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Resumo  

Esta Tese aborda a problemática da emergência de doenças bacterianas na 

piscicultura, num cenário de limitada disponibilidade de antimicrobianos eficazes. Os 

resultados são apresentados em cinco capítulos (manuscritos) que correspondem a 

seus objetivos. No primeiro manuscrito, são descritos surtos de doença bacterina 

emergente, em piscicultura e instalações laboratoriais, respectivamente; 

evidenciando a ineficácia terapêutica dos antimicrobianos aprovados para uso na 

piscicultura brasileira. O segundo manuscrito, descreve a diversidade genética, a 

virulência e o perfil de resistência a antimicrobianos de uma das principais bactérias 

patogênicas (estreptococo do grupo B) da principal espécie de peixe cultivada no 

Brasil (tilápia-do-Nilo, Oreochromis niloticus). O terceiro e o quarto manuscrito, 

demonstram o potencial de peptídeos antimicrobianos sintéticos e óleos essenciais 

derivados de plantas, respectivamente; como uma alternativa aos antimicrobianos 

convencionais no controlo das principais doenças bacterianas de peixes cultivados 

em regiões tropicais; destacando sua síntese, composição química, citotoxicidade, 

atividade antimicrobiana e interação com antimicrobianos convencionais. No quinto 

capítulo, é descrita a farmacocinética da combinação de dois antimicrobianos 

convencionais (tianfenicol e florfenicol) em tilápia-do-Nilo. Os resultados obtidos 

indicam que novas opções terapêuticas eficazes contra doenças bacterianas são 

necessárias no Brasil e peptídeos antimicrobianos sintéticos, óleos essenciais 

derivados de plantas e terapia combinada têm potencial de contribuir para minimizar 

a problemática. 

 

Palavras-chave: doenças bacterianas, resistência antimicrobiana, peptídeos 

antimicrobianos sintéticos, óleos essenciais derivados de plantas, sinergismo, 

cromatografia líquida de alta eficiência, teste de sensibilidade aos antimicrobianos. 
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Abstract 

This thesis addresses the issue of the emergence of bacterial diseases in fish farming, 

in a scenario of limited availability of effective antimicrobials. The results are presented 

in five chapters (manuscripts) that correspond to the objectives. In the first manuscript, 

outbreaks of emerging bacterial disease are described in a fish farm and laboratory 

facility, respectively; denoting the ineffectiveness of antimicrobials approved for use in 

Brazilian fish farming. The second manuscript describes the genetic diversity, 

virulence, and antimicrobial resistance profile of one of the main pathogenic bacteria 

(group B Streptococcus, GBS) of the main fish species cultivated in Brazil (Nile tilapia, 

Oreochromis niloticus). The third and fourth manuscripts describe the synthesis, 

chemical composition, cytotoxicity, and antimicrobial activity of synthetic antimicrobial 

peptides (AMPs), plant-derived essential oils (EOs) and their combinations with 

conventional antimicrobials, respectively; highlighting their potential as an alternative 

to conventional antimicrobials against the main bacterial diseases of fish cultured in 

tropical regions. In the fifth manuscript, the pharmacokinetics of the combination of 

two conventional antimicrobials (thiamphenicol and florfenicol) in Nile tilapia is 

described. Our findings indicate that new effective therapeutic options against 

bacterial diseases are needed in Brazil and AMPs, EOs and combined therapy are 

good treatment options for bacterial diseases in aquaculture. 

 

Keywords: bacterial diseases, antimicrobial resistance, synthetic antimicrobial 

peptides, plant-derived essential oils, synergism, high-performance liquid 

chromatography, antimicrobial susceptibility test. 
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General Introduction 

Aquaculture accounts for 50 per cent of the world’s fish that is used for food and 

is probably the fastest-growing food-production sector (FAO, 2021a). Currently, 387 

species and/or species groups of finfishes are being farmed commercially around the 

world (FAO, 2021a), and several species not farmed are known to be suitable for 

aquaculture, mainly due to their zootechnical characteristics such as fast growth, large 

size or low requirement for fishmeal and oil (Mylonas et al., 2019). Moreover, selective 

breeding for genetic improvement of production traits has great potential to increase 

efficiency and reduce the environmental impacts of most species currently being 

farmed (Houston et al., 2020). Nevertheless, despite this diversity, the main 

aquaculture production is dominated by a small number of species or species groups 

at national, regional, and global levels (FAO, 2020). According to the Food and 

Agriculture Organization of the United Nations (FAO, 2020), in 2018, carp and Nile 

tilapia were the major species produced in the world aquaculture, corresponding to ~ 

51.8 % of finfish production.  

