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Abstract: In this study, it was aimed to investigate the presence of Pasteurella multocida in the swab samples taken from the 

oral cavity of cats, and to determine the capsular type and antimicrobial susceptibility of the isolates. For this purpose, swab samples 

taken from 300 cats were inoculated onto Knight's selective enriched medium and blood agar for isolation of P. multocida. Following 

after capsular typing of the isolates by PCR, the susceptibilities of the isolates to ceftiofur, clindamycin, erythromycin, enrofloxacin, 

amoxicillin+clavulanic acid, trimethoprim/ sulfamethoxazole, tetracycline, and chloramphenicol were examined by the disk diffusion 

method. The relationships between oral colonization and various physiological and behavioral variables were evaluated, statistically. 

P. multocida was isolated from 48 (16%) of the samples and all strains were typed as capsular type A. While all of the isolates were 

resistant to clindamycin and susceptible to enrofloxacin, 8,33% tetracycline resistance was also remarkable. Multiple antibiotic 

resistance (MDR) was detected in 27% of the isolates. The colonization of P. multocida was found to be statistically significant in cats 

under the age of 1 and in cats living outdoors. The importance of antibiotic resistance observed in bacteria with a zoonotic character 

such as P. multocida should not be ignored since it poses a threat to public health. It was concluded that, in this study determination of 

tetracycline resistance, which has started to be reported in feline Pasterurella multocida isolates in recent years, and detection of 

multiple antibiotic resistance in 27% of isolates, was extremely important for public health. 

Keywords: Antimicrobial susceptibility, capsular typing, cat, oral swab, Pasteurella multocida.  

Kedilerin ağız florasından izole edilen Pasteurella multocida izolatlarının karakterizasyonu 

Özet: Bu çalışmada kedilerin ağız boşluğundan alınan svap örneklerinde Pasteurella multocida varlığının araştırılması, kapsül 

tiplerinin belirlenmesi ve antibiyotik duyarlılıklarının saptanması amaçlandı. Bu amaçla, 300 kediden oral svap örnekleri toplandı ve 

P. multocida izolasyonu için selektif zenginleştirilmiş Knight’s besiyeri ve kanlı agara ekimleri yapıldı. İzolatların kapsül 

tiplendirmeleri PCR ile yapıldıktan sonra seftiofur, klindamisin, eritromisin, enrofloksasin, amoksisilin klavulonik asit, 

trimetoprim/sulfametokasazol, tetrasiklin, kloramfenikola karşı duyarlılıkları disk difüzyon yöntemi ile incelendi. Oral kolonizasyon 

ile çeşitli fizyolojik ve davranışsal değişkenler arasındaki ilişkileri istatistiksel olarak değerlendirildi. İncelenen örneklerin 48 

(%16)’inden P. multocida izole edildi ve tümü kapsüler tip A olarak belirlendi. İzolatların tamamı klindamisine dirençli ve 

enrofloksasine duyarlı bulunurken, % 8,33 oranında tetrasiklin direnci de dikkat çekici olarak belirlendi. İzolatların %27’sinde çoklu 

antibiyotik direnci saptandı. İstatistiksel analiz sonucu, bir yaş altı kediler ve dış ortamda yaşayan kedilerde kolonizasyon istatistiksel 

olarak anlamlı bulundu. P. multocida gibi zoonoz karakterdeki bakterilerde gözlenen antibiyotik direnci, halk sağlığı açısından tehdit 

oluşturduğundan gözardı edilmemelidir. Son yıllarda kedi P. multocida izolatlarında rapor edilmeye başlanan tetrasiklin direncinin bu 

çalışmada da saptanması ve tüm izolatlarda %27 oranındaki çoklu antibiyotik direncinin gözlemlenmesinin, halk sağlığı açısından son 

derece önemli olduğu sonucuna varıldı. 

Anahtar sözcükler: Antimikrobiyal duyarlılık, kapsüler tiplendirme, kedi, oral svap, Pasteurella multocida. 

