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Pigeons are widespread bird species in urban regions (Columba livia forma urbana)
and may carry pathogens with zoonotic potential. In recent years, more and more data
indicate that these zoonotic pathogens are multidrug resistant. Our results confirmed
that global trend. Three different multidrug-resistant pathogens were isolated from
an oral cavity of a racing pigeon with lesions typical for pigeon pox virus infection.
Staphylococcus aureus was recognized as methicillin resistant, thus resistant to all
beta-lactams. Additionally, it was also resistant to many other classes of antibiotics,
namely: aminoglycosides, tetracyclines, phenicols, lincosamides, and macrolides.
Escherichia coli showed resistance to all antimicrobials tested, and it was classified
as intermediate to amikacin. Moreover, Candida albicans resistant to clotrimazole,
natamycin, flucytosine, and amphotericin and intermediate to ketoconazole, nystatin,
and econazole was also isolated. This raises the question how pigeons acquire such
highly resistant strains. Therefore, more data are needed concerning the resistance to
antibiotics in strains from domestic and wild pigeons in Poland. Until the problem is
fully understood, it will be challenging to implement adequate planning of any control
measures and check their effectiveness.
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INTRODUCTION

In pigeons, most staphylococcal infections are caused by Staphylococcus aureus; however, a few
studies have indicated that after S. aureus, the most prevalent coagulase-positive staphylococci
(CoPS) in pigeons are Staphylococcus delphini and Staphylococcus intermedius (1, 2), which inhabit
the choanal slit (posterior nasal apertures) of healthy birds.
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S. aureus is widely spread among humans and numerous
animal species. It means that it can be easily transmitted between
animals and humans. Since pigeons share common environment
with humans, they may not only be the source of staphylococcal
infection but may also pose a reservoir of bacteria-carrying
resistance and virulence factor genes. Therefore, this might be of
a great importance in the context of public health.

Extensive and often inappropriate use of antimicrobials causes
a strong selective pressure that leads to the rapid increase in
antimicrobial resistance in bacteria. Thus, the antibiotic use plays
a crucial role in the emerging public health crisis of antimicrobial
resistance. Increased number of multidrug-resistant bacteria
has become a global problem. The World Health Organization
(WHO) alarms that humanity is at risk of returning to the “pre-
antibiotic era” (3). It should be noted that resistant bacteria
may circulate among humans, animals, and the environment.
Therefore, the “One World—One Health” concept created in
2004 becomes an especially important issue nowadays (4, 5).

Homing pigeons and fancy pigeons, which are bred for
ornamental traits are very popular in Poland. Currently, homing
pigeons are mainly used in racing competitions. Nowadays,
there is a huge problem in Poland related to the frequent use
of antimicrobials by breeders without consulting a veterinarian
(6, 7). This directly contributes to the increase of drug resistance
in bacteria occurring in pigeons.

METHODS

In August 2019, one racing pigeon from the affected pigeon
loft was submitted to the veterinary clinic. Clinical examination
revealed several dry, yellowish nodular lesions on the eyelids, as
well as protuberant black pocks in the nostrils, cere region, and
lower beak. Lesions were firmly attached to the skin. In addition,
the abscess was found on the palate. Clinical examination allowed
the recognition of pigeon pox virus infection based on the
presence of typical cutaneous and mucosal diphtheritic lesions
(Figure 1). The swab from oral cavity was collected for laboratory
tests. Basing on the clinical changes, bacteriological as well
as mycological examinations were performed. Collected swab
was cultured on Columbia agar supplemented with 5% sheep
blood (Graso Biotech, Poland), MacConkey agar (Graso Biotech,
Poland), and Sabouraud agar (Biomerieux, France). Bacterial
isolates were identified based on their phenotypic properties,
such as: Gram stain characteristics, catalase and oxidase results,
as well as on colony morphology on blood agar and MacConkey
agar plates. For further identification of staphylococcal isolate,
a tube coagulase test was performed. Additionally, a rapid
agglutination test was used for the differentiation of S. aureus by
the detection of clumping factor and protein A specific for this
staphylococcal species (Microgen Staph, Graso Biotech, Poland).
Moreover, for tested staphylococcal strain multiplex PCR assay
based on the amplification of nuc gene was used. This method
allows for differentiation of coagulase-positive staphylococci
isolated from animals (8). Four reference strains from the Culture
Collections of the University Goteborg S. intermedius CCUG
65207, S. schleiferi subsp. coagulans CCUG 372487, S. delphini
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FIGURE 1 | Pox in pigeon from which multidrug-resistant E. coli and S. aureus
strains were isolated: note typical yellow-to-brown nodules on and around
beak and eyes.