Due to their zootechnical characteristics, such as strong environmental 

adaptability, ease of breeding, disease resistance, high protein content, large size, 

rapid growth, and palatability, Nile tilapia, Oreochromis niloticus L., is probably the 

most widely introduced species and economically important as food fish in many 

countries, being introduced in 114 countries or regions (FAO, 2021b), including Brazil, 

where it represented, in 2020, 62.3% of fish production (IBGE, 2020). Brazil has a 

good tilapia sector, which grows fast and represents over 74% of the production of 

Nile tilapia in the Americas. In the last decade, tilapia production increased from 

150,000 to over 400,000 tonnes, making Brazil the 4th major Nile tilapia producer in 

the world, behind China, Indonesia, and Egypt (FAO, 2021b; IBGE, 2020; Peixe BR, 

2021). However, this sector is being negatively impacted by bacterial diseases 

(Chideroli et al., 2017; Delphino et al., 2019; Junior et al., 2020; Sebastião, Furlan, 

Hashimoto, & Pilarski, 2015; Sebastião, Pilarski, Kearney, & Soto, 2017) and the lack 

of effective therapies (de Oliveira, Queiroz, Teixeira, Figueiredo, & Leal, 2018). 

According to Tavares-dias & Martins (2017), in Brazil, the annual loss to the inland 

aquaculture sector due to parasitic and bacterial diseases is estimated to be USD 84 

million.  
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Currently, Streptococcus agalactiae, group B Streptococcus (GBS), is the main 

bacterial pathogen of Nile tilapia, causing massive deaths in all stages of the farming 

cycle throughout the year (Chideroli et al., 2017), with higher frequency when the water 

temperature is > 28 ºC (Delphino et al., 2019). On the other hand, only two 

antimicrobials, florfenicol (FFC) and oxytetracycline (OTC) are permitted for use in 

Brazilian aquaculture (SINDAN, 2021), despite the reports of vaccine failure and 

antimicrobial ineffectiveness after a streptococcosis outbreak (Chideroli et al., 2017; 

de Oliveira et al., 2018).  

Due to the high economic impacts of GBS infections in Nile tilapia worldwide, 

several strategies are being evaluated and/or used to prevent GBS outbreaks and 

reduce the economic impacts when they occur. Breeding Nile tilapia that are resistant 

to S. agalactiae infection (Shoemaker et al., 2017; Suebsong et al., 2019), the use of 

commercial and autogenous vaccines (Barnes et al., 2021), dietary supplementation 

with prebiotics (Pilarski, Ferreira de Oliveira, Darpossolo de Souza, & Zanuzzo, 2017) 

and probiotics (Xia, Wang, Gao, Lu, & Chen, 2020; Yamashita et al., 2017), and the 

use of new effective and environmentally friendly treatments (de Sousa et al., 2021; 

Luo et al., 2018) are among the main strategies being evaluated. However, as with 

other bacterial infections, the use of antimicrobials remains the main strategy for 

disease outbreak control. Thus, the approval of new effective antimicrobials for use in 

fish farming is relevant.  

The use of antimicrobials for prophylactic and therapeutic purposes has become 

a common practice in aquaculture in the last two decades. Only between 2008 and 

2018, about 67 antimicrobials or their combinations were used among the main 

producing countries of aquatic organisms (Lulijwa, Rupia, & Alfaro, 2019). The annual 

consumption, in 2017, was estimated at 10,259 tons (Schar, Klein, Laxminarayan, 

Gilbert, & Boeckel, 2020). Nevertheless, most of the available antimicrobials are at 

risk of losing effectiveness due to misuse and consequent development of bacterial 

resistance. For example, S. agalactiae has been reported to be resistant to multiple 

antimicrobials, including gentamycin, kanamycin, trimethoprim, nitrofurantoin, 

ampicillin, spiramycin, oleandomycin, sulphamethoxazole, oxolinic acid, penicillin, 

erythromycin, OTC, and FFC (Assane, Gozi, Valladão, & Pilarski, 2019; de Oliveira et 

al., 2018; Faria, Leal, Carvalho-Castro, Leite, & Figueiredo, 2014; Soto et al., 2015). 
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Despite the lack of uniformity in antimicrobials permitted for aquaculture in many 

producing countries, OTC and FFC are among the few antimicrobials permitted for 

disease control in food fish in many countries (Yuting, Aiping, Fei, & Lan, 2020). 

Florfenicol is an antimicrobial of the phenicol drug family, derived from thiamphenicol 

(TAP), and considered a critically important antimicrobial for fish disease control (OIE, 

2015). It inhibits bacterial protein synthesis and has a broad spectrum of action against 

bacteria (Gram-negative and positive, aerobic, and anaerobic) (Fukui, Fujihara, & 

Kano, 1987; Syriopoulou, Harding, Goldmann, & Smith, 1981), no prolonged post-

antimicrobial effect (Rairat, Yu, Wipavee, Chi, & Chou, 2019), low toxicity to Nile 

tilapia, and low environmental risk (Mattioli et al., 2020). Due to its short half-life 

(Kogiannou, Nikoloudaki, Katharios, Triga, & Rigos, 2021), it is considered primarily 

time-dependent bacteriostatic. Its lipophilic characteristic allows rapid absorption (J. 

Feng & Jia, 2009; Kogiannou et al., 2021) and wide tissue distribution (J. B. Feng, 

Huang, Zhong, Liu, & Dong, 2016), ensuring that concentrations are high enough to 

treat intracellular pathogens and cross some anatomical barriers, such as the barrier 

blood-brain (Papich, 2016). Its main metabolite is florfenicol amine (FFCA), which is 

considered a marker residue to determine the withdrawal period in food fish. 

