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RESUMO.- [Detecção de enterobactérias, sensibilidade 
antimicrobiana e genes de virulência de Escherichia 
coli em canários belgas (Serinus canaria) da região 
Nordeste do Brasil.] O objetivo deste trabalho foi verificar 
a presença de enterobactérias e determinar o perfil de 
sensibilidade aos antimicrobianos dos isolados oriundos de 
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F.C. & Teixeira R.S.C. 2019. Detection of Enterobacteriaceae, antimicrobial susceptibility, 
and virulence genes of Escherichia coli in canaries (Serinus canaria) in northeastern 
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This study aimed to verify the presence of members from the Enterobacteriaceae family and 
determine antimicrobial susceptibility profiles of the isolates in canaries bred in northeastern 
Brazil; in addition, the presence of diarrheagenic Escherichia coli (DEC) and avian pathogenic 
Escherichia coli (APEC) was also verified in these birds. Samples were collected during an 
exhibition organized by the Brazilian Ornithological Federation in July 2015 in Fortaleza, 
Brazil. A total of 88 fecal samples were collected and submitted to pre-enrichment step 
using buffered peptone water, followed by enrichment with the following broths: brain-heart 
infusion, Rappaport-Vassiliadis, and Selenite-Cystine. Subsequently, aliquots were streaked 
on MacConkey, brilliant green and salmonella-shigella agar plates. Colonies were selected 
according to morphological characteristics and submitted to biochemical identification 
and antimicrobial susceptibility tests with disk-diffusion technique. E. coli strains were 
evaluated for the presence of eight DEC genes and five APEC genes through conventional 
polymerase chain reaction (PCR) screening. The most frequent species observed were 
Pantoea agglomerans (25%), Serratia liquefaciens (12.5%), and Enterobacter aerogenes 
(9.1%). A single rough strain of Salmonella enterica subsp. enterica was identified in one 
sample (1.1%). High resistance rates to amoxicillin (78.7%) and ampicillin (75.4%) were 
identified. Polymyxin B (9.8%), gentamycin (6.6%), and enrofloxacin (6.6%) were the most 
efficient antibiotics. The total number of multidrug-resistant strains (isolates resistant to 
more than three antimicrobial classes) was 23 (37.7%). Four E. coli strains were tested for 
the virulence genes, and two were positive for APEC virulence genes: one strain was positive 
for iutA and the other for hlyF. In conclusion, canaries in northeastern Brazil participating 
in exhibitions may present Salmonella spp., Escherichia coli and other enterobacteria in the 
intestinal microbiota with antimicrobial resistance. These results indicate that, although the 
E. coli strains recovered from canaries in this study have some virulence genes, they still do 
not fulfill all the requirements to be considered APEC.
INDEX TERMS: Enterobacteriaceae, antimicrobial susceptibility, virulence genes, Escherichia coli, canaries, 
Serinus canaria, northeastern Brazil, antibiogram, diarrheagenic, APEC, Belgian canaries, bacterioses.
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canários belgas criados em cativeiro do Nordeste do Brasil, 
adicionalmente verificou-se a presença de Escherichia coli 
diarreiogênicas (DEC) e E. coli patogênica aviária (APEC) 
nesses animais. A colheita das amostras ocorreu durante 
uma exposição de canários belgas organizada pela Federação 
Ornitológica do Brasil (FOB), em julho de 2015, na cidade 
de Fortaleza, Ceará, Brasil. Um total de 88 amostras de 
fezes foram coletadas e submetidas a pré-enriquecimento 
utilizando água peptonada, caldo de enriquecimento Brain 
Heart Infusion, Rappaport‑Vassiliadis e Selenito-Cistina. 
Fez‑se triagem em placas de ágar MacConkey, Verde Brilhante 
e ágar Salmonella Shigella. As colônias foram selecionadas 
e submetidas à identificação bioquímica e susceptibilidade 
antimicrobiana. Estirpes de Escherichia coli foram avaliadas 
quanto a presença de 8 genes de virulência de DEC e cinco 
de APEC por reação em cadeia da polimerase convencional 
(PCR). As enterobactérias encontradas com maior frequência 
foram Pantoea agglomerans (25%), Serratia liquefaciens 
(12,5%) e Enterobacter aerogenes (9,1%). Uma única estirpe 
de Salmonella enterica subsp. enterica (rugosa) esteve presente 
em um dos isolados (1,1%). Altos percentuais de resistência 
foram encontrados para dois antibióticos: amoxicilina (78,7%) 
e ampicilina (75,4%). Polimixina B (9,8%), gentamicina (6,8%) 
e enrofloxacina (6,5%) foram os antibióticos com melhor 
eficiência. O total de estirpes multirresistentes (a  mais de 
três classes de antimicrobianos) foi de 23 (37,7%). Das quatro 
estirpes de E. coli isoladas, duas foram positivas para os genes 
de APEC, sendo uma estipe para o gene iss e outra para os 
genes iutA e hlyF. Portanto, canários belgas criados em cativeiro 
no Brasil que participam de exposições podem apresentar 
Salmonella spp., Escherichia coli e outras enterobactérias em 
sua microbiota intestinal com resistência antimicrobiana. 
Estes resultados indicam que as estirpes de E. coli isoladas 
de canário belga no presente estudo apresentam alguns, mas 
não todos, genes de virulência para serem caracterizadas 
como E. coli patogênica para aves (APEC).

