  
al.(2012)). 
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favour the premature dissociation of peptidyl tRNA from the ribosome during elongation 

leading to the synthesis of incomplete peptides. (Kwon, 2017; van Bambeke et al., 2017).  

 Streptogramins consist of a natural mixture of two macrocyclic compounds, both 

produced by Streptomyces spp., which synergistically inhibit bacteria by binding to the 50S 

bacterial ribosome subunit, inhibiting protein synthesis. These antibiotics can be classified as 

group A (e.g. dalfopristin) or group B (e.g. quinupristin) according to their basic chemical 

structure (Soriano, 2010; Hauser, 2012a). Each group component alone has a moderate effect 

against bacteria, however, they reach bactericidal effect when combined. The streptogramin 

interferes with peptidyltransferase activity by blocking the peptide bond synthesis in the course 

of elongation (Johnston et al., 2002; Hauser, 2012a; Allison & Lambert, 2015). 

 The oxazolidinones are bacteriostatic antibiotics that inhibit the protein synthesis in 

the early stages of formation of the 70S initiation complex, leading to cross-resistance against 

other antimicrobials that restrain protein synthesis (Lowy, 2017). The major representative 

antibiotic of this class is linezolid and it is believed that it binds to the bacterial ribosomes’ 50S 

subunit, inhibiting the assembly of the complex that allows the development of protein 

synthesis, as the 50S subunit loses its affinity with the 30S subunit (Shaw & Barbachyn, 2011). 

Oxazolidinones compete against chloramphenicol and lincomycin for the binding site but 

without being antagonists, that is, they have close binding sites but oxazolidinones do not 

inhibit peptidyl transferase (as chloramphenicol does) (van Bambeke et al., 2017).  

 

1.3.2.3 Action on nucleic acid replication 

 The bacterial replication machinery is composed of several enzymes that work strictly 

coordinated to accomplish a correct chromosomal replication. Chromosomal DNA is formed 

by two spiral nucleotide chains and, to replicate DNA, it is essential that the strands unwind 

and separate. The replication begins at a well-defined origin by specific and repetitive 

sequences. Two bacterial topoisomerases II enzymes, DNA-gyrase and Topoisomerase IV 

(Topo-IV) are in charge to modify the DNA topology during replication and both enzymes are 

tetramers, which, respectively, are composed of two GyrA and two GyrB or two ParC and two 

ParE subunits. The supercoiling is controlled by DNA-gyrase by introducing negative 

supercoiling ahead of the replication fork, relaxing the torsion on the DNA helix allowing its 

synthesis, making this enzyme crucial for DNA replication and also repair. Topo-IV relaxes, 

decatenates DNA and unknots it behind the replication fork (Sanyal & Doig, 2012; van Eijk et 

al., 2017). Because these enzymes and interactions are vital to the cell, they constitute a great 

antibiotic target. Only the compounds that bind and interfere with DNA-associated enzymatic 

processes are sufficiently selective and suitable to be used as antibacterial agents otherwise 
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they could be toxic to mammalian cells, as there are many common elements between 

eukaryotic and prokaryotic replication. These compounds include quinolones (e.g., 

ciprofloxacin) and rifampin (rifampicin), among others (Chopra, 2010).  

 

 Quinolones are synthetic compounds inhibiting bacterial replication by blocking the 

replication pathway. The first quinolone introduced in the clinical field was Nalidixic Acid, in the 

1960s, but due to its toxicity, it was substituted by second-generation quinolones with better 

antibacterial activity (i.e., norfloxacin, ciprofloxacin) (Allison & Lambert, 2015). The different 

quinolone generations are easily distinguished and have good tissue penetration, a broader 

spectrum of activity and high serum levels. In Gram-positive bacteria, quinolones target 

topoisomerase IV, trapping these enzymes at the DNA cleavage stage, preventing the strands 

to rejoin. By targeting the crucial process of generation of strand breaks induced by topo-IV 

and by binding non-covalently to the strand breaks, quinolones increase the concentration of 

enzyme-DNA cleavage complexes, becoming these antibiotics poisons for topoisomerases. 

This formation between topoisomerase, DNA complex and quinolone arrests the replication 

machinery, leading to inhibition of the DNA synthesis and eventually causing cell death (when 

the antibiotic is at bactericidal concentrations) (Figure 6) (Kohanski et al., 2010; Aldred et al., 

2014; Bhattacharjee, 2016).  

 

Figure 6. Quinolone target on the bacterial cell and its cell death effect (retrieved from Kohanski et al., 
(2010)). 

 

 Rifamycins were firstly isolated in 1957 from a soil bacterium, Amycolatopsis 

rifamycinica. The most commonly used antibiotic from this family is Rifampicin, a synthetic 

version of rifamycin and broad spectrum compound (Bhattacharjee, 2016). Rifamycins inhibit 

RNA synthesis by binding to RNA polymerase, the enzyme responsible for catalyzing the 

transcription pathway. These antibiotics bind in a small site of the β-subunit of RNA polymerase 

in the DNA/RNA channel thus blocking directly the elongation process of RNA. During 



11 
 

initiation, the transcription complex is unstable and the rifampicin bond promotes the 

dissociation of small RNA-DNA strands from the enzymatic complex (Chopra, 2010; van 

Bambeke et al., 2017). 

 

1.4 Antibiotic resistance in enterococci 

 The increasing resistance to antibiotics is derived from multiple factors, including the 

widespread and inadequate use of these drugs, their extensive use in animal production, lack 

of sanitation and poor conditions, and increased routes that allow a greater transfer of 

resistances, allowing to cross the geographical barriers (Holmes et al., 2016).  

 Drug-resistant strains are more frequently found in hospitals and hospital-acquired 

infections, although the incidence of antibiotic-resistant pathogens in community-acquired 

infections has been rising in the last few years. The resistance to antimicrobials has been 

recognized for more than 50 years and has led to the rise of mortality, morbidity and health 

care costs. Despite all the efforts to control the infections caused by bacteria, these organisms 

developed mechanisms to avoid the antibiotic effects. Enterococci are one of the most 

dangerous microorganisms, responsible for many nosocomial infections that usually occur in 

patients that are in conditions that comprise risk factors (e.g. prolonged hospitalization, prior 

use of antimicrobials or compromised immune system). Antimicrobial resistance can occur in 

two ways: It can be intrinsic, which is chromosome-mediated, or it can be acquired, by a 

mutation of the existing DNA or acquisition of new DNA when bacteria are naturally susceptible 

to the antibiotic, obtaining the genes that encode to the resistance mechanism (Ang et al., 

2004; Blair et al., 2015; Macgowan & Macnaughton, 2017). Resistance to antimicrobials occurs 

via the transmission of resistance genes, carried in mobile genetic elements (MGE), which can 

be transposons or plasmids (Levy & Bonnie, 2004) and the transfer can occur in three ways 

(Figure 7): 

1. Conjugation: Direct contact between 

cells, occurring the plasmid transfer. 

2. Transformation: Bacteria can acquire 

foreign genetic information through the 

incorporation of free DNA segments from the 

environment into their chromosome. The use 

of antibiotics exerts selective pressure, 

favouring bacteria possessing resistance 

mechanisms. By transformation, bacteria 
Figure 7. Mechanisms of antibiotic resistance 
acquisition (retrieved from Alekshun & Levy (2007)). 
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acquire survival advantages being capable of passing the resistance genes to other bacteria. 

3. Transduction: Transfer of bacterial DNA by a bacteriophage, a virus affecting bacteria 

that replicates in the bacterial cell and incorporates fragments to the bacterial DNA in the 

assembled viral particles, which is then transferred to the next bacterial cell infected by the 

virus (Macgowan & Macnaughton, 2017).  

 The mutations that lead to antibiotic resistance (AbR) usually occur in three types of 

genes: genes encoding the antibiotic targets, genes encoding their transporters or genes 

encoding regulators that repress the expression of transporters or antibiotic-decontaminating 

elements (multidrug efflux pumps and antibiotic-modifying enzymes chromosomally encoded) 

(Martinez 2014; Blair et al., 2015).  

 Enterococci are characterized for having intrinsic resistance to a large number of 

antibiotics and for its capability of acquiring new resistances, as shown in Table 2. Their 

capacity to acquire resistance to many antibiotics and their resilient nature allows them to be 

well adapted and persistent in infections (Shepard & Gilmore, 2002). 

Table 2. Intrinsic and acquired antibiotic resistance in enterococci (adapted from Shepard & Gilmore 
(2002); Martínez (2011)). 

Intrinsic Resistance Acquired Resistance 

β-lactams High concentrations of β-lactams 

Fluoroquinolones High concentrations of Aminoglycosides 

Clindamycin Glycopeptides 

Trimethoprim-Sulfamethoxazole Tetracyclines 

Low-level aminoglycosides Erythromycin 

Sulfonamides Fluoroquinolones 

 Rifampicin 

 Chloramphenicol 

 Oxazolidinones 

 

 The intrinsic resistance is a specific property of each bacterial species. In response to 

the expression of low-affinity PBP’s, enterococci show decreased susceptibility to β-lactams, 

in addition to intrinsic low-level resistance to aminoglycosides, glycopeptides, lincosamides 

and streptogramins (mainly E. faecalis). The excessive use of antibiotics against 

microorganisms other than enterococci to which they have intrinsic resistance or are 

susceptible can lead to the selection and increase of the incidence of infections caused by 

Enterococcus spp. (Martínez, 2011; Kristich et al., 2014). 
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1.4.1 Acquired resistances 

1.4.1.1 Acquired resistance to β-lactams 

 High-level β-lactam resistance develops through the acquisition of β-lactamases or by 

an increment in the production of low-affinity PBP’s. β-lactamases are responsible for cleavage 

of the β-lactam ring, although these are rare and their production is constitutive. The bla genes, 

highly homologous to the Staphylococcus aureus blaZ genes, encode the β-lactamase 

production and, in enterococci, can be located chromosomally or in plasmids, being firstly 

described in 1983. Since then, the production of β-lactamases has only been reported in E. 

faecalis and E. faecium (Hollenbeck & Rice, 2012; Tang et al., 2014) The number of 

enterococci isolates resistant to β-lactams has been rising and the majority of E. faecium 

isolated clinically show high-level resistance to β-lactams due to the production of a modified 

PBP, the PBP5 (Shepard & Gilmore, 2002).  

 

1.4.1.2 Resistance to aminoglycosides 

 Besides the low-level resistance due to the low uptake of these agents, enterococci 

can also acquire mechanisms that allow inhibiting the effect of high concentrations of 

aminoglycosides. High-level resistance (HLR) to aminoglycosides can be triggered by i) 

modification of the ribosomal target; ii) alteration of the antibiotic transport (through efflux 

pumps); and iii) acquisition of aminoglycoside-modifying enzymes (AMEs) that are thought to 

be prevenient from aminoglycoside producing species, such as Streptomyces griseus, e.g. 

AMEs can be divided into three classes, according to their type of modification: 

acetyltransferases (AAC), phosphotransferases (APH) or nucleotidyltransferases (ANT) 

(Alekshun & Levy 2007; Rossolini et al., 2017). The most prevalent resistance mechanism 

leading to aminoglycoside resistance in enterococci are summarized in Table 3. 

Table 3. Most prevalent aminoglycoside resistance genes in enterococci and the antibiotics to which 
they give resistance. 

AMEs 
Class 

Resistance genes implicated and 
antibiotics to which it gives resistance 

Location Reference 

AAC 

• aac(6’)-Ie-aph(2”)-Ia: Gentamicin and 
other structurally related antibiotics, 
with exception of streptomycin. 

Located on 
integrons and other 
mobile genetic 
elements, allowing 
association with 
other resistance 
determinants. 

Alekshun & 
Levy, (2007); 
Martínez, (2011) 

APH 
• aph(3’)-IIIa: Kanamycin. 

ANT 
• ant(6)-Ia and ant(3”)-Ia: Streptomycin; 

• ant(4”)-Ia: Kanamycin and other similar 
aminoglycosides. 
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 The most concerning genes encoding aminoglycoside resistance are those inhibiting 

the effects of both gentamicin and streptomycin, as these antibiotics are combined in order to 

treat severe enterococcal infections. Several other genes have been identified than those 

previously mentioned. The severity of aminoglycoside resistance derives from the fact that 

these resistances abolish the synergy between aminoglycosides and antibiotics targeting cell-

wall, used in combination to enable the entrance of the aminoglycosides into the cell, solving 

the intrinsic resistance to these antibiotics (Shepard & Gilmore, 2002; Hollenbeck & Rice, 

2012; Garrido et al., 2014). 

 

1.4.1.3 Tetracyclines Resistance 

 Tetracycline resistance was described to occur by two major mechanisms: i) active 

efflux of the antibiotic through an integral membrane protein; and ii) ribosomal protection by a 

soluble protein (Wang et al., 2017). Enzyme inactivation can also occur although it is less 

frequent. Most of the resistance genes encoding tetracycline resistance are located on mobile 

genetic elements, allowing horizontal resistance transfer (Pogue et al., 2017). The efflux 

pumps involved in this resistance are encoded by the genes tetK, tetL and tetM and, on the 

other hand, the tetO and tetS genes are chromosomal resistance determinants encoding a 

protein that alters the ribosomal conformation, displacing the tetracycline bound (Miller et al., 

2014). In enterococci, the most prevalent genes are tetM, tetL and tetK. 

 

1.4.1.4 Resistance to the Macrolide- Lincosamide- StreptograminB (MLSB) group 

 Acquired resistance to MLSB antibiotics, in enterococci, is mediated by three main 

mechanisms, that are:  

i) Modification of the drug target, causing an affinity decrease with the binding site. The 

most frequent resistance mechanism consists in the modification of the 23S rRNA by 

methylases known as Erythromycin Resistance Methylase (ERM) which dimethylate a 

common binding site for MLSB antibiotics, causing cross-resistance to all drugs. The 

expression of erm genes is usually plasmid- and transposon-borne being ermA and ermB the 

most prevalent erm genes in enterococci (Leclercq 2002; Rossolini et al., 2017).  

ii) Inactivation of the antibiotic by enzymatic modification, which includes resistance to 

quinupristin-dalfopristin (QD) in E. faecium, mediated by different mechanisms. The 

modification of dalfopristin occurs via the acetyltransferases vatD and vatE, annulling the 

synergy with quinupristin. The enzymatic cleavage of the streptogramin B ring is caused by 

vgbA and vgbB lactonases (Miller et al., 2014). Lincosamide resistance is mediated by a 
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nucleotidyltransferase, encoded by the linB gene, that catalyzes the adenylation of these 

antibiotics (Garrido et al., 2014). 

iii) Active efflux of the drug allows the cell to keep a low antibiotic concentration, avoiding 

their effect. The pump mechanisms involve the genes mefA, mefE, msrA and mreA, leading to 

the efflux of macrolides. Mef and mreA genes are associated with macrolide resistance and 

msrA (ABC transporter family member) is associated with both macrolide and streptogramin B 

resistance (Portillo et al., 2000; Rossolini et al., 2017). 

 

1.4.1.5 Chloramphenicol resistance 

 Chloramphenicol resistance is mostly caused by drug inactivation by a 

Chloramphenicol Acetyltransferase (CAT) enzyme that acetylates the antibiotic. The 

acetylated derivates of chloramphenicol are then unable to bind to the 50S subunit. The cat 

genes are usually carried on plasmids and in Gram-positive pathogens they may be inducible 

(Rossolini et al., 2017). Other mechanisms can also be found, such as efflux systems, 

inactivation by phosphotransferases or mutations of the target site (Schwarz et al., 2004). The 

most frequent gene found in enterococci is catA, although different variants of fex genes can 

also be implicated.  

 

1.4.1.6 Oxazolidinones resistance 

 Oxazolidinone resistance occurs due to mutations in genes encoding the 23S rRNA, 

an important drug binding-site in the ribosome. These mutations were firstly described in S. 

aureus and, in enterococci, different acquired resistance genes have been described, such as 

cfr (codifies a methyltransferase of 23S rRNA), optrA (codifies an ABC transporter) or the 

recently described poxtA gene (implicated in ribosomal protection) (Hollenbeck & Rice, 2012; 

Miller et al., 2014; Antonelli et al., 2018). The cfr gene encodes a plasmid-borne methylase 

(Cfr) and as several antibiotics share this same specific binding location, cfr confers a 

multiresistant phenotype and impairs the ribosomal binding of phenicols, lincosamides, 

oxazolidinones and streptogramins A but not macrolides, differing from erm rRNA methylase 

genes (Roberts, 2008; Leclercq, 2009). 

 

1.4.1.7 Quinolone resistance 

 Resistance to quinolones is based on two main mechanisms, chromosomally 

mediated, that are:  
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i) Alterations on the drug target, that is, mutations in the “Quinolone Resistance 

Determining Regions” (QRDR) of the genes encoding gyrase and topoisomerase IV, 

inhibiting the binding of the antibiotic to the enzymes, enabling the DNA replication. 

ii) Decreased accumulation of these antibiotics in the bacterial cell due to efflux pumps, 

encoded by the emeA and efrAB genes. 

Another mechanism of quinolone resistance was described and it implies the protection 

of both DNA gyrase and topoisomerase IV against quinolone inhibition. This mechanism is 

mediated by a protein of the Qnr family but its function remains unclear (Garrido et al., 2014; 

Kristich et al., 2014; Schindler et al., 2017).  

 

1.4.1.8 Rifamycins resistance  

 Although rifampicin is not used routinely to treat enterococcal infections, these 

organisms are susceptible to this antibiotic. In most bacteria, resistance to rifampicin is due to 

mutations in the rpoB gene, which encodes the β-subunit of RNA polymerase, i.e., as 

previously said, the target of this drug (Enne et al., 2004). These mutations include deletions, 

insertions and point mutations, occurring in a small region that is less than 100bp (Lambert, 

2005). 

 Figure 8 summarizes the acquired mechanisms to antimicrobial resistance, with 

exception of vancomycin, which will be covered in the next topic in more detail.  
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Figure 8. Acquired mechanisms of enterococcal antimicrobial resistance. Resistance to ampicillin 
occurs through the production of low-affinity PBPs, such as the PBP5. HLR to aminoglycosides results 
from the acquisition of AMEs, alteration of the target binding or alterations on the drug transport. 
Enterococcal resistance to the MLSB class involves several pathways, including drug modification and 
inactivation (by the vat and vgb genes, respectively), drug efflux (via the genes msrA, mefA, mefE and 
mreA) and ribosomal alteration caused by the erm genes. Resistance to linezolid involves a mutation in 
the 23S rRNA. Rifamycin and quinolone resistances involve the drug target alterations and, in the case 
of quinolones, it also includes resistance by drug efflux (caused by the emeA and efrAB genes). The cat 
genes inactivate chloramphenicol, leading to resistance to this antimicrobial and, tetracycline resistance 
involves ribosomal protection, conferred by tetO and tetS and drug efflux which occurs via the action of 
the tetK, tetL and tetM genes. Adapted from Arias & Murray (2012). 

 

1.5 Vancomycin resistance mechanism and its epidemiology  

 High-level enterococcal resistance to glycopeptides occurs due to the presence of 

operons inducing the synthesis of low-affinity precursors, 

altering the antibiotic target, that is, substitution of the D-

Ala:D-Ala terminal of the pentapeptide to other amino 

acid termination, D-Lactate (D-Lac) or D-Serine (D-Ser), 

resulting in low-affinity peptidoglycan precursors (Figure 

9). The D-Lac replacement results in a 1000-fold 

decrease in glycopeptide affinity due to the loss of one of 

the hydrogen bonds needed for the interaction between 

drug and peptidoglycan precursor. In addition, the D-Ser 

replacement affects the action of the antibiotic in a similar 

but less effective way. Additionally, glycopeptide 

resistance also occurs by prevention or destruction of the 

Figure 9. Mechanism or glycopeptide 
resistance (retrieved from Hauser 
2012). 
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precursors ending in D-Ala by specific dipeptidases and carboxypeptidases (Henson et al., 

2015; Faron et al., 2016).  

 The modification of the peptidoglycan precursors occurs due to the presence of a 

cluster of genes, organized in the structure of an operon, known as the van operon, which 

encodes enzymes needed in this modification. To date, nine resistance phenotypes were 

described in Vancomycin-Resistant Enterococci (VRE) and the phenotypes are vanA, vanB, 

vanD, vanM (D-Ala:D-Lac modification, high-level resistance), vanC, vanE, vanG, vanL and 

vanN (D-Ala:D-Ser modification, low-level resistance) and are attributed according to the 

presence of the respective clusters (Figure 10) (Courvalin 2006; Economou et al., 2017). 

 

Figure 10. Comparative scheme of the structure of the different vancomycin resistance clusters, from 
vanA to vanM. Different colours indicate different functional groups (red: regulatory genes; yellow: 
essential genes for resistance expression; grey: serine racemase; white: unknown function) (retrieved 
from Werner (2012)). 

 

 Glycopeptide resistance in enterococci is alarming due to the increment in the number 

of infections caused by these bacteria and the isolation of multiresistant strains in which 

vancomycin was one of the only effective antibiotics. Resistance to glycopeptides has been 

detected in different enterococcal species, including E. avium, E. durans, E. hirae, E. faecalis, 

E. faecium, E. mundtii, E. casseliflavus, E. flavescens and E. gallinarum with these last three 

species as intrinsically resistant. From the nine van operons described so far, only the vanC 

type is intrinsic (Rubinstein & Keynan 2013; Ranotkar et al., 2014). As in this work the only 

operon studied was vanA, only this one will be described. 
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1.5.1 vanA genotype 

 The vanA genotype was the first to be described and is also the most frequent 

phenotype of glycopeptide resistance among enterococci isolates. This resistance mechanism 

is characterized by high-level inducible resistance to vancomycin (with MICs ≥164 µg/mL) and 

also resistance to teicoplanin (MICs ≥8 µg/mL) in most cases (Ranotkar et al., 2014).  

 The vanA operon is composed by seven genes (Figure 11), located immediately 

downstream the orf1 and orf2 genes, which function is transposition, as they encode a 

transposase and resolvase, allowing the mobilization of the transposon (Martínez, 2011). 

 

Figure 11. Schematic illustration of the Tn1546 transposon, which includes the vanA operon. Retrieved 
from Martínez (2011). 

 

 The vanA operon includes three genes strictly essential for the resistance phenotype 

expression, being these genes vanH, vanA and vanX. In addition to these resistance 

determinants, the operon also includes two regulatory genes, located upstream of the essential 

genes, known as vanR and vanS, which encode glycopeptide-presence sensors and induce 

the expression of resistance genes. Downstream the vanHAX cluster, the operon includes the 

vanY gene, responsible to eliminate sensitive precursors and the vanZ gene, whose function 

is still unknown, although it is thought that contributes to teicoplanin resistance. The function 

of each gene included in the vanA operon are described in Table 4 (Cetinkaya et al., 2000; 

Woodford, 2001; Hill et al., 2010). 

Table 4. Function and resulting protein of each gene included in the vanA operon (Cetinkaya et al., 
2000; Woodford, 2001; Hill et al., 2010). 

Gene Protein Function 

vanH Dehydrogenase Conversion of pyruvate to lactate 

vanA Ligase Attaches alanine to lactate (D-Ala-D-Lac) 

vanX Dipepsidase 
Break the D-Ala-D-Ala that could be formed. Reduction of 
the competitive synthesis 

vanR Response regulator Activation of the transcription pathway 

vanS Protein kinase Presence sensor that phosphorylates vanR 

vanY Carboxypeptidase Hydrolyzes D-Ala-D-Ala 

vanZ Unknown Unknown. Teicoplanin resistance (hypothesized) 
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 The presence of the vanA genotype goes along with the acquisition of the Tn1546 

transposon, first detected on a plasmid carried by an E. faecium clinical isolate, consisting of 

a 10,851bp Tn3-related transposon (Woodford, 2001; Courvalin, 2006). Although studies on 

the Tn1546 revealed conservation of the sequences involved in resistance, there are some 

variations among the transposon elements. The variations are due to insertion sequences (IS), 

such as IS1216V, IS1542, IS1251 and IS1476, point mutations or deletions in nonessential 

genes. The inclusion of the vanA operon in this transposon increases the possibility of 

dissemination of the present mechanism of resistance, as it is mostly plasmid-borne (Oskoui 

& Farrokh, 2010). 

 

  1.5.2 Epidemiology of vancomycin resistance 

 The first report of the presence of VRE occurred in the 1980s and its emergence was 

attributed to the widespread use of avoparcin at subtherapeutic doses in Europe and other 

countries. VRE with the vanA genotype was isolated from different sources, such as 

community, animal faeces, meat and sewage, being this linked with the use of growth-

promoting antibiotics (Ahmed & Baptiste, 2017). 

