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ABSTRACT

Bacterial infections are common among pet birds and represent a significant threat, particularly
to nestlings and individuals with compromised immune systems, frequently leading to
substantial mortality within the initial days post-hatching. This research aimed to characterize
the pathological alterations associated with a spontaneous bacterial co-infection involving
Klebsiella pneumoniaec and Pseudomonas aeruginosa in nestling European goldfinches
(Carduelis carduelis), identified as the cause of early post-hatch deaths. Eight chicks housed in
a breeding colony exhibited immobility, anorexia, and respiratory distress and were discovered
dead between days 1 and 4 of life. Gross lesions revealed diffuse pulmonary edema and
hemorrhagic pneumonia, along with occasional hepatic necrosis. Histologically, all examined
specimens showed severe, subacute bronchopneumonia and necrotizing hepatitis. Gram-
negative bacilli were detected in the parabronchial walls, pulmonary arteries, and surrounding
necrotic hepatocellular areas. Bacteriological cultures from lungs, liver, and kidneys yielded
two Gram-negative isolates. Species identification was achieved by amplification and
sequencing of four housekeeping genes (16S rRNA, rpoB, khe, ecfX). Although K.
pneumoniae and P. aeruginosa are well-recognized Gram-negative agents frequently co-
isolated in human pneumonia, this combination has not previously been reported in nestling
goldfinches. Correct pathogen identification is vital for accurate etiological diagnosis and to
inform appropriate therapeutic intervention.
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The European goldfinch (Carduelis carduelis) is a small passerine bird belonging to the Fringillidae family,
subfamily Carduelinae, commonly bred in captivity for ornamental or selective purposes [1, 2]. Goldfinches are
typically kept in groups—either among conspecifics in breeding facilities or with other avian species in mixed
aviaries [3]. While such social housing aligns with their natural behavior, it simultaneously facilitates the efficient

spread of infectious organisms among individuals [3, 4].

Bacterial agents are widely distributed across One Health systems [5-7], including domestic avian populations,
and can pose a substantial hazard to nestlings and immunocompromised birds, with significant morbidity and
mortality often occurring within the initial days after hatching [8, 9]. Respiratory and gastrointestinal infections
are most frequently observed in chicks and can rapidly develop into bacteremia in severe instances [8]. In many
cases, healthy adult birds with intact immunity act as carriers and disseminators of opportunistic or pathogenic
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microorganisms in aviaries [10]. These birds may also harbor multidrug-resistant bacteria, posing a potential
zoonotic threat to humans and serving as indicators of reverse zoonosis events [3, 11]. Vertical transmission to
embryos may occur during egg formation or immediately afterward through shell contamination with maternal
cloacal or fecal bacteria, which can invade developing embryos [12, 13]. Additionally, direct transfer post-
hatching occurs via feeding, as parents introduce oral microbes to nestlings—an essential process for establishing
early gut microbiota [12, 13].

Microbiota play a fundamental role in disease resistance and immune system development in birds [14]. Evidence
indicates that captivity alters the composition of both intestinal and respiratory microbiota, while excessive or
inappropriate antimicrobial use disrupts this balance and encourages overgrowth of opportunistic bacteria [1, 15-
17]. Birds maintained in captivity on limited diets often exhibit an impaired stress response to environmental
changes, favoring the proliferation of pathogenic microbes in their gut [17]. Moreover, poor management
practices—such as introducing unquarantined individuals—can trigger outbreaks, particularly in nestlings or birds
with weakened immunity [4]. Among passerines, the normal bacterial flora is predominantly Gram-positive; an
increased presence of Gram-negative bacteria is usually abnormal and associated with disease, especially in
vulnerable individuals [1, 18-20].

