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Abstract
Pseudomonas aeruginosa is the most frequently isolated opportunistic Gram-negative bacilli from recurrent otitis and

chronic suppurative skin infections of canines. Chronic infections are mainly due to the development of various resistance
mechanisms, of which production of extended spectrum beta lactamases (ESBLs) is the most important. Therefore, the
present study was carried out to detect the ESBLs production from Pseudomonas aeruginosa (P. aeruginosa) isolates of
canines. A total of ninety-seven samples (n=97) were collected from otitis and pyoderma cases of canines. On microscopic,
cultural and biochemical examination, 35 isolates were assumed to be P. aeruginosa. All 35 isolates were confirmed as P.
aeruginosa by Polymerase Chain Reaction (PCR) using species-specific 16S rRNA primers that yielded a specific amplicon
of 956 bp size. Phenotypic screening of ESBLs production was performed by employing Phenotypic Screening Test (PST),
which suggested all isolates as “Suspect ESBLs producers”. Twenty one isolates (21/35, 60%) were confirmed as ESBL
producers based on the results of Double Disk Synergy Test (DDST). The genetic determinants of ESBLs were detected
by using multiplex PCR (mPCR) which revealed the prevalence of blaTEM gene to be 20% (7/35), blaOXA to be 31.42% (11/35)
and blaSHV to be 25.71% (9/35).
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Highlights
 Pseudomonas aeruginosa was isolated from 35 samples out of 97 samples collected from otitis and pyoderma

cases of dogs, with a prevalence rate of 36.08%.
 Phenotypic detection of ESBLs producers using PST and DDST were found to be 35 (35/35, 100%) and 21 (21/35,

60%), respectively.
 Detection of genetic determinants of ESBLs using multiplex PCR (mPCR) revealed the prevalence of bla

TEM

gene to be 20% (7/35), bla
OXA

 to be 31.42% (11/35) and bla
SHV 

to be 25.71% (9/35).
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INTRODUCTION
Pseudomonas aeruginosa is one of the major

causative agents of chronic infections such as otitis
and pyoderma in dogs, which signifies its ability to
resist many of the antibiotics. Companion animals such
as dogs are an important source for the spread of
antibiotic resistance to humans, posing an important
public health threat. Gram-negative bacteria use several
mechanisms to develop resistance against various
antibiotics. The production of enzymes such as
Extended spectrum beta-lactamases (ESBLs) which
include TEM (Temoniera in Greece), SHV (Sulphydral
variable) and CTX-M (Hydrolytic activity against
cefotaxime, M- Munich) to hydrolyze the beta-lactam
ring of the antibiotics is the most important mechanism
utilized to confer resistance against beta-lactam
antimicrobial classes which includes penicillin,

cephalosporins (especially the third and fourth
generations), and monobactams. OXA-1 genes present
in plasmids and integrons of the Gram-negative
bacteria, are linked to the global spread of CTX-M-15
ESBL (Sfaciotte et al., 2021). It is very difficult to treat
otitis and pyoderma caused by resistant bacteria in
canines. Hence, the current study was conducted to
find out the prevalence of resistance-causing ESBLs
in otitis and pyoderma cases of canines.

MATERIALS AND METHODS
Collection of samples

A total of 97 swab samples were collected from
dogs suffering from otitis externa (n=45) and superficial
pyoderma (n=52). The samples were collected from
different places in Andhra Pradesh in the months of
March and April 2023 and also from June to September



2023. The samples were collected from the external
ear canal or the skin of affected canines and were
transferred into sterile normal saline, which was stored
at 4oC for a minimum period of 24 hrs until cultured/
enriched (Lyskova et al., 2007). The details of the
collected samples are presented in Table 1.