 As a precautionary measure, the avoparcin use was banned in 1997 to avoid the 

spread of resistant strains in farm animals and hospital settings and it was observed a rapid 

decrease of the VRE prevalence in farm animals (Nilsson, 2012). However, the prevalence of 

vancomycin-resistant organisms declined slowly and the resistance determinants are still 

present globally after the ban. There are several studies showing the presence of vancomycin-

resistant strains in different reservoirs, indicating that enterococci were selected in animals by 

avoparcin, consisting a risk of transmission to humans through the food chain (Cattoir & 

Leclercq, 2012). In 1999, VRE-related human infections and outbreaks started to emerge in 

Europe, however, the situation in the United States and Canada is the opposite of that 

observed in Europe. These countries never approved the use of avoparcin in animal production 

and VRE was only reported in 2008 in farm animals. However, VRE is frequently related to 

human infection, especially in compromised patients, being this attributed to the clinical use of 

vancomycin in humans (Ahmed & Baptiste, 2017). The differences in the prevalence of VRE 

in Europe and North America introduces some doubts about the transmission routes between 

animals and humans. One of the theories explaining the presence of VRE after the avoparcin 

ban is that the use of antibiotics exerts co-selection in bacteria, for example, it has been shown 

that vanA and ermB are frequently located in the same plasmids, making it easier to be both 

transferred (Torres et al., 2018). 
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1.6 Virulence in enterococci 

 The increment of reports of enterococci as nosocomial pathogens was firstly explained 

by the selective advantage these microorganisms could have due to their acquired 

mechanisms of AbR (Arias & Murray, 2012). However, in addition of having resistance 

determinants, it is now known that some other traits acquired by Enterococcus allow a higher 

ability to cause diseases, making them more virulent (Mundy et al., 2000). Although 

enterococci are commensal bacteria, their natural ability to acquire, accumulate and exchange 

virulence and resistance elements explain their importance as nosocomial pathogens (Fisher 

& Phillips, 2009; Martínez, 2011).  

 Virulence factors are traits produced by pathogens with the aim of improving 

colonization, immunoevasion and immunosuppression processes in their host. By this, 

virulence factors are in most cases the cause of diseases. Enterococci do not produce toxins 

as some other pathogens do, however, they possess virulence factors, such as enterococcal 

surface protein (esp), gelatinase (gelE), hyaluronidase (hyl) and cytolytic toxin (cyl), among 

others, in addition to AbR genes. The genes encoding enterococcal virulence factors are often 

carried on conjugative plasmids (cyl and hyl), in the chromosome (gelE) or in chromosome 

regions known as pathogenicity islands (PAI) (esp and cyl) (Vu & Carvalho, 2011). 

 

1.6.1 Esp 

 The esp protein is a cell-wall-associated protein that was first described in enterococci 

in 1999, by Shankar et al., (1999) and is mainly found in infection-derived E. faecalis strains. 

It consists of a 5622bp gene and it is thought to promote the colonization, adhesion and 

evasion of the immune response of the host (Foulquié Moreno et al., 2006). In addition, esp 

also has an important contribution to biofilm formation, in order to promote easier colonization 

of eukaryotic cells such as urinary tract cells (Upadhyaya et al., 2011). The ability to colonize, 

adhere to surfaces and produce resistance genes makes the strains more harmful. The esp 

gene is located in a PAI that also contains proteins associated with the outflow of antibiotics, 

allowing this gene to be easily transferable (Chajęcka-Wierzchowska et al., 2017). 

 

1.6.2 Hyl 

 The hyl virulence gene encodes a glycosyl hydrolase, a plasmid-harbouring gene that 

facilitates intestinal tract colonization (Soheili et al., 2014). Hyl acts on hyaluronic acid and is 

a degradative enzyme associated with tissue damage. This gene contributes to the 

depolymerization of the mucopolysaccharide moiety of the connective tissues and cartilage, 

favouring the spread of enterococci through the host tissue (Fisher & Phillips, 2009). The 
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hyaluronidase produced by enterococci is similar to that produced by other cocci and is most 

prevalent in clinical isolates, although some reports also indicate its presence in food isolates. 

Even though food isolates may not be immediate sources of infection themselves, they can 

promote the spreading of virulence genes as most of the exchange of genetic material takes 

place in the GI tract (Chajęcka-Wierzchowska et al., 2017). 

 

1.6.3 GelE 

 Gelatinase is a secreted protease produced by enterococci with the ability to hydrolyze 

gelatin, casein, haemoglobin, collagen and other peptides. It was demonstrated that E. faecalis 

strains producing this virulence factor contribute to the virulence of endocarditis in animal 

models. This protease is encoded by the gelE gene, which is located chromosomally 

(Upadhyaya et al., 2009). gelE also contributes to virulence by promoting host tissue 

degradation, thus supplying nutrients to bacteria and modulating the hosts’ immune response. 

Gelatinase has an important function in the activation of autolysin, an enzyme that leads to 

peptidoglycan degradation, inducing the extracellular DNA release and biofilm formation 

(Fisher & Phillips, 2009; Arias & Murray, 2012). The gelE gene is included in the faecal 

streptococci locus (fsr) complex, with several other genes from this locus involved in the 

expression of the gelE virulence factor, therefore, it is required the presence of the whole locus 

so the gelatinase activity can be expressed. Deletions in the fsrB gene lead to a loss of activity, 

even if gelE remains present (Zoletti et al., 2011; Chajęcka-Wierzchowska et al., 2017). 

 

1.6.4 Cyl 

 The E. faecalis cytolysin toxin is a pore-forming, type A lantibiotic which is post-

translationally modified. It consists of two-component precursor peptides that are encoded by 

two genes, cylLL and cylLS, located in the cytolysin operon. When the cylLS, increases to a 

threshold level, the autoinduction of the cyl operon is promoted through a quorum-sensing 

mechanism (Ali et al., 2017). This operon can either be located in a pathogenicity island or on 

a conjugative, pheromone-responsive plasmid, comprising eight genes (six of them 

biosynthesis-related and two encoding regulatory proteins) (Van Tyne et al., 2013).  

 Cytolysin leads to prokaryotic and eukaryotic cell lysis (in response to the quorum-

sensing signal). It attacks human erythrocytes, polymorphonuclear leukocytes, intestinal 

epithelial cells, in addition to destroying neural tissue (Yuen & Ausubel, 2014; Ali et al., 2017). 

As a result of the interaction with a normal host cell function, and through its perturbation, 

cytolysin enhances tissue invasion (Coburn & Gilmore, 2003). 
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1.6.5 Bacteriocin Production 

 Bacteriocins are small peptides resultant from the ribosomal synthesis. These 

molecules are secreted extracellularly and have antimicrobial activity against other bacteria 

and pathogenic microorganisms. Bacteriocins produced by enterococci are named enterocins, 

and are usually classified into 4 classes (Franz et al., 2007; Beristain-Bauza et al., 2012): 

• Class I or lantibiotic enterocins, such as cytolysin, encoded by the genes cylLL/S; 

• Class II or small non-lantibiotic enterocins: these enterocins can be divided into 

enterocins from the pediocin family, which possess the YGNGC consensus sequence 

in its N-terminal end (such as enterocin A (entA), enterocin P (entP) or hiracin J79 

(hirJM79)), two-peptide bacteriocins (such as ent1071AB), leaderless enterocins 

(L50A/B or entQ), and other non-pediocin-like enterocins, such as enterocin B (entB); 

• Class III, or antibacterial cyclic peptides, such as the enterocin AS-48 (entAS48); 

• Class IV or large proteins, such as enterolysin A. 

 Enterocins act on sensitive microorganisms through different mechanisms, inducing 

alterations on the permeability of the cytoplasmic membrane or by interfering with essential 

functions of the cell, such as DNA replication. The bacteriocin activity is relevant, as 

enterococci play an important role in biotechnology and have potential relevance as probiotics. 

Bacteriocin production is attractive to control undesirable microorganisms such as L. 

monocytogenes or S. aureus, allowing a more natural preservation method (Almeida et al., 

2011). However, it must be considered that this genus is an important pathogen in humans 

and is a reservoir of resistance genes that can be transferred to other pathogens. 

 

1.7 Circulating genetic lineages. MLST typing of E. faecalis and E. faecium  

 Until years ago, the molecular typing of enterococci, specially VRE, with the aim of 

studying its epidemiology, was carried out by Pulsed-Field Gel Electrophoresis (PFGE), a “gold 

standard” technique for the study of hospital outbreaks, as it has a high discriminatory capacity. 

However, PFGE also has its flaws, such as low interlaboratory reproducibility, unsuitability for 

global epidemiology studies or population structure studies (Ruiz-Garbajosa et al., 2006).  

 The need for an international base of enterococcal genetic lines, with unambiguous 

nomenclature for genotypes, which allowed to monitor the expansion of the different clones 

and storage of the results in databases that can be exchanged via the internet, led to the 

development of the Multilocus Sequence Typing (MLST), first for E. faecium (Homan et al., 

2002) and then for E. faecalis (Ruiz-Garbajosa et al., 2006). The MLST technique is based on 

the amplification by Polymerase Chain Reaction (PCR) and subsequent sequencing of the 

housekeeping genes, allowing to assign the strains into specific Sequence Types (STs) and 
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Clonal Complexes (CCs), establishing a relationship between the strain origin and the CC in 

which it was included. The data obtained with these studies are then grouped into the 

accessible databases, e.g., http://efaecalis.mlst.net/ and http://efaecium.mlst.net/, allowing the 

global exchange of results and comparison (Belén et al., 2009; López et al., 2010; Yang et al., 

2015). 

 

1.7.1 E. faecium 

 MLST studies performed with several collections of E. faecium isolates (Homan et al., 

2002; Freitas et al., 2009; Donabedian et al., 2010) contributed to the identification of 

predominant genetic lines, which are also usually associated with the origin of the samples: 

CC5 in swine, CC9 in poultry, CC1 in veal calf, CC17 in hospital environments and CC22 and 

CC94 in healthy humans (Figure 12). 

 

Figure 12. eBURST scheme representing the most important clonal complexes (CCs) found in E. 
faecium (retrieved from Freitas et al., (2009)). 

 

 In E. faecium, CC17 is especially relevant, as it groups isolates that have been 

responsible for human infections and hospital outbreaks around the world. The strains grouped 

in this clonal complex are usually characterized by ampicillin and quinolone resistance and 

also harbours, in most cases, the esp gene and, in some cases, the hyl virulence gene 

(Willems et al., 2005; López et al., 2010). These characteristics are suggested as favourable 

for the global expansion of this CC, that is, the ST17, presumable founder of the CC17, was 

able to adapt to the hospital environment and acquire adaptative mechanisms, such as 

resistance and virulence genes, favouring its persistence in the environment, and facilitating 

the acquisition of new mechanisms (Top et al., 2008). This process is known as genetic 

http://efaecalis.mlst.net/
http://efaecium.mlst.net/
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capitalism (Baquero et al., 2003) and has been successful in this clonal complex, as it is 

expanded worldwide in the hospital environment. 

 

1.7.2 E. faecalis 

 In E. faecalis, no associations were found between the different origins of the isolates 

and the STs identified, as isolates originating from diverse hosts are grouped in the same ST 

or CC, showing that in E. faecalis, the clones are often shared between hospitalized patients 

and other reservoirs (Ruiz-Garbajosa et al., 2007; Willems et al., 2011). However, some 

overrepresented clonal complexes were found, such as CC2, CC9, CC10, CC21, CC40 and 

CC87. From these clonal complexes, CC2 and CC9 group most of the strains responsible for 

outbreaks, as well as the beta-lactamase-producing strains described. These clonal 

complexes have been considered High-Risk Clonal Complexes, as they are specially adapted 

to the hospital environment, showing high AbR and dispersion in different countries and 

continents (Ruiz-Garbajosa et al., 2007; Prieto et al., 2016). In addition, MLST analysis 

confirmed that E. faecalis are a highly recombinogenic species, conferring the capacity to 

adapt very well to hospital settings, as well as other hosts (Kawalec et al., 2007; Prieto et al., 

2016). 

 

1.8 Mobile Genetic Elements (MGE) in enterococci 

 Lateral gene transfer (LGT) has an important role in the evolution and adaptation of 

enterococci, especially in E. faecalis and E. faecium. Thus, numerous determinants of 

resistance and virulence that favour colonization and adaptation of enterococci to certain 

ecological niches, genes encoding bacteriocin production or important metabolic pathways are 

found on MGEs, as these are DNA segments encoding enzymes and other proteins that allow 

DNA movement within genomes or between bacterial cells. LGT seems to be more influenced 

by the physical proximity between the microorganisms sharing certain genetic characteristics 

(such as genome size, G+C content and carbon sources used in their metabolism) than by the 

phylogenetic proximity (Frost et al., 2005; Coque, 2008). There are several types of mobile 

genetic elements, such as transposons, plasmids and bacteriophages (these are less frequent) 

and the transposable elements (TE) include insertion sequences (IS), composite transposons 

(Tn), Tn3-derivative transposons, conjugative transposons (CTns) and other transposable 

elements that move directly between DNA sites (Werner et al., 2013; Baquero & Cantón, 

2017). 
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 1.8.1 Transposable elements 

• Insertion sequences: IS are the major intervenients in prokaryotic genome plasticity, 

consisting of compact DNA sequences with less than 2,5-kb of length, encoding 

exclusively the functions involved in their translocation and insertion. IS can be 

located on chromosomes or plasmids and some of the most common IS on 

enterococci are IS1216, IS1542, IS16, IS1476, IS1251 and ISEf1/IS6770. Through 

transposition, IS can promote genome rearrangements by mobilizing or disrupting 

genes (i.e. deletions, inversions and replicon fusions), leading to gene clusters 

assembly that may have special functions on the genome (AbR activities, catabolic 

pathways, symbiotic functions or virulence) (Leavis et al., 2007; Mahillon et al., 

1999). The wide distribution of IS among E. faecalis and E. faecium genomes led to 

their use as epidemiological markers (e.g. ISEf1/IS6770 on E. faecalis and E. 

faecium and IS16 on CC17 E.faecium) (Leavis et al., 2007; Clewell et al., 2014)  

• Composite transposons: Composite transposons comprise DNA segments with a 

variable number of genes encoding AbR flanked by two IS elements of the same 

family on each terminal, acting together to move the DNA. (Coque, 2008; Hegstad 

et al., 2010). Some of the widespread Tn in enterococci are Tn5281 (IS256-aac(6´)-

aph(2”)-IS256), Tn1547 (IS256-like-operon vanB1-IS16) or Tn5482 (IS1216V-vanA-

IS1216V), which confer resistance to antibiotics used to treat complicated 

enterococcal infections, such as aminoglycosides (Tn5281) or glycopeptides 

(Tn1547, Tn5482) (Hegstad et al., 2010; Clewell et al., 2014). 

• Tn3 derivates: This transposon family transpose within the genome through a 

mechanism promoted by a transposase (TnpA, responsible for the excision and 

integration) and a resolvase (TnpR, a site-specific recombinase) (Werner et al., 

2013). Transposons of the Tn3 family are divided into groups according to the 

patterns of tnpA, tnpR, or tnpI placement and orientation. The representative 

transposons of this class in enterococci are Tn1546 (which carries the vanA gene) 

and Tn917 (carrying the erythromycin resistance gene, erm(B)). This type of 

transposons do not have conjugative properties and their high dissemination is due 

to their location in conjugative plasmids (Coque, 2008). 

• Conjugative transposons: CTns have been classified as integrative conjugative 

elements (ICEs), and have the ability to encode all the information needed for their 

own excision, integration and replication along with the host chromosome (Hegstad 

et al., 2010; Werner et al., 2013). These mobile elements facilitate the dissemination 

of AbR by transferring the resistance genes allocated in the CTns and also through 

mobilization of plasmids. CTns are associated with resistance to tetracycline (tetM- 
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Tn916), MLSB antibiotics and kanamycin (ermB and aphA-3, respectively- Tn1545) 

and glycopeptides (vanB- Tn1549) (Coque, 2008; Hegstad et al., 2010).  

 

1.8.2 Plasmids 

 Plasmids are self-replicating, extrachromosomal, double circular DNA molecules. In 

general, these elements are not essential and do not carry important elements for the bacterial 

survival but encode a wide variety of genetic determinants that confer adaptative advantages 

to different ecological conditions (such as adverse environment or competition for ecological 

niches) (Bennett, 2008). The anatomy of a plasmid includes an essential “backbone” of genes 

encoding replicative functions and variable genes encoding distinct processes from those 

encoded by the bacterial chromosome that can be accumulated in the cell without altering the 

bacterial chromosome (Frost et al., 2005). Plasmids can be classified according to various 

criteria, being the most frequent the conjugation capacity (conjugative plasmids or non-

conjugative/mobilizable plasmids), and the mechanism of plasmid replication (Rolling Circle 

Replication (RCR) or theta (θ) replication). Rolling circle replication starts in a nick, resulting in 

a single-stranded DNA replication intermediate, while theta-type replication initiates with the 

unwinding of the double DNA strand at the origin region (ori), producing double-stranded DNA 

replication intermediates (Criado et al., 2008). 
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2. Objectives 

 The aim of this study was to evaluate the presence of antibiotic-resistant Enterococcus 

spp. strains in different fish species for consumption. For this, it was also intended: 

• To study the prevalence of contamination of the samples collected by Enterococcus 

spp. strains and to determine the diversity of species; 

• To study the frequency of antibiotic resistance, highlighting the prevalence of 

resistance to vancomycin in the isolated strains; 

• To analyze the mechanisms involved in antibiotic resistance; 

• To study the production of virulence factors in the vancomycin-resistant Enterococcus 

spp. strains; 

• To determine the polymorphism of Tn1546 transposon in vanA strains, as well as the 

genetic lineages of VRE; 

• To study the ability to transfer mobile genetic elements, through conjugation, in strains 

with special relevance; 

• To analyze the production of antimicrobial activities in recovered enterococci and the 

presence of structural genes related to them; 

• To alert to the raw consumption of the fish species under study, an increasingly 

recurrent practice since they are often part of the recipe of traditional dishes. 
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3. Materials and Methods 

3.1 Fish samples 

 A total of 150 fish samples were collected from 6 supermarkets and fishmongers from 

Northern Portugal during 2015. The fish species collected were tuna, salmon, bramble shark, 

European seabass and porgy. Thirty samples were collected from each of the fish species, in 

different time periods and places of sale. 

 

3.2 Processing of the fish samples and isolation of Enterococcus spp. 

 After being collected, the 150 fish samples were maintained under refrigeration 

temperatures and were sent to the laboratory for processing to isolate the enterococci. For that 

purpose, 2 g of each fish sample was transferred to sterile Stomacher bags, 9-fold diluted in 

saline solution and added and mixed in a Stomacher (Stomacher® 400 Circulator, Seward, 

London, UK). After agitation, using a loop, the suspension was inoculated in Slanetz-Bartley 

(SB) medium and also on plates with the same medium but supplemented with vancomycin at 

a concentration of 6 µg/mL (SB-Van). The pure cultures (one isolate/plate) that resulted from 

the growth on SB and/or SB-Van plates were preserved in sterile 2 mL cryotubes with skim 

milk medium and stored at -20 ºC and -80 ºC. The isolates were identified by species-specific 

PCR, and also by mass spectrometry, more specifically the Matrix-Assisted Laser 

Desorption/Ionization (MALDI) technique, to further confirm the Enterococcus genus and also 

the species of recovered isolates.  

 

3.3 Growth mediums 

 All the mediums used during the course of work were prepared according to the 

recommendations of the manufacturers. These mediums were supplemented with an antibiotic 

when required. The sterilization was carried out in an autoclave (20 minutes at 120 ºC in an 

atmosphere of overpressure). The cultures grew at 37 °C for 24 hours except when the protocol 

indicated otherwise. The growth mediums are described below: 

• Slanetz-Bartley agar (SB) (Laboratorios Conda, Spain): Selective medium for the 

growth and isolation of Enterococcus spp.. The composition (g/L) is 20g tryptose, 5g yeast 

extract, 2g glucose, 4g di-potassium hydrogen phosphate, 0.4g sodium azide, 0.1g 

triphenyltetrazolium chloride and 12g agar. 

• Columbia agar with 5% sheep blood (Thermo Scientific™, USA): Medium used to study 

the type of hemolysis presented by the isolated strains. The composition (g/L) is 23g of the 

special nutrient substrate, 1g of starch, 5g of sodium chloride, 13g of agar and 5% of sheep 

blood. 
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• Brain-Heart infusion (BHI) agar (Laboratorios Conda, Spain): Nutritive medium used 

for the growth of enterococci whose composition (g/L) is: 10g of beef heart infusion, 10g of 

peptone mixture, 7.5g of calf brain infusion, 5g of sodium chloride, 2.5g of disodium phosphate, 

2g of dextrose and 15g of bacteriological agar. 

• Brain Heart Infusion Broth (Sigma-Aldrich, USA): An extremely rich medium composed 

by (g/L): 5g of beef heart, 12.5g of calf brains, 2.5g of disodium hydrogen phosphate, 2g of 

glucose, 10g of peptone and 5g of sodium chloride  

• Mueller-Hinton (MH) agar (AppliChem Inc., USA): Growth medium used for antibiotic 

susceptibility testing. Composition (g/L): 2g of meat infusion, 17.5g of casein peptone 

hydrolysate, 1.5g of starch and 17g of agar. 

• Tryptic-Soy Agar (TSA) (Sigma-Aldrich, USA): Growth medium used to analyze the 

gelatinase enzymatic activity and bacteriocin production. Composition (g/L): 15g of casein 

peptone (pancreatic), 5g of soy peptone (papainic), 5g of sodium chloride and 15g of agar. 

• Tryptic-Soy Broth (TSB) (Sigma-Aldrich, USA): Growth medium used to test bacteriocin 

production whose composition is (g/L): 17g of casein peptone (pancreatic), 2.5g of dipotassium 

hydrogen phosphate, 2.5g of glucose, 5g of sodium chloride and 3g of soya peptone (papain 

digest.). 

• Skim milk (Difco Inc., USA): 100% skimmed milk, dehydrated, used to preserve the 

strains at freezing temperatures (-20 ºC and -80 ºC). 

 

3.4 Strain conservation 

 All the isolates obtained and studied were preserved in a bacterial suspension in 

sterilized skim milk at 10% and frozen at -20 ºC and -80 ºC. 

 

3.5 Identification tests 

3.5.1 Gelatinase activity 

 This assay was performed as previously described (López et al., 2009). The isolates 

previously grown in BHI plates for 24 hours were inoculated in plates containing TSA and skim 

milk and were incubated at 37ºC overnight. The presence of a clear halo is considered a 

positive result and depending on the size of the halo the result can be low positive (+), 

intermediate positive (++) and high positive (+++). The absence of halo is a negative result (-

). 
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3.5.2 Hemolytic activity of cytolysin 

 The evaluation of the hemolytic activity was performed according to the method 

described by Semedo et al., (2003). To do so, the isolates, grown overnight at 37 ºC in BHI 

plates were streaked on Columbia agar plates supplemented with 5% sheep blood, using an 

inoculation loop and in parallel rows (five per agar plate). All the plates were incubated at 37 

ºC for 72 hours, either in aerobic or anaerobic conditions, after which the plates were examined 

for hemolysis. The anaerobic condition was assured using an artificial generator "AnaeroGen" 

(in bags) (Oxoid Limited, United Kingdom). These bags, inside glass jars, absorb almost 

instantly the surrounding oxygen, replacing it with carbon dioxide in the process. The bags 

reduce the oxygen levels in the jar to below 1% in half an hour and the CO2 levels will be 

between 9 and 13%. The reaction of the "AnaeroGen" bags starts as soon as they contact with 

the air, being essential that they are immediately sealed inside the jars. 

 The presence of a clear halo around the colonies was interpreted as a result of beta-

type hemolysis (positive result) and the absence as a result of gamma hemolysis (negative 

result). The presence of greenish areas was classified as alpha type hemolysis.  

 

 3.6 Antimicrobial susceptibility studies 

 3.6.1 Antibiotics used 

 During this work it was determined the sensitivity of the strains to the following 

antibiotics: vancomycin (VAN), teicoplanin (TEC), chloramphenicol (CHL), erythromycin 

(ERY), tetracycline (TET), ciprofloxacin (CIP), ampicillin (AMP), quinupristin-dalfopristin, 

streptomycin (STH), gentamicin (GEH), kanamycin (KAH), rifampicin (RD) and linezolid (LNZ). 

All the antibiotics, with exception of aminoglycosides, were purchased in the form of antibiotic 

disks with the concentration recommended by the Clinical and Laboratory Standards Institute 

(CLSI) (CLSI, 2017). Regarding the aminoglycosides, these were prepared by impregnation of 

sterile disks in a high concentration of antibiotic, prepared in the laboratory, according to the 

concentrations recommended by CLSI (2017). Antibiotics and blank disks were purchased at 

Thermo Fisher Scientific™ (USA). 

