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ABSTRACT

The rise of antimicrobial resistance is a growing concern worldwide, however the role that wildlife
plays as a reservoir for antimicrobial resistant bacteria and the effect antimicrobial resistance has on
them remain relatively unknown. We isolated and identified pathogenic bacteria from samples
obtained from a juvenile sea lion (Otaria flavescens) necropsy from Isla de Lobos, Uruguay and
tested the Enterobacterial strains for the presence of antimicrobial resistance. Swabs were taken
from the larynx, esophagus, trachea, duodenum, and bladder. From a total of five isolated Gram-
negative strains, three bacterial species were identified: Escherichia coli, Escherichia ferrusoni and
Proteus mirabilis. All isolates expressed a resistance phenotype to Amoxicillin/clavulamic, Sulfa-
trimethoprim, Tetracycline, Doxycycline and Streptomycin, while three of the five isolates showed
resistance against Ciprofloxacin and two against Enrofloxacin and Cefovecin. These results provide
relevant information on the presence of antimicrobial resistant bacteria in marine mammals in
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Uruguay, demonstrating the need to deepen scientific knowledge of the dynamics of antimicrobial
resistance.

Keywords: multiple antibiotic resistance, wildlife antimicrobial resistance, one health, Escherichia
fergusoni

RESUMO

O aumento da resisténcia antimicrobiana é uma preocupacdo crescente em todo o mundo, no
entanto, o papel que a vida selvagem desempenha como reservatorio de bactérias resistentes aos
antimicrobianos e o efeito da resisténcia antimicrobiana sobre elas permanecem relativamente
desconhecidos. Isolamos e identificamos bactérias patogénicas de amostras obtidas de uma
necropsia de um ledo marinho juvenil (Otaria flavescens) de Isla de Lobos, Uruguai e testamos as
cepas de enterobactérias quanto a presenca de resisténcia antimicrobiana. Swabs foram retirados da
laringe, esofago, traqueia, duodeno e bexiga. De um total de cinco cepas Gram-negativas isoladas,
trés espécies bacterianas foram identificadas: Escherichia coli, Escherichia ferrusoni e Proteus
mirabilis. Todos os isolados expressaram um fenotipo de resisténcia & Amoxicilina/clavulamico,
Sulfa-trimetoprim, Tetraciclina, Doxiciclina e Estreptomicina, enquanto trés dos cinco isolados
apresentaram resisténcia contra Ciprofloxacina e dois contra Enrofloxacina e Cefovecina. Esses
resultados fornecem informacdes relevantes sobre a presenca de bactérias resistentes aos
antimicrobianos em mamiferos marinhos no Uruguai, demonstrando a necessidade de aprofundar o
conhecimento cientifico da dindmica da resisténcia antimicrobiana.

Palavras-chave: resisténcia a maultiplos antibioticos, resisténcia antimicrobiana em animais
selvagens, uma saude, Escherichia fergusoni

1 INTRODUCTION

The growing presence of antimicrobial resistance (AMR) is a pressing issue that if left
unaddressed may compromise human and animal health, possibly leading to a return to the pre-
antibiotic era (Camou et al., 2017). The United Nations’ Food and Agriculture Organization (FAO),
the World Organization for Animal Health (OIE) and the World Health Organization (WHO) jointly
called for the prevention and control of sanitary risks in the human-animal-environment interface,
a concept called “One Health”, which established the fight against AMR as a top priority. Since
then, the number of multi-resistant bacterial strains identified has increased continuously (Ahasana
et al., 2017). While the presence of AMR bacteria in wildlife has been known for some time, our
understanding of the scope and scale of the issue are inadequate due to a lack of monitoring and
documentation (Van den Honert et al., 2018).

Enterobacteriaceae are common commensal intestinal flora which can be reservoirs of
antibiotic resistance not only in humans (Bonelli et al., 2014), but also reptiles (Ahasana et al., 2017)
birds, fish (Lee et al., 2018; Wu et al., 2018), and marine mammals (Wallace et al., 2013). Several
genera of Enterobacteriaceae have pathogenic potential and are implicated in serious infections for
humans and animals, such as acute gastroenteritis, urinary tract infections and respiratory tract
infections (Kresken et al., 2016; Najjuka et al.,, 2016; Wright, 2010). For this reason,
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Enterobacteriaceae are a public health concern (Farifias and Martinez-Martinez, 2013), including
the emerging pathogen Escherichia fergusonii. Furthermore, the resistome of Enterobacteriaceae
and other Gram-negative bacteria possess incipient resistance to practically all available drugs
(CDC 2013; Golkar et al., 2014).