The bioavailability of FFC is high in several fish species, with reports of 91% and 

99% of bioavailability after oral administration of 10 mg/kg.bw in cod (Samuelsen, 

Bergh, & Ervik, 2003) and in Atlantic salmon (Horsberg, Hoff, & Nordmo, 1996), 

respectively. The recommended dose and administration regimen vary between 

countries and fish species (i.e., the recommended dose in Brazil is 10 - 20 mg/kg/day 

for 10 days, depending on the fish species, while in the USA is 10 - 15 mg/kg/day for 

10 days, and in Taiwan is 10 mg/kg/day for 3-5 days) (FDA, 2007; Rairat, Hsieh, 

Thongpiam, Sung, & Chou, 2019; SINDAN, 2022). 

Despite its wide use in aquaculture and strong antimicrobial activity against the 

main fish bacterial pathogens, such as Aeromonas hydrophila (Assane et al., 2019; G. 

Bandeira Junior et al., 2018; Daniela T. Godoy et al., 2008), A. jandei (Assane et al., 

2019), A. veronii (Assane et al., 2019; G. Bandeira Junior et al., 2018), Vibrio fluvialis 

(Assane et al., 2019), and S. agalactiae (Chideroli et al., 2017; de Oliveira et al., 2018), 

there are reports of resistant strains (Assane et al., 2019; G. Bandeira Junior et al., 

2018; Gallani, Sebastião, Valladão, Boaratti, & Pilarski, 2016), treatment failure, and 

recurrent infection in Nile tilapia after treatment using the recommended dose and 
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regimen (de Oliveira et al., 2018). Therefore, new antimicrobials or therapies that are 

both environmentally friendly and effective must be conceived for the treatment of the 

increasing number of bacterial diseases that affect cultured fish.  

The use of antimicrobial peptides (AMPs), plant-derived essential oils (EOs) and 

combination therapy (CT) are among the promising strategies to reduce the use of 

antimicrobials in aquaculture while reducing the economic impacts of bacterial disease 

outbreaks. AMPs are important components of the innate and adaptive immune 

system of fish and help to protect the fish from microbial infection. The mechanisms 

of action of AMPs vary from one to another. However, most AMPs act by disrupting 

the cytoplasmic membranes of both Gram-positive and Gram-negative bacteria, 

resulting in depolarization and cell death. Moreover, bacteria are less likely to develop 

resistance against AMPs due to their action as an immune system modulator 

(Scheenstra et al., 2019) and direct action (bind and neutralization) on bacterial 

lipopolysaccharides (LPS) (Sigurdardottir et al., 2006). On the other hand, it is known 

that some EOs have broad-spectrum antimicrobial activity against fish pathogens, and 

several potential benefits for fish farming, such as the improvement of fish welfare, 

health and zootechnical performance indices (Acar, Kesbiç, İnanan, & Yılmaz, 2019; 

de Souza et al., 2019; Sutili, Gatlin, Heinzmann, & Baldisserotto, 2018), and the 

reduction of bacterial resistance phenomenon (Dugo & di Giacomo, 2002). 

Combination therapy is a therapy that consists of using more than one 

antimicrobial to treat the same condition or disease. This form of therapy has been 

shown to be promising for solving the aforementioned problem; as it reduces the 

emergence of bacterial resistance (Milatovic & Braveny, 1987; Xu et al., 2018), it is 

effective against multiresistant pathogens (Allen, Cha, & Rybak, 2002; Guner, 

Hasanoglu, Keske, Kalem, & Tasyaran, 2011; Lin et al., 2015; Xu et al., 2018) and can 

give satisfactory therapeutic results using lower doses of antimicrobials (Assane et al., 

2019; Guerino Bandeira Junior et al., 2021). Combination therapy is often used to 

improve clinical outcomes of infections by pathogens susceptible to one or more 

individual antimicrobials (Petrosillo, Ioannidou, & Falagas, 2008; Rahal, 2006). 

Currently, there are at least four combinations of antimicrobials approved for use in 

aquaculture in different countries (FDA, 2007; Felleskatalogen, 2018; Health Canada, 

2010) and new promising combinations are being studied (BANDEIRA JUNIOR et al., 

2018; ASSANE; ASSANE et al., 2019). 
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 The combination of TAF with FFC stands out among the promising combinations 

for use in Brazilian aquaculture. There are reports of a synergistic effect of this 

combination against both Gram-negative and Gram-positive pathogenic bacteria 

recovered from diseased cattle, chickens (C. F. Wei, Shien, Chang, & Chou, 2016), 

swine (C. Wei et al., 2016) and fish (Assane et al., 2019). Moreover, the differences in 

the mechanisms of bacterial resistance to these antimicrobials of the same class 

usually make bacteria resistant to one of them susceptible to the other (van Hoek et 

al., 2011), allowing the occurrence of a synergistic interaction when CT is used. 

However, there is no information about its effect against S. agalactiae isolated from 

Nile tilapia. 

The cost of antimicrobial research and development is high, so all drug candidates 

selected for clinical trials in animals must be evaluated as efficiently and cost-

effectively as possible. It is proven that the application of in vitro antimicrobial 

susceptibility testing, and pharmacokinetic-pharmacodynamic principles to this 

process improves the selection of appropriate doses and clinical trial design (CLSI, 

2013, 2020; Kazakevich & LoBrutto, 2006; Rosenbaum, 2017) necessary for 

antimicrobial registration (MAPA, 2004). 

