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Abstract: Pseudomonas aeruginosa is frequently isolated from various disease and nosocomial infections. It is 
clinically important because of its multiple antibiotic resistance and biofilm production. The aims of this study 
were to determine the production of biofilm and to make antibiotyping and genotyping of P. aeruginosa strains 
isolated from bronchial aspirate samples of dogs with pneumonia in Turkey and Romania. For this purpose, biofilm 
properties of 10 Turkish and 10 Romanian isolates were determined by Congo Red Agar Method. The resistance 
profiles of the isolates were determined by Kirby-Bauer Disk Diffusion Method. The antibiotyping was performed 
according to the resistance profiles of the isolates. Genotypical similarities were determined by RAPD-PCR. In terms 
of biofilm production, all of the isolates examined in this study were found to be positive. In consequence of 
the antibiograms, the resistance rates against enrofloxacin, ceftriaxone, amoxicillin + clavulanic acid, ciprofloxacin, 
meropenem, gentamicin and azithromycin were stated as 30%, 70%, 100%, 40%, 30%, 10%, 100% for Turkish 
isolates and 30%, 60%, 100%, 30%, 10%, 10%, 100% for Romanian isolates, respectively. As a result of antibiotyping, 
similarities of the isolates from Turkey and Romania were determined to be between 86-100%. Phylogenotypical 
similarities of the isolates from Turkey and Romania were determined to be between 47-96%. It was concluded that 
antibiotic resistances of isolates were high and resistance against antibiotics used in the treatment could be formed 
due to biofilm production. 
Keywords: Antibiotyping, Biofilm, Genotyping, Pseudomonas aeruginosa.

Türkiye ve Romanya kökenli Pseudomonas aeruginosa izolatlarının 
antibiyotik dirençlerinin, biyofilm oluşumu ve genotiplerinin araştırılması

Özet: Pseudomonas aeruginosa çeşitli hastalık olgularından ve hastane infeksiyonlarından sıklıkla izole edilmektedir. 
Çoklu antibiyotik direnç özelliği ve biyofilm üretimine sahip olması nedeniyle klinik açıdan önem arz etmektedir. Bu 
çalışmada Türkiye ve Romanya’da pnömoni bulguları gösteren köpeklerden alınan bronşiyal aspirat örneklerinden 
izole edilen P. aeruginosa suşlarının biyofilm üretiminin belirlenerek antibiyotiplendirme ve genotiplendirilmelerinin 
yapılması amaçlanmıştır. Bu amaçla Türkiye ve Romanya izolatı 10’ar adet P. aeruginosa izolatının biyofilm özelliği 
Kongo Red Agar yöntemi ile belirlendi. İzolatların antibiyotik direnç durumları Kirby-Bauer Disk Difüzyon Metodu ile 
belirlendi ve direnç profiline bağlı olarak antibiyotiplendirme yapıldı. Genotipik yakınlıklar RAPD-PCR ile belirlendi. 
Çalışmada incelenen tüm izolatların biyofilm üretimi yönünden pozitif olduğu saptandı. Antibiyogram sonucunda 
Türkiye izolatlarının enrofloksasin, seftriakson, amoksisilin + klavulanik asit, siprofloksasin, meropenem, gentamisin 
ve azitromisin içeren disklerle karşı direnç durumları sırasıyla %30, %70, %100, %40, %30, %10, %100 ve Romanya 
izolatlarının da sırasıyla %30, %60, %100, %30, %10, %10 ve %100 olduğu belirlendi. Antibiyotiplendirme sonucunda, 
Türkiye ve Romanya izolatlarının %86-100 arasında benzerlik gösterdiği belirlendi. Filogenetik değerlendirme ile 
Türkiye ve Romanya izolatlarının filogenotipik benzerliklerinin  %47-96 arasında olduğu belirlendi. Sonuç olarak, 
izolatların antibiyotik direncinin yüksek olduğu ve biyofilm üretimine bağlı olarak tedavide kullanılan antibiyotiklere 
karşı direnç şekillenmiş olabileceği kanısına varıldı. 
Anahtar kelimeler: Antibiyotiplendirme, Biyofilm, Genotiplendirme, Pseudomonas aeruginosa. 
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Introduction
Pseudomonas spp. is an important group among 
opportunistic Gram negative bacteria that cause 
nosocomial infections, especially in immunosup-
pressive patients. As the frequency of broad spec-
trum antibiotic usage increases, the number of bac-
teria with multiple antibiotic resistance is increasing. 
This resistance has become particularly prominent 
in Gram-negative bacteria (Verbist, 1991).

