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Abstract

Bacterial infections in companion animals involve multiple body systems and are commonly encountered
in veterinary practice. This retrospective study aimed to describe bacterial species recovered from canine
and feline clinical samples submitted to a private veterinary diagnostic laboratory in Thailand and to
evaluate their antimicrobial susceptibility and multidrug-resistance profiles. A total of 212 clinical records
from 2023-2025 were reviewed. After exclusion of incomplete records, duplicate entries, culture-negative
cases, and records lacking antimicrobial susceptibility testing results, 131 bacterial isolates were included
in the final analysis, comprising 44 isolates from dogs and 87 from cats. Sample types included wound and
abscess swabs, nasal discharge, urine, pleural fluid, abdominal fluid, ear swabs, blood, feces, and prostate
gland abscesses. Wound and abscess samples were the most common submissions (49.62%). The most
frequently isolated bacteria were Escherichia coli (21/131, 16.03%), Pseudomonas aeruginosa (18/131,
13.74%), Klebsiella pneumoniae/Klebsiella spp. (17/131, 12.98%), Staphylococcus pseudintermedius
(10/131, 7.63%), and Staphylococcus aureus (10/131, 7.63%). Antimicrobial susceptibility varies across
bacterial species and drug classes. Among the isolates tested, aminoglycosides and meropenem showed
comparatively favorable in vitro activity, whereas lower susceptibility was observed for cephalexin,
doxycycline, and several 3-lactam agents. Multidrug-resistance was most prominent among Gram-negative
isolates, particularly Enterobacter cloacae, Pseudomonas aeruginosa, Acinetobacter spp., Klebsiella
pneumoniae, and Escherichia coli. These findings provide laboratory-based data from a veterinary
diagnostic setting in Thailand and support the value of culture-based antimicrobial selection and ongoing
local antimicrobial resistance surveillance.
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INTRODUCTION

Antimicrobial resistance (AMR) remains
one of the most pressing global health challenges,
threatening the effective treatment of infectious
diseases across human and veterinary medicine.’
The acceleration of AMR is primarily driven by
the widespread and often inappropriate use of
antimicrobial agents, which promotes the selection
and persistence of resistant bacterial populations.?
Within the One Health framework, companion
animals are increasingly recognized as important
reservoirs of antimicrobial-resistant bacteria, given
their close and frequent interactions with humans
and shared environments.>*

In small animal clinical practice, dogs and
cats frequently present with bacterial infections
such as skin infections, urinary tract infections,
otitis externa, and postoperative wound infections,
which often require antimicrobial treatment.®
Repeated empirical therapy, particularly in the
absence of culture and susceptibility testing,
contributes significantly to the emergence of
resistant strains. Of particular concern is multidrug
-resistance (MDR), defined as resistance to at least
one agent in three or more antimicrobial classes.®
Recent studies have reported increasing trends
of MDR among common veterinary pathogens,
including Escherichia coli, Staphylococcus
pseudintermedius, and Klebsiella pneumoniae,
with significant implications for treatment
outcomes and infection control.”*

Despite growing global awareness,
surveillance data on AMR in companion animals
remain limited and geographically imbalanced.
Most large-scale studies originate from Europe and
North America, whereas data from Southeast Asia
are still relatively scarce and often lack longitudinal
analysis.®>'? Furthermore, many existing studies
focus on specific pathogens or infection types
rather than providing a comprehensive evaluation
of MDR patterns across multiple clinical sample
types.

This highlights a critical knowledge gap,
as the absence of region-specific, longitudinal
data on MDR prevalence restricts the ability
of veterinarians to make informed empirical
treatment decisions and limits the development
of effective antimicrobial stewardship strategies.
Additionally, the lack of updated local resistance

profiles hinders early detection of emerging MDR
threats within companion animal populations.
Therefore, this study aimed to investigate
the prevalence and distribution of multidrug-
resistant bacterial isolates from canine and feline
clinical samples over a three-year period. By
evaluating antimicrobial susceptibility patterns
and temporal trends, this study seeks to generate
clinically relevant evidence to support rational
antimicrobial use and strengthen antimicrobial
stewardship in veterinary practice, contributing
to the global One Health effort to mitigate AMR.

MATERIALS AND METHODS

Study setting and design

This retrospective study reviewed
medical and laboratory records of canine and
feline patients submitted to a private veterinary
diagnostic laboratory receiving samples from
companion animal clinics in Thailand between

1 January 2023 and 31 December 2025. A total

of 212 clinical records were initially retrieved

from the laboratory database. After exclusion of
duplicate entries, incomplete records, negative
bacterial cultures, and cases without antimicrobial
susceptibility testing results, 131 bacterial isolates
met the inclusion criteria and were included in the
final analysis. Of the 131 isolates included in the

final analysis, 44 were obtained from dogs and 87

were obtained from cats.