TERMOS DE INDEXAÇÃO: Enterobactérias, sensibilidade antimicrobiana, 
genes de virulência, Escherichia coli, antibiograma, diarreiogênica, 
APEC, canários belgas, Serinus canaria, bacterioses.

INTRODUCTION
Currently, the Belgian canary (Serinus canaria), order 
Passeriformes, family Fringillidae, is one of the birds most 
sought by breeders worldwide, esteemed for its smooth and 
harmonious singing and beautiful colors, as well as for being 
very docile and of easy, low-cost maintenance (Mantel 2005, 
Arnaiz-Villena et al. 2012). The legal breeding of birds can serve 
as an important mechanism in environmental conservation 
and protection (Camargo  et  al. 2010); therefore, canary 
breeding, in addition to being a hobby, can be an activity that 
discourages the illegal search for wild birds.

Infections caused by bacteria of the family Enterobacteriaceae 
are common in birds of the Passeriformes order; however, they 
are considered secondary, and the presence of predisposing 
factors is necessary to trigger diseases in birds (Guimarães 
2007). Several pathogens belonging to the Fringillidae family 
have been reported causing different diseases in birds (canaries, 
chaffinches, common linnets, goldfinches, greenfinches, 
red crossbills), namely, Escherichia coli, Salmonella spp., 

Citrobacter sp., Yersinia pseudotuberculosis, and Klebsiella spp. 
(Macwhirter 1994, Dorrestein 1997, 2009, Guimarães 2007).

Escherichia coli is a commensal bacterium commonly found 
in the intestinal microbiota of homeothermic animals. However, 
pathogenic strains of this species are capable of causing 
intestinal and extraintestinal diseases in humans, mammals, 
and birds, resulting in significant economic losses to breeders 
and serious public health problems (Koneman et al. 2001, 
Kaper et al. 2004, Croxen & Finlay 2010, Bélanger et al. 2011). 
Studies addressing bacterial strains that cause septicemia in 
humans and birds have demonstrated that the genome can 
show a wide variety due to the presence of plasmids, phages, 
and mobile elements, thus the occurrence of these elements 
in pathogens such as E. coli is common (Mokady et al. 2005). 
In addition, similar virulence factors have been commonly 
described in strains of E. coli isolated in humans and in avian 
pathogenic E. coli (APEC), thus demonstrating their zoonotic 
potential (Ewers et al. 2007, Moulin-Schouleur et al. 2007, 
Smith et al. 2007, Tivendale et al. 2010, Bélanger et al. 2011).

Salmonellosis is an important bacterial disease in canaries 
and other birds raised as pets (Harrington Junior et al. 1975, 
Herikstad et al. 2002). This disease is caused by bacteria of the 
genus Salmonella, a pathogen known for its zoonotic potential, 
which can lead to high mortality (Kanashiro et al. 2002, Soncini 
2002). Infection usually develops asymptomatically, and the 
birds become subclinical hosts, continuously or intermittently 
eliminating the agent in their feces (Flammer 1999). Knowledge 
about the occurrence and distribution of Salmonella spp. in 
domestic and wild animals is essential to list possible hosts 
that may be responsible for the transmission of this agent 
(D’aout et al. 2001).

