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RESUMO.- [Investigação de enterobactérias com potencial 
zoonótico e multirresistentes em psitacídeos exóticos 
mantidos em ambiente doméstico.] Este estudo investigou a 
presença de bactérias potencialmente zoonóticas e resistentes a 
antimicrobianos em psitacídeos criados em ambiente doméstico. 

Esse projeto foi aprovado pela Comissão de Ética para o Uso 
de Animais da Universidade Estadual do Ceará (CEUA-UECE), 
registrado sob o número 03423745/2023. Foram coletadas 
111 amostras de suabes cloacais de psitacídeos exóticos de 
seis espécies, incluindo, periquitos-australianos (Melopsittacus 
undulatus), calopsitas (Nymphicus hollandicus), agapornis 
(Agapornis sp.), periquitos-de-colar (Psittacula krameri), 
periquitos-dorso-vermelho (Psephotus haematonotus) e roselas 
(Platycercus eximius). Foi realizado o isolamento e a identificação 
de enterobactérias e determinado o perfil de resistência. Das 
amostras coletadas, 70,2% (78/111) apresentaram crescimento 
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This investigation elucidated the presence of potentially zoonotic and antimicrobial-
resistant bacteria in domestically reared psittacines. The present study was sanctioned 
by the Animal Ethics Committee of the State University of Ceará (CEUA-UECE) and bears 
registration number 03423745/2023. A total of 111 cloacal swab samples were procured 
from exotic psittacines encompassing six distinct species: the Australian budgerigar 
(Melopsittacus undulatus), cockatiels (Nymphicus hollandicus), lovebirds (Agapornis sp.), rose-
ringed parakeets (Psittacula krameri), red-rumped parrots (Psephotus haematonotus), and 
rosellas (Platycercus eximius). The process encompassed the isolation and characterization 
of enterobacteria and ascertaining their resistance profiles. Among the collected specimens, 
70.2% (78/111) yielded growth indicative of one or more enterobacterial agents. The collective 
isolates comprised 110 strains encompassing 13 distinct bacterial species. Foremost among 
these was Escherichia coli, accounting for a significant percentage of the total isolates at 30% 
(33/110), followed by Pantoea agglomerans at 27.2% (30/110). The study revealed that 
35.4% (39/110) of the isolates exhibited resistance to tobramycin, with tetracycline and 
fosfomycin showing resistance rates of 34.5% (38/110) and 30.9% (34/110), respectively. 
Particularly noteworthy was that E. coli showed a heightened propensity for tetracycline 
resistance at 51.5% (17/33), while resistance rates to tobramycin and gentamicin were 
36.6% (12/33) and 15.1% (5/33), respectively. A noteworthy subset of the enterobacterial 
cohort exhibited multidrug resistance patterns (28.9%, 32/110). Collectively, these outcomes 
underscore not only an elevated prevalence of enterobacterial strains but also the pervasive 
phenomenon of antimicrobial resistance across a diverse spectrum of antimicrobial agents.
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para uma ou mais enterobactérias. Foram isoladas 110 cepas 
pertencentes a 13 espécies bacterianas. Escherichia coli 
apresentou o maior índice de isolamento, com 30% (33/110). 
Em segundo lugar Pantoea agglomerans, com um percentual 
de isolamento de 27,2% (30/110). Observou-se que 35,4% 
(39/110) das enterobactérias apresentaram resistência à 
tobramicina, seguidas da tetraciclina com 34,5% (38/110) e 
da fosfomicina com 30,9% (34/110). E. coli apresentou maior 
taxa de resistência a tetraciclina com 51,5% (17/33), seguida 
de 36,6% (12/33) para tobramicina e 15,1% (5/33) para 
gentamicina. Das enterobactérias analisadas 28,9% (32/110), 
apresentaram multirresistência. Os resultados indicam uma alta 
prevalência de enterobactérias, a resistência antimicrobiana 
foi constatada em diversas classes de antimicrobianos.

TERMOS DE INDEXAÇÃO: Enteropatógenos, enterobactérias, 
resistência antimicrobiana, aves exóticas.