Pseudomonas spp. is a Gram-negative, non-
spore forming, aerobic rod-shaped bacterium. They 
grow more easily in humid environments. Pseudo-
monas containing a large number of species are 
classified according to their pigmentation and me-
tabolism. Pseudomonas aeruginosa is the most com-
mon species isolated from disease cases in the ge-
nus (Erdem, 1999).  P. aeruginosa produces pigments 
such as pyoverdin, and pyocyanin (Wyngaarden et 
al., 1992; Bilgehan, 1994). Temporary colonization 
of the Pseudomonas is seen on perineum, outer ear 
canal, armpit and lower genital tract in healthy in-
dividuals. In addition, this colonization can be turn 
into infection in immunocompromised individuals 
or individuals whose natural microbiota is disrupted 
due to long-term usage of broad-spectrum antibi-
otics (Bilgehan,1994; Pollack, 1995). 

Biofilm is a complex organization where bacte-
ria live in a harmonious and structural integrity by 
adhering to a surface (Kumar et al., 2011). Microor-
ganisms form a community which has been defined 
as microecosystem for sustaining their vital activi-
ties and protecting themselves from environmental 
conditions that have negative effects on their lives 
(Marcinkiewicz et al., 2013). Biofilm was first identi-
fied by Antonie van Leeuwenhoek in the 17th cen-
tury. The researcher examined the swab taken from 
his own tooth plaque and detected the formation 
of microbial clusters under the microscope (Donlan 
and Costerton, 2002). 

Biofilm structure consists of organic exopoly-
saccharides produced by microorganisms themsel-
ves. Microorganisms create biofilms after attaching 
them to a living or inanimate surface, and this stru-
cture is advantageous in terms of escape from host 
defense and resistance to antibiotics. Also biofilm 
formation in microorganisms cause to acquisition of 
resistance against disinfectants, pH change and dr-
yness (Høiby et al., 2011). Biofilms pose a problem 
in environmental and industrial context and can also 
cause clinical problems (Costerton et al.,1999). The 
biofilm-forming bacteria are more resistant against 
antibiotics than vegetative bacteria (Ceri et al., 1999; 

Wand et al., 2012). Since many antibiotics targets 
rapidly dividing bacteria, antibiotics are not effective 
on bacteria present in the deep layers of the biofilm 
that exhibits reduced metabolic activity and division 
rates. Therefore, effects of the antibiotics on the ba-
cteria which is close to the surface in the biofilm are 
bactericidal, however, the bacteria remaining deep 
parts inside the biofilm survives and creates an en-
vironment for re-development (Çiftci et al., 2005).  

There are so many bacterial typing techniques 
are currently available for discriminating the bacte-
rial strains.  These techniques vary with respect to 
the effort required, cost, and reliability. None of the-
se techniques is optimal for all investigations. Tra-
ditional typing systems for discriminating between 
bacteria from a single species have been based on 
phenotype. Serotyping, biotyping, phage-typing, 
or antibiogram (susceptibility to one or more an-
tibiotics) are some examples of phenotype based 
typing. In vitro antimicrobial susceptibility patterns 
are still used in epidemiological investigations sin-
ce antibiograms are rapidly delivered to infection 
control specialists without the need for additional 
investigations. In addition, new methods based on 
genetic variations of bacteria were currently in use. 
RAPD-PCR is a widely used method for genotyping 
various bacterial species. Comparison of RAPD-PCR 
and other genotyping results with antibiotic resis-
tance profiles may be important in terms of showing 
the specific risk of resistance to treatment in infe-
ctious diseases, by showing whether some specific 
genotypes are similar to those of multiple resistance 
strains.

The aims of this study were to determine the 
production of biofilm and to perform antibiotyping 
and genotyping of P. aeruginosa strains isolated 
from bronchial aspirate samples of dogs with pneu-
monia in Turkey and Romania.

Materials and Methods
Bacterial strains
Total of 20 P. aeruginosa isolates including 10 Tur-
kish- and 10 Romanian-originated isolates in a col-
lection of Veterinary Microbiology Department of 
the University of Ondokuz Mayıs, Faculty of Veteri-
nary Medicine were investigated in a study. All stra-
ins have been known to be isolated from bronchial 
aspirate samples taken from dogs showing pneu-
monia symptoms. The strains were inoculated on 
7% sheep Blood Agar (Sigma, 70133) and incubated 
for 24 h at 37°C. After incubation period, colonies 
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were checked for Gram staining and oxidase chara-
cteristics.

Determination of biofilm formation
Congo Red Agar Method was used to determine 
biofilm formation. For this purpose, Brain-Heart In-
fusion agar (Merck, 70138) containing 3% sucrose 
(Sigma, 1076535000)  and 0.08% Congo red (Sigma, 
75768) was prepared. Suspected colonies were ino-
culated on prepared agar at 37°C for 48 h. Black co-
lony formation was evaluated as positive for biofilm 
and pink colonies as negative (Atshan et al., 2012). 

