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Highlights

Marbofloxacin is highly effective in the treatment of swine respiratory diseases.
The article addresses the quality of commercial marbofloxacins.
The SISAAB is an effective procedure for the treatment of swine respiratory diseases.

Abstract

Marbofloxacin is one of the antibiotics of choice for the treatment of pigs with clinical manifestations of
respiratory disease. Some commercial products on the market contain this active ingredient, and the
objective of this study was to evaluate the efficacy of 3 available marbofloxacin-based products based on
the SISAAB (single injection and short-term antibiotic) concept with regard to the performance and health
parameters of pigs in the nursery, growth and finish phases with clinical manifestations of respiratory
disease (RD). A total of 78 animals with clinical manifestations of RD from a total of 1726 pigs were used.
The animals that had RD symptoms were weighed, identified and randomly subjected to 3 treatments: T1
- Forcyl® (n = 27); T2 - Marbox® (n = 25); T3 - Resolutor® (n = 26). All treatments corresponded to a single
intramuscular dose of 8 mg of marbofloxacin per kg of live weight. After treatment, clinical signs of cough
and depression, water consumption, rectal temperature, performance parameters, lung lesions and the
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pneumonia index of the animals were evaluated. The animals that received T1 and T3 maintained a mean
rectal temperature of 39.38 °C 2 days after administration. In contrast, animals in the group that received
T2 had significantly higher temperatures (p = 0.068) in this period (39.53 °C). There was a greater decrease
in temperature (p = 0.042) in the 24 hours after drug administration in animals that received T1 (-0.573 °C).
Regarding the other performance parameters, clinical signs of cough and depression, water consumption,
lung injury and the pneumonia index, no differences were observed between the marbofloxacin-based
products evaluated (p > 0.05). All marbofloxacin-based products were effective in reducing the clinical
signs of RD and promoting animal performance and health. However, T1 was more effective in reducing the
rectal temperature of the animals.

Key words: Antibiotics. Performance. Pneumonia. Cough.

Resumo

A marbofloxacina é um dos antibiéticos selecionados para o tratamento de suinos com manifestagdes
clinicas de doencas respiratdrias. Existem alguns produtos comerciais no mercado com este principio ativo,
nesse sentido, objetivou-se com esse trabalho avaliar, com base no conceito SISAAB (antibioticoterapia
de curta duracdo e dose Unica), a eficiéncia de trés marbofloxacinas disponiveis sobre os parametros de
desempenho e saude de suinos em fase de creche, crescimento e terminagao com quadros clinicos de
doencas respiratérias (DR). Foram utilizados 78 animais com manifestacdes clinicas de DR de um total de
1726 porcos. Os animais que apresentaram sintomas de DR foram pesados, identificados e submetidos
aleatoriamente a 3 tratamentos: T1 - Forcyl® (n = 27); T2 - Marbox® (n = 25); T3 - Resolutor® (n = 26). Todos
os tratamentos corresponderam a uma dose Unica intramuscular de 8 mg de marbofloxacina por kg
de peso vivo. Apds o tratamento, foram avaliados os sinais clinicos de tosse e depressao, consumo de
agua, temperatura retal, par@metros de desempenho, lesdes pulmonares e o indice de pneumonia dos
animais. Os animais que receberam T1 e T3 mantiveram temperatura retal média de 39,38°C, 2 dias apds
a administracdo. Em contrapartida, os animais do grupo que recebeu T2 apresentaram temperaturas
significativamente mais elevadas (p < 0,10) neste periodo (39,53 °C). Em linha, foi possivel observar a maior
diminuicao de temperatura (p = 0,042) nas 24 horas apds a aplicagao da medicagao nos animais do grupo
T1 (-0,573 °C). Em relacdo aos demais pardmetros de desempenho, sinais clinicos de tosse e estado de
depressao, consumo de agua, lesdes pulmonares e indice de pneumonia, ndo foram observadas diferencas
entre as marboloxacinas avaliadas (p>0,05). Todas as marbofloxacinas foram eficazes na reducao dos
sinais clinicos de doencgas respiratorias, promovendo o desempenho e saude dos animais, entretanto foi
constatada a maior eficiéncia de T1 na reducao da temperatura retal dos animais.