INTRODUCTION
A “one health” approach recognizes the complex interplay 
between human, animal, and environmental ecosystems and 
is crucial to addressing global challenges. In this context, 
antimicrobial resistance (AMR) is emerging as a rising threat 
(Antimicrobial Resistance Collaborators 2022, WHO 2022). 
Over time, the dynamic relationship between humans and 
animals has evolved, and the growing popularity of birds as 
companion animals is highlighted. From this perspective, 
AMR proves to be a significant and unique health concern, 
potentially affecting both human and animal health (Freitas 
et al. 2018, Marques et al. 2021, Keshmiri et al. 2022).

Exotic parrots are widely adopted as pets (Damborg et al. 
2016) and have been the subject of several studies that point 
to high rates of isolation of zoonotic bacteria and resistance to 
antimicrobials (Pontes et al. 2018, Legadevi et al. 2019, Calaça 
et al. 2020). The spread of resistant zoonotic bacterial strains 
due to the indiscriminate use of antimicrobials amplifies health 
risks, making it essential to deeply understand the dynamics 
to implement effective mitigation and control strategies 
(Bagai et al. 2024). AMR creates significant challenges in 
treating bacterial infections in animals and humans (Arnold 
et al. 2016, Furness et al. 2017, WHO 2021). This resistance 
contributes to increased morbidity and mortality and 
significantly impacts the duration and costs of treatments 
(Ouakrim et al. 2020). A comprehensive and cooperative 
approach is imperative to address this issue and preserve 
the effectiveness of antimicrobials in combating infections.

In this context, birds kept under human care can be carriers 
of several zoonotic bacteria of significant importance in public 
health, thus representing a risk to humans and other birds 
(Cupertino et al. 2020, Nupur et al. 2023). Notably, zoonotic 
diseases originating from pet birds tend to receive less attention 
than foodborne zoonoses (Damborg et al. 2016). According to 
Luca et al. (2018), additional investigations are necessary for 
a more in-depth understanding of the potential risk associated 
with contact with pet birds and their role as reservoirs of 
bacterial zoonoses. The increase in antimicrobial resistance 
of zoonotic bacteria has been documented in several domestic 
parrots. It is considered a potential source for transmitting 
multi-resistant zoonotic bacteria, such as those in the order 
Enterobacterales (Wieler et al. 2011, Marques et al. 2021).

Enterobacterales are naturally found in the intestinal 
microbiota of animals and humans and include species such 
as Escherichia coli (Adeolu et al. 2016, Pakbin et al. 2021). 
However, species of this order can manifest as primary or 
opportunistic pathogens, mainly associated with intestinal 
and extraintestinal infections in humans and animals (Jenkins 
et al. 2017). Examples of these species include Klebsiella 
oxytoca (Singh et al. 2016), Cronobacter sakazakii (Song et al. 
2018), Shigella sp. (Kotloff et al. 2018), Hafnia sp. (Yin et al. 
2019), Citrobacter sp. (Liu et al. 2020), Pantoea agglomerans 
(Mirtella et al. 2021), and pathogenic strains of E. coli (Pakbin 
et al. 2021). The objective of this study was to investigate 
the presence of zoonotic and multi-antimicrobial resistant 
bacteria in exotic parrots kept in a domestic environment.

MATERIALS AND METHODS
Animal Ethics. This project was approved by the Ethics 

Committee for the Use of Animals of the “Universidade Estadual do 
Ceará” (CEUA-UECE) and registered under number 03423745/2023.

Sampling. One hundred eleven samples of cloacal swabs were 
collected from exotic parrots kept in a domestic environment in the 
city of Fortaleza/CE, and its metropolitan region. They were collected 
from six species, including 20 Australian parakeets (Melopsittacus 
undulatus), 20 cockatiels (Nymphicus hollandicus), 20 lovebirds 
(Agapornis sp.), 25 collared parakeets (Psittacula krameri), 20 
red-backed parakeets (Psephotus haematonotus), and six rosellas 
(Platycercus eximius). The choice of each breed was carried out by 
convenience sampling (non-probability sampling), and the selection 
of birds, age, sex, and clinical condition was done at random.