Animals were eligible for inclusion if they
met all of the following criteria:

(a) Species: dog or cat;

(b) Availability of clinical samples, including
wound and abscess swabs, urine, nasal
discharge, pleural or abdominal fluid, ear
swabs, blood, feces, prostate gland abscesses,
or ocular wound samples collected during the
study period; and

(c) Availability of both bacterial culture
identification and antimicrobial susceptibility
testing results performed directly from the
submitted clinical sample.

Data collection

Clinical information extracted from the
laboratory database included animal species,
sample type, bacterial species identified, and
antimicrobial susceptibility testing results. Sample
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types included wound and abscess swabs, urine,
nasal discharge, pleural and abdominal fluids, ear
swabs, blood, feces, prostate gland abscesses, and
ocular wound samples.

For each isolate, antimicrobial
susceptibility testing results were recorded for all
available antimicrobial agents tested. Only records
with complete bacterial identification, at least one
antimicrobial susceptibility result, and no duplicate
or negative culture findings were included in the
analysis.

Multidrug-resistance (MDR) was defined
as acquired non-susceptibility to at least one
antimicrobial agent in three or more antimicrobial
classes. Possible extensively drug-resistant
(XDR) isolates were interpreted according to the
criteria proposed by Magiorakos et al.,® in which
non-susceptibility must be demonstrated in all
but two or fewer antimicrobial classes. Because
antimicrobial testing panels varied among
isolates in this retrospective dataset, strict XDR
classification could not be uniformly confirmed for
allisolates. Therefore, isolates showing this pattern
were reported as possible XDR and interpreted
with caution. Antimicrobial class categorization
was based on the World Organisation for Animal
Health (WOAH) list of antimicrobial agents
of veterinary importance, the World Small
Animal Veterinary Association (WSAVA), Essential
Medicines List, and the World Health Organization
(WHOQ), Access, Watch, and Reserve (AWaRe)
classification framework. To ensure data quality,
10% of the dataset was independently re-entered
and cross-checked for accuracy and validity.

Data analysis

The data obtained from the laboratory
database were manually entered into a Microsoft
Excel spreadsheet (Microsoft Corporation,
Redmond, WA, USA). The variables recorded
included the microbiology report date, host
species, sex, age, isolated pathogens, and
antimicrobial susceptibility profiles, and minimum
inhibitory concentrations (MICs-pug/mL) when
available. Case identifiers were anonymized
using a four-digit coding system, in which the first
digit represented the clinic and the remaining
three digits represented the individual patient
identification number. All included variables were
summarized as frequencies and percentages

of total positive isolates. Descriptive statistics
were used to summarize categorical variables as
frequencies and percentages. The distribution
of bacterial isolates according to animal species
and specimen type was reported. Antimicrobial
susceptibility profiles were summarized as the
proportions of susceptible, intermediate, and
resistant isolates for each bacterial species.

Antimicrobial susceptibility testing

Bacterial species identification was
performed using colony morphology, Gram
staining, and standard biochemical methods
routinely used in the diagnostic laboratory.
Antimicrobial susceptibility testing (AST) was
conducted using the Kirby-Bauer disk diffusion
method according to CLSI VET01-A5 and CLSI
M100 guidelines where applicable. The antibiotics
tested included amikacin (AK-30), amoxicillin
(AML-10), amoxicillin-clavulanic acid (AMC-30),
ampicillin (AMP-10), azithromycin (AZM-15),
bacitracin (B-10), cefaclor (CEC-30), cefixime
(CFM-5), cefovecin (CVN-30), cefoxitin (FOX-30),
ceftazidime (CAZ-3), ceftiofur (EFT-30), ceftriaxone
(CRO-30), cephalexin (CL-30), cephazolin (KZ-
30), chloramphenicol (C-30), ciprofloxacin
(CIP-5), clindamycin (DA-2), doxycycline (DO-
30), enrofloxacin (ENR-5), erythromycin (E-
15), gentamicin (CN-10), imipenem (IPM-10),
kanamycin (K-30), marbofloxacin (MAR-5),
meropenem (MEM-10), moxifloxacin (MXF-
5), mupirocin (MUP-5), norfloxacin (NOR-10),
oxacillin (OX-1), oxytetracycline (OT-30), penicillin
G (P-10), pradofloxacin (PRA-5), sulbactam/
ampicillin (SAM-20), spectinomycin (SH-10),
sulbactam/cefoperazone (SCF-105), trimethoprim-
sulfamethoxazole (SXT-25), and tetracycline
(TE-30). Susceptibility results were interpreted
as susceptible (S), intermediate (1), or resistant
(R) according to CLSI criteria. Negative bacterial
culture results were excluded from the analysis.

