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Abstract

Pet birds are increasingly recognized as reservoirs of zoonotic and antimicrobial-resistant bacteria,
raising concerns within the One Health framework. However, data on bacterial diversity and
resistance profiles in clinically affected ornamental birds remain limited. This study, conducted over
three years (November 2022-March 2026), included 198 pet birds presenting with digestive and
respiratory disorders. Samples were analyzed bacteriologically, with isolates identified by MALDI-
TOF mass spectrometry, and antimicrobial susceptibility assessed using the Kirby-Bauer disk
diffusion method according to EUCAST and CLSI guidelines. Bacterial growth was detected in 87.9%
of cases, yielding 249 isolates across 26 genera. Gram-positive cocci predominated (62.3%),
particularly Staphylococcus spp. (33.3%) and Enterococcus spp. (9.6%), while Escherichia coli (9.2%) was
the most common Gram-negative species. Polymicrobial infections occurred in 39.1% of cases. High
resistance rates were observed for tylosin (71.6%), oxytetracycline (68.4%), and trimethoprim—
sulfamethoxazole (63.4%), whereas amikacin showed the highest susceptibility (58%). Overall, 57%
of isolates were multidrug-resistant, with Staphylococcus spp. contributing most to this burden. These
findings highlight pet birds as important reservoirs of antimicrobial-resistant bacteria and highlight
the need for routine diagnostics and improved antimicrobial stewardship in avian medicine.

Keywords: pet birds; antimicrobial resistance; multidrug resistance; bacterial isolates; zoonotic
pathogens

1. Introduction

The global landscape of companion animals has undergone a significant transformation in recent
years, expanding beyond traditional domestic species such as dogs, cats, and horses to include a wide
range of non-traditional companion animals, commonly referred to as exotic pets [1,2]. Among these,
ornamental birds, defined as species kept for purposes other than consumption, including
budgerigars, cockatiels, larger parrots, finches, and canaries, have emerged as the third most common
type of pet worldwide [3-5]. This diverse group is primarily composed of the orders Psittaciformes,
which includes parrots, parakeets, and lovebirds, and Passeriformes, commonly known as songbirds
[6,7]. Additionally, species belonging to the orders Columbiformes, such as pigeons, and Galliformes
are increasingly maintained for ornamental purposes [7,8]. The growing popularity of these birds is
largely driven by their capacity to form strong emotional bonds with their owners and to adapt to
modern lifestyles, particularly as households increasingly favor smaller companion animals due to
limited time and space [6,9]. However, this increasing human-animal proximity also creates
conditions that facilitate the bidirectional transmission of bacteria and antimicrobial resistance
[1,10,11]. Although both exotic and traditional pets are recognized as contributors to zoonotic disease
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transmission, awareness among owners regarding the risks associated with non-traditional
companion animals remains limited [12].

The presence of diverse microorganisms within the avian microbiota represents a significant
zoonotic risk, as pet birds can serve as potential and often overlooked reservoirs of enteric and
systemic pathogens of considerable economic and public health importance [3]. Numerous bacterial
species are implicated in primary and secondary infections in companion birds, with Escherichia coli,
Klebsiella spp., and Pseudomonas aeruginosa among the most common etiological agents associated
with respiratory, gastrointestinal, and systemic disease [8,13]. Other Gram-negative bacteria,
including Bordetella spp., Salmonella spp., Proteus spp., Serratia spp., Yersinia spp., and Pasteurella spp.,
are also frequently identified [13]. Among Gram-positive organisms, Staphylococcus aureus is the most
prevalent pathogen, commonly associated with infections of the skin, upper respiratory tract, and
gastrointestinal system, while Enterococcus spp. are occasionally linked to tracheitis in canaries and
respiratory or osteoarticular infections in psittacine species [6,13]. Although Escherichia coli is a
normal component of the avian intestinal microbiota, it remains a major cause of colibacillosis and
septicemia and may act as a reservoir of virulent and antimicrobial-resistant strains with zoonotic
potential [3,8]. Additionally, Klebsiella pneumoniae and methicillin-resistant S. aureus (MRSA) have
been isolated from birds, posing recognized risks to human contacts [14,15]. Given the close
interaction between pet birds and their owners, the transmission of zoonotic and antimicrobial-
resistant bacteria is plausible, particularly among vulnerable populations such as children, elderly
individuals, pregnant women, and immunocompromised persons [11,16]. Nevertheless, zoonotic
infections originating from pet birds remain comparatively under-investigated [3,7].

In avian clinical practice, antibiotics are commonly used to treat bacterial infections, and due to
the relatively small size of companion birds, treatment costs are often less restrictive, allowing
clinicians to select from a wide range of both veterinary- and human-labeled antimicrobial agents
[13,17]. The selection of an appropriate antibiotic requires careful consideration of the etiological
agent, the site and severity of infection, antimicrobial susceptibility, pharmacokinetic properties, and
potential drug toxicity [13,17]. However, it is essential that antimicrobial therapy is initiated only
when clearly indicated, as birds are often difficult to medicate and may exhibit nonspecific clinical
signs. Furthermore, the mere isolation of a microorganism does not necessarily justify treatment,
since low numbers of potentially pathogenic bacteria are frequently present in the choana and cloaca
of clinically healthy birds [13].

Antimicrobial stewardship in exotic avian medicine is further complicated by the limited
availability of species-specific guidelines and the frequent reliance on empirical prescribing [18,19].
One of the most commonly used antimicrobials in ornamental birds is enrofloxacin, a
fluoroquinolone licensed for use in exotic pet medicine [5]. However, fluoroquinolones are classified
by the World Health Organization as “highest priority critically important antimicrobials” for human
medicine, and their use in food-producing animals, including poultry, is restricted or banned in
several regions due to concerns regarding resistance development [5,20].

There is growing evidence that antimicrobial resistance (AMR) represents a major global public
health threat, as recognized by the World Health Organization [12]. This concern is further amplified
by the fact that AMR is currently ranked among the top ten global health challenges [10,21,22].
Although resistance can arise as a natural evolutionary process, it is significantly accelerated by the
inappropriate use of antimicrobials, including non-prescription access, empirical therapy, and
owner-driven misuse [1,23,24]. While companion animals are increasingly recognized as reservoirs
of zoonotic bacteria, their role as carriers of multidrug-resistant (MDR) pathogens remains
insufficiently characterized [12]. In particular, pathogens such as methicillin-resistant Staphylococcus
pseudintermedius (MRSP), methicillin-resistant Staphylococcus aureus (MRSA), and multidrug-resistant
Gram-negative bacteria such as Pseudomonas aeruginosa (classified as a critical priority pathogen)
represent significant clinical and public health concerns [10,25]. In the context of exotic animal
medicine, these challenges are further exacerbated by the absence of dedicated antimicrobial
stewardship frameworks and standardized therapeutic guidelines [18,19].
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Because antimicrobial-resistant bacteria can readily cross the boundaries between animals,
humans, and the environment, the implementation of a One Health approach is essential, integrating
infection prevention strategies and regulatory measures [10,21]. Without further investigation into
the role of ornamental birds in the dissemination of resistant bacteria, these animals may continue to
act as significant and under-recognized reservoirs of pathogens associated with treatment failure in
both human and veterinary medicine [3,9,26].

Despite the growing recognition of pet birds as potential reservoirs of zoonotic and
antimicrobial-resistant bacteria, data on the diversity of bacterial pathogens and their resistance
profiles in clinically affected companion birds remain limited, particularly in Eastern Europe.
Moreover, the relationship between clinical presentation and antimicrobial resistance patterns in
these species is still poorly characterized. To our knowledge, this is one of the few studies in Eastern
Europe to integrate clinical presentation, MALDI-TOF-based identification, and antimicrobial
resistance profiling in pet birds within a One Health framework. Therefore, the present study aimed
to investigate the bacterial etiology associated with digestive and respiratory disorders in pet birds
and to evaluate the antimicrobial susceptibility profiles of the isolated strains, with a particular focus
on multidrug resistance.

