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Abstract

Background: Combinations of antibiotics are used to increase the therapeutic
options via the simultaneous activities of two compounds. The goals of com-
bination therapy are to resolve the bacterial infection while reducing the
treatment cost. The use of kitasamycin is used frequently and in addition to
other antibiotics, the desired combinations were not found. Methods: Fields
strains: we use serotypes 1, 3, 5y 7. Microbial culturing: The serotypes 1, 3, 5
y 7 was identified. Antibiotics and Reagents: The antibiotics used were kita-
samycin; enrofloxacin and oxolinic acid. The following combinations were
tested: a) kitasamycin with enrofloxacin; b) kitasamycin with norfloxacin; and
c) kitasamycin with oxolinic acid. Preparation of bacterial suspensions: The
cultures were adjusted to a concentration of 5 colony-forming units per ml
(CFU/ml) using the same sterile culture medium as the diluent. Determina-
tion of the fractional inhibitory concentrations (FICs): To test each combina-
tion and their interactions and to calculate the fractional inhibitory concen-
tration (FIC) of each antibiotic. Calculation of the index of the fractional
minimum inhibitory concentration (FMIC): The FMIC index was calculated
by applying the following formula: FIC index = FIC of antibiotic A/FIC of
antibiotic B. Results: What was found showed that: A combination of kita-
samycin and norfloxacin has been shown to have an indifferent effect. A
combination of kitasamycin and enrofloxacin had antagonistic effects against
all of the Actinobacillus pleuropneumoniae serotypes studied. Finally, a com-
bination of kitasamycin and oxolinic acid had antagonist effects against sero-
types 1, 3 and 5 and a synergistic effect against serotype 7. Conclusion: The
“In vitro” combination Kitasamycin-Norfloxacin showed an indifferent effect,

DOI: 10.4236/jbm.2020.87007

Jul. 22, 2020 63

Journal of Biosciences and Medicines


https://www.scirp.org/journal/jbm
https://doi.org/10.4236/jbm.2020.87007
https://www.scirp.org/
https://doi.org/10.4236/jbm.2020.87007
http://creativecommons.org/licenses/by/4.0/

E. P. Flores-Castellanos et al.

and combination Kitasamycin and Enrofloxacin demonstrated an antagonis-
tic interaction between these two antibiotics. A combination of Kitasamycin
and Oxolinic Acid had synergistic effect against serotype 7.
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1. Introduction

Actinobacillus pleuropneumoniae is the causative agent of porcine pleuropneu-
monia (PP), a severe and frequently fatal disease that affects pigs of any age [1].
A variety of antibiotics have been used to control PP, including penicillins, te-
tracyclines, sulfonamides, erythromycin and new antibiotics such as tiamulin,
spectomycin [2] [3] [4]. In recent years, kitasamycin has produced very good
results (Asahi Vet. S.A. & Asahi Chemical Industry Co. LTD., 1995), as have
first-generation quinolones, such as nalidixic and oxolinic acid, and fluoroqui-
nolones, such as ciprofloxacin and enrofloxacin [5]. In the antimicrobial therapy
of clinical cases of PP on farms, the use of a series of antibiotics and their possi-
ble combinations have been reported to find the desired effect. Three types of
interactions can result from the combination of two antibiotics: synergism, an-
tagonism and indifference. Parenteral antibiotic treatment has proven to be the
most effective strategy to prevent outbreaks of the disease; however, the cost of
these treatments is high. The addition of antibiotics to food is of little value dur-
ing a pleuropneumonia outbreak, as the animals become anorexic, making it dif-
ficult for them to consume a therapeutic dose that delivers the minimum inhibi-
tory concentration (MIC) required to eliminate the microorganism; therefore,
treatment by this route does not prevent infection, and it can only reduce the
severity of the clinical disease [6]. Antibiotic resistant A. pleuropneumoniae
strains have been isolated, especially in serotypes 1, 3, 5 and 7 [7] [8]. Combina-
tions of antibiotics can be used to increase therapeutic options, and a common
goal is to identify formulas that can resolve bacterial infections while reducing
treatment costs [1] [9]. When two antimicrobial agents are combined, three
types of interactions can be observed: synergistic, indifferent and antagonistic.
Synergism and antagonism are difficult to predict because the effects vary de-
pending on the microorganism and can occur only within a narrow range of
drug concentrations. However, knowledge of the different modes of action of
antimicrobial agents allows for the prediction of the effects of various treatments
[10] [11].