Considering this scenario, and the Brazilian potential for an increase in 

aquaculture production (FAO, 2020), screening non-cytotoxic compounds for 

antimicrobial activity against fish pathogens, evaluating different therapeutic 

strategies, and understanding pharmacokinetic and pharmacodynamic proprieties of 

promising antimicrobials are cost-effective and sustainable solutions to address, in the 

long term, the issue of the emergence of bacterial diseases in a scenario of limited 

availability of effective antimicrobials. Thus, this thesis aims to evaluate these 

approaches as a solution for disease control in Brazilian aquaculture. Pieces of 

evidence of an emerging pathogen in the Brazilian Nile tilapia industry and genetic 

diversity, virulence, and antimicrobial resistance profiles of the main bacterial 

pathogen are provided. Additionally, the antimicrobial activity, therapeutic 

effectiveness, pharmacokinetics, toxicity and effects on the immunity and gut 

microbiota of Nile tilapia, of different antimicrobials were determined. 



278 

4. Conclusions

To our knowledge, this is the first study to develop and validate an analytical method for

simultaneous detection and quantification of TAP and FFC in fish plasma and muscle plus skin (in 

natural proportions) samples and examine the PK characteristics of TAP and FFC after 

combination therapy. Observed results indicate that the developed and validated method is rapid, 

simple, precise, and sensitive for the simultaneous determination of TAP and FFC in plasma and 

muscle plus skin samples. TAP and FFC had fast absorption and distribution in freshwater Nile 

tilapia reared at 30 ± 0.32ºC. The results from this study could help establish antimicrobial 

susceptibility testing interpretative categories and design rational dosing regimens for TAP and 

FFC combination. 
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General Conclusion 

Microbial resistance and bacterial diseases are one of the main obstacles to 

the increase in tilapia production in Brazil. Since disease outbreaks in fish farming can 

occur at any stage of the production cycle, causing high morbidity and mortality; high 

economic impacts resulting from outbreaks can be registered when effective 

prophylaxis and therapies are not available. Therefore, the proposed research aimed 

to provide subsidies for sustainable development of Nile tilapia production in Brazil, 

through the phenotypic and genotypic characterization of the main pathogens 

associated with high rates of morbidity and mortality; prospection of new 

environmentally friendly antimicrobials, an effective form of therapy and identification 

of strains with potential for use in vaccine production. 

Considering that the correct diagnosis and knowledge of the epidemiology of 

diseases is important for the establishment of effective strategies for the prevention, 

control and treatment of diseases, and the scarcity of this information on the main 

pathogens of tilapia cultivated in Brazil, it is expected that the results on the 

phenotypic, genotypic and geographic distribution of the pathogens described in this 

thesis contribute to the reduction of the impacts of diseases on Brazilian fish farming, 

through their correct identification and the establishment of effective prevention, 

control and treatment strategies in fish farming. 

Currently, only florfenicol is approved for the treatment of bacterial diseases in 

tilapia farming in Brazil. For more antimicrobials to be approved, studies on 

pharmacokinetics, pharmacodynamics, residue depletion and therapeutic efficacy, 

under local production conditions, must be carried out. For this reason, it is expected 

that the results of studies of antimicrobial activity and pharmacokinetics of the 

evaluated antimicrobials and their combinations, will contribute to the rapid 

development of effective therapies against the main pathogens of tilapia. Despite the 

limitation of in vitro studies of antimicrobial activity, used to assess the potential of the 

antimicrobials and forms of therapies studied, in predicting clinical outcomes, we 

believe that the data presented here constitute a solid and useful basis of information 

for future studies in the field of drug development for the treatment of bacterial 

diseases in Brazilian and world aquaculture. 

 

 

 



299 
 

Complementary References 

Acar, Ü., Kesbiç, O. S., İnanan, B. E., & Yılmaz, S. (2019). Effects of dietary Bergamot 

(Citrus bergamia) peel oil on growth, haematology and immune response of 

European sea bass (Dicentrarchus labrax) juveniles. Aquaculture Research, 

50(11), 3305–3312. https://doi.org/10.1111/are.14288 

Allen, G. P., Cha, R., & Rybak, M. J. (2002). In vitro activities of quinupristin-dalfopristin 

and cefepime, alone and in combination with various antimicrobials, against 

multidrug-resistant staphylococci and enterococci in an in vitro pharmacodynamic 

model. Antimicrobial Agents and Chemotherapy, 46(8), 2606–2612. 

https://doi.org/10.1128/AAC.46.8.2606-2612.2002 

Assane, I. M., Gozi, K. S., Valladão, G. M. R., & Pilarski, F. (2019). Combination of 

antimicrobials as an approach to reduce their application in aquaculture: Emphasis 

on the use of thiamphenicol/florfenicol against Aeromonas hydrophila. Aquaculture, 

507(April), 238–245. https://doi.org/10.1016/j.aquaculture.2019.04.021 

Bandeira Junior, G., Sutili, F. J., Gressler, L. T., Ely, V. L., Silveira, B. P., Tasca, C., … 