RESULTS

Characteristics of clinical samples

A total of 212 clinical records were
retrieved from the laboratory database. After
excluding incomplete records, duplicate entries,
samples without bacterial identification, culture-
negative cases, and records lacking antimicrobial
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Table 1. Distribution of bacteriological samples collected from canine and feline patients according to specimen type

Sample Type Dog, n (%) Cat, n (%) Total, n (%)
Wound/Abscess 11 (25.00) 54 (62.07) 65 (49.62)
Nasal discharge 16 (36.36) 6 (6.90) 22 (16.79)
Urine (Voided/Unspecified)* 6 (13.64) 11 (12.64) 17 (12.98)
Urine (Sterile collection)** 1(2.27) 7 (8.05) 8(6.11)
Pleural Fluid 6 (13.64) 0(0.00) 6 (4.58)
Ear swab 1(2.27) 3(3.45) 4 (3.05)
Feces 1(2.27) 2 (2.30) 3(2.29)
Abdominal Fluid 0(0.00) 3(3.45) 3(2.29)
Blood 1(2.27) 1(1.15) 2 (1.53)
Prostate gland abscess 1(2.27) 0 (0.00) 1(0.76)
Total 44 (100.00) 87 (100.00) 131 (100.00)

*Urine (Voided/Unspecified) included voided urine and urine samples without a specified collection method
**Urine (Sterile collection) included catheterized urine and cystocentesis samples

susceptibility testing results, 131 bacterial isolates
were eligible for inclusion in the final analysis. Of
these, 44 isolates were obtained from dogs and
87 from cats.

The distribution of bacteriological
samples by animal species and specimen type is
presented in Table 1. Overall, wound and abscess
samples were the most frequently submitted
specimens, accounting for 65 of 131 samples
(49.62%), followed by nasal discharge samples
(22/131, 16.79%) and urine (voided/unspecified)
samples (17/131, 12.98%). Urine collected by
sterile methods accounted for 8 of 131 samples
(6.11%).

When stratified by species, nasal
discharge was the most common specimen type
in dogs, representing 16 of 44 canine samples
(36.36%), followed by wound and abscess samples
(11/44, 25.00%). Urine (voided/unspecified) and
pleural fluid each accounted for 6 of 44 canine
samples (13.64%). In contrast, wound and abscess
samples predominated in cats, accounting for 54
of 87 feline samples (62.07%), followed by urine
(voided/unspecified) samples (11/87, 12.64%),
urine collected by sterile methods (7/87, 8.05%),
and nasal discharge (6/87, 6.90%).

Less frequently submitted specimens
included ear swabs (4/131, 3.05%), feces (3/131,
2.29%), abdominal fluid (3/131, 2.29%), blood
(2/131, 1.53%), and prostate gland abscesses
(1/131, 0.76%). Pleural fluid was submitted only
from dogs, whereas abdominal fluid was identified
only among cats.

Distribution of bacterial isolates by animal
species and specimen type

The distribution of bacterial isolates
according to animal species is presented in Table
2. Overall, Gram-negative bacteria predominated
in both dogs and cats. In canine samples,
Klebsiella pneumoniae/Klebsiella spp. was the
most frequently isolated organism (9/44, 20.45%),
followed by Pseudomonas aeruginosa (6/44,
13.64%) and Escherichia coli (5/44, 11.36%). In
feline samples, Escherichia coli was the most
common isolate (16/87, 18.39%), followed by
Pseudomonas aeruginosa (12/87, 13.79%),
Klebsiella pneumoniae/Klebsiella spp. (8/87,
9.20%), and Staphylococcus pseudintermedius
(7/87, 8.05%). Acinetobacter spp., Enterococcus
faecalis, and Enterococcus spp. were recovered only
from cats, whereas no isolation of Acinetobacter
spp. was identified in dogs.

