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Abstract: Enterococcus faecalis is one of the species most strongly associated with cases of nosocomial 12 

infections. This pathogen is resistant to several antimicrobial classes, having an enormous capacity 13 

to acquire and transfer resistance genes. The objective of this work was to evaluate the level of anti- 14 

biotic resistance Enterococcus faecalis isolates recovered from samples of food supplied to ornamental 15 

animals. A total of 57 samples of ornamental animal feed (birds, fish, mammals and reptiles) were 16 

collected between February and December 2020. Hundred and three Enterococcus faecalis putative 17 

isolates, obtained from Slanetz-Bartley and Kanamycin azide aesculin agar selective plates, were 18 

recovered from 15 birds, 9 from fish and 4 from reptile feed samples. The identification of isolates 19 

was confirmed by standard biochemical tests. Antimicrobial susceptibility was performed using 14 20 

antimicrobial agents by the Kirby-Bauer disk diffusion method, according to the Clinical and La- 21 

boratory Standards Institute standards. Enterococcus faecalis isolates showed a higher prevalence of 22 

rifampicin resistance (77.7%). Additionally, these isolates also demonstrated resistance to erythro- 23 

mycin (48.5%) and ciprofloxacin (37.9%). None of the isolates showed resistance to gentamicin and 24 

streptomycin. Almost half of the isolates (47.6%) showed multidrug-resistance profile; 23.3% 25 

showed resistance to 3 different antimicrobial classes, 6.8% to 4 and 17.5% to 5 or more classes. In 26 

conclusion, these results indicated a significant presence of E. faecalis in the feeding of ornamental 27 

animals, as well as, multidrug-resistant isolates, becoming a public health problem given the prox- 28 

imity and interaction of humans with these animals. 29 

Keywords: Enterococcus faecalis; feed; ornamental animals; antibiotic resistance 30 

 31 

1. Introduction 32 

Enterococcus faecalis is one of the species most evaluated and studied because it is 33 

predominantly found in humans, and is strongly associated with cases of nosocomial in- 34 

fections [1], such as bacteremia, septicemia, urinary tract infections, wound infections, 35 

meningitis and endocarditis [2-4]. This pathogen is resistant to several antimicrobial clas- 36 

ses, such as β-lactams, aminoglycosides, glycopeptides, lincosamides, streptogramins and 37 

also trimethoprim sulfamethoxazole [5], having an enormous capacity to acquire and 38 

transfer resistance genes [6]. In order to induce inflammatory processes and increase an- 39 

timicrobial resistance, E. faecalis produces virulence factors and biofilms [7,8].  40 

Antimicrobial resistance is a serious problem with an impact on wildlife, the envi- 41 

ronment and especially on human health. Since the inappropriate use of antibiotics facil- 42 

itates the spread of resistance and hinders the treatment of infectious diseases in the hu- 43 

man and animal population. Ornamental animals are considered as strong reservoirs of 44 

antibiotic-resistant microorganisms and, due to close contact and the increased interaction 45 

with humans, they can transfer them to humans [9]. 46 

The aim of this work was to evaluate the level of antibiotic resistance Enterococcus 47 

faecalis isolates recovered from samples of food supplied to ornamental animals. 48 

2. Materials and Methods 49 

(http://creativecommons.org/licenses

/by/4.0/). 
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2.1. Isolates 1 

A total of 57 samples of ornamental animal feed (birds, fish, mammals and reptiles) 2 

were collected between February and December 2020. Hundred and three Enterococcus 3 

faecalis putative isolates, obtained from Slanetz-Bartley agar (Liofilchem®  s.r.l., Italy) and 4 

Kanamycin aesculin azide agar (Liofilchem®  s.r.l., Italy) selective plates, were recovered 5 

from 15 birds, 9 from fish and 4 from reptile feed samples. The identification of isolates 6 

was confirmed by standard biochemical test, like Gram stain, catalase and 6.5% NaCl tests. 7 

2.2. Antimicrobial susceptibility testing 8 

Antimicrobial susceptibility was performed using 14 antimicrobial agents , such as 9 

Ampicilin (10 µg), Vancomycin (30 µg), Teicoplanin (30 µg) , Tetracycline (30 µg), Eryth- 10 

romycin (15 µg), Ciprofloxacin (5 µg), Chloramphenicol (30 µg), Quinupristin/ dalfopris- 11 

tin (15 µg), Nitrofurantoin (300 µg), Rifampicin (5 µg), Fosfomycin (200 µg), Gentamicin 12 

(120 µg), Streptomycin (300 µg) and Linezolid (30 µg), by the Kirby-Bauer disk diffusion 13 

method, according to the Clinical and Laboratory Standards Institute standards [10].  14 

