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ABSTRACT

Background: Pseudomonas aeruginosa is a gram-negative aerobic bacterium and non-glucose fermenting, that usually 
causes opportunistic infections in animals, including humans. It is rarely involved in primary disease. The antibiotic-
resistant bacterial strains are mainly developed due to the inappropriate use of antibiotics, however treating P. aeruginosa 
infections can be difficult owing to their natural resistance to antibiotics. Furthermorer resistant microorganisms such as 
P. aeruginosa grow by developing biofilms. Inaccurate diagnoses and absence of adequate microbiological tests can cause 
difficulties in resolving cases. This report describes a case of chronic superficial infection in a bitch caused by multidrug-
resistant Pseudomonas aeruginosa (MDR-PA).
Case: A 6-year-old bitch Shih Tzu, initially presented with an exudative erythematous lesion in the snout region, which 
progressed to deep lesions, and spread to the back and limbs; furthermore, the animal always experienced a fever before new 
wounds emerged. Lesion samples, collected using a swab and processed at the Veterinary Microbiology Laboratory of the 
Federal University of Jatai (UFJ), revealed the presence of Pseudomonas aeruginosa. The isolate was multidrug-resistant 
and a carrier of TEM and ppyR genes. In the diffusion disk antibiogram, the isolate was found resistant to 14 different 
antibiotics belonging to 6 classes. Antimicrobial resistance was also tested using the minimum inhibitory concentration 
(MIC) test against imipenem, ceftazidime, ciprofloxacin, ticarcillin + clavulanic acid and aztreonam present in the MIC 
test strip. Treatment with amikacin and muporicin proved to be effective; however, owing to lesions extending to the face 
and palpebral involvement, the animal lost its eyeballs. 
Discussion: Pseudomonas aeruginosa is frequently associated with nosocomial infections mainly affecting immunosup-
pressed patients. Among the antibiotics tested, the group with the highest number of ineffective antibiotics was beta-lactams, 
where sensitivity was only observed for ticarcillin and ceftazidime. Recent studies have demonstrated that ceftazidime 
can reduce biofilm volume, inhibit motility, and repress the expression of genes associated with bacterial adhesion in P. 
aeruginosa. Therefore, the production of biofilm in P. aeruginosa is an important virulence factor as it facilitates a stable 
environment for the microorganism, which protects the bacteria from contact with antimicrobials.  In addition, prolonged 
exposure to a wide variety of antimicrobials creates an environment of selective pressure between microorganisms, facili-
tating the emergence of multidrug-resistant strains. Furthermore, it is now well recognized that low doses of antibiotics, 
administered during continuous and fluctuating treatments, can stimulate biofilm establishment and are partly responsible 
for biofilm-specific antimicrobial tolerance. The resistance profile of P. aeruginosa isolated from dogs varies considerably, 
and the presence of isolates with a possible biofilm production capacity represents a challenge for the interpretation of the 
antimicrobial susceptibility profile. Culture and antibiogram is fundamentally important, both clinically and in environ-
mental monitoring, in addition to the use of antibiogram data for decision making in clinical treatment.
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INTRODUCTION

Pseudomonas aeruginosa is a gram-negative 
microorganism, a member of the skin microbiota of 
healthy animals and humans, and its ubiquitous na-
ture largely determines its ecological success as an 
opportunistic pathogen owing to its high resistance to 
environmental factors [1]. Although healthy organisms 
are rarely infected, it represents a serious risk in hos-
pital infections, being the second most frequent cause 
of skin infections in burn patients and an extremely 
common one of skin infections in dogs and cats [11].

These difficult-to-treat infections are a challenge 
in veterinary medicine because of the wide environmen-
tal distribution of the microorganism, intrinsic resistance 
to several antibiotics, and high ability to acquire resis-
tance and virulence mechanisms (mainly the ability to 
form biofilms). It is a challenging pathogen to culture in 
cases of acute and chronic canine otitis and occasionally 
in cases of deep pyoderma. The spread of antimicrobial 
resistance, particularly carbapenem resistance, is a seri-
ous therapeutic challenge worldwide [12]. In this case 
report, a chronic superficial infection in a bitch is de-
scribed, as well as the genotypic and phenotypic profile 
of P. aeruginosa isolated from the lesion. 