Aguatic environments can be contaminated from a wide variety of sources, including but not
limited to urban surface seepage and coastal effluent discharges (Gofii-Urriza et al., 2000).
Proximity to these sources of contamination increase the likelihood that marine life may be serving
as vectors and reservoirs AMR bacteria. In contrast, marine mammals not exposed to anthropic
pressure have much lower, and often a near-zero incidence rate of AMR bacteria (Wheeler et al.,
2012), indicating that anthropogenic contamination is likely the primary source of AMR in marine
microorganisms (Allen et al., 2010; Martinez, 2008). Thus, characterizing the impact of AMR on
wild populations and the role of wildlife as reservoirs of multi-resistant bacterial flora, as well as
bioindicators of the environmental health are paramount (Bonnedahl and Jarhult, 2014; Dolejska et
al., 2007; Koenig et al., 2011; Sayah et al., 2005; Sousa et al., 2014). Present information is
insufficient to characterize AMR bacteria in wildlife on a global scale. Thus, this case study serves

as an illustration of AMR in the region and the emergence of a pathogen novel to marine mammals.

2 MATERIALS AND METHODS

Isla de Lobos sits 8 km from the coast of Punta del Este, Uruguay (35°01'28"S 54°52'59"W).
The island hosts various marine animal species, including reptiles, birds, and mammals—the latter
represented by South American sea lions (Otaria flavescens) and South American fur seals
(Arctocephalus australis). The island is the largest focal concentration of Pinnipeds in South
America with an estimated 400,000 individuals (Ponce de Leon and Pin, 2006), and its proximity
to the relatively densely populated coast makes it susceptible to anthropic effects.

Samples were taken from the carcass of a six-month-old female sea lion (Otaria flavescens)
18 hours postmortem. During the necropsy, samples of the bladder, esophagus, larynx, trachea, and
two from the jejunum were taken using sterile agar gel transport swabs. Samples were taken to the
lab and refrigerated at 4° C until their processing (within 24 hours of sampling). The swabs were
seeded in Tryptic Soy Agar (TSA) and incubated at 37°C for 18-24 h, followed by gram staining.
Some isolates had small to medium-sized colonies, some white and some butter-colored, all with a
rounded shape and smooth edges. Gram-negative small pleomorphic bacilli, characteristic of
Enterobacteriaceae, could be observed in the Gram stain of all isolates. Very small Gram-positive
cocci were isolated from the trachea, though these isolates were not included in the study. In the

isolates of the jejunum sample, unlike the others, the growth of two types of colonies was observed.
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One medium sized colony, similar to those isolated in the other plates and another with swarming
production and a deep smell, characteristics associated with the genus Proteus sp.

The cultured bacteria were identified by PCR amplification of 16s rRNA followed by
sequencing. Genomic DNA extraction was performed using a boiling PBS + 0.05% Tween-20
protocol (Ghatak et al., 2013). The purity of the extracts was evaluated by spectrophotometry using
a NanoDrop (Thermo Scientific). Then a 844 bp fragment was amplified using primers 63F (5
'CAGGCCTAACACATGCAAGTC3) and 907R (5 'CCGTCAATTCCTTTRAGTTT3)
(Martinez-Rosales et al., 2011) in 25 uL reactions: 12.5 pL of MangoMix (Bioline®), 1 uL of each
primer at a concentration of 10 uM, 9.5 pL of sterile mQ H2O and 1 pL of DNA (approx. 150
ng/uL). The cycling conditions were: initial denaturation at 94° C for 2 minutes followed by 30
cycles of 40 seconds at 94° C, 50 seconds at 58° C and 1 minute at 72° C ending with a final
extension of 1 minute at 72° C. Presence of the amplified fragment was confirmed by gel
electrophoresis. PCR products were purified and sequenced by Macrogen Inc. (Seoul, South Korea).
Sequences were compared with the same gene and bacterial genus found in the Genbank database

(www.ncbi.nlm.nih.gov). Strains were identified using EZBioCloud (www.ezbiocloud.net).

Antimicrobial susceptibility was analyzed by antibiogram following the Kirby-Bauer Disc
diffusion method under the recommendations of the Clinical & Laboratory Standards Institute
(CLSI). At least one representative from each of the main antimicrobial families (Beta-lactams,
Aminoglycosides,  Macrolides,  Fluoroquinolones,  Tetracyclines,  Sulfonamides and
Diaminopyrimidines) was selected for the test whose spectrum of action includes the isolated

strains.