Microbiological processing of enterobacteria. The isolation of 
enterobacteria was done in accordance with the methodology used 
by Lopes et al. (2015) with modifications as follows. The samples 
were collected and conditioned in Stuart Transport Medium 
(Laborclin®). Upon arrival at the Ornithological Studies Laboratory 
(LABEO), the swabs were transferred to 5mL of 1% peptone water 
(Kasvi®), which was incubated in a microbiological oven for 24h 
at 37°C. Subsequently, 0.5mL aliquots were transferred to Cystine 
Selenite (Kasvi®) and Brain Heart Infusion (Kasvi®) broths, and 
0.05mL was transferred to Rappaport Vassiliadis broth (Merck®). 
These solutions were incubated for 24h at 37°C. After enrichment in 
broths, plating was performed. The samples were sown on MacConkey 
agar (Kasvi®), EMB Levine agar (Laborclin®), Salmonella-Shigella 
agar (Laborclin®), and Brilliant Green agar (Laborclin®), and then 
the plates were incubated for 24h at 37°C. Different colonies were 
collected on each plate and inoculated into tubes containing Triple 
Iron Sugar agar (Kasvi®).

To confirm the identity of the enterobacteria, a biochemical 
battery consisting of the following media was used: SIM Medium 
(Himedia®), lysine decarboxylase (Kasvi®), ornithine decarboxylase 
(Himedia®), MR-VP broth (Himedia®), urea (Dinâmica Formula®), 
Simmons Citrate agar (Himedia®), arginine decarboxylase (Êxodo 
Cientifica®), malonate broth (Himedia®), H2S production, glucose 
fermentation (with gas production), lactose (Merck®), sucrose 
(Dinâmica®), mannitol (Dinâmica®), arabinose (Dinâmica®), raffinose 
(Dinâmica®), sucrose (Dinâmica®), dulcitol (Dinâmica®), adonitol 
(Dinâmica®), inositol (Sigma®), and sorbitol (Sigma ®) (Winn Jr. et 
al. 2008). Samples suspected of Salmonella spp. were subjected 
to an agglutination test using the polyvalent “O” serum (Probac®) 
and then sent to the “Fundação Oswaldo Cruz” (Fiocruz) reference 
laboratory for serotyping.
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Enterobacteriaceae sensitivity profile (antimicrobial 
susceptibility test). Bacterial resistance was studied using the 
Kirby-Bauer method following the standards stipulated by the 
Clinical and Laboratory Standards Institute (CLSI 2020). To analyze 
the resistance profile of the isolated strains, 12 antimicrobials 
from 10 pharmacological classes were used and tested: 1) folate 
pathway inhibitors (sulfamethoxazole with trimethoprim, 25μg); 
2) fluoroquinolones (enrofloxacin, 5μg and ciprofloxacin, 5μg); 3) 
penicillin + beta-lactamase inhibitors (amoxicillin with clavulanate, 
30µg); 4) third-generation extended spectrum cephalosporins 
(ceftriaxone, 30µg); 5) carbapenems (meropenem, 10µg); 6) 
monobactams (aztreonam, 30µg); 7) aminoglycosides (gentamicin, 
30µg, and tobramycin, 10µg); 8) tetracyclines (tetracycline, 30μg); 
9) phosphonic acid (fosfomycin, 200µg); and 10) amphenicols 
(chlorfenazole, 30µg). Multidrug resistance (RMD) was considered 
present when strains were resistant to at least three classes of 
antimicrobials (Magiorakos et al. 2012).

To this end, the samples were recovered in tubes containing 2mL 
brain heart infusion (BHI) broth and placed in a bacteriological oven 
for 24h at 37°C. Subsequently, aliquots of the broth were seeded 
onto MacConkey agar plates and incubated again in an oven. Two 
to three units of bacterial colonies present on MacConkey agar were 
subsequently selected and sown in 2-mL tubes of saline solution. Then, 
a swab unit was moistened in saline solution with a turbidity scale of 
0.5 and streaked on the surface of a plate containing Mueller-Hinton 
agar (Kasvi®), on which the antimicrobial discs were arranged. The 
plates were incubated at 37°C for 24h and were read and interpreted 
according to the presence or absence of halos surrounding the drug 
discs. They were classified as resistant, intermediate, or sensitive.