Isolation of Pseudomonas aeruginosa
Ear and skin swabs were inoculated directly into

Brain Heart Infusion broth (Himedia) and incubated at
37°C for 24 hrs. After observing the turbidity, the BHI
broth culture was inoculated on Pseudomonas isolation
agar (Himedia). The inoculated plates were incubated
at 37°C for 24 to 48 hrs. The isolates were observed for
colony morphology and examined for staining
characters using Gram’s staining technique. Further, the
isolates were subjected to biochemical characterization
using Indole, Methyl red, Voges- Proskauer and Citrate
(IMViC) tests as per Quinn et al. (2011).

Molecular confirmation by PCR
Bacterial DNA extraction: DNA was extracted by
boiling and snap chilling method (Ramanarayana
et al., 2023) from all the suspected P. aeruginosa
isolates. In a microcentrifuge tube, 2 mL of overnight
grown P. aeruginosa culture was placed and spun at
10,000 rpm for five minutes. The pellet was suspended
in 400 µL of nuclease-free water and kept in a boiling
water bath for 10 min. The microcentrifuge tube was
immediately chilled. The tube was centrifuged at 8000
rpm for five minutes at 4°C, and the supernatant was
used as a template for PCR test.

Table 1. Details of the samples collected

Type of sample

Place Otitis Pyoderma Total
swab  skin swab
(E) (S)

VCC, NTR CVSc, 11 06 17
Gannavaram
VSSH, Vijayawada 06 06 12
Prathyusha pet clinic, 03 0 03
Vijayawada
VPC, Rajahmundry 12 32 44
VPC, Kakinada 11 05 16
VPC, Guntur 02 03 05
Total 45 52 97

Species specific PCR: The extracted DNA was
subjected to PCR (Table 2) for the detection of the
16S rRNA gene (956 bp) specific for P. aeruginosa as
described by Spilker et al., 2004. Characterized and
standard Pseudomonas spp. with ATCC no. 27853 was
used as a positive control in this study. After
performing the PCR, the products were subjected to
electrophoresis and examined under the gel
documentation system.

Phenotypic detection of ESBLs production in P.
aeruginosa isolates
Phenotypic Screening Test (PST): P. aeruginosa was
tested for susceptibility against four antimicrobial drugs,
namely cefotaxime (CTX- 30 ug), ceftazidime (CAZ-
30 µg), ceftriaxone (CTR- 30 µg), and aztreonam (AT-
30 µg) (Table 4). The overnight PIA inoculated isolates
were dispersed over Mueller Hinton agar (Himedia) with
a sterile swab. After allowing the inoculum to dry, the
antibiotic discs were placed on the agar surface with
sterile forceps and incubated at 37°C for 18 hrs. The
diameter of the zone of inhibition around the discs was
measured after incubation using an antibiotic zone
measuring scale. Resistance to at least one of the four
antibiotics used was considered as a positive in this
screening test for the development of ESBLs (CLSI, 2020).

Double Disk Synergy Test (DDST): All isolates that
were found to be positive in PST were further subjected
to Double Disk Synergy Test (DDST) for confirmation
as recommended by CLSI (2020) guidelines.

The bacterial suspension was inoculated on MHA
plates by uniformly swabbing the entire surface of the
agar plates and was incubated at 37°C for 18-24 hrs.
Ceftazidime (CAZ, 30 g), cefotaxime (CTX, 30 g),
ceftriaxone (CTR, 30 g) and aztreonam (AZ, 30 g)
discs were placed around augmentin (AMC)
(amoxycillin/clavulanic acid) 30 g disc at a distance
of 15 mm from it.

A clear visible zone of inhibition of any one of the
antibiotic discs towards the zone of amoxyclav disc
was regarded as phenotypic confirmation for the
production of ESBLs. This enhanced zone of inhibition
towards the clavulanate disc is called the keyhole
phenomenon/ghost phenomenon/champagne cork
phenomenon, which indicates a positive synergy test
(Laudy et al., 2017).

