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ABSTRACT

The aim of this study was to investigate the relationship between antibiotic residues found in the muscle
of cage-farm-raised Nile tilapia (Oreochromisniloticus), the occurrence of resistant bacteria, and the sanitary
practices adopted by farmers in Ilha Solteira reservoir, Brazil. Nine fish (three small fish, 40-200 g; three
medium-sized fish, 200-500 g; and three large fish, 500-800 g) were collected from four cage farms every
three months from April 2013 to January 2014. Ten antibiotic residues were determined using liquid
chromatography-mass spectrometry, and bacteria were isolated and tested for antibiotic resistance to
determine the multiple antibiotic resistance (MAR) index. Only three antibiotics (oxytetracycline,
tetracycline, and florfenicol) were detected in the muscle of Nile tilapia, and their residues were the
highest in small fish; however, the MAR index was higher in large fish. In addition, a direct positive
relationship between the MAR index and the concentration of antibiotic residues in Nile tilapia was found.
Overall, the adoption of prophylactic management practices improved the sanitary status of cage farms,
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reducing bacterial infections and hampering the development of antibiotic-resistant bacteria.

Introduction

Tilapia production exceeded 3,500,000 t worldwide in 2011,
showing an increasing trend; the top ten tilapia producers,
including Brazil, supplied 88% of the global production. The
Brazilian government has strongly encouraged cage farming in
federal water bodies, resulting in the growth of tilapia produc-
tion by 63% since 2010.!") The total area of reservoirs, lakes,
and dams in Brazil is over 6.5 million ha, and water bodies are
destined for multiple uses such as water supply, energy produc-
tion, fish farming, recreation, navigation, and sand extrac-
tion.”) The expansion of aquaculture in artificial reservoirs is
considered an important production alternative for populations
affected by dam construction.”’ However, planning, legislative
compliance, and management and monitoring of the environ-
mental quality of fish farms are required to minimize the
impact of this expansion on aquatic environments.**!

In Brazil, the use of intensive cage-farming systems has led
to high fish population densities, crowding of farm sites, and
lack of sanitary barriers, which increase the possibility of rapid
infection spread and consequently make the use of antibiotics
necessary.[*”! Antibiotic applications for preventing and con-
trolling bacterial diseases in cage farms have not been moni-
tored routinely, although they promote the development of
antibiotic-resistant bacteria.'®! The excessive use of antibiotics
in animal rearing has the potential of backfiring and negatively
affecting all the aspects of the industry, including its economic
health.”’ In addition, the horizontal gene transfer between

antibiotic-resistant aquaculture bacteria and human pathogens
might result in longer hospital stays and significantly higher
medical costs for humans.!"”!

Information on the biomonitoring of antibiotic residues in
cage-farm raised Nile tilapia (Oreochromisniloticus) and the
development of antibiotic-resistant bacteria is limited.!""!
Therefore, the objectives of the present study were to: (1) deter-
mine the levels of ten antibiotics in Nile tilapia collected from
cage farms in Ilha Solteira reservoir, Brazil, and compare them
against the maximum residue limits (MRLs) set by the
European Union regulation,'?! the Brazilian legislation,"*! and
the Codex Alimentarius;!'¥(2) assess the potential human
health risks from fish consumption; (3) isolate and identify bac-
teria from Nile tilapia and determine the multiple antibiotic
resistance (MAR) index; and (4) relate the antibiotic residues in
the muscle of Nile tilapia to the occurrence of resistant bacteria
and the sanitary practices adopted by farmers.

Materials and methods
Study sites and sample collection

The study was carried out at four cage farms of Nile tilapia located
in Ilha Solteira reservoir, Parana and Grande Rivers, Brazil. Each
location was geo-referenced (https://www.google.com/maps/d/
viewer?mid=zEyzjaRFidFc. kK8v7rDFS31U&msa = 0&Ill =
—20.160387%2C-50.975876&spn = 0.356451%2C0.676346)
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using an Aquaread AP 500 AgSolv sounder (Aquaread, Broad-
stairs, UK) equipped with a Global Positioning System. This
probe was also used to assess the temperature and dissolved
oxygen in the water. Fish farms were characterized using a
questionnaire on annual production, mortality rate, the type,
dose, and usage period of antibiotics, and prophylactic manage-
ment practices. Nine Nile tilapia (three small fish, 40-200 g;
three medium-sized fish, 200-500 g; and three large fish, 500-
800 g) were collected from each farm every three months from
April 2013 to January 2014, except for Farm 2, which banned
sample collection in the last two samplings. Preference was
given to moribund fish, and collections were performed in the
morning before the removal of dead fish. Fish were packed
individually in plastic bags, stored in an ice chest, and trans-
ported to the laboratory.

