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Abstract
Pasteurella multocida is an important bacterium that can cause respiratory infections in cattle. Due to the usage of antimicrobial agents in 
the treatment of the disease frequently, it is critical to follow the antimicrobial susceptibility of the isolates. In this study, minimal inhibitory 
concentrations (MIC) of various antimicrobial agents and presence of genes related to resistance were investigated in 59 P. multocida strains 
isolated from the respiratory tract of cattle. According to MIC values determined by E-test, all of the isolates were susceptible to enrofl oxacin, 
chloramphenicol and gentamicin, but resistant to cefoxitin. In addition, high resistance to ampicillin (88.14%), tilmicosin (64.41%), clindamycin 
(83.05%) and streptomycin (59.32%) were observed in the isolates. When the resistance genes were examined by PCR, it was determined that 
blaROB-1, tet H, sul II, str A/aphA 1 and erm 42 genes could play an important role in penicillin, tetracycline, sulfamethoxazole + trimethoprime, 
aminoglycoside and macrolide resistance, respectively. It was concluded that the usage of ampicillin, tetracycline, sulfamethoxazole + 
trimethoprime, macrolide and aminoglycosides should be considered for the treatment of respiratory tract infections caused by P. multocida in 
cattle. Also, it was determined that antimicrobial resistance genes could play an important role in the development of resistance in P. multocida.
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Sığırlardan İzole Edilen Pasteurella multocida Suşlarında Çeşitli 
Antimikrobiyal Maddelerin MİK Değerlerinin ve Antimikrobiyal 

Direnç Genlerinin Belirlenmesi

Öz
Pasteurella multocida, sığırlarda solunum yolu enfeksiyonlarına neden olan önemli bir bakteriyel etkendir. Hastalığın tedavisinde sıklıkla 
antimikrobiyal tedavi uygulanması nedeniyle etkene yönelik antimikrobiyal duyarlılık sonuçlarının takip edilmesi kritik öneme sahiptir. 
Bu çalışmada, sığırların solunum yolundan izole edilen 59 adet P. multocida izolatında çeşitli antimikrobiyal maddelerin minimal inhibitör 
konsantrasyonları (MİK) ve antimikrobiyal direnç ile ilişkili genlerin varlığı araştırıldı. E-test yöntemiyle belirlenen MİK değerlerine göre izolatların 
tamamı enrofl oxacin, chloramphenicol ve gentamicine duyarlı, cefoxitine ise dirençli bulundu. Ayrıca ampicillin (%88.14), tilmicosin (%64.41), 
clindamycin (%83.05) ve streptomycine (%59.32) yüksek oranda direnç tespit edildi. PCR ile antimikrobiyal direnç genlerinin varlığı incelendiğinde 
ise penicillin, tetracycline, sulfamethoxazole + trimethoprime, aminoglikozid ve makrolid direncinde sırasıyla blaROB-1, tet H, sul II, str A/aphA 1 ve 
erm 42 genlerinin önemli rol oynadığı belirlendi. Bu çalışmada, sığırlarda P. multocida suşlarının neden olduğu solunum yolu enfeksiyonlarının 
tedavisinde ampicillin, tetracycline, sulfamethoxazole + trimethoprime ile makrolid ve aminoglikozid antibiyotiklerin kullanımına dikkat edilmesi 
gerektiği sonucuna varıldı. Ayrıca, antimikrobiyal direnç ile ilişkili genlerin izolatlarda direnç gelişiminde önemli rol oynadığı belirlendi.

Anahtar sözcükler: Pasteurella multocida, Antimikrobiyal duyarlılık, MİK, Direnç genleri

introduction

Respiratory disease of cattle is one of the infections 
leading to significant economic losses in cattle breeding. 

It is known that bacterial and viral factors, as well as 
stres factors caused by improper transport, weaning, and 
nutritional conditions are also involved in the etiology 
of this disease [1]. Pasteurella multocida is one of the 
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bacterial agent that can cause respiratory disease in cattle [2].

There are a limited number of vaccine types that can 
achieve a specific immune response in the control of 
infections caused by P. multocida. Due to a wide host 
spectrum and having different capsular polysaccharides 
can affect the achievement of the vaccine negatively [3]. 
Therefore, antimicrobial therapy is often preferred for the 
treatment and control of pasteurellosis cases.

Prolonged and uncontrolled usage of antimicrobial agents 
can lead to development of resistance in isolates [4]. Because 
laboratory tests are time consuming, veterinarians have 
to use a broad spectrum antimicrobial agents, especially 
in the treatment of acute infections, which leads to the 
development of resistance in isolates. For this reason, it is 
critical that the antimicrobial susceptibility of P. multocida 
isolates should be monitored in national and international 
aspect, periodically [3].