Palavras-chave: Antibidticos. Desempenho. Pneumonia. Tosse.
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Introduction

Marbofloxacin is a third-
generation synthetic fluoroquinolone
developed exclusively for veterinary use,
administered orally or parenterally in several
species, including pigs. For this species,
marbofloxacin is used for the treatment of
respiratory diseases caused by Pasteurella
multocida, Actinobacillus pleuropneumoniae,
Streptococcus suis and  Glaesserella
parasuis, with a recommended dose of 2 mg
per kilogram of live weight every 24 hours for
5 or more days (Dorey et al., 2017; European
Medicines Evaluation Agency [EMEA], 1998;
Lees & Shojaee Aliabadi, 2002; Schneider et
al., 2014).

These pathogenic respiratory agents
are endemic and responsible for recurrent
clinical conditions, commonly referred to
as the swine respiratory disease complex
(SRDC), which is considered one of the
main causes of morbidity and mortality in
pig farming (Opriessnig et al., 2011), often
resulting in substantial economic losses
(Biberstein, 1990; Hossain et al, 2017;
Nedbalcova et al., 2006). In addition, when
these diseases intensify, they cause a
decrease in the growth rate during fattening
and increase production costs due to the
required use of antimicrobials for treatment,
with negative economic consequences.

Marbofloxacin is an antibiotic of
choice forrespiratory problems due toits high
efficacy, rapid absorption, good distribution,
broad spectrum and low level of bacterial
resistance (Nedbalcova et al., 2019). As a
lipid-soluble organic acid with low/moderate
binding to plasma proteins, it achieves good
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tissue penetration and wide distribution
(Lees & Shojaee Aliabadi, 2002), with higher
concentrations in lung tissue, exceeding the
concentrations found in plasma (Dorey et al.,
2017; Lees & Shojaee Aliabadi, 2002).

Thus, marbofloxacin is one of the
most commonly used active ingredients for
the treatment of RD in pigs. In a meta-analysis
by O'Connor et al. (2019) in which 34 relevant
studies on injectable antibiotic options
for the treatment of naturally occurring
porcine respiratory diseases were included,
marbofloxacin was identified as one of the
most important active ingredients used and
was associated with a lower risk of failure in
treatment outcomes.

Because of these characteristics,
there are several commercial products based
on marbofloxacin available on the market
(Sargeant, 2018). However, although these
products have the same active ingredients,
their bioequivalence may not be similar
because they have different maximum plasma
concentrations (Cmax) and mean times to
reach the Cmax.

Comparative studies of marbofloxacin
with other antibiotics for the same purposes
have been conducted, highlighting the study
by Thomas et al. (2000), who evaluated
marbofloxacin and amoxicillin; the study by
Nedbalcova et al. (2019), who compared
marbofloxacin, amoxicillin and enrofloxacin;
andthemeta-analysisconductedbyO'Connor
et al. (2019), in which several antibiotics
were included. However, comparisons of the
same active ingredient, marbofloxacin, with
commercial drugs from different sources are
scarce.
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Considering the benefits of
marbofloxacin in the treatment of respiratory
pathogens and the possible differences in
the effectiveness of different commercial
preparations of marbofloxacin with regard
to a reduction in the clinical signs of these
diseases, the aim of this study was to evaluate
the efficacy of 3 marbofloxacin commercial
preparations with regard to the performance
parameters and health of pigs in the nursery
phase, growth and finish stages with clinical
manifestations of respiratory disease.

Material and Methods

The procedures adopted in this study
were performed in accordance with the
practices approved by the Ethics Committee
on the Use of Research Animals of Akei
Animal Research (protocol number 019/20)
and international animal welfare guidelines.

Animals, housing and feed

A total of 1,726 castrated males and
females (PIC® genetics, Camborough x AG
337) on a commercial farm were evaluated in
4 experimental units (2 weaned-to-finish units
and 2 growth and termination units). In both
units, the pen area per animal was 1.0 m2.