RESULTS
Bacterial isolation

Of the 111 samples collected, 70.2% (78/111) showed growth 
of one or more enterobacteria. A variation in isolation rates 
was observed between the parrot species studied (Table 1). 
Psephotus haematonotus had the highest isolation rate, with 
85% (17/20) positive samples. Platycercus eximius, Psittacula 
krameri, Nymphicus hollandicus, and Agapornis sp. presented 
isolation rates of 83.3% (5/6), 80.0% (20/25), 70.0% (14/20), 
and 65.0% (13/20), respectively. Melopsittacus undulatus had 
the lowest isolation rate of 45.0% (9/20).

One hundred ten strains of enterobacteria belonging 
to 13 different bacterial species were isolated, including 
Eshcerichia coli, Serratia rubidaea, Pantoea agglomerans, 
Serratia liquefaciens, Citrobacter freundii, Klebsiella oxytoca, 
Klebsiella pneumoniae, Hafnia alvei, Serratia marcescens, 
Cronobacter sakazakii, Shigella sp., Arizona sp., and Providencia 

stuartii. Among the isolated strains, P. krameri had the highest 
representation, corresponding to 29% (31/110) of the total. 
P. haematonotus represented 21.8% (24/110), N. hollandicus 
represented 19% (21/110), Agapornis sp. represented 14.5% 
(16/110), and M. undulatus represented 10.9% (12/110). 
The lowest number of isolated strains was recorded for P. 
eximius at 5.4% (6/110) (Table 2).

E. coli presented the highest isolation rate of 30% (33/110) 
of the samples analyzed. This was followed by P. agglomerans 
with an isolation percentage of 27.2% (30/110). S. rubidaea 
was the third most isolated at 10.9% (12/110) of the samples. 
S. liquefaciens was isolated in 10% (11/110) samples, while 
H. alvei was found in 6.3% (7/110) of samples. K. pneumoniae 
was identified in 4.5% (5/110) of the samples, followed by 
C. sakazakii in 3.6% (4/110). The bacteria C. freundii and S. 
marcescens were isolated in 1.8% (2/110) of the samples. K. 
oxytoca, P. stuartii, Arizona sp., and Shigella sp. presented an 
isolation percentage of 0.9% (1/110) each (Table 2).

Antimicrobial resistance
Of the 110 enterobacteria isolated, it was observed that 

35.4% (39/110) were resistant to tobramycin, followed by 
tetracycline with 34.5% (38/110) and fosfomycin with 30.9% 
(34/110) resistance (Table 3). Escherichia coli showed the 
highest rate of resistance to tetracycline at 51.5% (17/33), 
followed by 36.6% (12/33) for tobramycin and 15.1% (5/33) 
for gentamicin. P. agglomerans showed the highest resistance 
rate to tetracycline and fosfomycin at 33.3% (10/30) each, 
followed by 30% (9/30) to tobramycin. S. rubidaea showed 
the highest resistance rate to amoxicillin with clavulanate, 
tetracycline, and ceftriaxone at 25% (3/12) each.

The antimicrobial meropenem had the lowest resistance 
rate of 0.9% (1/110), followed by ceftriaxone at 2.7% (3/110) 
and enrofloxacin at 6.7% (7/110). K. oxytoca was sensitive 
to all antimicrobials tested. Of the 110 strains isolated in the 
present study, only 24 (21.8%) did not show resistance to 
any of the classes of antimicrobials tested, while 32 (28.9%) 
showed resistance to ≥3 classes, thus indicating multidrug 
resistance. One isolate stood out as it was resistant to seven 
classes of antimicrobials (0.9%). Among the E. coli isolates, 
six (18.1%) did not show resistance to any class, while 27 
(81.6%) showed resistance to at least one class. Among the 
E. coli strains, seven (21.1%) showed multidrug resistance 
(Table 4).

DISCUSSION
The results of this research on bacterial growth align 
with previous studies that analyzed the isolation rates of 
enterobacteria in cloacal samples from trafficked parrots, as 
well as in exotic parrots kept in pet-selling establishments. 
These investigations showed similar results regarding the 
percentage of samples with growth indicative of one or more 
enterobacterial agents: 70.2% in this study, 71.3% according 
to Lopes et al. (2015), 70.0% according to Marques et al. 
(2021), and 98.6% according to Pascoal-Filho (2023). This 
demonstrates that enterobacteria in cloacal samples of parrots 
occur at a high rate. As the birds appear healthy, it can be 
assumed that these microorganisms are in balance with the 
intestinal microbiota without causing clinical manifestations.