2. Results

2.1. Clinical Presentation

The study population comprised a total of 198 birds, presenting with a variety of clinical
conditions. In terms of gender distribution, a higher proportion of males was observed (59%, n=117)
compared to females (41%, n = 81). Regarding age, the majority of the avian patients were classified
as adults over one year of age (69.7%, n = 138), while birds aged one year or younger accounted for
30.3% (n = 60) of the total. The clinical presentation was divided between scheduled appointments
(68.7%, n = 136) and emergency cases (31.3%, n = 62).

The taxonomic representation was diverse, with budgerigars being the most prevalent group
(54%, n=107). Other species included parrots (18.7%, n=37), cockatiels (17.2%, n=34), and agapornis
(6.1%, n = 12). Less frequently represented species were chickens (2%, n = 4) and pigeons (1.5%, n =
3), while a single canary was recorded (0.5%, n = 1). Regarding previous medical intervention, most
patients (78.3%, n = 155) had not received antimicrobial therapy prior to the microbiological
examination, while 21.7% (n = 43) had undergone antibiotic treatment before sampling.

The clinical focus of this study was centered on the two most prevalent health concerns in the
avian population: digestive and respiratory disorders. Among the total cases analyzed, digestive
pathologies remained the dominant clinical presentation, accounting for 62.1% (n = 123) of the birds.
Respiratory affections constituted the remaining 37.9% (n = 75) of the study group. In terms of
temporal distribution, the influx of cases remained relatively consistent throughout the year, with a
slight peak observed during the warmer months. The summer season accounted for the highest
proportion of clinical presentations at 27.3% (n = 54), followed closely by winter with 26.3% (n = 52).
The remaining cases were distributed between autumn, representing 23.7% (n = 47), and spring,
which accounted for 22.7% (n = 45) of the total admissions.

Overall, the study population was predominantly composed of adult male birds, most
commonly budgerigars. Table 1 summarizes all of the study population’s data.

Table 1. Data concerning the population studied based on gender, age, season, pathology, and previous

antibiotic exposure.

Birds % Total
Gender Male 59 (n=117) Female 41 (n=81) 100
(n=198)
Age Juvenile 30.3 (n=60) Adult 69.7 (n=138) 100
(n=198)
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Season Spring 22.7 Summer 27.3 Autumn 23.7 Winter 26.3 100
(n=45) (n=54) (n=47) (n=52) (n=198)

Digestive Respiratory 100

Pathol

athotogy 62.1 (n=123) 37.9 (n=75) (n=198)

Antibiotic 100

Yes 21.7 (n=43 No 78.3 (n=155

usage es (n=43) © (n ) (n=198)

To further detail the clinical characteristics of the study population, the relationship between
prior antimicrobial intervention and pathology was analyzed. Within the cohort of birds that had
received antibiotic therapy prior to microbiological sampling (21.7%, n=43), digestive disorders were
the primary indication for treatment, accounting for 58.1% (n = 25) of the medicated group.
Respiratory infections followed, representing 41.9 (n = 18) of the birds treated before the exam. These
figures indicate that nearly one-fifth of the avian patients referred for digestive or respiratory issues
were already undergoing therapy, a factor that must be considered during the interpretation of
subsequent microbiological results.

The distribution of pathologies across demographics (Table 2) revealed highly consistent
patterns. Among the 123 birds presenting with digestive signs, the majority were males (59.3%, n=73)
and adults over one year of age (69.9%, n=86). A nearly identical trend was observed in the 75
respiratory cases, where males constituted 58.7% (n=44) of the group and adults represented 69.3%
(n=52).

Table 2. Distribution of pet birds’ pathologies according to age, gender, and seasonal variations.

Digestive Respiratory Total
Male 59.3% (n=73 58.7% (n=44
Gezlder ( ) ( ) 100 (n=198)
(%) | Female 40.7% (n=50) 41.3% (n=31)
Young 31.7% (n=39) 28% (n=21)
Age (%) 100 (n=198)
Adult 68.3% (n=84) 72% (n=54)
Spring 24.4% (n=30) 20% (n=15)
S 30% (n=37 22.7% (n=17
Season | Sumimner (0=37) (17) 100 (n=198)
(%) Autumn 23.6% (n=29) 24% (n=18)
Winter 22% (n=27) 33.3% (n=25)
Total (n) 62.1 (n=123) 37.9 (n75) 100 (n=198)

To determine if significant associations exist between the clinical pathologies and the
demographic variables (sex, age, and season), a Chi-square (x?) test of independence was performed.
The analysis revealed no significant association between the gender of the birds and the type of
pathology presented (x?<0.001, p=1.00). The Cramer’s V value of 0.00 indicates a negligible effect size,
confirming that males and females are similarly predisposed to both digestive and respiratory
conditions. Similarly, no statistically significant association was identified between age group (young
vs. adult) and clinical pathology (x2<0.001, p=1.00; Cramer’s V=0.00).

Regarding temporal factors, the time of year did not significantly influence the occurrence of
specific pathologies (x?=0.0275, df=3, p=0.9988). The Cramer’s V of 0.0118 confirms that seasonal
variations, while affecting the total number of admissions (with slight peaks in summer and winter),
do not specifically favor one type of infection over the other.

In conclusion, while the descriptive data showed a higher volume of digestive cases and a
general male/adult predominance in the patient population, the statistical results confirm that these
patterns are independent of the specific pathology. This indicates that for the two primary health
concerns studied (digestive and respiratory) there are no specific biological or environmental links
related to sex, age, or season in this avian cohort.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Risk factor analysis using Odds Ratios (OR) revealed no significant demographic predisposition
for either pathology. The likelihood of presenting with respiratory versus digestive disorders was
equivalent across genders (OR=1.02; 95% CI: 0.56-1.86) and age groups (OR=1.03; 95% CI: 0.55-1.92).
Additionally, prior antimicrobial exposure did not differ significantly between respiratory and
digestive cases (OR=1.18; 95% CI: 0.59-2.36). Population diversity was characterized by a Shannon
Index (H) of 1.30 and a Pielou’s Evenness (E) of 0.67. These indices confirm that while the cohort was
dominated by budgerigars (54%), the sample maintains sufficient taxonomic breadth to represent the
regional exotic avian population.

2.2. Bacterial Identification

Of the 198 avian samples analyzed, 174 (87.9%) yielded positive bacterial growth, resulting in
the identification of 249 isolates across 26 distinct genera via MALDI-TOF MS. Gram-positive cocci
(Dermacoccus, Enterococcus, Kocuria, Lactococcus, Micrococcus, Rothia, Staphylococcus, Streptococcus)
constituted the most prevalent group at 62.3% (n=155) of the isolates, followed by the
Enterobacteriaceae family (Enterobacter, Escherichia, Klebsiella, Kosakonia, Leclercia, Mixta, Proteus,
Raoultella, Serratia) at 20.9% (n=52), while Gram-positive bacilli (Bacillus, Corynebacterium,
Lactobacillus, Microbacterium) represented 10% (n=25) of the isolates. The remaining 6.8% (n=17) of the
isolates consisted of non-Enterobacteriaceae (Acinetobacter, Aeromonas, Gallibacterium, Neisseria,
Pseudomonas). A total of 249 isolates were obtained, with 180 (72.3%) being Gram-positive and 69
(27.7%) Gram-negative, consisting of 74 species. The distribution of the isolated bacterial strains
across the two pathologies is presented in Table 3. The majority of cases involved a single bacterial
isolate, though polybacterial infections were significantly represented. Specifically, 60.9% (n=106) of
the birds exhibited infection with a single pathogen. Coinfection with two distinct bacterial strains
was observed in 34.5% (n=60) of the cases, while 4.6% (n=8) of the patients presented with a more
complex clinical picture involving three distinct bacterial pathogens.