Baldisserotto, B. (2018). Antibacterial potential of phytochemicals alone or in 

combination with antimicrobials against fish pathogenic bacteria. Journal of Applied 

Microbiology, 125(3), 655–665. https://doi.org/10.1111/jam.13906 

Bandeira Junior, Guerino, de Souza, C. F., da Silva, H. N. P., Bianchini, A. E., 

Rodrigues, P., da Costa, S. T., … Baldisserotto, B. (2021). Combined effect of 

florfenicol with linalool via bath in combating Aeromonas hydrophila infection in 

silver catfish (Rhamdia quelen). Aquaculture, 545. 

https://doi.org/10.1016/j.aquaculture.2021.737247 

Barnes, A. C., Silayeva, O., Landos, M., Dong, H. T., Lusiastuti, A., Phuoc, L. H., & 

Delamare‐Deboutteville, J. (2021). Autogenous vaccination in aquaculture: A locally 

enabled solution towards reduction of the global antimicrobial resistance problem. 

Reviews in Aquaculture. https://doi.org/10.1111/raq.12633 

Chideroli, R. T., Amoroso, N., Mainardi, R. M., Suphoronski, S. A., de Padua, S. B., 

Alfieri, A. F. A. A., … Pereira, U. P. (2017). Emergence of a new multidrug-resistant 

and highly virulent serotype of Streptococcus agalactiae in fish farms from Brazil. 

Aquaculture, 479(March), 45–51. 

https://doi.org/10.1016/j.aquaculture.2017.05.013 

CLSI. (2013). Performance Standards for Antimicrobial Disk and Dilution Susceptibility 

Tests for Bacteria Isolated From Animals; Approved Standard—Fourth Edition. 



300 
 

CLSI document VET01-A4. Wayne, PA: Clinical and Laboratory Standards Institute. 

Retrieved from www.clsi.org 

CLSI. (2020). CLSI guideline VET03. In Methods for Antimicrobial Broth Dilution and 

Disk Diffusion Susceptibility Testing of Bacteria Isolated From Aquatic Animals. 

Wayne, PA: Clinical and Laboratory Standards Institute. 

de Oliveira, T. F., Queiroz, G. A., Teixeira, J. P., Figueiredo, H. C. P., & Leal, C. A. G. 

(2018). Recurrent Streptoccoccus agalactiae infection in Nile tilapia (Oreochromis 

niloticus) treated with florfenicol. Aquaculture, 493(February), 51–60. 

https://doi.org/10.1016/j.aquaculture.2018.04.037 

de Sousa, E. L., Assane, I. M., Santos-Filho, N. A., Cilli, E. M., de Jesus, R. B., & Pilarski, 

F. (2021). Haematological, biochemical and immunological biomarkers, 

antibacterial activity, and survival in Nile tilapia Oreochromis niloticus after 

treatment using antimicrobial peptide LL-37 against Streptococcus agalactiae. 

Aquaculture, 533(2), 736181. https://doi.org/10.1016/j.aquaculture.2020.736181 

de Souza, E. M., de Souza, R. C., Melo, J. F. B., da Costa, M. M., de Souza, A. M., & 

Copatti, C. E. (2019). Evaluation of the effects of Ocimum basilicum essential oil in 

Nile tilapia diet: growth, biochemical, intestinal enzymes, haematology, lysozyme 

and antimicrobial challenges. Aquaculture, 504(November 2018), 7–12. 

https://doi.org/10.1016/j.aquaculture.2019.01.052 

Delphino, M. K. V. C., Leal, C. A. G., Gardner, I. A., Assis, G. B. N., Roriz, G. D., Ferreira, 

F., … Gonçalves, V. S. P. (2019). Seasonal dynamics of bacterial pathogens of Nile 

tilapia farmed in a Brazilian reservoir. Aquaculture, 498, 100–108. 

https://doi.org/10.1016/j.aquaculture.2018.08.023 

Dugo, G., & di Giacomo, A. (2002). Medicinal and Aromatic Plants - Industrial Profiles: 

The Genus Citrus (R. Hardman, Ed.). Taylor & Francis. 

FAO. (2020). The State of World Fisheries and Aquaculture 2020. Sustainability in 

action. Rome: Food and Agriculture Organization of the United Nations. 

https://doi.org/10.4060/ca9229en 

FAO. (2021a). FAO Aquaculture News. Rome. Retrieved from www.fao.org/publications 

FAO. (2021b). Fisheries and Aquaculture Information and Statistics Branch. Retrieved 

from 

https://www.fao.org/figis/servlet/SQServlet?file=/usr/local/tomcat/8.5.16/figis/weba

pps/figis/temp/hqp_5256945476188498833.xml&outtype=html 



301 
 

Faria, F. C., Leal, C. A. G., Carvalho-Castro, G. A., Leite, R. C., & Figueiredo, H. C. P. 