There are few scientific studies addressing Enterobacteriaceae 
in birds of the Passeriformes order bred in captivity in the 
literature, with most of the research focusing on the poultry 
industry. There is also lack of available information on the 
epidemiological role of canaries kept as pets regarding the 
epidemiology of E. coli, Salmonella spp. and other enterobacteria, 
and their susceptibility/antibacterial resistance profiles. In this 
context, this study aims to verify the presence of members of 
the Enterobacteriaceae family, determine the antimicrobial 
susceptibility profile of the isolates from Belgian canaries 
(Serinus canaria) bred in captivity in northeastern Brazil, 
and analyze the presence of strains of diarrheagenic E. coli 
(DEC) and avian pathogenic E. coli (APEC).

MATERIALS AND METHODS
Sampling. Fecal samples of Belgian canaries (Serinus canaria), 

bred for the purpose of exhibition of type or color, collected from 
the bottom of cages were used in this study. The canaries, which 
belonged to 44 breeders from several states of northeastern Brazil 
(Alagoas, Bahia, Ceará, Maranhão, Piauí, Paraíba, Pernambuco, Rio 
Grande do Norte, and Sergipe), were competing in a bird show. 
The  event was attended by 1448 birds (1255 and 193 canaries 
competing for type and color, respectively) that were individually 
housed in cages (32cm long, 22cm wide, 21cm high). The cages were 
made of stainless steel, equipped with suitable perches, and easy 
to clean. The birds were fed a mixture of seeds (birdseed, millet, 
turnip) and water ad libitum. The bottom of the cages was coated 
with white sulfite paper sheets, which were removed daily along with 
the birds’ feces and overlapped feed. Feed and water were changed 
and their containers were cleaned daily. Microbiological analysis 
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was performed using material obtained from 440 different cages of 
canaries participating in the exhibition. One paper sheet containing 
canary feces was collected from each of the cages. They were then 
packed in sterile plastic bags and sent in isothermal boxes containing 
recyclable ice to the Laboratory of Ornithological Studies, College of 
Veterinary Medicine (LABEO-FAVET), at the State University of Ceará 
(UECE) for further processing. From each white sulfite paper sheet, 
2g of feces were collected for microbiological analysis. Each sample 
was defined as a pool of biological material (feces) from the bottom 
of five cages of the same breeder. Thus, a total of 88 samples were 
submitted to microbiological analysis, and each breeder provided 
sufficient material for the investigation of two samples.

Microbiological processing of Enterobacteriaceae. The 
methodology described in Sousa  et  al. (2010) was used for the 
isolation of enteropathogens. Upon arrival at the laboratory, the 
feces were processed in stages in which the temperature and 
incubation time of the samples in the oven were standardized at 
37°C for 24 hours. In the first stage, the feces from each sample 
were collected using a spatula, conditioned in 10mL of 1% buffered 
peptone water, and then incubated. Subsequently, aliquots were 
transferred to enrichment broths: 1mL to Brain-heart Infusion (BHI) 
and Selenite-Cystine (SC) and 0.1mL to Rappaport-Vassiliadis (RV), 
respectively. After incubation, they were streaked on brilliant green 
(BG), Salmonella-Shigella (SS) and/or MacConkey (MC) agar plates, 
and then reincubated.

Distinct colonies were collected from the plates and inoculated 
into tubes containing Triple-sugar-iron (TSI) agar, Lysine iron (LIA) 
agar, and Sulfide-indole-motility (SIM) medium. After the incubation 
period, the following biochemical tests were applied for confirmation 
of enterobacteria: lysine decarboxylation, ornithine descarboxylation, 
methyl red, urea, Simmons citrate, arginine decarboxylase, malonate, 
Voges-Proskauer, carbohydrates fermentation, lactose, sucrose, 
mannitol,, arabinose, raffinose, dulcitol, adonitol, inositol, and sorbitol 
(Holt & Bergey 1994, Koneman et al. 2012). Samples suspected for 
Salmonella spp. were submitted to the rapid serum agglutination 
test using a polyvalent ‘O’ (somatic) antiserum. For confirmation of 
suspicious samples, isolates were stored in nutrient agar and sent 
to a reference laboratory (Fiocruz) for serotyping.