Antimicrobial susceptibility testing and 
antibiotyping
The Kirby-Bauer Disc Diffusion Method was used 
to determine the resistance of the isolates against 
antibiotics. For this purpose, 100 µl of bacterial sus-
pensions adjusted to Mc Farland 0.5 were taken and 
inoculated on Mueller-Hinton Agar. The antibiotic 
discs containing enrofloxacin (5 µg) (Thermo Fis-
her, CT0639B), ceftriaxone (30 µg) (Thermo Fisher, 
CT0417B), amoxicillin + clavulanic acid (20+10 µg) 
(Thermo Fisher, CT0223B), ciprofloxacin (5 µg) (Ther-
mo Fisher, CT0425B), meropenem (10 µg) (Thermo 
Fisher, CT0774B), gentamicin (10µg) (Thermo Fisher, 
CT0024B), and azithromycin (15 µg) (Thermo Fisher, 
CT0906B) were placed on agar. After incubation at 
37°C for 24 h, zone diameters were evaluated accor-
ding to CLSI (2018). 

The antibiotyping was performed according to 
the resistance profiles of the strains by means of the 
Unweighted Pair Group Method using arithmetic 
averages (UPGMA) cluster analysis, and the dend-
rogram was created for evaluation of relatedness 
between the strains.

Genotyping
RADP-PCR was performed for phylogenetic typing. 
ERIC-2 oligonucleotide primer was used to deter-
mine RAPD-PCR patterns of the strains. The amp-
lification was performed by modifying the method 
reported by Versalovic and Lupski (2002). Dend-
rograms were generated from RAPD-PCR of strains 
using UPGMA.

Results
Determination of biofilm formation 
According to the Congo red agar method, all colo-
nies which found to be black colored were evalua-
ted as biofilm positive.

Antimicrobial susceptibility testing and 
antibiotyping
According to the antibiogram results, the antibio-
tic resistance states of Turkish isolates found to be 
30%, 70%, 100%, 40%, 30%, 10%, and 100% aga-
inst enrofloxacin, ceftriaxone, amoxicillin+clavulanic 
acid, ciprofloxacin, meropenem, gentamicin, and 
azithromycin, respectively. In the Romanian isolates, 
resistance rates were found to be 30%, 60%,100%, 
30%, 10%, 10%, and 100% against enrofloxacin, 
ceftriaxone, amoxicillin + clavulanic acid, ciprofloxa-
cin, meropenem, gentamicin, and azithromycin, res-
pectively. Six Turkish and five Romanian originated 
isolates were found to show multidrug resistance. 

According to the results of dendrogram drawn 
by the method of UPGMA, the similarities of Turkish 
and Romanian isolates were found to be 80-100% 
and 86-100%, respectively. In a total, the strains had 
a similarity of 86-100% (Figure 1).

Figure 1. The antibiotyping 
results of P.aeruginosa stra-
ins. 1-10: Turkish originated 
strains; 11-20: Romanian ori-
ginated strains.
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Genotyping
As a result of the dendrogram, the phylogenotypic 
similarity rates between Turkish and Romanian stra-
ins were determined to be between 47-96% (Figure 

2). Similarities were detected between 40-82% in 
Turkish originated isolates, while Romanian isolates 
were between 74-95%. One of the Turkish isolate 
could not be typed.

Figure 2. The phylogenoty-
ping results of P.aeruginosa 
strains. 2-10: Turkish strains; 
11-20: Romanian strains.

Discussion
Pseudomonas spp. have a great importance among 
opportunistic Gram-negative bacteria that cause 
nosocomial (community-originated) infections in 
long-term hospitalized patients or immunocompro-
mised individuals. The number of bacteria with mul-
tiple antibiotic resistance increases rapidly with the 
use of unconscious antibiotics and the frequency of 
the broad spectrum antibiotic usage in treatment. 
This kind of resistance has become extremely com-
mon, especially in Gram negative bacteria (Verbist, 
1991). Due to the increased resistance to antibiotics 
in the treatment of infections caused by biofilm-for-
ming strains of P. aeruginosa, the treatment of infe-
ctions becomes very difficult (Jennings et al., 2015). 
In the study conducted by Manohar et al. (2018), 
8 of 24 P. aeruginosa strains isolated from various 
clinical cases were found positive for biofilm pro-
duction. Furthermore, in conclusion of the conduc-
ted antibiogram test 63% of the strains were found 
to be resistant to gentamicin, 71% to ciprofloxacin, 
and 50% to meropenem. In the study conducted by 
Sharma et al. (2015) in India, 47 P. aeruginosa strains 
were examined for biofilm production and antibi-
otic resistance. As a result of this study, 42 strains 
were found to have biofilm activity. They also found 
that resistance rates of the strains were 78.5% for 
gentamicin, 83.3% for tobramycin, 80.9% for ami-
kacin and 73.8% for kanamycin. When the results 
of both studies were compared with the antibiotic 
susceptibility results of our study, it was thought 