(2014). Carrier state induced by oxytetracycline therapy against streptococcosis in 

Nile tilapia, Oreochromis niloticus (L.). Journal of Fish Diseases, 37(9), 853–857. 

https://doi.org/10.1111/jfd.12177 

FDA, U. (2007). Drugs Approved for Use in Aquaculture. (February), 2010. Retrieved 

from http://www.fda.gov/cvm/index/aquaculture/appendixa6.htm 

Felleskatalogen. (2018). Legemidler til dyr. Retrieved from 

https://www.felleskatalogen.no/medisin-vet/retningslinjer-digital-bruk 

Feng, J. B., Huang, D. R., Zhong, M., Liu, P., & Dong, J. D. (2016). Pharmacokinetics 

of florfenicol and behaviour of its metabolite florfenicol amine in orange-spotted 

grouper (Epinephelus coioides) after oral administration. Journal of Fish Diseases, 

39(7), 833–843. https://doi.org/10.1111/jfd.12416 

Feng, J., & Jia, X. (2009). Single dose pharmacokinetic study of florfenicol in tilapia 

(Oreochromis niloticus × O. aureus) held in freshwater at 22 °C. Aquaculture, 

289(1–2), 129–133. https://doi.org/10.1016/j.aquaculture.2008.12.023 

Fukui, H., Fujihara, Y., & Kano, T. (1987). In vitro and in vivo antibacterial activities of 

florfenicol, a new flourinated analog of thiamphenicol, against fish phatogens. Fish 

Pathology, 22(4), 201–207. 

Gallani, S. U., Sebastião, F. de A., Valladão, G. M. R., Boaratti, A. Z., & Pilarski, F. 

(2016). Pathogenesis of mixed infection by Spironucleus sp. and Citrobacter 

freundii in freshwater angelfish Pterophyllum scalare. Microbial Pathogenesis, 100, 

119–123. https://doi.org/10.1016/j.micpath.2016.09.002 

Godoy, D. T., Mian, G. F., Zanolo, R., Yuhara, T. Y., Faria, F. C., & Figueiredo, H. C. P. 

(2008). Patterns of resistance to florfenicol and bicyclomycin in Brazilian strains of 

motile aeromonads. Aquaculture, 285(1–4), 255–259. 

https://doi.org/10.1016/j.aquaculture.2008.08.014 

Guner, R., Hasanoglu, I., Keske, S., Kalem, A. K., & Tasyaran, M. A. (2011). Outcomes 

in patients infected with carbapenem-resistant Acinetobacter baumannii and treated 

with tigecycline alone or in combination therapy. Infection, 39(6), 515–518. 

https://doi.org/10.1007/s15010-011-0161-1 

Health Canada. (2010). Veterinary drugs legislation and guidelines. Retrieved from 

https://www.canada.ca/en/health-canada/services/drugs-health-

products/veterinary-drugs/legislation-guidelines/policies/list-veterinary-drugs-that-

authorized-sale-health-canada-use-food-producing-aquatic-animals.html 



302 
 

Horsberg, T. E., Hoff, K. A., & Nordmo, R. (1996). Pharmacokinetics of florfenicol and 

its metabolite florfenicol amine in Atlantic salmon. Journal of Aquatic Animal Health, 

8(4), 292–301. https://doi.org/10.1577/1548-8667(1996)008 

Houston, R. D., Bean, T. P., Macqueen, D. J., Gundappa, M. K., Jin, Y. H., Jenkins, T. 

L., … Robledo, D. (2020). Harnessing genomics to fast-track genetic improvement 

in aquaculture. Nature Reviews Genetics, 21(7), 389–409. 

https://doi.org/10.1038/s41576-020-0227-y 

IBGE. (2020). Produção da Pecuária Municipal 2020. Rio de Janeiro. Retrieved from 

https://biblioteca.ibge.gov.br/visualizacao/periodicos/84/ppm_2020_v48_br_inform

ativo.pdf 

Junior, J. A. F., Leal, C. A. G., de Oliveira, T. F., Nascimento, K. A., de Macêdo, J. T. S. 

A., & Pedroso, P. M. O. (2020). Anatomopathological characterization and etiology 

of lesions on Nile tilapia fillets (Oreochromis niloticus) caused by bacterial 

pathogens. Aquaculture, 526. https://doi.org/10.1016/j.aquaculture.2020.735387 

Kazakevich, Y., & LoBrutto, R. (2006). HPLC for Pharmaceutical Scientists. In HPLC for 

Pharmaceutical Scientists. https://doi.org/10.1002/9780470087954 

Kogiannou, D., Nikoloudaki, C., Katharios, P., Triga, A., & Rigos, G. (2021). Evaluation 

of absorption and depletion of florfenicol in European seabass Dicentrarchus 

labrax. Veterinary Medicine and Science, 7(3), 987–997. 

https://doi.org/10.1002/vms3.415 

Lin, L., Nonejuie, P., Munguia, J., Hollands, A., Olson, J., Dam, Q., … Nizet, V. (2015). 

Azithromycin Synergizes with Cationic Antimicrobial Peptides to Exert Bactericidal 

and Therapeutic Activity Against Highly Multidrug-Resistant Gram-Negative 

Bacterial Pathogens. EBioMedicine, 2(7), 690–698. 

https://doi.org/10.1016/j.ebiom.2015.05.021 

Lulijwa, R., Rupia, E. J., & Alfaro, A. C. (2019). Antibiotic use in aquaculture, policies 

and regulation, health and environmental risks: a review of the top 15 major 

producers. Reviews in Aquaculture, 12(2), 640–663. 

https://doi.org/10.1111/raq.12344 

Luo, X., Liao, G., Liu, C., Jiang, X., Lin, M., Zhao, C., … Huang, Z. (2018). 