Each E. faecalis isolate was inoculated in plates with Muller-Hinton medium (Oxoid® , 15 

UK) impregnated with various antibiotic disks in different concentrations. Subsequently, 16 

the plates were incubated at 37℃ for 18-24h. After this period, the inhibition halo formed 17 

around each disk was measured and registered.  18 

3. Results  19 

Enterococcus faecalis isolates showed a higher prevalence of rifampicin resistance 20 

(77.7%). Additionally, these isolates also demonstrated resistance to erythromycin 21 

(48.5%), ciprofloxacin (37.9%), and tetracycline (26.2%). For the remaining tested antibiot- 22 

ics, lower levels of resistance were observed (≤ 19.4%), being that, none of the isolates 23 

showed resistance to gentamicin and streptomycin. All E. faecalis isolates were intrinsi- 24 

cally resistant to quinupristin/dalfopristin (Table 1).  25 

Almost half of the isolates (47.6%) showed multidrug-resistance profile (Figure 1), 26 

where 23.3% showed resistance to 3 different antimicrobial classes, 6.8% to 4 and 17.5% to 27 

5 or more classes. On the other hand, 17.5% of the isolates showed resistance to 1 antimi- 28 

crobial class and 26.2% to 2, however, 8.7% did not show resistance to any antibiotic (Fig- 29 

ure 2).  30 

 31 

 32 

 33 

 34 

 35 

 36 

 37 

 38 

Table 1. Resistance to different antimicrobial classes detected in Enterococcus  39 

faecalis isolates. 40 

Antibiotic  

agent 

Antimicrobial  

class 

Resistant isolates 

Number % 

Ampicilin (AMP) Penicilins 3 2.9 

Vancomycin (VA) Glycopeptides 3 2.9 

Teicoplanin (TEC) Glycopeptides 3 2.9 

Tetracycline (TE) Tetracyclines 27 26.2 

Erythromycin (E) Macrolides 50 48.5 

Ciprofloxacin (CIP) Fluoroquinolones 39 37.9 

Chloramphenicol (C) Phenicols 4 3.9 
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Quinupristin/ dalfopris-

tin (QD) 
Streptogramins 103 100* 

Nitrofurantoin (F) Nitrofurantoins 19 18.4 

Rifampicin (RD) Ansamycins 80 77.7 

Fosfomycin (FOS) Fosfoycins 7 6.8 

Gentamicin (CN) Aminoglicosides 0 0 

Streptomycin (S) Aminoglicosides 0 0 

Linezolid (LNZ) Oxazolidinones 20 19.4 

*: intrinsic resistance.    

   

 

 

Figure 1. Percentage of the isolates with or no multidrug resistance (≥3 antibiotic classes) obtained 1 
in this study. 2 

    3 
Figure 2. Percentage of the Enterococci isolates that showed resistance to antimicrobial classes 4 

analyzed in this study. 5 

4. Discussion 6 

Enterococci are commonly found in several animals and food of animal origin. How- 7 

ever, the data described in the literature about resistance to antibiotics in ornamental ani- 8 

mal feed, is still very scarce. In our study, the presence of E. faecalis was identified in 28 of 9 

57 analyzed ornamental samples. 10 

Recently, Dolka et al. [11] evaluated the presence of Enterococcus spp. in racing pi- 11 

geons (Columba livia f. Domestica), observing that almost all isolates, about 93.1%, were re- 12 

sistant to at least one antibiotic and that E. faecalis was one of the most identified species in 13 

these birds. In this study, E. faecalis showed resistance more frequently to teicoplanin 14 

(100%) and erythromycin (82.4%). Another study whose aim was to determine antimicro- 15 

bial susceptibility and virulence traits of Enterococcus faecalis isolates from human clinical 16 

specimens and retail red meat in Slovenia, it was observed that 29.6% of E. faecalis with a 17 
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clinical origin, showed multidrug resistance. It was also verified that the majority of clini- 1 

cal E. faecalis isolates were resistant to tetracycline (78.9%), followed by the resistance to 2 

erythromycin (46.5%) [12]. In comparison with Dolka et al. [11] and Golob et al. [12], our 3 

study showed that E. faecalis presented significant resistance values to erythromycin 4 

(48.5%), but it has a lower percentage of resistance to tetracycline (26.2) and teicoplanin 5 

(2.9%). However, the number of multiresistant isolates is higher in our study compared to 6 

that obtained in Golob et al. [12].  7 

   8 

5. Conclusions 9 

These results indicated a significant presence of E. faecalis in the feeding of ornamen- 10 

tal animals, as well as, multidrug-resistant isolates, becoming a public health problem 11 

given the proximity and interaction of humans with these animals. Therefore, it is neces- 12 

sary to resort new alternatives to curb this problem, and the use of probiotics, phytochem- 13 

icals, bacteriophages, among others, can be used as substitutes for antibiotics. 14 
 15 
Author Contributions: Conceptualization, R.S. and C.M.; methodology, R.S., S.C. and L.R.; valida- 16 
tion, G.I., C.M. and P.P.; writing—original draft preparation, R.S.; supervision, G.I., C.M. and P.P. 17 
All authors have read and agreed to the published version of the manuscript. 18 