It is known that the genes which can be located in 
chromosomal DNA or extra chromosomal structures in 
bacteria can also cause antimicrobial resistance. Amino-
glycoside resistance genes (str A, str B, aadA 14, aphA 1, 
aad B and aadA 25) [5-7], macrolide resistance genes (erm 42, 
msr E, mph E, erm A and erm C) [6,8-10], tetracycline resistance 
genes (tet H, tet B, tet M, tet C, tet L and tet O) [3,5,8,11], β-lactam 
resistance gene (blaROB-1) [12] and sulfonamide resistance 
gene (sul II) [3] have been reported to be associated with 
the antimicrobial resistance in Pasteurellacae family.

In Turkey, there are various researches [13-15] that were 
conducted on identification of bacterial agents causing 
respiratory diseases in cattle and determination of their 
antimicrobial susceptibilities by disc diffusion method 
that can be obtained qualitative data about antimicrobial 
susceptibilities. However, investigation of MIC values 
of antimicrobial agents and the presence of the genes 
associated with the antimicrobial resistance can make to 
be clarified resistant mechanisims in bacterial agents and 
offers quantitative data. 

In this study, MIC values of various antimicrobial agents 
and the presence of genes related to the antimicrobial 
resistance in P. multocida isolates isolated from the respiratory 
tract of cattle in Van, Turkey were investigated.

Material and Methods

In this study, 59 P. multocida strains isolated from swab 
samples of upper and lower respiratory tract of the cattle 
between 2016 and 2019, were used. Nineteen of the isolates 
were obtained from nasal swab samples of cattle that had 
pneumonia symptom clinically. Also, 32 and 8 strains were 
isolated from nasal swabs and trachea-bronchial swabs of 
slaughtered cattle, respectively. This study was approved 
by Van Yuzuncu Yil University Animal Researches Local 
Ethic Committee with the number of 2019/01. 

Preliminary identification of the isolates were performed 
according to hemolitic activity on blood agar, Gram staining, 
oxidase reaction and growth on MacConkey agar [16]. PCR 
method reported by Townsend et al.[17] was used for the 
identification of the isolates at the species level. 

Determination of MIC Values

MIC values of penicillin, ampicillin, tetracycline, sulfa-
methoxazole + trimethoprim, cephalotin, cefotaxime, 
cefoxitin, enrofloxacin, ciprofloxacine, erythromycin, tilmicosin, 
clindamycin, chloramphenicol, streptomycin and gentamicin 
were determined by using E-test stript (Himedia, India 
and Liofilchem, Italy). The criteria of European Commitee 
on Antimicrobial Susceptibility Testing [18] and Clinical 
Laboratory Standards Institute [19,20] were considered in 
applying and evaluating the tests. For determination of 
MIC values using E-test method, overnight culture of the 
isolates on Columbia blood agar (Oxoid, CM 0331, England) 
supplemented with 5% defibrinated sheep blood were 
suspended into 2 mL sterile physiological saline (pH:7.0) and 
the suspension was adjusted to McFarland 0.5 turbidity. 
Then, 0.1 mL of suspension was inoculated Mueller Hinton 
agar (Oxoid, CM0337, England) supplemented with 5% 
defibrinated sheep blood. E-test stript was placed on the 
agar and incubated at 37°C for 18-24 h. After incubation 
period, the point where the inhibition ellipse intersected 
the strip was accepted as the MIC value. Staphylococcus 
aureus ATCC 25923 and Escherichia coli ATCC 25922, supplied 
from culture collection of Van Yuzuncu Yil University, Faculty 
of Veterinary Medicine, Department of Microbiology, were 
used as control strains.

Determination of Antimicrobial Resistance Genes

The genes that were related to antimicrobial resistance 
were investigated by PCR using gene spesific primer (Table 
1). Genomic DNA was obtained by boiling method. For this 
purpose, P. multocida colonies were picked from Columbia 
blood agar and mixed into 200 µL PCR water. Then, 
suspension was boiled at 100°C in a dry block for 10 min. 
After chilled on ice, suspension was centrifuged at 10,000 
X g for 5 min and supernatant was used as genomic DNA. 
PCR mixture was consisted of 9.5 µL of mastermix (Abm® 2X 
PCR Taq Plus Mastermix), 5 µL of genomic DNA and 1 µL of 
each primer (10 µM) and the total volume was completed 
to 25 µL with PCR water. Pre-denaturation was performed 
at 94°C for 5 min and the final extension was performed 
at 72°C for 10 min. The amplification process that was 
applied for each gene was shown in Table 1. Amplicons 
were electrophoresed in a 1.5% agarose gel at 80 V for  
1.5 h and visualized in a gel imaging system (Spektroline, 
GL-500).