that the rate of resistance to gentamicin was very 
high and this may be due to the high frequency of 
antibiotic usage in the treatment of infections. In 
France, Haenni et al. (2015)’s study revealed that 16 
(35%) of 46 P. aeruginosa strains isolated from dogs 
had multiple antibiotic resistance. In our study, this 
situation were found to be 6/10 (60%) on isolates 
of Turkey originated, 5/10 (50%) of Romanian iso-
lates, respectively. Multiple resistance mechanisms 
are mainly the synthesis of beta lactamases, redu-
ction of bacterial outer membrane permeability 
and efflux systems. If efflux systems are activated 
by chromosomal beta-lactamase enzymes, multiple 
drug resistance to many antibiotics may occur. This 
may happen during treatment and resistant strains 
may appear (Gür, 1999). Frequent and uncontrol-
led usage of antibiotics by clinicians increases the 
rate of emergence of resistance. Therefore, effective 
treatment protocols should be determined. For this 
purpose, identification of disease agents and antibi-
otic susceptibilities should be routinely determined 
(Köseoğlu Eser et al., 2005). 

Several methods have been used in the epide-
miological studies to classify bacterial isolates from 
phenotypic and genotypic perspective in the last 
two decades. The applicability of phenotypic met-
hods including serotyping, phage typing and biot-
yping is limited, because of the difficulty of obta-
ining standard antiserum and phage reagents, the 
lack of protocol standardizations between laborato-
ries, presence of too many non-typable strains and 
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being time-consuming (Nielsen et al., 2000; Was-
senaar and Newell, 2000; Shi et al., 2002). In order 
to overcome these drawbacks, genotypic methods 
have been developed based on the determination 
of specific molecular properties of chromosomal or 
plasmidic DNA (Shi et al., 2002). Commonly used 
genotypic methods are Pulsed field gel electropho-
resis, randomly amplified polymorphic DNA typing 
(RAPD) and restriction fragment length polymorp-
hism (RFLP) (Nielsen et al., 2000; Ono et al., 2003). 
RAPD-PCR, a method designed to investigate the 
genetic differences of bacteria isolated from diffe-
rent sources, is based on various primers and rea-
ction conditions and as a method it is easy to do 
and cost-effective for large number of isolates (Hil-
ton et al., 2006). In study conducted by Sallman et 
al. (2018) in Iraq, they found that 61 P. aeruginosa 
strains isolated from different clinical cases showed 
changing similarity rates between 25-92% with 
RAPD-PCR. In a study conducted by Ozturk et al. 
(2010), isolated 43 P. aeruginosa strain could not 
be typed because of their genetic diversity. Accor-
ding to the results of antibiograms, the dendrogram 
drawn by the method of UPGMA, the similarities of 
Turkish and Romanian isolates were stated to be 80-
100% and 86-100%, respectively. It has been found 
that Turkish and Romanian isolates had shown simi-
larities between 86-100%. In RAPD-PCR, one of the 
Turkish strain didn’t yield a band. As a result of the 
dendrogram, the phylogenotypic similarity betwe-
en Turkey and Romania isolates were determined to 
be between 47-96%. Similarities of the strains were 
detected between 40-82% in Turkish isolates, while 
Romanian isolates were between 74-95%.

In conclusion, it was determined that the re-
sistance profiles of P. aeruginosa strains isolated 
from respiratory infections in dogs differed in both 
countries and the resistance were high. Biofilm, 
formations have been determined to be produced 
by all strains and it is known that produced biofilm 
plays an important role in escape of host defense 
mechanisms and resistance to antibiotics. Therefore, 
resistance profiles must be determined in antimic-
robial treatment against biofilm producing bacteria. 
It is also important to shed light on the mechanis-
ms of biofilm resistance in the elimination of the 
infections, which leads to a significant increase in 
therapeutic costs as well as therapeutic problems. 
In order to prevent antibiotic resistance, appropri-
ate antibiotics should be used in the treatment of 
infections. Human and veterinary drug monitoring 
programs should be effectively maintained. Also, 
the continuous trainings and incentive programs 

should be organized for the use of appropriate dru-
gs, profiles of resistant bacteria should be determi-
ned, infection prevention strategies should be deve-
loped and R&D studies should be carried out for the 
development of new antimicrobial agents.
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