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ABSTRACT: Pigeons are known for their capacity to harbor and spread several zoonotic agents. Studies have suggested that pigeons are
also relevant disseminators of multidrug-resistant strains. In this study, pigeons surrounding a veterinary hospital were sampled and tested
for the presence of pathogenic Escherichia coli, Salmonella spp., Staphylococcus spp., and Clostridioides (Clostridium) difficile. E. coli
isolates from 19 (40.4%) pigeons tested positive for the E. coli heat-stable enterotoxin 1 (EAST1)-encoding gene. The intimin-encoding gene
(eae) of enteropathogenic E. coli (EPEC) was found in one isolate (2.1%). Salmonella spp. were found in nine (19.1%) pigeons, all from
the first capture event (P < 000.1). S. Typhimurium and S. Heidelberg were isolated from six and three pigeons, respectively. Enterobacterial
repetitive intergenic consensus (ERIC-PCR) of the Salmonella spp. isolates suggested that eight of the nine strains had a high genetic similarity,
supporting the hypothesis of an outbreak of salmonellosis in these pigeons. Twenty (42.5%) staphylococcal isolates were recovered from 18
(38.3%) pigeons. Eight different species were detected, with S. xylosus being the most frequent. Two (4.3%) C. difficile strains were isolated.
Three isolates, one each of S. Typhimurium, S. aureus, and C. difficile, were classified as multidrug-resistant strains. The present research
suggested that pigeons residing in urban areas can act as reservoirs and disseminators of pathogenic bacteria, including nosocomial pathogens,
such as diarrheagenic E. coli and multidrug-resistant Staphylococcus spp., C. difficile, and Salmonella spp.

Key words: Salmonella, Clostridioides (Clostridium) difficile, pigeons, Staphylococcus, synanthropes.

Identificacdo de bactérias patogénicas e multirresistentes a antimicrobianos em pombos urbanos no
entorno de um Hospital Veterinario em Belo Horizonte, Minas Gerais, Brasil

RESUMO: Pombos urbanos sdo conhecidos pela sua capacidade de carrear e disseminar diversos agentes zoondticos. Estudos tem sugerido
que pombos sdo também relevantes na disseminagao de estirpes resistentes a multiplas drogas. No presente estudo, pombos no ambiente de um
hospital veterinario foram amostrados em trés diferentes periodos e testados para a presenca de Escherichia coli patogénica, Salmonella spp.,
Staphylococcus spp. e Clostridioides (Clostridium) difficile. Isolados de E. coli de 19 pombos (40.4%) foram positivos para o gene codificador
da toxina EAST1. O gene codificador de intimina (eae) do patotipo E. coli enteropatogénica foi encontrada em um isolado (2.1%). Salmonella
spp. foi encontrada em nove pombos (19.1%), sendo todos isolados do primeiro periodo de captura (P < 000.1). S. Typhimurium foi isolado
de seis animais e S. Heidelberg de trés. A tipagem molecular de isolados de Salmonella spp. por ERIC-PCR demonstrou que oito estirpes
possuiam alta similaridade genética entre si, sugerindo a ocorréncia de um surto de salmonelose nos animais carreadores. Vinte Staphylococcus
(42.5%) foram isolados de 18 animais (38.3%). Oito diferentes espécies foram detectadas, sendo S. xylosus a mais frequente. Duas estirpes
de C. difficile ndo-toxigénica (4.3%) foram isoladas. Uma estirpe de S. Typhimurium, uma de S. aureus e um isolado de C. difficile foram
classificados como resistentes a multiplas drogas antimicrobianas. O presente estudo sugere que pombos capturados no ambiente do hospital
veterinario podem atuar como reservatorios e disseminadores de bactérias patogénicas e envolvidas em infecgdo hospitalar, incluindo E. coli
diarreiogénica e Staphylococcus sp., C. difficile e Salmonella spp multirresistente.

Palavras-chave: Salmonella, Clostridioides (Clostridium) difficile, pestes, Staphylococcus, sinantropicos.

INTRODUCTION urban pigeons in cities are mainly related to the large
availability of food, lack or less number of predators,

Urban feral pigeons (Columba livia f. and the built environment resembling the original

urbana) are birds with a worldwide distribution habitat of urban pigeon ancestors (SPENNEMANN
commonly reported in most large cities (FERMAN et & WATSON, 2017). They are known for their
al., 2010; GARGIULO et al., 2014; SPENNEMANN capacity to harbor and spread several zoonotic agents,
& WATSON, 2017). The large population densities of such as Cryptococcus neoformans and Salmonella
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spp. (HAAG-WACKERNAGEL & MOCH, 2004;
DUTTA et al., 2013; HAESENDONCK et al., 2016;
SPENNEMANN & WATSON, 2017). Recently,
studies have suggested that pigeons can also be
relevant carriers of multidrug-resistant (MDR)
bacteria (BORGES et al., 2017; TORRES-MEJIA et
al., 2018; CUNHA et al., 2019). Thus, close contact
with pigeons and their feces is a risk for people who
frequently share the same environment with these
animals (HAAG-WACKERNAGEL & MOCH,
2004; TANAKA et al., 2005; GARGIULO et al.,
2014). This is the scenario for employees, students,
owners, and animals in the Veterinary Hospital of the
Federal University of Minas Gerais (HV-UFMQG),
where the pigeon population has increased markedly
in the last few years.

Despite the known importance of pigeons
as reservoirs of several pathogens, no studies have
evaluated them in a university environment, and their
possible role in the epidemiology of some relevant
nosocomial infections in companion animals is still
unknown. In addition, the presence of Staphylococcus

sp. and Clostridioides (previously Clostridium)
difficile in pigeons has been reported in a few studies;
however, none of the studies have been conducted in
Brazil. Thus, this study investigated the occurrence
and antimicrobial susceptibility of enteric bacteria
isolated from pigeons captured in an urban area
surrounding a veterinary hospital in Belo Horizonte,
Minas Gerais, Brazil.

MATERIALS AND METHODS

Samples

This study was conducted at the Veterinary
Hospital of the Federal University of Minas Gerais
(HV-UFMG), which receives approximately 35,000
animals per year, including dogs, cats, horses,
cattle, and wild animals. It is located inside the
university campus and is surrounded by a green area
(Figure 1). This study was motivated by the increase
in pigeon population in the last few years in HV-
UFMQ, raising the need for a better understanding
of the risks associated with these birds. Forty-seven

Figure 1 - Mapping showing the location of the Veterinary School of Federal University of Minas Gerais, located in
the city of Belo Horizonte, Minas Gerais, Brazil. A. Map of Brazil with the location of the Minas Gerais
state. B. Map of Minas Gerais state with the location of Belo Horizonte. C. Map of Belo Horizonte showing
the location of the Federal University of Minas Gerais and the Veterinary School.
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pigeons (Columba livia) were sampled after three
capture campaigns (January/2019, July/2019, and
January/2020), captured using mist nets (30 mm
mesh size; four shelves, ap. 3 m high x 9 m length)
during early mornings, in places where large animals
fed. The first capture event occurred in January
2019 during the wet season, with a monthly mean
precipitation of 2.3 mm and a mean temperature of
25.6 °C (INMET, 2019), with 18 birds captured. The
second capture event occurred in July of the same
year during the dry season, with 0 mm of precipitation
and a mean temperature of 19.2 °C (INMET, 2019),
with 13 birds captured. The third and last capture
occurred in January 2020, with a monthly mean
precipitation of 1.3 mm and a mean temperature of
21.5 °C (INMET, 2020), with 16 birds captured. The
pigeons were physically restrained, given colored
leg rings for identification and monitoring purposes,
and left to rest in individual cages. Fresh feces were
collected immediately after dropping and stored
in microtubes using sterile spatulas (ROSARIO
MEDINA et al., 2017). The samples were stored in a
transport box with ice packs and sent to the Bacterial
and Research Laboratory of the Veterinary School of
UFMG for immediate processing. Each pigeon was
returned to its environment once sample collection
was completed.

Escherichia coli

ForE. coliisolation, the samples were plated
onto MacConkey agar (Difco, USA) and incubated at
37 °C for 24 h (RAMOS et al., 2019a). Three lactose-
fermenting colonies were identified using polymerase
chain reaction (PCR) and subjected to subsequent
reactions for phylogenetic group characterization
(A, Bl1, B2, C, D, E, and F) (MCDANIELS et
al., 1996; CLERMONT et al.,, 2013). Virulence
genes associated with pathogenic E. coli, such as
enterotoxigenic E. coli (ETEC), enteropathogenic E.
coli (EPEC), Shiga toxin-producing E. coli (STEC),
enterohemorrhagic E. coli (EHEC), necrotoxigenic
E. coli (NTEC), and enteroaggregative E. coli
(EAEC), were also identified using PCR (BLANCO
et al., 1996; YAMAMOTO & NAKAZAWA, 1997,
FRANCK et al., 1998). Antibiotic resistance patterns
of all E. coli isolates that tested positive for virulence
factors were evaluated using the disc diffusion
method (DDM), according to the Clinical and
Laboratory Standards Institute (CLST) manual (CLSI,
2017; CLSI, 2018). The following antimicrobial
agents, commonly used in human and animal clinical
practice, were tested: chloramphenicol (30 pg),
trimethoprim/sulfamethoxazole (25 pg), ceftriaxone

(30 pg), ceftiofur (30 pg), amoxicillin/clavulanic
acid (30 pg), ampicillin (10 pg), tetracycline (30 pg),
enrofloxacin (5 pg), ciprofloxacin (5 pg), gentamicin
(10 pg), and amikacin (30 pg) (DME, BRA).