The results of antibiotic tests can be plotted in graphs known as isobolograms
to facilitate the data interpretation [12]. In this study, the in vitro interactions
between kitasamycin and three different quinolones—enrofloxacin, floxacin, and
oxolinic acid were evaluated against A. pleuropneumoniae strains belonging to

serotypes 1, 3, 5 and 7.
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2. Materials and Methods
2.1 Fields Strains

Actinobacillus strains were isolated from typical cases of contagious pleurop-
neumonia and were identified as A. pleuropneumoniae and identified with spe-
cific antisera (according to Mital et al 1987; Mittal et al, 1992) [13] [14] sero-
types 1, 3, 5 and 7. With these serotypes, it was determined the fractional inhibi-

tory concentrations (FICs).

2.2. Microbial Culturing

Isolation was performed on brain heart infusion (BHI) agar (Difco Labs., De-
troit, Michigan, USA) enriched with 5% defibrinated calf blood. The colonies
obtained on this medium were transferred to BHI media without blood and sup-
plemented with 10 mg/ml nicotinamide adenine dinucleotide (NAD, Sigma
Chemical, St. Louis, Missouri, USA). The cultures were incubated at 37°C for 18
h. The identification of suspected A. pleuropneumoniae colonies was based on
urease tests, positive CAMP reaction, and positive hemolysis and satellitism. A
second set of tests was performed to assess the fermentation of several sugars,

including D-xylose, dextrose, fructose, lactose and D-mannitol [14].

2.3. Antibiotics and Reagents

The antibiotics used were kitasamycin (Asahi Vet. S.A. and Asahi Chemical In-
dustry Co., LTD.: potency 950 pg/mg); norfloxacin (Sigma-Aldrich, Life Science,
N9890-1G: potency 983.6 ug/mg); enrofloxacin (Sigma-Aldrich, Life Science,
Baytril 17849-5GF: potency 998 pg/mg); and oxolinic acid (Sigma-Aldrich, Life
Science, 00877-5G: potency 890 pg/mg). The following combinations were
tested: 1) kitasamycin with enrofloxacin; 2) kitasamycin with norfloxacin; and 3)
kitasamycin with oxolinic acid. Stock solutions (512 pg/ml) of each antibiotic
were prepared using sterile distilled water as the diluent, and twofold serial dilu-
tions were performed to obtain solutions of the different combinations over a

concentration range of 512 ug/ml to 0.5 pug/ml.

2.4. Preparation of Bacterial Suspensions

A seed culture of each A. pleuropneumoniae serotype was used to inoculate 1 to
25 ml of sterile BHI broth supplemented with Factor V and 10 mg/ml of nicoti-
namide adenine dinucleotide (NAD) (Sigma Chemical, St. Louis, Missouri,
USA), and the cultures were then incubated at 37°C for 20 h [1]. The cultures
were adjusted to a concentration of 5 colony-forming units per ml (CFU/ml)

using the same sterile culture medium as the diluent.

2.5. Determination of the Fractional Inhibitory Concentrations
(FICs)

To test each combination and their interactions and to calculate the fractional in-