The most detected microorganism in the samples of this 
study was Escherichia coli, with a prevalence of 30%. Findings 

Table 1. Frequency of exotic psittacines raised in a 
domestic environment, positive for enterobacteria in cloacal 

swabs
Species Samples Positivity

Psephotus haematonotus 20 17 (85.0%)
Platycercus eximius 6 5 (83.3%)
Psittacula krameri 25 20 (80.0%)

Nymphicus hollandicus 20 14 (70.0%)
Agapornis sp. 20 13 (65.0%)

Melopsittacus undulatus 20 9 (45.0%)
TOTAL 111 78 (70.2%)
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Table 2. Frequency of bacteria isolated from cloacal swabs of exotic psittacines raised in a domestic environment

Isolates Psephotus 
haematonotus (n=20)

Platycercus 
eximius (n=6)

Psittacula 
krameri (n=25)

Nymphicus 
hollandicus (n=20)

Agapornis sp. 
(n=20)

Melopsittacus 
undulatus (n=20) Total

Escherichia coli 9 1 13 4 5 1 33 
(30.0%)

Pantoea agglomerans 8 4 6 2 4 6 30 
(27.2%)

Serratia rubidaea 3 - 1 5 3 - 12 
(10.9%)

Serratia liquefaciens 1 - 4 3 2 1 11 
(10.0%)

Hafnia alvei 1 - - 2 1 3 7 (6.3%)
Klebsiella pneumoniae - 1 - 3 1 - 5 (4.5%)
Cronobacter sakazakii 2 - 2 - - - 4 (3.6%)

Citrobacter freundii - - 1 1 - - 2 (1.8%)
Serratia marcescens - - 1 - - 1 2 (1.8%)

Klebsiella oxytoca - - - 1 - - 1 (0.9%)
Providencia stuartii - - 1 - - - 1 (0.9%)

Arizona sp. - - 1 - - - 1 (0.9%)
Shigella sp. - - 1 - - - 1 (0.9%)

TOTAL 24 (21.8%) 6 (5.4%) 31 (29.0%) 21 (19.0%) 16 (14.5%) 12(10.9%) 110 
(100%)

in the literature describe a wide variation in isolation rates. 
For example, Hidasi et al. (2013) reported 33.9%, Lopes et 
al. (2015) reported 46.5%, and Lima (2020) reported 73.1%. 
The high isolation rates are due to the commensalism of E. 
coli, which is part of the intestinal microbiota of vertebrates 
and one of the most well-adapted and pathologically versatile 
bacterial species. 

The second most isolated microorganism was Pantoea 
agglomerans, at 27.2%. It is a ubiquitous Gram-negative 
bacterium that has been associated with skin and joint 
infections in humans (Olmos-Alpiste et al. 2022). It maintains 
a mutualistic relationship with plants and is not an obligatory 
infectious agent in humans. However, it can be a cause of 
opportunistic infections through mainly infection of wounds 
with plant material or as a hospital-acquired infection in 
mainly immunocompromised individuals (Dutkiewicz et al. 
2016). It was the most isolated bacteria (23.5%) in samples 
of cloacal swabs from exotic parrots in pet stores, which 
were clinically healthy, according to Marques et al. (2021). 
There are few reports describing it as causing disease in 
birds. However, the isolation of this enterobacteria in exotic 
parrots may be related to foods of plant origin contaminated 
with the bacteria.

Another isolated bacterium of great relevance was Shigella 
sp., as it is a primary pathogen for humans. It was isolated 
from a collared parakeet (Psittacula krameri) specimen 
and is an enterobacteria frequently associated with bloody 
diarrheal diseases. It is also a significant cause of mortality 
and morbidity throughout the world (Khalil et al. 2018). 
The bird from which this pathogen was isolated showed no 
clinical manifestations. However, in vulnerable conditions that 
could weaken the bird’s immune defenses, the presence of 
this pathogen could result in a potential dissemination to its 
flock, further increasing the risk of transmission to humans.