Gram-negative bacteria are responsible for most systemic infections in passerines, with Klebsiella pneumoniae,
Pseudomonas aeruginosa, and Escherichia coli being the most common isolates [8, 21]. K. pneumoniae is a known
opportunist frequently recovered from feces and the oropharynx of clinically normal passerines and parrots [22-
24]. However, it can cause severe conditions such as pneumonia, sepsis, and urinary tract infections, and has been
identified as the etiologic agent of yolk sac infection and dead-in-shell cases among canary chicks [15, 22-26].
The severity and occurrence of K. pneumoniae infection are often influenced by concurrent diseases or stress
factors [25]. Similarly, P. aeruginosa is recognized as an opportunistic avian pathogen, frequently acting as a
secondary invader [15]. It typically causes localized infections of the upper respiratory tract, though systemic
infections, hemorrhagic enteritis, and high mortality events have been documented [15, 27-29].

The present study reports the pathological features of K. pneumoniae infection concurrent with P. aeruginosa in
nestling European goldfinches, associated with early-life mortality in the absence of clinical illness among adult
birds. To the best of the authors’ knowledge, this is the first description of a natural co-infection by these two
bacterial species in goldfinch nestlings. Despite bacterial infections being a major cause of mortality in pet birds—
particularly in hatchlings—there remains limited information regarding such cases in this species.

Materials and Methods

Animals and clinical description

An aviculturist experienced unusual chick losses (n = 8) among captive European goldfinches (Carduelis
carduelis) reared in two separate cages—five in one and three in another—during their first post-hatch week.
These mortalities occurred over a four-week interval between April and May 2024. Twelve chicks hatched in
total; eight died within 1-4 days after emergence, representing a 66.7% death rate (8/12). The birds originated
from a private breeding colony in Messina, Italy, housing approximately one hundred goldfinches maintained in
outdoor paired cages exposed to natural daylight and provided with standard commercial feed. Breeding adults
were occasionally transported to exhibitions and competitions several times a year.

Within hours after hatching, affected nestlings displayed severe weakness, loss of mobility, absence of appetite,
respiratory distress, and abdominal bloating. Death occurred between the first and fourth day of life. No clinical
abnormalities or external lesions were noted in adult birds that occupied the same cages. Based on these
observations, both bacterial and viral infections were considered as preliminary differential diagnoses.

Postmortem and histological procedures

Four of the eight deceased chicks were submitted to the Department of Chemical, Biological, Pharmaceutical, and
Environmental Sciences, University of Messina, for necropsy. Postmortem inspections were performed under a
stereomicroscope. Internal organs were collected for microbiological studies as detailed later, preserved by
freezing at —80 °C, and fixed in 10% neutral buffered formalin. After fixation, tissues were routinely processed,
embedded in paraffin, and sectioned at a thickness of 3 pm. Sections were stained with hematoxylin and eosin
(HE) and evaluated by two accredited veterinary pathologists (J.M.A.; G.D.). Gram staining was performed on
parallel 3 um sections to visualize bacteria.
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Bacteriological procedures

Aseptic tissue sampling was conducted on lungs, liver, and kidneys from one chick. A sterile scalpel was used to
make incisions, and sterile swabs were inserted into each cut. The swabs were streaked onto 5% sheep blood agar
(Biolife, Milan, Italy) and incubated at 28 °C under aerobic conditions for 72 hours. Emerging colonies were
repeatedly re-streaked on fresh plates of the same medium and incubated for 48 hours at 28 °C until pure, single-
colony isolates were obtained. Each isolate was then smeared on a glass slide and Gram-stained for microscopic
identification.

Genetic characterization of the bacterial isolates

For molecular testing, two purified bacterial isolates were cultured in liquid medium to reach approximately 2 x
10¢ cells. The suspensions were centrifuged at 5000x g for 10 minutes at 4 °C. DNA was extracted from the
resulting pellets using the GeneJET Genomic DNA Purification Kit (Thermo Scientific, Milan, Italy), following
the supplier’s guidelines.

Four genes—16S rRNA, ecfX, khe, and rpoB—were amplified using primer sets listed in Table 1 [30-32].

Table 1. Primer sequences used for bacterial species confirmation [30-32].