Sensitivity profile of Enterobacteriaceae (antimicrobial 
susceptibility test). Enterobacteriaceae isolates were submitted to 
the Kirby-Bauer disc diffusion method, and the zones of inhibition 
were read according to the standards of the Clinical and Laboratory 
Standards Institute-CLSI (2014). After streaking the solution 
(sample), disks with the antibiotics were equally distributed on 
a plate containing Müller-Hinton agar, and the zones of inhibition 
were measured after incubation at 37°C for 24h. Antibiotics of the 
following pharmacological classes at the following concentrations 
were tested: 1) Aminoglycosides (neomycin, 30μg; streptomycin, 
10μg and gentamicin, 10μg); 2) Sulfonamide (sulfonamide, 300μg 
and sulfazotrim (sulfamethoxazole + trimethoprim), 25μg); 3) Beta 
lactam (ampicillin, 10μg and amoxicillin, 3μg); 4) Quinolone (nalidixic 
acid, 30μg); 5) Polymyxin (polimixin B, 300μg); 6) Chloramphenicol 
(chloramphenicol, 30μg); 7) Fluorquinolones (Enrofloxacin, 5μg); 
8) Tetracycline (tetracycline, 30μg). For this test, the ATCC 25922 
Escherichia coli strain was used as control. Multidrug resistance 
(MDR) was considered when the strains were resistant to at least 
three classes of antimicrobials (Magiorakos et al. 2012).

Detection of diarrheagenic Escherichia coli (DEC) and avian 
pathogenic Escherichia coli (APEC). For molecular analysis, the 
isolated E. coli strains that were maintained in nutrient agar were 
reactivated in BHI broth, incubated at 37°C for 24 hours, and streaked 

on MacConkey agar to confirm purity of strain. Two to three colonies 
were collected from each plate, placed in tubes containing 1mL of 
0.5% Triton X-100, vortexed for 15s, and boiled for 20min at 94°C. 
The tubes were then centrifuged at 10.000rpm for 10min at 4°C. 
The supernatant containing DNA was quantified by spectrophotometry 
using a NanoDrop Spectrophotometer 2000 (Thermo Scientific, 
Wilmington, USA). For the molecular diagnosis of DEC, the DNA 
samples were submitted to polymerase chain reaction (PCR) 
screening. The presence of eight virulence genes from five pathotypes 
were assessed as follows: genes stx1 (348pb) and stx2 (584pb) for 
identification of Shiga-Toxina-producing Escherichia coli (STEC); 
eltB (508 pb) and estA (147 pb) for enterotoxigenic E. coli (ETEC); 
eaeA (881 pb) for enteropathogenic E. coli (EPEC); ipaH (483 pb) for 
enteroinvasive E. coli (EIEC); aatA (630 pb) and aaiC (215 pb) for 
enteroaggregative E. coli (EAEC) (Taniuchi et al. 2012). The strains 
EAEC 042, EHEC O157: H7, EIEC O124, EPEC 2348/69, and ETEC 
H10407 were used as positive controls for the reactions. The strains 
were also submitted to detection of five minimal predictors of APEC 
virulence genes: iroN (Salmochelin receptor), iss (serum resistant), 
hlyF (toxin encoding), ompT (episome-encoded outer membrane 
protease), and iutA (ferric aerobactin receptor). Although there 
is no consensus in the scientific literature on which genes would 
define an APEC strain, the findings of Johnson et al. (2008) were 
used in this study, which showed that APEC isolates obtained from 
organs with lesions of birds clinically diagnosed with colibacillosis 
had, on average, four of the five genes considered predictive for this 
pathotype. DNA extraction was performed using the boiling method 
(Lima et al. 2013). PCR screening was performed using a GoTaqGreen 
kit (Promega) and 0.2uM primers in a MyCycler™ Thermal Cycler 
(Biorad, CA, USA) system according to the following protocol: 95°C 
for 15min; 40 cycles at 95°C for 30s, 57°C for 30s and 72°C for 1 min, 
followed by 72°C for 10min. The amplified products were submitted 
to agarose gel electrophoresis, stained with 2% ethidium bromide, 
and photographed using the ChemicDoc™ XRS 112 (Biorad, CA, USA) 
transilluminator system.