In this study, 78.2% of the isolated strains were resistant 
to at least one class of the 12 antimicrobials tested, with 
tobramycin, tetracycline, and fosfomycin demonstrating the 
highest resistance rates of 35.4%, 34.5% and 30.9%, respectively. 
Lopes et al. (2015) evaluated enterobacteria isolates from 
trafficked parrots and identified an antimicrobial resistance 
rate of 48.7% to tetracycline. In another study, Marques et al. 
(2021) analyzed parrots from pet shops in the city of Fortaleza 
and its metropolitan region. They found the highest rates 
of resistance to tetracycline (44.0%), polymyxin b (38.0%), 
and nalidixic acid (25.0%). In the work of Lima (2020), the 
highest rates of antimicrobial resistance among enterobacteria 
isolated from captive parrots were to sulfonamide (54.4%), 
followed by amoxicillin (23.4%) and tetracycline (17. 7%).

In investigations related to parrots, research on the 
antimicrobial resistance of members of the order Enterobacterales 
highlights the lack of uniformity in the use of these agents, 
resulting in a notable variation in the substances used and 
in the resistance rates identified in previous studies (Lopes 
et al. 2015, Matias et al. 2016, Teixeira 2019, Lima 2020, 
Marques et al. 2021). The high rates of resistance observed in 
isolated bacteria indicate a need for greater caution in using 
these drugs. These results also highlight the relevance of the 
issue involving resistance to these antimicrobials, especially 
in the context of therapies directed at bacteria belonging to 
the order Enterobacterales.

An important factor in bacterial resistance to antimicrobials 
is the ability of bacteria to harbor resistance-related genes 
(Song et al. 2020, Liu et al. 2021, 2023, Wang et al. 2021). Other 
factors include the indiscriminate and inappropriate use of 
antimicrobials, lack of information among the population, the 
abundant use of antimicrobials in agriculture, and environmental 
pollution resulting from dumping drug residues in water 
and soil (Silva et al. 2020). It is essential that measures to 
combat antimicrobial resistance target the interrelationship 



5

Pesq. Vet. Bras. 44:e07387, 2024

Investigation of enterobacteria with zoonotic and multi-resistant potential in exotic parrots kept in a domestic environment

Table 4. Multidrug-resistant (MDR) Enterobacteria isolated from exotic psittacines 
Number of antimicrobial classes Strains Escherichia coli

0 24 (21.8%) 6 (18.1%)
1 30 (27.2%) 12 (36.3%)
2 24 (21.8%) 8 (24.2%)
3 15 (13.6%) 5 (15.1%)
4 6 (5.4%) -
5 6 (5.4%) 2 (6.0%)
6 4 (3.6%) -
7 1 (0.9%) -
8 - -
9 - -

10 - -
TOTAL 110 (100%) 33 (100%)

Table 3. Absolute and relative (%) frequencies of antimicrobial resistance in bacteria isolated from exotic psittacines raised 
in a domestic environment

Bacteria
AMC ATM CRO CLO GEN MER CIP SUT TET TOB ENO FOS

R I R I R I R I R I R I R I R I R I R I R I R I
Escherichia 
coli n(%)

- 2
6

4
12.1

- 3
9

- 1
3

1
3

5
15.1

- - - 3
9

- 4
12.1

1
3

17
51.5

- 12
36.6

- 1
3

2
6

3
9

-

Pantoea 
agglomerans  
n(%)

6
20

- 5
16.6

- 1
3.3

- - 1
3.3

6
20

- - 4
13.3

1
3.3

2
6.6

2
6.6

- 10
33.3

- 9
30

- 2
6.6

2
6.6

10
33.3

1
3.3

Serratia 
rubidaea 
n(%)

3
25

1
8.3

3
25

- 3
25

- 1
8.3

- 1
8.3

- 1
8.3

- 3
25

- - - 3
25

- 2
16.6

- 2
16.6

1
8.3

6
50

1
8.3

Serratia 
liquefaciens 
n(%)

6
54.5

- 1
9

- 2
18.1

2
18.1

1
9

- - - - 3
27.2

3
27.2

- - - 2
18.1

- 5
45.4

- 1
9

2
18.1

5
45.4

-

Hafnia alvei 
n(%)

3
42.8

- 2
28.5

- 1
14.2

- - - 2
28.5

- - 1
14.2

1
14.2

1
14.2

1
14.2

- 2
28.5

- 5
71.4

- - 2
28.5

5
71.4

-

Klebsiella 
pneumoniae 
n(%)

