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ABSTRACT

Background: Rock pigeon (Columba livia) is an exotic and invasive species of the Columbidae family found in several
cities around the world, including Brazilian cities, and close to humans. This species is found in large populations often
in public locations, where people may have contact. Several studies have demonstrated the isolation of human pathogens
from these birds. However, there are scarce studies describing infections by Gram-negative bacteria to which pigeons
are susceptible. Therefore, this report aimed to describe a case of natural coinfection of Pseudomonas aeruginosa and
Enteroaggregative Escherichia coli in a feral pigeon.

Case: A sick feral pigeon was delivered at the Laboratory of Ornithological Studies, State University of Ceard, Fortaleza,
Brazil. Due to poor prognosis, the individual was euthanized with ketamine via intravenous injection and submitted to nec-
ropsy, in which samples were collected for microbiological and histopathological procedure. The procedure was performed
aseptically and samples were collected from intestine, liver, spleen, heart and lung. Bacterial isolation was performed with
culture media selective for Gram negative bacteria and strains were identified biochemically. Histopathological examination
was performed with conventional method and slides were stained with hematoxylin and eosin. DNA from E. coli isolates
was extracted with simples boiling method and submitted to uniplex conventional polymerase chain reaction (PCR) to
diagnose diarrheagenic pathotypes with specific primers for the following genes: aaiC, aatA, eaeA, stxl, stx2, eltB, estA
and ipaH. Escherichia coli was isolated from the intestine, liver, spleen and lung, while Pseudomonas aeruginosa was
present in liver, spleen and lung. E. coli strains from liver and spleen were positive for the aaiC gene, which is a diagnostic
gene for Enteroaggregative Escherichia coli (EAEC) pathotype. Necropsy revealed the presence of several caseous lesions
around the head of the bird, cellulitis in the abdominal region, hepatomegaly, splenomegaly, hemorrhagic intestine and
pericarditis. Microscopical findings were most intense in liver and lung samples, presenting vascular and inflammatory
alterations. Histopathological alterations indicated an acute presentation of the infections and several lesions in different
organs, demonstrating the septicemic characteristic of the microorganisms involved in this case.

Discussion: Both pathogens in this report were identified mostly in the same organs, which may indicate that there was an
association in the pathogenesis. However, the entry routes of infection in this case may have been different, considering
that Pseudomonas aeruginosa was not isolated from the intestine. The histopathological findings were not pathognomonic
for either pathogen. However, some characteristic lesions were observed, such as cellulitis, which is commonly attributed
to Escherichia coli. EAEC strains are human pathogens that cause acute and persistent diarrhea around the world. These
microorganisms could be potentially transmitted to humans, as suggested by other studies with feral pigeons and enteric
pathogens. However, the absence of reports of pigeon-transmitted diarrheagenic infections in humans may suggest that
pigeons are only reservoirs of these pathogens. In addition, as this report demonstrates, these birds may also suffer from
these infections. In conclusion, the free-living pigeon presented a natural occurring case of coinfection by Pseudomonas
aeruginosa and Enteroaggregative Escherichia coli. Both are human opportunistic pathogens, and may have public health
implications.
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INTRODUCTION

Feral pigeons are classified in the species
Columba livia and are one of the main species of the
Columbidae family, Columbiformes order. The popula-
tions of this species currently found in most cities are
derived from individuals captured and domesticated at
least five thousand years ago in their natural region [5].
However, people started to care for these birds and feed
them, which along with the available food found inside
the cities and the lack of natural predators provided a
propitious environment for these birds to adapt. Cur-
rently, feral pigeons are found in numerous populations
in public locations, often in close contact with man [2,3].

At least 60 different human pathogens have
been already identified in these birds. However, stud-
ies performed with feral pigeons aiming to assess their
zoonotic potential to transmit diseases to humans are
limited to the isolation of microorganisms [4], not con-
sidering pathological aspects of the infection in these
birds. Despite being frequently isolated, the reports of
transmission of such pathogens to humans from pigeons
are scarce, usually occurring with immunosuppressed
individuals. Currently, there are no reports of coinfection
with Pseudomonas aeruginosa and Enteroaggregative
Escherichia coli (EAEC) in pigeons, or even adequate
reports of isolated infections by each of these patho-
gens in this avian species. Therefore, this study aimed
to describe a case of natural occurring coinfection of
Pseudomonas aeruginosa and Escherichia coliin a free-
living pigeon (Columba livia) from Fortaleza, Brazil.

CASE

A free-living pigeon was found sick and deliv-
ered to the Laboratory of Ornithological Studies, State
University of Ceard (UECE), Fortaleza - Brazil. Clinical
evaluation revealed that the bird presented poor body
condition, intense diarrhea, lesions around the head,
mostly close to eyes and ears. Due to the advance state of
disease, poor prognosis, and the possibility of a zoonotic
infection, euthanasia was performed three days after
admission with an intravenous injection of ketamine
(ImL). Necropsy was performed for macroscopic
observation, sampling collection for microbiological
procedure for bacterial isolation and histopathological
analysis of organs. Procedure was performed close to
the Bunsen burner with sterile equipment and samples
were aseptically collected from intestine, liver, spleen,
heart and lung. For histopathological examination, frag-

ments of organs were placed in tubes with 5% formalin,
submitted for standard histological procedure using
paraffin and thin cuts stained with hematoxylin-eosin
observed in simple light microscope.

For bacterial isolation, samples were placed
in tubes containing BHI broth, submitted for incuba-
tion and aliquots were collected and plated in Eosin-
Methylene-Blue (EMB) agar. Colonies were selected
based on morphological characteristics and submitted
for biochemical identification. Isolates were sent to the
Laboratory of Enterobacteria (LABENT/FIOCRUZ),
which is a reference for confirming the identification.
E. coli strains were submitted to conventional uniplex
Polymerase Chain Reaction (PCR) technique for
identification of 5 out of 6 diarrheagenic pathotypes
currently described.