Table 2. Species-specific oligonucleotide primers for P. aeruginosa (Spilker et al., 2004)

Target gene Nucleotide sequence (5’ -3’ ) Amplicon size(bp)

P. aeruginosa 16S rRNA GGGGGATCTTCGGACCTC 956
ATCCTTAGAGTGCCCACCCG
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Detection of ESBL genes by multiplex PCR
All DDST-positive P. aeruginosa isolates were

screened for bla
TEM

 (800 bp), bla
SHV

 (713 bp), and
bla

OXA
 (564 bp) genes by using multiplex PCR as per

the protocol of Spilker et al. (2004). The details
regarding the primers and PCR cycling conditions are
mentioned in Table 3.

RESULTS
Among the 97 swab samples collected, 35 samples

yielded characteristic translucent green-pigmented
smooth mucoid colonies on PIA (Fig. 1) and were Gram-
negative small slender rods with IMViC biochemical test
results as - - - + (Fig. 2). All 35 isolates showed the presence
of 16S rRNA gene specific for P. aeruginosa in PCR with
an amplicon size of 956 bp (Fig. 3). In the present study,
the prevalence of P. aeruginosa was 40% (18/45) in otitis
cases and 32.6% (17/52) in pyoderma cases, with overall
prevalence of 36.08% (35/97) after detailed cultural and
molecular characterization.

Using commercially available antibiotic discs, all
35 samples were subjected to phenotypic screening
test (PST) and Double Disk Synergy Test (DDST).

In PST, all 35 isolates exhibited resistance to either
one or more cephalosporin discs tested and were
considered as “Suspect ESBL producers” (Fig. 4). The
isolates showed 100% resistance to ceftazidime (35/35),
94.28% resistance to ceftriaxone and aztreonam each
(33/35) and 82.85% resistance to cefotaxime (29/35).
The resistance to the different cephalosporin
antibiotics used is summarized in Table 4.

In DDST, 60% (21/35) isolates showed a positive

Table 3. Oligonucleotide primers used for the detection of ESBL genes in P. aeruginosa (Spilker et al., 2004)

Primer Target Nucleotide sequence Amplicon size (bp)

MultiTSO-T bla
TEM

CAT TTC CGT GTC GCC CTT ATT C 800
CGT TCA TCC ATA GTT GCC TGA C

MultiTSO-S bla
SHV

AGC CGC TTG AGC AAA TTA AAC 713
ATC CCG CAG ATA AAA TCA CCA C

MultiTSO-O bla
OXA

GGC ACC AGA TTC AAC TTT CAA G 564
GAC CCC AAG TTT CCT GTA AGT G

ghost phenomenon (Fig. 5). The PST and DDST results
are summarized in Tables 4 and 5.

Table 4. P. aeruginosa isolates exhibiting resistance
to cephalosporin antibiotics in PST

  Name of the No. of P. aeruginosa isolates
    antibiotic (n=35) exhibiting resistance
Ceftazidime (CAZ) 35 (100%)
Ceftriaxone (CTR) 33 (94.28%)
Aztreonam (AT) 33 (94.28%)
Cefotaxime (CTX) 29 (82.85%)

The results of Multiplex PCR of isolates showed bands
with amplicon sizes of 564 bp, 713 bp, and 800 bp,
confirming the presence of ESBL genes bla

SHV
, bla

OXA
 and

bla
TEM

, respectively (Fig. 6). Out of the total 35 isolates, 15
(42.85%) isolates were positive for at least any one of the
three ESBL genes bla

SHV
, bla

OXA
 and bla

TEM
. Three isolates

were positive only for bla
OXA

 and bla
SHV

 genes, whereas
one isolate was positive only for bla

TEM
. Both bla

TEM 
and

bla
OXA 

were detected in two isolates (5.71%). Both bla
OXA

and bla
SHV 

were observed in two isolates (5.71%). All three
genes were detected in four isolates (11.42%).