Gene Base Pairs Forward Primer Reverse Primer

16S rRNA 1500 AGAGTTTGATCMTGGCTCAG TACGGYTACCTTGTTACGACTT
ecfX 500 ATGGATGAGCGCTTCCGTG TCATCCTTCGCCTCCCTG
khe 430 TGATTGCATTCGCCACTGG GGTCAACCCAACGATCCTG
rpoB 1000 GGCGAAATGGCWGAGAACCA GAGTCTTCGAAGTTGTAACC

PCR reactions were prepared with a total volume of 25 puL consisting of 12.5 uL of GoTaq® Colorless Master
Mix (Promega, Madison, WI, USA), 1 pL of each primer (10 uM), and 1 pL of DNA template (<250 ng/uL).
Amplification of the 16S rRNA gene followed the parameters previously described by this research group [33].
For the other targets, conditions included: initial denaturation at 95 °C for 5 minutes; 30 cycles of denaturation at
94 °C for 30 seconds (35 cycles at 94 °C for 45 seconds for ecfX); annealing at 58 °C for 45 seconds for ecfX, 68
°C for 40 seconds for khe, 50 °C for 40 seconds for rpoB; followed by extension at 72 °C for 1 minute and a final
step at 72 °C for 5 minutes [30-32]. Each batch included a no-template control. PCR amplicons were resolved on
1.5% (w/v) agarose gels and visualized under UV illumination. DNA concentration and purity were assessed using
a NanoPhotometer N50 (IMPLEN, Westlake Village, CA, USA).

Sequencing of purified amplicons was carried out by Genechron (Rome, Italy) using the same primer sets. The
obtained sequences were aligned using ClustalW (https://www.genome.jp/tools-bin/clustalw; accessed 24
November 2024) and compared to reference sequences in the NCBI database using the BLAST algorithm
(https://blast.ncbi.nlm.nih.gov/Blast.cgi; accessed 24 November 2024) to determine species identity and similarity
levels.

Detection of viral pathogens by PCR

Sections from all paraffin-embedded organs were placed in individual microcentrifuge tubes and treated with 1
mL of xylene. Tubes were vortexed, kept at room temperature for 30 minutes, and centrifuged at 11, 000x g for 3
minutes. Supernatants were discarded, and pellets were washed twice with 1 mL of 96-100% ethanol, gently
inverted, and left open at 37 °C for about 15 minutes to allow complete evaporation of alcohol.

Each sample was then digested in 350 pL of Lysis Buffer T1 (Macherey-Nagel, Diiren, Germany) mixed with 50
uL of Proteinase K (Qiagen, Hilden, Germany) and incubated overnight at 56 °C. Viral nucleic acids were
extracted using the QIAsymphony DSP Virus/Pathogen Kit on a QIAsymphony SP instrument (Qiagen, Hilden,
Germany), following manufacturer recommendations, and eluted in 60 pL of buffer.

Viral genome amplification was carried out using specific primer and probe sets appropriate for each suspected
virus through conventional or real-time RT-PCR assays, as summarized in Table 2.
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Table 2. Primer and TagMan probe sets were used for RT-PCR and PCR analyses. NDV: Newcastle Disease
Virus; BORNA P: Psittaciform 1 orthobornavirus; BORNA C: passerine bornaviruses; CIRCO: Circovirus; VP1
POLY I/II: late gene encoding the VP1 capsid protein of polyomavirus.