hibitory concentration (FIC) of each antibiotic, constant volumes of antibiotic
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(A) were placed in the wells of a sterile 96-well plate (Nunclon, Amsterdam)
starting with the lowest concentration at the top and continuing to the highest
concentration at the bottom. Subsequently, constant volumes of antibiotic B were
placed from left to right, beginning with the lowest concentration. Finally, con-
stant volumes of the bacterial suspension were placed in each well of the plate.
Well H1 was left as the culture control, and well H12 was used as the medium
control. The plates were then incubated at 37°C for 20 h with gentle shaking. The
interpretation of the results was performed as follows: 1) Each well was examined
with a light source, and their turbidities were compared with that of well Al,
which had a high turbidity due to bacterial growth. All of the wells that showed
turbidity were recorded. 2) The minimum inhibitory concentration (MIC) of an-
tibiotic A, which corresponds to the lowest antibiotic concentration that com-
pletely inhibits bacterial growth, was determined. 3) The MIC of antibiotic B was
determined in the same way. 4) The fractional minimum inhibitory concentra-
tion (FMIC) of each of the tested antibiotics was calculated using the formula
FMIC = MIC of the antibiotic in combination/MIC of the antibiotic alone [6] [8].

2.6. Calculation of the Index of the Fractional Minimum Inhibitory
Concentration (FMIC)

The FMIC index was calculated by applying the following formula: FIC index =
FIC of antibiotic A/FIC of antibiotic B. FIC indexes less than or equal to 0.5 in-
dicate synergism, FIC indexes between 0.5 and 4 indicate indifference between
the antibiotics, and FIC indexes greater than 4 indicate antagonism between the
antibiotics [6] [8] [12].

2.7. Trial Registration

The manuscript does not contain clinical studies or patient data; the samples

used in this study were voluntarily provided by veterinarians and pig farmers.

3. Results
3.1. Combination of Kitasamycin with Enrofloxacin

The MICs for enrofloxacin were 0.15 pg/ml for serotype 1, 0.62 ug/ml for sero-
type 3, and 0.31 ug/ml for serotypes 5 and 7. These results demonstrate the po-
tent antimicrobial action of this fluoroquinolone. The MICs for kitasamycin
were 16.0 pg/mg for serotypes 1, 3 and 7 and 32.0 pg/ml for serotype 5. The re-
sults demonstrated an antagonistic interaction between these two antibiotics
when in combination. The following FICs were determined: for serotype 1, be-
tween 2.0 and 96.0; for serotype 3, between 32.25 and 72.0; for serotype 5, be-
tween 1.5 and 48.0; and for serotype 7, between 1.5 and 80.0. The analysis of the
interactions is summarized in Tables 1(a)-(d).

3.2. Combination of Kitasamycin with Norfloxacin

The MICs for norfloxacin were 0.64 pg/ml for serotypes 1 and 3, 1.28 pg/ml for
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Table 1. Effects of the combination of kitasamycin and enrofloxacin on the growth of A.
pleuropneumoniae serotypes 1, 3, 5 and 7 (from top to bottom). The tables show all of the
calculations performed to determine the FICs of the antibiotics, the FIC index and their
respective interpretation in each serotype. (a) A. pleuropneumoniae SEROTYPE 1; (b) A.
pleuropneumoniae SEROTYPE 3; (c) A. pleuropneumoniae SEROTYPE 5; (d) A. pleu-
ropneumoniae SEROTYPE 7.

(a)

LIGHT KITASAMICIN ENROFLOXACIN
FIC INDEX INTERPRETATION
WELL pg/ml  FICA ug/ml FIC B
A7 160 MICof A 0 MICof A MIC of A MIC of A
B7 16.0 1.0 0.15 1.0 2.0 I
C13 1024 64.0 0.31 2.0 66.0 A
D13 1024 64.0 0.62 4.0 68.0 A
El13 1024 64.0 1.25 8.0 72.0 A
F13 1024 64.0 2.5 16.0 80.0 A
G13 1024 64.0 5.0 32.0 96.0 A
B1 0 MICofB 0.5  MICofB MICof B MIC of B
(b)
LIGHT KITASAMICIN ENROFLOXACIN

FIC INDEX INTERPRETATION

WELL pg/ml FICA pg/ml FICB
A7 16.0 MIC of A 0 MICof A MICof A MIC of A
B10 512 32.0 0.15 0.25 32.25 A
Cl10 512 32.0 0.31 0.5 32.5 A
D12 512 32.0 0.62 1.0 33.0 A
E12 512 32.0 1.25 2.0 34.0 A
F13 1024 64.0 2.5 4.0 68.0 A
G13 1024 64.0 5.0 8.0 72.0 A
D1 0 MIC of B 0.62 MICof B MICof B MIC of B