results

MIC values of penicillin, ampicillin, tetracycline, sulfa-
methoxazole + trimethoprim, cephalotin, cefoxitin, 
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cefotaxime, enrofloxacin, ciprofloxacin, erythromycin, 
tilmicosin, clindamycine, chloramphenicol, streptomycin 
and gentamicin were determined as 0.125 - >256, 0.125 - 
>256, 0.25 - 32, 0.004 - 32, 0.016 - 32, 0.064 - >256, 0.002 
- 0.094, 0.002 - 0.50, 0.002 - 3, 0.032 - >256, 2 - >32, 1.5 
- >256, 0.25 - 8, 2 - >256, ve 0.19 - 2 µg/mL in P. multocida 
isolates, respectively (Table 2). According to these values, all 
of the isolates were found to be susceptible to enrofloxacin, 
chloramphenicol and gentamicine, but resistant to 
cefoxitin. In addition, 4 (6.77%), 52 (88.14%), 21 (35.59%), 
23 (38.98%), 1 (1.69%), 2 (3.39%), 14 (23.73%), 18 (30.51%), 
38 (64.41%), 49 (83.05%) and 35 (59.32%) of the isolates 
were resistant to penicilin, ampicillin, tetracycline, sulfa-
methoxazole + trimethoprim, cephalotin, cefotaxime, 
ciprofloxacin, erythromycin, tilmicosin, clindamycine and 
streptomycine, respectively (Table 3).

Distribution of antimicrobial resistance genes in the isolates 
were shown in Table 4. 

BlaROB-1 gene was detected in 3 of 4 isolates that were 
resistant to both penicillin and ampicillin. However 48 
isolates, found to be resistant to ampicillin only, did not 
harbour blaROB-1 gene.

Tet H gene were detected in 20 of the 21 tetracycline 
resistant isolates, but tet B gene was found only in 1 of 

these isolates. Tet M could not be found in any of these 
resistant isolates.

Sul II gene was found in all 23 of the isolates which 
were determined to be resistant to sulfamethoxazole + 
trimethoprime.

Whereas eleven of 18 erythromycin resistant isolates 
harboured erm 42 gene only, both msr E and mph E gene 
were detected only in 4 of the resistant isolates. Also, 12 
and 4 of 38 isolates resistant to tilmicosine were observed 
to harbour erm 42 and msr E/mph E genes, respectively. 
Erm 42 and msr E/mph E genes were detected in 12 and 
3 of the 49 isolates resistant to clindamycin, respectively 
but, macrolide resistance genes could not be found in the 
rest of the isolates. Additionally, 11 of the 17 P. multocida 
isolates resistant to both erythromycin, tilmicosine and 
clindamycin were determined to harbou erm 42 gene, 
but msr E and mph E genes were detected only in 3 of 
macrolide resistant isolates. Any of macrolide resistance 
genes were not determined in other 3 of 17 macrolide 
resistant isolates (data not shown).

All of P. multocida isolates were susceptible to gentamicin, 
but 35 isolates were found to be resistant to streptomycin. 
The str A gene was determined in all streptomycin resistant 
isolates, while the aphA 1 gene was detected in 34 isolates.

Table 1. Primers used for the determination of antimicrobial resistance genes by PCR

Gene Oligonucleotid (5’-3’) bp
PCR Conditions

(denaturation/anneling/elongation) Reference

β-lactamase

blaROB-1
F: CATTAACGGCTTGTTCGC
R: CTTGCTTTGCTGCATCTTC 852 94°C-30 sec/50°C-30 sec/72°C-30 sec

25 cycles
[21]

Sulfonamide

sul II F: ACAGTTTCTCCGATGGAGGCC
R: CTCGTGTGTGCGGATGAAGTC 704 94°C-60 sec/56°C-60 sec/72°C-60 sec

30 cycles
[22]

Tetracycline

tet B F: CCTTATCATGCCAGTCTTGC
R: ACTGCCGTTTTTTTCGCC 774 94°C-30 sec/53°C-30 sec/72°C-90 sec

25 cycles
[23]

tet H F: ATACTGCTGATCACCGT
R: TCCCAATAAGCGACGCT 1076 94°C -60 sec/47°C-60 sec/72°C-60 sec

30 cycles
[11]

tet M F: GTTAAATAGTGTTCTTGGAG
R: CTAAGATATGGCTCTAACAA 657 94°C -30 sec/48°C-30 sec/72°C-90 sec

30 cycles
[24]

Macrolide

erm 42 F: TGCACCATCTTACAAGGAGT
R: CATGCCTGTCTTCAAGGTTT 173 94°C-30 sec/51°C-30 sec/72°C-45 sec

25 cycles
[10]

msr E F: TATAGCGACTTTAGCGCCAA
R: GCCGTAGAATATGAGCTGAT 395 94°C-30 sec/52°C-30 sec/72°C-30 sec

25 cycles
[10]

mph E F: ATGCCCAGCATATAAATCGC
R: ATATGGACAAAGATAGCCCG 271 94°C-30 sec/52°C-30 sec/72°C-45 sec

25 cycles
[10]

Aminoglycoside

str A F: TGACTGGTTGCCTGTCAGAGG
R: CAGTTGTCTTCGGCGTTAGCA 646 94°C-60 sec/57°C-60 sec/72°C-60 sec

30 cycles
[22]

aph A1 F: GCCGTTTCTGTAATGAAGGAG
R: GGCAATCAGGTGCGACAATCT 642 94°C-30 sec/55°C-30 sec/72°C-30 sec

25 cycles
[25]
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Table 3. Antimicrobial susceptibilities of P. multocida determined by E-test

Antimicrobial Agent S (%) I (%) R (%) MIC50 (µg/mL) MIC90 (µg/mL)