Salmonella spp.

For Salmonella spp. isolation, cloacal
samples were pre-enriched in Rappaport broth (Oxoid,
USA) and plated onto Hektoen enteric agar (Oxoid,
USA) (RAMOS et al, 2019a). Sulfite-reducing
colonies were identified as Salmonella spp. by genus-
specific PCR, according to KUANG et al. (2015).
Antigenic characterization was done according to the
White-Kauffmann-Le Minor Scheme (LE MINOR &
POPOFF, 1987) at the Brazilian National Reference
Laboratory of Enterobacteria of the Oswaldo Cruz
Foundation, followed by species, subspecies, and
serotype identification (GRIMONT & WEILL,
2007). Salmonella spp. strains were fingerprinted
using enterobacterial repetitive intergenic consensus
(ERIC)-PCR and analyzed using Bionumerics 7.6
software (Applied Maths NV, Belgium) to evaluate
the genetic diversity between isolates from different
pigeon samples (VERSALOVIC et al., 1991;
RAMOS et al., 2019b). Additionally, DDM was used
to evaluate the resistance patterns of Salmonella spp.
isolates to antimicrobial agents (CLSI, 2017; CLSI,
2018) using the following drugs: chloramphenicol
(30 pg), trimethoprim/sulfamethoxazole (25 pg),
ceftriaxone (30 pg), ceftiofur (30 pg), amoxicillin/
clavulanic acid (30 pg), ampicillin (10 pg), tetracycline
(30 pg), nalidixic acid (30 pg), enrofloxacin (5 pg),
and ciprofloxacin (5 pg) (DME, BRA).

Staphylococcus spp.

For Staphylococcus spp. isolation, fecal
samples were first suspended in 0.85% saline
solution. The resultant solution (100 pL) was then
streaked onto mannitol salt agar (Difco Laboratories
Inc., USA), which was incubated at 37 °C for 24 h.
Colonies were sub-cultured on brain heart infusion
agar (Difco Laboratories Inc., USA) and identified by
matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS; Bruker
Daltonics, Germany). A cutoff log score of 2 was
used to validate identification at the species level,
as recommended by the manufacturer. The strains
were then subjected to DNA extraction (PITCHER
et al., 1989), and methicillin-resistant staphylococci
were investigated by detecting the mecAd gene
(MURAKAMI et al., 1991). In addition, isolates
identified as Staphylococcus intermedius group
(SIG) using MALDI-TOF were further confirmed by

Ciéncia Rural, v.53, n.8, 2023.



4 Santana et al.

multiplex PCR of the nuc gene (SASAKI et al., 2010).
Non-SIG isolates with MALDI-TOF score under 2.0
were subjected to sequencing of the 16S ribosomal
RNA gene as described by FOX et al. (2011).
Antimicrobial susceptibility tests were performed
using DDM in agar, according to the Clinical and
Laboratory Standards Institute (CLSI) documents
M100-S30 and VETO08 (CLSI 2018; CLSI, 2020). The
following antimicrobials were tested: cefoxitin (30 pg),
penicillin (10 units), tetracycline (30 pg), trimethoprim/
sulfamethoxazole (25 pg), chloramphenicol (30 pg),
erythromycin (15 pg), clindamycin (2 pg), gentamicin
(10 pg), and ciprofloxacin (5 pg) (DME, BRA).
Staphylococcus aureus ATCC 25923 was used as the
control strain. Isolates were considered MDR when
resistant to three or more classes of antimicrobial
agents (SWEENEY et al., 2018).

Clostridioides difficile

Samples were incubated in 96% ethanol
for 30 min (1:1), and aliquots of 10 pL were
plated on cycloserine-cefoxitin fructose agar
supplemented with 7% horse blood and 0.1%
sodium taurocholate (Sigma, USA) (SILVA
et al., 2013). After incubation in an anaerobic
atmosphere at 37 °C for 72 h, characteristic C.
difficile isolates (flat, irregular, and with a ground-
glass appearance) were subjected to multiplex
PCR to identify the housekeeping gene (zpi) and
virulence genes of toxin A (tcdA4), toxin B (fcdB),
and binary toxin (cdtB) (SILVA et al., 2011).
The minimal inhibitory concentrations (MICs)
of metronidazole, vancomycin, clindamycin,
moxifloxacin, ciprofloxacin, erythromycin,
rifampicin, and tetracycline were determined using
Etest strips (bioMérieux Marcy I’Etoile, France) in
Brucella agar (Oxoid, USA) with 5% lysed blood
supplemented with hemin (Difco Laboratories,
USA) and vitamin K (Sigma-Aldrich Co., USA).
MIC values were interpreted according to the
clinical breakpoints of the CLSI and European
Committee on Antimicrobial  Susceptibility
Testing guidelines (PIRg et al., 2013; CLSI, 2015;
EUCAST, 2019).

Statistical analysis

The association between capture events,
presence of the tested pathogens, and frequency of
each isolated microorganism was evaluated using chi-
square and Fisher’s exact tests. The chi-squared test
for adherence was used to evaluate the distribution
of variables. All statistical analyses were performed
using GraphPad Prism v.8 (GraphPad Software,

San Diego, CA, USA). Differences were considered
statistically significant at P < 0.05.

RESULTS

Escherichia coli

E. coli was identified in 42 (89.3%)
pigeons, with a total of 120 isolated strains (Table 1).
All seven phylogenetic groups of E. coli were identified
(Table 2) in the sampled pigeons, with B1 being the
most common phylogroup (52/120 strains, 43.3%).
A total of 41 strains (34%) from 19 (40.4%) pigeons
tested positive for enteroaggregative E. coli heat-
stable enterotoxin 1 (EAST1) encoding gene. The
intimin-encoding gene (eae) of EPEC was detected
in one isolate (2.1%), which was also positive for
EASTI1. No resistance to the tested antimicrobials
was observed in the 41 E. coli isolates that tested
positive for virulence factors.

Salmonella spp.

Salmonella spp. were found in nine
(19.1%) pigeons, all from the first capture event
(n=18; isolation rate of 50%), indicating a strong
difference between the first and the other two events
(P < 000.1). S. Typhimurium and S. Heidelberg
were isolated from six (66.7%) and three pigeons,
respectively. One bird died a few days after the capture
event (Figure 2; isolate “PB13”). Macroscopically,
the bird had hepatomegaly, and the serosa of the small
intestine was diffusely hyperemic with hemorrhagic
intestinal contents. S. Typhimurium was isolated again
from the excreta and liver of this bird. ERIC-PCR of
the Salmonella spp. isolates suggested that eight out of
the nine strains had high genetic similarity (Figure 2).
These strains showed no resistance to all antimicrobials
tested, while the remaining strain (S. Typhimurium) was
resistant to trimethoprim/sulfamethoxazole, amoxicillin/
clavulanic acid, ampicillin, tetracycline, enrofloxacin,
ciprofloxacin, and nalidixic acid. Thus, it was classified
as an MDR strain (MAGIORAKOS et al., 2012).

Staphylococcus spp.

A total of 20 (42.5%) staphylococcal
isolates were recovered from 18 (38.3%) pigeons
of the 47 captured pigeons. Eight different species
were detected, with S. xylosus (30%) being the most
common (Table 1). Overall, 7 (35%) isolates were
resistant to at least one antimicrobial agent, whereas
13 (65%) were susceptible to all the tested compounds.
Some isolates were resistant to tetracycline (35.5%),
penicillin G (15%), erythromycin (5%), and
clindamycin (5%). No significant differences were

Ciéncia Rural, v.53, n.8, 2023.
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Table 1 - Frequency of Escherichia coli, Salmonella spp., Staphylococcus spp., and Clostridioides difficile isolated from free-living
pigeons (n=47) in three capture events in the Veterinary Hospital of Federal University of Minas Gerais (Belo Horizonte,
Minas Gerais, Brazil).