Table 3. Bacterial strains isolated from pet birds distributed across pathologies.

Group Genus Species Digestive Respiratory Total
Dermacoccus ‘De‘rmacloccus , - 1.21% (n=3) 1.21% (n=3)
nishinomiyaensis
Enterococcus faecalis 7.23% (n=18) - 7.23% (n=18)
Enterococcus ;
Enterococcus faecium 1.61% (n=4) 0.81% (n=2) 2.42% (n=6)
Kocuria kristinae - 0.81% (n=2) 0.81% (n=2)
Kocuria Kocuria rhizophila - 0.41% (n=1) 0.41% (n=1)
Kocuria rosea - 0.41% (n=1) 0.41% (n=1)
Lactococcus Lactococcus garvieae - 0.41% (n=1) 0.41% (n=1)
Micrococcus Micrococcus luteus - 1.21% (n=3) 1.21% (n=3)
Rothia dentocariosa 0.41% (n=1) 0.81% (n=2) 1.22% (n=3)
Rothia Rothia kristinae 2.01% (n=5) 0.41% (n=1) 2.42% (n=6)
Gram + cocci Rothia nasimurium 1.21% (n=3) 3.62% (n=9) 4.83% (n=12)
Staphylococcus aureus 0.41% (n=1) 2.01% (n=5) 2.42% (n=6)
Staphylococcus borealis - 1.21% (n=3) 1.21% (n=3)
Staphylococcus delphini ~ 0.81% (n=2) - 0.81% (n=2)
Staphylococcus epidermidis  0.41% (n=1) 1.21% (n=3) 1.62% (n=4)
Staphylococcus equorum ~ 0.41% (n=1) - 0.41% (n=1)
Staphylococcus ~ Staphylococcus gallinarum  0.41% (n=1) 1.21% (n=3) 1.62% (n=4)

Staphylococcus haemolyticus

2.41% (n=6) 8.04% (n=20)10.45% (n=26)

Staphylococcus hominis

0.41% (n=1)

0.41% (n=1)

Staphylococcus hyicus

0.41% (n=1)

0.41% (n=1)

Staphylococcus intermedius

0.41% (n=1)

0.41% (n=1)

Staphylococcus kloosii

0.41% (n=1)

0.41% (n=1)

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Staphylococcus saprophyticus 0.81% (n=2) - 0.81% (n=2)
2.41% (n=6) 2.01% (n=5) 4.42% (n=11)
0.41% (n=1) 0.41% (n=1)

Staphylococcus sciuri
Staphylococcus simulans -

Staphylococcus vitulinus

0.81% (n=2)

0.81% (n=2)

Staphylococcus warneri

93.62% (n=9) 1.21% (n=3) 4.83% (n=12)

Staphylococcus xylosus

2.01% (n=5)

2.01% (n=5)

Streptococcus gallolyticus

0.81% (n=2)

0.81% (n=2)

Streptococcus mitis

1.61% (n=4)

1.61% (n=4)

Streptococcus pluranimalium 0.41% (n=1)

0.41% (n=1)

Streptococcits Streptococcus salivarius ~ 2.01% (n=5) 0.41% (n=1) 2.42% (n=6)
Streptococcus sanguinus ~ 0.41% (n=1) - 0.41% (n=1)
Streptococcus suis 0.41% (n=1) 0.41% (n=1) 0.82% (n=2)
Bacillus cereus 1.21% (n=3) - 1.21% (n=3)
Bacillus circulans 0.41% (n=1) - 0.41% (n=1)
Bacillus licheniformis - 0.41% (n=1) 0.41% (n=1)
Bacillus Bacillus pumilus 0.41% (n=1) - _ 0.41% (n=1)
Bacillus spp. 1.61% (n=4) 2 ((?{S;)A)) 2.42% (n=6)
Bacillus velezensis 1(0.41%) - 0.41% (n=1)
G + bacilli (n=1)

Corynebacterium amycolatum 0.41% (n=1) - 0.41% (n=1)
Corynebacterium Corynebacterium durum - 0.41% (n=1) 0.41% (n=1)
Corynebacterium falsenii - 0.41% (n=1) 0.41% (n=1)
Corynebacterium spp. 1.21% (n=3) 0.81% (n=2) 2.02% (n=5)
Lactobacillus crispatus 0.41% (n=1) - 0.41% (n=1)
Lactobacillus Lactobacillus johnsonii ~ 0.41% (n=1) - 0.41% (n=1)
Lactobacillus salivarius ~ 0.41% (n=1) - 0.41% (n=1)
Microbacterium ~ Microbacterium aerolatum  0.41% (n=1) - 0.41% (n=1)
Enterobacter asburiae - 0.41% (n=1) 0.41% (n=1)
Enterobacter cloacae 1.21% (n=3) - 1.21% (n=3)

Enterobacter :
Enterobacter hormaechei  0.41% (n=1) 0.81% (n=2) 1.22% (n=3)
Enterobacter kobei 0.41% (n=1) - 0.41% (n=1)
Escherichia Escherichia coli 8.84% (n=22) 0.41% (n=1) 9.24% (n=23)
Klebsiella Klebsiella oxytoca 0.41% (n=1) 0.41% (n=1) 0.82% (n=2)
Enterobacter Klebsiella pneumoniae 1.21% (n=3) 0.81% (n=2) 2.02% (n=5)
{aceae Kosakonia Kosakonia cowanii 0.41% (n=1) - 0.41% (n=1)
Leclercia Leclercia adecarboxylata ~ 0.41% (n=1) - 0.41% (n=1)
Mixta Mixta gaviniae 0.41% (n=1) - 0.41% (n=1)
Proteus mirabilis - 1.21% (n=3) 1.21% (n=3)

Proteus ;
Proteus vulgaris 0.41% (n=1) - 0.41% (n=1)
Raoultella Raoultella terrigena 0.41% (n=1) - 0.41% (n=1)
. . 1.21% (n=3)
Serratia Serratia marcescens 1.21% (n=3) 2.42% (n=6)
Acinetobacter baumannii  0.41%) (n=1) - 0.41% (n=1)
Acinetobacter A?inetobacter p‘ittii “ 0.41% (n=1) 0.41% (n=1) 0.82% (n=2)
Acinetobacter seifertii 0.41% (n=1) - 0.41% (n=1)
Non- Acinetobacter ursingii - 0.41% (n=1) 0.41% (n=1)
Enterobacter 5

iaceae Aeromonas Aeromonas caviae 0.41% (n=1) - 0.41% (n=1)
Aeromonas salmonicida ~ 0.41% (n=1) 0.41% (n=1) 0.82% (n=2)
Gallibacterium Gallibacterium anatis 0.81% (n=2) - 0.81% (n=2)
Neisseria Neisseria denitrificans - 0.41% (n=1) 0.41% (n=1)

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Neisseria sicca - 2.01% (n=1) 2.01% (n=1)
Pseudomonas Pseudomonas monteilii ~ 0.41% (n=1) - 0.41% (n=1)
.63% 43.37%
Total 56.63% 3:37% 100% (n=249)

(n=141)  (n=108)

Among the 249 bacterial isolates, the most frequently recovered genus was Staphylococcus,
accounting for 33.3% (n=83), with Staphylococcus haemolyticus identified as the most prevalent species
within the genus (31.3%, n=26). This was followed by Enterococcus at 9.6% (n=24), predominantly
represented by Enterococcus faecalis (75.0%, n=18). The genus Escherichia accounted for 9.2% (n=23) of
the total isolates, all of which were identified as Escherichia coli (100%, n=23). Furthermore, Rothia was
identified in 8.4% (n=21) of cases, with Rothia nasimurium being the most common species (57.1%,
n=12), while Streptococcus was isolated in 6.4% (n=16) of instances, led by Streptococcus salivarius
(37.5%, n=6). Collectively, these five genera represent 67.1% of the total microbial recovery,
underscoring their primary role in the clinical landscape of the studied population. All isolated
bacterial species are listed in Table 3, along with the distribution of bacterial genera, which is
illustrated in Figure 1.