Name Sequence Final ' Type of PCR
Concentration Performed

NDV F GAGCTAATGAACATTCTTTC 0.5 uM Real-Time PCR

NDV R AATAGGCGGACCACATCTG 0.5 uM Real-Time PCR

LPROMGRB (PROBE) FAM-CCAATCAACTTCCC-MGBEQ 0.2 uM Real-Time PCR

LIEIFI(O (1)\;(;;2 CY5-AATAGTGTATGACAACAC-MGBEQ 0.2 uM Real-Time PCR

BORNA PCA3 (H) F CCCGCAGACAGYACGT 0.25 uM Real-Time PCR

BORNA PCA3 (+) F GATCCGCAGACAGYACGT 0.25 uM Real-Time PCR

BORNA PCA6 (-) R AAGAAYCCNTCCATGATCTC 0.25 uM Real-Time PCR

BORNAP (PROBE) FAM-CGAATWCCCAGGGAGGCYCT-BHQI1 0.25 uM Real-Time PCR

BORNAC (PROBE) TexasRed-AGATGCATTGACCCARCCRGT- 0.25 uM Real-Time PCR

BHQ2

CIRCO-FOR TTCACCCTTAAYAAYCCT 0.5 uM Conventional PCR
CIRCO-REV CCRTSATATCCATCCCACCA 0.5 uM Conventional PCR
VP1 POLY I FOR CCAGACCCAACTARRAATGARAA 0.9 uM Conventional PCR
VP1 POLY I REV AACAAGAGACACAAATNTTTCCNCC 0.9 uM Conventional PCR
VP1 POLY II FOR ATGAAAATGGGGTTGGCCCNCTNTGYAARG 0.9 uM Conventional PCR
VP1 POLY II REV CCCTCATAAACCCGAACYTCYTCHACYTG 0.9 uM Conventional PCR

Newcastle disease virus
Newcastle disease virus detection was achieved through quantitative RT-PCR, employing the VetMAX-Plus
Multiplex One-Step RT-PCR Kit (Applied Biosystems, Foster City, CA, USA). The reaction composition
followed the manufacturer’s guidelines, with a total volume of 25 pL. The amplification run included an initial
incubation at 48 °C for 10 minutes and 95 °C for 10 minutes, succeeded by 40 thermal cycles (denaturation at 95
°C for 15 seconds, annealing and extension at 50 °C for 45 seconds) [34].

Avian bornavirus
Screening for avian bornavirus was performed using real-time reverse transcription PCR, again utilizing the
VetMAX-Plus Multiplex One-Step RT-PCR Kit (Applied Biosystems, Foster City, CA, USA). The reaction mix
(25 pL) underwent the following program: 50 °C for 20 minutes for reverse transcription, 95 °C for 5 minutes for
activation, followed by 40 cycles of denaturation at 95 °C for 15 seconds and annealing/extension at 53 °C for 1
minute [35].

Canary polyomavirus

A nested PCR protocol was carried out to detect canary polyomavirus. Reactions were assembled in 25 pL using
GoTaq G2 Hot Start Master Mix 2x (Promega, Madison, WI, USA), according to kit directions.
During the first PCR round, the samples were preheated at 95 °C for 5 minutes, processed through 45 repetitions
of 94 °C for 30 seconds, 52.2 °C for 1 minute, and 72 °C for 1 minute, and finalized with 5 minutes at 72 °C.
The second amplification step used 4 pL of the previous PCR as a template, with an initial denaturation at 95 °C
for 5 minutes, then 45 cycles of 94 °C for 30 seconds, 62 °C for 30 seconds, and 72 °C for 30 seconds, and a final
extension at 72 °C for 5 minutes [36].

Canary circovirus
Detection of canary circovirus was carried out using a conventional end-point PCR with the GoTaq G2 Hot Start
Master Mix 2x (Promega, Madison, WI, USA). The assay was performed in a 25 pL total reaction as instructed
by the supplier. The procedure began with denaturation at 94 °C for 2 minutes, continued through 40 thermal
cycles at 94 °C for 30 seconds, 52 °C for 30 seconds, and 68 °C for 1 minute, and was completed with a 5-minute
extension at 68 °C [37].
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The PCR amplicons were loaded onto 2% agarose gels (Tris-acetate-EDTA buffer), stained with GelRed
(BIOTIUM), and visualized by UV transillumination. The 100 bp DNA Ladder (Invitrogen, Waltham, MA, USA)
served as a molecular size marker.