CASE

Samples were collected from a 6-year-old 
bitch Shih Tzu. The animal initially presented with 
an exudative erythematous lesion in the snout region, 
which progressed to deep lesions, spread to the back 
and limbs, and the dog always experienced fever before 
emergence of new wounds (Figure 1). The animal was 
treated at a veterinary clinic in Jataí, GO, Brazil. The 
sample was collected with a swab moistened with 2 
mL of brain heart infusion (BHI)1. The samples were 
processed at the Veterinary Microbiology Laboratory 
of the Federal University of Jatai (UFJ). 

The BHI tube containing the swab was incubated 
at 37°C for 24 h. The swab was depleted on Pseudomo-
nas Agar P (PAP)2 and F (PAF)1 plates and incubated 
at 37°C for 24 - 48 h. From each plate that exhibited 
bacterial growth, 3 colonies exhibiting characteristics 
compatible with the Pseudomonas genus were randomly 
selected, stained by the Gram method, inoculated in triple 
sugar iron (TSI)3 tubes, and incubated at 37°C for 24 h. 
The isolates were biochemically identified as belonging 
to the species P. aeruginosa through nitrate to nitrite 
reduction, motility and oxidase tests, growth at 42°C, 

pigment production, and alkalinization of acetamide. 
Antimicrobial resistance was tested using the minimum 
inhibitory concentration (MIC) test against imipenem 
(0.002-32 µg/mL), ceftazidime (0.016-256 µg/mL), 
ciprofloxacin (0.002-32 µg/mL), ticarcillin + clavulanic 
acid (0.016-256 µg/mL; 2 µg/mL), aztreonam (0.016-256 
µg/mL) and gentamicina (0.016-256 µg/mL) present in 
the MIC test strip4. Disk diffusion were developed for the 
following antibiotics: ampicillin (10 µg), ceftriaxone (30 
µg), cefaclor (30 µg), cephalothin (30 µg), cephalexin (30 
µg), cefotaxime (30 µg), cefoxitin (30 µg), clindamycin 
(2 µg), doxycycline (30 µg), enrofloxacin (5 µg), eryth-
romycin (15 µg), penicillin (10 U), oxacillin (1 µg), sulfa 
+ trimethoprim (1.25/23.75 µg) and  tetracycline (30 µg).  

Bacterial DNA was obtained as follows: the 
strain was cultured in BHI broth for 12 h at 35°C and 
then centrifuged at 3.074 g for 4 min. The supernatant 
was discarded and the pellet was washed three times 
with 200 μL TE buffer. Subsequently, the pellet was 
resuspended in 100 μL TE buffer, and the microtubes 
were heated at 95°C in a water bath for 10 min and then 
centrifuged at 3.074 g for 20 s. The supernatant (100 
μL) was transferred to a microtube, frozen at -20°C, and 
stored. The detection of beta-lactamase (β-lactamase) 
production genes (TEM, SHV, and CTX-M), biofilm 
formation genes (pelA, pslA, ppyR), primers, and con-
ditions, was performed according the authors [3,20].

Veterinarians have reported unsuccessful anti-
microbial treatment prior to microbiological diagnosis. 
Post culture/antibiogram, the treatment was based on 
the application of amikacin5 [Sulfato de Amicacina - 10 
mg/kg, BID, for 14 days, IM], muporicin6 [Bactroban® - 
20 mg/g, topical ointment], prednisolone7 [Prediderm® 
- 1 mg/kg, for 10 days], dipyrone8 [Dipirona Sódica 
Genérico

 
-

 
25 mg/kg, for 5 days], and laser therapy [5 

Joule, as an adjuvant in dermal lesions, for 10 sessions]. 
Treatment with amikacin and muporicin has proved to 
be effective; however, owing to the lesions extending 
to the face and palpebral involvement, the animal lost 
its eyeballs (Figure 2). 