P† 30 (50.84) 25 (42.37) 4 (6.7) 0.25 0.50

AMP† 0 7 (11.86) 52 (88.14) 0.38 0.50

TE† 24 (40.68) 14 (23.73) 21 (35.59) 4 16

SXT†† 36 (61.02) 0 23 (38.98) 0.25 1.5

KF††† 58 (98.31) 0 1 (1.69) 0.19 0.50

FOX*, †† 0 0 59 (100) 0.38 0.75

CTX†† 57 (96.61) 0 2 (3.39) 0.004 0.016

ENR† 58 (98.31) 1 (1.69) 0 0.006 0.032

CIP†† 45 (76.27) 0 14 (23.73) 0.023 0.125

E††† 8 (13.56) 33 (55.93) 18 (30.51) 1 64

TIL† 21 (35.59) 0 38 (64.41) >32 >32

CLI††† 0 10 (16.95) 49 (83.05) >256 >256

CHL† 59 (100) 0 0 0.75 1

S†††† 24 (40.68) 0 35 (59.32) >256 >256

GEN††† 59 (100) 0 0 1 1.5

P: Penicilin, AMP: Ampicillin, TE: Tetracycline, SXT: Sulfamethoxazole + trimethoprim, KF: Cephalothin, Fox: Cefoxitin, CTX: Cefotaxime, ENR: Enrofloxacin, 
CIP: Ciprofloxacin, E: Erythromycine, TIL: Tilmicosin, CLI: Clindamycin, CHL: Chloramphenicol, S: Streptomycin, GEN: Gentamicin
* Interpretive criteria for Cefotaxime was taken into consideration; † Interpretive criteria reported by CLSI, 2018 [20] was taken into consideration; †† Interpretive 
criteria reported by EUCAST, 2019 [18] was taken into consideration; ††† Interpretive criteria reported by CLSI, 2002 [19] was taken into consideration; †††† 
Interpretive criteria reported by Benedict et al.[26] was taken into consideration

Table 4. Presence of antimicrobial resistance genes in P. multocida isolates

Antimicrobial Agent Resistance Genes Number of Isolates MIC (µg/mL)

β-lactam

Penicillin
Phenotypic Resistance 4 12 - >256

blaROB-1 3 16 - >256

Ampicillin
Phenotypic Resistance 52 0.25 - >256

blaROB-1 3 32 - >256

Tetracycline

Phenotypic Resistance 21 8 - 32

tet B 1 24

tet H 20 3 - 32

tet M 0 -

Sulfonamide Sulfamethoxazole  
+ Trimethoprime

Phenotypic Resistance 23 0.38 - >32

sul II 23 0.38 - >32

Macrolide

Erythromycin

Phenotypic Resistance 18 8 - >256

erm 42 11 32 - >256

msr E+ mph E 4 8 - 24

Tilmicosin

Phenotypic Resistance 38 >32

erm 42 12 >32

msr E + mph E 4 >32

Clindamycine

Phenotypic Resistance 49 4 - >256

erm 42 12 >256

msr E + mph E 3 2 - >256

Aminoglycoside
Streptomycin

Phenotypic Resistance 35 >256

str A 35 >256

aphA 1 34 >256

Gentamicin Phenotypic Resistance 0 0.19 - 2
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discussion 

Because the identification and determination of anti- 
microbial susceptibility of the bacterial agents usually take 
a long time, the usage of broad-spectrum antimicrobial 
agents is preferred for the treatment of acute clinical 
disease and this can lead to the development of anti-
microbial resistance in bacteria. Therefore, antimicrobial 
susceptibility of the bacterial agents and the determination 
of the MIC values of antimicrobial agents used for the 
treatment of bacterial infections, have a critical importance  
in national and international area. In this study, anti-
microbial susceptibility of P. multocida strains isolated 
from bovine respiratory tract were evaluated by the 
determination of MIC values of various antimicrobial agents. 
Additionaly, genes related to antimicrobial resistance were 
investigated to identify possible resistance mechanisms 
developing in the strains.

Yoshimura et al.[27] reported that MIC values of penicillin, 
dihidro-streptomycin, oxytetracycline and tilmicosin in  
P. multocida strains were 0.05-25 unit/mL, 0.39 - >100, 0.1-
25 and 0.1-100 µg/mL, respectively. In another study, MIC 
values of tetracycline, tilmicosin and sulfamethoxazole + 
trimethoprime were determined as 0.06-256, 1-128 and 
0.015-1 µg/mL, respectively [28]. Anholt et al.[29] found that 
MIC values of penicillin, ampicillin, tilmicosin, clindamycin 
and gentamicin were ≤0.12-8, 0.25-8, 4-64, 8-16 and 1-16 
µg/mL, respectively. In another study and MIC values of 
oxytetracyclin and ampicillin were 0.25 - >512 and 0.125-
128 µg/mL, respectively. In the research, tet H gene was 
found in 89% of oxytetracyclin resistant isolates, while tet 
B gene was reported to be detected in 4.76% of them. Also, 
16 of 22 ampicillin resistant isolates were reported to be 
harboured blaROB-1 gene [30]. 