 

3.6.2 Determination of the sensitivity to antibiotics through the Kirby-Bauer 

method 

 The agar diffusion method, or antibiogram, was used to determine if the isolated strains 

were resistant (R), intermediate (I) or sensitive (S) to the different antibiotics used. The method 

was performed and analyzed following the CLSI standards (CLSI, 2017). This method allows 

us to do an in vitro evaluation of the bacterial susceptibility to antibiotics.  
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 The inoculum was prepared through the collection of 1 to 2 colonies of a 24-hour pure 

culture in BHI agar to 3 mL of sterile saline solution (0.9% NaCl) in order to obtain a suspension 

whose turbidity was 0.5 on a McFarland scale. Then, it was performed the inoculation in a 

plate. To do so, a sterile swab was introduced into the bacterial suspension and seeded on the 

surface of an MH agar plate. The antibiotic disks (a maximum of 6 per plate) were placed using 

a tweezer, with a distance of approximately 1 cm between each other. The plates were 

incubated at 37 ºC for 24 hours. After the 24-hour incubation, the diameters of the inhibition 

halos produced were measured and interpreted. The breakpoints for the inhibition halos for 

each antibiotic, recommended by CLSI, to determine the resistance or sensitivity to the 

antibiotics are shown in Table 5.  

Table 5. Antibiotics used in Enterococcus spp. and their respective disk contents and diameter 
breakpoints (CLSI, 2017). 

Antimicrobial agent 
Disk 

concentration (µg) 

Diameter Breakpoint (mm) 

Resistant (R) Intermediate (I) Sensitive (S) 

Vancomycin 30 ≤14 15-16 ≥17 

Teicoplanin 30 ≤10 11-13 ≥14 

Ampicillin 10 ≤16 - ≥17 

Tetracycline 30 ≤14 15-18 ≥19 

Erythromycin 15 ≤13 14-22 ≥23 

Gentamycin 120 6 7-9 ≥10 

Kanamycin 120 6 7-9 ≥10 

Streptomycin 300 6 7-9 ≥10 

Chloramphenicol 30 ≤12 13-17 ≥18 

Quinupristin-Dalfopristin 15 ≤15 16-18 ≥19 

Ciprofloxacin 5 ≤15 16-20 ≥21 

Rifampicin 5 ≤16 17-19 ≥20 

Linezolid 30 ≤20 21-22 ≥23 

 

3.7 Species Identification using the MALDI Biotyper® (Bruker) technique 

 In order to identify the species of the enterococcal isolates recovered in the study, the 

technology of MALDI Biotyper® (Bruker Daltonik, Germany) was used. To do this, it is 

necessary to have fresh colonies, so the previously isolated strains were seeded in BHI agar 

plates by the depletion method. The plates were then incubated at 37 °C for 24 hours. After 

this period, the extraction method started. The biological material (between an isolated colony 

and a couple of them) was transferred to a 1.5 mL sterile microtube containing 300 µL of 

deionized water (HPLC grade or MS Grade) and then vortexed. Then, 900 µL of 70% ethanol 

(EtOH) was added to the mixture and the tubes were vortexed again. The tubes were 

centrifuged at maximum speed (≥13,000 rpm) for two minutes and after that, the supernatant 

was decanted. After being centrifuged again at the same speed as previously referred, the 

residual EtOH was carefully discarded without disturbing the pellet. The tubes were left open 
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for 2 minutes so that the pellet could dry at room temperature. 10 µL of 70% formic acid 

(appropriate amount considering the amount of pellet) were then added to the tubes and these 

were vortexed again. The same amount of pure acetonitrile (ACN) was added to the tubes. 

After this step, the tubes were centrifuged for 2 minutes at full speed (≥13,000 rpm) and then, 

1 µL of the obtained supernatant was pipetted into a MALDI plate. The plate was left open 

allowing the product to dry at room temperature. Finally, 1 µL of α-Cyano-4-hydroxycinnamic 

acid (HCCA) solution (12.5 μL acetonitrile + 11.8 μL MiliQ water + 6.5 μL trifluoroacetic acid) 

was added and left to dry at room temperature for 20-30 min. The organisms were then 

identified using the Biotyper ® software. 

 

 3.8 Molecular characterization 

 3.8.1 DNA extraction with InstaGene™ Purification Matrix Protocol 

 The DNA extraction was performed following the InstaGene™ Matrix (Bio-Rad 

Laboratories, USA) protocol. This matrix absorbs the products that result from the cell lysis, 

facilitating the preparation of DNA that can be used in amplification by PCR and also avoiding 

the extraction with phenol/chloroform. Some colonies of a pure strain culture previously grown 

for 24 hours in a BHI agar plate were suspended in 1 mL of sterile MiliQ water in a 1.5 mL 

microtube. The tubes were centrifuged for 2 minutes at 12.000 rpm and the supernatant was 

discarded. The pellet was resuspended with 200µL of InstaGene™ Matrix extraction resin and 

then the tubes were incubated at 56°C for 25 minutes. After the incubation time, the microtubes 

were vortexed and then placed in a water bath at 100°C for 8 minutes. The tubes were vortexed 

again and centrifuged at 12.000 rpm for 3 minutes. The supernatant was collected to new 

tubes and was then ready to be used. 

 

3.8.2 DNA quantification 

 The quantification of DNA and the determination of its purity were measured with the 

spectrophotometer using the computer program NanoDrop® (Thermo Fisher Scientific, USA). 

The blank used in this quantification was sterile MiliQ water and the DNA was quantified using 

1 µL of the solution obtained in the extraction.  

 NANO-DROP is a program that quantifies the DNA absorbance curve at 260nm and 

the ratio between the absorbances at 260 and 280 nm, thus obtaining the concentration and 

purity of the DNA, respectively. The optimal parameters for Enterococcus spp. are a 

concentration ratio between 1.8 and 2, for the absorbance quotient and a DNA concentration 

between 300 and 600 ng/μL. After the quantification, the DNA was stored at -20 ºC to be later 

used in PCR reactions. 
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3.8.3 Polymerase Chain Reaction  

 The PCR is an enzymatic amplification of specific genomic DNA sequences mediated 

by primers. A thermostable DNA polymerase, such as Taq DNA polymerase, catalyzes the 

reaction in the presence of a suitable buffer in which one pair of primers and four types of 

triphosphate deoxynucleotides (dNTPs) are used to make millions of copies of the target 

sequence. This reaction consists of three fundamental steps, that are: DNA denaturation, 

primer annealing and extension. The three steps comprise one PCR cycle and the 

amplifications occur repetitively, depending on the number of cycles needed to an appropriate 

amplification (Kolmodin & Birch, 2002). The PCR technique was used to amplify Enterococcus 

spp. genes that allowed their species identification, identification of resistance, virulence and 

other interesting genes. The PCR reaction mixture was prepared with a final volume of 50 µL 

using the reagents indicated in Table 6. 

Table 6. Components and its respective volumes used in the PCR reactions. 

Components Stock concentration Volume per tube 
Final reaction 
concentration 

1Buffer 10x 5µL 1x 
1MgCl2  50mM 1.5µL 1.5mM 

1dNTP's 2.5mM 1µL 0.5 
2,3Primer forward 25µM 1µL 0.5µM 
2,3Primer reverse 25µM 1µL 0.5µM 

1BioTaq DNA polymerase  5U/µL 0.3µL 1.5U 

DNA - 10µL - 

sterile MiliQ water - until 50µL - 

 1Bioline, UK; 2Sigma-Aldrich, USA; 3From a 100 µM stock a 25 µM work stock was prepared 

(25 µL of primer + 75 µL of sterile MiliQ water). 

 The thermocyclers used for the PCR reactions were the Biometra T3000 Thermocycler 

(Biometra Biomedizinische Analytik GmbH, Germany). It was included, in all PCR reactions, a 

positive and negative control, the last one without DNA. The positive controls belong to the 

collection of the University of La Rioja (Logroño, Spain). The primer sequences, as well as the 

amplification conditions and sizes of the amplified DNA fragments are described in Tables 7-

12. 
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Table 7. Nucleotide sequence, amplification conditions and amplicon sizes of the primers used to 
identify the Enterococcus spp. species. 

Primers (5’→3’ sequence) Conditions 
Reference 

(size of the amplicon) 

ddlE.faecalis 

ATCAAGTACAGTTAGTCT  
ACGATTCAAAGCTAACTG 

 

94ºC 2min 1 cycle 

Dutka-Malen et al., (1995) 
(941bp) 

94ºC 1min 
30 

cycles 
54ºC 1min 

72ºC 1min 

72ºC 10min 1 cycle 

ddlE.faecium 

TAGAGACATTGAATATGCC  
TCGAATGTGCTACAATC 

94ºC 2min 1 cycle 

Dutka-Malen et al., (1995) 
(550bp) 

94ºC 1min 
30 

cycles 
54ºC 1min 

72ºC 1min 

72ºC 10min 1 cycle 

E. gallinarum 
GCTGAAATATGAAGTAATGACC 
CGGCATGGTGTTGATTTCGTT 

94ºC 3min 1 cycle 

Miele et al., (1995) 
(811bp) 

94ºC 30sec 
40 

cycles 
58ºC 2min 

72ºC 2min 

72ºC 6min 1 cycle 

E. casseliflavus 
CTCCTACGATTCTCTTG  
CGAGCAAGACCTTTAAG 

94ºC 2min 1 cycle 

Dutka-Malen et al., (1995) 
(439bp) 

94ºC 1min 
30 

cycles 
54ºC 1min 

72ºC 1min 

72ºC 10min 1 cycle 

E. durans 
AACAGCTTACTTGACTGGACGC 
GTATTGGCGCTACTACCCGTATC 

94ºC 2min 1 cycle 

Arias et al., (2006) 
(176bp) 

94ºC 1min 
30 

cycles 
60ºC 15sec 

72ºC 1min30sec 

72ºC 7min 1 cycle 

E. hirae 
CGTCAGTACCCTTCTTTTGCAGAGTC 
GCATTATTACCAGTGTTAGTGGTTG 

94ºC 2min 1 cycle 

Arias et al., (2006) 
(521bp) 

94ºC 1min 
30 

cycles 
60ºC 15sec 

72ºC 1min30sec 

72ºC 7min 1 cycle 
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Table 8. Nucleotide sequences, amplification conditions and amplicon sizes of the primers used to 

detect genes related to antibiotic resistance. 

Primers (5’→3’ sequence) Conditions 
Reference 

(size of the amplicon) 

vanA 
ATGGCAAGTCAGGTGAAGATGG 
TCCACCTCGCCAACAACTAACG 

96ºC 2min 1 cycle 

Woodford et al., (1993) 
(399bp) 

94ºC 30sec 
35 

cycles 
50ºC 30sec 

72ºC 1min 

72ºC 10min 1 cycle 

tet(M) 
GTTAAATAGTGTTCTTGGAG 
CTAAGATATGGCTCTAACAA 

94ºC 1min 1 cycle 

Aarestrup et al., (2000) 
(576bp) 

94ºC 1min 
30 

cycles 
55ºC 2min 

72ºC 2min 

72ºC 10min 1 cycle 

tet(L) 
CATTTGGTCTTATTGGATCG 
ATTACACTTCCGATTTCGG 

94ºC 1min 1 cycle 

Aarestrup et al., (2000) 
(456bp) 

94ºC 1min 
30 

cycles 
50ºC 1min 

72ºC 1min 

72ºC 10min 1 cycle 

tet(K) 
TTAGGTGAAGGGTTAGGTCC  
GCAAACTCATTCCAGAAGCA 

94ºC 1min 1 cycle 

Aarestrup et al., (2000) 
(697bp) 

94ºC 1min 
30 

cycles 
55ºC 2min 

72ºC 2min 

72ºC 10min 1 cycle 

tet(O) 
GATGGCATACAGGCACAGAC 
CAATATCACCAGAGCAGGCT 

94ºC 1min 1 cycle 

Aarestrup et al., (2000) 
(615bp) 

94ºC 1min 
30 

cycles 
50ºC 1min 

72ºC 1min 

72ºC 10min 1 cycle 

erm(A) 
TCTAAAAAGCATGTAAAAGAA 
CTTCGATAGTTTATTAATATTAGT 

93ºC 3min 1 cycle 

Sutcliffe et al., (1996) 
(645bp) 

93ºC 1min 

35 cycles 52ºC 1min 

72ºC 1min 

72ºC 5min 1 cycle 

erm(B) 
GAAAAGGTACTCAACCAAATA 
AGTAACGGTACTTAAATTGTTTAC 

93ºC 3min 1 cycle 

Sutcliffe et al., (1996) 
(639bp) 

93ºC 1min 
35 

cycles 
52ºC 1min 

72ºC 1min 

72ºC 5min 1 cycle 
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Table 8. (Cont.)  

Primers (5’→3’ sequence) Conditions 
Reference 

(size of the amplicon) 

erm(C) 
TCAAAACATAATATAGATAAA 
GCTAATATTGTTTAAATCGTCAAT 

93ºC 3min 1 cycle 

Sutcliffe et al., (1996) 
(642bp) 

93ºC 1min 

35cycles 52ºC 1min 

72ºC 1min 

72ºC 5min 1 cycle 

erm(T) 
CCGCCATTGAAATAGATCCT 
TTCTGTAGCTGTGCTTTCAAAAA 

94ºC 3min 1 cycle 

Gómez-Sanz et al., (2010) 
(200bp) 

94ºC 1min 

30 cycles 55ºC 1min 

72ºC 1min 

72ºC 5min 1 cycle 

msr(A) 
GCAAATGGTGTAGGTAAGACAACT 
ATCATGTGATGTAAACAAAAT 

95ºC 3min 1 cycle 

Wondrack et al., (1996) 
(399bp) 

93ºC 30sec 

35 cycles 55ºC 2min 

72ºC 
2min 
30sec 

72ºC 5min 1cycle 

aac(6’)-Ie-aph(2’’)-Ia 
CCAAGAGCAATAAGGGCATA 
CACTATCATAACCACTACCG 

94ºC 5min 1 cycle 

Del Campo et al., (2000) 
(220bp) 

94ºC 30sec 

30cycles 60ºC 45sec 

72ºC 2min 

72ºC 7min 1 cycle 

aph(3’)-IIIa 
GCCGATGTGGATTGCGAAA 
GCTTGATCCCCAGTAAGTCA 

94ºC 5min 1 cycle 

Del Campo et al., (2000) 
(292bp) 

94ºC 30sec 
30 

cycles 
60ºC 2min 

72ºC 2min 

72ºC 7min 1 cycle 

ant(6’)-Ia 
ACTGGCTTAATCAATTTGGG 
GCCTTTCCGCCACCTCACCG 

95ºC 10min 1 cycle 

Clark et al., (1999) 
(597bp) 

94ºC 30sec 
30 

cycles 
60ºC 30sec 

72ºC 30sec 

72ºC 10min 1 cycle 

cat(A) 
GGATATGAAATTTATCCCTC 
CAATCATCTACCCTATGAAT 
 

94ºC 5min 1 cycle 

Aarestrup et al., (2000) 
(505bp) 

94ºC 1min 

30 cycles 50ºC 1min 

72ºC 
2min 
30sec 

72ºC 7min 1 cycle 
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Table 8. (Cont.)  

Primers (5’→3’ sequence) Conditions 
Reference 

(size of the amplicon) 

catpC194 

CGACTTTTAGTATAACCACAGA 
GCCAGTCATTAGGCCTAT 

94°C 3 min 1 cycle 

Schnellmann et al., (2006) 
(570 bp) 

94°C 1 min 
30 

cycles 
50°C 1 min 

72°C 1 min 

72°C 5 min 1 cycle 

catpC221 

ATTTATGCAATTATGGAAGTTG 
TGAAGCATGGTAACCATCAC 

94°C 3 min 1 cycle 

Schnellmann et al., (2006) 
(434bp) 

94°C 1 min 
30 

cycles 
50°C 1 min 

72°C 1 min 

72°C 5 min 1 cycle 

catpC223 

GAATCAAATGCTAGTTTTAACTC 
ACATGGTAACCATCACATAC 

94°C 3 min 1 cycle 

Schnellmann et al., (2006) 
(283bp) 

94°C 1 min 
30 

cycles 
50°C 1 min 

72°C 1 min 

72°C 5 min 1 cycle 

vat(D) 
CCGAATCCTATGAAAATGTATCC  
GCAGCTACTATTGCACCATCCC 

94ºC 2min 1 cycle 

Robredo et al., (2000) 
(413bp) 

94ºC 1min 
40 

cycles 
55ºC 2min 

72ºC 3min 

72ºC 4min 1 cycle 

vat(E) 
ACGTTACCCATCACTATG  
GCTCCGATAATGGCACCGAC 

94ºC 2min 1 cycle 

Robredo et al., (2000) 
(282bp) 

94ºC 1min 

40 cycles 55ºC 2min 

72ºC 3min 

72ºC 4min 1 cycle 

fexA 
GTACTTGTAGGTGCAATTACGGCTGA 
CGCATCTGAGTAGGACATAGCGTC 

94ºC 1min 1 cycle 

Kehrenberg & Schwarz 
(2005) 

(1272bp) 

94ºC 1min 

34 cycles 48ºC 2min 

72ºC 3min 

72ºC 7 min 1 cycle 

fexB 
TTCCCACTATTGGTGAAAGGAT 
GCAATTCCCTTTTATGGACGTT 

94ºC 7min 1 cycle 

Liu et al., (2012) 
(816bp) 

94ºC 1min 

30 cycles 55ºC 1min 

72ºC 1min 

72ºC 10min 1 cycle 
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Table 8. (Cont.)  

Primers (5’→3’ sequence) Conditions 
Reference 

(size of the amplicon) 

optrA 
AGGTGGTCAGCGAACTAA 
ATCAACTGTTCCCATTCA 

94ºC 5min 1 cycle 

Wang et al., (2015) 
(1395bp) 

94ºC 1min 
30 

cycles 
48ºC 1min 

72ºC 1min 

72ºC 5min 1 cycle 

cfr 
TGAAGTATAAAGCAGGTTGGGAGTCA 
ACCATATAATTGACCACAAGCAGC 

94°C 1 min 1 cycle 

Kehrenberg & Schwarz 
(2006) 
(746bp) 

94°C 1 min 
34 

cycles 
48°C 2 min 

72°C 3 min 

72°C 7 min 1 cycle 

Pr_cadDX 
CTGACGATGCCAGGAAACTT 
AGTAAGGGTGCAGTGCCAAT 

94ºC 3 min 1 cycle 

Gómez-Sanz et al., (2013) 
(479bp) 

94ºC 1 min 
30 

cycles 
56ºC 1 min 

72ºC  1 min 

72ºC 5 min 1 cycle 

cadD 
TGCTAGAGCAAAGACTAGGAAAGA 
AGCCATAATCCAACGACCAA 

94ºC 3 min 1 cycle 

Gómez-Sanz et al., (2013) 
(460bp) 

94ºC 1 min 
30 

cycles 
56ºC 1 min 

72ºC  1 min 

72ºC 5 min 1 cycle 

 

Table 9. Nucleotide sequence, amplification conditions and size of the resultant amplicon of the primers 
used in the detection of virulence genes. 

Primers (5’→3’ sequence) Conditions 
Reference 

(size of the amplicon) 

esp 
TTGCTAATGCTAGTCCACGACC 
GCGTCAACACTTGCATTGCCGAA 

95ºC 2min 1 cycle 

Eaton & Gasson (2001) 
(933bp) 

94ºC 45sec 
30 

cycles 
63ºC 45sec 

72ºC 1min 

72ºC 4min 1 cycle 

hyl 
GAGTAGAGGAATATCTTAGC  
AGGCTCCAATTCTGT 

94ºC 4min 1 cycle 

Klare et al., (2005) 
(661bp) 

94ºC 30sec 
30 

cycles 
50ºC 30sec 

72ºC 30sec 

72ºC 4min 1 cycle 

gelE 
ACCCCGTATCATTGGTTT 
ACGCATTGCTTTTCCATC 

94ºC 2min 1 cycle 

Duprè et al., (2003) 
(402bp) 

94ºC 1min 
30 

cycles 
56ºC 1min 

72ºC 1min 

72ºC 5min 1 cycle 
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Table 10. Nucleotide sequence, amplification conditions and amplicon size of the primers used to 
characterize the Tn1546 transposon. 

Primers (5’→3’ sequence) Conditions 
Reference 

(size of the amplicon) 

vanXY 
ATGGAAATAGGATTTACTTT  
TTACCTCCTTGAATTAGTAT 

94ºC 2min 1 cycle 

MacKinnon et al., (1997) 
(1947bp) 

94ºC 1min 
40 

cycles 
49ºC 2min 

72ºC 3min 

72ºC 10min 1 cycle 

vanSH 
TTGGTTATAAAATTGAAAATT 
CTATTCATGCTCCTGTCT 

94ºC 2min 1 cycle 

MacKinnon et al., (1997) 
(2337bp) 

94ºC 1min 
40 

cycles 
45ºC 2min 

72ºC 3min 

72ºC 10min 1 cycle 

orf2-vanR 
ACTGTAATGGCTGGTGTTAAT 
CATAGTTATCACCCCTTTCACTAT 

94ºC 2min 1 cycle 

Martínez (2011) 
(465bp) 

94ºC 1min 
35 

cycles 
52ºC 1min 

72ºC 1min 

72ºC 10min 1 cycle 

 

Table 11. Nucleotide sequences of the primers used to amplify the 7 housekeeping genes used to type 
the MLST of E. faecium and their respective amplicon size. 

Primers (5’→3’ sequence) Amplicon Size Reference 

adk 
TATGAACCTCATTTTAATGGG 
GTTGACTGCCAAACGATTTT 

437bp 

Homan et al., (2002) 

atpA 
CGGTTCATACGGAATGGCACA 
AAGTTCACGATAAGCCACGG 

556bp 

ddl 
GAGACATTGAATATGCCTTATG 
AAAAAGAAATCGCACCG 

465bp 

gdh 
GGCGCACTAAAAGATATGGT 
CCAAGATTGGGCAACTTCGTCCCA 

530bp 

gyd 
CAAACTGCTTAGCTCCAAGGC 
CATTTCGTTGTCATACCAAGC 

395bp 

pstS 
TTGAGCCAAGTCGAAGCTGGAG 
CGTGATCACGTTCTACTTCC 

583bp 

purK 
GCAGATTGGCACATTGAAAGT 
TACATAAATCCCCCTGTTTY 

492bp 
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 PCR conditions for all the amplifications: Initial denaturation at 94ºC for 3 minutes; 35 

cycles at 94ºC for 30 seconds, 50ºC for 30 seconds and 72ºC for 30 seconds; final extension 

at 72ºC for 5 minutes. 

 

Table 12. Nucleotide sequences of the primers used to amplify the 7 housekeeping genes used to type 
the MLST of E. faecalis and their respective amplicon sizes. 

Primers (5’→3’ sequence) Amplicon Size Reference 

aroE 
TGGAAAACTTTACGGAGACAGC 
GTCCTGTCCATTGTTCAAAAGC 

459bp 

Ruiz-Garbajosa et al., 
(2006) 

gki 
GATTTTGTGGGAATTGGTATGG 
ACCATTAAAGCAAAATG ATCGC 

438bp 

pstS 
CGGAACAGGACTTTCGC 
ATTTACATCACGTTCTACTTGC 

583bp 

gdh 
GGCGCACTAAAAGATATGGT 
CCAAGATTGGGCAACTTCGTCCCA 

530bp 

gyd 
CAAACTGCTTAG CTCCAATGGC 
CATTTCGTTGTCATACCAAGC 

395bp 

xpt 
AAAATGATGGCCGTGTATTAGG 
AACGTCACCGTTCCTTCACTTA 

456bp 

yiqL 
CAGCTTAAGTCAAG TAAGTGCCG 
GAATATCCCTTCTGCTTGTGCT 

436bp 

 

 PCR conditions for all the amplifications: Initial denaturation at 94ºC for 5 minutes; 30 

cycles at 94ºC for 30 seconds, 52ºC for 30 seconds and 72ºC for 1 minute; final extension at 

72ºC for 7 minutes. 

 

3.8.4 Electrophoresis in agarose gel 

 To visualize the resulting fragments from the PCR amplification, it was used the 

horizontal electrophoresis in agarose gel, allowing the separation of the various DNA 

fragments according to their size, due to the action of an electrical field. By this, the smaller 

fragments migrate further along the gel as they have a lower molecular weight.  

 To prepare the gels, a concentration of D-1 agarose (Laboratorios Conda, Spain) was 

used. The gel concentration was 1% and the buffer used was 1x TBE (composed of: TBE 5x 

54 g/L Tris (hydroxymethyl) aminomethane; 27 g/L boric acid; 20 mL EDTA 0.5M [pH8]) and 

MidoriGreen (NIPPON Genetics Europe, Germany), which allows the observation of fragments 



44 
 

when the gel is lightened with ultraviolet light. The mixture was heated until the dissolution of 

the agarose and a comb was then placed on the gel carrier so that, by solidifying, it formed 

small wells. After the gel solidification, each well was charged with a mixture of 10µL of PCR 

product and 2µL loading buffer (40% sucrose, 0.25% bromophenol blue, 0.25% xylene cyanol). 

After being loaded, the gel was submerged in 1x TBE in an electrophoresis cuvette and 

exposed to an electric field of 75-100 V for 45 minutes. Subsequently, the bands obtained were 

visualized with ultraviolet light in a transilluminator and these were photographed using the 

GelDoc™ XR (Bio-Rad Laboratories, USA). 

