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The Psittaciformes are among the most popular pets due to their intelligence, ability, and
ease of maintenance in small environments. However, the absence of adequate environmental
stimuli generated by confinement can predispose these animals to characteristic stress
conditions, leaving them susceptible to the triggering of various diseases, among which
those of bacterial origin stand out. The objective of this study was to carry out a survey of
enterobacteria and evaluate the antimicrobial sensitivity profile of bacteria isolated from
parrots from a pet shop in the city of Fortaleza, Ceara. Ninety-six samples were collected
from four pet shops (which were classified as A, B, C and D), eight samples of local swabs
from budgerigar (Melopsittacus undulatus), were collected from each establishment eight
from cockatiels (Nymphicus hollandicus) and eight from lovebirds (Agapornis sp.). Isolation of
enterobacteria is under the methodology used by Lopes et al. (2015) with modifications. The
method used to study bacterial resistance was the Kirby-Bauer method, following the standards
stipulated by the Clinical and Laboratory Standards Institute. Sixty-eight enterobacteria
strains from ten different species, Proteus mirabilis, Citrobacter diversus, Pantoea agglomerans,
Escherichia coli, Providencia stuartii, Hafnia alvei, Proteus vulgaris, Serratia liquefaciens,
Enterobacter sakasakii and Citrobacter amalonaticus, were isolated. P agglomerans was the
bacterium with the highest frequency of isolates from pet shop parrots, making up 23.5% of
the isolates; the second-most isolated strain was P. mirabilis with 17.7%. In this study, 79% of
the isolated strains were resistant to at least one class of antimicrobials tested. Tetracycline
proved to be the most resistant antimicrobial (44%), followed by polymyxin B (38%) and
nalidixic acid (25%). Among the 68 strains, 19% did not show resistance to any of the classes
of antimicrobials tested. The condition of multidrug resistance - resistance to 23 classes of
antimicrobials - was observed in 18% of the isolated strains.

INDEX TERMS: Zoonotic bacteria, antimicrobial resistance, parrot, pet shops, Brazil, birds, bacteria,
antibiotic resistance, wildlife animals.
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animais a quadros caracteristicos de estresse, deixando-os
susceptiveis ao desencadeamento de varias doencgas dentre
elas se destacam as de origem bacteriana. O objetivo desse
trabalho foi realizar uma pesquisa de enterobactérias e avaliar
o perfil de sensibilidade antimicrobiana de bactérias isoladas
de psitacideos de pet shop da cidade de Fortaleza, Ceara.
Foram coletadas 96 amostras de quatro pet shops (os quais
foram classificados em A, B, C e D), sendo coletados de cada
estabelecimento oito amostras de suabes clocais oriundos
de periquitos australianos (Melopsittacus undulatus), oito
de calopsitas (Nymphicus hollandicus) e oito de agapornis
(Agapornis sp.). O isolamento de enterobactérias esta de
acordo com a metodologia utilizada por Lopes et al. (2015)
com modificagdes. O método utilizado para o estudo de
resisténcia bacteriana foi o de Kirby-Bauer, seguindo os padrdes
estipulados pela Clinical and Laboratory Standards Institute.
Foi isolado um total de 68 cepas de enterobactérias, de dez
espécies diferentes, Proteus mirabilis, Citrobacter diversus,
Pantoea agglomerans, Escherichia coli, Providencia stuartii,
Hafnia alvei, Proteus vulgaris, Serratia liquefaciens, Enterobacter
sakasakii e Citrobacter amalonaticus. Pantoea agglomerans
foi a bactéria com maior percentagem de frequéncia dos
isolados de psitacideos de pet shop, perfazendo um total de
23,5% dos isolados, a segunda cepa mais isolada foi Proteus
mirabilis com 17,7%. Neste estudo 79% das cepas isoladas
foram resistentes a pelo menos uma classe de antimicrobianos
testados, tetraciclina demonstrou ser o antimicrobiano com
maior resisténcia (44%), seguido da polimixina B (38%) e
do 4cido nalidixico (25%). Dentre as 68 cepas isoladas, 19%
ndo apresentaram resisténcia a qualquer uma das classes de
antimicrobianos testadas. A condi¢do de multirresisténcia, ou
seja, resisténcia a 23 classes de antimicrobianos foi observado
em 18% das cepas isoladas.