Determination of antibiotic residues in fish muscle

In order to determine antibiotic residues, muscle samples with
skin were removed, chopped, and crushed with dry ice using a
blender. After proper labeling and conditioning in vials, crushed
samples were stored at —18°C. Fish samples were prepared no
later than 15 d post-collection as described by Monteiro et al.!'*!
Briefly, the extraction was performed using 5 g of sample, 50..L
of sulfadimethoxine-d6 (SDM-d6; 1.0 ug mL™"), 1 mL of 0.1 M
Na, ethylenediaminetetraacetic acid, and 24 mL of acetonitrile
water with 0.1% formic acid (70: 30, v/v). The mixture was
homogenized for 5 min using a Marconi MA102 ultraturrax
(Piracicaba, SP, Brazil), and then centrifuged at 1,370 xg for
5 min. Next, 500 uL of the supernatant was eluted in Captiva
ND cartridge (Agilent Technologies, Santa Clara, CA, USA)
using a Supelco Visiprep manifold (Sigma-Aldrich, St. Louis,
MO, USA) and analyzed using liquid chromatography-mass
spectrometry (LC-MS/MS; Agilent Technologies). Chro-
matographic separation was carried out using an Agilent Zor-
bax Eclipse Plus C18 (3 x 100 mm; 3.5 pum) column. The
mobile phase was Milli-Q water with 0.1% formic acid (A) and
acetonitrile with 0.1% formic acid (B). The gradient program
started at 5% B with a linear gradient until 95% B in 13 min
and then remained constant for 3 min. After running for
15 min, the re-equilibrium time (post time) was 10 min using
5% B. The flow remained constant at 0.4 mL min ™", the column
temperature was fixed at 30°C, and the injection volume was
10 pL. Florfenicol was injected separately in a negative ioniza-
tion mode. The chromatography conditions were the same,
except for the gradient program that started at 30% B for
2 min, followed by a linear gradient until 95% B in 5 min, and
then remained constant for 2 min. After running for 7 min, the
re-equilibrium time (post time) was 11 min using 30% B. A Tri-
ple Quadruple 6430 mass spectrometer (Agilent Technologies)
was used as a detector. The antibiotic residues were identified
using retention time and two multiple reaction monitoring
(MRM) transitions.

Antibiotics were selected based on the Brazilian National
Plan of Residues and Contaminants.!"®’ The analytical stand-
ards of oxytetracycline (>97%; OTC), tetracycline (>97.5%;
TC), chlortetracycline (>93%; CTC), ciprofloxacin (>99.5%;
CFX), enrofloxacin (>99%; EFX), sarafloxacin (>97.2%; SAR),
norfloxacin  (>99%; NFX), sulfathiazole (>98%; STZ),

sulfadimethoxine-d6 (>99.4%; SDM-d6), and florfenicol
(>98%; FF) were purchased from Sigma-Aldrich; sulfadime-
thoxine (>99.5%; SDM) and sulfamethazine (>99.5%; SMZ)
were purchased from Chem Service (West Chester, PA, USA);
and chloramphenicol (>98.5%; CAP) was purchased from Dr.
Ehrestorfer GmbH (Augsburg, Germany).

The developed method was validated based on the Eurachem
Guide. A matrix-matched calibration (MMC) was carried out
with blank and spiked samples. The limits of detection ranged
from 0.30 to 1.30 g kg~ ' and the limits of quantification range
from 0.90 to 4.3 ug kg™ '; the calibration curve showed linearity
with correlation coefficient above 0.99 at the work range 5-
400 pg kg™, recovery ranged from 83.8% to 110.1%. More
details of procedure quality assurance, quality control procedures,
and validation data, are available in Monteiro et al.!"”

Risk assessment

The risk assessment was evaluated by the estimated daily intake
(EDI; ng d~ ' person '), which was calculated for selected anti-
biotics via fish consumption by a specific age group of local
people as follows: 7/

EDI = Cbiota x Mbiota (1)

Where Cbiota (ngg™') is the maximum concentration of
selected antibiotics in adult biota samples (wet weight), and
Mbiota (g d~' person™') is the daily consumption amount of
selected fish by a specific age group. Daily fish consumption
amounts were obtained from the Ministry of Fishing and Aqua-
culture, Brazil."®! The levels of antibiotics were compared with
the MRLs set by the European Union regulation, the Brazilian
legislation, and Codex Alimentarius.!"*!