L
0% 50% 100%
@ Acinetobacter [ Escherichia O Serratia
Bl Bacillus @ Kilebsiella Bl Staphylococcus
E Corynebacterium [ Neisseria Bl Streptococcus
Bl Enterobacter Bl Rothia Bl Other

Il Enterococcus

Figure 1. Distribution of bacterial genera according to sample origin in pet birds.

2.3. Antibiotic Susceptibility Testing

Antimicrobial susceptibility testing using the disk diffusion method revealed varied efficacy
across the tested panels. The highest rates of susceptibility were observed for amikacin (58%),
followed by cephalexin (46.7%), then erythromycin (46.48%), and the amoxicillin-clavulanic acid
combination (45.4%). In contrast, significant levels of resistance were recorded for several commonly
used agents. The highest resistance rates were attributed to tylosin (71.6%), followed by
oxytetracycline (68.4%) and the trimethoprim-sulfamethoxazole combination (63.4%). To ensure
accurate resistance profiling, clinical interpretations considered known intrinsic resistance in certain
genera and species, and these were excluded from final calculations to avoid overestimating acquired
resistance. Figure 2 summarizes the antimicrobial susceptibility profiles of all tested strains.
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Figure 2. Overall antibiotic susceptibility testing results (% of total bacterial strains). R-resistant; S-susceptible;
I-intermediate; AMC-amoxicillin/clavulanic acid; CL-cephalexin; CTX-cefotaxime; E-erythromycin; TY-tylosin;
ENR—enrofloxacin; SXT-trimethoprim/sulphamethoxazole; OT-oxytetracycline; DO—doxycycline; AK—

amikacin.; CN —gentamicin.

In the absence of specific CLSI or EUCAST clinical breakpoints for certain bacterial species or
host categories, inhibition zone diameters were reported as continuous variables. Where available,
interpretation was performed using breakpoints established for related species, and results were
interpreted with caution. For some antimicrobial agents lacking defined interpretive criteria,
tentative interpretation was guided by breakpoints of structurally and pharmacologically related
antibiotics within the same class; however, these results were considered exploratory and were
interpreted with particular caution.

The antimicrobial susceptibility analysis of the 249 avian isolates revealed significant resistance
across all bacterial groups, with Gram-negative bacteria exhibiting the most critical profiles. Within
the Enterobacteriaceae, resistance was most pronounced for tylosin (90.5%) and amoxicillin/clavulanic
Acid (81%), while enrofloxacin showed the highest susceptibility (52%). A similar trend was observed
in non-Enterobacteriaceae, where tylosin resistance reached 100%, followed by oxytetracycline (81.8%)
and enrofloxacin (73.3%). Among the Gram-positive cocci, resistance to oxytetracycline (67.3%) and
tylosin (61.2%) was prevalent, whereas amikacin remained the most effective agent with 71.8%
susceptibility. In the Gram-positive bacilli group, oxytetracycline resistance was high (77%),
contrasted by strong susceptibility to erythromycin (69.2%). For a better visualization and data
interpretation, the results are graphically presented in Figure 3.
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Figure 3. Antimicrobial resistant bacterial strains (%) from each group (G+ cocci, G+ bacilli, Enterobacteriaceae,
non-Enterobacteriaceae,). R-resistant; S-susceptible; I-intermediate; AMC-amoxicillin/clavulanic acid; CL-
cephalexin; CTX-cefotaxime; E-erythromycin; TY-tylosin; ENR —enrofloxacin; SXT-

trimethoprim/sulphamethoxazole; OT-oxytetracycline; DO —doxycycline; AK—amikacin.; CN —gentamicin.

At the genus level, Staphylococcus spp. demonstrated high susceptibility to amikacin (88.5%) and
cefotaxime (63.2%), but showed significant resistance to gentamicin (75.6%) and oxytetracycline
(63.6%). In contrast, Escherichia spp. isolates were largely resistant, with only enrofloxacin (50%) and
doxycycline (40%), while resistance to tylosin reached 90%. Streptococcus spp. exhibited a total lack of
susceptibility to tylosin (100%) and cefotaxime (100%), though 57.1% of isolates remained susceptible
to erythromycin. Finally, Enterococcus spp. showed moderate susceptibility to amoxicillin/clavulanic
acid (45%) and erythromycin (43.7%), but faced high resistance levels against tylosin (62.5%) and
oxytetracycline (72.2%). The data can be observed in Figure 4.
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Figure 4. Genus-specific susceptibility (%). R—resistant; S—susceptible; I—intermediate; AMC-
amoxicillin/clavulanic acid; CL-cephalexin; CTX-cefotaxime; E-erythromycin; TY-tylosin; ENR—enrofloxacin;
SXT-trimethoprim/sulphamethoxazole; =~ OT-oxytetracycline;, DO-—doxycycline; AK—amikacin; CN-—

gentamicin.

As demonstrated in Figure 5, from the total of 249 isolates, 57% (n = 142) were identified as
multidrug-resistant (MDR), defined as acquired non-susceptibility to at least one agent in three or
more antimicrobial categories according to the criteria established by Magiorakos et al. [27], while
the remaining 43% (n = 107) were classified as non-MDR strains. The overall prevalence of multidrug
resistance was disproportionately concentrated within certain taxonomic groups., with Gram-
positive cocci contributing the largest share to the total MDR burden at 31.3%. This was followed by
the Enterobacteriaceae family, which accounted for 15.3% of all MDR strains, while Non-
Enterobacteriaceae and Gram-positive bacilli each represented 5.2% of the total resistance profile.

At the genus level, Staphylococcus was identified as the primary driver of resistance in the
population, responsible for 16.06% of all recovered MDR bacterial strains. Other significant
contributors included Escherichia (6.43%), Rothia (6.02%), and Enterococcus (4.82%). Genera such as
Streptococcus (3.61%), Bacillus (2.41%), and Klebsiella (2.41%) showed moderate contributions. In
contrast, the lowest individual contributions to the MDR total were observed in Enterobacter (1.2%)
and Neisseria (1.2%), while the remaining diverse genera categorized as “Other” collectively
represented 6.83% of the MDR isolates.
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Figure 5. Distribution (%) of MDR isolates on bacterial groups and genera.

Figure 6 provides a comprehensive overview of the microbial landscape and the associated
antimicrobial resistance burden within the study. The multifaceted analysis reveals a direct
correlation between bacterial prevalence and the distribution of multidrug resistance (MDR) across
249 isolates. (A) Taxonomic distribution was dominated by Staphylococcus (n=83; 33.33%), which also
represented the largest absolute number of MDR strains (n=40) recovered in the study. (B) The
antimicrobial susceptibility heatmap highlights critical resistance “hotspots,” particularly against
macrolides and tetracyclines, where susceptibility levels were consistently low across multiple
genera. The analysis also clearly delineates instances of intrinsic resistance (marked ‘X’) that define
the therapeutic limits for specific genera like Enterobacter, Streptococcus, and Enterococcus. (C) When
examining the proportion of resistance within each group, several genera with lower overall
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prevalence exhibited disproportionately high levels of multidrug resistance. Notably, Acinetobacter
(100%), Serratia (83.33%) and Rothia (71.43%) showed the highest intra-genus MDR percentages,
surpassing the more frequent Staphylococcus (48.19%). This integrated view underscores that while
common pathogens drive the total volume of resistance, less frequent genera may pose a more
significant challenge per isolate in a clinical setting.

MDR
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Figure 6. Integrated analysis of bacterial prevalence and antimicrobial resistance across 249 isolates. (A)
Frequency distribution of recovered genera. (B) Heatmap of antimicrobial susceptibility (%) across 12 agents; ‘X’
denotes intrinsic resistance. (C) Proportion of multi-drug resistant (MDR) vs. non-MDR strains within each

taxonomic group.2.1. Subsection.

