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Introduction
Nile tilapia, Oerochromis niloticus, a species that has been 

undervalued until the mid-1990s, is today one of the most widely 
cultivated fish species in the world.1Infection with Streptococcus 
agalactiae is a major threat to Nile Tilapia in aquaculture around 
the world. This type of streptococcosis causes acute septicemia and 
meningo encephalitis. Antibiotic therapy is the indicated method 
for controlling outbreaks, preferably with the use of vaccines. 
Oxytetracycline, a tetracycline antibiotic with a broad spectrum of 
action, is the preferred antibiotic for the treatment of bacterial diseases 
in aquaculture, due to its relative efficacy, low cost 2 and because it has 
the diffusion capacity in body fluids and tissues.3 The susceptibility to 
antibiotics obtained by the Minimum Inhibitory Concentration (MIC) 
of bacterial strains isolated from clinical cases can be used to classify 
isolates as wild-type and non-wild-type and to calculate provisional 
epidemiological cut-off values.3,4 Studies of experimental infections 
carried out in Brazil with Streptococcus agalactiae with MIC of 
0.24ug/ml treated with oral doses of 100mg/kg of oxytetracycline 
every 12hours showed 20% of mortality rates and 60 % of persistence 
of infected animals.3 The PK/PD models relate pharmacokinetic (PK) 
parameters with pharmacodynamic parameters (PD) and are widely 
used as indicators of the efficacy of antibiotic treatments in humans 
and animals. These models optimize antimicrobial therapy and 
minimize resistance selection.5

Studies with Brazilian clinical isolates of Streptococcus agalactiae 

describe the frequency and distribution of MICs,6 but there are no 
studies evaluating the impact of these MIC changes on the clinical 
efficacy of oxytetracycline at usual doses. The objective of this 
study was to evaluate the effect of MIC changes on mortality, carrier 
and cure rates in Streptococcus agalactiae infections using PK/PD 
modeling.

Materials and methods
A PK/PD modeling was performed for the determination of the 

efficacy of oral oxytetracycline 100mg/kg every 12hours of Nile Tilapia 
infected with Streptococcus agalactiae strains with MICs of 0.06; 
0.125; 0.25 and 0.5ug/mL. The efficacy parameter used was the area 
under the plasma concentration versus time curve/minimum inhibitory 
concentration (AUC/MIC).5‒7 The pharmacokinetic parameters used 
were obtained from the pharmacokinetic study conducted by Chun-
Yacoh et al.8 The selection of the pharmacodynamic parameters was 
based on data from the epidemiological study conducted by Gozi 6 
with bacteria isolated from Nile Tilapia in the States of Minas Gerais, 
São Paulo and Parana in Brazil. Statistical analysis was performed 
using the Excel and BioEstat 5.0programs. In order to estimate the 
rates of cured, carrier and killed animals, a Monte Carlo simulation 
of the pharmacokinetic parameters was performed, followed by 
PK/PD modeling.5,9,10 The rates of cured, carrier and dead animals 
corresponding to each MIC were compared using the Qui-Square 
independence test with a significance of p=0.01.
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Abstract

Streptococcosis is one of the main causes of morbidity and mortality in Brazilian 
tilapia farming and oxytetracycline is one of the main antibiotics that have been used 
for decades in its treatment. However, studies of experimental infections carried out in 
Brazil with Streptococcus agalactiae with MIC 0.24ug/mL treated with oxytetracycline 
orally at a dose of 100mg/kg every 12hours showed 20% of mortality rates and 60% 
of carrier animals. The objective of the present study was to evaluate the effect of 
changes in Streptococcus agalactiae MIC isolated on mortality, carrier and cure rates 
using pharmacokinetic/pharmacodynamic (PK/PD) modeling. The index used for the 
determination of efficacy was the area under the plasma concentration versus time 
curve (AUC)/minimum inhibitory concentration (MIC). A Monte Carlo simulation of 
AUC followed by pharmacokinetic/pharmacodynamic modeling was used to estimate 
the rates of cured, carrier and dead animals. Changes in mortality rates and estimated 
asymptomatic carriers related to changes in the MIC were observed. The estimated 
mortality rates were 0.3%; 2.5%; 25% and 90% and carrier rates were 1.3%; 16.7%; 
60% and 9% according to MICs of strains 0.06; 0.125; 0.25 and 0.5 ug/mL, respectively. 
In this simulation study it was observed that small increments in the MIC determined 
large changes in the rates of cured, runner and dead animals. This demonstrates the 
need to incorporate in the therapeutic protocol bacteriological isolation, determination 
of MIC and optimization of therapeutic doses in order to avoid therapeutic failures and 
consequently potentiate the development of resistance.
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Results
(Figure 1) shows the relationship between plasma oxytetracycline 

concentrations and MIC values. MIC values of 0.5 ug/mL were 
found to be close to the mean plasma concentration 3hours 
post administration. (Figure 1) Relation of the distributions of 
oxytetracycline concentrations (after oral administration of 100mg/kg 
in Nile Tilapia) with MICs ofStreptococcus agalactiae (isolated from 
infected animals in Brazil), adapted from Chen et al. 8 and Gozi.6 The 
PK/PD modeling allowed to estimates the efficacy of the treatment 
according to the changes in the MIC of the isolated battery. Changes 
in estimated mortality and carrier rates related to variations in the 
MIC were observed (Figure 2). The estimated mortality rates were 
0.3%; 2.5%; 25% and 90% and carrier rates were 1.3%; 16.7%; 60% 
and 9% according to the MICs of 0.06; 0.125; 0.25 and 0.5 ug/mL, 
respectively.