 
 

 

Introduction 

Pasteurella species are usually found in the normal 

flora of the oral, nasopharyngeal, and upper respiratory 

tract in animals, and they are also opportunistic pathogens 

associated with endemic outbreaks. P. multocida is a 

species that can be isolated from the oral flora of cats and 

dogs up to 90%. It also has a zoonotic character. Infection 

to people is usually caused by biting, scratching, licking 

or contact with nasal secretions (3,8,12,17,19). P. 

multocida, has 5 capsular serogroups such as A, B, D, E 

and F, and 16 somatic serotypes. The capsule plays the 

most important role in the identification of serogroup type. 
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Different serotypes and serogroups tend to cause certain 

diseases (5,14,33). Healthy cats are usually defined as the 

carriers of P. multocida. Cats living in nature spread 

bacteria in cat populations as a result of hunting and 

fighting. However, although cats are often reported as the 

carriers of P.multocida and the agent is mentioned to be a 

zoonotic, isolated from cat bites, there is no study on the 

prevalence of P. multocida in oral colonization of cats, the 

presence of virulence genes, and antimicrobial 

susceptibility profiles in Turkey. 

 The aim of this study was to isolate P. multocida 

from the oral flora of cats with a different clinical picture 

and to perform the capsular typing of isolates and to 

determine antimicrobial resistance profiles. 

 
Material and Methods 

Oral swab samples from 300 cats which were 

clinically healthy or were taken to veterinary clinics with 

various clinical symptoms in Istanbul between March 

2017 and October 2018 were examined. This study was 

approved by Istanbul University Animal Experiments 

Local Ethics Board (Decision date: 23.02.2017). Swabs 

samples were collected from the oral mucosa to cover the 

inner cheek edge mucosa, gingiva and the top of the 

tongue, were transferred in Cary-Blair medium and stored 

at room temperature and brought to the laboratory within 

5 days (16, 30). The data on breed, age, gender, 

antimicrobial treatment history, living-conditions of the 

sampled cats were recorded. According to these data, it 

was recorded that no antimicrobial agent had been used 

for last month in 286 of the cats, antibiotic therapy was 

performed for different reasons in 14 of them. The rest of 

the data collected from sampling population were showed in 

Table 1.  

The swabs were streaked onto Nutrient Agar 

including 7% defibrinated sheep blood and onto selective 

medium contained defibrinated horse blood and 

antibiotics described by Knight et al. (18), and they were 

incubated for 24 hours at 37°C under aerobic conditions. 

Catalase and oxidase-positive isolates with Gram-negative 

coccobacillus morphology were considered as P. 

multocida suspected. The identification of the isolates and 

subsequently, capsular typing were performed according 

to the methods described previously (32,33). The DNA 

extraction was performed using the commercial kit 

(Quick-DNA Fungal/Bacterial Miniprep, Zymo Research, 

CA, USA). Identification and capsular typing of P. 

multocida isolates were performed (32) with ready-to-use 

mix (MyTaq HS mix, Zymo Research, CA,USA), and 

amplification protocol was applied as preliminary 

denaturation at 95°C for 5 minutes, and denaturation at 

95°C for 30 seconds, annealing at 55°C for 30 seconds, 

extension at 72°C for 30 seconds and final extension at 

72°C for 5 minutes in total of 30 cycles. A field isolate 

obtained from Samsun 19 Mayıs University, Faculty of 

Veterinary Medicine, Department of Microbiology, and 

the strains coded PM492 (Capsule type A), PM 498 

(Capsule type B) obtained from Dr. Conny Turni from the 

University of Queensland were used as positive controls 

in the study.  

The antimicrobial susceptibilities of the isolates were 

examined by the disk diffusion method according to The 

European Committee on Antimicrobial Susceptibility 

Testing [amoxicillin/clavulanic acid (20/10 μg), 

tetracycline (30μg), trimethoprim-sulfamethoxazole 

(1.25/23.7μg)] (31), and The Clinical and Laboratory 

Standards Institute [ceftiofur (30μg), chloramphenicol 

(30μg), enrofloxacin (5μg)] (7) [clindamycin (2μg) and 

erythromycin (15μg)](27) criteria. Escherichia coli ATCC 

25922 was used as quality control (QC) strain.The isolates 

which were found to be resistant to three or more antibiotic 

classes were defined as multidrug resistance (MDR) (20). 

 

Table 1.  Sample characteristics and statistical data: all cats' age, living conditions, gender, drug history information, respectively, and 

number of cats found to be positive and negative in terms of P. multocida by PCR. 