3 RESULTS

DNA sequences from the bladder and esophagus isolates corresponded to Shigella flexnieri
and Escherichia fergusonii strains with 99% identity, respectively. The larynx isolate and jejunum
isolate 1 were confirmed as E. fergusonii with 100% identity in all databases, and finally jejunum
isolate 2 was identified as Proteus mirabilis with 100% identity.

All isolated strains expressed resistance phenotype to Amoxicillin / clavulamic,
sulfamethoxasol / trimethoprim, Tetracycline, Doxycycline and Streptomycin. Additionally, the
bladder, esophagus, and larynx strains showed resistance against Ciprofloxacin and finally the
esophagus and larynx isolates showed resistance against Enrofloxacin and Cefovecin. None of the

isolated strains were resistant to Gentamicin (Table 1).
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Table 1. Results of the antibiograms performed on the bacterial isolates from Otaria flavescens. R: Resistant; S:
Sensitive.

- . . Jejunum
Sample origin Bladder Esophagus Larynx Jejunum (isolate 1) (isolate 2)
. . Shigella Shigella Escherichia Escherichia Proteus
Bacteria Species . - - . S
flexnieri flexnieri fergusonii fergusonii mirabilis
Amoxmlll_ln ar]d R R R R R
Clavulamic acid
Cefovecin S R R S S
Ciprofloxacin R R R S S
Enrofloxacin S R R S S
Tetracycline R R R R R
Doxycycline R R R R R
Azithromycin S S S S R
Streptomycin R R R R R
Gentamicin S S S S S
Sulfa-Trimethoprim R R R R R

4 DISCUSSION

Remarkably, all the isolated strains of Gram-negative Enterobacteriaceae manifested
phenotypic resistance to five or more of the ten antimicrobials to which they were exposed. The
selected antimicrobials are frequently used in human medicine such as Amoxicillin/Clavulamic
Acid and Sulfamethoxasol/Trimethoprim (Durand et al., 2018), as well as others widely used in
veterinary medicine such the tetracycline family (Tetracycline and Doxycycline) and the
aminoglycoside streptomycin (Hao et al., 2016). Evidence of resistance to cefovecin, the third-
generation cephalosporin, was revealed in some strains. The only antimicrobial against which no
resistance was found in this trial was Gentamicin. This widespread antimicrobial resistance may be
unsurprising considering the local economy depends, in part, on livestock production.

These samples represent the first documentation of E. fergusonii in marine mammals.
According to the most recent review about E. fergusonii in animal species (Gaastra et al., 2014),
Otaria flavescens and other marine mammal species are not carriers. Escherichia fergusonii is an

uncommon bacterial species that is emergent in humans and animals, and is generally associated
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with cases of urinary tract infection, bacteremia, diarrhea, pancreatic carcinoma, endophthalmitis,
and pleurisy in humans (Wragg et al., 2009). The importance of this bacterium for Otaria flavescens
and the role of marine mammals in the epidemiology of this infection in humans is unclear and
should be further studied.

These are the first results of this kind in Otaria flavescens, as well as the first in Uruguay.
Studies in other countries have found multiple antibiotic resistance in harbor seals (Phoca vitulina)
and harbor porpoises (Phocoena phocoena) from the Salish Sea on the West Coast of the United
States (Norman et al., 2021), and from fecal samples of Arctocephalus australis and Arctocephalus
tropicalis of the Southeastern Coast of Brazil (Santestevan et al., 2015). It is unclear if the resistance
was accumulated via effluents of antibiotics and other contaminants, or of the inter-species transfer
of the AMR bacteria themselves. In either case, the source of AMR was likely anthropogenic.

The release of antimicrobials, disinfectants, and other compounds, such as heavy metals into
the natural environment can favor the evolution of resistant bacteria (Baker-Austin et al., 2006).
These compounds are found in water and soil in different concentrations depending on the source
and their behavior in terms of degradation rate and adsorption to solids (Kummerer, 2009).
Municipal wastewater contains a variety of pollutants, including pharmaceuticals and personal
hygiene products. Similarly, hospital waste contains high concentrations of antimicrobials and
disinfectants, and industrial waste can include heavy metal compounds. Despite the roles these
effluents play in the creation and spread of AMR, little research exists on the dynamics of
antimicrobials and antibiotic-resistant strains and how these impact human and animal health on a
broad scale (Brahmi et al., 2018). This illustrates the existence of bacteria resistant to antimicrobials
in natural environments with which humans have close contact, and hints at the use of these species
as bioindicators of that system.