RESULTS
Isolated bacteria. Of the 88 fecal samples investigated, 

40 were negative for Enterobacteriaceae (45.4%). The studied 
microorganisms tested positive in 48 cases (54.5%); however, 
it is worth noting that, in some of the samples, more than 
one bacterial species was detected, which resulted in a total 
of 61  isolates. Pantoea agglomerans was the bacterium 
with the highest frequency of isolation (22/61) with 25%, 
followed by Serratia liquefaciens (11/61) with 12.5%, and 
Enterobacter aerogenes (8/61) with 9.1%. The least frequently 
isolated pathogens were Enterobacter cloacae (5/61) with 5.7%, 
Encherichia coli (4/61) with 4.5%, Hafnia alvei (3/61) and 
Cronobacter sakazakii (3/61) with 3.4% each, Serratia rubidae 
(2/61) with 2.3%, Salmonella enterica subsp. enterica (rough) 
(1/61), Shigella sonnei (1/61), and Klebsiella pneumoniae 
(1/61) with 1.1% each (Table 1).

Antimicrobial resistance. Table 2 shows the results of the 
antimicrobial susceptibility test. The antibiotics that showed 
the best efficiency were polimixin B (9.8%), gentamicin 
(6.6%), and enrofloxacin (6.6%), and those to which the total 
bacterial isolates showed greater resistance were amoxicillin 
(78.7%), ampicillin (75.4%), streptomycin (45.9%), and 
sulfonamides (42.6%). Results of the 22 Pantoea agglomerans 
isolated strains showed that higher frequency of bacterial 
resistance occurred in relation to amoxicillin (n=18), ampicillin 
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(n=16), and sulfonamides (n=4). Among the other three most 
frequently occurring bacterial species (Serratia liquefaciens, 
Enterobacter aerogenes, and Enterobacter cloacae, respectively), 
high absolute frequency of amoxicillin-resistant strains was 
also observed. Among the four Escherichia coli isolated strains, 
the highest frequency of resistant bacteria was observed when 
streptomycin (n=3) was tested; for other antibiotics, resistance 
frequency did not exceed one occurrence. The only Salmonella 
enterica subsp. enterica (rough) strain isolated was resistant 
to amoxicillin and streptomycin. Among the 61 strains isolated 
in this study, only seven (11.5%) showed no resistance to 
any of the classes of antibiotics tested. Twenty-three strains 
(37.7%) showed resistance to ≥3 antibiotic classes, that is, 
MDR condition. Occurrence of resistance to all 12 antibiotics 
tested was observed in only one isolate (1.6%) (Table  3), 
belonging to the Enterobacter aerogenes species.

Detection of diarrheagenic Escherichia coli (DEC) 
and avian pathogenic Escherichia coli (APEC). The 
four Escherichia coli strains isolated and screened by the 
PCR technique tested negative for all genes characteristic of 

DEC pathotypes. Regarding the search of APEC genes, only 
two isolates were positive: one detected for the iss gene and 
another for the iutA and hlyF genes. In this search, it was 
verified that one isolate was presented with the iss gene and 
the other strain contained the iutA and hlyF genes; the other 
two cases were negative. Therefore, the APEC pathotype was 
not identified in this search.

DISCUSSION
Results of the present study showed that Belgian canaries host 
different bacterial species of the family Enterobacteriaceae 
that have commonly been reported in several scientific studies. 
Conzo et al. (1998) isolated and identified Klebsiella pneumoniae, 
Pantoae agglomerans, Enterobacter cloacae, among other species 
of bacteria in a survey of Enterobacteriaceae conducted with 
Belgian canaries raised in nurseries in Naples, southern Italy. 
Horn et al. (2015) detected Escherichia coli, Enterobacter spp., 
Klebsiella spp., Pantoea agglomerans, and Serratia spp. in 
cloacal swabs of Belgian canaries from breeders in the region 
of Fortaleza, Ceará state, Brazil. Giacopello  et  al. (2015) 
reported the occurrence of gram-negative bacteria such as 
Escherichia coli, Enterobacter cloacae, Cronobacter sakazakii, 
Pantoea agglomerans, among other species, in feces of canaries 
with signs of diseases originating from aviaries of amateur 
breeders in Sicily, southern Italy.