Variables Total (%) PCR positive (%) PCR negative (%) P-value 

Age (years)     

<1 51 (17) 2 (3.9) 49 (96.0) 0.0045382* 

1-6 217 (72) 39 (17.9) 178 (82.1) 0.131188 

>6 32 (11) 7  (21.8) 25 (78.2) 0.337494 

Living condition     

Indoor 161 (53.6) 31 (19.3) 130 (80.7) 0.097945 

Outdoor  71 (23.6) 4 (5.6) 67 (97.4) 0.0031971* 

Indoor/Outdoor 68 (22.6) 13 (19.1) 55 (80.9) 0.425195 

Gender       

Female  167 (55.6) 28 (16.8) 139 (83.2) 0.684907 

Male  133 (44.3) 20 (15.03) 113 (84.97)  

Drug History      

Not used 286 (95) 47 (16.4) 239 (83.6) 0.3126667* 

Used  14 (5) 1 (7.1) 13 (92.9)  

CI 95%, Fisher’s exact test was used in the analyses with * mark, Pearson’s chi-square test was used in others. P<0.05 was considered 

statistically significant in all analyses. Significant values are shown in bold characters.
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Colonization rates (prevalence= number of 

colonized cats/number of cats examined x 100) were 

calculated and colonization relation with demographic 

variables analyzed by SPSS for Windows, Version 17.0 

(SPSS Inc. Chicago, USA, Released 2008). The 

prevalence rates (PR) and the relevant 95% confidence 

interval values (95% CI) were calculated for the 

categorical variables associated with colonization for the 

control of infection. The relationship between oral 

colonization and age (below the age of 1, 1-6 years, over 

the age of 6), living conditions (indoor, outdoor, 

indoor/outdoor), gender (female/male), and antibiotic 

usage was investigated. The chi-square test was used for 

the estimation of independence of categorical variables, 

and Fisher's exact test was used when the expected cell 

value was below 5. A P-value <0.05 was considered 

statistically significant in all analyses performed.  

 

Results 

P. multocida was recovered from 48 of the samples, 

the isolation rate was found to be 16%. All isolates were 

belonged to capsular type-A. It was observed that no drug 

was used in the last month in 47 of the cats from which P. 

multocida was isolated, and an antibiotic was used for 

different reasons in only one of them. It was determined 

that 28 of the cats were female and 20 of them were male, 

31 of them lived only indoor, 4 of them lived outdoor and 

13 of them lived both indoor and outdoor.  

As a result of antimicrobial susceptibility tests, while 

all isolates were found to be resistant to clindamycin, it 

was determined that the other most resistance were against 

to trimethoprim+sulfamethoxazole (co-trimoxazole) 

combinations in 15 isolates and amoxicillin+clavulonic 

acid combinations in 14 isolates. Antibiotics with the least 

resistance were found as chloramphenicol (2 isolates) and 

tetracycline (4 isolates). All isolates were susceptible to 

enrofloxacin. While resistance to a single antimicrobial 

agent was found in 35.42% (n=17) of isolates, resistance 

to two antimicrobial agents was found in 37.50% (n=18) 

of them, resistance to three antimicrobial agents was found 

in 20.83% (n=10) of them, and resistance to four 

antimicrobial agents was found in 6.25% (n=3) of them. 

In this case, the prevalence of multiple antibiotic 

resistance was found to be 27%. Distribution of 

antimicrobial susceptibilities and antimicrobial resistance 

profiles of the isolates were presented in Table 2 and 3 

respectively. 

When gender and the presence of colonization were 

evaluated, the ratios between males and females were 

found to be 15.03% and 16.8%, respectively, and the 

difference between them was not found to be statistically 

significant (Pearson's= 0.165, P=0.684907 95% CI: -0.061 

<0.016> 0.092). Similarly, colonization was not found to 

be statistically significant in the samples taken from the 

animals with (7.1%) and without drug use (16.4%) 

(Fisher’s exact test=0.857, P=0.3126667, 95% CI: 0.327 

>2.556> 20.015). Colonization rates were found to be 

3.9%, 17.9%, and 21.8% in the age groups of under age of 

1, 1-6 years and over the age of 6, respectively. The 

colonization rate was found to be statistically significant 

in animals under the age of 1; at value 95% CI: -0.262 <-

0.149> -0.036, P = 0.0045382 (Fisher’s exact test). 

Similarly, when living conditions were compared, 

colonization was found to be statistically significant in 

animals living outdoor (95% CI: -0.263 <-0.153> -0.043 

P(O>=E): 0.0031971, Fisher’s exact test) (Table 1).  

 

Table 2. Antimicrobial resistance prevalence of isolates. 