TERMOS DE INDEXACAO: Bactérias zoonéticas, resisténcia
antimicrobiana, psitacideos, pet shops, Brasil, aves, bactérias,
resisténcia a antibioticos, animais selvagens.

INTRODUCTION

Birds of the order Psittaciformes are widespread throughout the
world and comprise more than 350 species distributed in four
families: Psittacidae (African parrots), Psittaculidae (parrots,
macaws and parakeets), Strigopidae (New Zealand parrots)
and Cacatuidae (cockatoos) (Gill & Donsker 2019). Parrots
are currently the most popular pets due to their intelligence,
ability, and ease of maintenance in small environments. Among
the most sought after are the budgerigars (Melopsittacus
undulatus), cockatiels (Nymphicus hollandicus) and parrots
(Amazona aestiva) (Dlugosz et al. 2015).

Several diseases are transmitted from domestic
birds to humans through direct or indirect contact with
sick birds or asymptomatic carriers. Among these diseases,
those of bacterial origin stand out, considered the most
common zoonotic agents (Akhter et al. 2010). Among the
bacteria identified as important avian pathogens related to
management failures in captive birds, those belonging to the
Enterobacteriaceae family stand out (Janda & Abbot 2008).
The most problematic enterobacteria for Psittaciformes are
Escherichia coli, Yersinia spp. and Salmonella spp., hence the
importance of parrots to public health due to their potential
to harbor zoonotic pathogens (Simpson 1996).
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Concerns about antimicrobial resistance are currently
on the rise, in addition to the zoonotic potential of these
enterobacteria (Cunhaetal. 2013, Hidasi et al. 2013, Mekes et
al. 2020, Falagas etal. 2021, Yuan et al. 2021). The widespread
use of antimicrobial drugs, both in the treatment of diseases
and animal production, resulted in selective pressure and
the consequent emergence of multiresistant bacteria (Allen
et al. 2010). Therefore, this study aimed to investigate
enterobacteria from parrots from pet shops in Fortaleza,
Ceara and evaluate the antimicrobial sensitivity profile of
the isolated bacterial strains.

MATERIALS AND METHODS

Sampling. Ninety-six samples were collected from four pet
shops (which were classified as A, B, C and D) located in the city of
Fortaleza/CE, with eight samples of local swabs from budgerigars
(Melopsittacus undulatus), eight from cockatiels (Nymphicus
hollandicus) and eight from lovebirds (Agapornis sp.). The choice
of each establishment was made by convenience (non-probabilistic
sampling), and the selection of each genus of birds was random.

Microbiological processing of enterobacteria. Isolation of
enterobacteria is under the methodology used by Lopes etal. (2015)
with modifications as follows: the samples were placed in 10mL of 1%
Peptone Water (Kasvi®), and after arrival at the “Laboratdrio de Estudos
Ornitoldgicos” (LABEO), they were incubated in a microbiological
incubator for 24h/37°C. Subsequently, 1mL aliquots of each sample
were transferred to selective Selenite Cystine (Kasvi®) and Brain Heart
Infusion (Kasvi®) enrichment broths, respectively. These solutions
were incubated for 24h/37°C. After selective enrichment, each broth
was seeded in two culture media, on Hektoen agar (Himedia®) and
MacConkey agar (Kasvi®), then the plates were incubated for 24h/37°C.
Different colonies were collected on each plate and inoculated into
tubes containing Triple Sugar Iron Agar (Kasvi®). A biochemical
battery consisting of the following means was used to confirm the
enterobacteria: SIM Medium (Himedia®), lysine-decarboxylase (Kasvi®),
ornithine-decarboxylase (Himedia®), MR-VP broth (Himedia®), urea
(Dynamic Formula®), Simmons Citrate agar (Himedia®), arginine
decarboxylase (Exodus Cientifica®), malonate broth (Himedia®),
production of H2S, glucose fermentation (with gas production), lactose
(Merck®), sucrose (Dindmica®), mannitol (Dindmica®), arabinose
(Dindmica®), raffinose (Dindmica®), sucrose (Dindmica®), dulcitol
(Dinamica®), adonitol (Dindmica®), inositol (Sigma®) and sorbitol
(Sigma®) (Holt et al. 1994, Koneman et al. 2008). Suspicious samples
for Salmonella spp. were submitted to the agglutination test using the
polyvalent serum “0” (Probac®), and were later sent to the FIOCRUZ
reference laboratory for serotyping.