In conclusion, this is the first report of Escherichia fergusonii in Otaria flavescens, which
has important implications for public health as a pathogen and ought to be further investigated. In
addition, this is the first report of the presence of multi-resistant bacteria in Otaria flavescens in
Uruguay, the most important focal concentration of Pinnipeds in South America. This study
highlights the role wildlife play in AMR, a research thread that continues to lag behind our
knowledge of AMR in human and agricultural animals; to ensure that infectious diseases can

continue to be treated with effective and safe drugs (Torres et al., 2020) further research is needed.

Brazilian Journal of Animal and Environmental Research, Curitiba, v.5, n.4, p. 3477-3486, out./dez., 2022



Brazilian Journal of Animal and Environmental Research | 3483
ISSN: 2595-573X

ACKNOWLEDGMENTS

We would like to thank the Facultad de Veterinaria - Universidad de la Republica del Uruguay for
financing this research. We also wish to acknowledge Drs. Enrique Paez and Martin Lima for

collaborating with obtaining the samples.

Brazilian Journal of Animal and Environmental Research, Curitiba, v.5, n.4, p. 3477-3486, out./dez., 2022



Brazilian Journal of Animal and Environmental Research
ISSN: 2595-573X

3484

REFERENCES

Ahasana, M., Picarda, J., Elliotth, L., Kinobea R., Owensa L., Ariela, E. (2017). Evidence of
antibiotic resistance in Enterobacteriales isolated from green sea turtles, Cheloniamydas on the
Great  Barrier  Reef. Marine  Pollution Bulletin, 120(1-2), 8 - 27.
DOI: 10.1016/j.ijantimicag.2018.02.008

Allen, H., Donato, J., Wang, H., Cloud-Hansen, K., Davies, J., Handelsman, J. (2010). Call of the
wild: antibiotic resistance genes in natural environments. Nature Reviews Microbiology, 8(4), 251-
259. https://doi.org/10.1038/nrmicro2312

Baker-Austin, C., Wright, M., Stepanauskas, R., McArthur, J. (2006). Co-selection of antibiotic and
metal resistance. Trends in Microbiology, 14(4), 176-182. doi: 10.1016/j.tim.2006.02.006

Bonelli, R., Moreira, B., Picao, R. (2014). Antimicrobial resistance among Enterobacteriaceae in
South America: history, current dissemination status and associated socioeconomic factors. Drug
Resistance Updates, 17(1-2), 24-36. doi: 10.1016/j.drup.2014.02.001

Bonnedahl, J., Jarhult, J. (2014). Antibiotic resistance in wild birds. Upsala Journal of Medical
Science, 119(2), 113-116. doi: 10.3109/03009734.2014.905663

Brahmi, S., Touati, A., Dunyach-Remy, C., Sotto, A., Pantel, A., Lavigne, J. (2018). High
Prevalence of Extended-Spectrum B-Lactamase-Producing Enterobacteriaceae in Wild Fish from
the Mediterranean Sea in Algeria. Microbial Drug Resistance, 24(3), 290-298. doi:
10.1089/mdr.2017.0149.

Camou, T., Zunino, P., Hortal, M. (2017). Alarma por la resistencia a antimicrobianos: situacién
actual y desafios. Revista Médica del Uruguay, 33(4), 277-284.

Centers for Disease Control and Prevention (2013) https://www.cdc.gov/drugresistance/index.html.
Last accessed April 16, 2021.

Dolejska, M., Cizek, A., Literak, I. (2007). High prevalence of antimicrobial-resistant genes and
integrons in Escherichia coli isolates from Black-headed Gulls in the Czech Republic. Journal of
Applied Microbiology 103(1), 11-19. https://doi.org/10.1111/j.1365-2672.2006.03241.x

Durand, G., Raoult, D., Dubourg, G. (2018), Antibiotic discovery: History, methods and
perspectives. International Journal of Antimicrobial Agents, 53(4), 371-382.doi:
10.1016/j.ijantimicag.2018.11.010.

Farifias, M.C., Martinez-Martinez, L. (2013). Multiresistant Gram-negative bacterial infections:
Enterobacteria, Pseudomonas aeruginosa, Acinetobacter baumannii and other non-fermenting
Gram-negative bacilli. Enfermedades Infecciosas y Microbiolia Clinica, 31(6), 402-409. doi:
10.1016/j.eimc.2013.03.016.