Results and Discussion

Gross pathology

Necropsy was conducted on four goldfinch nestlings (n =4), each measuring 7.50-8.20 cm in length and weighing
between 2.5 and 3.9 g. All exhibited cachexia and total depletion of body fat. The most consistent macroscopic
findings were crop enlargement in two individuals (2/4; 50%) and distension of the coelomic cavity in every
specimen (4/4; 100%) (Figure 1a).

Figure 1. Macroscopic observations. (a) Emaciated body with swollen crop (arrow) and expanded coelomic
region. (b) Lungs demonstrating generalized congestion, edema, and multifocal hemorrhage in all examined
birds.

The liver appeared unchanged in two nestlings (2/4; 50%), exhibited mild hepatomegaly with rounded borders in
one (1/4; 25%), and showed scattered pale necrotic areas in another (1/4; 25%).

Pulmonary lesions were present in every subject (4/4; 100%), characterized by diffuse redness, fluid
accumulation, and patchy bleeding (Figure 1b). Additionally, a single bird (1/4; 25%) displayed localized
epicardial hemorrhage.Histopathology

Respiratory tract
Microscopic lung evaluation revealed extensive inflammatory processes occupying nearly 70-80% of the
pulmonary tissue in all four nestlings (n = 4; 100%). The inflammation was irregularly distributed but intense,
causing destruction and thickening of parabronchial walls, with frequent occlusion of secondary bronchi and
respiratory atria (Figure 2).

Figure 2. Lung sections.
Inflammatory infiltrate expanding parabronchial walls and narrowing air passages (arrow). HE stain: (a)
x100; (b) x200.
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The infiltrate contained lymphocytes, with moderate populations of macrophages and plasma cells, alongside
heterophils, both viable and degenerating. Eosinophilic fibrin deposits and necrotic epithelial fragments were
often present, and hemorrhagic foci were interspersed with hemosiderin-laden macrophages. The bronchial and
atrial lumina were filled with mucus, exudate, and necrotic debris, and vascular congestion was prominent.

In every bird, numerous bacillary forms (2-3 pm) were visible within parabronchial septa and arterial lumina,
staining as Gram-negative (Figure 3a). These findings correspond to severe, multifocal-to-coalescing, subacute
lymphoplasmacytic bronchopneumonia.

Figure 3. (2) Lung: clusters of Gram-negative bacilli (arrow) within parabronchial and vascular regions
(inset, magnified). Gram stain, X630. (b) Syrinx/trachea: lumen containing mucus, necrotic fragments,
inflammatory cells, and red blood cells (arrow). HE stain, x100.

The trachea and syrinx in all samples contained mucous and necrotic material, mixed inflammatory infiltrates,
and occasional basophilic bacilli (Figure 3b). The nasal mucosa showed epithelial necrosis and exfoliation, with
the lumen obstructed by mucus and inflammatory debris.

Liver

In all examined goldfinch chicks (n = 4; 100%), the liver exhibited multiple, randomly distributed areas of
extensive cell death, often containing dense clusters of small basophilic rods (2-3 pm). Roughly 30-40% of the
hepatic tissue was affected, showing zones of lytic necrosis with occasional dystrophic calcification, resulting in
loss of hepatic cord organization and disruption of the normal parenchymal framework. The portal and periportal
spaces were moderately infiltrated by lymphocytes, along with macrophages and a few plasma cells. Sinusoids
appeared markedly congested with red blood cells, and focal hemorrhages were evident, sometimes containing
macrophages loaded with hemosiderin pigment (Figure 4).

Figure 4. Liver histopathology. (a) Hepatic tissue showing destruction of hepatocyte cords, widespread
necrosis, mineral deposits (arrow), and clusters of basophilic bacilli (triangle). Inset: mineralization (arrow)
and intralesional bacteria (triangle). Hematoxylin-eosin (HE), x400. (b) Infiltration of inflammatory cells
within periportal regions and hemorrhage between necrotic hepatocytes (arrow). HE, X200.