Pantoea agglomerans was the most prevalent enterobacterium 
in the present study. This bacterium has also been reported in 
other species of healthy birds kept in captivity (Santos et al. 2010). 
Despite being generally considered a microorganism harmless 
to the health of birds, in some circumstances, its presence can 
be harmful. Gerlach (1994) clarified that the birds are likely 
to be infected with this bacterium through consumption of 
seeds, and that feed containing a high concentration of this 
microorganism is considered toxic. Conzo et al. (1998) listed 
this pathogen as one among other isolated Enterobacteriaceae 
responsible for the mortality of offspring and embryos of 
Belgian canaries. According to Kirzinger et al. (2015), another 
aspect worth highlighting with respect to this bacterial species 

Table 1. Absolute and relative frequencies of 
Enterobacteriaceae isolated from fecal samples of Belgian 

canaries (Serinus canaria)

Bacterium n %
Pantoea agglomerans 22 25
Serratia liquefaciens 11 12.5
Enterobacter aerogenes 8 9.1
Enterobacter cloacae 5 5.7
Escherichia coli 4 4.5
Hafnia alvei 3 3.4
Cronobacter sakazakii 3 3.4
Serratia rubidaea 2 2.3
Salmonella enterica subsp. enterica (rough) 1 1.1
Shiguella sonnei 1 1.1
Klebsiella pneumoniae 1 1.1

Table 2. Absolute frequency of Enterobacteriaceae isolated from Belgian canaries (Serinus canaria) resistant to antibiotics

Bacterium (total number of 
isolates) AMO AMP NAL TET CLO GEN SUL POL NEO ENR SUT STR

Pantoea agglomerans (22) 18 16 4 1 1 2 9 1 5 1 1 8
Serratia liquefaciens (11) 10 10 5 3 2 - 5 3 5 - 2 5
Enterobacter aerogenes (8) 8 8 IR 5 3 3 1 4 1 3 1 4 3
Enterobacter cloacae (5) 5 4 IR - - - - 3 - - - - 4
Escherichia coli (4) 1 1 1 1 - - 1 - - 1 1 3
Hafnia alvei (3) 1 1IR - - - 1 1 - 1 - - 1
Cronobacter sakazakii (3) 2 3 2 1 1 - 2 - 1 1 1 2
Serraria rubidaea (2) 2 2 - - 1 - 1 1 - - 1 1
Salmonella enterica* (1) 1 - - - - - - - - - - 1
Shigella sonnei (1) - - - - - - - - - - - -
Klebsiella pneumoniae (1) 1 1IR - - - - - - - - - -
Total number of 
Enterobacteriaceae (61)

49 46 17 9 8 4 26 6 15 4 10 28

*Salmonella enterica subsp. enterica (rough), IR intrinsic resistance; AMO = Amoxicillin, AMP = ampicillin, NAL = nalidixic acid, TET = tetracycline, 
CLO = chloramphenicol, GEN = gentamicin, SUL = sulfonamides, POL = polymyxin B, NEO, neomycin, ENR = enrofloxacin, SUT = sulfazotrim 
(sulfamethoxazole + trimethoprim), STR = streptomycin.
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is that P.  agglomerans performs important exchanges of 
pathogenicity-determining genetic materials in the colonization 
of the host with other members of the Enterobacteriaceae 
family, including species pathogenic to humans.

Serratia liquefaciens was the second most frequently 
isolated bacterium in this study. In the Passeriformes order, 
this bacterial species has previously been isolated from 
cloacal swabs of saffron finch (Sicalis flaveola) seized from 
illegal trade in the city of São Paulo, Brazil (Davies et al. 2016). 
In a study addressing enterobacteria in cardinals (Paroaria 
dominicana and Paroaria coronata) seized from illegal trade 
in Sao Paulo, Cunha et al. (2016) isolated this bacterial species 
from cloacal swabs. In both studies, the authors did not 
describe whether the birds were ill. Fudge (2001) reported 
that it is not common for this genus to cause disease, but 
that it can affect immunocompromised birds. In humans, 
this microorganism has been reported to cause popliteal 
artery aneurysm infection that had been previously healed 
in patients (Coelho et al.  2016), as well as urinary infections 
(Menezes et al. 2004).