(c)

LIGHT KITASAMICIN ENROFLOXACIN

FIC INDEX INTERPRETATION

WELL pg/ml  FICA  ug/ml  FICB
A7 32.0 MIC of A 0 MICof A MICof A MIC of A
B8 32.0 1.0 0.15 0.5 1.5 I
C8 32.0 1.0 0.31 1.0 2.0 I
D9 64.0 2.0 0.62 2.0 4.0 A
E9 64.0 2.0 1.25 4.0 6.0 A

F13 1024 32.0 2.5 8.0 40.0 A

G13 1024 32.0 5.0 16.0 48.0 A
C1 0 MIC of B 0.31 MIC of B MIC of B MIC of B
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(d)

iGHT ~ KITASAMICIN ~ ENROFLOXACIN

FIC INDEX INTERPRETATION

WELL ug/ml  FICA pg/ml FIC B

A7 16.0 MIC of A 0 MICof A MICof A MIC of A
B7 16.0 1.0 0.15 0.5 1.5 I
C10 128 8.0 0.31 1.0 9.0 A
D13 1024 64.0 0.62 2.0 66.0 A
E13 1024 64.0 1.25 4.0 68.0 A
F13 1024 64.0 2.5 8.0 72.0 A
G13 1024 64.0 5.0 16.0 80.0 A

Cl1 0 MIC of B 0.31 MICof B MICof B MIC of B

I = indifference; A = antagonism; S = synergism; MIC = minimum inhibitory concentration; FIC = frac-
tional minimum inhibitory concentration.

serotype 5, and 0.32 pg/ml for serotype 7. The MICs of kitasamycin were similar
to the previous values. These results revealed an indifferent interaction between
these antibiotics when applied in combination against all four serotypes. The
following FICs were determined: for serotype 1, between 0.625 and 1.25; for se-
rotype 3, between 0.625 and 1.25; for serotype 5, between 0.5 and 1.0; and for
serotype 7, between 1.25 and 5. It is important to mention that there was some
level of antagonism with serotype 5, which showed an FIC of 5 with MICs of ki-
tasamycin and floxacin of 64.0 ug/ml and 0.32 pg/ml, respectively. The mathe-
matical analysis of the data is shown in Tables 2(a)-(d).

3.3. Combination of Kitasamycin with Oxolinic Acid

The MIC for kitasamycin was similar to the previous value for serotypes 1, 3 and
7 of A. pleuropneumoniae (i.e., 16.0 pg/ml), and the MIC against serotype 5 was
32.0 ug/ml. In the case of oxolinic acid, the MIC for serotypes 3, 5 and 7 was 2.0
pg/ml, while the MIC for serotype 1 was 1.28 ug/ml. The results showed an in-
difference effect for this combination against serotype 1, with FIC values ranging
from 0.75 to 1.25. An antagonistic effect was found for serotypes 3 and 5, with
higher FIC values of 18.0 and 6.0, respectively. For serotype 7, the effect was
synergistic-indifferent, with one synergistic point. Thus, the concentrations re-
quired for a synergistic effect for the combination of kitasamycin and oxolinic
acid were 2.0 pg/ml and 0.5 pg/ml, respectively. The FIC value was 0.375, and
these data are summarized in Tables 3(a)-(d).

Trial registration

The manuscript does not contain clinical studies or patient data; the samples

used in this study were voluntarily provided by veterinarians and pig farmers.