 

3.8.5 Sequencing 

 The sequencing of the amplified fragments obtained by PCR was performed in order 

to confirm positive results, detect mutations and study the structure of distinct regions. The 

amplicons obtained of the different genes tested were sequenced after PCR products were 

analyzed. The primers used in sequencing were the same as the ones used in the PCR 

reactions performed throughout this work. Sequencing was performed automatically on a 

system through the service of a specialized company (Genewiz, Inc., United Kingdom). The 

sequences obtained were analyzed using the following online tools: 

www.attotron.com/cybertory/analysis/seqMassager.htm and 

www.ebi.ac.uk/Tools/psa/emboss_needle/. The website https://pubmlst.org/ was used to 

identify the different alleles, for clonal characterization, using MLST. When necessary, the 

BLAST tool (www.blast.ncbi.nlm.nih.gov/Blast.cgi ) was used to verify that the obtained PCR 

products corresponded to the protein that was intended to be obtained. All these tools allowed 

to access the alignment of the sequences, to compare and to look for possible mutations that 

could have occurred. 

 

3.9 Bacterial conjugation assay 

 The transfer of the genetic determinants encoding antibiotic resistance to vancomycin 

and specific genes encoding erythromycin resistance (such as ermT gene) that are not so 

prevalent among enterococci was tested by filter conjugation. To do so, from an isolated colony 

of each strain, any of the donor strains and the receptor strains were cultured in 5mL of BHI 

broth, which was subsequently incubated for 18-24h at 37 °C. The receptor strains (E. faecalis 

JH2-2 C662 and E. faecium GE-1 C8026) are sensitive to all antibiotics used but have 

chromosomal resistance markers to rifampicin and fusidic acid while the donor strains are 

sensitive to these antibiotics. 

http://www.attotron.com/cybertory/analysis/seqMassager.htm
http://www.ebi.ac.uk/Tools/psa/emboss_needle/
https://pubmlst.org/
http://www.blast.ncbi.nlm.nih.gov/Blast.cgi
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 From the 5 mL BHI broth cultivation, 200 µL of the growth produced from the recipient 

strain was mixed with 20 µL of the donor strain in a sterile tube. The mixture was passed 

through a 0.22 µm Millipore filter (Millipore Corporation, Bedford, MA, USA), which was placed 

on the surface of a BHI plate and then incubated at 37 ºC for 24 hours. After the 24-hour period, 

the bacteria that grew on the filter were suspended in 1 mL of BHI broth and vortexed. From 

the suspension, 100 µL incubated for 48h at 37 ºC on BHI plates supplemented with rifampicin 

(100 µg/mL) + fusidic acid (25 µg/mL) + vancomycin (6 µg/mL) or rifampicin (100 µg/mL) + 

fusidic acid (25 µg/mL) + erythromycin (8 µg/mL) to select transconjugants (TC). Furthermore, 

the donor and receptor strains were cultured in a plate supplemented with the antibiotic under 

study (one plate with vancomycin at 6 µg/mL and another with erythromycin at 8 µg/mL, to 

select the donor strains) and a plate with the antibiotics whose receptor strains are resistant 

(rifampicin at 100 µg/mL and fusidic acid at 25 µg/mL, to select the receptor strains). The TC 

that grew after the incubation period were confirmed to have phenotypic resistance through 

antibiogram.  

 

3.10 Screening of Antimicrobial Activities production 

 The "Spot in the Lawn" technique was used to detect the production of Antimicrobial 

Activity (AntAct) by the enterococci strains under study. 

To do so, several plates were prepared with 

approximately 15 mL of solid TSA with 0.3% of yeast 

extract. In the meantime, tubes containing 5mL of BHI 

broth and tubes of semisolid TSB medium containing 

0.7% of agar and 0.3% of yeast extract were also 

prepared. 

 The sowing was carried out from fresh cultures of 

both producer and indicator microorganisms. First, the 

TSB tubes were immersed in a 90 ºC water bath until the 

medium was completely melted. Some colonies of the 

indicator strain previously grown for 24 hours in a BHI agar plate were resuspended in the 5 

mL BHI broth tubes, obtaining turbidity of 0.5 in the McFarland scale. Once the TSB medium 

was melted, but at a lower temperature (approximately 40 ºC, in order to not affect the viability 

of the microorganisms), 10 μL of the indicator microorganism solution was added into the TSB 

medium tube, shaken gently, and then poured into the TSA medium plates. This procedure 

was repeated for each of the indicator microorganisms to be tested. Finally, when the plates 

were completely dry, the producing microorganisms were sown by poking the medium with a 

toothpick, following the template (Figure 13). The AntAct production was evaluated 24 hours 

Figure 13. Template of the plate areas 
that must contain the strains under test 
for the bacteriocin production. 
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after the sowing, considering the presence of a halo and its magnitude. The classification was 

divided into low positive (+), intermediate positive (++) and high positive (+++) (Figure 14). 

The absence of the halo was considered a negative result (-). 

 

 

Figure 14. Antimicrobial Activity production classification. a) absence of production; b) intermediate 
production; c) low and higher production.  

 

 The capacity to produce AntAct was evaluated against 9 indicator microorganisms: 

Listeria monocytogenes C137, E. faecalis vanB2 C3735, E. faecium vanA C2321, E. faecalis 

C410, E. durans C1433, Staphylococcus aureus C411, Staphylococcus pseudintermedius 

C3468, E. faecium vanA C10190 and E. faecalis vanA C10191. The most producing strains 

were selected to test the presence of genes implicated in the bacteriocin. The genes encoding 

bacteriocin production that were tested are summarized in Table 13, along with their 

amplification conditions, size of the resultant amplicon and reference.  
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Table 13. Nucleotide sequence, amplification conditions and resultant amplicon size of the primers used 
to detect the genes associated with bacteriocin production. 

Primers (5’→3’ sequence) Conditions 
Reference 

(size of the amplicon) 

entA 
GGTACCACTCATAGTGGAAA 
CCCTGGAATTGCTCCACCTAA 
 

95ºC 2 min 1 cycle 

De Vuyst et al., (2003) 
(138bp) 

95ºC 30 sec 
30 

cycles 
58ºC 30 sec 

72ºC 30 sec 

72ºC 5 min 1 cycle 

entB 
CAAAATGTAAAAGAATTAAGTACG 
AGAGTATACATTTGCTAACCC 

95ºC 2 min 1 cycle 

De Vuyst et al., (2003) 
(201bp) 

95ºC 30 sec 
30 

cycles 
56ºC 30 sec 

72ºC 30 sec 

72ºC 5 min 1 cycle 

entP 
GCTACGCGTTCATATGGTAAT 
TCCTGCAATATTCTCTTTAGC 

95ºC 2 min 1 cycle 

De Vuyst et al., (2003) 
(87bp) 

95ºC 30 sec 
30 

cycles 
56ºC 30 sec 

72ºC 30 sec 

72ºC 5 min 1 cycle 

entQ 
ATGAATTTTCTTAAAAATGGTATCGCAAAATG 
TTAACAAGAAATTTTTTCCCATGGCAAG 

95ºC 2 min 1 cycle 

Almeida et al., (2011) 
(105bp) 

94*C 1 min 
35 

cycles 
55ºC 30 sec 

72ºC 2 min 

72ºC 4 min 1 cycle 

CFr (Ent1071A/B) 
GGGGGAGAGTCGGTTTTTAG 
ATCATATGCGGGTTGTAGCC 

97ºC 1 min 1 cycle 

Martín et al., (2006) 
(273bp) 

94ºC 45 sec 
35 

cycles 
61ºC 30 sec 

72ºC 30 sec 

72ºC 1 min 1 cycle 

L50A/B 
ATGGGAGCAATCGCAAAATTA 
TAGCCATTTTTCAATTTGATC 

95ºC 2 min 1 cycle 

De Vuyst et al., (2003) 
(244bp) 

95ºC 30 sec 
30 

cycles 
56ºC 30 sec 

72ºC 30 sec 

72ºC 5 min 1cycle 
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4. Results 

 Enterococci were recovered from 63 of the 150 samples tested when they were 

inoculated into SB-medium (non-supplemented with antibiotics) (42%), and one isolate per 

sample was further characterized. Identification was performed firstly through species-specific 

PCR and later by MALDI-TOF. Four isolates of this series were not maintained and we have 

continued with a collection of 59 enterococci grown in SB medium. 

 On the other hand, the 150 samples were inoculated in SB-Van medium (supplemented 

with vancomycin) to determine the carriage rate of VRE isolates. Enterococci (potential VRE) 

were recovered in 4 of the 150 samples tested (2.7%) and one isolate from each sample was 

maintained for further characterization. 

 We will analyze first the characteristics of the 59 enterococci recovered in SB medium 

and later the characteristics of the enterococci recovered in SB-Van medium.  

 

4.1 Enterococcus spp. isolated from SB-medium (non-supplemented with 

vancomycin) 

4.1.1 Origin and species identification 

 From the 59 enterococci recovered from SB plates, 15 (25.4%) enterococci were 

isolated from tuna samples, 14 (23.7%) from European seabass samples, 12 (20.3%) from 

salmon, 10 (16.9%) from Porgy samples and 8 (13.6%) of them were isolated from bramble 

shark. Table 14 shows the distribution, per fish species of the enterococcal isolates studied. 

Table 14. Distribution, per fish species, of the number of enterococcal isolates studied 

Origin 
Number of fish 

samples analyzed 
Total number of 

enterococci (n=59) 
Percentage 

Tuna 

30 samples of each of 
the 5 species of fish 

15 25.4% 

Salmon 12 20.3% 

European seabass 14 23.7% 

Porgy 10 16.9% 

Bramble shark 8 13.6% 

 

 From the species identification, it was possible to identify 6 different enterococcal 

species. Of the 59 enterococcal isolates recovered from the fish samples, 49.15% were 

classified as E. faecium (n=29), 35.59% as E. faecalis (n=21), 10.17% as E. hirae (n=6), 1.69% 

as E. gallinarum (n=1), 1.69% as E. durans (n=1), and 1.69% as E. mundtii (n=1) (Figure 15). 
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Figure 15. Enterococcal species identified and its respective percentages 

 

4.1.2 Gelatinase activity and hemolytic activity of cytolysin 

 Regarding the detection of gelatinase activity, 10 strains showed a positive result for 

the test, making a total of 17%. Of these strains, 8 are E. faecium, 1 E. hirae and 1 E. 

gallinarum. Of these 10 isolates, only C10202, showed an intermediate positive result (++) 

having all the others a low positive (+) result. 

 Regarding the hemolytic activity of cytolysin, in aerobiosis, the isolates C10157, 

C10177, C10187 and C10212 were the only ones among the 59 isolates tested (7%) 

demonstrating a beta-type hemolytic activity, that is, capable of causing the formation of a clear 

and transparent halo around the colonies inoculated. Two of these strains are E. faecalis, 1 is 

E. faecium and 1 E. durans. All the other strains were labelled as having gamma-type hemolytic 

activity, with no samples showing alpha-type hemolytic activity. Respecting the samples placed 

in anaerobiosis, none of them showed beta-hemolysis.  

 

4.1.3 Phenotypic characterization of resistance 

 Of the 59 enterococcal strains isolated in SB medium, 10 showed sensitivity to all the 

antibiotics tested with the remaining 49 strains demonstrating phenotype of antibiotic 

resistance; TET, KAH and ERY were the antibiotics that showed a higher frequency of 

resistance, with 40.7% (n=24), 35.6% (n=21) and 33.9% (n=20) of resistance, respectively. 

The antibiotic AMP exhibited a rate of resistance of 25.4% (n=15). Moreover, 18.6% (n=11) of 

the strains had a phenotype of resistance against CIP and 10.2% (n=6) were resistant to STH. 

In addition, 5% (n=3) were resistant to QD (excluding the E. faecalis strains, as they are 

intrinsically resistant). Finally, 1.7% (n=1) of the strains were resistant to CHL and GEH. None 

of the strains isolated in SB-medium showed phenotypic resistance to LNZ, RD, VAN or TEC. 

Table 15 and Figure 16 show with more detail the phenotype of resistance obtained, with the 
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results distributed per enterococcal species and per fish species from which the strains were 

isolated. 

Table 15. Phenotype of antibiotic resistance of the enterococcal strains studied. 

Antibiotics 

No. and percentage (%) of isolates, distributed per enterococcal species 

Total (n=59) E. faecium 
(n=29) 

E. faecalis 
(n=21) 

E. hirae 
(n=6) 

E. durans 
(n=1) 

E. 
gallinarum 

(n=1) 

E. mundtii 
(n=1) 

VAN 0 0 0 0 0 0 0 

TEC 0 0 0 0 0 0 0 

AMP 
12 

(41.4%) 
0 2 (33.3%) 1 (100%) 0 0 15 (25.4%) 

TET 
13 

(44.8%) 
4 (19%) 5 (83.3%) 1 (100%) 1 (100%) 0 24 (40.7%) 

ERY 
14 

(48.3%) 
3 (14.3%) 2 (33.3%) 1 (100%) 0 0 20 (33.9%) 

GEH 1 (3.4%) 0 0 0 0 0 1 (1.7%) 

KAH 
10 

(34.5%) 
9 (42.9%) 2 (33.3%) 0 0 0 21 (35.6%) 

STH 2 (6.9%) 4 (19%) 0 0 0 0 6 (10.2%) 

CIP 9 (31%) 1 (4.8%) 0 1 (100%) 0 0 11 (18.6%) 

CHL 0 0 0 1 (100%) 0 0 1 (1.7%) 

QD  1 (3.4%) 0 1 (16.7%) 0 1 (100%) 0 3 (5.1%) 

RD 0 0 0 0 0 0 0 

LNZ 0 0 0 0 0 0 0 

 

 

Figure 16. Percentage of detected antibiotic resistance of enterococci of each fish species from which 
the strains were isolated. 
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4.1.4 Genotypic characterization of resistance 

 Table 16 shows the resistance genes found, the number of strains (and percentage in 

relation to the resistant isolates) and the enterococcal species in which they were detected. 

The most prevalent genes were tetM and ermB (conferring resistance to tetracycline and 

erythromycin, respectively) with prevalences’ of 62.5% (n=15) and 50% (n=10), respectively. 

It was detected the presence of genes encoding resistance to erythromycin or other macrolides 

(ermB, ermT, msrA), gentamicin (aac(6’)-Ie-aph(2”)-Ia), kanamycin (aph(3’)-IIIa) streptomycin 

(ant(6)-Ia), tetracycline (tetM, tetL and tetK), and quinupristin-dalfopristin (vatD).  

Table 16. Genes detected among the strains showing antibiotic resistance, their percentage of 
prevalence, the enterococcal species in which they were found and the fish species of origin of the 
isolates. 

Resistance Gene 
No. and % of 

resistant strains 
carrying the gene 

Strain Species Origin 

tetM 15 (62.5%) 

9 E. faecium 
2 E. faecalis 
3 E. hirae 
1 E. gallinarum 

Tuna (2), Salmon (3), European seabass (4), 
Porgy (4), Bramble shark (2) 

tetL 10 (42%) 
7 E. faecium 
1 E. faecalis 
2 E. hirae 

Tuna (2), Salmon (2), European seabass (2), 
Porgy (2), Bramble shark (2) 

tetK 8 (33.3%) 
6 E. faecium 
1 E. hirae 
1 E. gallinarum 

Tuna (2), Salmon (2), European seabass (2), 
Bramble shark (2)  

ermB 10 (50%) 

6 E. faecium 
1 E. faecalis 
2 E. hirae 
1 E. durans 

Tuna (2), Salmon (2), Porgy (4), Bramble 
shark (2) 

ermT 2 (10%) 
1 E. faecium 
1 E. hirae 

Porgy (1), Bramble shark (1) 

msrA 3 (15%) 
2 E. faecium 
1 E. faecalis 

Porgy (2), Bramble shark (1) 

aac(6’)-Ie-aph(2”)-
Ia 

1 (100%) 1 E. faecium Salmon (1) 

ant(6)-Ia 2 (33.3%) 2 E. faecium Tuna (1), Salmon (1) 

aph(3’)-IIIa 5 (23.8%) 
4 E. faecium 
1 E. faecalis 

Tuna (1), Salmon (1), European seabass (1), 
Porgy (2) 

vatD 1 (33.3%) 1 E. hirae Porgy (1) 

 

 Although 3 strains had a phenotype of resistance to quinupristin-dalfopristin, only one 

of them showed the presence of the gene vatD. From the 24 strains showing phenotypic 

resistance to tetracycline, 16 (66.7%) had in their genome at least one tet gene being the 

genes tetM, tetL and tetK detected, respectively, in 15 (62.5%), 10 (42%) and 8 (33.3%) of the 

strains. In relation to the 20 strains phenotypically resistant to erythromycin, it was detected 

the presence of the related genes in 14 (70%) strains: ermB was present in 10 (50%) strains, 

ermT in 2 (10%) strains and the gene msrA in 3 (15%) strains. Finally, the genes encoding 
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aminoglycoside resistance were also tested and detected: 2 (33.3%) of 6 strains resistant to 

streptomycin carried the gene ant(6)-Ia, the strain resistant to gentamicin carried the aac(6’)-

Ie-aph(2”)-Ia gene and 5 out of 21 strains (23.8%) carried the aph(3’)-IIIa gene. 

 This molecular analysis does not include the search for the mechanisms of resistance 

for ciprofloxacin, ampicillin and rifampicin resistance. 

 

4.1.5 Genetic lineages (MLST) of E. faecium with selected genotypes 

 The E. faecium C10159 strain carrying the aac(6’)-aph(2”)-Ia gene, isolated from a 

salmon sample, was characterized by the MLST technique with the aim of determining its 

genetic lineage. This strain presented a new ST, as it had a novel allelic combination, which 

had not been previously described. This allelic combination was therefore recorded in the 

https://pubmlst.org/efaecium/ database, and assigned the ST1396. Table 17 shows the allelic 

combination of the strain studied. 

Table 17. Allelic combination detected on the E. faecium strain characterized, as well as its respective 
ST. 

Species Strain 
Fish 

species 
Resistance 
mechanism 

Alleles detected in genes 
ST 

adk atpA ddl gdh gyd pstS purK 

E. 
faecium 

C10159 Salmon 
aac(6’)-

aph(2”)-Ia 
1 5 1 1 1 6 7 1396 

 

4.2 Enterococcus spp. isolated from plates containing SB-Van medium 

(supplemented with vancomycin) 

4.2.1 Origin of the samples and species identification 

 In four of the 150 samples tested (2.7%) we could detect VRE growing in SB-Van plates 

(supplemented with 6 µg/mL of vancomycin): 3 from salmon samples and the other one from 

a tuna sample. After species identification, it was verified that three of the strains were 

classified as E. faecium and one of the strains isolated from salmon samples as E. faecalis. 

 

4.2.2 Gelatinase activity and hemolytic activity of cytolysin 

 Regarding the gelatinase activity, it was detected a low expression of gelatinase in 

three of the four strains isolated from SB-Van plates (2 E. faecium of salmon samples and one 

E. faecium of tuna sample). The E. faecalis strain did not show any gelatinase activity. 

 Regarding the hemolytic activity of cytolysin, none of the VRE strains demonstrated a 

beta-hemolytic activity either in aerobiosis or anaerobiosis thus obtaining gamma-type 

haemolysis. 

 

https://pubmlst.org/efaecium/
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4.2.3 Phenotypic characterization of resistance 

 All the VRE strains showed resistance to vancomycin, teicoplanin, tetracycline and 

erythromycin. On the other hand, CIP and LNZ resistances were not detected among the VRE 

strains. Only the E. faecalis C10191 strain exhibited GEH, KAH, CHL and RD resistances. 

Ampicillin resistance was only present in one strain (E. faecium C10189) and finally, STH and 

QD resistances were detected on all the E. faecium strains (Table 18).  

 

4.2.4 Genotypic characterization of resistance 

 The screening for the presence of antibiotic resistance genes among the VRE strains 

detected the presence of genes encoding vancomycin and teicoplanin resistance (vanA), 

erythromycin resistance (ermB), resistance to gentamicin (aac(6’)-Ie-aph(2”)-Ia), tetracycline 

(tetM, tetL and tetK) and chloramphenicol (catpc223). Table 18 shows the resistance phenotype 

of the VRE strains, the resistance genes detected and the enterococcal species in which they 

were detected, as well as their animal origin. 

Table 18. Genes detected among the VRE strains and the enterococcal species in which they were 
found. 

Strains Origin 
Vancomycin 

resistance genes 
Phenotype of resistance 

to other antibiotics 
Genes detected 

E. faecium C10189 Salmon vanA AMP TET ERY STH QD tetM, tetL, ermB 

E. faecium C10190 Salmon vanA TET ERY STH QD tetM, tetL, tetK, ermB 

E. faecium C10192 Tuna vanA TET ERY STH QD tetM, tetL, tetK, ermB 

E. faecalis C10191 Salmon vanA 
TET ERY GEH KAH CHL 

RD 
tetM, tetL, tetK, aac(6’)-Ie-

aph(2”)-Ia, catpc223 

 

 Of the 4 strains phenotypically resistant to vancomycin and teicoplanin all of them 

showed the presence of the gene vanA. In addition, all the strains carried the genes tetM and 

tetL, which confer tetracycline resistance. The tetK gene was present in two E. faecium and 

one E. faecalis strains. Of the four strains phenotypically resistant to erythromycin, ermB was 

present in the three E. faecium strains. Finally, the E. faecalis strain resistant to high 

concentration of gentamicin carried the gene aac(6’)-Ie-aph(2”)-Ia and also one of the genes 

implicated in chloramphenicol resistance (catpc223). 

 

4.2.5 Genetic lineages (MLST) of E. faecium and E. faecalis strains with selected 

genotypes 

 The four E. faecium and E. faecalis strains isolated from different fish species and 

carrying the vanA gene were characterized by the MLST technique with the aim of determining 

their genetic lineages. 
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 The 3 E. faecium vanA strains presented the same alleles for the 7 housekeeping 

genes, i.e., after the combination of these alleles, it was found that all the 3 strains belonged 

to the sequence type ST139, that is included in the clonal complex CC5. Table 19 shows the 

allelic combinations for each of the strains studied, as well as the fish species from which the 

strains were isolated. 

Table 19. Allelic combinations detected on the E. faecium strains characterized, as well as their 
respective ST’s and CC’s. 

Species Strain 
Fish 

species 
Resistance 
mechanism 

Alleles detected in genes 
ST(CC) 

adk atpA ddl gdh gyd pstS purK 

E. 
faecium 

C10189 Salmon vanA 5 3 5 1 1 1 3 
ST139 
(CC5) 

C10190 Salmon vanA 5 3 5 1 1 1 3 
ST139 
(CC5) 

C10192 Tuna vanA 5 3 5 1 1 1 3 
ST139 
(CC5) 

 

 Regarding the E. faecalis vanA strain studied, the allelic combination that resulted from 

the MLST ascribed the strain into the sequence type ST16, included in the clonal complex 

CC16. Table 20 shows the allelic combination for of the C10191 strain, as well as the fish 

species from which the strains were isolated. 

Table 20. Allelic combination detected on the E. faecalis strain characterized, as well as the respective 
ST and CC. 

Species Strain 
Fish 

species 
Resistance 
mechanism 

Alleles detected in genes 
ST(CC) 

gdh gyd pstS gki aroE xpt yqiL 

E. 
faecalis 

C10191 Salmon vanA 5 1 1 3 7 7 6 
ST16 

(CC16) 

 

4.2.6 Production of virulence factors (esp, hyl and gelE) 

 The presence of the genes encoding potential virulence factors, that is, the esp, hyl 

and gelE genes, was studied in the four VRE isolates. The genes gelE and hyl were not found, 

however, the esp gene was detected in the E. faecalis C10191 strain but not in the three vanA-

positive E. faecium strains. 

 

 4.2.7 Characterization of the Tn1546 transposon 

 Considering that the vanA gene is carried on the Tn1546 transposon and can be 

transferred to other microorganisms, its characterization becomes important. The study of the 

elements constituting the Tn1546 transposon was performed by PCR, analyzing the intergenic 

regions vanX-vanY, orf2-vanR and vanS-vanH to determine if they could carry insertion 
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sequences inside those regions, what will enlarge the size of the sequences. The structure of 

the Tn1546 was studied in the four VRE strains. 

 In all cases, the sizes of the amplicons obtained by PCR were the expected ones what 

may suggest the absence of IS in the intergenic regions analyzed, and the presence of the 

type I structure of transposon Tn1546 in all VRE strains. 

4.3 Conjugation assay 

 The ability to transfer resistance elements was tested through the conjugation assay. 

This assay was performed in the strains carrying the vanA gene, in order to verify if the strains 

were able to transfer the vancomycin resistance gene, and also in the strains carrying the ermT 

resistance gene, as this gene is unusual among enterococci. The recipient strains were E. 

faecalis JH2-2 and E. faecium GE1, both resistant to fusidic acid and rifampicin and susceptible 

to the remaining antibiotics tested. Therefore, the conjugation study was performed on the 

strains carrying C10189, C10190, C10191 and C10192 (vanA carriers) and also on C10167 

and C10201 strains (ermT carriers). 