Funding: This work was funded by the R&D Project CAREBIO2 (Comparative assessment of anti- 19 
microbial resistance in environmental biofilms through proteomics - towards innovative theragnos- 20 
tic biomarkers), with reference NORTE-01-0145-FEDER-030101 and PTDC/SAU-INF/30101/2017, fi- 21 
nanced by the European Regional Development Fund (ERDF) through the Northern Regional Op- 22 
erational Program (NORTE 2020) and the Foundation for Science and Technology (FCT). This work 23 
was supported by the Associate Laboratory for Green Chemistry - LAQV which is financed by na- 24 
tional funds from FCT/MCTES (UIDB/50006/2020 and UIDP/50006/2020).   25 

Conflicts of Interest: The authors declare no conflict of interest. 26 

References 27 

1. Arias, C.A.; Murray, B.E. The rise of the Enterococcus: beyond vancomycin resistance. Nat Rev Microbiol. 2012, 10, 266-278. 28 
2. Campos, A.C.; Souza, N.R.; Silva, P.H.C.; Santana, A.P. Resistência antimicrobiana em Enterococcus faecalis e Enterococcus faecium 29 

isolados de carcaças de frango. Pesq Vet Bras. 2013, 33(5), 575–80. 30 
3. Thurlow, L.R.; Thomas, V.C.; Narayanan, S.; Olson, S.; Fleming, S. D.; Hancock, L.E. Gelatinase contributes to the pathogenesis 31 

of endocarditis caused by Enterococcus faecalis. Infect Immun. 2010, 78(11), 4936–43. 32 
4. Zhang, Y.; Du, M.; Chang, Y.; Chen, L.; Zhang, Q. Incidence, clinical characteristics, and outcomes of nosocomial Enterococcus 33 

spp. bloodstream infections in a tertiary-care hospital in Beijing, China: A four-year retrospective study. Antimicrob Resist Infect 34 
Control. 2017, 6(1), 1–11. 35 

5. Hollenbeck B.L.; Rice L.B. Intrinsic and acquired resistance mechanisms in Enterococcus. Virulence. 2012, 3, 421-33. 36 
6. Aarestrup, F.M.; Wegener, H.C.; Collignon, P. Resistance in bacteria of the food chain: epidemiology and control strategies. 37 

Expert Rev Anti Infect Ther. 2008, 6, 733-750. 38 
7. ASMAH, N. Molecular aspects of Enterococcus faecalis virulence. Jurnal of Syiah Kuala Dentistry. 2020, 5(2), 89–94. 39 
8. Li, B.; Webster, T. J. Bacteria antibiotic resistance: New challenges and opportunities for implant-associated orthopedic infec- 40 

tions. J Orthop Res. 2018,. 36(1):22–32. 41 
9. Radhouani, H.; Silva, N.; Poeta, P.; Torres, C.; Correia, S.; Igrejas, G. Potential impact of antimicrobial resistance in wildlife, 42 

environment, and human health. Front Microbiol. 2014, 5, 1-12. 43 
10. CLSI. Performance Standards for Antimicrobial Disk Susceptibility Tests. 13th ed. CLSI standard M02. Wayne, PA: Clinical and 44 

Laboratory Standards Institute; 2018. 45 
11. Dolka, B.; Michał C.; Dorota C.; Aleksandra L.; Piotr S. Prevalence, antibiotic susceptibility and virulence factors of Enterococcus 46 

species in racing pigeons (Columba livia f. domestica). BMC Vet Res. 2020, 16(1), 1–14. 47 
12. Golob, M.; Pate, M.; Kušar, D.; Dermota, U.; Avberšek, J.; Papic, B.; Zdovc, I.. Antimicrobial Resistance and Virulence Genes in 48 

Enterococcus faecium and Enterococcus faecalis from Humans and Retail Red Meat. BioMed Res Int. 2019, 2019, 14–16. 49 
 50 

 51 
 52 

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations. 53 

 54 



The 1st International Electronic Conference on Antibiotics (ECA 2021) 6 of 6 
 

 

 

©  2019 by the authors. Submitted for possible open access publication under the terms 

and conditions of the Creative Commons Attribution (CC BY) license (http://creativecom-

mons.org/licenses/by/4.0/). 

 1 
 2 
 3 
 4 
 5 