Bacterial identification and antibiotic resistance

Fish were weighted, and their body surface was disinfected with
alcohol (70° grade level) for 10 min under a laminar flow.
Microbiological swab samples were collected aseptically from
fish kidney and brain. Bacteria were identified by colony mor-
phology, Gram staining, hemolysis on agar containing sheep
blood (5% v/v), oxidase and catalase testing, and phenotypic
profiling using API 20 E and API 20 Strep Microbial Identifica-
tion Strips (BioMerieux, Marcy L’ Etoile, France) and molecular
test by direct colony PCR using primers of 16S rRNA gene. The
identified bacteria were suspended in 0.85% saline solution and
spread on Muller-Hinton agar Difco (MH) with 5% sheep
blood.""”! Standard antibiotic disks of 10 g NFX, 5 g CFX,
5 ng EFX, 25 ug STZ, 30 nug CAP, 30 ug FF, or 30 ug tetracy-
cline mix (OTC, TC, and CTC) were placed on the agar surface,
and plates were incubated at 28°C for 18-24 h. Next, the diam-
eter of inhibition zones was measured, and bacteria were classi-
fied as resistant, intermediate, or susceptible to each antibiotic.
The MAR index, which is the number of antibiotics to which
the isolate was resistant divided by the number of antibiotics to
which the isolate was exposed, was used to characterize each
fish size and cage farm.!"!



Statistical analysis

Data normality was tested using the Shapiro-Wilk test. Analy-
sis of variance (ANOVA) in conjunction with Tukey’s test was
used to identify significant differences at P < 0.05. All analyses
were performed using ASSISTAT (http://www.assistat.com/).

Results
Characterization of cage farms

The cage farms selected for this study exclusively raised Nile
tilapia, and had an annual production of 120-1,800 t year .
The number and size of cages differed between farms with a
biomass of 60-70 kg m ™ in large cages (108 m’) and of 90-
100 kg m ™ in small cages (6-18 m’). Each farm followed a dif-
ferent management plan, but they all used salt and OTC and/or
FF to prevent or control diseases (Table 1). Only one farm fol-
lowed a specific prophylactic management plan, reduced fish
density by 20% during the summer when water temperature
reached 32°C, and ran tests to identify any nutrient deficiencies
(Farm 1; Table 1).

Assessment of antibiotic residues in fish muscle

A total of 126 Nile tilapia of three sizes were analyzed for antibiotic
residues and the presence of antibiotic-resistant bacteria. The anti-
biotics detected in the muscle samples of Nile tilapia at
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concentrations above the limit of quantification were OTC, TC,
and FF (Table 2). Small fish showed higher concentrations of anti-
biotic residues (P < 0.05) and a higher frequency of occurrence
than medium and large fish. Antibiotic residues (OTC and FF) in
large fish were detected in only two samplings throughout the study
(Table 2). OTC was the most frequently detected molecule, found
in 31% of the samples at a concentration of 10-1,379 ug kg™,
whereas TC was detected in samples with high OTC concentration.
The highest total values of OTC and TC in small fish were above
the MRLs set by the European Union regulation (100 ug kg ") and
the Brazilian legislation (200 11g kg™ '). FF was mainly detected in
small fish at a concentration over 300 g kg~ ',which was lower
than the MRL recommended by the European Union regulation
and the Brazilian legislation (1,000 11g kg™ "). Both the EDI of OTC
(472 ng day~ ' person™ ') and FF (416 ng day ' person™') were
below the acceptable daily intake determined by the Codex
Alimentarius.*!

Assessment of antibiotic resistance

The bacterial genera identified were Pseudomonas, Burkholderia,
Pasteurella, Streptococcus, and Aeromonas. Based on antibiotic
resistance, the MAR index ranged from 0 to 0.86, revealing the
existence of bacteria susceptible to 100% of tested antibiotics and
bacteria resistant to 86% of tested antibiotics (Table 3). Most
bacteria were resistant to STZ, followed by TC, whereas the fre-
quency of bacteria resistant to FF was the lowest (Table 3).

Table 1. Characterization of four Nile tilapia cage farms in llha Solteira reservoir, Brazil.