Sensitivity profile of enterobacteria (antimicrobial susceptibility
test). The method used to study bacterial resistance was the Kirby-
Bauer method, following the standards stipulated by the Clinical
and Laboratory Standards Institute (CLSI 2017). The following
pharmacological classes were used to analyze the resistance profile
of the isolated strains: 1) Aminoglycosides (streptomycin, 10ug
and gentamicin, 10pg); 2) Sulfonamides (sulfonamide, 300pg and
sulfazotrim (sulfamethoxazole + trimethoprim), 25ug); 3) Beta-lactams
(ampicillin, 10pg and ceftiofur, 30ng); 4) Quinolones (nalidixic acid,
30pg and ciprofloxacin, 5pug); 5) Polymyxins (polymyxin B, 300pg);
6) Tetracyclines (tetracycline, 30pg). Multidrug resistance (MDR)
was considered when the strains were resistant to at least three
classes of antimicrobials (Magiorakos et al. 2012). For this purpose,
the samples were previously retrieved in tubes containing 10mL of
BHI, being placed in a bacteriological incubator for 24 hours at 37°C.
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Subsequently, aliquots of the broth were seeded onto MacConkey agar
plates and again incubated in an oven. Afterward, two to three units
of bacterial colonies present on MacConkey agar were selected and
seeded in 5mL tubes of saline solution. Then, a swab was moistened
in the turbid saline solution and streaked on the surface of a plate
containing Mueller-Hinton agar (Kasvi®), in which the antimicrobial
discs were introduced. The plates were incubated at 37°C for 24h,
and their reading was performed and interpreted according to the
presence or absence of halos surrounding the drug discs, classified
as resistant, intermediate or sensitive.

RESULTS

Bacterial isolation

Ofthe 96 samples collected, 68 enterobacteria strains were
isolated from 10 different species, Proteus mirabilis, Citrobacter
diversus, Pantoea agglomerans, Escherichia coli, Providencia
stuartii, Hafnia alvei, Proteus vulgaris, Serratia liquefaciens,
Enterobacter sakasakii and Citrobacter amalonaticus (Table 1).
In pet shop A, two strains were isolated, one of C. diversus
and one of E. coli. In pet shop B, 45 strains were isolated
with the highest prevalence of P. mirabilis. In pet shop C, 13
enterobacteria were isolated, with P agglomerans being the
most prevalent. In pet shop D, eight strains were isolated
with a higher prevalence of E. coli. In the samples collected
from cockatiels (Nymphicus hollandicus), 72.87% (23/32)
were positive for enterobacteria, with greater isolation of P
agglomerans (21.87%). In the budgerigars (M. undulatus),

65.62% (21/32) were positive for enterobacteria, being the
mostisolated P agglomerans (18.75%); in lovebirds (Agapornis
sp.), 75% (24/32) were positive for enterobacteria with a
higher frequency of isolate P mirabilis (18.75%) (Table 2). P
agglomerans was the bacterium with the highest frequency
of isolates from pet shop parrots, making up 23.5% of the
isolates; the second-most isolated strain was P mirabilis
with 17.7%. For the bacteria Citrobacter amalonaticus and
P vulgaris, only one strain of each bacterium was isolated.

Antimicrobial resistance

Tetracycline proved to be the antimicrobial by which the
strains showed greater resistance with a survival rate of 44%,
followed by polymyxin B (38%) and nalidixic acid (25%).
Among the bacterial species isolated, 50% of the strains of
P agglomerans were resistant to tetracycline. Resistance
to polymyxin B (37%) and streptomycin (31%) was also
observed. P. mirabilis showed high resistance to tetracycline
and polymyxin B, both with 83% resistance. S. liquefaciens
showed resistance to sulfonamide and nalidixic acid, both
with 55% resistance. All strains were sensitive to ceftiofur
(Table 3). Among the 68 strains isolated in this study, 19%
did not show resistance to any of the classes of antimicrobials
tested. The condition of multidrug resistance - resistance to
23 classes of antimicrobials - was observed in 18% of the
isolated strains (Table 4). Intermediate strains were not
observed in the present study.