When examined by specimen type, wound
and abscess samples yielded the greatest number
and diversity of bacterial isolates, as shown in
Figure 1. The most frequently recovered organisms
from wound/abscess samples were Staphylococcus
pseudintermedius (n=9), Pseudomonas aeruginosa
(n = 8), Staphylococcus aureus (n = 7), Escherichia
coli (n = 7), and Streptococcus spp. (n = 6).
Klebsiella pneumoniae/Klebsiella spp. was most
commonly identified in nasal discharge samples (n
=7), followed by wound/abscess samples (n = 5).
Escherichia coli was recovered mainly from urine
collected by sterile methods (n = 8) and wound/
abscess samples (n = 7), whereas Pseudomonas
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Table 2. Distribution of bacterial isolates recovered from canine and feline clinical samples

Bacterial Isolate

Canine isolates,

Feline isolates, Total isolates,

n (%) n (%) n (%)

Escherichia coli 5(11.36) 16 (18.39) 21 (16.03)
Pseudomonas aeruginosa 6 (13.64) 12 (13.79) 18 (13.74)
Klebsiella pneumoniae/Klebsiella spp. 9 (20.45) 8(9.20) 17 (12.98)
Staphylococcus pseudintermedius 3(6.82) 7 (8.05) 10 (7.63)
Staphylococcus aureus 4 (9.09) 6 (6.90) 10 (7.63)
Staphylococcus intermedius group 4(9.09) 3(3.45) 7 (5.34)
Streptococcus spp.* 1(2.27) 6 (6.90) 7 (5.34)
Pseudomonas spp. 3(6.82) 3(3.45) 6 (4.58)
Enterobacter cloacae 1(2.27) 4 (4.60) 5(3.82)
Acinetobacter spp. 0(0.00) 5(5.75) 5(3.82)
Coagulase-negative Staphylococcus spp. 1(2.27) 3(3.45) 4(3.05)
Pasteurella multocida 2 (4.55) 2 (2.30) 4 (3.05)
Proteus mirabilis 1(2.27) 2 (2.30) 3(2.29)
Kocuria spp. 1(2.27) 1(1.15) 2 (1.53)
Pasteurella spp. 1(2.27) 1(1.15) 2 (1.53)
Enterobacter spp. 1(2.27) 1(1.15) 2 (1.53)
Enterococcus faecalis 0(0.00) 2 (2.30) 2 (1.53)
Enterococcus spp. 0(0.00) 2 (2.30) 2 (1.53)
Others** 1(2.27) 3(3.45) 4 (3.05)
Total isolates (3 years) 44 (100.00) 87 (100.00) 131 (100.00)

*a-Hemolytic Streptococcus spp. were grouped under Streptococcus spp. for analysis
**QOthers included Stenotrophomonas spp. (dog, n = 1), Staphylococcus schleiferi (cat, n = 1), Staphylococcus felis (cat, n = 1),

and Staphylococcus epidermidis (cat, n = 1)

aeruginosa was most often isolated from wound/
abscess (n = 8), nasal discharge (n = 6), and urine
(voided/unspecified) samples (n = 4).

Among other specimen types, pleural
fluid was mainly associated with Pasteurella
multocida (n = 2), whereas ear swab samples
yielded Klebsiella pneumoniae/Klebsiella spp. and
coagulase-negative staphylococci (n = 2 each).
Blood samples were associated only with isolates
belonging to the Staphylococcus intermedius group
(n =2). Fecal samples yielded Escherichia coli (n =
2) and Klebsiella pneumoniae/Klebsiella spp. (n =
1), while prostate gland abscess samples yielded
Proteus mirabilis (n = 1). Overall, these findings
indicate that wound and abscess specimens
constituted the principal source of bacterial
recovery and harbored the broadest range of
bacterial species in this study.

Antimicrobial susceptibility patterns by bacterial
species

Antimicrobial susceptibility profiles of the
major bacterial isolates are illustrated in Figure 2.

Detailed results are provided in Supplementary
Table 1. Overall, susceptibility patterns varied
across bacterial species and antimicrobial classes.
Among Gram-negative isolates, Escherichia coli
showed relatively high susceptibility to amikacin,
gentamicin, ceftriaxone, and meropenem,
whereas low susceptibility was observed for
amoxicillin, ampicillin, and oxytetracycline.
Pseudomonas aeruginosa remained highly
susceptible to amikacin, gentamicin, meropenem,
norfloxacin, and marbofloxacin, but showed
low or absent susceptibility to amoxicillin,
cefaclor, ceftiofur, ceftriaxone, cephalexin,
imipenem, and kanamycin. Klebsiella pneumoniae/
Klebsiella spp. demonstrated complete or high
susceptibility to cefoxitin, meropenem, and
sulbactam/cefoperazone, whereas susceptibility
to amoxicillin, cefixime, and cefovecin was low.
Among Gram-positive isolates,
Staphylococcus pseudintermedius showed
high susceptibility to amoxicillin, amoxicillin-
clavulanate, ampicillin, imipenem, marbofloxacin,
meropenem, and mupirocin, whereas no
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susceptibility was observed for bacitracin and
oxytetracycline. Staphylococcus aureus showed
high susceptibility to amikacin, bacitracin,
clindamycin, and sulbactam/cefoperazone, but
low susceptibility to ceftriaxone, meropenem, and
pradofloxacin. The Staphylococcus intermedius
group retained high susceptibility to amikacin,
amoxicillin-clavulanate, cefoxitin, ceftiofur,
ceftriaxone, cephalexin, gentamicin, and imipenem,
while showing poor susceptibility to meropenem,
oxytetracycline, penicillin G and pradofloxacin.
Streptococcus spp. showed high susceptibility to
amoxicillin-clavulanate, ampicillin, azithromycin,