In the presented study, phenotypic and genotypic findings 
about resistance to penicillin were similar to the findings 
reported by Dayao et al.[31], whereas the MIC values of 
penicillin and ampicillin (0.125 - >256 µg/mL) was higher 
than the values reported by Anholt et al.[29] and Katsuda 
et al.[30]. Also, that the genes associated with resistance 
to β-lactam antibiotics are mostly encoded by plasmids, 
may cause that these genes are found in a low level in 
chromosomal DNA of ampicillin resistant isolates.

In this study MIC value of tetracycline was found to be 
lower than those of reported by Garch et al.[28] and Katsuda 
et al.[30]. However, this value was higher than that of 
reported for oxytetracycline by Yoshimura et al.[27]. Tet H 
gene was detected in 20 (95.2%) of 21 tetracycline resistant 
isolates, while tet B gene was only found in 1 (4.8%) 
isolate. Additionally, tet M gene could not be detected in 
the isolates. These findings were similar to the findings 
reported by Katsuda et al.[30]. In contrast to this study, Dayao 
et al.[31] reported that tet H gene was not detected whereas 
tet B gene was found in 57% of the examined isolates. As 

in our study, Dayao et al.[31] reported that tet M gene could 
not be detected in tetracycline resistant isolates.

In the presented study, the MIC value of sulfamethoxazole 
+ trimethoprime was observed to be similar to value 
reported by Garch et al.[28]. However, it was observed that 
value detected for sulfamethoxazole + trimethoprime 
was highly lower than MIC value of sulfamethoxazole 
(≥512 µg/mL) reported by Kehrenberg and Schwarz [22]. 
It was assumed that the use of sulfamethoxazole without 
trimethoprime could lead to this difference. However, as 
in our study, sul II gene was reported to be detected in all 
resistant isolates in both studies.

Generally, MIC value of enrofloxacin was found to be 
low [27-29] and resistance to this antimicrobial agent was 
not significant in P. multocida isolates [32-33]. As indicated 
previous studies, MIC value of enrofloxacin was determined 
as 0.002-0.5 µg/mL and no isolates were found to be 
resistant to enrofloxacin in this study.

MIC values of streptomycine in P. multocida isolates were 
reported as 0.39 - >100, ≥128 and 1-32 µg/mL by Yoshimura 
et al.[27], Kehrenberg and Schwarz [22] and Wang et al.[25], 
respectively. But, in this study, this value was determined 
to be higher (2 - >256 µg/mL). Also, in the presented 
research, str A ve aphA 1 (excepting 1 isolate) genes were 
found in all streptomycine resistant isolates same as in 
other studies [22,25]. MIC value (0.19-2 µg/mL) of gentamicin 
was found to be lower than reported by Wang et al.[28] and 
Anholt et al.[28]. 

Kadlec et al.[34] reported that 8 to 32-fold increase were 
determined in MIC values of erythromycin, tilmicosin 
and clindamycin when erm 42 gene was cloned into P. 
multocida isolates via plasmid vector. It was also reported 
that the MIC values of erythromycin and tilmicosin 
increased to 32-128 times when msr E+mph E genes were 
cloned. In another study, it was reported that MIC value 
of tilmicosin ranged from 128 to >128 µg/mL in erm 42 
positive isolates while that was 32 µg/mL in msr E+mph 
E positive isolates. Additionally, in isolates were positive 
for all three genes, MIC value of tilmicosin was reported 
to be >128 µg/mL [10]. Similarly, in another study it was 
revealed that MIC values of tilmicosin and clindamycin in 
erm 42 positive isolates were 128 - >128 and 1024 µg/mL, 
respectively. It was also reported that MIC values of 
tilmicosin and clindamycine were 32 and 16 µg/mL in 
msr E and mph E genes positive isolates, respectively. In 
addition, these values were determined as 128 and >1024 
µg/mL in the isolates harbouring all those three genes [9]. 

In this study, MIC value of erythromycin was detected as 
32 - >256 µg/mL in erm 42 positive isolates. While this gene 
was determined in 12 of 38 tilmicosin resistant isolates and 
11 of 49 clindamycin resistant isolates, MIC values for both 
antibiotics were found to be >32 µg/mL and >256 µg/mL, 
respectively. On the other hand, MIC value of erythromycin 
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varied from 8 to >24 µg/mL in erythromycin resistant 
isolates that were positive for msr E+mph E. Whereas 
both genes were determined in 4 tilmicosin resistant and 
in 3 clindamycin resistant isolates, MIC values of both 
antibiotics were detected as >32 µg/mL and 2 - >256  
µg/mL, respectively. However, Dayao et al.[31] reported 
that msr E and mph E genes could not be detected in  
P. multocida isolates that were resistant to macrolides.

Although in this study macrolide resistance in P. multocida 
isolates were determined to be higher than that of reported 
by other researcher, the presence of resistance genes were 
observed in a limited number. It was assumed that other 
genes or different resistance mechanisms [6,8,9] could play a 
role in the development of resistance.