Pathogen Capture (%) Total (n=47)
First Second Third
E. coli 18/18 (100) 10/13 (76.9) 14/16 (87.5) 42/47 (89.3)
EAST-1 8/18 (44.4) 6/13 (46.1) 5/16 (31.3) 19/47 (40.4)
EPEC (eae) 1/18 (5.5) 0/13 (0) 0/16 (0) 1/47 (2.1)
Salmonella spp. 9/18 (50)* 0/13 (0)° 0/16 (0)° 9/47 (12.8)
S. Typhimurium 6/18 (33.3) 0/13 (0) 0/16 (0) 6/47 (6.4)
S. Heildeberg 3/18 (18.7) 0/13 (0) 0/16 (0) 3/47 (6.4)
Staphylococcus spp. 7/18 (38.9) 6/13 (46.1) 7/16 (43.7) 20/47 (42.5)
S. xylosus 3/18 (16.7) 2/13 (15.4) 1/16 (6.3) 6/47 (12.8)
S. sciuri 2/18 (11.1) 1/13 (7.7) 2/16 (12.5) 5/47 (10.6)
S. lentus 0/18 (0) 0/13 (0) 3/16 (18.7) 3/47 (6.4)
S. haemolyticus 0/18 (0) 2/13 (15.4) 0/16 (0) 2/47 (4.2)
S. aureus 0/18 (0) 0/13 (0) 1/16 (6.3) 1/47 (2.1)
S. intermedius 1/18 (5.6) 0/13 (0) 0/16 (0) 1/47 (2.1)
S. succinus 0/18 (0) 1/13 (7.7) 0/16 (0) 1/47 (2.1)
S. schleiferi 1/18 (5.6) 0/13 (0) 0/16 (0) 1/47 (2.1)
C. difficile (Non-toxigenic) 2/18 (11.1) 0/13 (0) 0/16 (0) 2/47 (4.2)

Different lower-case letters indicate a significant difference (P < 0.05).
Legend: EPEC - Enteropathogenic Escherichia coli; EAST-1 - Enteropathogenic Escherichia coli.

reported in resistance to these antimicrobials. One One isolate was classified as MDR due to resistance to
S. aureus isolate showed resistance to penicillin G, erythromycin, rifampicin, and tetracycline, while both
erythromycin, and clindamycin; and therefore, was isolates were susceptible to all other antimicrobials tested,
classified as MDR. All isolates were susceptible including metronidazole and vancomycin.

to  cefoxitin,  chloramphenicol,  gentamicin,

ciprofloxacin, and trimethoprim-sulfamethoxazole DISCUSSION

and were negative for mecA.
Despite the known importance of pigeons

Clostridioides difficile as reservoirs of several pathogens, no studies have
Two (4.3%) C. difficile isolates were recovered evaluated them in a university environment and their
from the pigeons. Both were nontoxigenic (A-B-CDT-). role in the epidemiology of nosocomial bacteria.

Table 2 - Phylogroups of Escherichia coli isolates (n=120) from pigeons (n=47) captured in the Veterinary Hospital of Federal
University of Minas Gerais (Belo Horizonte, Minas Gerais, Brazil).

o0 :

‘ N
0 s : E. coli Phylogenetic groups Total
)
‘\‘ A Bl B2 C D E F Clade? Unassignable'
y Isolates (%) 11 52 12 18 3 16 1 4 3 120
9.2) (43.3) 10)* (15) 25 (133)"  (0.8) (3.3) 2.5) (100)

'Identified as E. coli but not corresponding to any of the phylogroups according to CLERMONT et al. (2013).
’Clade 1,2, 3,4, or 5.

Ciéncia Rural, v.53, n.8, 2023.
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Figure 2 - Dendrogram of nine Salmonella spp. strains from urban pigeons and one Salmonella
Typhimurium ATCC 14028 fingerprinted by ERIC — PCR. Clustering analysis was based on
the Dice similarity coefficient and the unweighted pair group method with arithmetic mean
(UPGMA) algorithms using Bionumerics 7.6 (Applied Maths, Belgium). The strains at the
right side labeled as PB1, PB9, PB5, PB13, PB6, PB17, and PB10 shared 100% of genetic
similarity, and 97% of similarity with PB8 strain, as demonstrated on the left of dendrogram.
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This study revealed the presence of zoonotic MDR
pathogens in pigeons captured in the surroundings
of a veterinary hospital, suggesting that pigeons can
act as reservoirs and disseminators of diarrheagenic
E. coli and MDR Staphylococcus spp., C. difficile,
and Salmonella spp.

The high isolation rate of E. coli from
phylogroup B1 was similar to that reported in previous
studies on urban pigeons (GORDON & COWLING,
2003; SILVA et al., 2009; GHANBARPOUR
& DANESHDOOST, 2012). Interestingly, we
identified two virulence factors in the E. coli isolates.
E. coliisolates positive for the EAST-1 encoding gene
were detected in more than 40% of the birds, whereas
the eae encoding gene from EPEC was detected in a
single isolate. The high frequency of pigeons positive
for EAST-1 was surprising, since this virulence factor,
previously associated with outbreaks of diarrhea
in humans (ZHOU et al., 2002; SUKKUA et al.,
2017), has never been reported in E. coli isolates
from pigeons. Further, pigeons are known reservoirs
of EPEC (SILVA et al., 2009; GHANBARPOUR
& DANESHDOOST, 2012; SACRISTAN et al.,
2014; BORGES et al, 2017; TORRES-MEJIA
et al., 2018), a major cause of childhood diarrhea
worldwide (CROXEN et al, 2013; TORRES-
MEIJIA et al., 2018). Together, these results reinforce

the role of pigeons as potential reservoirs of zoonotic
E. coli pathotypes.

We tested all 42 E. coli isolates that
were positive for virulence factors for antimicrobial
resistance. Results revealed that all isolates were
susceptible to all antimicrobials tested, surprisingly
showing that despite living in a heavily anthropized
environment, the sampled pigeons had E. coli isolates
with no drug resistance. Our results are in contrast
with previous studies that described the occurrence
of MDR E. coli strains in pigeons in several countries
(GHANBARPOUR & DANESHDOOST, 2012;
BORGES et al., 2017; KARIM et al., 2020).

The fecal shedding of Salmonella spp.
in the sampled pigeons (19.1%) was higher than
that found in several previous studies, which often
reported frequencies of up to 10% (DOVC et al.,
2004; TANAKA et al., 2005; PEDERSEN et al.,
2006; GARGIULO et al., 2014; HAESENDONCK
etal., 2016; CARVALHO et al., 2020; KACZOREK-
LUKOWSKA et al., 2020). Interestingly, the
isolation of Salmonella spp. was significantly
associated with the first capture event (P < 000.1)
conducted during the rainy season. This result raised
the hypothesis of an outbreak of salmonellosis in
the pigeons during this sampling period, which was
reinforced after the re-isolation of Salmonella from
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the intestinal content and liver of a pigeon that died
a few days after the capture event. Furthermore, the
post-mortem alterations observed in this pigeon are
commonly reported in pigeons and other species with
salmonellosis (SAWA & HIRAI 1981; OLIVEIRA
etal., 2019; RAMOS et al., 2021).

To Dbetter understand this possible
outbreak, one Salmonella isolate from each animal
was subjected to ERIC-PCR, a method with high
discriminatory power already in use for Sa/monella
typing in outbreaks (PURIGHALLA et al., 2017;
RAMOS et al., 2019b). The high similarity among
the eight isolates, as suggested by ERIC-PCR,
strongly suggests the occurrence of an outbreak
of salmonellosis in these pigeons. Previous
studies have indicated that; although, pigeons are
commonly asymptomatic carriers of Salmonella
spp., salmonellosis may occur in urban pigeons,
which could significantly increase the isolation
rate of this agent in the affected pigeons (SAWA &
HIRAI, 1981; TIZARD, 2004; HOELZER et al.,
2011; DUTTA et al.,, 2013; ROCHA-E-SILVA et
al., 2014). Additionally, salmonellosis outbreaks in
animals seem to be more common during the rainy
season, which may be a risk factor for bacterial spread
(PANGLOLI et al., 2008; RAMOS et al., 2019D).

Notably, we detected two well-known
zoonotic Salmonella spp. serovars, S. Typhimurium
and S. Heidelberg, in our study. Previous studies
have demonstrated that Salmonella enterica isolates
from urban pigeons commonly belong to serotype
Bphimurium (DUTTA et al., 2013; OSMAN
et al, 2013; ROCHA-E-SILVA et al, 2014;
HAESENDONCK et al., 2016; TORRES-MEJIA et
al.,, 2018; CARVALHO et al., 2020; KACZOREK-
LUKOWSKA et al., 2020). It is also known that
S. Typhimurium and S. Heidelberg are important
foodborne pathogens (CDC, 2014), which can also
infect humans after direct contact with healthy or
diseased animals (HALE et al., 2012; RAMOS et al.,
2019b). Transmission of Sa/monella spp. from pigeons
to humans has already been reported; however, studies
associating human salmonellosis with pigeon contact
are scarce (HAAG-WACKERNAGEL & MOCH,
2004; SPENNEMANN & WATSON, 2017). Despite
this, the common shedding of these zoonotic Sa/monella
serotypes by urban pigeons and their close contact
with humans should be considered a potential risk to
human health, especially for those most susceptible,
such as children and immunocompromised individuals
(HALE et al., 2012).