 After the conjugation assays were carried out, it was observed that none of the strains 

harbouring the vanA gene was able to transfer this genetic element. However, one of the VRE 

strains, C10191, was able to transfer the erythromycin resistance phenotype, that is, the 

recipient strain acquired a resistance determinant to erythromycin. 

 For the ermT gene carrier strains, none of them was able to transfer the erythromycin 

resistance phenotype by conjugation. 

 

4.4 Study of antimicrobial activities against indicator strains and detection of 

bacteriocin structural genes 

The capacity to produce antimicrobial substances (probably bacteriocins) was studied 

in all 63 enterococci strains isolated in this study (VSE and VRE). The production of 

antimicrobial activities was tested against 9 previously mentioned indicator strains (2 of them 

isolated in this work). After the study of the phenotypic antimicrobial production, the strains 

with higher antimicrobial activities were studied to determine if they carried known structural 

bacteriocin genes. 

 Of the 63 strains tested, 38 strains (60.3%) demonstrated antimicrobial activity (AntAct) 

against at least one of the indicator strains used (enterococci BAC+). In the present study, 25 

strains (39.7%) did not produce AntAct against the indicator bacteria tested, 5 strains showed 

activity against one of the indicator strains, 4 strains against 2 indicator strains, 7 strains were 

effective against 3 indicator strains, 1 strain was effective against 4 indicator strains, 2 against 

5 indicators, 3 against 6 indicators and 16 strains were effective in the production of AntAct 
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against 7 of the 9 indicator strains used. No strain showed AntAct against all or eight indicator 

strains. Figure 17 shows in detail the number of strains that produced AntAct against each of 

the indicator strains, as well as the intensity of production, classified in +, ++ or +++. 

 

Figure 17. Number of strains showing antimicrobial activity against each of the indicator strains used in 
the study and their respective intensity of production. 

 The most sensitive indicator pathogen was E. faecium vanA C2321, inhibited by 31 

enterococci (81.6%) of the following species: 18 E. faecium, 11 E. faecalis and 2 E. hirae. 

None of the strains produced AntAct against S. aureus C411. Moreover, 73.7% of the 

enterococci BAC+ inhibited E. durans C1433, 71.1% (n=27) produced AntAct against E. 

faecalis vanA C10191, 68.4% (n=26) were effective against E. faecium vanA C10190, 25 and 

21 of them inhibited E. faecalis vanB2 C3735 and L. monocytogenes C137, respectively, and 

lastly, 20 (52.6%) and 1 (2.6%) strain produced AntAct against E. faecalis C410 and S. 

pseudintermedius C3468, respectively. Analyzing the results from the species point of view, 

the phenotype of antimicrobial activity was detected in 19 E. faecium (50%), 16 E. faecalis 

(42%) and 3 E. hirae (8%) strains. None of the E. gallinarum, E. mundtii or E. durans strains 

showed phenotypic antimicrobial activity. 

 Of the 38 enterococci BAC+ (producers of AntAct) detected in this study, 26 were 

selected to test, by PCR, the presence of structural genes encoding bacteriocins. The 

bacteriocin genes tested were: entA, entB, entP, entQ, entL50A/B and ent1071A/B. From 

these 26 enterococci BAC+, 13 (50%) harboured at least one enterocins encoding gene; entA 

was the most prevalent, detected in 6 strains (46%). In addition, other genes encoding 

enterocins were detected, such as entB (2 strains, 15.4%), ent1071A/B (4 strains, 30.8%) and 

entL50A/B (4 strains, 30.8%). The presence of enterocins P and Q was not detected among 

our BAC+ enterococci. The bacteriocin genes were present in 10 E. faecium and 3 E. faecalis 
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strains. Table 21 shows the strains that carried in their genome the genes encoding for 

bacteriocin production.  

 Finally, it was not detected any of the bacteriocins tested genes in 13 strains; it cannot 

be discarded the presence of other non-tested bacteriocin genes responsible for the AntAct 

exhibited by these strains or the carriage of new bacteriocin genes non-detected by the 

performed PCRs. 

Table 21. Genes encoding bacteriocins detected among the strains. 

Strain Species Bacteriocin production 

C10159 

E. faecium 

entA 

C10166 entA+ent1071A/B 

C10180 entL50A/B 

C10184 entB 

C10186 entA 

C10196 entL50A/B 

C10200 ent1071A/B 

C10204 entA+entB 

C10210 entA 

C10213 entA 

C10172 

E. faecalis 

ent1071A/B+entL50A/B 

C10176 ent1071A/B 

C10179 entL50A/B 

 

 Tables 22 and 23 present in more detail the results obtained with the species 

identification of the isolated strains, the number assigned to each strain, the fish species from 

which strain was isolated, its phenotype and genotype of antibiotic resistance, production of 

virulence factors and bacteriocins, the ST and CC (when applicable). 
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Table 22. Results of the molecular characterization of the vancomycin-resistant strains. 

VanR 
strain 

Origin Phenotype Species ID 
van genes 
detected 

Other genes detected 
Virulence 
genes 

ST(CC) 
Tn1546 
structure 

C10189 Salmon 
VAN TEC AMP TET 
ERY STH QD 

E. faecium vanA tetM, tetK, ermB - 139 (5) I 

C10190 Salmon 
VAN TEC TET ERY 
STH QD 

E. faecium vanA tetM, tetL, tetK, ermB - 139 (5) I 

C10192 Tuna 
VAN TEC TET ERY 
STH QD 

E. faecium vanA tetM, tetL, tetK, ermB - 139 (5) I 

C10191 Salmon 
VAN TEC TET ERY 
GEH KAH CHL RD 

E. faecalis vanA 
tetM, tetL, tetK, aac(6’)-
Ie-aph(2”)-Ia, catpC223 

esp 16 (16) I 

 

Table 23. Results of the molecular characterization of the vancomycin sensitive strains 

VanS 
strain 

Origin Phenotype Species ID Genes detected ST(CC) 
Bacteriocin 
production 

C10158 Salmon AMP TET ERY CIP E. faecium tetM, tetL, tetK, ermB, ant(6)-Ia   

C10159 Salmon 
AMP TET ERY GEH 
KAH CIP 

E. faecium 
tetM, tetL, tetK, ermB, aph(3’)-IIIa, 
aac(6’)-Ie-aph(2”)-Ia 

1396 entA, 

C10160 Tuna AMP TET CIP E. faecium tetM, tetL, tetK   
C10162 European seabass AMP TET E. faecium tetM   
C10165 European seabass AMP KAH E. faecium aph(3’)-IIIa   

C10166 European seabass AMP CIP E. faecium   
entA+ent1071A/B 

 
C10167 Bramble shark AMP TET ERY E. faecium tetM, tetL, tetK, ermT   
C10169 Bramble shark AMP TET ERY STH E. faecium ermB   
C10171 European seabass  E. faecium    
C10174 Porgy TET CIP E. faecium tetM, tetL   

C10177 Tuna TET ERY KAH STH E. faecium 
tetM, tetL, tetK, ermB, aph(3’)-IIIa, 
ant(6’)-Ia 

  

C10178 Bramble shark  E. faecium    
C10180 Porgy TET ERY E. faecium tetM, ermB  L50A/B 
C10181 European seabass TET KAH E. faecium tetL, tetK   
C10182 Bramble shark KAH E. faecium    
C10183 European seabass  E. faecium    
C10184 Tuna KAH CIP E. faecium   entB, 
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Table 23. Cont. 
VanS 
strain 

Origin Phenotype Species ID Genes detected ST(CC) 
Bacteriocin 
production 

C10186 Tuna ERY E. faecium   entA 
C10194 Porgy AMP ERY E. faecium ermB   
C10196 Bramble shark AMP ERY E. faecium msrA  L50A/B 
C10197 Porgy ERY KAH E. faecium msrA, aph(3’)-IIIa   
C10199 Tuna AMP ERY E. faecium    
C10200 Tuna ERY KAH E. faecium   ent1071A/B 
C10203 European seabass AMP TET CIP E. faecium tetM   
C10204 Tuna KAH CIP E. faecium   entA+entB 
C10210 Salmon TET CIP E. faecium   entA, 
C10213 Salmon TET QD E. faecium   entA, 
C10214 Tuna ERY KAH E. faecium    
C10217 Salmon ERY E. faecium    
C10155 Tuna CIP E. faecalis    
C10156 Tuna  E. faecalis    
C10161 Porgy TET ERY E. faecalis ermB   
C10163 Porgy KAH E. faecalis aph(3’)-IIIa   
C10164 European seabass  E. faecalis    
C10170 Bramble shark KAH E. faecalis    
C10172 Porgy ERY KAH E. faecalis msrA  ent1071A/B+L50A/B 
C10173 Porgy  E. faecalis    

C10175 European seabass  E. faecalis    

C10176 Tuna TET KAH E. faecalis   ent1071A/B 

C10179 Bramble shark KAH E. faecalis   L50A/B 

C10185 European seabass KAH E. faecalis    

C10187 Salmon KAH STH E. faecalis    

C10188 Salmon STH E. faecalis    

C10195 Porgy TET STH E. faecalis tetM   

C10205 Tuna KAH E. faecalis    

C10206 European seabass TET E. faecalis tetM, tetL   

C10207 European seabass KAH E. faecalis    

C10209 Salmon ERY STH E. faecalis    

C10212 Salmon  E. faecalis    

C10216 Salmon  E. faecalis    
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Table 23. Cont. 

VanS 
strain 

Origin Phenotype Species ID Genes detected ST(CC) 
Bacteriocin 
production 

C10157 Tuna 
AMP TET ERY CIP 
CHL 

E. durans ermB   

C10168 Bramble shark AMP TET (ERY-I) E. hirae tetM, tetL, tetK, ermB   

C10201 Porgy 
AMP TET ERY 
KAH QD 

E. hirae tetM, tetL, ermB, ermT, vatD   

C10202 Tuna KAH E. hirae    

C10208 Salmon TET E. hirae    

C10211 Tuna TET E. hirae    

C10215 Salmon TET E. hirae tetM   

C10193 European seabass TET QD E. gallinarum tetM, tetK   

C10198 European seabass  E. mundtii    
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5. Discussion 

 Enterococci are ubiquitous microorganisms living predominantly in the gastrointestinal 

tract of humans and animals. Through intestinal or environmental contact, these organisms 

can contaminate food products and their presence might constitute a health risk to the 

consumer, mainly in case of antibiotic-resistant or virulent isolates, as enterococci are 

considered an opportunistic human pathogen (Giraffa, 2014). The fact that antibiotics were 

used for years in the past as animal growth promoters in the farm industry, and that they are 

still used to treat or prevent animal infections (most of these antibiotics belonging to the same 

class of antimicrobial agents as those that are important for human therapy) increases the 

possibility of carriage of antibiotic-resistant bacteria in animal and food products (Heuer et al., 

2006). 

 

5.1 Prevalence of enterococcal species on fish samples 

 From the 150 fish samples collected from different supermarkets and fishmongers, 63 

enterococci were isolated from SB medium plates (59 were characterized), and 4 were isolated 

from SB-Van plates. Of the 59 strains isolated in SB plates, 25.4% were obtained from tuna, 

20.3% from salmon, 23.7% from European seabass, 16.9% from Porgy and 13.8% from 

bramble shark. The strains were identified at the species level and 49.15% (n= 29) were E. 

faecium, 35.59% (n= 21) E. faecalis, 10.17% (n= 6) E. hirae and 1.69% E. durans, E. 

gallinarum and E. mundtii (each of the 3 species with this percentage). 

 Regarding the 4 strains isolated from SB-Van plates, three were isolated from salmon 

samples and one was isolated from tuna. Of these strains, three were identified as E. faecium 

and one as E. faecalis. 

 Few studies have been done on the prevalence of enterococcal species in fish species, 

especially on bramble shark, Porgy and European seabass. A study conducted by Valenzuela 

et al., (2010) in samples of marine animal products (molluscs and fish fillets) showed that the 

most prevalent species was E. faecium, coincident with our result. The high prevalence of E. 

faecium may come from the fish intestines during evisceration or environmental contamination 

during processing and handling (Valenzuela et al., 2010). The same reasons may be behind 

the results of this work, considering that the samples were collected from fish already cleaned 

and cut. Other studies also detected the presence of E. faecalis, E. hirae, E. mundtii and E. 

gallinarum in fish species or other marine food products (Hammad et al., 2014; Boss et al., 

2016). The presence of E. durans was not reported in fish musculature but was detected in 

fermented foods and faecal samples of fish (Barros et al., 2012; Thumu & Halami, 2014). 
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5.2 Gelatinase activity and hemolytic activity of cytolysin 

 The rise of enterococci as nosocomial pathogens was, in the first instance, attributed 

to the selective advantage conferred by their antibiotic resistance. However, it is now known 

that the presence of other virulence determinants, vital to the success of these microorganisms 

may also contribute and, although they do not produce potent proinflammatory toxins, 

enterococci have an arsenal of genes encoding, for example, proteins that increase adhesion 

or involved in biofilm formation, among other traits (Arias & Murray, 2012). Gelatinase is one 

of the virulence traits allowing enterococci to prevail in certain environments as it hydrolyzes 

gelatin, collagen, and other peptides, in addition to being involved in biofilm formation, thus 

playing a role in the severity of the disease (Tsikrikonis et al., 2012).  

 Gelatinase activity was detected in 17% (n= 10) of the strains isolated from SB plates 

and also in three of the strains isolated from SB-Van plates. This result is close to those 

documented by Camargo et al. (2014) and Oliveira et al. (2016), although these studies were 

not based on fish samples. Contrary to that obtained by Camargo et al., (2014), the strains 

which showed gelatinase activity were E. faecium (n= 11), followed by E. hirae (n=1) and E. 

gallinarum (n=1). Although gelatinase activity is mainly associated to E. faecalis and E. faecium 

strains, another study, conducted by Lopes et al. (2006), found gelatinase production in E. 

hirae strains, being similar to our study. The emergence of gelatinase producing species other 

than E. faecalis and E. faecium, suggests that the production of this enzyme is not exclusive 

of species reported as the most associated with infection, but may be widespread among all 

the genus (Lopes et al., 2006). In fact, it is not surprising to find gelatinase, an enzyme able to 

hydrolyze collagen, in enterococci isolated from fish samples, a food product rich in this protein. 

No gelatinase-producing E. faecalis were found, contrary to what has been stated in most 

studies (Franz et al., 2001; Eaton & Gasson 2001). However, it is possible that the presence 

of the gel gene occurs in the strains but is not expressed, which can be due to the loss of parts 

of the fsr operon or gene mutations, as previously stated (Eaton & Gasson 2001; Comerlato 

et al., 2013). 

 Regarding the hemolytic activity of cytolysin, it was observed, in the strains recovered 

from SB plates, that 7% (n=4) had β-hemolysis and the remaining 93% showed γ-hemolysis, 

under aerobic conditions. The β-hemolytic activity was detected in 2 E. faecalis, 1 E. durans 

and 1 E. faecium strains. Under anaerobic conditions, all the strains showed γ-hemolysis, that 

is, a negative result. The prevalence of β-hemolysis is below 16% in anaerobic conditions and 

14% under aerobic conditions documented by some authors in the literature (Semedo et al., 

2003). In addition, the prevalence of γ-hemolysis is also extremely high, when compared with 

the results obtained by Poeta et al., (2006b) in aerobic conditions. This discrepancy can be 

explained by the fact that this study was carried out in sheep blood media, where the activity 



65 
 

of this enzyme is low. The samples were also tested for the production of this enzyme under 

anaerobic conditions to avoid oxidation and resultant erythrocyte lysis by factors other than 

hemolysis caused by Enterococcus spp. (Semedo et al., 2003). Another reason for the lack of 

hemolysis may be caused by low gene expression or the presence of an inactive gene, 

resulting in phenotypic inexpression (Gaspar et al., 2009). As in gelatinase, the prevalence of 

hemolysis is higher in E. faecalis and E. faecium strains, however, this trait is dependent on 

the genus and not on the species, as β- hemolysis was observed in E. durans, E. casseliflavus 

and E. mundtii strains in a study whose strains were isolated from dairy products and meat 

(Trivedi et al., 2011). 

 

5.3 Phenotypic and genotypic resistance 

 One of the first goals of this study was to analyze the presence of VRE in fish samples 

for human consumption, two decades after the banning of avoparcin as a growth promoter in 

animal feed. The result was clear and even after more than 20 years, VRE is still present in 

the environment. From the 150 samples tested, in four of them (2.7%) it was detected VRE 

growing in SB-Van plates, being all of them phenotypically resistant to vancomycin and carried 

in their genome the vanA gene. Similar percentages of vanA were found in studies whose 

strains were isolated from Gilthead Seabream and poultry samples (Harada et al., 2010; 

Barros et al., 2012). Portugal is one of the European countries with the higher prevalence of 

vancomycin resistance in clinical isolates reported, especially in E. faecium and E. faecalis 

(Werner et al., 2008). The abusive use of avoparcin as growth promoting factor in animal 

production in the past (it was banned in the EU in 1997) led to cross-resistance with 

vancomycin, its analogue antibiotic. The enterococcal species constitute an important reservoir 

of the vanA determinant and as food is a potential source for transfer to humans, the presence 

of these strains carrying such important resistance determinants comprise a risk for human 

health, especially for immunocompromised individuals. In addition, the presence of this type 

of resistance is worrisome as it can be easily transferred to other important human pathogens, 

such as MRSA (Wilson & McAfee 2002; Bustamante et al., 2003; López et al., 2009).  

 In this study, we could not detect any VRE in SB-medium (without vancomycin 

supplementation), being all the enterococci recovered vancomycin-susceptible (VSE). In the 

following paragraphs, we will discuss the phenotype and genotype of antibiotic resistance of 

VSE (59 isolates detected in SB-medium) and VRE (4 isolates detected in SB-Van) obtained 

in this study.  

 The antibiotic that presented a higher prevalence of resistance among VSE was 

tetracycline with 40.7% (n=24) of the strains isolated from SB plates showing phenotypical 

resistance and, in addition, all the VRE strains were resistant to this antibiotic. This prevalence 
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is in agreement with the 40% obtained by Brtková et al. (2011). In enterococci there are two 

major mechanisms conferring tetracycline resistance: one confers resistance by ribosomal 

protection and is due to the presence of the tetM, tetO and tetS genes; the second type leads 

to TET resistance by the mediation of efflux pumps and is attributed by the presence of tetL 

and tetK genes (Hammad et al., 2014). In this study, the genes encoding tetracycline 

resistance found were tetM (62.5%), tetL (42%) and tetK (33.3%) in the VSE strains. The same 

genes were detected among the VRE strains, two of them (tetM and tetL) in the four strains 

and tetK was present in three of the strains. This distribution is similar to that found in clinical 

and food isolates, where these 3 tetracycline resistance genes were the predominant ones 

(Huys et al., 2004; Hummel et al., 2007).  

 The phenotype of erythromycin resistance was also highly detected among the strains: 

33.9% (n=20) among VSE and 100% among VRE. The prevalence of erythromycin resistance 

is similar to that obtained by Soares-Santos et al. (2015). Fourteen of the 20 ERY-resistant 

VSE strains harboured at least one gene conferring macrolide resistance. The ermB, gene 

encoding an Erm methylase, responsible for modifying the 23S rRNA, was the most prevalent 

erythromycin-resistance mechanism detected in our study, as also is reported in other studies 

(Zou et al., 2011; Novais et al., 2018). Although ermA and ermC are quite prevalent among 

enterococci, they were not detected in the present study. However, in VSE, it was detected the 

presence of an unusual gene in enterococci, the ermT. The first report of this gene in 

enterococci was made by DiPersio et al. (2008) and few studies report the presence of this 

gene among enterococcal strains, indicating that it is more prevalent in other bacterial species 

and this gene might have be transferred by horizontal gene transfer. The msrA gene was 

present in 3 (15%) ERYR VSE strains, being this efflux pump-associated gene already 

described in enterococcal strains (Portillo et al., 2000; Valenzuela et al., 2013) although, 

contrarily to this study, the gene was not identified among E. faecalis strains. It must be noted 

that tetracycline and erythromycin were used as growth promoting factors in food animals and, 

although their use was banned in the EU many years ago, this could be a reason for their 

increased presence in antimicrobial-resistant bacteria. 

 Regarding aminoglycoside resistance, gentamicin was the antibiotic to which fewer 

strains were resistant. In VSE the prevalence was of 1.7% (n=1) and among VRE strains this 

resistance was found in only one strain. A study conducted by Trivedi et al. (2011) on strains 

isolated from food had a similar prevalence to that obtained in this study and, in the other hand, 

studies analyzing clinical strains generally obtain higher percentages of gentamicin resistance 

(Zarrilli et al., 2005; Šeputiene et al., 2012). The gene encoding gentamicin resistance was 

found in both strains showing phenotypic resistance to this antibiotic. The low prevalence of 

gentamicin resistance and consequently, the low presence of this gene among the strains can 
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indicate that in fish species GEH resistance is not as widespread as in other sources. The 

aac(6′)-Ie-aph-(2″)-Ia is the result of the fusion of two genes encoding two aminoglycoside 

modifying enzymes, culminating in a powerful gene conferring resistance not only to 

gentamicin but also to nearly all aminoglycosides, except streptomycin. The gene is 

widespread among staphylococci and enterococci due to its transport in transposons and 

plasmids (Das et al., 2015). Among the VSE strains, the prevalence of phenotypic resistance 

to kanamycin and streptomycin were 35.6% and 10.2%, respectively, and the prevalence of 

genes encoding each antibiotic resistance was 23.8% for aph (3’)-IIIa (associated with 

kanamycin resistance) and 33.3% for ant(6)-Ia (associated with streptomycin resistance). 

Regarding the VRE strains, streptomycin resistance was detected in the three E. faecium 

strains and, on the other hand, kanamycin resistance was not encountered. Although 

resistance to streptomycin was phenotypically detected, genes encoding this resistance in 

VRE were not found. The lack of presence of genes encoding these resistances compared 

with the number of phenotypical resistances can indicate that the strains may have genes that 

were mutated or that the strains may have the presence of genes that were not tested in this 

work. All antimicrobial resistances constitute a risk and the risk of aminoglycoside resistance 

is that one of the features of aminoglycosides is their ability to produce synergistic bactericidal 

activity in combination with other antimicrobial agents, such as beta-lactams, and the 

appearance of enzymes that allow aminoglycoside resistance inhibits antimicrobial therapy 

(Shete et al., 2017). 

 Phenicol resistance was tested and only two strains (one VRE and one VSE) showed 

chloramphenicol resistance, indicating that this antibiotic may still be active against 

enterococcal strains. Of four genes tested in these strains, only one, catpC223, was positive and 

was carried by the VRE strain. The genes encoding chloramphenicol acetyltransferases (CAT) 

are the main mechanism of resistance to chloramphenicol and have been described in 

enterococcal strains whose origin are animals, food and humans. However, the number of 

studies evaluating the diversity of cat genes is low. The most widespread cat genes among 

enterococcal species are cat(A-7) associated with an Inc18-family plasmid and cat(A-8), also 

known as catpC223, as it is associated with pC223 plasmids which were detected for the first 

time in S. aureus. The catpC223 gene is now predominant among E. faecalis strains isolated 

from swine and may appear in tandem with tetM and tetL, which is in agreement with the 

results of this study (Torres et al., 2018). 

 The last antibiotic tested for phenotypic and genotypic resistances was Quinupristin-

dalfopristin. Five percent (n=3) of the VSE and three VRE strains demonstrated a phenotype 

of resistance to this antibiotic and of these six strains with a resistant phenotype, only one 

carried a resistance gene (vatD). This prevalence does not include E. faecalis strains because 
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this species is intrinsically resistant. The percentage of phenotypic resistance is similar to that 

obtained by Barros et al. (2011). The use of Quinupristin-dalfopristin to treat vancomycin-

resistant E. faecium constitutes a problem as this antibiotic is analogue to virginiamycin, a 

streptogramin that was used in animal production for over two decades, being this a reason 

why E. faecium may have acquired resistance mechanisms. Cross-resistance is of particular 

concern, and an example of this problem is the cross-resistance in the MLSB antibiotics, mainly 

caused by the ermB gene. Several streptogramin resistance mechanisms have been 

described in enterococci, although this resistance was first described in staphylococci. ermB 

induced resistance to the QD B component (Quinupristin), while vatD mediated A component 

resistance (Dalfopristin). The presence of both A and B resistance genes confer a higher level 

of streptogramin resistance (Butaye et al., 2003; Jackson et al., 2007). 

 Ciprofloxacin and ampicillin were only tested phenotypically and the prevalence of 

resistance for these antibiotics was, in VSE, 18.6% and 25.4% respectively. Regarding the 

VRE strains, ampicillin resistance was detected in one E. faecium strain, but ciprofloxacin 

resistance was not found. Ciprofloxacin resistance is widely disseminated in enterococci of 

different environments and a similar result was obtained by Radhouani et al. (2011) with strains 

isolated from seagulls. Resistance to this quinolone agent is due, in enterococci, to mutations 

resulting in alterations of the drug target although different plasmid-located quinolone 

resistance genes have also been reported in Gram-negative bacteria (Kim & Woo, 2017). 