Farm

Characteristic 1 2 3 4
Annual production (t yr™") 1,500 1,800 120 840
Number of cages

2x2(6m) — — 120 —

3x3(18md) 263 1,280 8 233

6 x 6 (108 m?) 50 10 — —
Biomass per cage (kg m~3)

2x2(6m) — — 90 —

3x3(18m’) 100 90 — 100

6 x 6 (108 m?) 70 60 — —

% of survivors 90 70 80 90
Prophylactic methods

Quarantine — — — —

Limnological monitoring — Tes — —

Short bath salt (3—4% for 1 min) during fish classification Tes Tes Tes —

Long bath salt (5 kg bag of salt inside the cages) — — — —

Oral antibiotic — — — —

Antibiotic bath OTC in the classification and OTC in the — —

initial stocking of fish classification

Vaccination against Streptococcus agalactiae Juvenile fish 30 g — — Interrupted

Reduction of stocking density in the summer —20% — — —5%

Product to control Limnoperna fortune Footoxi and Foothills — — —

Anesthetic during fish classification Eugenol — — Eugenol

Commercial diet testing — — — Tes
Therapeutic methods

Short bath salt (3—4% for 1 min) — — — Potassium permanganate

to control monogenean
parasite

Long bath salt (5 kg bag of salt inside the cages) — — Tes —

Oral antibiotic OTC and FF 0oTC OTC and FF OTC and FF

Temperature (°C) 24.4-30.4 24.3-30.1 24.7-30.5 24.3-29.4

Dissolved oxygen (mg L™") 4.62-6.90 2.02-7.62 3.5-8.86 3.02-8.91

OTC, oxytetracycline; FF, florfenicol.
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Table 2. Concentration of antibiotic residues in Nile tilapia collected from April 2013 until January 2013 from four cage farms in llha Solteira reservoir, Brazil.

April 2013 July 2013 October 2013 January 2014
Farm Fish size oT1C FF oT1C TC OTC FF oT1C TC FF
Concentration (g kg™")
1 Small 61.0 (£ 10.0) a — 4853 (£ 26.1)a 11.0(%0.3) — 416.9 (£ 26.9) a — — 3433 (x7.9)
Medium 19.7 (£ 42) b — 325(£09)b — — — — — —
Large — — — — — 104 (+£22)b — — —
2 Small — — 10.9 (£ 0.8) — 0 0 0 0 0
Medium — — — — 0 0 0 0 0
Large — — — — 0 0 0 0 0
3 Small — 524.7 (£3.5) — — — — — — —
Medium — — — — — 26.6 (+9.0) 90.1 (= 24.9) — —
Large — — — — — — —_ — —
4 Small 1161.7 (£ 60.3) — 921.8 (£ 83.6)a 12.0(+0.7) 7249 (£59.5)a — 1298.7 (£ 69.7) 324 (+5.4)
Medium — e 13.0(+14)b — 14.0 (£1.6) b — — — —
Large — — 11.8(£23)b — — — — — —

Data are presented as means =+ standard deviations. Means followed by the different letters within the same column are statistically different at P < 0.05.

@ - Periods not sampled by decision of the fish farm owner.
OTC, oxytetracycline; FF, florfenicol; TC, tetracycline.

Farmers’ answers revealed that antibiotics were used for
juvenile fish, mainly during the classification management to
prevent or control diseases, and were in agreement with the
results of antibiotic residues in fish muscle. The highest concen-
trations of FF and OTC were found in small fish, whereas the

MAR index increased with fish size (Fig. 1). The MAR index of
cage farms ranged from 0 to 0.23 (Fig. 2).

In Farm 1, we isolated only one bacterial species over the sam-
pling period, and the MAR index was zero (Fig. 2). In the other
three farms, the MAR index was directly related to the

Table 3. Frequency of resistant bacteria (%) and the multiple antibiotic resistance (MAR) index of bacteria isolated from cage-farm raised Nile tilapia of three different

sizes (small, medium, and large) in llha Solteira reservoir, Brazil.