Escherichia coli

Pseudomonas aeruginosa

Klebsiella pneumoniae/Klebsiella spp.
Staphylococcus pseudintermedius
Staphylococcus aureus
Staphylococcus intermedius group
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ceftiofur, ceftriaxone, cephalexin, doxycycline,
kanamycin, and sulbactam/cefoperazone,
whereas susceptibility to amikacin, norfloxacin,
spectinomycin and sulbactam/ampicillin was not
observed.

Taken together, these findings indicate
that susceptibility profiles differed substantially
by bacterial species, with several Gram-negative
isolates showing reduced susceptibility to
commonly used first-line agents, whereas selected
aminoglycosides, carbapenems, and sulbactam/
cefoperazone retained favorable in vitro activity
against many of the major pathogens.

Acinetobacter spp.
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Figure 1. Distribution of the bacterial isolates according to specimen type
* a-Hemolytic Streptococcus spp. were grouped under Streptococcus spp. for analysis.
** Others included Stenotrophomonas spp. (dog, n = 1), Staphylococcus schleiferi (cat, n = 1), Staphylococcus felis (cat, n = 1),

and Staphylococcus epidermidis (cat, n = 1)
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Overall Susceptibility Profiles of Commonly
Tested Antimicrobial Agents

The overall susceptibility profiles of
the commonly tested antimicrobial agents are
shown in Figure 3. Among the evaluated agents,
amikacin showed one of the most favorable overall
profiles, with 66 susceptible and 13 resistant
isolates. Gentamicin also demonstrated substantial
activity, with 51 susceptible and 23 resistant
isolates. Enrofloxacin and marbofloxacin showed
high numbers of susceptible isolates (61 and 70,
respectively), although both agents were also
associated with considerable resistant counts (38
and 48, respectively), indicating variable activity
across the tested bacterial population.

Meropenem showed a relatively favorable
overall profile, with 36 susceptible and 14 resistant
isolates, whereas trimethoprim-sulfamethoxazole
showed 40 susceptible and 33 resistant isolates.
Amoxicillin-clavulanate also yielded a high
number of susceptible isolates (69), but this
was accompanied by a substantial number of
resistant isolates (55), suggesting heterogeneous
susceptibility across bacterial species. Doxycycline
similarly showed mixed results, with 36 susceptible
and 46 resistant isolates.

By contrast, cephalexin showed the
poorest overall profiles, with resistant counts
of 73, exceeding the corresponding susceptible
counts. Intermediate interpretations were
generally uncommon across most antimicrobial
agents, although enrofloxacin (I = 8), ceftriaxone
(I = 4), pradofloxacin (I = 4), marbofloxacin (I = 4),
amoxicillin-clavulanate (I = 3), and ciprofloxacin
(I = 3) showed small but notable intermediate
proportions.

Overall, the results of all susceptibility
profilesindicate that although several antimicrobial
agents retained considerable in vitro activity,
resistance to a number of commonly used agents
remained frequent, particularly for cephalexin,
doxycycline, and amoxicillin-clavulanate.

Multidrug-resistant and Possible Extensively
Drug-Resistant Profiles

Multidrug-resistant (MDR) and possible
extensively drug-resistant (XDR) profiles of the
major bacterial isolates are summarized in Table 3.
Overall, the burden of resistance was concentrated
predominantly among Gram-negative organisms.

The highest proportion of MDR isolates was
observed in Enterobacter cloacae (4/5, 80.0%),
followed by Pseudomonas aeruginosa (14/18,
77.8%), Acinetobacter spp. (3/5, 60.0%), Klebsiella
pneumoniae (11/17, 64.7%), and Escherichia
coli (12/21, 57.1%). These findings indicate that
multidrug-resistance was especially prominent
among the major Gram-negative pathogens
recovered in this study.