Ampicillin resistance is more associated to E. faecium strains (and unusual on E. faecalis), 

being ampicillin-resistant E. faecium strains already described in enterococci isolated from a 

variety of sources (Werner et al., 2013), due to the presence of mutations in the PBP5 gene, 

resulting in amino acid changes, leading to a loss of affinity to beta-lactams.  

 Rifampicin resistance was only tested in the VRE strains and only one strain showed 

phenotypic resistance. Linezolid resistance was not detected in any of the strains tested, 

meaning that some enterococci are still sensitive to this antibiotic. 

 Among VSE, 17% of the strains under study were susceptible to all the antibiotics 

tested and 15.2% showed multidrug resistance (resistance to three or more classes of 

antibiotics). In a previous study carried out in Portugal with enterococci isolated from effluents 

and sludge from urban sewage station detected 21.9% of the strains sensitive to all antibiotics 

tested and 45.7% with a multiresistant pattern (Martins da Costa et al., 2006).  

 Enterococci were traditionally regarded as low pathogenic but the excessive use of 

antimicrobials and the resultant selective pressure led to a rapid increase of resistant 

enterococci and of their importance as nosocomial pathogens in the ’90s. The infections 

caused by enterococcal species are known as the 3 T’s: tough, tenacious and troublesome 

(Shete et al., 2017). This study shows that the enterococcal species present resistance to 
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different antibiotics, many of them responsible for cross-resistance. The presence of these 

traits of resistance so diverse and, in some cases, the presence of several genes in a single 

strain reveals that fish could transport important MDR enterococci.  

 

5.4 Genetic lineages (MLST) of E. faecium and E. faecalis strains 

 The application of the MLST technique to the 3 E. faecium vanA strains detected in this 

study allowed to verify that all the strains have the sequence type ST139. Belonging to the 

clonal complex 5, this ST is a triple-locus variant of the ST5 (the presumed founder of the 

clonal complex), usually associated with swine colonization though several studies found CC5 

strains in humans (De Leener et al., 2005; Freitas et al., 2011; Silva et al., 2017). The presence 

of vancomycin-resistant E. faecium strains grouped in CC5, usually associated with pigs, in 

humans and now fish samples, demonstrate the dissemination of this clone in different 

ecosystems and the possibility of food samples as a carrier of VRE of relevance for public 

health (Donabedian et al., 2010). 

 The E. faecalis vanA strain was grouped in sequence type ST16, which belongs to the 

clonal complex CC16 and has been isolated from humans (sick and healthy) and also from 

animals, thus being an example of spread in different environments and hosts (Ruiz-Garbajosa 

et al., 2006; Poulsen et al., 2012).  

 The MLST result of the E. faecium strain with the aac(6’)-Ie-aph(2”)-Ia gene resulted in 

a new allelic combination that was assigned to the new ST1396. The diversity of enterococcal 

strains in natural ecosystems probably is higher than the ones selected in the hospital 

environment, and the isolates analyzed in this study corresponded to food samples that came 

from the aquatic environment, thus explaining the possibility of new allelic combinations. 

 

5.5 Production of virulence factors (esp, hyl and gelE) 

 Virulence in enterococci is more frequently associated with particular species, such as 

E. faecalis and E. faecium. The production of virulence determinants was studied in the vanA-

carrying strains (3 E. faecium and 1 E. faecalis). The hyl gene was absent in all strains. Other 

studies obtained low frequencies of the hyl gene among enterococci (Gomes et al., 2008; 

Enayati et al., 2015). Clinical strains usually have a higher prevalence of this gene than strains 

of other origins. This fact is supported by Vankerckhoven et al. (2004), as they detected the 

hyl gene in 17% of the 271 clinical isolates recovered in Europe.  

 The gelE gene was not detected in any of the VRE strains, although three of them 

exhibited a low gelatinase activity. Future studies will be carried out to determine the 

phenotypic/genotypic discrepancies (potential mutation in the region of the gelE gene 
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corresponding to the primer hybridization, false-positive phenotypic result, false-negative 

genotypic result, etc). 

 The esp gene was present in one of the VRE strains tested, the E. faecalis vanA 

C10191. Some studies report the participation of the Esp protein in biofilm formation, thus 

playing an important role in genetic material exchange and the increase of antibiotic resistance. 

The presence of this gene in vanA strains is supported by other studies, such as the study 

conducted by Osman et al. (2016) in vanA strains isolated from tilapia sampled from 

supermarkets and fishmongers and the study carried out in vanA isolated in Brazil (Comerlato 

et al., 2013) 

 

5.6 Structural characterization of the Tn1546 transposon 

 The vanA gene is included into the Tn1546 transposon, mostly plasmid-located, which 

can be transferred to other microorganisms, being the characterization of this genetic element 

of importance, to track its evolution. All our isolates with the vanA genotype carried, apparently, 

the conserved Tn1546-like structure, because no insertion sequences were detected included 

into the studied intergenic regions of Tn1546 (expected sizes of the fragments were obtained); 

nevertheless, we cannot discard modification in other regions of the transposon. The 

conserved Tn1546 structure, as well as different polymorphisms in its structure, have been 

previously reported by different authors in enterococci of different origins (Bonten et al., 2001; 

Schouten et al., 2001; Novais et al., 2008; López et al., 2010).  

 

5.7 Conjugation assay 

 The conjugation assay was performed with the aim of investigating the ability of the 

strains to transfer the phenotype of vancomycin resistance (i.e., transfer the Tn1546 

transposon) and erythromycin resistance. None of the four enterococci strains carrying the 

vanA gene was able to transfer the vancomycin resistance phenotype, however, one of the 

strains transferred the erythromycin resistance. The strains carrying the ermT gene also failed 

to transfer the phenotype of resistance of this antibiotic. We cannot be sure if the genes are 

included in non-conjugative plasmids or if the frequency of conjugation could be very low and 

non-detectable under the experimental conditions we performed. Further studies should be 

done in order to ascertain the possible reasons. 

 

5.8 Study of production of antimicrobial activity and the genes implicated 

 In recent decades, the interest in enterococci has been focused on their role as a 

nosocomial pathogen and the ability to acquire and exchange antibiotic resistance 
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determinants. However, enterococci are part of the normal microbiota of healthy people and 

animals and can be used as probiotics in animal and human health. In addition, they are used 

as a starter or protective cultures in the production and conservation of fermented foods and 

their ability to produce enterocins to preserve food is well known (Brandão et al., 2010). This 

ability to produce compounds capable of inhibiting other microorganism action led to the need 

to analyze the capacity of bacteriocin activity and the presence of related genes in the strains 

isolated throughout this work. 

 Of the strains tested, 60.3% of them exhibited the production of antimicrobial activity 

against at least one of the indicator strains tested and 16 were active against 7 of the 9 indicator 

strains. The prevalence of phenotypic production is similar with that obtained by De Vuyst et 

al., (2003) among a collection of enterococci, being their prevalence higher among E. faecalis, 

contrary to our study, as we obtained a higher prevalence among E. faecium. Phenotypic 

AntAct was detected in E. faecium (50%), E. faecalis (42%) and E. hirae (8%) strains, being 

the antimicrobial activity in these enterococcal species already been reported in fish samples 

(Almeida et al., 2011; Araújo et al., 2015).  

 In this study, the percentage of producing strains active against L. monocytogenes was 

higher than that obtained in other studies using enterococcal strains isolated from faecal and 

marine samples (Brandão et al., 2010; Valenzuela et al., 2010). The production of anti-listerial 

compounds may be of interest to preserve seafood, however, in our study, the enterococci 

cannot be used as protective cultures, as they carry undesirable traits but they can be a source 

of bacteriocin preparations to help in marine food products (Valenzuela et al., 2010). In addition 

to produce antimicrobial peptides against L. monocytogenes, the majority of the producing 

strains showed antimicrobial activity against vancomycin-resistant and sensitive enterococci.  

 After phenotypic analysis of AntAct production, the most producing strains were studied 

for the presence of bacteriocin determinants. Of the 26 strains tested for gene presence, 50% 

of them showed the presence of one or more genes encoding bacteriocins. This data is similar 

to that obtained by Ogaki et al. (2016) (59%) and 52.5% reported by De Vuyst et al. (2003). 

Genes encoding bacteriocins were only found in E. faecium and E. faecalis strains and not in 

other species (E. hirae, E. mundtii, E. gallinarum). In accordance with other studies (Ogaki et 

al., 2016), the most prevalent bacteriocin encoding genes detected were entA and entB, 

although other genes were also detected (ent1071A/B and entL50A/B). It is interesting to 

underline that enterococci sometimes carry more than one bacteriocin encoding gene (23%). 

In one of the strains, entB was associated with entA, being this result corroborated with the 

findings of other studies, claiming that these two genes act synergistically due to the lack of 

transport or accessory protein genes in some enterococcal strains. In addition, entA shows 

sequence homology with the class IIa bacteriocins, pediocin-like bacteriocins with the anti-
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listerial activity trait. The presence of this characteristic among the strains explains the high 

prevalence of activity against L. monocytogenes (Henning et al., 2015; Ogaki et al., 2016). 

There are not much studies demonstrating the presence of entL50A/B and ent1071A/B, 

however a study analyzing Enterococcus faecalis strains isolated from water samples reported 

the presence of entL50A/B in 37.5% of the strains analyzed, a number similar to that obtained 

in this study, and the presence of ent1071A/B in 10.2% of the samples (Padilla & Lobos, 2013). 

The bacteriocin production gives strains ecological advantage when compared to non-

producing strains and facilitates niche invasion (Sabia et al., 2008). 
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6. Conclusion 

 The data recovered from this work shows the frequent detection of enterococci among 

fish products for human consumption, mostly E. faecalis and E. faecium species, being of 

relevance the detection of vancomycin-resistant enterococci with vanA genotype species as 

well as other MDR enterococci. The inappropriate use of antibiotics in different environments 

can make the studied fish species reservoirs and vehicles of resistant bacteria and resistant 

genes. Considering that these fish species are regularly used for human consumption and with 

the increasing use of fish to produce raw dishes, they can easily transmit bacteria to humans, 

including resistant ones, what have special interest for public health. Therefore, the main 

conclusions drawn from this study are: 

• Almost half of the fish samples tested (42%) were contaminated with enterococci, 

detecting 6 different species (E. faecium, E. faecalis, E. durans, E. hirae, E. mundtii 

and E. gallinarum.  

• Tetracycline and erythromycin were the antibiotics to which more strains showed 

resistance and the most prevalent genes were tetM and ermB, respectively. 

• It was detected an E. faecium strain showing high-level gentamicin resistance due to 

the expression of the aac(6’)-aph(2”)-Ia gene, that was ascribed to a new genetic 

lineage designated ST1396. 

• Ten strains were sensitive to all antibiotics tested and 9 VSE and 4 VRE strains 

presented a multiresistant phenotype being the resistances higher in isolates of 

salmon and tuna; 

• It was detected the carriage of VRE with the genotype vanA in 2.7% of the fish 

samples tested (salmon and tuna). VRE was detected in SB-Van medium, but not in 

the SB medium, indicating that probably the proportion of VRE in the positive samples 

might be low. This situation occurs after more than 20 years of the banning of 

avoparcin as an animal growth promoter in the EU. 

• VRE strains were identified as E. faecium (3 isolates) and E. faecalis (one isolate) 

and they carried the tetM, tetL, tetK, ermB, aac(6’)-Ie-aph(2”)-Ia and/or catpC223, which 

respectively encode resistance to tetracycline, erythromycin, gentamicin and 

chloramphenicol. 

• All the VRE strains showed the classic type of Tn1546, with the absence of insertion 

sequences inside the intergenic regions. The vanA gene could not be transferred by 

conjugation to E. faecium or E. faecalis receptor strains. 

• The genes hyl and gelE were not detected among the VRE strains, but the esp gene 

was present in vanA-positive E. faecalis strain. 
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• The E. faecium vanA strains belonged to the lineage ST139 (CC5) and the E. faecalis 

vanA to the lineage ST16 (CC16). 

• Sixty per cent of the enterococci recovered from fish samples were able to produce 

antimicrobial substances with activity against different indicator bacteria. The entA, 

entB, ent1071 A/B, and/or entL50A/B bacteriocin encoding genes were detected in 

half of the bacteriogenic tested strains. 

 It should be noted that the aquatic environment is considered efficient in the selection 

of resistant bacterial populations, as well as in the exchange of resistance genes, through 

mobile genetic elements. The genes detected in the enterococci of the different fish species 

studied were similar to those found in different animal and environmental sources indicating a 

possible spread of bacteria and genes among different ecosystems. It is important to increase 

knowledge about the epidemiology of these microorganisms outside the hospital environment, 

as studies at this level do not yet adequately embrace all ecosystems. Thus, it is important to 

evaluate the role of fish for consumption as sources of these bacteria with genes encoding 

resistance of relevance in public health. The data obtained in this study are important to 

establish policies of prudent use of antibiotics in both animals and humans as well as to warn 

the population about the risks of inappropriate use of these agents.



75 
 

References 

Aarestrup, F. M., Agerso, Y., Gerner-Smidt, P., Madsen, M., & Jensen, L. B. (2000). 
Comparison of antimicrobial resistance phenotypes and resistance genes in 
Enterococcus faecalis and Enterococcus faecium from humans in the community, 
broilers, and pigs in Denmark. Diagnostic Microbiology and Infectious Disease, 37, 127–
137.  

Aarestrup, F. M., Butaye, P., & Witte, W. (2002). Nonhuman Reservoirs of Enterococci. In M. 
S. Gilmore, D. B. Clewell, P. Courvalin, G. M. Dunny, B. E. Murray, & L. B. Rice (Eds.), 
The Enterococci: Pathogenesis, molecular biology and antibiotic resistance. (pp. 55–99). 
Washington, DC: American Society for Microbiology Press.  

Ahmed, M. O., & Baptiste, K. E. (2017). Vancomycin-Resistant Enterococci: A Review of 
Antimicrobial Resistance Mechanisms and Perspectives of Human and Animal Health. 
Microbial Drug Resistance, 24(5), 590–606.  

Aldred, K. J., Kerns, R. J., & Osheroff, N. (2014). Mechanism of quinolone action and 
resistance. Biochemistry, 53(10), 1565–1574.  

Alekshun, M. N., & Levy, S. B. (2007). Molecular Mechanisms of Antibacterial Multidrug 
Resistance. Cell, 128(6), 1037–1050.  

Ali, L., Goraya, M. U., Arafat, Y., Ajmal, M., Chen, J. L., & Yu, D. (2017). Molecular Mechanism 
of Quorum-Sensing in Enterococcus faecalis: Its Role in Virulence and Therapeutic 
Approaches. International Journal of Molecular Sciences, 18(5), 960.  

Allison, D. G., & Lambert, P. A. (2015). Modes of Action of Antibacterial Agents. In Y.-W. Tang, 
M. Sussman, G. Liu, I. Poxton, & J. Schwartzman (Eds.), Molecular Medical Microbiology 
(2nd Ed., Vol. 1, pp. 583–598). Elsevier Ltd.  

Almeida, T., Brandão, A., Muñoz-Atienza, E., Gonçalves, A., Torres, C., Igrejas, G., … Poeta, 
P. (2011). Identification of Bacteriocin Genes in Enterococci Isolated from Game Animals 
and Saltwater Fish. Journal of Food Protection, 74(8), 1252–1260.  

Ang, J. Y., Ezike, E., & Asmar, B. I. (2004). Antibacterial Resistance. Indian Journal Of 
Pediatrics, 71, 229–239. 

Antonelli, A., D’Andrea, M. M., Brenciani, A., Galeotti, C. L., Morroni, G., Pollini, S., … 
Rossolini, G. M. (2018). Characterization of poxtA, a novel phenicol-oxazolidinone-
tetracycline resistance gene from an MRSA of clinical origin. Journal of Antimicrobial 
Chemotherapy, 73(7), 1763–1769. 

Araújo, C., Muñoz-Atienza, E., Hernández, P. E., Herranz, C., Cintas, L. M., Igrejas, G., & 
Poeta, P. (2015). Evaluation of Enterococcus spp. from Rainbow Trout (Oncorhynchus 
mykiss , Walbaum), Feed, and Rearing Environment Against Fish Pathogens. Foodborne 
Pathogens and Disease, 12(4), 311–322.  

Arias, C. A., & Murray, B. E. (2012). The rise of the Enterococcus: beyond vancomycin 
resistance. Nature Reviews. Microbiology, 10, 266–278. 

Arias, C. A., Robredo, B., Singh, K. V., Torres, C., Panesso, D., & Murray, B. E. (2006). Rapid 
identification of Enterococcus hirae and Enterococcus durans by PCR and detection of a 
homologue of the E. hirae mur-2 gene in E. durans. Journal of Clinical Microbiology, 44(4), 
1567–1570. 

Atanassova, V., Reich, F., & Klein, G. (2008). Microbiological Quality of Sushi from Sushi Bars 
and Retailers. Journal of Food Protection, 71(4), 860–864. 

Baquero, F., & Cantón, R. (2017). Evolutionary Biology of Drug Resistance. In D. L. Mayers, 
J. D. Sobel, M. Ouellette, K. S. Kaye, & D. Marchaim (Eds.), Antimicrobial Drug 



76 
 

Resistance: Mechanisms of Drug Resistance (2nd Ed., pp. 9–36). Springer. 

Baquero, F., Coque, T. M., & Cantón, R. (2003). Antibiotics, Complexity, and Evolution. ASM 
News, 69, 547–552. 

Barros, J. A. R. (2010). MLST e estudo genético da resistência a antibióticos e factores de 
virulência em Enterococcus spp. isolados de amostras fecais de douradas (Sparus 
aurata). 

Barros, J., Andrade, M., Radhouani, H., López, M., Igrejas, G., Poeta, P., & Torres, C. (2012). 
Detection of vanA-Containing Enterococcus Species in Faecal Microbiota of Gilthead 
Seabream (Sparus aurata). Microbes and Environments, 27(4), 509–511.  

Barros, J., Igrejas, G., Andrade, M., Radhouani, H., López, M., Torres, C., & Poeta, P. (2011). 
Gilthead seabream (Sparus aurata) carrying antibiotic resistant enterococci. A potential 
bioindicator of marine contamination? Marine Pollution Bulletin, 62, 1245–1248.  

Belén, A., Pavón, I., & Maiden, M. C. J. (2009). Molecular Sequence Typing. Methods in 
Molecular Biology, 551(8), 129–140.  

Bennett, P. M. (2008). Plasmid encoded antibiotic resistance: acquisition and transfer of 
antibiotic resistance genes in bacteria. British Journal of Pharmacology, 153, S347–S357. 

Beristain-Bauza, S. ., Palou, E., & Lopez-Malo, A. (2012). Bacteriocinas: antimicrobianos 
naturales y su aplicación en los alimentos. Temas Selectos de Ingeniería de Alimentos, 
6(2), 64–78. 

Bhattacharjee, M. K. (2016). Antibiotics That Inhibit Nucleic Acid Synthesis. In Chemistry of 
Antibiotics and Related Drugs (pp. 109–128). Springer, Cham.  

Biavasco, F., Foglia, G., Paoletti, C., Zandri, G., Magi, G., Guaglianone, E., … Facinelli, B. 
(2007). VanA-Type Enterococci from Humans, Animals, and Food: Species Distribution , 
Population Structure , Tn1546 Typing and Location, and Virulence Determinants. Applied 
and Environmental Microbiology, 73(10), 3307–3319.  

Blair, J. M. A., Webber, M. A., Baylay, A. J., Ogbolu, D. O., & Piddock, L. J. V. (2015). Molecular 
mechanisms of antibiotic resistance. Nature Reviews Microbiology, 13(1), 42–51.  

Bonten, M. J. M., Willems, R., & Weinstein, R. A. (2001). Vancomycin-resistant enterococci: 
why are they here, and where do they come from ? The Lancet Infectious Deseases, 1(5), 
314–325. 

Boss, R., Overesch, G., & Baumgartner, A. (2016). Antimicrobial Resistance of Escherichia 
coli, Enterococci, Pseudomonas aeruginosa, and Staphylococcus aureus from Raw Fish 
and Seafood Imported into Switzerland. Journal of Food Protection, 79(7), 1240–1246.  

Brandão, A., Almeida, T., Muñoz-Atienza, E., Torres, C., Igrejas, G., Hernández, P. E., … 
Herranz, C. (2010). Antimicrobial activity and occurrence of bacteriocin structural genes 
in Enterococcus spp. of human and animal origin isolated in Portugal. Archives of 
Microbiology, 192(11), 927–936.  

Broglia, A., & Kapel, C. (2011). Changing dietary habits in a changing world: Emerging drivers 
for the transmission of foodborne parasitic zoonoses. Veterinary Parasitology, 182, 2–13.  

Brtková, A., Revallová, M., & Bujdáková, H. (2011). Detection of tetracycline and macrolide 
resistance determinants in enterococci of animal and environmental origin using multiplex 
PCR. Folia Microbiologica, 56(3), 236–240.  

Bustamante, W., Alpízar, A., Hernández, S., Pacheco, A., Vargas, N., Herrera, M. L., … 
García, F. (2003). Predominance of vanA Genotype among Vancomycin-Resistant 
Enterococcus Isolates from Poultry and Swine in Costa Rica. Applied and Environmental 
Microbiology, 69(12), 7414–7419. 



77 
 

Butaye, P., Devriese, L. . ., & Haesebrouck, F. (2003). Antimicrobial Growth Promoters Used 
in Animal Feed: Effects of Less Well Known Antibiotics on Gram-Positive Bacteria. 
Clinical Microbiology Reviews, 16(2), 175–188.  

Butler, M. S., Hansford, K. A., Blaskovich, M. A. T., Halai, R., & Cooper, M. A. (2014). 
Glycopeptide antibiotics: Back to the future. The Journal of Antibiotics, 67(9), 631–644.  

Camargo, C. H., Bruder-Nascimento, A., Lee, S. H. I., Junior, A. F., Kaneno, R., & Rall, V. L. 
M. (2014). Prevalence and phenotypic characterization of Enterococcus spp. isolated 
from food in Brazil. Brazilian Journal of Microbiology, 45(1), 111–115. 

Castanon, J. I. R. (2007). History of the Use of Antibiotic as Growth Promoters in European 
Poultry Feeds. Poultry Science, 86(11), 2466–2471.  

Cattoir, V., & Leclercq, R. (2012). Twenty-five years of shared life with vancomycin-resistant 
enterococci: Is it time to divorce? Journal of Antimicrobial Chemotherapy, 68(4), 731–742.  

Cetinkaya, Y., Falk, P., & Mayhall, C. G. (2000). Vancomycin-resistant enterococci. Clinical 
Microbiology Reviews, 13(4), 686–707.  

Chajęcka-Wierzchowska, W., Zadernowska, A., & Łaniewska-Trokenheim, Ł. (2017). 
Virulence factors of Enterococcus spp. presented in food. LWT - Food Science and 
Technology, 75, 670–676.  

Chopra, I. (2010). Modes of action. In R. Finch, D. Greenwood, R. Whitley, & R. S. Norrby 
(Eds.), Antibiotic and Chemotherapy (9th Ed., pp. 10–23). Elsevier Health Sciences. 

Chopra, I., & Roberts, M. (2001). Tetracycline Antibiotics: Mode of Action, Applications, 
Molecular Biology, and Epidemiology of Bacterial Resistance. Microbiology and Molecular 
Biology Reviews, 65(2), 232–260.  

Clark, N. C., Olsvik, Ø., Swenson, J. M., Spiegel, C. A., & Tenover, F. C. (1999). Detection of 
a Streptomycin/Spectinomycin Adenylyltransferase gene (aadA) in Enterococcus 
faecalis. Antimicrobial Agents and Chemotherapy, 43(1), 157–160.  

Clewell, D. B., Weaver, K. E., Dunny, G. M., Coque, T. M., Francia, M. V., & Hayes, F. (2014). 
Extrachromosomal and Mobile Elements in Enterococci: Transmission, Maintenance, and 
Epidemiology. In M. S. Gilmore, D. B. Clewell, Y. Ike, & N. Shankar (Eds.), Enterococci: 
From Commensals to Leading Causes of Drug Resistant Infection (pp. 309–420). Boston: 
Massachusetts Eye and Ear Infirmary. 

CLSI. Performance Standards for Antimicrobial Susceptibility Testing. 27th ed. CLSI 
supplement M100. Wayne, PA: Clinical and Laboratory Standards Institute; 2017. 

Coburn, P. S., & Gilmore, M. S. (2003). The Enterococcus faecalis cytolysin: a novel toxin 
active against eukaryotic and prokaryotic cells. Cellular Microbiology, 5(10), 661–669.  

Comerlato, C. B., de Resende, M. C. C., Caierão, J., & d’Azevedo, P. A. (2013). Presence of 
virulence factors in Enterococcus faecalis and Enterococcus faecium susceptible and 
resistant to vancomycin. Memorias Do Instituto Oswaldo Cruz, 108(5), 590–595.  