Date Cage farm Growth Phase Strain NFX CFX TC EFX S1Z CTC FF MAR
April 2013 1 Small Aeromonasveronii S S S S S S S 0.00
2 Large Pseudomonas luteola S S S S S S S 0.00

Large Aeromonashydrophila S S S S S S S 0.00

3 Small Burkholderiacepacia S S S S R S S 0.14

Medium Pasteurella sp. S S S S S S S 0.00

Large Pseudomonas aeruginosa I S S S S S S 0.14

4 Small Pseudomonas fluorescens S S S S R S S 0.29

Medium Pseudomonas luteola S S S S S S S 0.00

July 2013 2 Medium Streptococcus agalactiae S S S S R S S 0.14
Medium Streptococcus agalactiae S S S S R S S 0.14

3 Small Streptococcus agalactiae S S S S S S S 0.00

Small Streptococcus agalactiae S S S S S S S 0.00

Medium Streptococcus agalactiae I | S I R S S 0.57

Large Streptococcus agalactiae S S R S R S S 0.29

4 Small Streptococcus agalactiae S S S S R S S 0.14

Small Streptococcus agalactiae S S S S R S S 0.14

Small Aeromonashydrophila S S R S S S S 0.14

Medium Streptococcus agalactiae S S R S R S S 0.29

Large Streptococcus agalactiae S S S I R S S 0.29

Large Streptococcus agalactiae I R R I R S S 0.71

Small Streptococcus agalactiae S S S S R S S 0.14

Large Streptococcus agalactiae S S S S R S S 0.14

October 2013 3 Medium Streptococcus agalactiae S S S S S S S 0.00
Large Streptococcus iniae S S S S S S S 0.00

Large Streptococcus iniae S S S S S S S 0.00

Large Aeromonashydrophila I S S S S | S 0.29

Large Streptococcus iniae R R R I S | | 0.86

January 2014 4 Small Aeromonashydrophila S S S S | S S 0.14
Small Aeromonashydrophila S S R S R S S 0.29

Small Aeromonashydrophila S S S S R S S 0.14

Small Serratialiquefaciens S S S S R S S 0.14

Small Aeromonashydrophila S S R S R S S 0.29

Small Aeromonascaviae S S S S R S S 0.14

Medium Aeromonashydrophila S S S S R S S 0.14

Large Aeromonashydrophila S S S S R S S 0.14

Frequency of resistant strains (%) 11.11 8.33 16.67 13.89 61.11 5.56 2.78

Small, 40-200 g; Medium, 200-500 g; Large, 500-800 g.
R, resistant; |, intermediate; S, susceptible.

NFX, norfloxacin; CFX, ciprofloxacin; TC, tetracycline; EFX, enrofloxacin; STZ, sulfathiazole; CTC, chlortetracycline; FF, florfenicol.
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Figure 1. Relationship between the multiple antibiotic resistance (MAR) index of bacteria isolated from cage-farm raised Nile tilapia and the antibiotic residue concentra-

tion in small (40-200 g), medium (200-500 g), and large (500-800 g) fish.

concentration of antibiotic residues detected in Nile tilapia (Farms
2,3,and 4; Fig. 2).

Discussion

In Tlha Solteira reservoir, 87.09% of the area is covered by pas-
tures.*") Antibiotics have lower bioaccumulation and higher
mobility potential in soil than pesticides.*? Although riparian
vegetation functions as a buffer, filtering sediment nutrients
and pollutants,”” only 0.67% of the natural vegetation sur-
rounding Ilha Solteira reservoir prevents soil erosion.'*!! There-
fore, antibiotics and contaminants present in the soil are easily
carried to the reservoir.

In this study, the concentration of antibiotic residues was
higher in small fish than in medium and large fish (Tables 1).
According to farmers, small Nile tilapia is more susceptible to
pathogens, and as a result, the use of antibiotics has intensified.
However, the MAR index was higher in large fish, suggesting

s MAR

0.25

0.20

e
-
w

MAR index
=
=

0.05

0.00
1(n=1)

2(n=4)

n = number of bacteria

that the possibility of infection by bacteria resistant to multiple
antibiotics increases with the time that fish stay in the aquatic
environment. Little is known about the environmental impact of
antibiotics used in aquaculture production and their accumula-
tion in aquatic sediments. Previous studies showed that the bac-
terial flora in the environment surrounding aquaculture sites
contains an increased number of antibiotic-resistant bacteria,**~
7] and that the aquatic environment is a great reservoir of antibi-
otic resistance genes.”® In Brazil, Nile tilapia are slaughtered
when they reach a weight of 800 g, and at this size, the detected
concentrations of OTC and TC were below the MRLs. Although
large fish intended for consumption show low antibiotic residues,
the excessive use of antibiotics in industrial aquaculture has led
to the consumption of undetected antibiotics that interfere with
the normal bacterial flora of humans, increasing their susceptibil-
ity to bacterial infections, promoting the development of antibi-
otic-resistant bacteria, and generating allergy and toxicity
problems.” In Brazil, OTC and FF are the only licensed