Enterobacter aerogenes and Enterobacter cloacae are 
bacteria commonly isolated in clinically healthy birds; 
however, they may also cause primary or secondary infections 
in immunocompromised birds, and may act concurrently 
with parasites, viruses, or fungi (Fudge 2001, Joseph 2003). 
Gharieb  et  al. (2013) investigated bacteria in wild birds 
from various locations in Egypt and isolated E. aerogenes 
and E.   cloacae. In humans, E. aerogenes and E. cloacae 
have been reported in hospitals as important opportunistic 
pathogens, causing sepsis in neonates (Akindolire et al. 2016, 
Köse et al. 2016, Boulos et al. 2017), nosocomial infection 
(Oliva-Menacho  et  al.  2016), and septicemia in health 
professionals (Jha et al. 2016).

In this study, only one sample tested positive for bacteria 
of the genus Salmonella, and it was not possible to identify 
the serotype, only of the subspecies enterica (rough). 
According to Dorrestein & Vet Pathol (2003), this pathogen 
can cause high mortality in canaries; however, the birds from 
which the samples were collected showed no symptoms of 
salmonellosis. In Brazil, there are no published scientific 
reports showing positivity for Salmonella sp. in fecal samples 
or cloacal swabs from captive Belgian canaries. In free-living 

birds of the Passeriformes order, Dias et al. (2014) isolated 
Salmonella enterica in saffron finch (Sicalis flaveola) and in 
chestnut-capped blackbird (Chrysomus ruficapillus) captured near 
rice fields in southern Rio Grande do Sul state, Brazil. Previous 
studies conducted with Belgian canaries bred in captivity in 
other countries have also isolated this bacterial genus, with 
serotype Typhimurium as the most prevalent (Harrington 
Junior et al. 1975, Raidal 1998, Sánchez-Cordón et al. 2007, 
Madadgar et al. 2009, Giacopello et al. 2015), and obtained 
low frequency of isolation, corroborating the findings of the 
present study.

In the present study, 4.5% (4/88) of the isolated samples 
were Escherichia coli strains. Similar results were found by 
Horn et al. (2015), who observed 3.6% positivity in samples 
from apparently healthy Belgian canaries, but from cloacal 
swabs. In contrast, other studies have reported higher 
frequencies of E. coli in the Passeriformes order. In a survey 
of 50 fecal samples from cages where canaries with signs 
of disease belonging to amateur breeders were housed in 
Italy, Giacopello et al. (2015) found 62.0% positivity for this 
microorganism. Gaio (2017) observed that cloacal swabs 
from wild passerines from illegal trade also showed high 
percentage of E. coli (40.8%). Therefore, it can be assumed 
that the environmental conditions and sanitary status to 
which passerines are subjected may influence the isolation 
rate of E. coli.

All four strains analyzed were negative for the DEC genes 
investigated, which indicates that the isolates assessed 
were free of eight important potential diarrheal genes in 
humans (Lopes  et  al. 2016). Some genes associated with 
the APEC pathotype were detected in two strains: one 
positive for the iss gene and another for the iutA and hlyF 
genes. Although all these detected genes showed important 
virulence characteristics attributed to the APEC pathotype 
(Lynne et al. 2006, Chouikha et al. 2008, Johnson et al. 2008), 
none of the E. coli strains could be characterized as belonging 
to this pathotype, because they did not have all the necessary 
genes. However, it is important to emphasize that, according 
to Oliveira et al. (2015), pathogenic strains usually have two 
or more predictive genes for the APEC pathotype, whereas 
isolates with fewer than two genes are rarely pathogenic. 
In contrast, Johnson et al. (2008) state the need for at least 
four types of predictor genes to differentiate strains with 
pathogenic potential from commensal E. coli.