Table 1. Frequency of bacterial isolates from 96 individual cloacal samples collected from pet shop parrots (A, B, C and D) in

the city of Fortaleza
Isolated bacteria A B C D Total/Percentage

Pantoea agglomerans - 9 5 2 16(23.5%)
Proteus mirabilis - 10 2 12(17.7%)
Serratia liquefaciens - 7 2 9(13.2%)
Citrobacter diversus 1 6 1 9(13.2%)
Escherichia coli 1 2 3 9(13.2%)
Hafnia alvei - 5 1 - 6(8.8%)
Providencia stuartii - 3 - 3(4.4%)
Enterobacter sakasakii - 1 1 - 2(3%)
Citrobacter amalonaticus - 1 - 1(1.5%)
Proteus vulgaris - 1 - 1(1.5%)
TOTAL 2 45 13 8 68(100%)

Table 2. Frequency of bacterial isolates from budgerigars (Melopsittacus undulatus), lovebirds (Agapornis sp.) and cockatiels
(Nymphicus hollandicus)

Isolated bacteria

M. undulatus (n=32)

Agapornis sp. N. hollandicus

(n=32) (n=32)

Pantoea agglomerans 6 (18.75%) 3(9.37%) 7 (21.87%)
Proteus mirabilis 3(9.37%) 6 (18.75%) 3(9.37%)
Serratia liquefaciens 1(3.12%) 4 (12.5%) 4 (12.5%)
Citrobacter diversus 3(9.37%) 5 (15.62%) 1(3.12%)
Escherichia coli 3(9.37%) 2 (6.25%) 4 (12.5%)
Hafnia alvei 1(3.12%) 3(9.37%) 2 (6.25%)
Providencia stuartii 2 (6.25%) 1(3.12%) 0
Enterobacter sakasakii 1(3.12%) 0 1(3.12%)
Citrobacter amalonaticus 1(3.12%) 0 0
Proteus vulgaris 0 0 1(3.12%)
TOTAL 21 (65.62%) 24 (75%) 23 (72.87%)
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4 Adson R. Marques et al.

Table 3. Frequency of antimicrobial resistant enterobacteria tested from samples isolated from pet shop parrots in Fortaleza

Isolated bacteria AMP GEN EST SUL CIP SUT TET CFT POL NAL
Pantoea agglomerans(16) 2 4 - 4 8 - 6 1
Proteus mirabilis(12) - - - - 10 - 10 1
Serratia liquefaciens(9) 1 2 5 1 3 1 5
Citrobacter diversus(9) 3 - - - 2 2 -
Escherichia coli (9) 2 1 2 1 2 2 2 1
Hafniaalvei (6) - - 3 1 2 2 - 5
Providencia stuartii (3)* - 3 - - - 3 3 1
Enterobacter sakasakii (2) - 1 - 1 - - 1 2
Citrobacter amalonaticus (1) - 1 1 1 - - 1 1
Proteus vulgaris (1) - - - - 1 - 1 -
TOTAL (68) 8 7 12 16 3 12 30 - 25 17

AMP = ampicillin, GEN = gentamicin, EST = streptomycin, SUL = sulfonamide, CIP = ciprofloxacin, SUT = sulfamethoxazole+trimethoprim, TET = tetracycline,
CFT = ceftiofur, POL = polymyxin B, NAL = nalidixic acid; * Providencia stuartii intrinsic resistance to gentamicin.

Table 4. Multidrug-resistant enterobacteria (MDR) isolated
from pet shop parrots
Number of antibiotic classes

Number of resistant strains (%)

0 13 (19%)
1 18 (26%)
2 24 (35%)
3 6 (9%)
4 5(7%)
5 1(1%)
6 1(1%)
Total 68 (100%)

DISCUSSION

The absence of Salmonella spp. has been reported in several
recent Brazilian studies on birds raised in captivity, with
little or no detection of this bacterium in apparently healthy
birds (Horn etal. 2015, Lopes etal. 2015). Gopee et al. (2000)
mention that free-living birds are identified as potential
carriers of pathogens to the interior of animal herds but that
the frequency of Salmonella spp. in captive birds is relatively
low compared to mammals and reptiles.