Most Salmonella spp. isolates showed no
resistance to the antimicrobials tested. Interestingly,

all isolates were genetically similar according to
ERIC-PCR analysis, which also contributed to
the hypothesis of an outbreak. Conversely, one
S. Typhimurium strain was resistant to seven
antimicrobials and thus, was classified as MDR
(MAGIORAKOS et al., 2012). According to the
World Health Organization (WHO, 2019), there are
specific public health concerns related to the spread
of fluoroquinolone-resistant Salmonella spp. In
addition, B-lactams and sulfonamides are commonly
used antimicrobials for the treatment of Salmonella
spp. infections in animals and humans, and resistance
to both important drugs may severely reduce the
treatment options (KUANG et al., 2015).

More than one-third of the captured
pigeons were positive for staphylococci and eight
different species were recovered (Table 1). According
to other studies, pigeons seem to harbor a high
diversity of staphylococcal species, whereas other
animals, such as free-living reptiles and rodents,
seem to show a more homogeneous colonization
pattern (SCHWARZ & WERCKENTHIN, 1994;
Z1GO, 2017; SANTANA et al.,, 2021; SANTANA
et al,, 2022). It may be that the close and daily
contact of the pigeons with humans and animals,
combined with the hospital environment, may have
influenced this large number of recovered species
(SCHWARZ & WERCKENTHIN, 1994; ZIGO,
2017; KAMATHEWATTA et al., 2019).

S. xylosus, the most frequent species
reported in our study, has been previously isolated from
pigeons and other birds, suggesting commensalism
(VELA et al., 2012; MAHMMOUD, 2013; ZIGO,
2017; MATIAS et al., 2018). This coagulase-negative
Staphylococcus (CoNS) has also been found in different
mammals and reptiles (BECKER et al., 2014; RISSI
et al., 2015; MATIAS et al., 2018; SANTANA et al.,
2021; SANTANA et al., 2022), and despite being
mostly labeled as non-pathogenic, it has caused several
opportunistic infections in animals and humans (WON
et al., 2002; KOKSAL et al., 2009; AKHADDAR et
al., 2010; RISSI et al., 2015).

Except for S. succinus, all other CoNS
isolates have been reported in previous studies on
pigeons (SCHWARZ & WERCKENTHIN, 1994;
ZIGO, 2017). Similar to S. xylosus, all these species
can integrate into the microbiota of skin and mucous
membranes of different hosts and act as opportunistic
pathogens causing distinct infections (RISSI et al.,
2015). Notably, S. haemolyticus is highly relevant
to human health and is the second most frequently
isolated CoNS from nosocomial infections (SIDHU
et al., 2007; CZEKAJ et al., 2015).
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We also isolated S. intermedius
and coagulase-positive S. aureus in this study.
Both species have been frequently reported in
pigeons (KIZERWETTER-SWIDA et al, 2015;
CHROBAK-CHMIEL et al.,, 2021). However, S.
intermedius is more commonly reported in wild
pigeons, and its isolation from domestic pigeons is
scarce (KIZERWETTER-SWIDA et al, 2015).
In contrast, S. aureus is widespread among humans
and different animal species, facilitating bilateral
transmission between distinct hosts (WEESE &
VAN DUIJKEREN, 2010). This microorganism
is one of the world’s most frequent causes of
nosocomial infections in humans. It is also a relevant
pathogen in dogs, and its treatment is often hampered
by resistance to multiple antimicrobials (IPPOLITO
et al.,, 2010; WALTHER et al., 2017; TURNER et
al., 2019). Interestingly, S. aureus isolated in our
study was an MDR strain, which reinforces the
hypothesis that pigeons are potential disseminators
of MDR staphylococci (KUTKOWSKA et al., 2019;
CHROBAK-CHMIEL et al., 2021).

More than one-third of the staphylococci
isolates showed resistance to at least one of the
antimicrobials tested, mainly to tetracycline and
penicillin, which are widely used in human and
veterinary medicine (ARGUDfN et al., 2017
CERBO et al., 2019). It is possible that this specific
environment, where the pigeons can get directly and
indirectly in contact with humans and healthy and
sick animal species, may have influenced the diversity
of staphylococci isolated in our study, as well as the
frequency of isolates resistant to antimicrobials, as
previously indicated in other studies on staphylococci
in different animals and settings (FUTAGAWA-
SAITO et al., 2007; HAABER et al., 2017
CERBO et al., 2019; KAMATHEWATTA et al,
2019; FROSINI et al., 2020; PALMA et al., 2020).
FUTAGAWA-SAITO et al., (2007) compared the
resistance profiles of staphylococci isolated from
pigeons and suggested that isolates from pigeons that
have direct contact with humans and other animals
are more associated with resistance to several
antimicrobials, which supports the idea that resistance
may be acquired because of the mutual coexistence of
different species.

Although, C. difficile is recognized as
an emerging pathogen causing zoonotic diseases
in humans (KNIGHT & RILEY, 2019) and has
previously been reported to cause nosocomial
infections in dogs (WEESE & ARMSTRONG,
2003), little is known about the role of pigeons in
the epidemiology of this anaerobic microorganism.

Previous studies of other avian species have
suggested that C. difficile is either absent or present at
a very low frequency (BANDELJ et al., 2011; BURT
et al.,, 2012; BANDELJ et al., 2014). In our study,
two C. difficile strains were isolated (4.3%), which
is lower than the previously reported rate (12.5%)
by ANDRES-LASHERAS et al. (2017) in a study
on pigeons and rodents trapped within pest control
programs in pig farms. Notably, the colonization
of C. difficile in pigeons and other birds seems to
be directly linked to environmental contamination
(ANDRES-LASHERAS et al, 2017), which
may explain the difference in its isolation rates.
Additionally, one isolate in our study was classified
as MDR due to its resistance to erythromycin,
rifampicin, and tetracycline. Our results are similar to
those previously reported by ANDRES-LASHERAS
et al. (2017) and reinforce the hypothesis that pigeons
may play a role in the transmission of C. difficile,
including antimicrobial-resistant strains.

Our research suggested that pigeons
captured in the surroundings of a veterinary hospital
can act as reservoirs and disseminators of pathogenic
and nosocomial bacteria, including diarrheagenic E.
coli and MDR Staphylococcus sp., C. difficile, and
Salmonella spp. Together with previous studies,
our findings reinforce the importance of pigeon
population control owing to their potential role in the
spread of zoonotic diseases.

ACKNOWLEDGMENTS

We thank all students and professionals who
contributed to pigeon capture and Professor Marcelo Pires
Nogueira de Carvalho for clinical evaluation of the birds. This
work was supported by funds received from Coordination for
the Coordenacdo de Aperfeigoamento de Pessoal de Nivel
Superior (CAPES — Prémio CAPES 2015 - 0774/2017), Conselho
Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq -
406402/2018-3), Fundagdo de Amparo a Pesquisa do Estado de
Minas Gerais (FAPEMIG - APQ-00524-17), and Pré-Reitoria de
Pesquisa da Universidade Federal de Minas Gerais (PRPq/UFMGQG).

DECLARATION OF CONFLICT OF
INTEREST

We have no conflict of interest to declare.

BIOETHICS AND
COMMITTEE APPROVAL

BIOSECURITY

This study was approved by the Ethical Committee
on Animal Use (CEUA) of the Universidade Federal de Minas
Gerais (UFMG) under protocol 361/2018 and by the Instituto
Chico Mendes de Conservacdo da Biodiversidade (ICMBio) under
protocol SISBIO 66535-2.

Ciéncia Rural, v.53, n.8, 2023.

L d

Erwad

.,

co.

v oy

-0



g A

P
bl

»,

e oy
el

Identification and characterization of pathogenic and multidrug-resistant bacteria in feral pigeons surrounding a veterinary hospital... 9

AUTHOR’S CONTRIBUTIONS

All authors contributed equally to the conception
and writing of the manuscript. All authors critically revised and
approved the final version of the manuscript.

REFERENCES

AKHADDAR, A. et al. Staphylococcus xylosus isolated from
an otogenic brain abscess in an adolescent. Surgical Infections,
v.11, p.559-561, 2010. Available from: <https://pubmed.ncbi.
nlm.nih.gov/20969474/>. Accessed: Jun. 16, 2022. doi: 10.1089/
sur.2010.010.

ANDRES-LASHERAS, S. et al. Presence of Clostridium difficile
in pig faecal samples and wild animal species associated with pig
farms. Journal of Applied Microbiology, v.122, p.462-472,2017.
Available from: <https://pubmed.ncbi.nlm.nih.gov/27990723/>.
Accessed: Jun. 16, 2022. doi:10.1111/jam.13343.

ARGUDIN, M. et al. Bacteria from Animals as a Pool of
Antimicrobial Resistance Genes. Antibiotics, v.6, p.12, 2017.
Available from: <https://pubmed.ncbi.nlm.nih.gov/28587316/>.
Accessed: Jun. 16, 2022. doi: 10.3390/antibiotics6020012.