In the present study, some of the tested antibiotics showed 
high frequency of antimicrobial resistance. Amoxicillin was the 
antibiotic for which the strains presented greater resistance 
(78.7%), followed by ampicillin (75.4%), streptomycin (45.9%), 
and sulfonamides (42.6%). Data relative to antimicrobial 
resistance in strains from Belgian canary fecal samples are 
quite scarce in the scientific literature, and the few existing 
studies show divergent results. One of the few similarities 
observed refers to resistance associated with ampicillin, which 
has very often been present as one of the antibiotics with 
most serious resistance problems. Giacopello et al. (2015) 
also observed that the highest resistance in enterobacteria 
analyzed in canaries in Italy occurred with respect to amoxicillin 
(100%), ampicillin (92.2%), and streptomycin (61.2%), and 
these detected rates show percentages higher than those found 
in the present study. Horn et al. (2015) reported percentage 
resistance rates of 55.7, 54.1, and 39.3% to sulfonamides, 

Table 3. Multidrug-resistant (MDR) enterobacteria isolated 
from Belgian canaries (Serinus canaria)

Number of classes of antibiotics Number of resistant strains (%)*
0 7 (11.5)
1 20 (32.8)
2 11 (18.0)
3 8 (13.1)
4 5 (8.2)
5 3 (4.9)
6 4 (6.6)
7 2 (3.3)
8 1 (1.6)

* The frequency obtained for each number of classes of antibiotics 
was the same when strains with and without intrinsic resistance were 
considered.
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ampicillin, and tetracycline, respectively, in canaries bred in 
captivity in the municipality of Fortaleza, Ceará state, Brazil.

Some aspects should be considered when analyzing the 
resistance results found in this study. The first refers to the 
fact that not all cases of resistance occur due to an acquired 
condition; in some cases, bacteria manifest intrinsic resistance 
to some antibiotics, as in the case of ampicillin associated with 
Enterobacter aerogenes, Enterobacter cloacae, Hafnia alvei and 
Klebsiella pneumoniae (CLSI 2014) pathogens, which even 
after subtracting the cases of resistance associated with these 
bacteria, still remains the antibiotic that shows the second 
highest resistance occurrence in relation to Enterobacteriaceae. 
Regarding the case of MDR (37.7%), the frequency found 
in this study was lower than that observed by Horn et al. 
(2015), who verified that 49.2% of the Enterobacteriaceae 
isolated were resistant to three or more of the antibiotics 
investigated. Nevertheless, it is worth mentioning that the 
analysis conducted by these researchers, as it has occurred 
in several other studies involving Passeriformes and birds 
of other species raised in captivity, did not consider, for the 
purpose of MDR calculations, the guidelines indicated by 
Magiorakos et al. (2012), in which the quantification of strains 
resistant to an antibiotic should be made considering the 
classes of antibiotics used. Regardless, the MDR frequency 
detected in strains isolated from canary samples in northeastern 
Brazil serves as an alert for breeders, because this fact can 
have negative consequences for animal health, considering 
that the occurrence of bacteria with high rates of resistant 
antimicrobials hinders infection treatment and contributes 
to increased therapeutic costs (Oliveira et al. 2012).

Currently, bacterial resistance is a public health issue. One of 
the most important facts that have led to the emergence of 
MDR strains is the excessive and inadequate use of antibiotics 
(Nascimento et al. 2003), either as prevention or for diseases 
without diagnosis. In this respect, it can be observed that 
veterinary guidance is not always followed or even sought by 
bird breeders. In addition, access to antimicrobials has been 
facilitated in veterinary drug stores recently. Another factor 
related to this matter refers to the direct contact between birds 
and breeders. Santos et al. (2010) states that this relationship 
allows the exchange of microorganisms with resistance genes.

CONCLUSIONS
Different enterobacteria were isolated in feces collected 

from Belgian canaries (Serinus canaria), and this seems to be 
the first report of bacteria of the genus Salmonella isolated 
from fecal samples of birds belonging to breeders from 
northeastern Brazil.

The high frequency of resistance that some of the isolated 
bacterial strains presented to some of the antimicrobials 
analyzed suggests the need for greater control of the use 
of these drugs in order to avoid possible future therapeutic 
difficulties in the fight against microorganisms affecting 
national bird breeding.
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