Atotal of 1046 animals were monitored
during the weaned-to-finish phases, i.e.,
between 21 and 165 days of age, and 680
animals were monitored in the growth and
finish phases, i.e., between 63 and 165 days
of age. The pigs were housed in groups of 3
to 6 animals per pen, respecting the minimum
housing area required per animal.
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All animals received diets free of
growth promoters and were subjected to
preventive shocks with antibiotics via water
or feed. The nutritional programme adopted
was based on the use of 8 feeds, i.e., 4 for
the weaned-to-finish phase (preinitial | and
Il and initial | and Il) and 4 for the growth and
finish phases (growth | and Il and finish | and
I). Throughout the study period, the animals
received water and feed ad libitum.

Animal selection and treatment

Seventy-eight pigs from a total of
1,726 presented clinical respiratory problems
based on signs of coughing, sneezing,
increased respiratory rate, and prostration,
among others, with reference to Christensen
et al. (2006).

The animals were randomized,
considering sex, toreceive 1 of 3 experimental
treatments with commercial preparations of
marbofloxacin: T1 - Forcyl®, 16% (Vetoquinol
SA, Lure, France); T2 - Marbox®, 10% (Ceva
Animal Health, Turkey); and T3 - Resolutor®,
20% (Ouro Fino Saude Animal Ltda,
Cravinhos, Brazil).

After randomization, age and clinical
signs were recorded. The pigs were weighed,
identified and received 8 mg of marbofloxacin
per kg of live weight as a single intramuscular
dose. There were 27, 25 and 26 animals in the
T1, T2 and T3 groups, respectively.

During the 10 days after
administration, the presence or absence of
water consumption was evaluated daily, as
were clinical signs of depression and cough.
The assessment of depression followed the
methodology described by Rossi et al. (2021).
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Respiratory rate (normal or abnormal)
and rectal temperature were evaluated on the
first and second days after drug application.
Live weight and average daily weight gain
were measured on the first, fifth and tenth
days after drug administration.

At 165 days of age, pigs in the
weaned-to-finish group and growth and
termination group were sent to a commercial
slaughterhouse. After slaughter, signs of lung
injury were evaluated, and the pneumonia
index was calculated. In total, 48 animals were
analyzed (17, 15 and 16 animals inthe T1, T2
and T3 groups, respectively).

Statistical analysis

The distribution of the data was
analyzed using the Kolmogorov-Smirnov
& Lilliefors and Shapiro-Wilk's W tests (p >
0.05). Data with a normal distribution were
subjected to analysis of variance, and means

Table 1

were subjected to Tukey's test. Nonnormally
distributed and qualitative and quantitative
data were compared using the Kruskal-Wallis
test using Statistics for Windows®, version
10.0. For both tests, a “p" value less than 0.05
was considered significant, and a “p” value
between 0.05 and 0.10 was considered a

trend.

Results and Discussion

The animals that received T1 and T3
maintained a mean rectal temperature of
39.38 °C 2 days (D2) after drug administration
(Table 1). In contrast, piglets that received T2
had higher temperatures (p = 0.068) in this
period. Additionally, the greatest decrease
in temperature (p = 0.042) in the 24 hours
after administration occurred in animals that
received T1, with differences of 0.093 and
0.296 °C from animals that received T2 and
T3, respectively.

Mean rectal temperature of pigs treated with different marbofloxacin-based drugs

Marbofloxacin

Parameter CV (%) p value

T1 T2 T3
Temperature D1 (°C) 39.950 40.012 39.662 1.68 0.1346
Temperature D2 (°C) 39.377b 39.532a 39.385b 1.31 0.0680
Difference D2 - D1 (°C) -0.573a -0.480ab -0.277b 157.11 0.0424

a-c Different letters in rows indicate differences by the Kruskal-Wallis test (p < 0.05) and trends (0.05 < p < 0.10). D1: Day

1; D2: Day 2.

In the evaluation of the performance
of the animals, post administration, there was
no difference (p > 0.05) in mean body weight
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and mean daily weight gain on days 1 (D1),
5 (D5) and 10 (D10) among the groups of
treated animals (T1, T2 and T3) (Table 2).
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Table 2
Mean live weight (LW) and daily weight gain (DWG) on Days 1 (D1), 5 (D5) and 10 (D10) after the
administration of different marbofloxacin-based products in pigs

Marbofloxacin

Parameter CV (%) p value
T1 T2 T3
PV D1 (kg) 71.987 68.238 70.256 34.69 0.9158
PV D5 (kg) 76.658 72.712 74.685 32.87 0.9047
PV D10 (kg) 81.588 77.656 79.173 31.64 0.9136
GPD D1-D5 (kg) 4.671 4474 4.429 44,52 0.8395
GPD D5-D10 (kg) 4,931 4.944 4.488 39.41 0.6440
GPD D1-D10 (kg) 9.602 9.418 8.917 31.87 0.6791

a-c Different letters in rows indicate differences by the Tukey test or Kruskal-Wallis test (p < 0.05) and trends (0.05 < p <

0.10). D1: Day 1; D5: Day 5 and D10: Day 10.