Characterization of bacteriophage HN48 and its protective effects in nile tilapia 

Oreochromis niloticus against Streptococcus agalactiae infections. Journal of Fish 

Diseases, 41(10), 1477–1484. https://doi.org/10.1111/jfd.12838 



303 
 

MAPA. (2004). Decreto no 5053, de 22 de Abril de 2004- Regulamento de fiscalização 

dos produtos de uso veterinário e dos estabelecimentos que os fabriquem ou 

comerciem. Ministério Da Agricultura, Pecuária e Abastecimento. Retrieved from 

http://sistemasweb.agricultura.gov.br/sislegis/action/detalhaAto.do?method=visual

izarAtoPortalMapa&chave=416587280 

Mattioli, C. C., Chiste, B. M., Takeshita, N. A., Jonsson, C. M., Ferracini, V. L., & Hisano, 

H. (2020). Acute Toxicity and Risk Assessment of Florfenicol for Nile Tilapia Larvae. 

Bulletin of Environmental Contamination and Toxicology, 105(5), 721–727. 

https://doi.org/10.1007/s00128-020-03013-6 

Milatovic, D., & Braveny, I. (1987). Development of resistance during antibiotic therapy. 

European Journal of Clinical Microbiology, 6(3), 234–244. 

https://doi.org/10.1007/BF02017607 

Mylonas, C., Robles, R., Tacken, G., Banovic, M., Krystallis, A., Guerrero, L., & 

Grigorakis, K. (2019). New species for EU aquaculture. Food Science and 

Technology, 33(2), 22–26. https://doi.org/10.1002/fsat.3302_6.x 

OIE, W. O. for A. H. (2015). Oie List of Antimicrobial Agents of Veterinary Importance. 

OIE International Commitee, 33(May), 1–9. 

Papich, M. G. (2016). Saunders Handbook of Veterinary Drugs: Small and Large Animal, 

Fourth Edition. North Carolina: Elsevier. 

https://doi.org/https://doi.org/10.1016/B978-0-323-24485-5.00264-3 

Peixe BR. (2021). Anuário Brasileiro da Piscicultura PEIXE BR 2021. São Paulo. 

Retrieved from www.peixebr.com.br 

Petrosillo, N., Ioannidou, E., & Falagas, M. E. (2008). Colistin monotherapy vs. 

combination therapy: Evidence from microbiological, animal and clinical studies. 

Clinical Microbiology and Infection, 14(9), 816–827. https://doi.org/10.1111/j.1469-

0691.2008.02061.x 

Pilarski, F., Ferreira de Oliveira, C. A., Darpossolo de Souza, F. P. B., & Zanuzzo, F. S. 

(2017). Different β-glucans improve the growth performance and bacterial 

resistance in Nile tilapia. Fish and Shellfish Immunology, 70, 25–29. 

https://doi.org/10.1016/j.fsi.2017.06.059 

Rahal, J. J. (2006). Novel Antibiotic Combinations against Infections with Almost 

Completely Resistant Pseudomonas aeruginosa and Acinetobacter Species. 

Clinical Infectious Diseases, 43(Supplement 2), S95–S99. 

https://doi.org/10.1086/504486 



304 
 

Rairat, T., Hsieh, C., Thongpiam, W., Sung, C., & Chou, C. (2019). Temperature-

dependent pharmacokinetics of florfenicol in Nile tilapia (Oreochromis niloticus) 

following single oral and intravenous administration. Aquaculture, 503, 483–488. 

https://doi.org/10.1016/j.aquaculture.2018.12.081 

Rairat, T., Yu, C., Wipavee, H., Chi, T., & Chou, C. (2019). Pharmacokinetic – 

pharmacodynamic modelling for the determination of optimal dosing regimen of 

florfenicol in Nile tilapia (Oreochromis niloticus) at different water temperatures and 

antimicrobial susceptibility levels. Journal of Fish Diseases, (April), 1181–1190. 

https://doi.org/10.1111/jfd.13040 

Rosenbaum, S. E. (2017). Basic pharmacokinetics and pharmacodynamics : an 

integrated textbook and computer simulations. In John Wiley & Sons, Inc. Hoboken: 

John Wiley & Sons, Inc. 

Samuelsen, O. B., Bergh, Ø., & Ervik, A. (2003). Pharmacokinetics of florfenicol in cod 

Gadus morhua and in vitro antibacterial activity against Vibrio anguillarum. 

Diseases of Aquatic Organisms, 56(2), 127–133. 

https://doi.org/10.3354/dao056127 

Schar, D., Klein, E. Y., Laxminarayan, R., Gilbert, M., & Boeckel, T. P. van. (2020). 