According to the study by Dlugosz et al. (2015), Salmonella
spp. was also not isolated in 86 fecal samples of cockatiels
keptin a domestic environment in the metropolitan region of
Curitiba. In Cear3, aresearch was carried out with budgerigars
and cockatiels from the domestic environment, not being
isolated Salmonella spp. (Bezerra et al. 2013, Lima 2016).
Retrospective studies reinforce the difficulty in isolating the
agent in these species. As for lovebirds, there is no specific
research in Brazil for this species.

Ofthe 96 samples collected in that study, 68 were positive
(70%) for bacterial growth, which corroborates the research by
Lopesetal. (2015), who found the presence of enterobacteria
inabout 71% of the 167 parrots investigated. These findings
indicate that the rate of isolation of enterobacteria in cloacal
samples of parrots occurs at a high level. As the birds were
healthy, it can be assumed that these microorganisms are
occurring in equilibrium with the intestinal microbiota
without causing any apparent clinical disease.

The most isolated microorganism in this study was
Pantoea agglomerans, a bacterium commonly found in the
environment, which is rarely responsible for infections in
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humans, although it is often a causative factor of a series
of occupational diseases (Bliyiikcam et al. 2018). The most
common P, agglomerans infections in humans involved wound
infections (35.7%), pneumonia (21.4%) and urinary tract
infections (21.4%) (Buytkcam et al. 2018). P agglomerans
has been identified as a possible cause of disease in vertebrate
animals, but compared to humans, there are only a few reports
of infections in this group (Dutkiewicz et al. 2016). Commonly
found in nature, especially in plants, water; soil, and animals
(Delétoile et al. 2009), this bacterium has also been isolated
in clinically healthy poultry, being the most isolated in that
study, with 25% positivity (Beleza et al. 2019).

The second most isolated microorganism belongs to the
Proteus mirabilis species. It is considered an opportunistic
microorganism that can cause disorders in the upper respiratory
system and pododermatitis, associated with infections in
wild birds (Olinda et al. 2012). P mirabilis is the second most
common cause of urinary tract infections in humans after
Escherichia coli (Pishbin & Mehrabian 2020).

According to Fudge (2001), Serratia spp. cause opportunistic
infections in mammals, including humans. Although this
microorganism is not part of the physiological microbiota of
parrots and predators, the association of Serratia spp. with
the disease in these species, what can occur is an impairment
of the general status of the bird.

In the present study, nine strains of E. coli were isolated,
representing 13% positivity. The percentage of isolation of
E.coliis below the average of researches carried out with captive
parrots in Brazil. Hidasi et al. (2013) obtained 33.9% isolation,
Lopes etal. (2015) 46.5% and Lima (2020) 73.1%. The low
isolation index may be associated with several factors, such
as using antimicrobials as growth promoters, among others.

E. coli is part of the microbiota of apparently healthy
birds. However, some strains with virulence genes can
cause severe disease in both birds and humans, and under
immunodeficiency conditions, it can be a potential causative
agent of secondary infections. The maintenance of parrots in
the domestic environment contributes to the conservation of
the species, but the captive environment can favor intestinal
colonization by enterobacteria (Knobl et al. 2017).

There was the lowest percentage of isolated strains with
3% in pet shop A, and pet shop B had the highest isolation
rate with 66%. Several factors can be related to a high rate
of isolation of enterobacteria, poor management of the
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environment or animals, incorrect hygiene of feeders and
drinkers, prophylactic antibiotic therapy, contact with free-
range birds, breeding with different species and excess of
individuals per cage, which may predispose to stress and
subsequent low immunity.

In the studies carried out by Machado et al. (2018) and
Teixeira (2019), there was high sensitivity to ceftiofur in the
antimicrobial sensitivity test, results similar to those found
in this research. However, other studies demonstrate a high
rate of resistance to ceftiofur, Matias etal. (2016) had 71.67%
resistance to the antimicrobial mentioned above.

The increase in antimicrobial resistance rates in the
Enterobacteriaceae family significantly reduces the number
of effective medications that can be used to treat infections
caused by these pathogens (Falagas et al. 2010). In this study,
79% of the isolated strains were resistant to atleast one class
of antimicrobials tested.