Regarding water consumption and
depression from day 1 to day 10 (D10) after
drug administration, no differences were
observed among the marbofloxacin-based
products used (p > 0.05).

Regarding clinical signs of cough
(Table 3), 10 days after drug administration,
no differences were found among the
preparations used (p > 0.05). However, as
a trend (p = 0.0714), compared to animals
that received T3 (n = 24), fewer animals that
received T1 (n = 18) and T2 (n = 20) exhibited
coughing 10 days after drug administration.
Regarding the parameters of water
consumption and depression status (Table 4)
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from day 1 to day 10 (D10) after the use of the
drugs, no differences were detected between
the marbobloxacins used (p>0.05).

Tables 5 and 6 show, based on the
marbofloxacin preparation administered,
the number and percentage of animals with
pneumonia lesions in different lung regions
and the mean degree of involvement of the
lesions in the lung regions, respectively, in
addition to the pneumonia index. There was
no difference among treatments regarding
the degree of lesion involvement in the lung
regions. For the pneumonia index, the value
was lower (p = 0.1214) for T1 than for T2 and
T3, but the difference was not significant.
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Table 3
Number and percentage of animals that exhibited coughing from Day 1 (D1) to Day 10 (D10) after drug
administration

Marbofloxacin

Parameter

T1(n=27) T2 (n =25) T3 (n=26)
Cough D1 (n) 18b 20ab 24a 0.0714
Cough D2 (n) 18 16 20 0.5734
Cough D3 (n) 10 10 12 0.7926
Cough D4 (n) 3 6 8 0.2157
Cough D5 (n) 4 5 5 0.8707
Cough D1 -D5 (n) 14 15 19 0.2829
Cough D6 (n) 4 4 4 0.9931
Cough D7 (n) 3 0 2 0.2538
Cough D8 (n) 3 0 4 0.1442
Cough D9 (n) 1 1 2 0.7701
Cough D10 (n) 0 0 0 1.0000
Cough D1 (%) 66.67 80.00 92.31 --
Cough D2 (%) 66.67 64.00 76.92 --
Cough D3 (%) 37.07 40.00 46.15 --
Cough D4 (%) 11.11 24.00 30.77 ==
Cough D5 (%) 14.81 20.00 19.23 ==
Cough D6 (%) 14.81 16.00 15.38 --
Cough D7 (%) 11.11 0.00 7.69 --
Cough D8 (%) 11.11 0.00 15.38 --
Cough D9 (%) 3.70 4.00 7.69 --
Cough D10 (%) 0.00 0.00 0.00

a-c different letters in rows indicate trends by the Kruskal-Wallis test (p < 0.05) and trends (0.05 < p < 0.10).

Semina: Ciénc. Agrar. Londrina, v. 44, n. 1, p. 343-358, jan./fev. 2023 349



SEMINA ———

Silva, C. A. etal.

Table 4

Number of pigs that did not consume water (DCW) and exhibited signs of depression from Day 1 (D1) to

Day 10 (D10) after drug administration

Parameter

T1(n=27)

Marbofloxacin
T2 (n = 25)

T3 (n = 26)

DCW D1 (n)
DCW D2 (n)
DCW D3 (n)
DCW D4 (n)
DCW D5 (n)
DCW D6 (n)
DCW D7 (n)
DCW D8 (n)
DCW D9 (n)
DCW D10 (n)
Depression D1 (n)
Depression D2 (n)
Depression D3 (n)
Depression D4 (n)
Depression D5 (n)
Depression D6 (n)
Depression D7 (n)
Depression D8 (n)
Depression D9 (n)
Depression D10 (n)

2
0
0
0
0
0
0
0
0
0
4
0
0
0
0
0
0
0
0

o

0.3739
0.3465
0.3465
0.3465
1.0000
1.0000
0.3465
0.3465
1.0000
1.0000
0.1409
0.3465
0.3465
0.3465
1.0000
0.3465
0.3465
0.3465
1.0000
1.0000

©) Y g ) R EEW ) Fell ) =N Nell o) =W EEg
O O O O O OO O O OO OO0 oo oo o o

o
o

a-c different letters in rows indicate trends by the Kruskal-Wallis test (p < 0.05) and trends (0.05 < p < 0.10).