Possible XDR phenotypes were also
identified mainly among Gram-negative isolates.
Specifically, possible XDR profiles were observed in
Enterobacter cloacae (2/5, 40.0%), Acinetobacter
spp. (1/5, 20.0%), Pseudomonas aeruginosa (4/18,
22.2%), and Klebsiella pneumoniae (3/17,17.6%).
Because antimicrobial testing panels varied among
isolates, these possible XDR profiles should be
interpreted with caution and should not be
regarded as definitive XDR classifications.

Among Gram-positive organisms, MDR
was also evident but at a lower overall burden than
that observed among Gram-negative bacteria.
MDR was identified in 5 of 10 Staphylococcus
pseudintermedius isolates (50.0%), 5 of 10
Staphylococcus aureus isolates (50.0%), and 3
of 6 isolates belonging to the Staphylococcus
intermedius group (50.0%). In addition,
Enterococcus spp. showed notable resistance,
with 2 of 3 isolates (66.7%) classified as MDR.

Taken together, these findingsindicate that
MDR and possible XDR patterns were concentrated
mainly among Gram-negative bacteria, particularly
Enterobacter cloacae, Pseudomonas aeruginosa,
Acinetobacter spp., and Klebsiella pneumoniae,
highlighting the importance of culture-based
antimicrobial selection and continued surveillance
of antimicrobial resistance in canine and feline
clinical infections.

DISCUSSION

The present study provides a laboratory-
based overview of bacterial distribution,
antimicrobial susceptibility, and multidrug
-resistance (MDR) patterns among canine and
feline clinical isolates submitted to a private
veterinary diagnostic laboratory in Thailand.
The predominance of Gram-negative bacteria,
particularly Escherichia coli, Pseudomonas
aeruginosa, and Klebsiella pneumoniae, observed
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in this study is broadly consistent with previous
reports highlighting the increasing clinical
importance of these pathogens in companion
animal infections.>*! The high proportion of
isolates recovered from wounds and abscess
samples further reflects the common occurrence
of skin and soft tissue infections in small animal
practice, where opportunistic and environmental
bacteria frequently play a pathogenic role.

A key finding of this study is the
substantial burden of MDR among Gram-
negative organisms, with particularly high
rates observed in Escherichia coli, Enterobacter
cloacae, P. aeruginosa, Acinetobacter spp., and
K. pneumoniae. These findings are in line with
previous reports indicating that Gram-negative
bacteria can contribute importantly to the
burden of antimicrobial resistance due to their
intrinsic resistance mechanisms, including efflux
pumps, biofilm formation, and horizontal gene
transfer.33 The detection of possible extensively

drug-resistant (XDR) phenotypes was limited to a
subset of isolates; however, these findings should
be interpreted with caution because antimicrobial
testing panels varied among isolates in this
retrospective dataset.

The antimicrobial susceptibility profiles
observed in this study reveal importantimplications
for empirical therapy. Aminoglycosides, particularly
amikacin and gentamicin, demonstrated relatively
favorable activity across multiple bacterial species,
which is consistent with previous studies reporting
their retained efficacy against resistant Gram-
negative pathogens.* Similarly, carbapenems such
as meropenem showed high in vitro effectiveness;
however, their use in veterinary medicine
should be approached with caution due to their
classification as critically important antimicrobials
in human medicine.'® Overuse of such agents
may accelerate the emergence of carbapenem-
resistant organisms, posing significant One Health
concerns.
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Figure 2. Heatmap showing antimicrobial susceptibility patterns among the major bacterial isolates. The heatmap
illustrates antimicrobial susceptibility profiles of the predominant bacterial isolates recovered from canine and
feline clinical samples. Green indicates susceptible isolates, whereas red indicates resistant isolates

Abbreviations: amikacin (AK-30), amoxicillin (AML-10), amoxicillin-clavulanic acid (AMC-30), ampicillin (AMP-10), azithromycin
(AZM-15), bacitracin (B-10), cefaclor (CEC-30), cefixime (CFM-5), cefovecin (CVN-30), cefoxitin (FOX-30), ceftazidime (CAZ-30),
ceftiofur (EFT-30), ceftriaxone (CRO-30), cephalexin (CL-30), cefazolin (KZ-30), chloramphenicol (C-30), ciprofloxacin (CIP-5),
clindamycin (DA-2), doxycycline (DO-30), enrofloxacin (ENR-5), erythromycin (E-15), gentamicin (CN-10), imipenem (IPM-10),
kanamycin (K-30), marbofloxacin (MAR-5), meropenem (MEM-10), moxifloxacin (MXF-5), mupirocin (MUP-5), norfloxacin (NOR-10),
oxacillin (OX-1), oxytetracycline (OT-30), penicillin G (P-10), pradofloxacin (PRA-5), sulbactam/ampicillin (SAM-20), spectinomycin
(SH-10), sulbactam/cefoperazone (SCF-105), trimethoprim-sulfamethoxazole (SXT-25), and tetracycline (TE-30)
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Table 3. Multidrug-resistant (MDR) and possible extensively drug-resistant (XDR) profiles among major bacterial
isolates recovered from canine and feline clinical samples