Antimicrobial 

agent 

Number of resistant 

bacteria 

% 

FUR 5 10.42 

AUG 14 29.17 

SXT 15 31.25 

E 7 14.58 

TE 4 8.33 

C 2 4.17 

CD 48 100.00 

ENR 0 0.00 

P: Prevalence, FUR: Ceftiofur, AUG: Amoxicillin+Clavulonic 

acid, SXT: Trimethoprim + Sulfamethoxazole, E: Erythromycin, 

TE: Tetracycline, C: Chloramphenicol, CD: Clindamycin, ENR: 

Enrofloxacin. 

 

 

Table 3. Antimicrobial resistance profiles of isolates. 

Antimicrobial agent Number of 

isolates 

% 

CD 17 35.42 

FUR/CD 1 2.08 

AUG/CD 6 12.50 

SXT/CD 10 20.83 

TE/CD 1 2.08 

FUR/ SXT/CD 2 4.17 

AUG/TE/CD 3 6.25 

AUG/E/CD 3 6.25 

SXT/C/CD 1 2.08 

SXT/E/CD 1 2.08 

FUR/SXT/E/CD 1 2.08 

FUR/AUG /E/CD 1 2.08 

AUG/E/C/CD 1 2.08 

P: Prevalence, CD: Clindamycin, FUR: Ceftiofur, AUG: 

Amoxicillin+Clavulonic acid, SXT: Trimethoprim + 

Sulfamethoxazole, TE: Tetracycline, E: Erythromycin, C: 

Chloramphenicol. 



Tuğçe Tınmaz - Baran Çelik - Barış Halaç - Arzu Funda Bağcıgil 18 

Discussion and Conclusion 

P. multocida is defined as a part of the oropharyngeal 

microbiota of cats, dogs, and other animals. The infections 

caused by P. multocida, which is considered to be 

zoonotic, are associated with biting, scratching, or licking 

of the injured tissue. However, infections that occurred in 

humans without animal contact were also reported 

(3,10,12,19,28,29). In this study, it was aimed to 

investigate the isolation of P. multocida from intraoral 

swabs in cats since it is found in the oral microbiota of cats 

and is a bacterium with zoonotic character. Along with the 

determination of antibiotic resistance profiles of isolates, 

it was aimed to update treatment options in case of 

possible transmission and infection. The prevalence of 

oral P. multocida colonization in cats varies between 

10.4% and 89.9% (11, 12,13,15,22,25). However, it is 

scientifically misleading to compare these studies without 

standards on population demographics, sampling sites, 

sampling methods, transport conditions of samples, 

analysis methods, and evaluation criteria. In this study, the 

P. multocida isolation rate was found to be 16%, which 

was consistent with previous studies. 

One of the most important virulence factors of 

P.multocida which is thought to be commensal is 

polysaccharide capsule. It was reported that there was a 

relationship between the capsule types of the agent which 

they changed geographically, the host and the disease it 

caused. While serogroups B and E were isolated from 

bovine hemorrhagic septicemia disease around the world, 

serogroup E was never isolated in Europe, and serogroup 

B was isolated only in Eastern Europe. Serogroup F was 

isolated from cats, ducks, and poultry, type A and D 

strains were isolated from many domestic and wild 

animals, and it was reported that human infections were 

usually caused by serogroup A (2,6,9). While Arumugam 

et al. (2) reported that all cat and dog isolates in their study 

were serogroup A, Ferreira et al. (11) reported that 75.6% 

of cat isolates were serogroup A. In this study, it was 

determined that all of 48 P. multocida strains were 

determined as serogroup A, and it was observed that the 

results were parallel with the limited number of studies 

conducted on cats.  

Few studies on P. multocida and oral colonization 

were usually limited to the determination of capsule 

serogroups, subspecies, and antibiotic susceptibility. The 

relationships between the population in which sampling 

was performed, the physiological, demographic, and 

behavioral data of this population, and colonization were 

not investigated. Since the colonization rates of P. 

multocida were not investigated extensively, it was 

unclear whether the agent was a commensal 

microorganism of the natural flora in cats or from an 

external source. In a study carried out by examining 1-

week-old kittens, it was revealed that the agent was not 

naturally found in the oral flora, but passed during licking 

or milking from the mother (10). It was reported that the 

oral microbiota in cats varied with diet (1). However, in 

the literature, there is no data indicating the relationship 

between the presence of oral colonization and age, 

housing/care conditions, or gender. In this study, the 

presence of colonization in cats under the age of 1 was 

found to be significant compared to other age groups. The 

intestinal microbiota is known to change with age in cats 

and humans. However, the change of the oral microbiota 

with age has not yet been fully clarified (21,26). It is 

considered that long-term cohort studies involving the 

same animals with larger samples should be carried out to 

clarify the change on oral microbiota with age, the 

phenomenon of "microbiota aging." Similarly, in our 

study, the presence of P. multocida was found to be 

significantly higher in cats with contact the outside 

compared to cats that not. It was considered that this 

significant difference was based on behavioral, due to the 

fact that cats living outside infected each other during 

hunting, regional and sexual fights, and limited access to 

food and water resources. However, more extensive 

cohort studies were considered necessary to prove this 

assumption.  