Comparative scientific studies
that evaluate marbofloxacin as an active
ingredient of different commercial products
for parenteral use, aiming to identify those
preparations that have better efficacy
with regard to alleviating clinical signs of
respiratory diseases in pigs, are nonexistent;
in contrast, there are in vivo and in vitro
studies that evaluated the effects of different
doses of marbofloxacin (milligrams of active
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ingredient per kilogram of live weight)
(Vilalta et al., 2011, 2014) and compared
marbofloxacin to other antibiotics and
different therapeutic regimens (single dose
versus 2 or more doses) (Dorey et al., 2017;
Hoeltig et al., 2018; Nedbalcova et al., 2019).
In this sense, this study, which compared 3
marbofloxacin-based commercial products,
is unprecedented.
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Table 5

Number and percentage of animals with lesions in different regions of the lung based on the

marbofloxacin preparation administered

Parameter T1(n=17)

n
Right apical (n) 5 29.41
Right heart 7 41.18
Right diaphragm 1 5.88
Left apical 1 5.88
Left heart 5 29.41
Left diaphragm 3 17.65
Intermediate 3 17.65

Table 6

Marbofloxacin

T2 (n=15) T3 (n=16)

n n

5 33.33 4 25.00
7 46.67 6 37.50
1 6,67 4 25.00
2 13.33 2 12.50
2 13:33 5 31.25
4 26.67 2 12.50
8 20.00 & 18.75

Mean degree of lesion involvement in lung regions and the pneumonia index in pigs based on the

marbofloxacin preparation administered

Parameter T1(h=17)

Right apical 0.706 0.933
Right heart 1.000 1.067
Right diaphragm 0.647 0.467
Left apical 0.706 0.667
Left heart 0.647 0.667
Left diaphragm 0.471 0.933
Intermediate 0.765 0.867
Pneumonia index 1.353 1.800

Regarding body temperature, post
administration, T1 resulted in a significant
reduction (p < 0.042) in temperature 24 hours
after administration (-0.573 versus -0.480
and -0.277 °Cfor T1, T2 and T3, respectively).
This result indicates that T1 may have
pharmacokinetics different from those of T2

Marbofloxacin

IVAGENE)) T3 (n=16)

n

0.688 0.2497 4 25.00
1.063 0.8077 6 37.50
0.563 0.6437 4 25.00
0.625 0.9521 2 12.50
1.000 0.7156 5 31.25
0.750 0.2490 2 12.50
0.500 0.6091 3 18.75
1.563 0.1214

and T3. Inline with this observation, Ding et al.
(2010) and Schneider et al. (2014) found that
the absolute bioavailability of marbofloxacin
in weaned and fattening pigs varies between
90 and 100%, regardless of the dose or
concentration of the product. This range
of bioavailability, cited by the authors, may
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represent the reason for the differences for
this parameter in favor of T1 and support
the hypothesis of our study that there are
differences in different marbofloxacin-based
products in the treatment of respiratory
problems in pigs.

In this study, the results regarding
rectal temperature were similar to those
obtained by Zou and Zeng (2012), who
reported the success of marbofloxacin on
the basis of improvements in the rectal
temperature of pigs experimentally infected
with  Actinobacillus  pleuropneumoniae;
24 hours after the administration of
marbofloxacin, regardless of the dose, the
rectal temperature of the animals was similar
to that of the animals in the negative control
group (no challenge) and significantly lower
than those in the infected and untreated

group.