Global trends in antimicrobial use in aquaculture. Scientific Reports, 1–10. 

https://doi.org/10.1038/s41598-020-78849-3 

Sebastião, F. A., Furlan, L. R., Hashimoto, D. T., & Pilarski, F. (2015). Identification of 

Bacterial Fish Pathogens in Brazil by Direct Colony PCR and 16S rRNA Gene 

Sequencing. Advances in Microbiology, 05(06), 409–424. 

https://doi.org/10.4236/aim.2015.56042 

Sebastião, F. A., Pilarski, F., Kearney, M. T., & Soto, E. (2017). Molecular detection of 

Francisella noatunensis subsp. orientalis in cultured Nile tilapia (Oreochromis 

niloticus L.) in three Brazilian states. Journal of Fish Diseases, 40(11), 1731–1735. 

https://doi.org/10.1111/jfd.12636 

Shoemaker, C. A., Lozano, C. A., LaFrentz, B. R., García, J. C., Soto, E., Xu, D.-H., … 

Rye, M. (2017). Additive genetic variation in resistance of Nile tilapia (Oreochromis 

niloticus) to Streptococcus iniae and S. agalactiae capsular type Ib: Is genetic 

resistance correlated? Aquaculture, 468, 193–198. 

https://doi.org/10.1016/j.aquaculture.2016.10.022 

SINDAN. (2022). Compêndio de Produtos Veterinários. Retrieved from 

http://www.cpvs.com.br/cpvs/ 



305 
 

Soto, E., Wang, R., Wiles, J., Green, C., Plumb, J., Hawke, J., & Soto, E. (2015). 

Characterization of isolates of Streptococcus agalactiae from diseased farmed and 

wild marine fish from the U.S. Gulf coast, Latin America, and Thailand. Journal of 

Aquatic Animal Health, 27(2), 123–134. 

https://doi.org/10.1080/08997659.2015.1032439 

Suebsong, W., Poompuang, S., Srisapoome, P., Koonawootrittriron, S., 

Luengnaruemitchai, A., Johansen, H., & Rye, M. (2019). Selection response for 

Streptococcus agalactiae resistance in Nile tilapia Oreochromis niloticus. Journal of 

Fish Diseases, 42(11), 1553–1562. https://doi.org/10.1111/jfd.13074 

Sutili, F. J., Gatlin, D. M., Heinzmann, B. M., & Baldisserotto, B. (2018). Plant essential 

oils as fish diet additives: benefits on fish health and stability in feed. Reviews in 

Aquaculture, 10(3), 716–726. https://doi.org/10.1111/raq.12197 

Syriopoulou, V. P., Harding, A. L., Goldmann, D. A., & Smith, A. L. (1981). In vitro 

antibacterial activity of fluorinated analogs of chloramphenicol and thiamphenicol. 

Antimicrobial Agents and Chemotherapy, 19(2), 294–297. 

https://doi.org/10.1128/AAC.19.2.294 

Tavares-dias, M., & Martins, M. L. (2017). An overall estimation of losses caused by 

diseases in the Brazilian fish farms. Journal of Parasitic Diseases, 41(4), 913–918. 

https://doi.org/10.1007/s12639-017-0938-y 

van Hoek, A. H. A. M., Mevius, D., Guerra, B., Mullany, P., Roberts, A. P., & Aarts, H. J. 

M. (2011). Acquired antibiotic resistance genes: An overview. Frontiers in 

Microbiology, 2(SEP), 1–27. https://doi.org/10.3389/fmicb.2011.00203 

Wei, C., Chang, S., Shien, J., Kuo, H.-C., Chen, W.-Y., & Chou, C. (2016). Synergism 

between two amphenicol of antibiotics, florfenicol and thiamphenicol, against 

Staphylococcus aureus. Veterinary Record, 178(13), 319–319. 

https://doi.org/10.1136/vr.103554 

Wei, C. F., Shien, J. H., Chang, S. K., & Chou, C. C. (2016). Florfenicol as a modulator 

enhancing antimicrobial activity : example using combination with thiamphenicol 

against Pasteurella multocida. Frontiers in Microbiology, 7(389), 1–11. 

https://doi.org/10.3389/fmicb.2016.00389 

Xia, Y., Wang, M., Gao, F., Lu, M., & Chen, G. (2020). Effects of dietary probiotic 

supplementation on the growth, gut health and disease resistance of juvenile Nile 

tilapia (Oreochromis niloticus). Animal Nutrition, 6(1), 69–79. 

https://doi.org/10.1016/j.aninu.2019.07.002 



306 

Xu, X., Xu, L., Yuan, G., Wang, Y., Qu, Y., & Zhou, M. (2018). Synergistic combination 

of two antimicrobial agents closing each other’s mutant selection windows to 

prevent antimicrobial resistance. Scientific Reports, 8(1), 1–7. 

https://doi.org/10.1038/s41598-018-25714-z 

Yamashita, M. M., Pereira, S. A., Cardoso, L., de Araujo, A. P., Oda, C. E., Schmidt, C., 

… Mouriño, J. L. P. (2017). Probiotic dietary supplementation in Nile tilapia as 

prophylaxis against streptococcosis. Aquaculture Nutrition, 23(6), 1235–1243. 

https://doi.org/10.1111/anu.12498 

Yuting, D., Aiping, T., Fei, Z., & Lan, J. (2020). Antimicrobial Use and Antimicrobial 

Resistance in Aquaculture in the People’s Republic of China. Asian Fisheries 

Science, 33S. https://doi.org/10.33997/j.afs.2020.33.S1.012 



307 
 

Anexos 

Certificado de Aprovação do Projeto pela Comissão de Ética no Uso de Animais 

 