In this study, it was determined that P. multocida isolates 
that cause respiratory diseases in cattle was highly 
susceptible to penicillin, cephalothin, cefotaxime, chlorom- 
phenicol, gentamicine and enrofloxacin. Also, it was 
determined that it should be paid attention to the use of 
ampicillin, tetracycline, sulfamethoxazole + trimethoprime,  
macrolide and aminoglycoside antibiotics for the treatment 
of infections caused by this agent. Although the 
genes associated with tetracycline, sulfonamide and 
aminoglycoside resistance have an important role in 
the development of resistance in P. multocida isolates, 
the presence of resistance genes in extra chromosomal 
elements as well as other mechanisms that are responsible 
for macrolide and β-lactam antibiotics should be investigated 
in further studies.

conflict of interest

There is no conflict of interest.

author contributions

All authors contributed to laboratory examinations and 
writing manuscript.

references

1. Horwood PF, Mahony TJ: Multiplex real-time RT-PCR detection of 
three viruses associated with the bovine respiratory disease complex. J 
Virol Methods, 171 (2): 360-363, 2011. DOI: 10.1016/j.jviromet.2010.11.020

2. Dziva F, Muhairwa AP, Bisgaard M, Christensen H: Diagnostic and 
typing options for investigating diseases associated with Pasteurella 
multocida. Vet Microbiol, 128 (1-2): 1-22, 2008. DOI: 10.1016/j.vetmic. 
2007.10.018

3. Kehrenberg C, Schulze-Tanzil G, Martel JL, Chaslus-Dancla E, 
Schwarz S: Antimicrobial resistance in Pasteurella and Mannheimia: 
Epidemiology and genetic basis. Vet Res, 32 (3-4): 323-339, 2001. DOI: 
10.1051/vetres:2001128

4. Sarangi LN, Thomas P, Gupta SK, Priyadarshini A, Kumar S, Nagaleekar 
VK, Kumar A, Singh VP: Virulence gene profiling and antibiotic resistance 
pattern of Indian isolates of Pasteurella multocida of small ruminant 
origin. Comp Immunol Microbiol Infect Dis, 38, 33-39, 2015. DOI: 10.1016/j.
cimid.2014.11.003

5. Kehrenberg C, Catry B, Haesebrouck F, de Kruif A, Schwarz S: Novel 
spectinomycin/streptomycin resistance gene, aadA14, from Pasteurella 

multocida. Antimicrob Agents Chemother, 49 (7): 3046-3049, 2005. DOI: 
10.1128/AAC.49.7.3046-3049.2005

6. Michael GB, Kadlec K, Sweeney MT, Brzuszkiewicz E, Liesegang 
H, Daniel R, Murray RW, Watts JL, Schwarz S: ICE Pmu1, an integrative 
conjugative element (ICE) of Pasteurella multocida: Analysis of the regions 
that comprise 12 antimicrobial resistance genes. J Antimicrob Chemother, 
67 (1): 84-90, 2012. DOI: 10.1093/jac/dkr406

7. Eidam C, Poehlein A, Leimbach A, Michael GB, Kadlec K, Liesegang 
H, Daniel R, Sweeney MT, Murray RW, Watts JL, Schwarz S: Analysis and 
comparative genomics of ICEMh1, a novel integrative and conjugative 
element (ICE) of Mannheimia haemolytica. J Antimicrob Chemother, 70 (1): 
93-97, 2015. DOI: 10.1093/jac/dku361

8. Wasteson Y, Roe DE, Falk K, Roberts MC: Characterization of tetracycline 
and erythromycin resistance in Actinobacillus pleuropneumoniae. Vet 
Microbiol, 48, 41-50, 1996. DOI: 10.1016/0378-1135(95)00130-1

9. Desmolaize B, Rose S, Wilhelm C, Warrass R, Douthwaite S: 
Combinations of macrolide resistance determinants in field isolates of 
Mannheimia haemolytica and Pasteurella multocida. Antimicrob Agents 
Chemother, 55 (9): 4128-4133, 2011. DOI: 10.1128/AAC.00450-11

10. Rose S, Desmolaize B, Jaju P, Wilhelm C, Warrass R, Douthwaite 
S: Multiplex PCR to identify macrolide resistance determinants in 
Mannheimia haemolytica and Pasteurella multocida. Antimicrob Agents 
Chemother, 56 (7): 3664-3669, 2012. DOI: 10.1128/AAC.00266-12

11. Blanco M, Gutiérrez-Martin CB, Rodríguez-Ferri EF, Roberts MC, 
Navas J: Distribution of tetracycline resistance genes in Actinobacillus 
pleuropneumoniae isolates from Spain. Antimicrob Agents Chemother, 50 
(2): 702-708, 2006. DOI: 10.1128/AAC.50.2.702-708.2006

12. Livrelli VO, Darfeuille-Richaud A, Rich CD, Joly BH, Martel JL: 
Genetic determinant of the ROB-1 beta-lactamase in bovine and porcine 
Pasteurella strains. Antimicrob Agents Chemother, 32 (8): 1282-1284, 1988. 
DOI: 10.1128/AAC.32.8.1282