2
40

- - - - - - - 1
20

- - - - - - - - - 2
40

- - 1
20

2
40

-

Cronobacter 
sakazakii 
n(%)

- - 2
50

- - - - - - - - - - - - - 2
50

- - - - - - -

Citrobacter 
freundii 
n(%)

1
50

- 1
50

- 1
50

- - - 1
50

- - - - - 2
100

- - - 1
50

- - 1
50

- 1
50

Serratia 
marcescens 
n(%)

2
100

- 1
50

- 1
50

- - - - - - - - - - - - - 2
100

- 1
50

- 1
50

-

Klebsiella 
oxytoca 
n(%)

- - - - - - - - - - - - - - - - - - - - - - - -

Providencia 
stuartii 
n(%)

1
100

- - - - - - - - - - - - - - - 1
100

- - - - - 1
100

-

Arizona sp.
n(%)

- - - - - - - - - - - - - - - - 1
100

- 1
100

- - - - -

Shigella sp. 
n(%)

- - - - - - - - - - - - - - - - - - - - - - 1
100

-

TOTAL 24
21.8

3
2.7

19
17.2

- 12
10.9

2
1.8

3
2.7

2
1.8

16
14.5

- 1
0.9

8
7.2

11
10

3
2.7

9
8.1

1
0.9

38
34.5

- 39
35.4

- 7
6.3

11
10

35
31.8

3
2.7

AMC = Amoxicillin with clavulanate, ATM = aztreonam, CRO = ceftriaxone, CLO = chloramphenicol, GEN = gentamicin, MER = meropenem, CIP = ciprofloxacin, 
SUT = sulfamethoxazole with trimethoprim, TET = tetracycline, TOB = tobramycin, ENO = enrofloxacin, FOS = fosfomycin, R = resistant, I = intermediate.
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of animals, human beings, and the environment in which they 
live. Thus, understanding this holistic context could help 
formulate policies to mitigate this problem.

The antimicrobial meropenem, a member of the carbapenem 
class, showed the lowest resistance rate (0.9%), which deserves 
to be highlighted. Antimicrobials of this class encompass broad-
spectrum drugs, which are adopted in therapy as a response 
to the spread of resistance mechanisms to conventional beta-
lactams (Brunton et al. 2006). Meropenem is restricted for use 
and administered parenterally in hospital settings (Mendez 
2007). This restriction contributes to the low incidence of 
resistance as judicious prescription and diligent surveillance 
influence the results. Nevertheless, despite exhibiting one 
of the lowest rates, it is important to emphasize that its use 
remains limited.

The emergence of multidrug resistance in Enterobacterales 
makes it difficult to successfully treat possible infections 
caused by these pathogens. It has been well-recognized that 
the avian gut serves as an important reservoir for multidrug-
resistant bacteria (Benskin et al. 2009, Wellington et al. 2013). 
The multidrug resistance rate in this study was 28.9%. Lopes 
et al. (2015) reported a 57.8% multidrug resistance rate in 
samples isolated from trafficked parrots, while Lima (2020) 
observed nine multidrug-resistant strains out of the 117 tested 
strains. Hidasi et al. (2013) reported 40 samples (23.25%) 
with multidrug resistance conditions, which is similar to the 
results of the present study. The widespread overuse and 
abuse of antimicrobials has accelerated multidrug resistance, 
and AMR has become a global problem as new resistance 
mechanisms emerge and spread globally. As a result, the ability 
to treat common infectious diseases is being compromised, 
leading to prolonged illness and death (Lomazzi et al. 2019).

CONCLUSION
A high prevalence of enterobacteria was found in cloacal 
swab samples, even without evident clinical signs. 
Antimicrobial resistance (AMR) has been proven in several 
classes of antimicrobials, highlighting the need for judicious 
administration of these medications to exotic parrots in 
domestic environments. Identifying potentially pathogenic 
bacteria in asymptomatic birds emphasizes the importance 
of awareness and adoption of related hygienic practices. This 
study highlights the relevance of comprehensive approaches 
to mitigating public and animal health risks and the continued 
need for monitoring and research in this area.
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