BANDELIJ, P; et al. Prevalence and molecular characterization
of Clostridium difficile isolated from European Barn Swallows
(Hirundo rustica) during migration. BMC Veterinary Research,
v.10, p.40, 2014. Available from: <https://pubmed.ncbi.nlm.nih.
gov/24507706/>. Accessed: Jun. 16, 2022. doi: 10.1186/1746-
6148-10-40.

BANDELIJ, P. et al. Zero prevalence of Clostridium difficile in wild
passerine birds in Europe. FEMS microbiology letters, v.321,
p.183-185, 2011. Available from: <https://pubmed.ncbi.nlm.nih.
gov/21658108/>. Accessed: Jun. 16, 2022. doi: 10.1111/j.1574-
6968.2011.02333.x

BECKER, K. et al. Coagulase-negative staphylococci. Clinical
Microbiology Reviews, v.27, p.870-926, 2014. Available
from: <https://journals.asm.org/doi/10.1128/CMR.00109-13>.
Accessed: Jun. 16, 2022. doi: 10.1128/CMR.00109-13.

BLANCO, M. et al. Polymerase chain reaction for detection of
Escherichia coli strains producing cytotoxic necrotizing factor
type 1 and type 2 (CNF1 and CNF2). Journal of Microbiological
Methods, v.26, p.95-101, 1996. Available from: <https:/doi.
org/10.1016/0167-7012(96)00900-1>. Accessed: Jun. 16, 2022.
doi: 10.1016/0167-7012(96)00900-1.

BORGES, C.A. et al. Wild birds and urban pigeons as reservoirs
for diarrheagenic Escherichia coli with zoonotic potential. Journal
of Microbiology, v.55, p.344-348, 2017. Available from: <https://
pubmed.ncbi.nlm.nih.gov/28281197/>. Accessed: Jun. 16, 2022.
doi: 10.1007/512275-017-6523-3.

BURT, S.A. et al. Vermin on pig farms are vectors for Clostridium
difficile PCR ribotypes 078 and 045. Veterinary Microbiology,
v.160, p.256-258, 2012. Available from: <https://pubmed.ncbi.
nlm.nih.gov/22682200/>. Accessed: Jun. 16, 2022. doi: 10.1016/j.
vetmic.2012.05.014.

CARVALHO, D. et al. Antimicrobial susceptibility and detection
of virulence-associated genes of Escherichia coli and Salmonella

spp. isolated from domestic pigeons (Columba livia) in Brazil.
Folia Microbiologica, v.65, p.735-745, 2020. Available from:
<https://pubmed.ncbi.nlm.nih.gov/32180120/>. Accessed: Jun. 16,
2022. doi: 10.1007/s12223-020-0078 1-w.

CERBO, A. et al. Tetracyclines: Insights and Updates of their
Use in Human and Animal Pathology and their Potential Toxicity.
The Open Biochemistry Journal, v.13, 2019. Available
from: <https://openbiochemistryjournal.com/VOLUME/13/
PAGE/1/ABSTRACT/>. Accessed: Jun. 16, 2022. doi:
10.2174/1874091X01913010001.

CDC. Foodborne Diseases Active Surveillance Network
(FoodNet): FoodNet Surveillance Report for 2012 (Final Report).
Atlanta, Georgia: U.S. Department of Health and Human Services,
CDC. 2014.

CHROBAK-CHMIEL, D. et al. Pigeons as Carriers of Clinically
Relevant Multidrug-Resistant Pathogens—A Clinical Case Report
and Literature Review. Frontiers in Veterinary Science, v.8,2021.
Available from: <https:/pubmed.ncbi.nlm.nih.gov/34109235/>.
Accessed: Jun. 16, 2022. doi: 10.3389/fvets.2021.664226.

CLERMONT, O. et al. The Clermont Escherichia coli phylo-
typing method revisited: improvement of specificity and detection
of new phylo-groups. Environmental Microbiology Reports,
v.5, p.58-65, 2013. Available from: <https://pubmed.ncbi.nlm.
nih.gov/23757131/>. Accessed: Jun. 16, 2022. doi: 10.1111/1758-
2229.12019.

CLINICAL AND LABORATORY STANDARDS INSTITUTE
(CLSI). Wayne, PA, USA. Performance Standards for Antimicrobial
Susceptibility Testing; Twenty-Fifth Informational Supplement,
2015.

CLINICAL AND LABORATORY STANDARDS INSTITUTE
(CLSI). Performance Standards for Antimicrobial Susceptibility
Testing. 27th ed. CLSI MI100 (ISBN 1-56238-804-5; ISBN
1-56238-805-3). Clinical and Laboratory Standards Institute,
950 West Valley Road, Suite 2500, Wayne, Pennsylvania 19087
USA, 2017.

CLINICAL AND LABORATORY STANDARDS INSTITUTE
(CLSI). Performance Standards for Antimicrobial Disk and
Dilution Susceptibility Tests for Bacteria Isolated From Animals.
4th ed. CLSI supplement VET08 (ISBN 978-1-68440-010-2
[Print]; ISBN 978-1-68440- 011-9 [Electronic]). Clinical and
Laboratory Standards Institute, 950 West Valley Road, Suite
2500, Wayne, Pennsylvania 19087 USA, 2018.

CLINICAL AND LABORATORY STANDARDS INSTITUTE
(CLSI). Wayne, PA, USA. Performance Standards for Antimicrobial
Susceptibility Testing. 30th ed. CLSI supplement M100, 19087, 2020.

CROXEN, M. A. et al. Recent advances in understanding enteric
pathogenic Escherichia coli. Clinical Microbiology Reviews,
v.26, p.822-880, 2013. Available from: <https://pubmed.ncbi.
nlm.nih.gov/24092857/>. Accessed: Jun. 16, 2022. doi: 10.1128/
CMR.00022-13.

CUNHA, M. P. V. et al. CTX-M-producing Escherichia coli
Isolated from urban pigeons (Columba livia domestica) in Brazil.
The Journal of Infection in Developing Countries, v.13,
p.1052-1056, 2019. Available from: <https://pubmed.ncbi.nlm.nih.
gov/32087078/>. Accessed: Jun. 16, 2022. doi: 10.3855/jidc.11441.

Ciéncia Rural, v.53, n.8, 2023.



10 Santana et al.

CZEKAJ, T. et al. Staphylococcus haemolyticus - an emerging
threat in the twilight of the antibiotics age. Microbiology
(Reading, England), v.161, p.2061-2068, 2015. Available from:
<https://pubmed.ncbi.nlm.nih.gov/26363644/>. Accessed: Jun. 16,
2022. doi: 10.1099/mic.0.000178.

DOVC, A. et al. Health status of free-living pigeons (Columba livia
domestica) in the city of Ljubljana. Acta Veterinaria Hungarica,
v.52, p.219-226, 2004. Available from: <https://pubmed.ncbi.
nlm.nih.gov/15168753/>. Accessed: Jun. 16, 2022. doi: 10.1556/
AVet.52.2004.2.10.

DUTTA, P. et al. Isolation of Salmonella Typhimurium from
pigeons (Columba livia) in Greater Guwahati, its histopathological
impact and antibiogram. Comparative Clinical Pathology, v.22,
p-147-150, 2013. Available from: <https://link.springer.com/
article/10.1007/s00580-012-1614-3>. Accessed: Jun. 16, 2022.
doi: 10.1007/s00580-012-1614-3.

EUCAST - The European Committee on Antimicrobial
Susceptibility Testing (EUCAST). Breakpoint tables for
interpretation of MICs and zone diameters. In: European Society
of Clinical Microbiology and Infectious Diseases Basel, 2019.

FERMAN, L. M. et al. A study of feral pigeon Columba livia var.
in urban and suburban areas in the city of Jena, Germany. Arxius
de Miscel-lanea Zoologica, 8, 1-8, 2010. Available from: <http://
www.bcn.cat/mciencies/publicacions/AMZ/vol8.1/AMZ-1001.
htm>. Accessed: Jun. 16, 2022.

FOX, J. G.; GE et al. Helicobacter hepaticus infection in mice:
models for understanding lower bowel inflammation and cancer.
Mucosal Immunology, v.4, p.22-30, 2011. Available from:
<https://pubmed.ncbi.nlm.nih.gov/20944559/>. Accessed: Jun. 16,
2022. doi: 10.1038/mi.2010.61.

FRANCK, S. M. et al. Multiplex PCR for Enterotoxigenic,
Attaching and Effacing, and Shiga Toxin-Producing Escherichia
coli Strains from Calves. Journal of Clinical Microbiology, v.36,
p-1795-1797, 1998. Available from: <https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC104926/>. Accessed: Jun. 16, 2022. doi:
10.1128/jem.36.6.1795-1797.1998.