4. Discussion

Porcine pleuropneumonia (PP) was first isolated by Pattison in 1957, and it has
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since been the subject of multiple studies; however, in the late 1970s, it emerged
in the international arena as a disease of economic importance in fattening pigs
[1]. The etiological agent of PP is A. pleuropneumoniae, which has a worldwide
distribution. Currently, 15 serotypes of this microorganism have been recog-
nized, and the various serotypes vary in their degree of virulence and distribu-

tion, as first established by Fenwick [15] [16]. The disease is highly contagious

Table 2. Effects of the combination of kitasamycin and norfloxacin on growth of A.
pleuropneumoniae serotypes 1, 3, 5 and 7 (from top to bottom). The tables show all of the
calculations performed to determine the FICs of the antibiotics, the FIC index and their
respective interpretation in each serotype. (a) A. pleuropneumoniae SEROTYPE 1; (b) A.
pleuropneumoniae SEROTYPE 3; (c) A. pleuropneumoniae SEROTYPE 5; (d) A. pleu-
ropneumoniae SEROTYPE 7.

(a)

LiGHT ~ KITASAMICIN ~ NORPHLOXACIN

FIC INDEX INTERPRETATION

WELL pg/ml  FICA ug/ml FIC B

A7 16.0 MIC of A 0 MICof A MICof A MIC of A
B6 8.0 0.5 0.08 0.12 0.62 I
C6 8.0 0.5 0.16 0.25 0.75 I
Dé 8.0 0.5 0.32 0.5 1.0 I
E5 4.0 0.25 0.64 1.0 1.25 I
El 0 MIC of B 0.64 MICof B MICofB MIC of B
(b)
LIGHT KITASAMICIN ~ NORPHLOXACIN 1 pgy INTERPRETATION
WELL pg/ml FICA pg/ml FICB ug/ml
A7 16.0 MIC of A 0 MICof A MIC of A MIC of A
B6 8.0 0.5 0.08 0.12 0.62 I
Cé6 8.0 0.5 0.16 0.25 0.75 I
Dé 8.0 0.5 0.32 0.5 1.0 I
E3 4.0 0.25 0.64 1.0 1.25 I
El 0 MIC of B 0.64 MICofB  MICofB MIC of B
(©
LIGHT KITASAMICIN ~ NORPHLOXACIN w1 pps INTERPRETATION
WELL  ug/ml  FICA  pg/ml  FICB ug/ml
A7 32.0 MIC of A 0 MICof A MICof A MIC of A
B7 16.0 0.5 0.08 0.06 0.56 I
C7 16.0 0.5 0.16 0.12 0.62 I
D7 16.0 0.5 0.32 0.25 0.75 I
E7 16.0 0.5 0.64 0.5 1.0 I
F1 0 MIC of B 1.28 MICof B MICofB MIC of B
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(d)

LIGHT KITASAMICIN NORPHLOXACIN FIC INDEX INTERPRETATION
WELL pg/ml FICA pg/ml FICB ug/ml
A7 16.0 MIC of A 0 MICof A MICof A MIC of A
B7 16.0 1.0 0.08 0.25 1.25 I
Cc7 16.0 1.0 0.16 0.5 1.5 I
D9 64.0 4.0 0.32 1.0 5.0 A
E7 16.0 1.0 0.64 2.0 3.0 I
D1 0 MIC of B 0.32 MICofB  MICofB MIC of B

I = indifference; A = antagonism; S = synergism; MIC = minimum inhibitory concentration; FIC = frac-

tional minimum inhibitory concentration.

Table 3. Effects of the combination of kitasamycin and oxolinic acid on growth of A.

pleuropneumoniae serotypes 1, 3, 5 and 7 (from top to bottom). The tables show all of the
calculations performed to determine the FICs of the antibiotics, the FIC index and their
respective interpretation in each serotype. (a) A. pleuropneumoniae SEROTYPE 1; (b) A.
pleuropneumoniae SEROTYPE 3; (c) A. pleuropneumoniae SEROTYPE 5; (d) A. pleu-
ropneumoniae SEROTYPE 7.