Bacterial species No. of MDR, XDR, Predominant resistant antimicrobial classes*
isolates n (%) n (%)
(n)

Escherichia coli 21 12 (57.1) 2(9.5) Penicillin, tetracyclines, folate pathway
inhibitors, fluoroquinolones

Pseudomonas aeruginosa 18 14 (77.8) 4(22.2) Penicillin, cephalosporins, tetracyclines, folate
pathway inhibitors, fluoroquinolones

Klebsiella pneumoniae 17 11 (64.7) 3(17.6) Penicillin, cephalosporins, tetracyclines, folate
pathway inhibitors

Staphylococcus 10 5(50.0) 0(0.0) Penicillin, tetracyclines, fluoroquinolones

pseudintermedius

Staphylococcus aureus 10 5(50.0) 1(10.0) Penicillin, tetracyclines, fluoroquinolones

Staphylococcus intermedius 6 3 (50.0) 0(0.0) Penicillin, tetracyclines, fluoroquinolones

group

Enterobacter cloacae 5 4 (80.0) 2 (40.0) Penicillin, cephalosporins, tetracyclines, folate
pathway inhibitors

Acinetobacter spp. 5 3(60.0) 1(20.0) Penicillin, cephalosporins, tetracyclines, folate
pathway inhibitors

Proteus mirabilis 3 1(33.3) 0(0.0) Penicillin, tetracyclines, folate pathway
inhibitors

Enterococcus spp. 3 2 (66.7) 0(0.0) Penicillin, tetracyclines, fluoroquinolones

*Predominant resistant antimicrobial classes were assigned according to the main drug classes represented in the antimicrobial
susceptibility testing panel. MDR was defined as acquired non-susceptibility to at least one antimicrobial agent in three or
more antimicrobial classes. XDR was defined as non-susceptibility to at least one antimicrobial agent in all but two or fewer

antimicrobial classes

In contrast, commonly used first-line
antimicrobials, including cephalexin, amoxicillin,
and doxycycline, exhibited relatively low
susceptibility rates across several bacterial
species. This pattern may reflect long-standing
selective pressure from widespread empirical
use in veterinary practice and is consistent with
reports of increasing resistance to -lactams and
tetracyclines in companion animals.’®® The high
resistance observed for these agents suggests
that reliance on empirical therapy without culture
and susceptibility testing may lead to suboptimal
treatment outcomes.

The study also highlights notable
differences in resistance patterns between Gram-
negative and Gram-positive organisms. While
MDR was present in both groups, the overall
burden was more pronounced among Gram-
negative isolates. Nevertheless, the detection of
MDR in Staphylococcus pseudintermedius and
Staphylococcus aureus is clinically significant, as
these pathogens are commonly associated with
dermatological infections and may contribute to

recurrent or chronic disease.’®?° The presence
of MDR among these organisms reinforces the
importance of targeted antimicrobial therapy and
infection control measures in veterinary clinics.

From a clinical perspective, the high
prevalence of MDR (exceeding 50% in several
pathogens) strongly supports the routine use
of antimicrobial susceptibility testing (AST) to
guide treatment decisions. Although empirical
therapy remains necessary in acute or emergency
situations, culture-based approaches enable
optimization of antimicrobial selection and may
reduce unnecessary exposure to broad-spectrum
agents. This aligns with current antimicrobial
stewardship recommendations, which emphasize
evidence-based prescribing to mitigate the
development of resistance.®

The prevalence of multidrug-resistance
observed in the present study appeared
numerically higher than that reported in some
studies from Europe and North America, where
MDR rates in companion animal isolates are
generally reported at moderate levels depending
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on pathogen and clinical context.’*?* However, such
comparisons should be interpreted cautiously, as
differences in laboratory submission pattern,
infection types, sample sources, antimicrobial
panels, and case selection may substantially
influence reported resistance rates. This variation
may also reflect differences in antimicrobial usage
practices, accessibility of diagnostic testing, and
the implementation of antimicrobial stewardship
programs across regions. In many low- and middle-
income settings, including parts of Southeast Asia,
empirical antimicrobial use and limited routine
culture-based diagnostics may contribute to
increased selective pressure and the emergence
of resistant strains.?>?*

This study addresses an important
regional knowledge gap by providing three-
year laboratory-based data on MDR patterns in
companion animals in Thailand. Previous studies

I Susceptible (S)

140+

Intermediate (1)

from Southeast Asia have been limited in scope,
often focusing on specific pathogens or lacking
temporal analysis.?® By incorporating multiple
specimen types and a three-year dataset, the
present study offers a more comprehensive
understanding of resistance dynamics in a clinical
veterinary setting.