Coque, T. M. (2008). Evolutionary Biology of Pathogenic Enterococci. In F. Baquero, C. 
Nombela, G. H. Cassel, & J. A. Gutiérrez-Fuentes (Eds.), Evolutionary Biology of 
Bacterial and Fungal Pathogens (pp. 501–521). Washington, DC: American Society for 
Microbiology Press. 

Courvalin, P. (2006). Vancomycin Resistance in Gram-Positive Cocci. Clinicial Infectious 
Diseases, 42, S25-34. 

Criado, R., Gutiérrez, J., Budin-Verneuil, A., Hernández, P. E., Hartke, A., Cintas, L. M., … 
Benachour, A. (2008). Molecular analysis of the replication region of the pCIZ2 plasmid 
from the multiple bacteriocin producer strain Enterococcus faecium L50. Plasmid, 60(3), 



78 
 

181–189.  

Das, A. K., Nandy, S., & Dudeja, M. (2015). Prevalence of aac (6′)-Ie-aph (2″)-Ia gene and 
drug resistance pattern of Enterococcus isolated in a tertiary care hospital. International 
Journal of Community Medicine and Public Health, 2(4), 520–525. 

De Leener, E., Martel, A., De Graef, E. M., Top, J., Butaye, P., Haesebrouck, F., … Decostere, 
A. (2005). Molecular Analysis of Human, Porcine, and Poultry Enterococcus faecium 
Isolates and Their erm(B) Genes. Applied and Environmental Microbiology, 71(5), 2766–
2770. 

De Vuyst, L., Foulquié Moreno, M. R., & Revets, H. (2003). Screening for enterocins and 
detection of hemolysin and vancomycin resistance in enterococci of different origins. 
International Journal of Food Microbiology, 84(3), 299–318.  

Del Campo, R., Tenorio, C., Rubio, C., Castillo, J., Torres, C., & Gómez-Lus, R. (2000). 
Aminoglycoside-modifying enzymes in high-level streptomycin and gentamicin resistant 
Enterococcus spp. in Spain. International Journal of Antimicrobial Agents, 15(3), 221–
226.  

DiPersio, L. P., DiPersio, J. R., Frey, K. C., & Beach, J. A. (2008). Prevalence of the erm(T) 
Gene in Clinical Isolates of Erythromycin-Resistant Group D Streptococcus and 
Enterococcus. Antimicrobial Agents and Chemotherapy, 52(4), 1567–1569.  

Donabedian, S. M., Perri, M. B., Abdujamilova, N., Gordoncillo, M. J., Naqvi, A., Reyes, K. C., 
… Bartlett, P. (2010). Characterization of Vancomycin-Resistant Enterococcus faecium 
Isolated from Swine in Three Michigan Counties. Journal of Clinical Microbiology, 48(11), 
4156–4160. 

Duprè, I., Zanetti, S., Schito, A. M., Fadda, G., & Sechi, L. A. (2003). Incidence of virulence 
determinants in clinical Enterococcus faecium and Enterococcus faecalis isolates 
collected in Sardinia (Italy). Journal of Medical Microbiology, 52(6), 491–498.  

Dutka-Malen, S., Evers, S., & Courvalin, P. (1995). Detection of Glycopeptide Resistance 
Genotypes and Identification to the Species Level of Clinically Relevant Enterococci by 
PCR. Journal of Clinical Microbiology, 33(1), 24–27. 

Eaton, T. J., & Gasson, M. J. (2001). Molecular screening of Enterococcus Virulence 
Determinants and Potencial fo Genetic Exchange between Food and Medical Isolates. 
Applied and Environmental Microbiology, 67(4), 1628–1635.  

Economou, V., Sakkas, H., Delis, G., & Gousia, P. (2017). Antibiotic Resistance in 
Enterococcus spp. Friend or Foe? In O. V. Singh (Ed.), Foodborne Pathogens and 
Antibiotic Resistance (pp. 365–395). John Wiley & Sons, Inc. 

Enayati, M., Sadeghi, J., Nahaei, M. R., Aghazadeh, M., Pourshafie, M. R., & Talebi, M. (2015). 
Virulence and antimicrobial resistance of Enterococcus faecium isolated from water 
samples. Letters in Applied Microbiology, 61(4), 339–345.  

Enne, V. I., Delsol, A. A., Roe, J. M., & Bennett, P. M. (2004). Rifampicin resistance and its 
fitness cost in Enterococcus faecium. Journal of Antimicrobial Chemotherapy, 53(2), 203–
207.  

European Union. (2006). Ban on antibiotics as growth promoters in animal feed enters into 
effect. Ip/05/1687.  

Facklam, R. R., Carvalho, M. da G. S., & Teixeira, L. M. (2002). History, Taxonomy, 
Biochemical Characteristics, and Antibiotic Susceptibility Testing of Enterococci. In M. S. 
Gilmore, D. B. Clewell, P. Courvalin, G. M. Dunny, B. E. Murray, & L. B. Rice (Eds.), The 
Enterococci: Pathogenesis, Molecular Biology, and Antibiotic Resistance (pp. 1–54). 
Washington, DC: ASM Press.  



79 
 

Faron, M. L., Ledeboer, N. A., & Buchan, B. W. (2016). Resistance Mechanisms, 
Epidemiology, and Approaches to Screening for Vancomycin-Resistant Enterococcus in 
the Health Care Setting. Journal of Clinical Microbiology, 54(10), 2436–2447.  

Fisher, K., & Phillips, C. (2009). The ecology, epidemiology and virulence of Enterococcus. 
Microbiology, 155(6), 1749-1757.  

Foulquié Moreno, M. R., Sarantinopoulos, P., Tsakalidou, E., & De Vuyst, L. (2006). The role 
and application of enterococci in food and health. International Journal of Food 
Microbiology, 106(1), 1–24.  

Franz, C. M. . P., Muscholl-Silberhorn, A. B., Yousif, N. M. K., Vancanneyt, M., Swings, J., & 
Holzapfel, W. H. (2001). Incidence of virulence factors and antibiotic resistance among 
enterococci isolated from food. Applied and Environmental Microbiology, 67(9), 4385–
4389.  

Franz, C. M. A. P., Stiles, M. E., Schleifer, K. H., & Holzapfel, W. H. (2003). Enterococci in 
foods - A conundrum for food safety. International Journal of Food Microbiology, 88, 105–
122.  

Franz, C. M. A. P., van Belkum, M. J., Holzapfel, W. H., Abriouel, H., & Gálvez, A. (2007). 
Diversity of enterococcal bacteriocins and their grouping in a new classification scheme. 
FEMS Microbiology Reviews, 31(3), 293–310.  

Freitas, A. R., Coque, T. M., Novais, C., Hammerum, A. M., Lester, C. H., Zervos, M. J., … 
Peixe, L. (2011). Human and Swine Hosts Share Vancomycin-Resistant Enterococcus 
faecium CC17 and CC5 and Enterococcus faecalis CC2 Clonal Clusters Harboring 
Tn1546 on Indistinguishable plasmids. Journal of Clinical Microbiology, 49(3), 925–931.  

Freitas, A. R., Novais, C., Ruiz-Garbajosa, P., Coque, T. M., & Peixe, L. (2009). Dispersion of 
Multidrug-Resistant Enterococcus faecium Isolates Belonging to Major Clonal Complexes 
in Different Portuguese Settings. Applied and Environmental Microbiology, 75(14), 4904–
4908.  

Frost, L. S., Leplae, R., Summers, A. O., & Toussaint, A. (2005). Mobile genetic elements: The 
agents of open source evolution. Nature Reviews Microbiology, 3(9), 722–732.  

Garrido, A. M., Gálvez, A., & Pulido, P. R. (2014). Antimicrobial resistance in Enterococci. 
Journal of Infectious Diseases & Therapy, 2(4). 

Gaskins, H. R., Collier, C. T., & Anderson, D. B. (2002). Antibiotics as growth promotants: 
Mode of action. Animal Biotechnology, 13(1), 29–42.  

Gaspar, F. B., Crespo, M. T. B., & Lopes, M. F. S. (2009). Proposal for a reliable enterococcal 
cytolysin production assay avoiding apparent incongruence between phenotype and 
genotype. Journal of Medical Microbiology, 58(8), 1122–1124.  

Giraffa, G. (2014). Enterococcus. In R. Robinson & C. Batt (Eds.), Encyclopedia of Food 
Microbiology (2nd Ed., Vol. 1, pp. 674–679). Academic Press.  

Gomes, B. C., Esteves, C. T., Palazzo, I. C. V., Darini, A. L. C., Felis, G. E., Sechi, L. A., … 
De Martinis, E. C. P. (2008). Prevalence and characterization of Enterococcus spp. 
isolated from Brazilian foods. Food Microbiology, 25(5), 668–675.  

Gómez-Sanz, E., Kadlec, K., Feßler, A. T., Zarazaga, M., Torres, C., & Schwarz, S. (2013). 
Novel erm(T)-Carrying Multiresistance Plasmids from Porcine and Human Isolates of 
Methicillin-Resistant Staphylococcus aureus ST398 That Also Harbor Cadmium and 
Copper Resistance Determinants. Antimicrobial Agents and Chemotherapy, 57(7), 3275–
3282. 

Gómez-Sanz, E., Torres, C., Lozano, C., Fernández-Pérez, R., Aspiroz, C., Ruiz-Larrea, F., & 
Zarazaga, M. (2010). Detection, Molecular Characterization, and Clonal Diversity of 



80 
 

Methicillin-Resistant Staphylococcus aureus CC398 and CC97 in Spanish Slaughter Pigs 
of Different Age Groups. Foodborne Pathogens and Disease, 7(10), 1269–1277.  

Grossman, T. H. (2016). Tetracycline Antibiotics and Resistance. Cold Spring Harbor 
Perspectives in Medicine, 6(4), 1–24.  

Hammad, A. M., Shimamoto, T., & Shimamoto, T. (2014). Genetic characterization of antibiotic 
resistance and virulence factors in Enterococcus spp. from Japanese retail ready-to-eat 
raw fish. Food Microbiology, 38, 62–66.  

Harada, T., Kanki, M., Kawai, T., Taguchi, M., Asao, T., & Kumeda, Y. (2010). Isolation of 
VanA-type Vancomycin-Resistant Enterococcus strains from domestic poultry products 
with enrichment by incubation in buffered peptone water at 42°C. Applied and 
Environmental Microbiology, 76(15), 5317–5320.  

Hauser, A. R. (2012a). Antibiotics that Block Protein Production. In L. Williams & Wilkins (Ed.), 
Antibiotic Basics for Clinicians (2nd Ed., pp. 53–80).  

Hauser, A. R. (2012b). Antibiotics that Target the Cell Envelope. In L. Williams & Wilkins (Ed.), 
Antibiotic Basics for Clinicians (2nd Ed., pp. 17–52). 

Hegstad, K., Mikalsen, T., Coque, T. M., Werner, G., & Sundsfjord, A. (2010). Mobile genetic 
elements and their contribution to the emergence of antimicrobial resistant Enterococcus 
faecalis and Enterococcus faecium. Clinical Microbiology and Infection, 16(6), 541–554.  

Henning, C., Gautam, D., & Muriana, P. (2015). Identification of Multiple Bacteriocins in 
Enterococcus spp. Using an Enterococcus-Specific Bacteriocin PCR Array. 
Microorganisms, 3(1), 1–16. 

Henson, K. E. R., Levine, M. T., Wong, E. A. H., & Levine, D. P. (2015). Glycopeptide 
antibiotics: evolving resistance, pharmacology and adverse event profile. Expert Review 
of Anti-Infective Therapy, 13(10), 1265–1278.  

Heuer, O. E., Hammerum, A. M., Collignon, P., & Wegener, H. C. (2006). Human Health 
Hazard from Antimicrobial‐Resistant Enterococci in Animals and Food. Clinical Infectious 
Diseases, 43(7), 911–916.  

Hill, C. M., Krause, K. M., Lewis, S. R., Blais, J., Benton, B. M., Mammen, M., … Janc, J. W. 
(2010). Specificity of induction of the vanA and vanB operons in Vancomycin-Resistant 
Enterococci by Telavancin. Antimicrobial Agents and Chemotherapy, 54(7), 2814–2818.  

Hollenbeck, B. L., & Rice, L. B. (2012). Intrinsic and acquired resistance mechanisms in 
enterococcus. Virulence, 3(5), 421–433.  

Holmes, A. H., Moore, L. S. P., Sundsfjord, A., Steinbakk, M., Regmi, S., Karkey, A., … 
Piddock, L. J. V. (2016). Understanding the mechanisms and drivers of antimicrobial 
resistance. The Lancet, 387, 176–187.  

Homan, W. L., Tribe, D., Poznanski, S., Li, M., Hogg, G., Spalburg, E., … Willems, R. J. L. 
(2002). Multilocus Sequence Typing Scheme for Enterococcus faecium. Journal of 
Clinical Microbiology, 40(6), 1963–1971.  

Hummel, A., Holzapfel, W. H., & Franz, C. M. A. P. (2007). Characterisation and transfer of 
antibiotic resistance genes from enterococci isolated from food. Systematic and Applied 
Microbiology, 30, 1–7.  

Huys, G., D’Haene, K., Collard, J.-M., & Swings, J. (2004). Prevalence and Molecular 
Characterization of Tetracycline Resistance in Enterococcus Isolates from Food. Applied 
and Environmental Microbiology, 70(3), 1555–1562.  

Jackson, C. R., Fedorka-Cray, P. J., Barrett, J. B., Hiott, L. M., & Woodley, T. A. (2007). 
Prevalence of streptogramin resistance in enterococci from animals: identification of vatD 



81 
 

from animal sources in the USA. International Journal of Antimicrobial Agents, 30(1), 60–
66.  

Johnston, N. J., Mukhtar, T. A., & Wright, G. D. (2002). Streptogramin Antibiotics: Mode of 
Action and Resistance. Current Drug Targets, 3, 335–344.  

Kahne, D., Leimkuhler, C., Lu, W., & Walsh, C. (2005). Glycopeptide and Lipoglycopeptide 
Antibiotics. Chemical Reviews, 105(2), 425–448.  

Kang, H.-K., & Park, Y. (2015). Glycopeptide antibiotics: Structure and mechanisms of action. 
Journal of Bacteriology and Virology, 45(2), 67–78.  

Kapoor, G., Saigal, S., & Elongvan, A. (2017). Action and resistance mechanisms of 
antibiotics: A guide for clinicians. Journal of Anaesthesiology Clinical Pharmacology, 
33(3), 300–305.  

Kawalec, M., Pietras, Z., Daniłowicz, E., Jakubczak, A., Gniadkowski, M., Hryniewicz, W., & 
Willems, R. J. L. (2007). Clonal Structure of Enterococcus faecalis Isolated from Polish 
Hospitals: Characterization of Epidemic Clones. Journal of Clinical Microbiology, 45(1), 
147–153.  

Kehrenberg, C., & Schwarz, S. (2005). Florfenicol-Chloramphenicol Exporter Gene fexA Is 
Part of the Novel Transposon Tn558. Antimicrobial Agents and Chemotherapy, 49(2), 
813–815. 

Kehrenberg, C., & Schwarz, S. (2006). Distribution of Florfenicol Resistance Genes fexA and 
cfr among Chloramphenicol-Resistant Staphylococcus Isolates. Antimicrobial Agents and 
Chemotherapy, 50(4), 1156–1163.  

Kester, M., Karpa, K. D., & Vrana, K. E. (2012). Treatment of Infectious Diseases. In Elsevier’s 
Integrated Review- Pharmacology (2nd Ed., pp. 41–78). Philadelphia: Elsevier. 

Kim, M.-C., & Woo, G.-J. (2017). Characterization of antimicrobial resistance and quinolone 
resistance factors in high-level ciprofloxacin-resistant Enterococcus faecalis and 
Enterococcus faecium isolates obtained from fresh produce and fecal samples of patients. 
Journal of the Science of Food and Agriculture, 97(9), 2858–2864.  

Klare, I., Konstabel, C., Mueller-Bertling, S., Werner, G., Strommenger, B., Kettlitz, C., … Witte, 
W. (2005). Spread of ampicillin/vancomycin-resistant Enterococcus faecium of the 
epidemic-virulent clonal complex-17 carrying the genes esp and hyl in German hospitals. 
European Journal of Clinical Microbiology and Infectious Diseases, 24, 815–825.  

Kohanski, M. A., Dwyer, D. J., & Collins, J. J. (2010). How antibiotics kill bacteria: From targets 
to networks. Nature Reviews Microbiology, 8(6), 423–435.  

Kolmodin, L. A., & Birch, D. E. (2002). Polymerase Chain Reaction. In B.-Y. Chen & H. W. 
Janes (Eds.), PCR Cloning Protocols (2nd Ed., pp. 3–18). Totowa, New Jersey: Humana 
Press Inc.  

Kristich, C. J., Rice, L. B., & Arias, C. A. (2014). Enterococcal Infection-Treatment and 
Antibiotic Resistance. In M. S. Gilmore, D. B. Clewell, Y. Ike, & N. Shankar (Eds.), 
Enterococci: From Commensals to Leading Causes of Drug Resistant Infection (pp. 123–
184). Boston: Massachusetts Eye and Ear Infirmary. 

Kwon, J. H. (2017). Macrolides, Ketolides, Lincosamides and Streptogramins. In J. Cohen, W. 
Powderly, & S. Opal (Eds.), Infectious Diseases (4th Ed., pp. 1217–1229.e1). Elsevier.  

Lambert, P. A. (2005). Bacterial resistance to antibiotics: Modified target sites. Advanced Drug 
Delivery Reviews, 57(10), 1471–1485.  

Leavis, H. L., Willems, R. J. L., Van Wamel, W. J. B., Schuren, F. H., Caspers, M. P. M., & 
Bonten, M. J. M. (2007). Insertion Sequence-Driven Diversification Creates a Globally 



82 
 

Dispersed Emerging Multiresistant Subspecies of E. faecium. PLoS Pathogens, 3(1), 
0075–0096. 

Lebreton, F., Willems, R. J. L., & Gilmore, M. S. (2014). Enterococcus Diversity, Origins in 
Nature, and Gut Colonization. In M. S. Gilmore, D. B. Clewell, Y. Ike, & N. Shankar (Eds.), 
Enterococci: From Commensals to Leading Causes of Drug Resistant Infection (pp. 5–
64). Boston: Massachusetts Eye and Ear Infirmary. 

Leclercq, R. (2002). Mechanisms of Resistance to Macrolides and Lincosamides: Nature of 
the Resistance Elements and Their Clinical Implications. Clinical Infectious Diseases, 
34(4), 482–492.  

Leclercq, R. (2009). Epidemiological and resistance issues in multidrug-resistant staphylococci 
and enterococci. Clinical Microbiology and Infection, 15, 224–231.  

Leggett, J. E. (2017). Aminoglycosides. In J. Cohen, W. Powderly, & S. Opal (Eds.), Infectious 
Diseases (4th Ed., pp. 1233–1238.e1). Elsevier.  

Levy, S. B., & Bonnie, M. (2004). Antibacterial resistance worldwide: Causes, challenges and 
responses. Nature Medicine, 10(12S), S122–S129.  

Liu, H., Wang, Y., Wu, C., Schwarz, S., Shen, Z., Jeon, B., … Shen, J. (2012). A novel phenicol 
exporter gene, fexB, found in enterococci of animal origin. Journal of Antimicrobial 
Chemotherapy, 67(2), 322–325.  

Lopes, M. de F. S., Simões, A. P., Tenreiro, R., Marques, J. J. F., & Crespo, M. T. B. (2006). 
Activity and expression of a virulence factor, gelatinase, in dairy enterococci. International 
Journal of Food Microbiology, 112(3), 208–214.  

López, M., Sáenz, Y., Álvarez-Martínez, M. J., Marco, F., Robredo, B., Rojo-Bezares, B., … 
Torres, C. (2010). Tn1546 structures and multilocus sequence typing of vanA-containing 
enterococci of animal, human and food origin. Journal of Antimicrobial Chemotherapy, 
65(8), 1570–1575.  

López, M., Sáenz, Y., Rojo-Bezares, B., Martínez, S., del Campo, R., Ruiz-Larrea, F., … 
Torres, C. (2009). Detection of vanA and vanB2-containing enterococci from food 
samples in Spain, including Enterococcus faecium strains of CC17 and the new singleton 
ST425. International Journal of Food Microbiology, 133, 172–178.  

Lowy, F. D. (2017). Oxazolidinones. In J. Cohen, W. Powderly, & S. Opal (Eds.), Infectious 
Diseases (4th Ed., pp. 1230–1232.e1). Elsevier. 

Macgowan, A., & Macnaughton, E. (2017). Antibiotic resistance. Medicine, 45(10), 622–628.  

MacKinnon, M. G., Drebot, M. A., & Tyrrell, G. J. (1997). Identification and Characterization of 
IS1476, an Insertion Sequence-Like Element That Disrupts VanY Function in a 
Vancomycin-Resistant Enterococcus faecium Strain. Antimicrobial Agents and 
Chemotherapygents, 41(8), 1805–1807. 

Maddison, J. E., Watson, A. D. J., & Elliott, J. (2008). Antibacterial Drugs. In J. Maddison, S. 
Page, & D. Church (Eds.), Small Animal Clinical Pharmacology (2nd Ed., pp. 148–185).  

Mahillon, J., Léonard, C., & Chandler, M. (1999). IS elements as constituents of bacterial 
genomes. Research in Microbiology, 150, 675–687.  

Martín, M., Gutiérrez, J., Criado, R., Herranz, C., Cintas, L. M., & Hernandez, P. E. (2006). 
Genes Encoding Bacteriocins and Their Expression and Potential Virulence Factors of 
Enterococci Isolated from Wood Pigeons (Columba palumbus). Journal of Food 
Protection, 69(3), 520–531.  

Martinez, J. L. (2014). General principles of antibiotic resistance in bacteria. Drug Discovery 
Today: Technologies, 11, 33–39.  



83 
 

Martínez, M. L. (2011). Prevalencia,Caracterización Genética y Estructura Poblacional de 
Enterococcus Resistentes a Vancomicina de Diversos orígenes. Universidad de La Rioja. 

Martins da Costa, P., Vaz-Pires, P., & Bernardo, F. (2006). Antimicrobial resistance in 
Enterococcus spp. isolated in inflow, effluent and sludge from municipal sewage water 
treatment plants. Water Research, 40(8), 1735–1740.  

Miele, A., Bandera, M., & Goldstein, B. P. (1995). Use of Primers Selective for Vancomycin 
Resistance Genes To Determine van Genotype in Enterococci and To Study Gene 
Organization in VanA Isolates. Antimicrobial Agents and Chemotherapy, 39(8), 1772–
1778. 

Miller, W. R., Munita, J. M., & Arias, C. A. (2014). Mechanisms of antibiotic resistance in 
enterococci. Expert Review of Anti-Infective Therapy, 12(10), 1221–1236. 

Mundy, L. M., Sahm, D. F., & Gilmore, M. (2000). Relationships between Enterococcal 
Virulence and Antimicrobial Resistance. Clinical Microbiology Reviews, 13(4), 513–522.  

Nawa, Y., Hatz, C., & Blum, J. (2005). Sushi Delights and Parasites: The Risk of Fishborne 
and Foodborne Parasitic Zoonoses in Asia. Travel Medicine, 41, 1297–1303.  

Nguyen, F., Starosta, A. L., Arenz, S., Sohmen, D., Dönhöfer, A., & Wilson, D. N. (2014). 
Tetracycline antibiotics and resistance mechanisms. Biological Chemistry, 395(5), 559–
575.  

Nilsson, O. (2012). Vancomycin resistant enterococci in farm animals – occurrence and 
importance. Infection Ecology & Epidemiology, 2, 16959.  

Novais, C., Campos, J., Freitas, A. R., Barros, M., Silveira, E., Coque, T. M., … Peixe, L. 
(2018). Water supply and feed as sources of antimicrobial-resistant Enterococcus spp. in 
aquacultures of rainbow trout (Oncorhyncus mykiss), Portugal. Science of the Total 
Environment, 625, 1102–1112.  

Novais, C., Freitas, A. R., Sousa, J. C., Baquero, F., Coque, T. M., & Peixe, L. V. (2008). 
Diversity of Tn1546 and Its Role in the Dissemination of Vancomycin-Resistant 
Enterococci in Portugal. Antimicrobial Agents and Chemotherapy, 52(3), 1001–1008.  

Ogaki, M. B., Rocha, K. R., Terra, M. R., Furlaneto, M. C., & Furlaneto-Maia, L. (2016). 
Screening of the enterocin-encoding genes and antimicrobial activity in Enterococcus 
species. Journal of Microbiology and Biotechnology, 26(6), 1026–1034.  

Oliveira, M., Tavares, M., Gomes, D., Touret, T., São Braz, B., Tavares, L., & Semedo-
Lemsaddek, T. (2016). Virulence traits and antibiotic resistance among enterococci 
isolated from dogs with periodontal disease. Comparative Immunology, Microbiology and 
Infectious Diseases, 46, 27–31.  