CCUG 301077, and S. pseudintermedius CCUG 49543" used in
this study were obtained from the Department of Veterinary
and Animal Sciences, Faculty of Health and Medical Sciences,
University of Copenhagen. One strain of S. aureus ATCC 6538
belonged to the strain collection of the Warsaw University of Life
Sciences. Candida species was identified based on the positive
germ tube test and API Candida (Biomerieux, France). A disk-
diffusion method was used to check antimicrobial susceptibility
profiles of isolated microorganisms. Escherichia coli isolate was
tested for susceptibility to amoxicillin with clavulanic acid (AMGC;
30 ng), cefpodoxime (CPD; 10 pg), cephalothin (CF; 30 png),
gentamicin (GM; 10 pg), tetracycline (TE; 30 pg), doxycycline
(D; 30 pg), sulfamethoxazole with trimethoprim (SXT; 23.75
ng/1.25 ng), florfenicol (FFC; 30 pg), enrofloxacin (ENO; 5
ng), ampicillin (AM; 10 pg), and amikacin (AN; 30 pg), while
S. aureus isolate was tested for penicillin (P; 10 pg) instead of
ampicillin, and it was additionally tested for susceptibility to
clindamycin (CC; 2 png) and erythromycin (E; 15 pg) (Becton
Dickinson, USA). The presence of mecA gene was checked by
PCR method according to Larsen et al. (9). Candida albicans
isolate was tested for susceptibility to: clotrimazole (CTM; 1 0pg),
natamycin (NAT; 10 pg), flucytosine (FY; 1 pg), amphotericin
(AMB; 20 pg), ketoconazole (KCA; 10 g), nystatin (NY; 100
units), and econazole (ECM; 10 pg) (Mast Group, UK). After
incubation at 37°C for 24h, the growth inhibition zones were
measured and interpreted in accordance with CLSI guidelines
(10, 11).

To evaluate the cumulative data concerning antimicrobial
resistance in selected bacteria isolated from pigeons,
comprehensive literature search was performed in the PubMed
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database for studies published from 01.01.2000 to 01.07.2020.
The database was searched for the following keywords: bacterial
infection, antimicrobial resistance, and pigeon, giving a total of
35 search results. Manual revision and selection of data were
based on information in the titles and/or abstracts. Selected
publications had to contain extractable data in English on the
number of bacterial strains isolated from clinical and/or non-
clinical samples from feral and/or domestic pigeons. Moreover,
they had to contain data on the resistance profile to the tested
antibiotics separately for each tested strain. Considering the fact
that among the publications that meet the above criteria, the
most numerous were those relating to E. coli, 11 publications
were selected for the final analysis. Selection of studies and
extraction of data were done independently by the authors AG
and EK and then compared and reviewed by the third author
DCC. The extracted data was collected in a database created
for this publication and analyzed for the percentage of strains
resistant to particular classes or subclasses of antibiotics. The
results obtained in the research on feral pigeons and homing
pigeons were also compared.

RESULTS

In the present study, S. aureus, non-hemolytic E. coli, and
C. albicans were isolated from oral cavity of racing pigeon.
Disk-diffusion method revealed in E. coli isolate intermediate
susceptibility to amikacin only. Furthermore, it was resistant
to amoxicillin with clavulanic acid, cefpodoxime, cephalothin,
gentamicin, tetracycline, doxycycline, sulfamethoxazole with
trimethoprim, florfenicol, enrofloxacin, and ampicillin. Whereas,
S. aureus isolate was resistant to all beta-lactam antibiotics
tested and to amikacin, gentamicin, tetracycline, doxycycline,
florfenicol, and clindamycin, erythromycin. Intermediate
susceptibility was confirmed only to enrofloxacin. The detection
of the mecA gene in isolated S. aureus strain correlated with
the antimicrobial resistance phenotype indicating MRSA
(methicillin-resistant S. aureus). Both bacterial isolates were
resistant to at least three antimicrobial classes, thus could be
classified as multidrug-resistant pathogens (12).

In mycological examination, C. albicans isolate was resistant
to clotrimazole, natamycin, flucytosine, and amphotericin.
Moreover, it was intermediately susceptible to ketoconazole,
nystatin, and econazole.

According to our best knowledge, 10% florfenicol acquired
from unknown administered orally despite
the antibiogram result. The outcome of the disease has
remained unknown.

source was

DISCUSSION

The highlight of this case is the fact that three different
pathogenic microorganisms were isolated from an affected racing
pigeon, and all of them were multidrug resistant. Although,
increasing resistance to antimicrobials in bacteria and fungi is
a well-known fact, mistakes in antimicrobial therapy are still
common (6, 7). Antibiotics are often administered “blindly,”

without previous microbiological examinations, and the drug
selection is often random. Antimicrobial therapy must base on
the results of antimicrobial susceptibility testing and on the
prescription of a veterinarian. In many cases, the antibiotic
use is unnecessary because the etiological agent of a disease
is not of bacterial origin. Other common problems are wrong
dosage of a drug, and too long or too short duration of
the treatment. Therapy is often not continued as soon as the
clinical symptoms subside. In case of animals taking part in
competitive sport, including racing pigeons, before the sporting
event, antibiotics are frequently given preventively to treat any
possible disease, even if the animal shows no clinical symptoms.
Among the domestic pigeon breeders even more irresponsible
practices concerning antibiotic usage may occur. Antimicrobial
cocktails (preparations consisting of antibiotics from different
classes) are purchased from unknown sources and sometimes
also shared between breeders. This cocktails can contain not only
antimicrobials registered for pigeons or other animals but also
antimicrobials registered for humans (13).