DISCUSSION

Pseudomonas aeruginosa is frequently associ-
ated with nosocomial infections, and mainly affects 
immunosuppressed patients. In veterinary medicine, 
infections caused by P. aeruginosa are increasing and 
related to intrinsic or acquired resistance mechanisms, 
which limit the choice of effective agents [26].              
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Pseudomonas aeruginosa was identified in the 
collected sample. The isolate was demonstrated to be 
multidrug-resistant and a carrier of TEM (β-lactamase 
production) and ppyR (biofilm production capacity) 
genes (Table 1). In the diffusion disk antibiogram, the 

isolate was resistant to 14 different antibiotics belonging 
to 6 classes (β-lactams, lincosamides, tetracyclines, qui-
nolones, macrolides, and sulfa drugs). Among the antibi-
otics tested based on minimum inhibitory concentration, 
the isolate was sensitive to 6 drugs (Table 1). In general, 

Table 1. Pathotype and resistance profile by disc-diffusion and minimum inhibitory concentration (MIC) of Pseudomonas aeruginosa 
strain isolated from a 6-year-old bitch Shih Tzu.

Antibiotics (disc diffusion) MIC Resistance genes
Biofilm 

formation 
gene

Resistance: Ampicilin; Cefrtiaxone;  
Cefachlor; Cephalothin; Cephalexin;  
Cefotaxime; Cefoxitin; Clindamycin;  

Doxycycline; Enrofloxacin;  
Erythromycin; Penicillin; Oxacillin; 
Sulfa+Trimethoprim; Tetracycline.

Im
ip

en
em

A
zt

re
on

am

G
en

ta
m

ic
in

C
ip

ro
fl

ox
ac

in

C
ef

ta
zi

di
m

e

T
ic

ar
ci

lin
 +

 C
la

vu
la

ni
c 

ac
id

TEM SHV CTX-M ppyR

Susceptibility: Amikacin; Meropenem 4.0 6.0 3.0 1.5 2.0 16.0 ● - - ● 

Figure 1. A 6-year-old bitch Shih Tzu, with exudative erythematous lesion on the muzzle (A) and paws (B).
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regardless of the technique used (disk diffusion or MIC), 
sensitivity to carbapenems (imipenem and meropenem) 
and aminoglycosides amicacin and gentamicin) was 
observed. The isolate was also sensitive to the antibiotic 
aztreonam, a monobactam. Among the quinolones, the 
profile varied, and the isolate proved to be sensitive to 
ciprofloxacin and resistant to enrofloxacin, depending 
on the type of quinolone or technique used, which had 
been previously reported in isolates from dogs [19].

However, this sensitivity is not sustainable as it 
is known that the MIC of an effective antimicrobial in 
sessile bacteria has 10 to 1,000 times greater concentra-
tion than that active in its planktonic form [24]. This 
decrease in antimicrobial susceptibility may be caused 
by several factors. For example, this may be either in-
herent to the biofilm organization itself (structure and 
functioning), or acquired through the transmission of 
resistance factors [16].

The group with the highest number of ineffec-
tive drugs was β-lactams (11 antibiotics were tested), 
with sensitivity observed only for 2 drugs such as 
ticarcillin and ceftazidime. Recent studies have shown 
that ceftazidime can reduce biofilm volume, inhibit 
motility, and repress the expression of genes associ-
ated with bacterial adhesion in P. aeruginosa [17,23]. 
The broad resistance of this group can be explained 

by the presence of the TEM gene in the isolate (Table 
1), already reported to promote the production of 
β-lactamase enzymes, which act by inactivating the 
antibiotics to this group. The results of this case report 
and other studies suggest that resistance to β-lactams is 
common among P. aeruginosa [2,21,22,25,26].

The resistance profile of P. aeruginosa isolated 
from dogs varied considerably. The resistance of P. 
aeruginosa to fluoroquinolones and cephalosporins in 
infections of companion animals has been reported in 
Japan, and the authors speculated that the degree of re-
sistance to cefotaxime, orbifloxacin, and enrofloxacin 
was greatly affected by efflux pump inhibitors, indicat-
ing that overexpression of the efflux pump contributes 
to this resistance [8]. Other authors have identified 
MDR isolates with significant resistance to sulfa, 
tetracycline, and aminoglycosides [4]. Research on 
isolates from superficial infections reported resistance 
mainly to ciprofloxacin, piperacycline+tazobactam, 
tobramycin, imipenem, meropenem, and cefepime 
[5]. The importance of P. aeruginosa isolates from 
veterinary clinical cases is emphasized with regard to 
the possibility of the dissemination of carbapenemase-
producing clones [10].