Oskoui, M., & Farrokh, P. (2010). Distribution of insertion sequences associated with Tn1546 
and clonal diversity of vancomycin-resistant enterococci isolated from patients in Tehran, 
Iran. Iranian Journal of Microbiology, 2(1), 15–22. 

Osman, K. M., Ali, M. N., Radwan, I., ElHofy, F., Abed, A. H., Orabi, A., & Fawzy, N. M. (2016). 
Dispersion of the vancomycin resistance genes vanA and vanC of Enterococcus isolated 
from Nile tilapia on retail sale: A public health hazard. Frontiers in Microbiology, 7, 1–9.  

Padilla, C., & Lobos, O. (2013). Virulence, bacterocin genes and antibacterial susceptibility in 
Enterococcus faecalis strains isolated from water wells for human consumption. 
SpringerPlus, 2(1), 1–6.  

Poeta, P., Costa, D., Rodrigues, J., & Torres, C. (2006a). Antimicrobial resistance and the 
mechanisms implicated in faecal enterococci from healthy humans, poultry and pets in 
Portugal. International Journal of Antimicrobial Agents, 27, 131–137. 



84 
 

Poeta, P., Costa, D., Klibi, N., Rodrigues, J., & Torres, C. (2006b). Phenotypic and Genotypic 
Study of Gelatinase and β-Haemolysis Activities in Faecal Enterococci of Poultry in 
Portugal. Journal of Veterinary Medicine Series B: Infectious Diseases and Veterinary 
Public Health, 53(5), 203–208.  

Pogue, J. M., Dudley, M. N., Eranki, A., & Kaye, K. S. (2017). Tetracyclines and 
Chloramphenicol. In J. Cohen, W. Powderly, & S. Opal (Eds.), Infectious Diseases (4th 
Ed., pp. 1256–1260.e1). Elsevier Ltd.  

Portillo, A., Ruiz-Larrea, F., Zarazaga, M., Alonso, A., Martinez, J. L., & Torres, C. (2000). 
Macrolide Resistance Genes in Enterococcus spp . Antimicrobial Agents and 
Chemotherapy, 44(4), 967–971. 

Poulsen, L. L., Bisgaard, M., Son, N. T., Trung, N. V., An, H. M., & Dalsgaard, A. (2012). 
Enterococcus faecalis Clones in Poultry and in Humans with Urinary. Emerging Infectious 
Diseases, 18(7), 1096–1100. 

Prieto, A. M. G., Schaik, W. van, Rogers, M. R. C., Coque, T. M., Baquero, F., Corander, J., & 
Willems, R. J. L. (2016). Global Emergence and Dissemination of Enterococci as 
Nosocomial Pathogens: Attack of the Clones? Frontiers in Microbiology, 7(788).  

Radhouani, H., Igrejas, G., Pinto, L., Gonalves, A., Coelho, C., Rodrigues, J., & Poeta, P. 
(2011). Molecular characterization of antibiotic resistance in enterococci recovered from 
seagulls (Larus cachinnans) representing an environmental health problem. Journal of 
Environmental Monitoring, 13(8), 2227–2233.  

Ranotkar, S., Kumar, P., Zutshi, S., Prashanth, K. S., Bezbaruah, B., Anand, J., & Lahkar, M. 
(2014). Vancomycin-resistant enterococci: Troublemaker of the 21st century. Journal of 
Global Antimicrobial Resistance, 2(4), 205–212.  

Reynolds, P. E. (1989). Structure, biochemistry and mechanism of action of glycopeptide 
antibiotics. European Journal of Clinical Microbiology & Infectious Diseases, 8(11), 943–
950.  

Roberts, M. C. (2008). Update on macrolide-lincosamide-streptogramin, ketolide, and 
oxazolidinone resistance genes. FEMS Microbiology Letters, 282(2), 147–159.  

Robredo, B., Singh, K. V., Torres, C., & Murray, B. E. (2000). Streptogramin Resistance and 
Shared Pulsed-Field Gel Electrophoresis Patterns in vanA-Containing Enterococcus 
faecium and Enterococcus hirae Isolated from Humans and Animals in Spain. Microbial 
Drug Resistance), 6(4), 305–311.  

Rossolini, G. M., Arena, F., & Giani, T. (2017). Mechanisms of Antibacterial Resistance. In J. 
Cohen, W. Powderly, & S. Opal (Eds.), Infectious Diseases (4th Ed., pp. 1181–1196.e1). 
Elsevier Ltd.  

Ruiz-Garbajosa, P., Bonten, M. J. M., Robinson, D. A., Top, J., Nallapareddy, S. R., Torres, 
C., … Willems, R. J. L. (2006). Multilocus Sequence Typing Scheme for Enterococcus 
faecalis Reveals Hospital-Adapted Genetic Complexes in a Background of High Rates of 
Recombination. Journal of Clinical Microbiology, 44(6), 2220–2228.  

Ruiz-Garbajosa, P., Coque, T. M., Cantón, R., Willems, R. J. L., Baquero, F., & Del Campo, 
R. (2007). Los complejos clonales de alto riesgo CC2 y CC9 están ampliamente 
representados en cepas hospitalarias de Enterococcus faecalis aisladas en España. 
Enfermedades Infecciosas y Microbiologia Clinica, 25(8), 513–518.  

Sabia, C., De Niederhäusern, S., Guerrieri, E., Messi, P., Anacarso, I., Manicardi, G., & Bondi, 
M. (2008). Detection of bacteriocin production and virulence traits in vancomycin-resistant 
enterococci of different sources. Journal of Applied Microbiology, 104(4), 970–979.  

Sanyal, G., & Doig, P. (2012). Bacterial DNA replication enzymes as targets for antibacterial 



85 
 

drug discovery. Expert Opinion on Drug Discovery, 7(4), 327–339.  

Schindler, B. D., Buensalido, J. A. L., & Kaatz, G. W. (2017). Fluoroquinolone Resistance in 
Bacteria. In D. L. Mayers, J. D. Sobel, M. Ouellette, K. S. Kaye, & D. Marchaim (Eds.), 
Antimicrobial Drug Resistance: Mechanisms of Drug Resistance (2nd Ed., pp. 245–263). 

Schnellmann, C., Gerber, V., Rossano, A., Jaquier, V., Panchaud, Y., Doherr, M. G., … 
Perreten, V. (2006). Presence of New mecA and mph(C) Variants Conferring Antibiotic 
Resistance in Staphylococcus spp. Isolated from the Skin of Horses before and after 
Clinic Admission. Journal of Clinical Microbiology, 44(12), 4444–4454. 

Schouten, M. A., Willems, R. J. L., Kraak, W. A. G., Top, J., Hoogkamp-Korstanje, J. A. A., & 
Voss, A. (2001). Molecular Analysis of Tn1546-Like Elements in Vancomycin-Resistant 
Enterococci Isolated from Patients in Europe Shows Geographic Transposon Type 
Clustering. Antimicrobial Agents and Chemotherapy, 45(3), 986–989.  

Schwarz, S., Kehrenberg, C., Doublet, B., & Cloeckaert, A. (2004). Molecular basis of bacterial 
resistance to chloramphenicol and florfenicol. FEMS Microbiology Reviews, 28(5), 519–
542.  

Semedo, T., Santos, M. A., Martins, P., Fátima, M., Lopes, M. F. S., Marques, J. J. F., … 
Crespo, M. T. B. (2003). Comparative Study Using Type Strains and Clinical and Food 
Isolates To Examine Hemolytic Activity and Occurrence of the cyl Operon in Enterococci. 
Journal of Clinical Microbiology, 41(6), 2569–2576.  

Šeputiene, V., Bogdaite, A., Ružauskas, M., & Sužiedeliene, E. (2012). Antibiotic resistance 
genes and virulence factors in Enterococcus faecium and Enterococcus faecalis from 
diseased farm animals: Pigs, cattle and poultry. Polish Journal of Veterinary Sciences, 
15(3), 431–438.  

Shankar, V., Baghdayan, A. S., Huycke, M. M., Lindahl, G., & Gilmore, M. S. (1999). Infection-
Derived Enterococcus faecalis Strains Are Enriched in esp, a Gene Encoding a Novel 
Surface Protein. Infection and Immunity, 67(1), 193–200.  

Shaw, K. J., & Barbachyn, M. R. (2011). The oxazolidinones: past, present, and future. Annals 
of the New York Academy of Sciences, 1241, 48–70.  

Shepard, B. D., & Gilmore, M. S. (2002). Antibiotic-resistant enterococci: the mechanisms and 
dynamics of drug introduction and resistance. Microbes and Infection, 4(2), 215–224.  

Shete, V., Grover, N., & Kumar, M. (2017). Analysis of Aminoglycoside Modifying Enzyme 
Genes Responsible for High-Level Aminoglycoside Resistance among Enterococcal 
Isolates. Journal of Pathogens, 2017.  

Silva, V., Igrejas, G., Carvalho, I., Peixoto, F., Cardoso, L., Pereira, J. E., … Poeta, P. (2017). 
Genetic Characterization of vanA- Enterococcus faecium Isolates from Wild Red-Legged 
Partridges in Portugal. Microbial Drug Resistance, 24(1),89-94. 

Soares-Santos, V., Barreto, A. S., & Semedo-Lemsaddek, T. (2015). Characterization of 
Enterococci from Food and Food-Related Settings. Journal of Food Protection, 78(7), 
1320–1326.  

Soheili, S., Ghafourian, S., Sekawi, Z., Neela, V., Sadeghifard, N., Ramli, R., & Hamat, R. A. 
(2014). Wide Distribution of Virulence Genes among Enterococcus faecium and 
Enterococcus faecalis Clinical Isolates. The Scientific World Journal, 2014.  

Soriano, F. (2010). Streptogramins. In R. Finch, D. Greenwood, R. Whitley, & R. S. Norrby 
(Eds.), Antibiotic and Chemotherapy (9th Ed., pp. 334–336). Elsevier Health Sciences. 

Sutcliffe, J., Grebe, T., Tait-Kamradt, A., & Wondrack, L. (1996). Detection of Erythromycin-
Resistant Determinants by PCR. Antimicrobial Agents and Chemotherapy, 40(11), 2562–
2566. 



86 
 

Tang, S. S., Apisarnthanarak, A., & Hsu, L. Y. (2014). Mechanisms of β-lactam antimicrobial 
resistance and epidemiology of major community- and healthcare-associated multidrug-
resistant bacteria. Advanced Drug Delivery Reviews, 78, 3–13.  

Thumu, S. C. R., & Halami, P. M. (2014). Phenotypic expression, molecular characterization 
and transferability of erythromycin resistance genes in Enterococcus spp. isolated from 
naturally fermented food. Journal of Applied Microbiology, 116(3), 689–699.  

Tollefson, L., & Karp, B. E. (2004). Human health impact from antimicrobial use in food 
animals. Médecine et Maladies Infectieuses, 34, 514–521.  

Top, J., Willems, R., & Bonten, M. (2008). Emergence of CC17 Enterococcus faecium: from 
commensal to hospital-adapted pathogen. FEMS Immunology and Medical Microbiology, 
52(3), 297–308.  

Torres, C., Alonso, C. A., Ruiz-Ripa, L., León-Sampedro, R., del Campo, R., & Coque, T. M. 
(2018). Antimicrobial Resistance in Enterococcus spp. of animal origin. Microbiology 
Spectrum, 6(4). 

Trivedi, K., Cupakova, S., & Karpiskova, R. (2011). Virulence factors and antibiotic resistance 
in enterococci isolated from food-stuffs. Veterinarni Medicina, 56(7), 352–357. 

Tsikrikonis, G., Maniatis, A. N., Labrou, M., Ntokou, E., Michail, G., Daponte, A., … Pournaras, 
S. (2012). Differences in biofilm formation and virulence factors between clinical and fecal 
enterococcal isolates of human and animal origin. Microbial Pathogenesis, 52(6), 336–
343.  

Tyson, G. H., Nyirabahizi, E., Crarey, E., Kabera, C., Lam, C., Rice-Trujillo, C., … Tate, H. 
(2017). Prevalence and Antimicrobial Resistance of Enterococci Isolated from Retail 
Meats in the United States, 2002-2014. Applied and Environmental Microbiology, 84(1).  

Upadhyaya, G. P. M., Lingadevaru, U. B., & Lingegowda, R. K. (2011). Comparative study 
among clinical and commensal isolates of Enterococcus faecalis for presence of esp gene 
and biofilm production. Journal of Infection in Developing Countries, 5(5), 365–369. 

Upadhyaya, P. G., Ravikumar, K., & Umapathy, B. (2009). Review of virulence factors of 
enterococcus: An emerging nosocomial pathogen. Indian Journal of Medical 
Microbiology, 27(4), 301-305.  

Valenzuela, A. S., Benomar, N., Abriouel, H., Cañamero, M. M., & Gálvez, A. (2010). Isolation 
and identification of Enterococcus faecium from seafoods: Antimicrobial resistance and 
production of bacteriocin-like substances. Food Microbiology, 27(7), 955–961.  

Valenzuela, A. S., Lerma, L. L., Benomar, N., Gálvez, A., Pulido, R. P., & Abriouel, H. (2013). 
Phenotypic and Molecular Antibiotic Resistance Profile of Enterococcus faecalis and 
Enterococcus faecium Isolated from Different Traditional Fermented Foods. Foodborne 
Pathogens and Disease, 10(2), 143–149.  

van Bambeke, F., Mingeot-Leclercq, M.-P., Glupczynski, Y., & Tulkens, P. M. (2017). 
Mechanisms of Action. In J. Cohen, W. Powderly, & S. Opal (Eds.), Infectious Diseases 
(4th Ed., pp. 1162–1180.e1). Elsevier.  

van Eijk, E., Wittekoek, B., Kuijper, E. J., & Smits, W. K. (2017). DNA replication proteins as 
potential targets for antimicrobials in drug-resistant bacterial pathogens. Journal of 
Antimicrobial Chemotherapy, 72(5), 1275–1284.  

Van Tyne, D., Martin, M. J., & Gilmore, M. S. (2013). Structure, Function, and Biology of the 
Enterococcus faecalis Cytolysin. Toxins, 5, 895–911.  

Vankerckhoven, V., Van Autgaerden, T., Vael, C., Lammens, C., Chapelle, S., Rossi, R., … 
Goossens, H. (2004). Development of a multiplex PCR for the detection of asaI, gelE, 
cylA, esp, and hyl genes in enterococci and survey for virulence determinants among 



87 
 

european hospital isolates of Enterococcus faecium. Journal of Clinical Microbiology, 
42(10), 4473–4479.  

Vu, J., & Carvalho, J. (2011). Enterococcus: review of its physiology, pathogenesis , diseases 
and the challenges it poses for clinical microbiology. Frontiers in Biology, 6(5), 357–366.  

Walsh, C. (2003a). Antibiotics: Initial Concepts. In Antibiotics : actions, origins, resistance (pp. 
3–11). Washington, DC: American Society for Microbiology Press. 

Walsh, C. (2003b). Antibiotics That Act on Cell Wall Biosynthesis. In Antibiotics : actions, 
origins, resistance (pp. 23–50). Washington, DC: American Society for Microbiology 
Press. 

Wang, S., Gao, X., Gao, Y., Li, Y., Cao, M., Xi, Z., … Feng, Z. (2017). Tetracycline Resistance 
Genes Identified from Distinct Soil Environments in China by Functional Metagenomics. 
Frontiers in Microbiology, 8(1406). 

Wang, Y., Lv, Y., Cai, J., Schwarz, S., Cui, L., Hu, Z., … Shen, J. (2015). A novel gene, optrA, 
that confers transferable resistance to oxazolidinones and phenicols and its presence in 
Enterococcus faecalis and Enterococcus faecium of human and animal origin. Journal of 
Antimicrobial Chemotherapy, 70(8), 2182–2190.  

Werner, G. (2012). Current Trends of Emergence and Spread of Vancomycin-Resistant 
Enterococci. In M. Pana (Ed.), Antibiotic Resistant Bacteria - A Continuous Challenge in 
the New Millennium (pp. 303–354). Rijeka, Croatia: InTech Press.  

Werner, G., Coque, T. M., Franz, C. M. A. P., Grohmann, E., Hegstad, K., Jensen, L., … 
Weaver, K. (2013). Antibiotic resistant enterococci-Tales of a drug resistance gene 
trafficker. International Journal of Medical Microbiology, 303, 360–379.  

Werner, G., Coque, T. M., Hammerum,  a M., Hope, R., Hryniewicz, W., Johnson, A., … 
Kristinsson, K. G. (2008). Emergence and spread oof vancomycin resistance among 
Enterococci in Europe. Eurosurveillance, 13(47), 1–11. 

Willems, R. J. L., Hanage, W. P., Bessen, D. E., & Feil, E. J. (2011). Population biology of 
Gram-positive pathogens: high-risk clones for dissemination of antibiotic resistance. 
FEMS Microbiology Reviews, 35(5), 872–900.  

Willems, R. J. L., Top, J., Santen, M. van, Robinson, D. A., Coque, T. M., Baquero, F., … 
Bonten, M. J. M. (2005). Global Spread of Vancomycin-resistant Enterococcus faecium 
from Distinct Nosocomial Genetic Complex. Emerging Infectious Diseases, 11(6), 821–
828.  

Wilson, I. G., & McAfee, G. G. (2002). Vancomycin-resistant enterococci in shellfish, 
unchlorinated waters, and chicken. International Journal of Food Microbiology, 79(3), 
143–151.  

Wondrack, L., Massa, M., Yang, B. V., & Sutcliffe, J. (1996). Clinical Strain of Staphylococcus 
aureus Inactivates and Causes Efflux of Macrolides. Antimicrobial Agents and 
Chemotherapy, 40(4), 992–998. 

Woodford, N. (2001). Epidemiology of the Genetic Elements Responsible for Acquired 
Glycopeptide Resistance in Enterococci. Microbial Drug Resistance, 7(3), 229–236. 

Woodford, N., Morrison, D., Johnson, A. P., Briant, V., George, R. C., & Cookson, B. (1993). 
Application of DNA Probes for rRNA and vanA Genes to Investigation of a Nosocomial 
Cluster of Vancomycin-Resistant Enterococci. Journal of Clinical Microbiology, 31(3), 
653–658. 

Yang, J. X., Li, T., Ning, Y., Shao, D., Liu, J., Wang, S., & Liang, G. (2015). Molecular 
characterization of resistance, virulence and clonality in vancomycin-resistant 
Enterococcus faecium and Enterococcus faecalis: A hospital-based study in Beijing, 



88 
 

China. Infection, Genetics and Evolution, 33, 253–260.  

Yuen, G. J., & Ausubel, F. M. (2014). Enterococcus infection biology: Lessons from 
invertebrate host models. Journal of Microbiology, 52(3), 200–210.  

Zarrilli, R., Tripodi, M.-F., Di Popolo, A., Fortunato, R., Bagattini, M., Crispino, M., … Utili, R. 
(2005). Molecular epidemiology of high-level aminoglycoside-resistant enterococci 
isolated from patients in a university hospital in southern Italy. Journal of Antimicrobial 
Chemotherapy, 56(5), 827–835. 

Zoletti, G. O., Pereira, E. M., Schuenck, R. P., Teixeira, L. M., Siqueira, J. F., & Dos Santos, 
K. R. N. (2011). Characterization of virulence factors and clonal diversity of Enterococcus 
faecalis isolates from treated dental root canals. Research in Microbiology, 162(2), 151–
158 

Zou, L.-K., Wang, H.-N., Zeng, B., Li, J.-N., Li, X.-T., Zhang, A.-Y., … Xia, Q.-Q. (2011). 
Erythromycin resistance and virulence genes in Enterococcus faecalis from swine in 
China. New Microbiologica, 34, 73–80.



89 
 

Annexes 

 

Annex A: Poster Presentation at 2nd International Caparica Conference in Antibiotic Resistance 
(IC2AR), Caparica, Almada, Portugal 

 

Enterococcus species from fish used to sushi preparation 

 

Anicia Gomes 1-3*, José Pedro Sampaio 1-3, Vânia Santos 1-3, Margarida Sousa 1-3, Gilberto 
Igrejas 1,2,4, Patrícia Poeta 3,4 

1Functional Genomics and Proteomics Unit, University of Trás-os-Montes and Alto Douro, 
Vila Real, Portugal 

2Department of Genetics and Biotechnology, University of Trás-os-Montes and Alto Douro, 
Vila Real, Portugal 

3Department of Veterinary Sciences, University of Trás-os-Montes and Alto Douro, Vila Real, 
Portugal 

4UCIBIO-REQUIMTE, Faculty of Science and Technology, University Nova of Lisbon, Lisbon, 
Caparica, Portugal 

*aniciagomes88@gmail.com 

Abstract 

The consumption of sushi, sashimi or nigiri, which are raw or undercooked dishes, became 
popular around Europe in the last years. This practice carries a health risk for the consumers 
because of the ingestion of raw muscle that could lead to the ingestion of pathogenic bacteria 
or parasites [1]. Enterococci, bacteria that colonize the gastrointestinal tract of humans and 
other animals, are also known as important human pathogens because of their capacity to 
acquire virulence and ability to develop antibiotic resistance [2,3]. These Gram-positive 
bacteria represent a public health problem due to their aptitude to transmit to other bacteria 
their pathogenic behavior. Therefore, the goal of this work was to study and characterize 
Enterococcus spp. strains isolated from 66 samples of 5 different fish species usually used to 
prepare the sushi dishes: tuna, salmon, European seabass, bramble shark and red porgy. 
Samples were isolated on Slanetz- Bartley plates and confirmed by biochemistry methods. 
Also, enterococci species were determined using the polymerase chain reaction technique 
(PCR). For this analysis were selected 36 isolates: 10 isolates from red porgy, 8 isolates from 
tuna, bramble shark and European seabass and 2 isolates from salmon. The percentages of 
enterococci detected were: 33% E. faecalis, 28% E. faecium, 3% E. durans and 3% E. 
gallinarum. No E. hirae or E. casseliflavus. The other 33% were classified as Enterococcus 
spp. These results suggest that fecal bacteria are present in raw fish. This can be hazardous 
to human health as these animals can be reservoirs of antimicrobial resistant zoonotic bacteria, 
consisting in a public health issue due to no heating process before consumption. 
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Detección de cepas Enterococcus faecium portadoras del gen vanA aisladas de 
pescado para consumo humano 
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Los enterococos son microrganismos comensales de la microbiota de personas y de animales 
y, al mismo tiempo, importantes patógenos oportunistas. El mecanismo vanA es el más 
frecuente entre los aislados de Enterococcus resistentes a la vancomicina (ERV). En el 
pasado se asoció la emergencia de cepas ERV con el genotipo vanA en el ámbito 
extrahospitalario (animales, alimentos) con el uso del glucopéptido avoparcina como promotor 
del crecimiento animal; por ello, se prohibió hace dos décadas dicho uso en Europa. El objetivo 
en este trabajo fue estudiar la prevalencia de enterococos con resistencia adquirida a 
vancomicina en pescado, en Portugal, después de dos décadas de la prohibición de la 
avoparcina. Se recogieron 150 muestras de pescado (atún, salmón, lubina, pez clavo y 
besugo) de mercados al aire libre y de supermercados del Norte de Portugal, procedente de 
piscifactorías durante 2015. Las muestras fueron inoculadas en Slanetz Bartley suplementado 
con vancomicina (6 µg/mL). Las cepas con morfología de enterococo fueron identificadas por 
MALDI-TOF. Se determinó el fenotipo de resistencia por disco-placa y los genes de resistencia 
y de virulencia por PCR y secuenciación. Las cepas fueron tipadas mediante MLST y se 
caracterizó el transposón Tn1546. Se detectaron enterococos en 63 de las 150 muestras de 
pescado analizado (42%). En tres de estas muestras se identificó Enterococcus faecium con 
el gen de resistencia a la vancomicina vanA: dos muestras de salmón y una de lubina. Las 
tres cepas E. faecium vanA (una/muestra) presentaron un fenotipo de multirresistencia que 
incluía quinupristina-dalfopristina, tetraciclina, eritromicina y estreptomicina, además de 
vancomicina y teicoplanina. Una de las cepas presentó asimismo resistencia a ampicilina. Las 
tres cepas E. faecium vanA albergaban los genes erm(B) y tet(K) [en una cepa asociado tet(L) 
y en otra a tet(M)]. Ninguna de las cepas vanA contenía los genes de virulencia esp y hyl. Las 
cepas E. faecium vanA fueron tipadas mediante MLST y pertenecían a la secuencia tipo 
ST139. Las tres cepas ERV presentaron el tipo clásico de transposón Tn1546, sin elementos 
IS. Se detecta la presencia de E. faecium vanA en el 2% de las muestras de pescado 
analizadas procedentes de piscifactorías, y incluidas en la cadena alimentaria. Aunque la 
prevalencia detectada sea baja, pone de manifiesto que estas cepas multirresistentes aún 
están dispersas en el medioambiente y en los alimentos, incluso después de dos décadas del 
uso de glucopéptidos como promotores del crecimiento animal. Es posible que procesos de 
co-selección puedan estar implicados, teniendo en cuenta la presencia conjunta de genes de 
resistencia a diferentes familias de antibióticos. 