e Antibiotic residue
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Figure 2. Relationship between the multiple antibiotic resistance (MAR) index of bacteria isolated from cage-farm raised Nile tilapia and the antibiotic residue concentra-

tion in each of four studied cage farms in llha Solteira reservoir, Brazil.
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antibiotics for use in the aquaculture production of crustaceans,
tilapia, catfish, lobster, and salmon.®" The use of OTC is more
popular because its commercial value is lower than that of FF.
TC is one of the by-products of OTC, which is produced by fer-
mentation of some strains of Streptomyces rimosus.*? In this
study, the presence of TC could be attributed to the high OTC
concentrations found in the samples. Thus, the presence of FF,
TC, and OTC was directly related to the prevention or control
of bacterial diseases in cage farms.

STZ showed the highest frequency of resistant bacteria
(Table 3). This antibiotic is not used in Nile tilapia production,
but it is one of the most prescribed systemic antibiotics in
human and animal medicine.”?®’ Therefore, the release of this
antibiotic into the environment significantly promotes the
development of resistant bacteria.

Owing to the continuous use of OTC as a prophylactic antibi-
otic, TC showed the second highest frequency of resistant bacteria
(Table 3). The effectiveness of the fish immune system to fight bac-
terial colonization and infection is reduced with the increasing use
of prophylactic antibiotics ') that often misplaces the goal of fore-
stalling sanitary shortcomings.®® A previous study showed that
OTC might not be the ideal antibiotic for aquaculture production
because of its poor absorption from the intestinal tract of fish.**!

FF showed the lowest frequency of resistant bacteria
(Table 3), suggesting its efficacy as an antibiotic for the control
of bacterial diseases in cage farms. FF is a broad-spectrum anti-
biotic that belongs to the amphenicol group, and is used in vet-
erinary medicine. In several countries, it has been used as a
community-acquired pneumonia substitute regimen and has
shown high efficacy at low concentrations against pathogenic
bacteria in fish, especially salmon and catfish.*”!

The results showed that the MAR index was directly related to
the concentration of antibiotic residues detected in all cage farms,
except for one (Farm 1), revealing that the continuous use of antibi-
otics could reduce their efficacy and promote the development of
resistant bacteria. In addition, this study highlighted the impor-
tance of prophylactic management to prevent diseases, since, in
Farm 1, only one bacterial species was isolated over the study, and
the MAR index was 0.

The Nile tilapia density in the cage farms of Brazil (100 kg m )
is much higher than that of other countries (2-50 kg m™>). There-
fore, when the water temperature reaches 32°C in the summer, a
20% reduction in fish density is considered an essential practice *!
to reduce the risk of disease outbreaks, and consequently, decrease
the mortality rate and increase the level of dissolved oxygen in the
water. The relatively high dissolved oxygen level in Farm 1 reflected
the positive consequence of this practice. Other prophylactic man-
agement practices, such as vaccination against S. agalactige and
commercial diet testing to identify possible nutrient deficiencies,
also contribute to the improvement of the sanitary status in cage
farms. Therefore, prophylactic management practices can reduce
the use of antibiotics in aquaculture.””**! Regulations in several
developed countries specify the total elimination of antibiotic use
for prophylaxis and the strict control of therapeutic antibiotics.*

Conclusions

Antibiotics detected in the muscle of Nile tilapia were OTC, TC,
and FF, and their presence was directly related to the control or

prevention of bacterial diseases in cage farms. However, the EDI of
FF and OTC was below the acceptable daily intake recommended
by the Codex Alimentarius.""*' The application of antibiotics in the
cage farms of Brazil is intensified during the initial growth phase.
This study showed that small fish had higher antibiotic concentra-
tions, although the MAR index increased with the time that fish
stayed in the aquatic environment. The comparison of cage farms
revealed a direct relationship between the MAR index and the con-
centration of antibiotic residues in the muscle of Nile tilapia, sug-
gesting that the continuous use of antibiotics can reduce their
efficacy and promote the development of resistant bacteria. Overall,
the adoption of prophylactic management practices, such as a 20%
reduction in fish density during summer, vaccination against S.
agalactiae, and commercial diet testing to identify possible nutrient
deficiencies, is essential for improving the sanitary status of cage
farms and reduce the MAR index.
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