Gaastra, W., Kusters, J.G., Van Duijkeren, E., Lipman, L.J. (2014). Escherichia fergusonii.
Veterinary Microbiology, 172(1-2), 7-12. doi: 10.1016/j.vetmic.2014.04.016

Ghatak, S., Muthukumaran, R.B., Nachimuthu, K.R. (2013). A simple method of genomic DNA
extraction from human samples for PCR-RFLP analysis. Journal of biomolecular techniques, 24(4),
224-231. doi: 10.7171/jbt.13-2404-001

Brazilian Journal of Animal and Environmental Research, Curitiba, v.5, n.4, p. 3477-3486, out./dez., 2022



Brazilian Journal of Animal and Environmental Research
ISSN: 2595-573X

3485

Golkar, Z., Bagasra, O., Pace, D.G. (2014). Bacteriophage therapy: a potential solution for the
antibiotic resistance crisis. The Journal of Infection in Developing Countries, 8(2), 129-136. doi:
10.3855/jidc.3573

Gonfi-Urriza, M., Capdepuy, M., Arpin, C., Raymond, N., Caumette, P., Quentin, C. (2000). Impact
of an urban effluent on antibiotic resistance of riverine Enterobacteriaceae and Aeromonas spp.
Applied and Environmental Microbiology, 66(1), 125-132. doi: 10.1128/aem.66.1.125-132.2000.

Hao, H., Sander, P., Igbal, Z., Wang, Y., Cheng, G., Yuan, Z. (2016). The Risk of Some Veterinary
Antimicrobial Agents on Public Health Associated with Antimicrobial Resistance and their
Molecular Basis. Frontiers in Microbiology, 7:1626. doi: 10.3389/fmicb.2016.01626

Koenig, J.E., Bourne, D.G., Curtis, B., Dlutek, M., Stokes, H.W., Doolittle, W.F., Boucher, Y.
(2011). Coral-mucus-associated Vibrio integrons in the Great Barrier Reef: genomic hotspots for
environmental adaptation. ISME Journal, 5(6), 962 - 972. doi: 10.1038/ismej.2010.193.

Kresken, M., Korber-Irrgang, B., Biedenbach, D.J., Batista, N., Besard, V., Canton, R., Garcia-
Castillo, M., Kalka-Moll, W., Pascual, A., Schwarz, R., Van Meensel, B., Wisplinghoff, H., Seifert,
H. (2016). Comparative activity of oral antimicrobial agents against Enterobacteriaceae from
patients with community-acquired urinary tract infections in three European countries. Clinical
Microbiology and Infection, 22(1), 63-e1. doi: 10.1016/j.cmi.2015.08.019

Kimmerer, K. (2009). Antibiotics in the aquatic environment--a review--part 1. Chemosphere,
75(4), 417-434. https://doi.org/10.1016/j.chemosphere.2008.11.086

Lee, L.H., Ab Mutalib, N.S., Law, J.W., Wong, S.H., Letchumanan, V. (2018). Discovery on
Antibiotic Resistance Patterns of Vibrio parahaemolyticus in Selangor Reveals Carbapenemase
Producing Vibrio parahaemolyticus in Marine and Freshwater Fish. Frontiers in Microbiology, 9,
2513. https://doi.org/10.3389/fmicb.2018.02513

Martinez, J.L. (2008). Antibiotics and antibiotic resistance genes in natural environments. Science,
321(5887), 365-367. doi: 10.1126/science.1159483.

Martinez-Rosales, C., Cecilia, M.R., Susana, C.S. (2011). Antarctic bacterial isolates that produce
cold-active extracellular proteases at low temperature but are active and stable at high temperature.
Polar research, 30(1), 1-8. doi: 10.3402/polar.v30i0.7123

Najjuka, C.F., Kateete, D.P., Kajumbula, H.M., Joloba, M.L., Essack, S.Y. (2016). Antimicrobial
susceptibility profiles of Escherichia coli and Klebsiellapneumoniae isolated from outpatients in
urban and rural districts of Uganda. BMC Research  Notes, 9(1), 1-14.
https://doi.org/10.1186/s13104-016-2049-8