3. Discussion

The present study demonstrated that digestive disorders were the predominant clinical
presentation in pet birds, accounting for 62.1% of cases, while respiratory diseases represented 37.9%,
confirming that the gastrointestinal and respiratory systems remain the primary clinical targets in
ornamental avian medicine. This distribution is consistent with the high susceptibility of these
systems to environmental stressors, dietary imbalances, and microbial dysbiosis in captive
conditions. Notably, the lack of significant associations between pathology and host-related variables
(sex, age, or season; p>0.05) indicates that disease occurrence is likely driven by external
determinants, such as husbandry practices, hygiene, and pathogen exposure, rather than intrinsic
biological predisposition. Collectively, these findings suggest that clinical manifestations in pet birds
are multifactorial, necessitating a focus on management-related interventions over demographic risk
assessment.

A high diversity of bacterial species was recovered, with Gram-positive isolates, primarily
Staphylococcus spp. and Enterococcus spp., overshadowing Gram-negative counterparts like
Escherichia coli. This distribution is consistent with previous studies reporting that Gram-positive
bacteria constitute a substantial proportion of the avian microbiota and may act as opportunistic
pathogens under conditions of stress, poor hygiene, or immunosuppression [6]. The relatively high
prevalence of Staphylococcus spp. observed in pet birds has been previously documented, with rates
exceeding 20% in some populations, highlighting their ecological persistence and clinical relevance
in captive avian species [6]. In parallel, the presence of Gram-negative bacteria such as Escherichia coli
supports the concept that enteric microorganisms play a central role in avian disease, particularly in
birds maintained under intensive or suboptimal management conditions [8].

Among the recovered isolates, Escherichia coli and Staphylococcus aureus emerged as pathogens
of critical clinical and zoonotic significance. In this cohort, the recovery of Escherichia coli (9.24%)
aligns with its established role as a primary driver of avian colibacillosis, particularly in cases
involving enteric and systemic distress [4,28]. Previous investigations have reported high detection
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rates of Escherichia coli in pet birds, reaching up to 48.7% in cloacal samples, further supporting its
epidemiological relevance in captive avian populations [8]. Similarly, Staphylococcus aureus has been
identified as a common colonizer of avian skin and mucosa, capable of causing a wide range of
infections and acting as a reservoir for zoonotic transmission, particularly in environments with close
human-animal contact [6].

A notable finding of the present study was the high proportion of polymicrobial infections,
suggesting that avian diseases are frequently associated with complex microbial consortia rather than
isolated, single-pathogen etiologies. This observation aligns with the current understanding that
disruption of the normal microbiota, often driven by stress, dietary imbalance, or inappropriate
antimicrobial use, can lead to dysbiosis and subsequent overgrowth of opportunistic bacteria. In pet
birds, both commensal and pathogenic microorganisms have been shown to acquire and exchange
resistance traits, further complicating infection dynamics and therapeutic outcomes [8]. Such
polymicrobial patterns, also described in other companion and exotic species, are typically associated
with chronic disease states, increased virulence, and reduced treatment efficacy. Given the high levels
of multidrug resistance (57.03%) observed in our cohort, these mixed infections highlight the clinical
danger of empirical therapy and emphasize the critical necessity for comprehensive microbiological
diagnostics and susceptibility-guided treatment.

The antimicrobial susceptibility results revealed a concerning pattern of resistance to commonly
used antibiotics, supporting the growing evidence that pet birds act as domestic reservoirs of
antimicrobial-resistant bacteria. Similar findings have been reported in previous studies, where
Escherichia coli isolates from companion birds exhibited multidrug resistance, in some cases showing
resistance to all tested antimicrobial classes [4,18]. Moreover, recent investigations have identified
extended-spectrum (-lactamase (ESBL)-producing Escherichia coli in pet birds, with all confirmed
isolates demonstrating multidrug resistance and carrying resistance genes such as TEM and CTX-M,
highlighting the genetic basis and dissemination potential of resistance traits [8]. In parallel, Gram-
positive pathogens such as Staphylococcus aureus have shown resistance to critical antimicrobials,
including methicillin and vancomycin, further emphasizing the clinical and public health
implications of resistant bacteria circulating in avian hosts [6,29]. These resistance patterns are likely
driven by the widespread and often unregulated use of antimicrobials in avian practice, including
prophylactic administration, empirical treatment, and subtherapeutic dosing, which collectively
create selective pressure favoring the emergence and persistence of multidrug-resistant strains.

The high resistance observed against tylosin (71.6%) and oxytetracycline (68.4%) in the present
study is consistent with the widespread and often unregulated use of these antimicrobial classes in
ornamental birds. In avian practice, both macrolides and tetracyclines are commonly administered
as over-the-counter water-soluble formulations, frequently without veterinary supervision. This
mode of administration often results in sub-therapeutic dosing and prolonged exposure, creating
optimal conditions for the selection and persistence of resistant bacterial populations. Such selective
pressure is particularly evident among Gram-positive organisms, including Staphylococcus spp. and
Enterococcus spp., which represented a substantial proportion of isolates in the current study. These
findings align with previous observations that inappropriate antimicrobial use in companion birds
significantly contributes to the emergence of resistance within commensal and opportunistic
microbiota [30].

The increasing prevalence of antimicrobial resistance observed in this study also highlights the
urgent need to explore alternative therapeutic strategies in avian medicine. In this context, plant-
derived compounds have gained attention due to their antimicrobial properties, with several studies
demonstrating that essential vegetal extracts can exhibit inhibitory effects against Staphylococcus
aureus, in some cases comparable to conventional antibiotics [31].

The findings of this study reinforce the role of pet birds as potential reservoirs of antimicrobial-
resistant bacteria within a One Health framework, emphasizing the interconnectedness of animal,
human, and environmental health. Close contact between companion birds and their owners
facilitates the transmission of opportunistic and resistant pathogens through direct handling,
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aerosols, or contaminated surfaces, thereby increasing the risk of zoonotic dissemination [32-34]. In
addition to household transmission, veterinary environments have also been identified as important
reservoirs and dissemination points for resistant bacteria such as the multidrug-resistant
Enterobacteriaceae identified in this cohort, highlighting the potential for cross-species and
environmental spread of antimicrobial resistance in clinical settings. These findings highlight the
need for integrated surveillance strategies and infection control measures across veterinary and
human healthcare systems to mitigate the spread of resistant pathogens.

From a clinical perspective, the high prevalence of bacterial infections and the observed
antimicrobial resistance patterns highlight the necessity of implementing targeted diagnostic and
therapeutic approaches in avian practice. Empirical antimicrobial therapy, particularly with
commonly used agents such as tetracyclines and macrolides, may be ineffective and contribute to
further resistance development, especially in the presence of multidrug-resistant strains [8].
Therefore, routine bacteriological culture and antimicrobial susceptibility testing should be strongly
encouraged prior to treatment initiation, in order to optimize therapeutic outcomes and reduce
inappropriate antimicrobial use. Additionally, improving husbandry practices, hygiene conditions,
and owner education may play a critical role in preventing disease occurrence and limiting the spread
of resistant pathogens in companion bird populations.