FROSINI, S. M. et al. A. Genes on the Move: In Vitro
Transduction of Antimicrobial Resistance Genes between Human
and Canine Staphylococcal Pathogens. Microorganisms, v.
8, p.2031, 2020. Available from: <https://pubmed.ncbi.nlm.
nih.gov/33353175/>. Accessed: Jun. 16, 2022. doi: 10.3390/
microorganisms8122031.

FUTAGAWA-SAITO, K. et al. High occurrence of multi-
antimicrobial resistance in Staphylococcus intermedius isolates
from healthy and diseased dogs and domesticated pigeons.
Research in Veterinary Science, v.83, p.336-339, 2007. Available
from: <https://pubmed.ncbi.nlm.nih.gov/17368493/>. Accessed:
Jun. 16, 2022. doi: 10.1016/j.rvsc.2007.01.013.

GARGIULO, A. et al. Occurrence of Enteropathogenic Bacteria
in Urban Pigeons (Columba livia) in Italy. Vector-Borne and
Zoonotic Diseases, v.14, p.251-255, 2014. Available from:
<https://www.liebertpub.com/doi/10.1089/vbz.2011.0943>.
Accessed: Jun. 16, 2022. doi: 10.1089/vbz.2011.0943.

GHANBARPOUR, R.; DANESHDOOST, S. Identification of
shiga toxin and intimin coding genes in Escherichia coli isolates
from pigeons (Columba livia) in relation to phylotypes and

antibiotic resistance patterns. Tropical Animal Health and
Production, v.44, p.307-312, 2012. Available from: <https://
pubmed.ncbi.nlm.nih.gov/22105907/>. Accessed: Jun. 16, 2022.
doi: 10.1007/s11250-011-0021-0.

GORDON, D.M.; COWLING, A. The distribution and genetic structure
of Escherichia coli in Australian vertebrates: host and geographic
effects. Microbiology (Reading, England), v.149, p.3575-3586,
2003. Available from: <https:/pubmed.ncbi.nlm.nih.gov/14663089/>.
Accessed: Jun. 16, 2022. doi: 10.1099/mic.0.26486-0.

GRIMONT, P.; WEILL, F. X. Antigenic Formulae of the Salmonella
serovars, (9th ed.) Paris: WHO Collaborating Centre for Reference
and Research on Salmonella. Institute Pasteur., p.1-166, 2007.
Available from: <https://www.pasteur.fi/sites/default/files/veng_0.
pdf>. Accessed: Jun. 16, 2022.

HAABER, J. et al. Transfer of Antibiotic Resistance in
Staphylococcus  aureus. Trends in Microbiology, v.25,
p-893-905, 2017. Available from: <https://pubmed.ncbi.nlm.
nih.gov/28641931/>. Accessed: Jun. 16, 2022. doi: 10.1016/].
tim.2017.05.011.

HAAG-WACKERNAGEL, D.; MOCH, H. Health hazards posed
by feral pigeons. The Journal of Infection, v.48, p.307-313, 2004.
Available from: <https://pubmed.ncbi.nlm.nih.gov/15066331/>.
Accessed: Jun. 16, 2022. doi: 10.1016/j.jinf.2003.11.001.

HAESENDONCK, R. et al. Feral pigeons: A reservoir of zoonotic
Salmonella Enteritidis strains? Veterinary Microbiology, v.195,
p-101-103, 2016. Available from: <https://pubmed.ncbi.nlm.
nih.gov/27771054/>. Accessed: Jun. 16, 2022. doi: 10.1016/].
vetmic.2016.09.017.

HALE, C. R. etal. Estimates of enteric illness attributable to contact
with animals and their environments in the United States. Clinical
Infectious Diseases: An Official Publication of the Infectious
Diseases Society of America, v.54 Suppl 5, p.S472-479, 2012.
Available from: <https://pubmed.ncbi.nlm.nih.gov/22572672/>.
Accessed: Jun. 16, 2022. doi: 10.1093/cid/cis051.

HOELZER, K. et al. Animal contact as a source of human non-
typhoidal salmonellosis. Veterinary Research, v.42, p.34, 2011.
Available from: <https://pubmed.ncbi.nlm.nih.gov/21324103/>.
Accessed: Jun. 16, 2022. doi: 10.1186/1297-9716-42-34.

INMET - Instituto Nacional de Meteorologia. Avaliable from:
<http://sisdagro.inmet.gov.br/sisdagro/app/monitoramento/bhs/
mapaperiodoacum>. Accessed: Jun. 16, 2022.

INMET - Instituto Nacional de Meteorologia. Avaliable from:
<http://sisdagro.inmet.gov.br/sisdagro/app/monitoramento/bhs/
mapaperiodoacum>. Accessed: Jun. 16, 2022.

IPPOLITO, G. LE et al. Methicillin-resistant Staphylococcus aureus:
the superbug. International journal of infectious diseases: 1JID:
official publication of the International Society for Infectious
Diseases, v.14 Suppl 4, p.S7-11, 2010. Available from: <https://
pubmed.ncbi.nlm.nih.gov/20851011/>. Accessed: Jun. 16, 2022.
doi: 10.1016/5.1jid.2010.05.003.

KACZOREK-LUKOWSKA, E. et al. Can domestic pigeon be a
potential carrier of zoonotic Salmonella? Transboundary and
Emerging Diseases, v.68, 2020. Available from: <https://doi.
org/10.1111/tbed.13891>. Accessed: Jun. 16, 2022. doi: 10.1111/
tbed.13891.

Ciéncia Rural, v.53, n.8, 2023.

PO

co.

-

L4
Crid




e S, I 7

oy,
" oo,

T P
ooy’

»,

ooy

Identification and characterization of pathogenic and multidrug-resistant bacteria in feral pigeons surrounding a veterinary hospital... 11

KAMATHEWATTA, K. I. et al. Exploration of antibiotic resistance
risks in a veterinary teaching hospital with Oxford Nanopore long
read sequencing. PLoS ONE, v.14, p.e0217600, 2019. Available
from: <https://pubmed.ncbi.nlm.nih.gov/31145757/>. Accessed:
Jun. 16, 2022. doi: 10.1371/journal.pone.0217600.

KARIM, S. J. L. et al, Multidrug-resistant Escherichia coli and
Salmonella spp. isolated from pigeons. Veterinary World, v.13,
p-2156-2165, 2020. Available from: <https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC7704316/>. Accessed: Jun. 16, 2022. doi:
10.14202/vetworld.2020.2156-2165.

KIZERWETTER-SWIDA, M. et al. Genetic characterization of
coagulase-positive staphylococci isolated from healthy pigeons.
Polish Journal of Veterinary Sciences, v.18, p.627-634, 2015.
Available from: <https:/pubmed.ncbi.nlm.nih.gov/26618597/>.
Accessed: Jun. 16, 2022. doi: 10.1515/pjvs-2015-0081.

KNIGHT, D. R.; RILEY, T. V. Genomic delineation of zoonotic
origins of Clostridium difficile. Frontiers in Public Health,
v.7, p.164, 2019. Available from: <https://pubmed.ncbi.nlm.
nih.gov/31281807/>. Accessed: Jun. 16, 2022. doi: 10.3389/
fpubh.2019.00164.

KOKSAL, F. et al. Antibiotic resistance patterns of coagulase-
negative staphylococcus strains isolated from blood cultures of
septicemic patients in Turkey. Microbiological Research, v.164,
p.404—410, 2009. Available from: <https://pubmed.ncbi.nlm.
nih.gov/17475456/>. Accessed: Jun. 16, 2022. doi: 10.1016/j.
micres.2007.03.004.

KUANG, X. et al. Serotypes and antimicrobial susceptibility of
Salmonella spp. isolated from farm animals in China. Frontiers
in Microbiology, v.6, p.602, 2015. Available from: <https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC4476277/>. Accessed: Jun. 16,
2022. doi: 10.3389/fmicb.2015.00602.

KUTKOWSKA, J. et al. Methicillin-resistant Staphylococcus
aureus and glycopeptide-resistant enterococci in fecal samples of
birds from South-Eastern Poland. BMC Veterinary Research,
v.15, p.472, 2019. Available from: <https://pubmed.ncbi.nlm.nih.
2gov/31888629/>. Accessed: Jun. 16, 2022. doi: 10.1186/s12917-
019-2221-1.

LE MINOR, L.; POPOFF, M. Y. Y. 1987. Designation of Salmonella
enterica sp. nov., nom. rev., as the Type and Only Species of the
Genus Salmonella: Request for an Opinion. International Journal of
Systematic and Evolutionary Microbiology, v.37, p.465-468, [s.d.].

MAGIORAKOS, A. P. et al. Multidrug-resistant, extensively drug-
resistant and pandrug-resistant bacteria: an international expert
proposal for interim standard definitions for acquired resistance.
Clinical Microbiology and Infection, v.18, p.268-281, 2012.
Available from: <https:/pubmed.ncbi.nlm.nih.gov/21793988/>.
Accessed: Jun. 16, 2022. doi: 10.1111/j.1469-0691.2011.03570.x.