(a)

LIGHT KITASAMICIN OXOLYLNIC ACID
WELL FIC INDEX INTERPRETATION
ug/ml FICA ug/ml FICB
A7 16.0 MIC of A 0 MICof A MIC of A MIC of A
B7 16.0 1.0 0.08 0.06 1.06 I
C7 16.0 1.0 0.16 0.12 1.12 I
D7 16.0 1.0 0.32 0.25 1.25 I
E5 4.0 0.25 0.64 0.5 0.75 I
F1 0 MIC of B 1.28 MICofB  MICofB MIC of B
(®)
LIGHT KITASAMICIN OXOLYLNIC ACID
WELL FIC INDEX INTERPRETATION
ug/ml FICA ug/ml FICB
A7 16.0 MIC of A 0 MICof A MICof A MIC of A
Bl1 256 16.0 0.5 0.25 16.25 A
Cl1 256 16.0 1.0 0.5 16.5 A
D11 256 16.0 2.0 1.0 17.0 A
Ell 256 16.0 4.0 2.0 18.0 A
F2 0.5 0.031 8.0 4.0 4.031 A
D1 0 MIC of B 2.0 MIC of B MIC of B MIC of B
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(©)

iGHT ~ KITASAMICIN ~ OXOLYLNIC ACID
FIC INDEX INTERPRETATION

WELL pg/ml FICA pg/ml FICB

A8 32.0 MIC of A 0 MICof A MICofA MIC of A
B10 128.0 4.0 0.5 0.25 4.25 A
C10 128.0 4.0 1.0 0.5 4.5 A
D10 128.0 4.0 3.0 1.0 5.0 A
E1l0 128.0 4.0 4.0 2.0 6.0 A
D1 0 MIC of B 2.0 MICofB  MICof B MIC of B

(d)

LiGHT ~ KITASAMICIN ~ OXOLYLNIC ACID

FIC INDEX INTERPRETATION

WELL ug/ml  FICA  pg/ml  FICB

A7 16.0 MIC of A 0 MICof A MICof A MIC of A
B4 2.0 0.12 0.5 0.25 0.37 S
C4 2.0 0.12 1.0 0.5 0.62 I
D4 2.0 0.12 2.0 1.0 1.12 I
E4 2.0 0.12 4.0 2.0 2.12 I
D1 0 MIC of B 2.0 MICofB  MICofB MIC of B

I = indifference; A = antagonism; S = synergism; MIC = minimum inhibitory concentration; FIC = frac-
tional minimum inhibitory concentration.

and fatal if antibiotic treatment is not initiated after the first case in the herd has
occurred; therefore, its control requires immediate parenteral antibiotic therapy
[1].

Antibiotic combinations are routinely used to treat seriously ill individuals in
human clinical contexts and in veterinary medicine. All of the combinations
must be empirically evaluated based on general principles derived from daily
practice, either based on well-defined control of bacterial growth or on the pre-
dicted activities of the antibiotics to be used. In addition, the indiscriminate use
of antibiotics and the lack of knowledge about antibiotic combinations, are facts
that have contributed to antibiotic resistance and therapeutic failure [1] [3] [5]
[17] [18]. In the past, the participation of a clinical microbiology laboratory was
rarely required to confirm the possible effects of a combination of antibiotics;
however, this has now changed. Production laboratories in veterinary medicine
require the assistance of microbiologists to perform in vitro and in vivo tests to
predict the effects of combinations of antimicrobial agents. This cooperation
leads to optimization of the antibiotic concentrations used for the treatment of
bacterial infections such as Porcine Respiratory Syndrome or related conditions
in other species [1] [19]. Antibiotics commonly used for PP treatment have be-
come progressively less effective as the strains continue to acquire increased an-

tibiotic resistance, and this outcome has led to the routine use of antibiotic com-
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binations [18]. The experimental design of this study was based on the testing of
combinations of antibiotics using an antimicrobial agent from each group with
the intent to classify the combinations into interaction categories [6] [20] estab-
lished that synergistic and antagonistic interactions are difficult to predict be-
cause the results vary depending on the microorganism and the bacterial species
and due to the fact that the interactions might only occur within a narrow range
of antibiotic concentrations. However, knowledge of the different modes of ac-
tion of antimicrobial agents does not always allow the prediction of the resulting
effects [12]. In this study, pairwise combinations of kitasamycin and three dif-
ferent members of the quinolone family (oxolinic acid, floxacin and enroflox-
acin), all of which are commonly used for the treatment of PP produced by A.
pleuropneumoniae serotypes 1, 3, 5 and 7, were tested using the “checkerboard
method”, which relies on microdilution to establish possible synergy.