Norman, S.A., Lambourn, D.M., Huggins, J.L., Gaydos, J.K., Dubpernell, S., Berta, S., Olson, J.K.,
Souze, V., Evans, A., Carlson, B. and Johnson, M., (2021). Antibiotic resistance of bacteria in two
marine mammal species, harbor seals and harbor porpoises, living in an urban marine ecosystem,
the Salish Sea, Washington State, USA. Oceans, 2(1), 86-104.
https://doi.org/10.3390/0ceans2010006

Ponce de Leon, A., Pin, O.D. (2006). Distribucion, reproduccion y alimentacion del lobo fino
Arctocephalus australis y del lebn marino Otaria flavescens en Uruguay. BAS, 504(4), 305-313

Brazilian Journal of Animal and Environmental Research, Curitiba, v.5, n.4, p. 3477-3486, out./dez., 2022



Brazilian Journal of Animal and Environmental Research
ISSN: 2595-573X

3486

Santestevan, N.A., De Angelis Zvoboda, D., Prichula, J., Inhoque Pereia, R., Raffo Wachholz, G.,
Almansa Cardoso, L., De Moura, T.M., Weber Medeiros, A., De Amorin, D.B., Tavares, M., Alves
d'Azevedo, P., Franco, A.C., Frazzon, J., Guedes Frazzon, A.P. (2015). Antimicrobial resistance
and virulence factor gene profiles of Enterococcus spp. isolates from wild Arctocephalus australis
(South American fur seal) and Arctocephalus tropicalis (Subantarctic fur seal). World Journal of
Microbiology and Biotechnology, 31, 1935-1946. doi: 10.1007/s11274-015-1938-7.

Sayah, R., Kaneene, J., Johnson, Y., Miller, R. (2005). Patterns of antimicrobial resistance observed
in Escherichia coli isolates obtained from domestic- and wild-animal fecal samples, human septage,
and surface water. Applied and Environmental Microbiology, 71(3), 1394-1404. doi:
10.1128/AEM.71.3.1394-1404.2005.

Sousa, M., Gongalves, A., Silva, N., Serra, R., Alcaide, E., Zorrilla, 1., Torres, C., Canica, M.,
Igrejas, G., Poeta, P. (2014). Acquired antibiotic resistance among wild animals: the case of Iberian
Lynx (Lynx pardinus). Veterinary Quarterly, 34(2), 105-112. doi: 10.1080/01652176.2014.949391
Torres, R., Carvalho, J., Cunha, M., Serrano, E., Palmeira, D., & Fonseca, C. (2020). Temporal and
geographical research trends of antimicrobial resistance in wildlife-A bibliometric analysis. One
Health, 11, 100198.

Wallace, C., Yund, P., Ford, T., Matassa, K., Bass, A. (2013). Increase in Antimicrobial Resistance
in Bacteria Isolated from Stranded Marine Mammals of the Northwest Atlantic. EcoHealth, 10(2),
201-210. doi: 10.1007/s10393-013-0842-6.

Wheeler, E., Hong, P. Y., Bedon, L. C., & Mackie, R. I. (2012). Carriage of antibiotic-resistant
enteric bacteria varies among sites in Galapagos reptiles. Journal of Wildlife Diseases, 48(1), 56-
67. https://doi.org/10.7589/0090-3558-48.1.56

Wragg, P., La Ragione, R., Best, A., Reichel, R., Anjum, M., Mafura, M., Woodward, M. (2009).
Characterisation of Escherichia fergusonii isolates from farm animals using an Escherichia coli
virulence gene array and tissue culture adherence assays. Research in Veterinary Science, 86(1), 27-
35. doi: 10.1016/j.rvsc.2008.05.014

Wright, G.D. (2010). Antibiotic resistance in the environment: a link to the clinic? Current Opinions
in Microbiology, 13, 589 — 594. doi: 10.1016/j.mib.2010.08.005

Wu, J., Su, Y., Deng, Y., Guo, Z., Mao, C., Liu, G., Xu, L., Cheng, C., Bei, L., Feng, J. (2018).
Prevalence and distribution of antibiotic resistance in marine fish farming areas in Hainan, China.
Science of the Total Environment, 653, 605-611. doi: 10.1016/j.scitotenv.2018.10.251.

Van den Honert, M. S., Gouws, P. A., & Hoffman, L. C. (2018). Importance and implications of
antibiotic resistance development in livestock and wildlife farming in South Africa: A
Review. South African Journal of Animal Science, 48(3), 401-412. DOI: 10.4314/sajas.v48i3.1

Brazilian Journal of Animal and Environmental Research, Curitiba, v.5, n.4, p. 3477-3486, out./dez., 2022