Considering that for all treatments,
the animals received the same dosage of
marbofloxacin (8 mg/kg live weight, single
dose), the differences in rectal temperature
may be due to the pharmacokinetic
characteristics of the products evaluated.
Hossain et al. (2017), when studying the
pharmacokinetics of the same marbofloxacin-
based product used as the T1 treatment in
this study, reported a Cmax of 2.59 pug/mL
and a Tmax of 0.44 h at a dose of 2.5 mg/kg
live weight for growing pigs, differing from the
results for other commercial marbofloxacin-
based productsin studies by Ding etal. (2010)
and Yang et al. (2017), who also worked with a
dose of 2.5 mg/kg live weight and observed
Cmaxand Tmax values of 1.62 uyg/mL and 2.00
h and 1.83 pg/mL and 0.71 h, respectively.

The T1 Cmax values obtained by
Hossain et al. (2017) were 59.87% and
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41.53% higher than those for marbofloxacin
evaluated by Ding et al. (2010) and Yang
et al. (2017), respectively. For Tmax, the
values were also better for T1, similar to that
reported by Hossain et al. (2017), being 4.54
and 1.61 times shorter to reach the maximum
concentration of the active drug than those
observed for the marbofloxacin-based
products studied by Ding et al. (2010) and
Yangetal.(2017), respectively.Basedonthese
results, it is pertinent to consider in our study
that the advantages of T1 inrelationto T2 and
T3 with regard to rectal temperature may be
due to distinct proprietary pharmacokinetic
conditions for each commercial.

As a consequence of the febrile
state, animals may exhibit some behavioral
effects, such as depression (Escobar et al.,
2007). In this study, there were no differences
among treatments regarding the presence
of depression in animals in the 10 days
following drug administration. Depressive
states in sick animals are particularly evident
at the beginning of the disease process
before tissue damage is caused by the
pathogen (Hart, 2009). This fact may explain
the presence of depression only on D01 in
animals that received T1.

Regarding the effect of treatments
on zootechnical performance, as evaluated
by the number of animals that did not show
interruption of water consumption after
treatment, measured over 10 days after
drug administration (Table 4), and by the
live weight and weight gain at 3 time points
after drug administration (1, 5 and 10 days),
the results indicate that there were no
advantages for any of the treatments. This
condition, however, confirms the effective
action of marbofloxacin, which despite being
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of different commercial origins, presumably
ensured that the animals, even under a clinical
respiratory condition, would, in the first days
after drug administration, consume water
and consequently continue to consume
water and food and thus gain weight (Table
2). Additionally, there were no differences
among treatments regarding the presence of
depressioninanimals in the 10 days following
drug administration.

The observed weight gain, which was
not different (p < 0.05) among treatments in
our study, is similar to the results obtained
by Zou and Zeng (2012), who, although
employing a programme different from the
one in our study, i.e., the administration of 3
different doses of marbofloxacin (1.5, 2.5 and
5.0 mg/kg, intramuscularly, for 4 consecutive
days) to pigs with an average weight of 16 kg
experimentally infected with Actinobacillus
pleuropneumoniae, observed significant
weight gains after 4 weeks but proportionally
higher weight gains based on the dose
administered. These results reinforce that
the benefits of marbofloxacin, regardless of
the commercial product evaluated, have an
interface with consumption, weight gain and
homeothermy.

In the evaluation of the reduction in
the clinical signs of cough (Table 3), which
could represent an effect associated with
product pharmacokinetics, translated by a
greater and faster presence of the active
drug in the lungs, no advantages for any of
the treatments were observed. All treatments
were equally efficient in eliminating these
signs of cough up to 10 days after drug
administration. This finding reinforces that
marbofloxacin should be an antibiotic of
choice for this class of diseases, regardless
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of the source used; our results are similar to
those reported by Hoeltig et al. (2018), who
also used 8 mg/kg of marbofloxacin per kilo
of live weight in a single dose and compared
the results (reduction in cough) with those
for enrofloxacin (2.5 mg/kg of live weight for
3 consecutive days) and a negative control
group, with marbofloxacin being better than
enrofloxacin for the treatment of respiratory
diseases.