The identification of several atypical bacterial taxa in this study highlights a shifting landscape
of avian and zoonotic risk. Notably, Gallibacterium anatis has transitioned from a commensal of the
poultry respiratory and reproductive tracts to a recognized pathogen in both commercial and
ornamental birds, with rare documented cases of human infection indicating its zoonotic potential
[35]. Similarly, Lactococcus garvieae, originally established as a major global threat in the aquaculture
industry, is increasingly identified in subclinical inflammations across diverse hosts, including
poultry, swine, and domestic carnivores. These animal reservoirs serve as critical sources for human
transmission, where Lactococcus garvieae is now recognized as a significant opportunistic pathogen
associated with high morbidity and mortality [36,37]. Furthermore, Leclercia adecarboxylata has
emerged as a ‘novel’ rare human pathogen; while traditionally isolated in polymicrobial infections
among immunocompetent patients, it is increasingly implicated in severe clinical syndromes,
including septicemia, peritonitis, and urinary tract infections, particularly within
immunocompromised populations [38—40]

The identification of specific bacterial lineages in this study highlights a significant public health
risk, as pet birds serve as critical reservoirs for pathogens capable of crossing the species barrier.
Avian Pathogenic Escherichia coli (APEC) and Shiga toxin-producing Escherichia coli (STEC) represent
a primary concern, as these strains can be transferred to humans, potentially leading to severe
conditions such as hemolytic uremic syndrome (HUS), urinary tract infections (UTIs), and diarrhea
(Ahmed et al., 2021). Furthermore, Klebsiella pneumoniae emerged as a pathogen of high clinical
relevance; while it may be isolated from the feces of seemingly healthy Passeriformes and
Psittaciformes, often manifesting as respiratory infections in the birds, it is a major cause of nosocomial
meningitis, pneumonia, and soft tissue infections in humans [3]. The presence of Staphylococcus aureus
and methicillin-resistant Staphylococcus aureus (MRSA) further compounds this risk. Primarily
colonizing the cloacae and nostrils of various avian species, these organisms not only act as
pathogenic agents within the birds themselves but also pose a direct danger to human contacts, who
may contract life-threatening infections such as MRSA-induced endocarditis [41,42]. The presence of
Enterococcus spp. in this study further complicates the clinical landscape due to their environmental
resilience and capacity for genetic exchange. Free-ranging and captive birds act as significant
reservoirs for vancomycin- and gentamicin-resistant isolates, serving as zoonotic sources of
multidrug resistance [43]. Specifically, Enterococcus faecalis is a formidable nosocomial pathogen that
can be silently carried by ornamental birds, facilitating the dissemination of virulence and resistance
genes to humans [44]. This colonization poses a substantial risk for human endocarditis and urinary
tract infections, particularly when strains exhibit high-level aminoglycoside resistance. Such findings

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.0824.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 April 2026 d0i:10.20944/preprints202604.0824.v1

14 of 18

underscore a critical ‘One Health’ challenge, where avian hosts facilitate the persistence of difficult-
to-treat infections in human contacts [43,44].

Taken together, these findings reinforce the broader role of companion birds within the
antimicrobial resistance landscape. Overall, these findings indicate that pet birds should not be
regarded as minor contributors to antimicrobial resistance ecology, but rather as active reservoirs
within the One Health transmission network, with direct clinical and zoonotic implications.

Despite the valuable insights provided by this study, several limitations should be
acknowledged. The investigation was conducted within a single geographic region, which may limit
the generalizability of the findings to broader avian populations. Additionally, molecular
characterization of resistance mechanisms was not performed, restricting the ability to identify
specific resistance genes and transmission pathways, which are increasingly recognized as critical
components in understanding antimicrobial resistance dynamics in both clinical and environmental
contexts [45]. Furthermore, standardized antimicrobial susceptibility breakpoints for exotic avian
species remain limited, potentially affecting the interpretation of resistance profiles and
comparability with other studies. Future research integrating molecular approaches and
standardized methodologies is needed to better elucidate the epidemiology and clinical significance
of antimicrobial resistance in pet birds.

4. Materials and Methods

4.1. Animals and Study Design

The present study was conducted over a three-year period, from November 2022 to March 2026,
and included a total of 198 pet birds referred to the Exotic Animal Clinic at the Faculty of Veterinary
Medicine in Cluj-Napoca, Romania. Each patient underwent a thorough clinical examination
performed by specialized medical staff. Based on the clinical findings, samples were collected and
submitted to the Department of Microbiology of the same faculty for bacteriological analysis.

Specimens were obtained using sterile cotton swabs with Amies transport medium (DeltaLab,
Barcelona, Spain) from birds presenting with digestive, respiratory, ocular, cutaneous, and articular
disorders. Each sample was accompanied by a detailed dispatch note containing relevant information
regarding the owner and the animal (species, age, and sex), the season of presentation, the type of
specimen collected, and whether antimicrobial therapy had been administered prior to
bacteriological testing. To ensure diagnostic integrity, every specimen was appropriately labeled,
transported, and processed on the same day of collection.

4.2. Microbial Identification

Upon arrival at the laboratory, all specimens were registered and underwent immediate
microbiological processing. The samples were inoculated using the streak plate method onto both
general and selective culture media for pathogen isolation, including Columbia agar supplemented
with 10% sheep blood (BioMaxima S.A., Lublin, Poland), UriSelect medium (Bio-Rad Laboratories
Inc., Hercules, CA, USA), and MacConkey agar (Merck, Darmstadt, Germany). The plates were
incubated aerobically at 37 °C for 24-48 hours. After incubation, colonies were evaluated based on
their cultural characteristics, followed by microscopic examination using Gram staining.

Preliminary bacterial classification was performed using the 3% potassium hydroxide (KOH)
test, the slide catalase test with 3% hydrogen peroxide for Gram-positive cocci, and the oxidase test
(Rotitest® Oxidase strips, Carl Roth, Karlsruhe, Germany) for Gram-negative rods. In cases where no
bacterial growth was observed after 48 hours of incubation, the samples were considered negative.

For definitive identification, 24-hour pure cultures were analyzed using the MALDI Biotyper®
Sirius System (Bruker, Ettlingen, Germany). This proteomic approach utilizes mass spectrometry to
identify bacterial strains by comparing the unique protein spectra of the analyzed isolates against an
extensive database of reference spectra. All procedures were performed in strict accordance with the
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manufacturer’s guidelines. Following identification, the confirmed bacterial isolates were preserved
in cryotubes containing 60% glycerol broth and stored at —20 °C for subsequent analyses.

4.3. Antimicrobial Susceptibility Testing

The antimicrobial susceptibility profile for each isolated strain was determined using the Kirby—
Bauer disk diffusion method, performed in accordance with EUCAST guidelines [46]. To ensure
standardized results, bacterial suspensions were prepared in sterile saline (0.9% NaCl, Sigma Aldrich,
Darmstadt, Germany) to achieve a turbidity of 0.5 McFarland. These suspensions were then
uniformly inoculated onto Mueller-Hinton (MH) agar plates (Merck, Darmstadt, Germany) using the
three-section streaking technique.

A total of 11 antimicrobial agents (Liofilchem, Teramo, Italy) representing six major therapeutic
classes were selected for susceptibility testing: f-lactams, including a penicillin/ 3-lactamase inhibitor
combination (amoxicillin-clavulanic acid 20/10 ug) and cephalosporins (cefalexin 30 ug, cefatoxime
30 pg); aminoglycosides (gentamicin 10 pg, amikacin 30 pg); macrolides (erythromycin 15 ug, tylosin
30 pg); fluoroquinolones (enrofloxacin 5 pg); tetracyclines (oxytetracycline 30 ug, doxycycline 30 ug);
and folate pathway inhibitors (trimethoprim-sulfamethoxazole 1.25/23.75 ug). The antibiotic disks
were positioned radially on the inoculated plates.

Plates were incubated at 35 + 1 °C for 16-20 h, after which inhibition zone diameters were
measured. Isolates were interpreted as susceptible (S), intermediate (I), or resistant (R) according to
EUCAST [47] and CLSI VET01S ED7:2024 [48] clinical standards.