The resistance of the E. coli isolate to enrofloxacin and
doxycycline, as well as the resistance of the S. aureus isolate to
doxycycline and intermediate susceptibility to enrofloxacin, may
be associated with an extensive use of those antimicrobials
authorized for treatment of pigeons in Poland. Similar
observations were described previously for pigeon pathogens
by other research groups (7, 13, 14). However, the resistance
to aminoglycosides, macrolides, and phenicols, which are not
registered in Poland for use in pigeons, suggests the possible
acquisition of resistance determinants from other bacteria, as
well as an effect of selective pressure caused by unauthorized
previous treatment with antibiotics from these classes. Moreover,
we recognized MRSA in the racing pigeon in Poland by PCR
with mecA-specific primers. Up to date, there is only one
report concerning the presence of pigeon methicillin-resistant
staphylococci in Poland, but this feature was not genetically

TABLE 1 | Cumulative results of antimicrobial resistance in E. coli isolated from
pigeons, according to publications available in the PubMed database (18, 21-30).

Antimicrobial or antimicrobial Class % of resistant strains

Beta-lactams Penicillins 45

Cephalosporins 18

Cefamycins 17

Penicillins with betalactamase inhibitors 8
Olaquindox 82
Tetracyclines 65
Lincosamides 42
Aminoglycosides 40
Phenicols 32
Fluoroquinolones 29
Macrolides 25
Sulfonamides 17
Nitrofurantoin 17
Tigecycline 3
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FIGURE 2 | Comparison of antimicrobial resistance in E. coli strains isolated from feral and domestic pigeons, according to publications available in the PubMed
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confirmed (14). Multidrug-resistant, biofilm-producing S. aureus
strains were also isolated from pigeons with conjunctivitis in
Iran (15). Moreover, in Italy it was shown that pigeons can be
colonized by methicillin-resistant S. aureus (16).

In this study, we also found multidrug-resistant E.coli isolate.
It was previously shown that pigeons are reservoir of multidrug-
resistant E. coli, including ESBL-producing strains (17-19).
Cunha et al. (20) found that feral pigeons carried ESBL-positive E.
coli strains producing the enzymes CTX-M-2 and CTX-M-8 (20).

Cumulative data based on the analysis of available
publications concerning antimicrobial resistance in E. coli
isolated from pigeons has shown that the majority of them
were resistant to tetracyclines. This may be due to the fact,
that tetracyclines are registered for birds in many European
countries, including Poland. Another class of antimicrobials
registered for birds are fluoroquinolones and according to
the cumulating data 29% of strains were reported as resistant
to them. The highest percentage of strains was resistant to
olaquindox; however, data on this antibiotic came only from
one study from China (21) (Table 1). Figure 2 compares the
differences in resistance to different classes of antibiotics of E.
coli strains isolated from feral and domestic pigeons. In general,
E. coli strains obtained from domestic pigeons shown higher rate
of resistance to all antimicrobials tested, except nitrofurantoin.
However, it is worth noting that most studies on the prevalence
of multidrug-resistant zoonotic pathogens concerned feral
pigeons, and infectious agents were isolated from faeces of
healthy birds. There is only limited data on the isolation of such

pathogens from clinical samples, and they are mainly obtained
from racing pigeons.

There is also literature data indicating the presence of
multidrug-resistant yeasts in pigeons (31). Multiple studies
showed the prevalence of yeasts belonging to the genus
Cryptococcus, Candida, Rhodotorula, and Trichosporon in pigeon
droppings (32-36). Moreover, many strains were resistant to
the azole antifungal drugs (36). However, as it was described in
the case of bacterial isolates, there is only limited data on the
isolation of multidrug-resistant yeasts from clinical samples of
pigeon origin.

The occurrence of methicillin-resistant staphylococci and
other multidrug-resistant microorganisms in pigeons is alarming
due to the fact that these pathogens can be transmitted to
humans and other animal species. Pigeons may shed such
microorganisms in a wide geographical area because the
competition flights cover considerable distances (37). Moreover,
these birds share the same environment with humans, domestic
and wildlife animals, and act as carriers of many emerging
pathogens. It is worth to mention that feral pigeons are known
to be the source of human pathogens such as toxigenic E. coli,
Salmonella, and Enterococcus (25, 30, 38-42).

The potential risk for public health posed by drastically
increasing multidrug resistance of microorganisms isolated
from pigeons must be highlighted. However, it must be also
emphasized that veterinarians should inform pigeon breeders
that multidrug resistance leads to higher morbidity, mortality,
and increased treatment costs.
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