The mode of use of marbofloxacin
adopted for all treatments in our study is
based on a new concept for the use of
injectable antibiotics, i.e., SISAAB (short-
term antibiotic and single injection), which
proposes the use of a high dosage of
bactericidal antibiotic, seeking the resolution
of a health problem under a minimum period
of antibiotic exposure, which favors natural
immunity after resolution of infection/
inflammation. This therapeutic concept
is supported by the mutation prevention
concentration (MPC), defined as the minimum
inhibitory concentration (MIC) of the least
sensitive mutant strain. Briefly, the procedure
involves the use of an antibiotic dose 4 to 8
times higher than the MIC 90 dose for the
bacterial population of the mutant strain
(Grandemange et al., 2017). In this study,
the dose used (8 mg/kg live weight, under a
single dose) is consistent with the SISAAB
concept because it is 4 times the classically
recommended dose of marbofloxacin for
intramuscular use in pigs, i.e., 2 mg/kg body
weight (EMEA, 1998).

The localized inflammatory response
to respiratory diseases may contribute to the
development of perceptible macroscopic
lung lesions (Garcia-Morante et al., 2016).
In this study, the evaluation of lung lesions
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and the calculation of the pneumonia index
(Tables 5 and 6) revealed similar results
among all products regarding the degree
of involvement of lung lesions; however, for
the pneumonia index, a lower value for T1
(1.353) than for T2 and T3 (1.800 and 1.563,
respectively) suggests an advantage (P =
0.121) for the previous one. This finding
could again be related to the possible
pharmacokinetic differences between the
tested products. However, notably, regardless
of these differences, the results obtained
were similar to those reported by Hoeltig et
al. (2018), i.e., marbofloxacin reduced lung
lesions. Additionally, the authors found that
marbofloxacin showed better results than
enrofloxacin,recommendingitas anantibiotic
of choice for respiratory problems (Hoeltig et
al., 2018).

In this regard, our results can also be
compared to those obtained by Nedbalcova
et al. (2019), who conducted an in vitro
study to determine the best postantibiotic
effects (PAEs) against the agents A.
pleuropneumoniae, Glaesserella. parasuis
and P. multocida, an evaluation concept that
is defined as the period of suppression of
bacterial growth that persists after the limited
exposure of organisms to antimicrobials
(Craig & Gudmundsson, 1996). The authors
observed that the PAE of marbofloxacin
was longer than those for all evaluated
agents; notably, the PAE for enrofloxacin
was similar to that for marbofloxacin for
A. pleuropneumoniae and H. parasuis but
shorter than that for marbofloxacin for P.
multocida. Conversely, compared to the other
2 antibiotics, amoxicillin showed lower PAEs
for all 3 pathogens.

confirm that
excellent

These
marbofloxacin

findings
exhibits
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pharmacokinetics after parenteral
administration, with high tissue

concentrations, low plasma protein binding,
a long and effective half-life and wide tissue
distribution (Haritova et al., 2006; Sun et al.,
2015).

Additionally, a study to monitor
susceptibility to marbofloxacin in respiratory
tract infections in Europe from 2005 to
2013 (El Garch et al.,, 2017) identified that
marbofloxacin susceptibility was very high
as a whole, with 0.4% of microbial selection
observed for Streptococcus suis (729
isolates), a cause of respiratory disease.
Other respiratory pathogens were also
highly susceptible to marbofloxacin, without
presenting selection for Actinobacillus
pleuropneumoniae in 647 isolates evaluated
and for Bordetella bronchiseptica in 504
isolates evaluated, with only 0.1% selection
for Pasteurella multocida (1373 isolates) and
1.4% selection for Glaesserella parasuis (145
isolates).

In support of the results obtained
herein, the benefits of programmes that adopt
the use of higher doses of marbofloxacin for
the control of pathogens were corroborated
by Zouand Zeng (2012), who reported that the
cure rate for pigs infected with Actinobacillus
pleuropneumoniae was greater than 90% for
the dose of 5 mg/kg live weight versus 80
and 60% for doses of 2.5 and 1.5 mg kg live
weight, respectively. In addition to the benefit
of using a single high concentration dose, this
strategyreducesthe amplification of bacterial
selection (Vallé et al., 2012), as also observed
by Vilalta et al. (2011) when evaluating the
effect of 8 mg of marbofloxacin per kg of live
weight compared to those of 2 and 4 mg of
marbofloxacin per kg of live weight.
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Conclusion

The three marbofloxacin evaluated
generates effective responses in animals
affected by respiratory diseases, highlighting
Forcyl® for presenting a more intense
reduction in rectal temperature compared
to the other marbofloxacin-based products
evaluated.
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