4.4. Statistical Analysis

Data were organized using Microsoft Excel 2021 (Microsoft Corporation, Redmond, WA, USA)
and subjected to statistical analysis with Epi Info™ 7.2 (CDC, Atlanta, GA, USA) and GraphPad Prism
8 (GraphPad Software, San Diego, CA, USA). Furthermore, all the values were analyzed using
descriptive statistics to determine the frequency and percentage distribution of all variables. To assess
the associations between clinical pathologies and demographic factors (sex, age, and season), Chi-
square (x?) tests of independence were performed. Clinical effect sizes and risk factors were evaluated
using Odds Ratios (OR) with 95% Confidence Intervals (CI) for the primary digestive and respiratory
pathologies. Furthermore, the taxonomic diversity of the study population was quantified using the
Shannon Diversity Index (H) and Pielou’s Evenness (E). All statistical analyses were conducted with
a significance threshold of p<0.05, ensuring a rigorous evaluation of the clinical and demographic
data.

5. Conclusions

This study demonstrates that pet birds represent important reservoirs of diverse bacterial
populations, including both Gram-positive and Gram-negative species with significant clinical and
zoonotic relevance. The predominance of digestive disorders, together with the high frequency of
opportunistic pathogens such as Escherichia coli and Staphylococcus aureus, highlights the critical
role of microbial imbalances and environmental factors in the pathogenesis of disease in captive avian
species.

The detection of substantial antimicrobial resistance, including multidrug-resistant strains,
raises serious concerns regarding therapeutic efficacy and public health, particularly in the context of
close human-animal interactions. These findings reinforce the importance of adopting a One Health
approach, integrating veterinary, environmental, and human health perspectives to better
understand and control the spread of resistant bacteria.

Routine microbiological diagnostics, including culture and antimicrobial susceptibility testing,
should be prioritized in avian clinical practice to guide targeted therapy and reduce inappropriate
antimicrobial use. In parallel, improved husbandry practices, enhanced biosecurity measures, and
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increased awareness among bird owners are essential to minimize disease occurrence and
transmission.

Future research should focus on molecular characterization of resistance mechanisms and the
development of standardized guidelines for antimicrobial use in exotic species, to mitigate the
emergence and dissemination of antimicrobial resistance in pet bird populations.

Author Contributions: Conceptualization, S.C., and G.C.N.; methodology, S.C. and M.C.T.; software, S.C., C.S.N.
and M.L.M.; validation, S.C., and G.C.N.; formal analysis, N.LF. and C.M.B.; investigation, S.C., C.S.N. and
G.C.N,; resources, C.M.B. and N.LF,; data curation, S.C., M.L.M. and M.C.T.; writing - original draft preparation,
S.C., and G.C.N.; writing - review and editing, S.C., and G.C.N.; visualization, C.3.N and S.R.; supervision,
G.C.N,; project administration, S.C. and S.R.; funding acquisition, C.M.B. and N.LF. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Cardoso-Freitas, F.; Mota, S.M.; Silva, V.; Martinez-Silvestre, A.; Martins, A.; Poeta, P. A One Health
perspective on multidrug resistance amongst Iberian exotic pet owners. Vet. Sci. 2025, 12, 64.

2. Espinosa Garcia-San Roman, J.; Quesada-Canales, O.; Arbelo Hernandez, M.; Déniz Suérez, S.; Castro-
Alonso, A. Veterinary education and training on non-traditional companion animals, exotic, zoo, and wild
animals: concepts review and challenging perspective on zoological medicine. Vet. Sci. 2023, 10, 357.

3. Ahmed, HA,; Awad, N.F.; Abd El-Hamid, M.L; Shaker, A.; Mohamed, R.E.; Elsohaby, I. Pet birds as
potential reservoirs of virulent and antibiotic resistant zoonotic bacteria. Comp. Immunol. Microbiol. Infect.
Dis. 2021, 75, 101606.

4. Okunlade, A.O; Esan, O.0.; Ogunleye, A.O. Multidrug resistant E. coli recovered from household reared
female budgerigar pet bird (Melopsittacus undulatus) in Ibadan, Oyo State Nigeria: a case report. Bull. Natl.
Res. Cent. 2021, 45, 155.

5. Baldrey, V. Guide to using antibiotics in pet birds. In Pract. 2020, 42, 394-404.

Royal, S.S.; Sigma, S.H.; Ashraf, M.N.; Rimi, S.S.; Affroze, S.; Yousup, S.; et al. Isolation and molecular
detection of antibiotic resistant Staphylococcus aureus from pet birds of Mymensigh City Corporation
areas, Bangladesh. Am. J. Microbiol. Res. 2024, 12, 1-6.

7.  Durge, A.; Dhaigude, V.; Baby, B.M.; Gujjalkar, P.; Chouraddi, R.; Yadav, S.; et al. Public health threats
from pet bird zoonoses. J. Sci. Res. Rep. 2022, 28, 10-20.

8. Hasib, FM.Y,; Bayzid, M.; Das, T.; Rana, E.A,; Kamal, T.; Hossain, M.A; et al. Multidrug-resistant
extended-spectrum beta-lactamase (ESBL) producing Escherichia coli in pet birds of Bangladesh. Vet. Med.
Sci. 2025, 11, €70509.

9. daSilva, B.D.C.T.; de Carvalho, D.U.O.G.; Sakauchi, V.T.S.; Ferreira, ].S.; Cortez, A.; Heinemann, M.B.; et
al. Investigating antimicrobial-resistant bacteria from exotic domestic birds—a One Health concern. Braz. |.
Vet. Med. 2024, 46, e001624.

10. Monteiro, HI.G,; Silva, V.; de Sousa, T.; Calouro, R.; Saraiva, S.; Igrejas, G.; et al. Antimicrobial resistance
in European companion animals practice: a One Health approach. Animals 2025, 15, 1708.

11. Song, Y.; An, Q.; Chen, S.; Dai, H.; Ma, S.; Wu, C.; et al. Antimicrobial resistance of pet-derived bacteria in
China, 2000-2020. Antimicrob. Agents Chemother. 2025, 69, e01657-24.

12.  Mazari, Y.L.; Mouslim, B.A.R.A. Preliminary report on antibiotic-resistant bacteria isolated from select
domestic and exotic pets in Guelma, northeast Algeria. Next Res. 2025, 101251.

13.  Flammer, K. Antibiotic drug selection in companion birds. |. Exotic Pet Med. 2006, 15, 166-176.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.0824.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 April 2026 d0i:10.20944/preprints202604.0824.v1

17 of 18

14. Davies, Y.M.; Cunha, M.P; Oliveira, M.G.; Oliveira, M.C.; Philadelpho, N.; Romero, D.C; et al. Virulence
and antimicrobial resistance of Klebsiella pneumoniae isolated from passerine and psittacine birds. Avian
Pathol. 2016, 45, 194-201.

15. Nworie, A.; Onyema, S.I.; Okekpa, S.I.; Elom, M.O.; Umoh, N.O.; Usanga, V.U; et al. A novel methicillin-
resistant Staphylococcus aureus t11469 and a poultry endemic strain t002 (ST5) are present in chicken in
Ebonyi State, Nigeria. Biomed Res. Int. 2017, 2017.

16. Masud, R.L; Jahan, R.; Bakhtiyar, Z.; Antor, T.H.; Jany, D.A.; Fahim, N.A.L; et al. Role of ornamental birds
in the transmission of zoonotic pathogen and AMR: a growing public health concern. Ger. . Microbiol. 2024,
3, 0042.

17. Soh, H.Y,; Tan, P.X.Y,; Ng, T.T.M.; Chng, H.T.; Xie, S. A critical review of the pharmacokinetics,
pharmacodynamics, and safety data of antibiotics in avian species. Antibiotics 2022, 11, 741.

18. Mufnoz-Ibarra, E.; Molina-Lépez, R.A.; Duran, 1; Garcias, B.; Martin, M.; Darwich, L. Antimicrobial
resistance in bacteria isolated from exotic pets: the situation in the Iberian Peninsula. Animals 2022, 12, 1912.

19. Caneschi, A.; Bardhi, A ; Barbarossa, A.; Zaghini, A. The use of antibiotics and antimicrobial resistance in
veterinary medicine, a complex phenomenon: a narrative review. Antibiotics 2023, 12, 487.