In the study by Lima (2016), the highest rates of antimicrobial
resistance of enterobacteria isolated from captive parrots
were sulfonamide (54.4%), followed by amoxicillin (20.2%)
and tetracycline (17.7%). In research on parrots, studies
that assess the antimicrobial sensitivity of members of the
Enterobacteriaceae family are not uniform (Lopes etal. 2015,
Matias et al. 2016, Teixeira 2019, Lima 2020).

The high resistance rates for the isolated bacteria suggest
greater caution in the use of these drugs. Lopes et al. (2015)
evaluated enterobacteria isolates from trafficking parrots and
detected an antimicrobial resistance rate for tetracycline of
48.7%. In this study, tetracycline proved to be the antimicrobial
to which the strains were more resistant (44%) when compared
to other antimicrobials, followed by polymyxin B (38%) and
nalidixic acid (25%). Hidasi et al. (2013), when analyzing
parrots from Cetas/GO, detected 64.5% resistance rates for
tetracycline, which denotes the importance of resistance to
this antimicrobial in terms of therapies to combat bacteria
belonging to the Enterobacteriaceae family.

Studies of resistance to tetracyclines naturally occurring
in autochthonous environmental bacteria, representative of
populations existing before the extensive use of tetracyclines,
support the view that the emergence of resistance is an event
that followed the introduction of these agents in human,
veterinary and agroindustry use (Roberts 2005). Tetracycline
is one of the main antimicrobials used in the treatment of
bacterial diseases in birds. Today there are several specific
commercial formulations for birds, powder solutions, liquids,
and formulations for parenteral administration. The lack of
control in the distribution and sale of this drug in veterinary
stores and its indiscriminate use by the population may
aggravate the emergence of resistant enteropathogens, as
observed in the present study.

Among the bacterial species studied, 50% of the strains of
P.agglomerans were resistant to tetracycline. In other studies
thatisolated P agglomerans, they obtained different resistance
patterns, with the highest rates being for ampicillin (52.2%)
and sulfonamides (34.8%) (Lopes et al. 2015).

The multidrug resistance rate in this study was 18%.
Lopes et al. (2015) had 57.8% of multidrug resistance in
isolated samples of parrots from trafficking, while Lima (2020)
observed a total of nine multidrug-resistant strains of the 117
strains tested. Hidasi et al. (2013) had 40 samples (23.25%)
in multi-resistance conditions. The findings in this research

and data in the literature does not suggest a pattern for the
multi-resistance condition, a factor that may be related to
the use of different antimicrobials in that group of birds in
that particular region.

Although enterobacteria with a high rate of antimicrobial
multi-resistance have not been evidenced, the presence of
resistant strains, including more than one antimicrobial,
becomes a problem. There is the possibility of developing
multiresistant strains with the transfer of resistance genes
to other bacterial species. This scenario is likely to trigger
an epidemiological picture of dissemination to keepers and
other animals from the same domestic environment.

CONCLUSIONS

It was found that budgerigars (Melopsittacus undulatus),
cockatiels (Nymphicus hollandicus) and lovebirds (Agapornis
sp.) from pet shops harbor bacteria potentially pathogenic to
other animals, including humans. Pantoea agglomerans were
the most isolated bacterium in clinically healthy parrots, an
opportunistic pathogen that can cause diseases in birds and
humans under certain conditions.

Tetracycline proved to be the antimicrobial by which the
strains showed greater resistance when compared to other
antimicrobials. The indiscriminate use of tetracyclines in
veterinary trades and clinics has triggered accelerated and
aggressive resistance to these antimicrobials. Therefore,
monitoring the use and consumption of antimicrobials in pet
birds must be reinforced and adhered to by veterinarians and
pharmaceutical industries.

The intelligent use of antimicrobials in clinical routine
and animal production is still the best way to prevent the
increase and spread of bacterial resistance. The collection
of this information, innovative research, and exchange of
information between universities, research centers, and
health professionals are essential to suppress the effects
of bacterial multi-resistance and its consequences on the
population health.

Therefore, it is essential to routinely microbiological
monitoring of birds in these breeding sites so that, through
isolation, bacterial identification and antimicrobial susceptibility
testing, an adequate antibiotic therapy program can be
instituted and appropriate adjustments in the management
of these birds.
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