MATIAS, C. A. R. et al. Staphylococcus spp. isolated from wild
birds apprehended in the local illegal trade in Rio de Janeiro, Brazil,
and relevance in public health. Letters in Applied Microbiology,
v.67, p.292-298, 2018. Available from: <https://pubmed.ncbi.
nlm.nih.gov/29924392/>. Accessed: Jun. 16, 2022. doi: 10.1111/
lam.13035.

MCDANIELS, A. E. et al. Confirmational identification of
Escherichia coli, a comparison of genotypic and phenotypic assays
for glutamate decarboxylase and beta-D-glucuronidase. Applied

and Environmental Microbiology, v.62, p.3350-3354, 1996.
Available from: <https://pubmed.ncbi.nlm.nih.gov/8795225/>.
Accessed: Jun. 16, 2022. doi: 10.1128/aem.62.9.3350-3354.1996.

MURAKAMI, K. et al. Identification of methicillin-resistant
strains of staphylococci by polymerase chain reaction. Journal of
Clinical Microbiology, v.29, p.2240-2244, 1991. Available from:
<https://pubmed.ncbi.nlm.nih.gov/1939577/>. Accessed: Jun. 16,
2022. doi: 10.1128/JCM.29.10.2240-2244.1991.

MAHMMOUD, E. N. Isolation and Identification of Bacteria
from Genital Organs of Pigeons. Rafidain Journal of Science,
v.24, p.1-15, 2013. Available from: <https://rsci.mosuljournals.
com/article 78799.html>. Accessed: Jun. 16, 2022. doi: 10.33899/
1js.2013.78799.

OLIVEIRA, J. G. et al. Salmonella Typhimurium - associated
meningoencephalomyelitis in a foal. Ciéncia Rural, v.49, 2019.
Available from: <https://doi.org/10.1590/0103-8478cr20190008>.
Accessed: Jun. 16, 2022. doi: 10.1590/0103-8478cr20190008.

OSMAN, K. M. et al. Salmonella enterica isolated from pigeon
(Columba livia) in Egypt. Foodborne Pathogens and Disease,
v.10, p.481-483, 2013. Available from: <https://pubmed.ncbi.
nlm.nih.gov/23531124/>. Accessed: Jun. 16, 2022. doi: 10.1089/
fpd.2012.1347.

PALMA, E.; TILOCCA, B.; RONCADA, P. Antimicrobial
Resistance in Veterinary Medicine: An Overview. International
Journal of Molecular Sciences, v.21,p.1914,2020. Available from:
<https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7139321/>.
Accessed: Jun. 16, 2022. doi: 10.3390/ijms21061914.

PANGLOLI, P. et al. Secasonal incidence and molecular
characterization of Salmonella from dairy cows, calves, and
farm environment. Foodborne Pathogens and Disease, V.5,
p.87-96, 2008. Available from: <https://pubmed.ncbi.nlm.
nih.gov/18260819/>. Accessed: Jun. 16, 2022. doi: 10.1089/
fpd.2008.0048.

PEDERSEN, K. et al. Prevalence of shiga toxin-producing
Escherichia coli and Salmonella enterica in rock pigeons captured in
Fort Collins, Colorado. Journal of Wildlife Diseases, v.42, p.46-55,
2006. Available from: <https://pubmed.ncbi.nlm.nih.gov/16699148/>.
Accessed: Jun. 16, 2022. doi: 10.7589/0090-3558-42.1.46.

PIRS, T. et al. Antimicrobial susceptibility of animal and human
isolates of Clostridium difficile by broth microdilution. Journal of
Medical Microbiology, v.62, p.1478-1485, 2013. Available from:
<https://pubmed.ncbi.nlm.nih.gov/23861298/>. Accessed: Jun. 16,
2022. doi: 10.1099/jmm.0.058875-0.

PITCHER, D. G. et al. Rapid extraction of bacterial genomic DNA
with guanidium thiocyanate. Letters in Applied Microbiology,
v.8, p.151-156, 1989. Available from: <https://doi.org/10.1111/
j.1472-765X.1989.tb00262.x>. Accessed: Jun. 16, 2022. doi:
10.1111/5.1472-765X.1989.tb00262..x.

PURIGHALLA, S. et al. Investigation into a community outbreak
of Salmonella Typhi in Bengaluru, India. The Indian Journal
of Medical Research, v.146, p.S15-S22, 2017. Available from:
<https://pubmed.ncbi.nlm.nih.gov/29205191/>. Accessed: Jun. 16,
2022. doi: 10.4103/ijmr.IJMR_1201_16.

RAMOS, C. P. et al. Enteric Organisms Detected in Feces of Dogs
with Bloody Diarrhea: 45 Cases. Topics in Companion Animal

Ciéncia Rural, v.53, n.8, 2023.



12 Santana et al.

Medicine, v.45, p.100549, 2021. Available from: <https://pubmed.
ncbi.nlm.nih.gov/34044173/>. Accessed: Jun. 16, 2022. doi:
10.1016/j.tcam.2021.100549.

RAMOS, C. P. et al. Identification and Characterization of
Escherichia coli , Salmonella Spp., Clostridium perfringens , and
C. difficile Tsolates from Reptiles in Brazil. BioMed Research
International, v.2019, p.1-9, 2019a. Available from: <https://
pubmed.ncbi.nlm.nih.gov/31263711/>. Accessed: Jun. 16, 2022.
doi: 10.1155/2019/9530732.

RAMOS, C. P. et al. Outbreak of multidrug-resistant Salmonella
Typhimurium in calves at a veterinary hospital in Brazil. Ciéncia
Rural, v.49, 2019b. Available from: <https://doi.org/10.1590/0103-
8478cr20180788>. Accessed: Jun. 16, 2022. doi: 10.1590/0103-
8478¢r20180788.

RISSI, D. R.; ELSMO, E. J.; SANCHEZ, S. Cystitis and
peritonitis caused by Staphylococcus xylosus infection in a calf.
v.8, p.99-101, 2015. Available from: <https://pesquisa.bvsalud.
org/portal/resource/pt/vti-22003>. Accessed: Jun. 16, 2022.

ROCHA-E-SILVA, R. C. et al. O pombo (Columba livia) como
agente carreador de Salmonella spp. e as implicagdes em satde
publica. Arquivos do Instituto Biologico, v.81, p.189-194, 2014.
Available from: <https://doi.org/10.1590/1808-1657000702012>.
Accessed: Jun. 16, 2022. doi: 10.1590/1808-1657000702012.

ROSARIO MEDINA, I. et al. Pigeons and their droppings
as reservoirs of Candida and other zoonotic yeasts. Revista
Iberoamericana de Micologia, v.34, p.211-214, 2017.
Available from:  <https://linkinghub.elsevier.com/retrieve/pii/
S1130140617300529>. Accessed: Jun. 16, 2022. doi: 10.1016/j.
riam.2017.03.001.

SACRISTAN, C. et al. Virulence genes, antibiotic resistance and
integrons in Escherichia coli strains isolated from synanthropic
birds from Spain. Avian Pathology: Journal of the W.V.P.A,
v.43, p.172-175, 2014. Available from: <https://pubmed.ncbi.nlm.
nih.gov/24689431/>. Accessed: Jun. 16, 2022. doi10.1080/030794
57.2014.897683.

SANTANA, J. A. et al. Clostridioides difficile and multi-drug-
resistant staphylococci in free-living rodents and marsupials
in parks of Belo Horizonte, Brazil. Brazilian Journal of
Microbiology, 2021. Available from: <https://pubmed.ncbi.nlm.
nih.gov/34761356/>. Accessed: Jun. 16, 2022. doi: 10.1007/
$42770-021-00640-x.

SANTANA, J. A. et al. Isolation and antimicrobial resistance of
coagulase-negative staphylococci recovered from healthy tortoises
in Minas Gerais, Brazil. Ciéncia Rural, v.52, p.e20210354, 2022.
Available from: <https://doi.org/10.1590/0103-8478cr20210354>.
Accessed: Jun. 16, 2022. doi: 10.1590/0103-8478cr20210354.

SASAKI, T. et al. Multiplex-PCR method for species identification
of coagulase-positive staphylococci. Journal of Clinical
Microbiology, v.48, p.765-769, 2010. Available from: <https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC2832457/>.  Accessed:
Jun. 16, 2022. doi: 10.1128/JCM.01232-09.

SAWA, H.; HIRAI K. An outbreak of Salmonella Typhimurium
subserovar copenhagen infection in pigeons (Chalcophaps
indica) imported from Hong Kong. Nihon Juigaku Zasshi. The
Japanese Journal of Veterinary Science, v.43, p.277-279,
1981. Available from: <https://agris.fao.org/agris-search/search.

do?recordID=JP19820771480>. Accessed: Jun. 16, 2022. doi:
10.1292/jvms1939.43.277.

SCHWARZ, S.; WERCKENTHIN, C. Antibiotic Resistance
in  Staphylococci  Isolated from Pigeons. Veterinary
Dermatology, v.5, p.9—-12, 1994. Available from: <https://doi.
org/10.1111/j.1365-3164.1994.tb00003.x>. Accessed: Jun. 16,
2022. doi: 10.1111/1.1365-3164.1994.tb00003..x.