20. Craciun, S.; Novac, C.$.; Fit, N.I; Bouari, C.M.; Bel, L.V.; Nadas, G.C. Bacterial diversity in pet rabbits:
implications for public health, zoonotic risks, and antimicrobial resistance. Microorganisms 2025, 13, 653.

21. Cardoso, S.; Loc’h, A.L.; Marques, I.; Almeida, A.; Sousa, S.; Saavedra, M.].; et al. Unveiling the emergence
of multidrug-resistant pathogens in exotic pets from France: a comprehensive study (2017-2019). One Health
Implement. Res. 2023, 3, 161-176.

22. Barbosa, C.K,; Teixeira, V.N.; Pimpao, C.T. Antibiotic usage patterns in exotic pets: a study in Curitiba,
Parana, Brazil. Open Vet. ]. 2023, 13, 1543-1553.

23. Prestinaci, F.; Pezzotti, P.; Pantosti, A. Antimicrobial resistance: a global multifaceted phenomenon. Pathog.
Glob. Health 2015, 109, 309-318.

24. Bhat, A.H. Bacterial zoonoses transmitted by household pets and as reservoirs of antimicrobial resistant
bacteria. Microb. Pathog. 2021, 155, 104891.

25. Ponzo, E.; De Gaetano, S.; Midiri, A.; Mancuso, G.; Giovanna, P.; Giuliana, D.; et al. The antimicrobial
resistance pandemic is here: implementation challenges and the need for the One Health approach. Hygiene
2024, 4, 297-316.

26. Horvat, O.; Kovacevi¢, Z. Human and veterinary medicine collaboration: synergistic approach to address
antimicrobial resistance through the lens of planetary health. Antibiotics 2025, 14, 38.

27. Magiorakos, A.P.; Srinivasan, A.; Carey, R.B.; Carmeli, Y.; Falagas, M.E.; Giske, C.G.; et al. Multidrug-
resistant, extensively drug-resistant and pandrug-resistant bacteria: an international expert proposal for
interim standard definitions for acquired resistance. Clin. Microbiol. Infect. 2012, 18, 268-281.

28. Dunn, J.C; Clegg, S.R. High prevalence of multi-drug-resistant bacteria in faecal samples from UK
passerine birds. Sci. Rep. 2025, 15, 28130.

29. De Oliveira, D.M.P.; Forde, B.M.; Kidd, T.J.; Harris, P.N.A.; Schembri, M.A.; Beatson, S.A.; et al.
Antimicrobial resistance in ESKAPE pathogens. Clin. Microbiol. Rev. 2020, 33, e00181-19.

30. Doneley, B. Avian Medicine and Surgery in Practice: Companion and Aviary Birds; CRC Press: Boca Raton,
FL, USA, 2018.

31. Fit, N.I; Rapuntean, G.; Rapuntean, S.; Chirila, F.; Nadas, G.C. Antibacterial effect of essential vegetal
extracts on Staphylococcus aureus compared to antibiotics. Not. Bot. Horti Agrobot. Cluj-Napoca 2009, 37,
117-123.

32. Nadds, G.C.,; Manchon, A.M.; Bouari, C.M.; Fit, N.I. Veterinary clinics as reservoirs for Pseudomonas
aeruginosa: a neglected pathway in One Health surveillance. Antibiotics 2025, 14, 720.

33. Kim, D.H.; Kim, J.H. Efficacy of tigecycline and linezolid against pan-drug-resistant bacteria isolated from
companion dogs in South Korea. Front. Vet. Sci. 2021, 8, 723232.

34. Ballash, G.A.; Parker, E.M.; Mollenkopf, D.F.; Wittum, T.E. The One Health dissemination of antimicrobial
resistance occurs in both natural and clinical environments. J. Am. Vet. Med. Assoc. 2024, 262, 451-458.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.0824.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 April 2026 d0i:10.20944/preprints202604.0824.v1

18 of 18

35. Nofouzi, K,; Shakeri, S.; Nikkhah, S.; Hosseini, R.H.; Khordadmehr, M.; Madadi, M.; et al. Gallibacterium
anatis as an emerging pathogen in pet birds: biofilm formation contributes to treatment challenges and
persistence. BMC Microbiol. 2025, 25, 518.

36. Masudi, B; Litvinchuk, T.; Byrd, J. Lactococcus garvieae in rural Alabama: a case report. Cureus 2023, 15,
€39560.

37. Sirakov, I; Strateva, T.V.; Boyanov, V.S.; Orozova, P.; Yordanov, D.; Rusenova, N.; et al. Identification,
characterization, and epidemiological analysis of Lactococcus garvieae fish isolates obtained in a period of
eighteen years. Microorganisms 2025, 13, 436.

38. Zayet, S.; Lang, S.; Garnier, P.; Pierron, A.; Plantin, J.; Toko, L.; et al. Leclercia adecarboxylata as emerging
pathogen in human infections: clinical features and antimicrobial susceptibility testing. Pathogens 2021, 10,
1399.

39. Di Gregorio, M.; Tiecco, G.; Colangelo, C.; Corbellini, S.; Caccuri, F. Leclercia adecarboxylata. An Emerging
Pathogen: a Narrative Review. |. Infect. Dis. Ther. 2023, 11, 2.

40. Aurori, M; Novac, C.S.; Nadds, G.C.; Craciun, S.; Fit, N.; Andrei, S. The antimicrobial effect of Cornus mas
L. and Sorbus aucuparia L. fruit extracts against resistant uropathogens in correlation with the prevalence
of urinary tract infections in companion animals. Pharmaceuticals 2024, 17, 814.

41. Nadas, G.C,; Novac, C.$.; Matei, L A.; Bouari, C.M.; Gal, Z.M.; Tamas-Krumpe, O.M.; et al. Prevalence of
antimicrobial resistant bacteria from conjunctival flora in an eye infection prone breed (Saint Bernard).
Molecules 2021, 26*, 2219.

42. Qureshi, M.H.F.; Azam, F.; Shafique, M.; Aslam, B.; Farooq, M.; Rafique, M.K,; et al. A One Health
perspective of pet birds bacterial zoonosis and prevention. Pak. Vet. |. 2024, 44, 1.

43. Cabral, B.G.; Davies, Y.M.; Menao, M.C.; Saidenberg, A.B.; Gomes, V.T.M.; Moreno, L.Z; et al. Companion
psittacine birds as reservoir of gentamicin and vancomycin-resistant Enterococcus spp. Pesq. Vet. Bras. 2020,
40, 129-133.

44. Punom, S.A.; Islam, M.S.; Fahim, N.A.L;; Hasan, M.A.E.; Antor, M.T.H.; Saha, S.; et al. Ornamental birds:
hidden carriers of potentially virulent and antimicrobial-resistant Enterococcus faecalis in Bangladesh.
Microbiol. Spectr. 2025, 13, e01974-25.

45. Damborg, P.; Broens, E.M.; Chomel, B.B.; Guenther, S.; Pasmans, F.; Wagenaar, ].A.; et al. Bacterial zoonoses
transmitted by household pets: state-of-the-art and future perspectives for targeted research and policy
actions. J. Comp. Pathol. 2016, 155, S27-S40.

46. Matuschek, E.; Brown, D.F.; Kahlmeter, G. Development of the EUCAST disk diffusion antimicrobial
susceptibility testing method and its implementation in routine microbiology laboratories. Clin. Microbiol.
Infect. 2014, 20, O255-0266.

47. EUCAST. 2026. Available online: http://www.eucast.org

48. Performance Standards for Antimicrobial Disk and Dilution Susceptibility Tests for Bacteria Isolated from
Animals, 7th ed.; CLSI Supplement VETO01S; Clinical and Laboratory Standards Institute: Wayne, PA, USA,
2024.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.0824.v1
http://creativecommons.org/licenses/by/4.0/