DISCUSSION
In the present study, the prevalence of P.

aeruginosa was 36.08%, which was within the limit of
the reported results ranging from 23.2% (Colombini
et al., 2000) to 71.5% (Falodun and Musa 2020).

Biochemical tests were performed to confirm the
presence of P. aeruginosa by oxidase, catalase, indole,
citrate and MR-VP tests. All the 35 presumptively
confirmed isolates based on the colony characteristics
and Gram’s staining were also found to be positive for
oxidase, catalase and citrate. All 35 isolates were tested
negative for indole and MR-VP tests, which is in
correlation with the other research reports (Lakshmi and
Rao, 2013; Nwiyi et al., 2014; Ramanarayana et al., 2022).

The prevalence of P. aeruginosa from otitis in the
current study was lower than 83.3% reported by Schick
et al. (2007), whereas it was slightly higher than 27.8%
reported by Petersen et al. (2002).

These results were found to be much higher than some

Table 5. PST & DDST results of P. aeruginosa for
ESBLs production

            Total no. of positive 35
            P. aeruginosa isolates
Presumptive ESBLs producers by PST 35 (100%)

                            DDST 21 (60%)
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of the reports where the isolation rate ranged from
6.7% to 14.6% (Petersen et al., 2002; Lin et al., 2012;
Ludwig et al., 2016; Chaudhary et al., 2019; Degi et al.,
2021) and slightly higher than Raheem et al. (2023) who
reported 30% isolation rate. The current study results
correlated with the results of Nocera et al. (2021), who
reported a 36% isolation rate. The variation in the isolation
rates of P. aeruginosa might be due to the difference in
the techniques used for sample processing and culturing.

In the current study, all 35 (100%) positive P.
aeruginosa isolates were suspected to be ESBLs
producers by the PST method, of which 21(60%) were
confirmed phenotypically as ESBLs producers by
Double Disc Synergy Test (DDST). In another study
conducted by Ramanarayana (2022), results obtained
by the PST method indicated 90.38% (47/52) to be
ESBLs producers, which was lower compared to our
current results of 100% (35/35), whereas the results
obtained by DDST confirmed 80.76% (42/52) to be
ESBL producers which was higher than the current
study results of 60% (21/35). Laudy et al. (2017)
characterized P. aeruginosa isolates for ESBL
production using DDST and reported 70.15% of

isolates to be positive for ESBL production which is
slightly higher than the current study.

The ESBL gene bla
OXA 

was noticed in 11 (31.42%)
isolates, bla

TEM 
in seven (20%) isolates and bla

SHV
 in

nine (25.71%) isolates. In 20 isolates (57.14%) none
of the ESBL genes that were used in the present study
were detected.

Shahcheraghi et al. (2010) and Ramanarayana et al.
(2022) reported a prevalence of bla

SHV 
to be 22% and

38.46%, respectively, whereas the prevalence of bla
TEM

to be 9% and 23.07%, respectively. These results were
in accordance with the current study reports. Hosu et al.
(2021) analyzed 82  P. aeruginosa isolates and reported
bla

TEM 
(79.9%) as the most prevalent genotype, followed

by bla
SHV

 (69.5%) and bla
CTX-M 

(31.5%), which is very
high compared to that of the present study.

The presence of variation in the ESBL genes, one
gene dominating the prevalence of the other, is usually
based on geographical location. The findings of Ehlers
et al. (2009), Chen et al. (2015) and Miranda et al.
(2015) from South Africa, China and Brazil reported
bla

TEM 
to be dominant, whereas Jamali et al. (2017)

reported bla
SHV

 as the most prevalent genotype,
whereas in this study bla

OXA
 showed predominance.

Based on the results of this study, it was concluded
that there is a significant presence of P. aeruginosa
with the selected ESBLs genes in dogs’ chronic otitis
and pyoderma cases. The results also highlight the
variation between the phenotypic and genetic
determinants of ESBLs detection, which in turn
indicates the presence of other genes that might lead
to the current phenotypic findings.
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