SIDHU, M. S. et al. Persistence of multidrug-resistant
Staphylococcus haemolyticus in an animal veterinary teaching
hospital clinic. Microbial Drug Resistance (Larchmont, N.Y.),
v.13, p.271-280, 2007. Available from: <https://pubmed.ncbi.
nlm.nih.gov/18184053/>. Accessed: Jun. 16, 2022. doi:: 10.1089/
mdr.2007.756.

SILVA, R. O. S. et al. Detection of A/B toxin and isolation of
Clostridium difficile and Clostridium perfringens from foals.
Equine Veterinary Journal, v.45, p.671-675, 2013. Available
from: <https://pubmed.ncbi.nlm.nih.gov/23452044/>. Accessed:
Jun. 16, 2022. doi: 10.1111/evj.12046.

SILVA, R. O. S. et al. Detection of enterotoxin A and cytotoxin B,
and isolation of Clostridium difficile in piglets in Minas Gerais,
Brazil. Ciéncia Rural, v.41, p.1430-1435, 2011. Available from:
<https://doi.org/10.1590/S0103-84782011005000100>. Accessed:
Jun. 16, 2022. doi: 10.1590/S0103-84782011005000100.

SILVA, V. L. et al. Diarrheagenic Escherichia coli strains
recovered from urban pigeons (Columba livia) in Brazil and their
antimicrobial susceptibility patterns. Current Microbiology, v.59,
p-302-308, 2009. Available from: <https://pubmed.ncbi.nlm.nih.
2gov/19504156/>. Accessed: Jun. 16, 2022. doi: 10.1007/s00284-
009-9434-7.

SPENNEMANN, D. H.; WATSON, M. J. Dietary habits of urban
pigeons (Columba livia) and implications of excreta pH — A review.
European Journal of Ecology, v.3, p.27-41, 2017. Available
from: <https://journals.ku.edu/EuroJEcol/article/view/11598>.
Accessed: Jun. 16, 2022. doi: 10.1515/eje-2017-0004.

SUKKUA, K.; MANOTHONG, S.; SUKHUMUNGOON, P.
Seroprevalence and molecular epidemiology of EASTI gene-
carrying Escherichia coli from diarrheal patients and raw
meats. Journal of Infection in Developing Countries, v.11,
p-220-227, 2017. Available from: <https://pubmed.ncbi.nlm.nih.
2gov/28368855/>. Accessed: Jun. 16, 2022. doi: 10.3855/jidc.6865.

SWEENEY, M. T. et al. Applying definitions for multidrug
resistance, extensive drug resistance and pandrug resistance to
clinically significant livestock and companion animal bacterial
pathogens. Journal of Antimicrobial Chemotherapy, v.73,
p.1460-1463, 2018. Available from: <https://pubmed.ncbi.nlm.nih.
2gov/29481657/>. Accessed: Jun. 16, 2022. doi: 10.1093/jac/dky043.

TANAKA, C. et al. Bacteriological survey of feces from feral
pigeons in Japan. The Journal of Veterinary Medical Science,
v.67, p.951-953, 2005. Available from: <https://www.jstage.jst.
go.jp/article/jvms/67/9/67 9 951/ article>. Accessed: Jun. 16,
2022. doi: 10.1292/jvms.67.951.

TIZARD, 1. Salmonellosis in wild birds. Seminars in Avian and
Exotic Pet Medicine, Emerging Diseases. v.13, p.50-66, 2004.
Available from: <https://www.sciencedirect.com/science/article/
abs/pii/S1055937X04000039>. Accessed: Jun. 16, 2022. doi:
10.1053/j.saep.2004.01.008.

Ciéncia Rural, v.53, n.8, 2023.

PO

co.

-

L4
Crid




oy,

LTI

e S, I

" oo,

oo,

Identification and characterization of pathogenic and multidrug-resistant bacteria in feral pigeons surrounding a veterinary hospital... 13

TORRES-MEIJIA, A. M. et al. Zoonotic Agents in Feral Pigeons
(Columba livia) from Costa Rica: Possible Improvements to
Diminish Contagion Risks. Vector-Borne and Zoonotic Diseases,
v.18, p.49-54, 2018. Available from: <https://pubmed.ncbi.nlm.
nih.gov/29243991/>. Accessed: Jun. 16, 2022. doi: 10.1089/
vbz.2017.2131.

TURNER, N. A. et al. Methicillin-resistant Staphylococcus aureus:
an overview of basic and clinical research. Nature Reviews.
Microbiology, v.17, p.203-218, 2019. Available from: <https://
pubmed.ncbi.nlm.nih.gov/30737488/>. Accessed: Jun. 16, 2022.
doi: 10.1038/s41579-018-0147-4.

VELA, J. et al. Characterization of Staphylococcus xylosus
isolated from broiler chicken barn bioaerosol. Poultry Science,
v.91, p.3003-3012, 2012. Available from: <https://pubmed.ncbi.
nlm.nih.gov/23155006/>. Accessed: Jun. 16, 2022. doi: 10.3382/
ps.2012-02302.

VERSALOVIC, J.; KOEUTH, T.; LUPSKI, J.R. Distribution
of repetitive DNA sequences in eubacteria and application to
fingerprinting of bacterial genomes. Nucleic Acids Research,
v.19, p.6823-6831, 1991. Available from: <https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC329316/>. Accessed: Jun. 16, 2022. doi:
10.1093/nar/19.24.6823.

WALTHER B, TEDIN K, LUBKE-BECKER A. Multidrug-
resistant opportunistic pathogens challenging veterinary infection
control. Vet Microbiol. 2017 Feb; 200:71-78. Available from:
<https://pubmed.ncbi.nlm.nih.gov/27291944/>. Accessed: Jun. 16,
2022. doi: 10.1016/j.vetmic.2016.05.017.

WEESE, J. S.; DUIJKEREN, E. VAN. Methicillin-resistant
Staphylococcus aureus and Staphylococcus pseudintermedius
in veterinary medicine. Veterinary Microbiology, v.140,
p-418-429, 2010. Available from: <https://pubmed.ncbi.nlm.
nih.gov/19246166/>. Accessed: Jun. 16, 2022. doi: 10.1016/j.
vetmic.2009.01.039.

WEESE JS, ARMSTRONG J. Outbreak of Clostridium difficile-
associated disease in a small animal veterinary teaching hospital.
J Vet Intern Med. 2003 Nov-Dec; 17(6):813-6. Available from:
<https://pubmed.ncbi.nlm.nih.gov/14658717/>. Accessed: Jun. 16,
2022. doi: 10.1111/1.1939-1676.2003.tb02519.x.

WON, Y. S. et al. Identification of Staphylococcus xylosus
isolated from C57BL/6J-Nos2(tmlLau) mice with dermatitis.
Microbiology and Immunology, v.46, p.629-632, 2002. Available
from: <https://pubmed.ncbi.nlm.nih.gov/12437030/>. Accessed:
Jun. 16, 2022. doi: 10.1111/j.1348-0421.2002.tb02744.x.

WORLD HEALTH ORGANIZATION (WHO). Critically
important antimicrobials for human medicine, 2019. Available
from: <https://www.who.int/publications/i/item/9789241515528>.
Accessed: Jun. 16, 2022.

YAMAMOTO, T.; NAKAZAWA, M. Detection and sequences
of the enteroaggregative Escherichia coli heat-stable enterotoxin
1 gene in enterotoxigenic E. coli strains isolated from piglets
and calves with diarrhea. Journal of Clinical Microbiology,
v.35, p.223-227, 1997. Available from: <https://pubmed.ncbi.
nlm.nih.gov/8968912/>. Accessed: Jun. 16, 2022. doi: 10.1128/
jem.35.1.223-227.1997.

ZHOU, Z. et al. An outbreak of gastroenteritis in Osaka, Japan due
to Escherichia coli serogroup O166:H15 that had a coding gene
for enteroaggregative E. coli heat-stable enterotoxin 1 (EAST1).
Epidemiology and Infection, v.128, p.363-371, 2002. Available
from: <https://pubmed.ncbi.nlm.nih.gov/12113479/>. Accessed:
Jun. 16, 2022. doi: 10.1017/s0950268802006994.

ZIGO, F. Changes in Bacterial Microflora in Young Carrier Pigeons
during the Race Season. International International Journal of
Avian & Wildlife Biology, v.2, 2017. Available from: <https://
medcraveonline.com/IJAWB/changes-in-bacterial-microflora-in-
young-carrier-pigeons-during-the-race-season.html>.  Accessed:
Jun. 16, 2022. doi: 10.15406/ijawb.2017.02.00013.

Ciéncia Rural, v.53, n.8, 2023.



	_GoBack
	__DdeLink__366_20772636812
	__DdeLink__707_1679116248
	__DdeLink__366_2077263681