Biofilms are complex microbial communi-
ties that contain microcolonies surrounded by a self-
generated extracellular polysaccharide (EPS) matrix. 
Biofilm cells exhibit higher resistance to environmental 
pressures, such as antimicrobial agents, than their 
planktonic forms [7,27]. Therefore, biofilm produc-
tion in P. aeruginosa is an important virulence factor 
that facilitates the creation of a stable environment for 
the microorganism, which protects the bacteria from 
contact with antimicrobials. Similarly, other authors 
have reported a significant correlation between biofilm 
formation and antibiotic resistance in P. aeruginosa 
[13]. The isolate identified in this case report carried 
the ppyR gene, which is strongly related to biofilm pro-
duction in P. aeruginosa [7,13,20]. The involvement of 
P. aeruginosa in a wide range of infections related to 
biofilm production frequently leads to treatment failure 
[16,27]. This extraordinary ability of P. aeruginosa 
to form biofilms is promoted by a sophisticated cell 
communication system called quorum sensing, which 
functions hierarchically and can be actively induced 
by increasing cell density or nutrient limitation [27]. 

The use of amikacin for the treatment of multi-
drug-resistant P. aeruginosa infection has already been 

Figure 2. A 6-year-old bitch Shih Tzu, after treatment.  
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reported [18] in a dog with pneumonia. Isolates from 
dogs with systemic infections are also sensitive to this 
antibiotic [26]. In general, aminoglycosides, such as 
amikacin, prevent the early adherence of clinical strains 
of P. aeruginosa at various concentrations [15]. However, 
there are reports of isolates from clinical cases that are 
resistant to this antimicrobial agent in South Africa [25].

Notably, the absence of a microbiological 
diagnosis with the resistance profile of the isolate led 
to the spread of the infection in this case, which could 
have been prevented. In addition, prolonged exposure 
to a significant variety of antimicrobials creates an 
environment of selective pressure between micro-
organisms, facilitating the emergence of multidrug-
-resistant strains. Furthermore, it is well recognized 
that low doses of antibiotics administered during 
continuous and fluctuating treatments can stimulate 
biofilm establishment and are partly responsible for 
biofilm-specific antimicrobial tolerance [16].

The importance of culture and antibiograms, 
both clinically and in environmental monitoring, has 
been reinforced by multiple authors. There is a need 
to monitor antimicrobial resistance among bacterial 
pathogens in animals and the value of antibiograms as 
a basis for decision making in clinical treatment [14]. 
Furthermore, the presence of isolates with a possible 
biofilm production capacity represents a challenge 
for the interpretation of antimicrobial susceptibility 
profiles [9]. The importance of antimicrobial suscep-
tibility testing (AST) in P. aeruginosa isolates from 
dogs with superficial infections is highlighted as an 

adequate treatment plan [5]. Prolonged exposure of the 
animal to different antimicrobial therapies, owing to 
inadequate clinical management, can stimulate the pro-
duction of biofilms by the strains causing the infection. 
This may lead to genetic exchange and the emergence 
of increasingly resistant isolates. Furthermore, these 
isolates pose a risk of environmental contamination 
and zooanthroponotic transmission [6].

In this case report, multidrug-resistant Pseu-
domonas aeruginosa (MDR-PA) was identified, with 
a marked resistance to antibiotics of the β-lactam 
group, carrying genes related to the production of 
β-lactamases and biofilms. The isolate was identified 
as a persistent infection that initially originated from 
an exudative erythematous lesion in a dog. Multidrug-
resistant bacteria are a challenge in veterinary medical 
therapy, mainly because of the limited availability of 
effective drugs, as well as the absence of an antimi-
crobial susceptibility test that can result in inadequate 
therapy, causing difficulties in resolving the infection.
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