13. Onat K, Kahya S, Çarli KT: Frequency and antibiotic susceptibility 
of Pasteurella multocida and Mannheimia haemolytica isolates from nasal 
cavities of cattle. Turk J Vet Anim Sci, 34 (1): 91-94, 2010. DOI: 10.3906/ 
vet-0901-1

14. Ulker H, Kucuk D, Cantekin Z, Solmaz H: Hatay yöresinde kesimhanede 
kesilen sığır akciğerlerinden Pasteurella multocida ve Mannheimia haemolytica 
izolasyonu ve antibiyotiklere duyarlılığı. AVKAE Derg, 2 (2): 10-14, 2012.

15. Guler L, Gunduz K, Sarisahin AS: Capsular typing and antimicrobial 
susceptibility of Pasteurella multocida isolated from different hosts. Kafkas 
Univ Vet Fak Derg, 19 (5): 843-849, 2013. DOI: 10.9775/kvfd.2013.8936

16. Quinn PJ, Markey BK, Leonard FC, Fitzpatrick ES, Fanning S, 
Hartigan PJ: Pasteurella species, Mannheima haemolytica and Bibersteinia 
trehalosi. In, Veterinary Microbiology and Microbial Disease. 2nd ed., 300-
308, John Wiley & Sons Ltd., UK, 2011.

17. Townsend KM, Frost AJ, Lee CW, Papadimitriou JM, Dawkins HJS: 
Development of PCR assays for species and type-specific identification 
of Pasteurella multocida isolates. J Clin Microbiol, 36 (4): 1096-1100, 1998.

18. European Committee on Antimicrobial Susceptibility Testing: 
Clinical Breakpoint Tables v. 9.0, valid from 2019-01-01.

19. Clinical Laboratory Standart Institute: Performance Standards for 
Antimicrobial Disk and Dilution Susceptibility Tests for Bacteria Isolated 
from Animals; Approved Standard. 2nd ed., Wayne, PA: CLSI, 2002.

20. Clinical Laboratory Standart Institute: Performance Standards for 
Antimicrobial Disk and Dilution Susceptibility Tests for Bacteria Isolated 
From Animals. 4th ed., Vet 08. Wayne, PA: CLSI, 2018.

21. Matter D, Rossano A, Limat S, Vorlet-Fawer L, Brodard I, Perreten 
V: Antimicrobial resistance profile of Actinobacillus pleuropneumoniae 
and Actinobacillus porcitonsillarum. Vet Microbiol, 122 (1-2): 146-156, 
2007. DOI: 10.1016/j.vetmic.2007.01.009

22. Kehrenberg C, Schwarz S: Occurrence and linkage of genes coding 
for resistance to sulfonamides, streptomycin and chloramphenicol in 
bacteria of the genera Pasteurella and Mannheimia. FEMS Microbiol Lett, 
205, 283-290, 2001. DOI: 10.1111/j.1574-6968.2001.tb10962.x

23. Maynard C, Fairbrother JM, Bekal S, Sanschagrin F, Levesque RC, 
Brousseau R, Maason L, Lariviere S, Harel J: Antimicrobial resistance 

GULAYDIN, GURTURK
EKIN, OZTURK

https://www.sciencedirect.com/science/article/pii/S0166093410004192?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378113507005238?via%3Dihub
https://www.vetres.org/articles/vetres/abs/2001/03/v1302/v1302.html
https://www.sciencedirect.com/science/article/pii/S0147957114000708?via%3Dihub
https://aac.asm.org/content/49/7/3046
https://aac.asm.org/content/49/7/3046
https://academic.oup.com/jac/article/67/1/84/724102
https://academic.oup.com/jac/article/70/1/93/2911333
https://www.sciencedirect.com/science/article/pii/0378113595001301?via%3Dihub
https://aac.asm.org/content/55/9/4128
https://aac.asm.org/content/56/7/3664
https://aac.asm.org/content/50/2/702
https://aac.asm.org/content/32/8/1282
https://journals.tubitak.gov.tr/veterinary/issues/vet-10-34-1/vet-34-1-13-0901-1.pdf
https://vetkontrol.tarimorman.gov.tr/adana/Belgeler/Dergi%202012-2/Makale%203.pdf
http://vetdergi.kafkas.edu.tr/extdocs/2013_5/843-849.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC104696/pdf/jm001096.pdf
https://www.sciencedirect.com/science/article/pii/S037811350700017X?via%3Dihub
https://academic.oup.com/femsle/article/205/2/283/521743
https://aac.asm.org/content/47/10/3214


224

genes in enterotoxigenic Escherichia coli O149: K91 isolates obtained over 
a 23 year period from pigs. Antimicrob Agents Chemother, 47 (10): 3214-
3221, 2003. DOI: 10.1128/aac.47.10.3214-3221.2003