The infections associated with P. multocida are 

generally attempted to be treated empirically with broad-

spectrum antibiotics. In previous studies carried out on P. 

multocida isolates originating from cats and dogs, 

penicillin (12,22), tetracycline (11,22,34), ampicillin 

(22,34), amoxicillin+clavulanic acid (11,12), ceftiofur 

(11,22,34), enrofloxacin (34), azithromycin (12), co-

trimoxazole (11) antibiotics were reported to be 

susceptible. The results of this study indicated that 

enrofloxacin was the most effective antimicrobial agent 

followed by chloramphenicol, ceftiofur, and tetracycline. 

These results are consistent with previous studies. 

Resistance to clindamycin (34), cotrimoxazole (11,34) 

and erythromycin (34) antibiotics was reported. 

Clindamycin resistance is known to be common in P. 

multocida strains (34). In this study, resistance to 

clindamycin was detected in all strains. This result is 

consistent with previous studies. Tetracycline is one of the 

recommended agents for use in infections caused by P. 

multocida strains resistant to clindamycin and 

sulfanamides in humans (34). The evaluation criteria such 

as break points of many antibiotics for canine or feline P. 

multocida isolates have not been published yet. 

Nevertheless, in two studies published in recent years, 

where only MIC values were given, high MIC values for 

tetracycline were reported in two isolates (23,24). Ujvari 

et al. (34) stated that tetracycline resistance was not 

detected in clinical samples in cats, while another 

surveillance study in the same year reported 4.1% 

tetracycline resistance (4).In this study, it was determined 
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4 (8.33%) of the cat isolates were resistant to tetracycline, 

and 9 (18.75%) of them were moderately susceptible. 

Tetracycline resistance is routinely reported in 

P.multocida isolates of pig and bovine origin. In the 

current study, it was determined that 7 of the isolates were 

resistant to erythromycin, and 5 of them were moderately 

susceptible. The result related to erythromycin resistance 

is consistent with the results obtained previously (11). It 

was considered that the fact that the studies reporting the 

result of decreased susceptibility related to erythromycin 

were associated with P. multocida strains isolated from 

poultry and pet animals could be attributed to the active 

use of this antibiotic for a long time as a performance 

enhancer in animals since the 1960s.  

In this study, resistance to three and more antibiotic 

classes was detected in 27% of the isolates. The MDR 

patterns detected reveal the developing resistance to some 

commonly used classes of antibiotics such as 

lincosamides, cephalosporins, sulphonamides in P. 

multocida isolates. In this study, 13 resistance patterns 

were detected, and clindamycin and trimethoprim + 

sulfamethoxazole + clindamycin were observed to be the 

most common patterns among them. Since 

resistance/multiple resistance patterns were not reported 

in previous studies, the results obtained in the current 

study could not be compared.  

Cats are behaviorally in close contact with 

cohabitants. The results of our study provided data on the 

prevalence of P.multocida strains colonized in cats, its 

capsule types, antibiotic resistance and some significant 

relationships between colonization and population 

dynamics. In particular, the potential threat related to 

relatively high rates of MDR P.multocida isolates like any 

other zoonotic bacteria, should not be underestimated. 

Horizontal transmission of resistance genes and 

epidemiological shift observed in susceptible populations 

lead to an increase in epidemics and MDR bacteria waiting 

for the right genes to come together. Empirical antibiotic 

treatments are frequently preferred in animal and human 

practice, so antibiotic resistance in animal isolates, 

especially zoonotic bacteria such as P. multocida, 

provides a strong insight of potential resistance in future 

human infections. It does not appear possible to cease the 

development of antibiotic resistance with today's 

technologies. However, selective pressure and spread of 

resistance can be slowed down by reasonable and 

responsible antibiotic use and surveillance studies 

throughout the country. 
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