DNA from the isolates was extracted by simple
method of boiling in Triton X-100, centrifugation and
quantification of the supernatant in spectrophotometer.
For the uniplex PCR, GoTaq Green Master Mix kit was
used and specific primers previously described were used
for the diagnosis of diarrheagenic pathotypes: genes stx/
(348pb) and stx2 (584pb) for the identification of Shiga-
Toxin producing E. coli (STEC); eltB (508pb) and estA
(147pb) 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 (215pb) for Enteroaggregative E. coli (EAEC) [10].
Strains EAEC 042, EHEC O157:H7, EIEC 0124, EPEC
2348/69 and ETEC H10407 were used as positive controls
for the reactions. Amplified products were submitted to
2% agarose gel electrophoresis stained with ethidium
bromide and revealed in transilluminator.

Macroscopic findings are displayed in Figure
1. Necropsy confirmed the poor body condition, re-
vealing cachexia. In addition, the presence of several
caseous masses around the head of the bird, cellulitis in
the abdominal region, diarrheal feces around cloacae,
hepatomegaly, splenomegaly, hemorrhagic intestine
and fibrinous pericarditis were observed.

Microscopic findings are displayed in Figure
2. Histopathological analysis revealed a diffuse con-
gestion in lung slides with some vessels obliterated by
fibrin thrombi. In addition, multiple granulomas were
observed in parenchyma, characterized by necrotic
cell agglomerates circled by multinucleated giant cells
(Figure 2A). Liver samples presented a diffuse and
intense congestion of sinusoids in addition to multiple
random foci of histiocytic inflammation associated
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with hepatocyte necrosis (Figure 2B). Many of these
inflammation foci coalesced and, in some, the presence
of heterophils and lymphocytes was observed. Deep
dermis and subcutaneous revealed a mixed infiltrate of
heterophils, lymphocytes, plasma cells and histiocytes,
associated with a great amount of fibrin, edema and
numerous basophilic bacterial aggregates with granu-
lar aspect (cellulitis). Vessels from leptomeninges of
cerebrum and cerebellum were congested. Lamina
propria from the intestines presented moderate and
diffuse infiltration by lymphocytes and plasma cells.
Bacterial isolation demonstrated the presence
of Escherichia coli in intestine, liver, spleen and lung,
and Pseudomonas aeruginosa in liver, spleen and lung.
The E. coli isolates from liver and spleen presented an
amplicon of approximately 215bp compatible with
aaiC gene and were negative for the remaining genes.

Figure 1. Macroscopic findings in necropsy of a feral pigeon
(Columba livia) with coinfection of Pseudomonas aeruginosa
and Enteroaggregative Escherichia coli. Caseous masses (A)
and cellulitis (B) were observed in skin, in addition to diarrheal
feces around cloacae. Hepatomegaly and fibrinous pericarditis
(C) were observed in coelomic cavity and after cutting the liver,
a granuloma was identified (D).
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2. Histbpathological findings in liver and lung samples of feral

Figure
pigeon with t of Pseudomonas aeruginosa and Enteroaggregative
Escherichia coli. A- Lung, granuloma with necrotic cells (arrow)
surrounded by giant multinucleated cells (outlined arrow). [Bar= 50
um]. B- Liver, random foci of histiocytic inflammation (arrowheads).
[Bar= 100 um].

DISCUSSION

In this report, a feral pigeon was submitted
to necropsy, in which a coinfection of Pseudomo-
nas aeruginosa and Escherichia coli was identified.
Both pathogens were isolated from liver, spleen and
lung, with the exception of the intestine, in which
only E. coli was found. The lesions observed in the
histopathological analysis are not pathognomonic
and the causative agent for each one may not be con-
firmed. However, Escherichia coli is one of the main
pathogens that cause cellulitis in poultry [7], while
Pseudomonas aeruginosa is not associated with this
type of lesion, which suggests that this finding was
caused by E. coli. The several lesions observed in
extra-intestinal organs with the presence of granu-
lomas, along with the isolation results, demonstrate
that there was septicemia by both microorganisms,
which may penetrate by different entry routes. The
absence of Pseudomonas aeruginosa in the intestine
suggest that this bacterium penetrated via another
path. However, this hypothesis could not be confirmed
with the methodology applied in this report.

Two out of the four E. coli isolates were
positive for the aaiC gene, which is important in
the VI type secretion system in Enteroaggregative
Escherichia coli (EAEC) [1]. In addition, this gene
is used in the diagnosis for this pathotype in human
samples [6]. This finding reveals a risk for the public
health, considering this pathotype is diarrheagenic
and frequently cause acute and persistent diarrhea in
several locations around the world [8]. Interestingly,
when compared to other intestinal pathogens, EAEC
presents one of the biggest prevalence rates in human
samples and is often associated with asymptomatic
infections [9]. However, identifying this pathogen
in extra-intestinal samples of avian origin is unprec-
edented, considering EAEC is most frequently found
in intestinal or fecal samples of human origin.

The results presented in this report suggest that
both microorganisms invaded the organism in associa-
tion causing septicemia, since both were found mostly
in the same organs. The interaction between microor-
ganisms of different species occurs mainly by qguorum
sensing mechanisms and several of these have been
described in E. coli [12] and in Pseudomonas aeruginosa
[11]. Therefore, it is possible that this type of interaction
have promoted the coinfection in this case, activating
the expression of virulence genes for the development of
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