24. Akinbowale OL, Peng H, Barton MD: Diversity of tetracycline resistance 
genes in bacteria from aquaculture sources in Australia. J Appl Microbiol, 
103 (5): 2016-2025, 2007. DOI: 10.1111/J.1365-2672.2007.03445.X

25. Wang Z, Kong LC, Jia BY, Liu SM, Jiang XY, Ma HX: Aminoglycoside 
susceptibility of Pasteurella multocida isolates from bovine respiratory 
infections in China and mutations in ribosomal protein S5 associated with 
high-level induced spectinomycin resistance. J Vet Med Sci, 79 (10): 1678-
1681, 2017. DOI: 10.1292/jvms.17-0219

26. Benedict KM, Gow SP, Checkley S, Booker CW, McAllister TA, 
Morley PS: Methodological comparisons for antimicrobial resistance 
surveillance in feedlot cattle.  BMC Vet Res, 9:216, 2013. DOI: 10.1186/ 
1746-6148-9-216

27. Yoshimura H, Ishimaru M, Endoh YS, Kojima A: Antimicrobial 
susceptibility of Pasteurella multocida isolated from cattle and pigs. J Vet 
Med B, 48 (7): 555-560, 2001. DOI: 10.1111/j.1439-0450.2001.00468.x

28. Garch F, de Jong A, Simjee S, Moyaert H, Klein U, Ludwig C, Marion 
H, Haag-Diergarten S, Richard-Mazer A, Thomas V, Siegwart E: 
Monitoring of antimicrobial susceptibility of respiratory tract pathogens 
isolated from diseased cattle and pigs across Europe, 2009-2012: VetPath 
results. Vet Microbiol, 194, 11-22, 2016. DOI: 10.1016/j.vetmic.2016.04.009

29. Anholt RM, Klima C, Allan N, Matheson-Bird H, Schatz C, Ajitkumar 
P, Otto SJG, Peters D, Schmid K, Olson M, McAllister T, Ralston B: 
Antimicrobial susceptibility of bacteria that cause bovine respiratory 

disease complex in Alberta, Canada. Front Vet Sci, 4:207, 2017. DOI: 
10.3389/fvets.2017.00207

30. Katsuda K, Hoshinoo K, Ueno Y, Kohmoto M, Mikami O: Virulence 
genes and antimicrobial susceptibility in Pasteurella multocida isolates 
from calves. Vet Microbiol, 167 (3-4): 737-741, 2013. DOI: 10.1016/j.vetmic. 
2013.09.029

31. Dayao DAE, Gibson JS, Blackall PJ, Turni C: Antimicrobial resistance 
genes in Actinobacillus pleuropneumoniae, Haemophilus parasuis and 
Pasteurella multocida isolated from Australian pigs. Aust Vet J, 94 (7): 227-
231, 2016.  DOI: 10.1111/avj.12458

32. Cucco L, Massacci FR, Sebastiani C, Mangili P, Bano L, Cocchi M, 
Luppi A, Ortenzi R, Pezzotti G, Magistrali CF: Molecular characterization 
and antimicrobial susceptibility of Pasteurella multocida strains isolated 
from hosts affected by various diseases in Italy. Vet Ital, 53 (1): 21-27, 2017. 
DOI: 10.12834/VetIt.661.3256.2

33. Timsit E, Hallewell J, Booker C, Tison N, Amat S, Alexander TW: 
Prevalence and antimicrobial susceptibility of Mannheimia haemolytica, 
Pasteurella multocida, and Histophilus somni isolated from the lower 
respiratory tract of healthy feedlot cattle and those diagnosed with 
bovine respiratory disease.  Vet Microbiol,  208, 118-125, 2017. DOI: 
10.1016/j.vetmic.2017.07.013

34. Kadlec K, Michael GB, Sweeney MT, Brzuszkiewicz E, Liesegang H, 
Daniel R, Watts JL, Schwarz S: Molecular basis of macrolide, triamilide, 
and lincosamide resistance in Pasteurella multocida from bovine respiratory 
disease. Antimicrob Agents Chemother, 55 (5): 2475-2477, 2011. DOI: 
10.1128/AAC.00092-11

MIC Values and Antimicrobial Resistance Genes in Pasteurella multocida Research Article

https://aac.asm.org/content/47/10/3214
https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2672.2007.03445.x
https://www.jstage.jst.go.jp/article/jvms/79/10/79_17-0219/_article
https://bmcvetres.biomedcentral.com/articles/10.1186/1746-6148-9-216
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1439-0450.2001.00468.x
https://www.sciencedirect.com/science/article/pii/S0378113516300918?via%3Dihub
https://www.frontiersin.org/articles/10.3389/fvets.2017.00207/full
https://www.frontiersin.org/articles/10.3389/fvets.2017.00207/full
https://www.sciencedirect.com/science/article/pii/S0378113513004689?via%3Dihub
https://onlinelibrary.wiley.com/doi/full/10.1111/avj.12458
https://www.izs.it/vet_italiana/2017/53_1/VetIt_661_3256_2.pdf
https://www.sciencedirect.com/science/article/pii/S0378113517306521?via%3Dihub
https://aac.asm.org/content/55/5/2475