With oxolinic acid, an effect was observed that depended on the A. pleurop-
neumoniae serogroup: for serotype 1, the interaction was indifferent; for serotypes
3 and 5 it was antagonistic, and for serotype 7 it was synergistic-indifferent. These
differences are due to the different resistance patterns mentioned above [2] [3]
[7]. In the case of the combination of kitasamycin with floxacin, the effect for all
serotypes was indifference, with the exception of serotype 7, which presented a
clear synergistic effect. This finding is in opposition to the antagonistic effect
observed for the combination of kitasamycin with enrofloxacin against this se-
rotype, as previously reported by Lewin and Smith [18]. It is not surprising that
inhibitors of protein synthesis, such as kitasamycin, and inhibitors of RNA syn-
thesis, such as rifamycin, have antagonistic effects on the bactericidal activity of
quinolones, as the target of their action is DNA gyrase. The company Asahi
(Asahi Vet. S.A. and Asahi Chemical Industry Co. LTD., 1995) performed stu-
dies on pneumonia in pigs and reported MICs for kitasamycin ranging from 1
pg/ml to 6.25 pg/ml against pathogenic organisms such as A. pleuropneumoniae.
These data agree with the results obtained in this study.

The data obtained in this study are comparable to a previously reported MIC
value [4] for enrofloxacin of 0.06 ug/ml against strains of A. pleuropneumoniae
from the United States. This value is 2.6 times higher than the value obtained
with serotypes 1 and 7 (0.15 pg/ml), 10.4-fold higher than that for serotype 3
(0.64 pg/ml), and 5.2-fold higher than that for serotype 5 (0.31 pg/ml). These
values, despite being comparatively high, represent relatively low antibiotic con-
centrations and thus are consistent with what has been reported for the widely
used broad spectrum fluoroquinolones in clinical contexts [18].

The variations in the effects of the same antibiotic against the different A.
pleuropneumoniae serotypes can be explained based on the acquisition of anti-
biotic resistance factors; however, it has not been fully proven whether the pres-
ence of R plasmids causes these effects in A. pleuropneumoniae serotypes, since
multiresistant A. pleuropneumoniae strains have been found, suggesting that re-

sistance is indeed mediated by plasmids [20] (although the authors of this study
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do admit that the results should be confirmed). Similarly, it has been suggested
[21] [22] (that this microorganism obtains its antibiotic resistance genes via ex-
ternal sources. One possibility is via plasmid transfer from the Enterobacteria-
ceae family to susceptible A. pleuropneumoniae strains, which could be asso-
ciated with the presence of a small cryptic plasmid in the recipient strain. Several
plasmids have been identified in A. pleuropneumoniae strains: pVM104, pVM105
and pVM106. The pVYM104 and pVM106 plasmids are identical with a molecu-
lar weight of 2.3 megadaltons, and these plasmids encode sulfonamide and
streptomycin resistance; the plasmid pVM105 has a PM of 3.5 megadaltons and
encodes sulfonamide and ampicillin resistance. However, none of these plasmids
can promote their own transformation [21]. The combinations of antimicrobials
and their probable effects on pathogenic microorganisms of veterinary inter-
est presented here indicate that the routine use of antibiotics in veterinary
medicine has led to the development of multiresistance that limits their use in
the treatment of porcine respiratory syndrome involving porcine pleuropneu-

monia.

5. Conclusion

The combination of kitasamycin with enrofloxacin demonstrated an antagonis-
tic interaction between these two antibiotics when in combination. The combi-
nation of kitasamycin with norfloxacin revealed an indifferent interaction be-
tween these antibiotics when applied in combination against all four serotypes.
Combination of kitasamycin and oxolinic acid had synergistic effect against sero-
type 7. The results showed an indifference effect for this combination against se-
rotype 1, an antagonistic effect was found for serotypes 3 and 5, for serotype 7, the

effect was synergistic-indifferent, with one synergistic point.
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