Figure 1 Relation of the distributions of oxytetracyc line concentrations 
(after oral administration of 100mg/kg in Nile Tilapia) with MICs of 
Streptococcus agalactiae (isolated from infected animals in Brazil), adapted 
from Chen et al. 8 and Gozi.6

Figure 2 Probability of obtaining cured, carrier and dead animals after 
treatment with oral oxytetracycline 100mg/kg for 10days in Nile Tilapias 
according to MIC of Streptococcus agalactiae isolated based on Monte Carlo 
simulation.

The probability of obtaining bacterial cure after treatment was 
significantly decreased for infections caused by MICs greater than 
0.06 ug/mL (p˂0.001) (Figure 2). In the case of carrier animal rates, 
the probability was significantly increased for infections caused 
by bacteria with MICs greater than 0.06 ug/mL (p˂0,001). (Figure 
2) Probability of obtaining cured, carrier and dead animals after 
treatment with oral oxytetracycline 100mg/kg for 10 days in Nile 
Tilapias according to MIC of Streptococcus agalactiae isolated based 
on Monte Carlo simulation.

Discussion
Oxytetracycline is the main antibiotic for the treatment of clinical 

infections by experimental studies with clinical bacterial strains 
demonstrating changes in its efficacy.3 In addition; the present study 

demonstrates how small increases in MIC could have a high impact 
on therapeutic efficacy. This study demonstrates, probabilistically, 
that cure would be found in 80% of the animals, mortality in 2.5% 
and presence of carriers in 16% of the animals would be found by 
infection with Streptococcus agalactiae with MIC of 0.125μg/ml.

Gozi 6 isolated 51 Streptococcus agalactiae from Nile Tilapia in 
3 Brazilian states, detecting a variation of MIC to oxytetracycline of 
0.2 to 1μg/mL in the isolates, with a prevalence of 0.06μg/mL and 
the epidemiological cut was set at 0.25μg/mL. Using this cut-off 
point, the present study demonstrates cure in only 15% of the animals, 
with death of 25% and 60% of the animals as carriers. Faria et al.,3 
obtained the 29 strains of Streptococcus agalactiae from isolates of 
tilapias in 6 Brazilian states where prevalence of strains with MIC of 
0.06μg/mL was 10%. According to the results of the present study, 
oxytetracycline at doses of 100 mg/kg would only be indicated for 
this 10% of the cases. In addition, in the study by Faria et al.,3 it was 
demonstrated that 80% of strains of Streptococcus agalactiae isolated 
had MICs between 0.125 and 0.5μg/mL. The present PK/PD analysis 
allows us to infer that the use of oxytetracycline could be used due to 
the susceptibility to the drug by the bacteria, but to obtain adequate 
efficacy results the corresponding dose adjustments should be made.

The therapeutic success of antibiotic therapy depends mainly on 
the relationship between the concentration of the drug at the infection 
site and the minimum inhibitory concentration of the bacterium 
causing the infection.5‒11 Therefore, the therapeutic failure could 
be of pharmacokinetic origin (PK), pharmacodynamic (PD) or a 
combination of both. Therapeutic failures of PK origin occur when the 
drug does not reach the required concentration at the action site and 
those of PD origin when the bacterium resists the original therapeutic 
concentrations.11‒13 These therapeutic failures of PD origin are 
evidenced by increases in pharmacodynamic parameters as minimum 
inhibitory concentration.5,14 In this sense, the PK/PD models correlate 
PK parameters with PD parameters and are widely used as indicators 
of the efficacy of antibiotic treatments.5,7,11 These models allow us 
to optimize therapeutic doses maximizing efficacy and minimizing 
resistance selection.15,16

These models would optimize the therapeutic doses of 
streptococcosis in Nile Tilapia in cases that oxytetracycline MICs are 
equal to or greater than 0.125 g/mL. In addition, these models allow 
the adjustment of therapeutic doses according to the regional changes 
of bacterial susceptibility to the antibiotics used, increasing the rates 
of therapeutic success, reducing cases of toxicity and contributing to 
the control of the generation of bacterial resistance.

Conclusion
In this study it was observed that small increments in the 

MIC determined large changes in the rates of cured, carrier and 
dead animals. This demonstrates the need to incorporate in the 
therapeutic protocol bacteriological isolation, MIC determination 
and optimization of therapeutic doses in order to avoid therapeutic 
failures and consequently potentiate the development of resistance. 
However, further studies are needed to determine additional 
pharmacokinetic parameters such as bioavailability, protein binding 
and dose proportionality in Nile Tilapia in order to optimize dose in 
the treatment of Streptococcus agalactiae diseases.
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