However, several limitations should be
acknowledged. First, the retrospective design may
have introduced selection bias, as only submitted
samples with available culture and susceptibility
results were included. Second, the relatively small
sample size and single-laboratory setting may limit
the generalizability of the findings. Third, molecular
characterization of resistance mechanisms was not
performed. Finally, interpretation of extensively
drug-resistant profiles should be made with
caution because antimicrobial testing panels
varied amongisolates in this retrospective dataset.

I Resistant (R)

1204

100

Number of bacteria

éf §§ 49 §§ éf K § $§ ﬁ ‘ P d§ 5 qP § s@ &r é & &f.y 9 &§ éf_ o oo_$ $€~§ &»Sg §§ & 8@
& & @ & &S “ o \ & & & & 45 o & $§9 & & °°.§? & 8?'53 S & &S & 8
o <
v & J§ & & (P dﬁ dﬁ @ @ G§ 0& 6@ &s & €& .& ** ¥ & Q§ dy &y S sgf &
&0\-» = & & & € &
R 'y'b Pt
& o & &
) ¥ &
6‘°+ > &
3 &
«

Figure 3. Stacked bar chart of susceptibility profiles of bacterial isolates from canine and feline samples according
to CLSI interpretation categories. Each column represents a single antimicrobial agent, with stacked bars showing
the proportion of isolates classified as susceptible (S, green), intermediate (I, yellow), or resistant (R, red). The
graph provides a visual summary of resistance patterns across all tested antibiotics. The susceptibility testing was
interpreted using the Kirby—Bauer disk diffusion method according to CLSI guidelines specific to companion animals
and EUCAST guidelines for reference data not available in veterinary medicine
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According to Magiorakos et al.,® XDR classification
requires testing against all or nearly all relevant
antimicrobial classes; therefore, the term “possible
XDR” was used in the present study. Future
studies incorporating larger multicenter datasets
and genomic analyses are warranted to better
understand the epidemiology and transmission
of antimicrobial resistance in companion animals.

Taken together, these findings have
important clinical implications within the context
of submitted diagnostic laboratory samples
in Thailand. The high prevalence of MDR and
the reduced susceptibility to commonly used
first-line antimicrobials highlight the urgent
need to transition from empirical to evidence-
based antimicrobial prescribing in small animal
practice. Routine implementation of antimicrobial
susceptibility testing should be strongly
encouraged, particularly in recurrent, non-
responsive, or severe infections. In addition, the
preserved efficacy of certain critically important
antimicrobials, such as carbapenems, must be
interpreted with caution and reserved for cases
with clear clinical justification, in order to prevent
further escalation of resistance. Strengthening
antimicrobial stewardship programs, improving
diagnostic accessibility, and promoting rational
drug use are essential steps to mitigate the
ongoing threat of AMR in companion animals and
to safeguard both animal and public health within
the One Health framework.

CONCLUSION

This study describes bacterial isolates
recovered from selected canine and feline clinical
submissions to a veterinary diagnostic laboratory
in Thailand. Gram-negative pathogens, particularly
Escherichia coli, Pseudomonas aeruginosa, and
Klebsiella pneumoniae, were among the most
frequently isolated organisms. Antimicrobial
susceptibility varied markedly across bacterial
species, with aminoglycosides and meropenem
retaining comparatively favorable in vitro activity,
while reduced susceptibility was observed for
several commonly used first-line agents, including
cephalexin, doxycycline, and B-lactams. MDR
was identified in both Gram-negative and Gram-
positive organisms, although the burden was

greater among Gram-negative isolates. These
findings underscore the importance of culture-
based antimicrobial selection and the need for
continuous local surveillance to support evidence-
based prescribing in veterinary practice. Within
the One Health context, the emergence and
persistence of multidrug-resistant pathogens in
companion animals warrant increased attention, as
they may contribute to the broader dissemination
of antimicrobial resistance. Continued surveillance
of antimicrobial resistance trends in companion
animals is crucial for preserving therapeutic
efficacy in veterinary medicine and mitigating
their potential contribution to the broader global
AMR crisis. This study highlights the importance
of antimicrobial susceptibility testing in guiding
the effective management of bacterial infections
in dogs and cats. Integrating routine susceptibility
testing with antimicrobial stewardship practices
may help limit the emergence and spread of
resistance while improving clinical outcomes.
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