Dense bacterial aggregates were distributed within and surrounding the necrotic lesions (Figure 5a) and were
identified as Gram-negative bacilli using Gram staining (Figure Sb).
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Figure 5. Liver: histological and Gram stain views. (a) Clusters of basophilic bacteria (arrow). Inset:
bacterial colonies within the liver. HE, x630. (b) Gram-negative rods (arrow). Inset: necrotic liver regions
showing Gram-negative bacilli. Gram stain, X630.

Other organs

Two of the four chicks showed mild multifocal interstitial nephritis, characterized by small collections of
lymphocytes, macrophages, and both intact and degenerating heterophils. The proximal convoluted tubules often
contained necrotic epithelial cells, loss of brush borders, and shrunken or fragmented nuclei. These necrotic cells
were frequently shed into the tubular lumen, sometimes accompanied by focal dystrophic mineralization (Figure
6a).

In one specimen (1/4; 25%), the myocardium presented a localized hemorrhagic focus, along with segmental
necrosis of muscle fibers and infiltration by inflammatory cells (Figure 6b). No noteworthy histological changes
were identified in the remaining organs.

Figure 6. Histopathology of the kidney and heart. (a) Kidney: interstitial lymphocytic-plasmacytic nephritis
(arrow) and necrosis of proximal tubular epithelium. HE, x400. (b) Heart: myocardial hemorrhage with
necrotic cardiomyocytes and inflammatory infiltration (arrow). HE, x100.

Bacterial identification

Two Gram-negative bacteria were successfully isolated from the Iung, liver, and kidney samples. PCR sequencing
of the 16S rRNA gene revealed identical nucleotide sequences across biological replicates. BLAST alignment
(NCBI) showed 99.22% homology with Klebsiella pneumoniae (Query Cover: 99%, E-value: 0) and 99.81%
homology with Pseudomonas aeruginosa (Query Cover: 100%, E-value: 0). These 16S rRNA sequences were
submitted to GenBank under accession numbers PP980564 and PP980565 (File S1).

Further identification at the species level was achieved through amplification of ecfX, rpoB, and khe genes,
generating products of 500 bp, 1000 bp, and 430 bp, respectively. The ecfX fragment showed 100% sequence
identity with P. aeruginosa (Query Cover: 100%, E-value: 0), while the rpoB and khe fragments confirmed K.
pneumoniae with 100% similarity to the reference database. The verified sequences were archived in GenBank as
PV578954, PV578955, and PV578956.

Molecular detection of viral agents
No viral genomes were detected in any of the specimens tested, indicating that none of the screened viruses were

present in the examined tissues.
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The present investigation describes the pathological consequences of a natural co-infection with Klebsiella
pneumoniae and Pseudomonas aeruginosa, responsible for mortality in nestling European goldfinches during the
first post-hatching week. While these two Gram-negative bacteria are recognized pathogens frequently implicated
in human bacterial pneumonia [38], no documented cases of K. pneumoniae and P. aeruginosa infections in
goldfinches were identified in the literature. The clustering of deaths among nestlings in the same breeding facility,
exhibiting similar but nonspecific gross lesions, suggested a contagious etiology. Differential diagnoses initially
considered both bacterial and viral causes. Subsequent histopathological, microbiological, and molecular analyses
confirmed a mixed bacterial infection driven by two opportunistic Gram-negative organisms. In passerines, K.
pneumoniae is generally regarded as a primary pathogen [21], whereas P. aeruginosa usually behaves as a
secondary invader, causing disease predominantly in birds weakened by prior infections or nutritional deficits [15,
39].

Previous studies indicate that co-infection with P. aeruginosa can enhance proliferation of K. pneumoniae within
pulmonary tissue in mice, leading to bacteremia and increased mortality compared with infection by K.
pneumoniae alone [40]. In humans, the simultaneous presence of these two bacteria is a strong independent
predictor of 90-day mortality, and their frequent co-isolation from lungs demonstrates their natural tendency to
coexist [38, 41]. In environmental and host-associated niches, microorganisms often form multi-species biofilms,
where interspecies interactions—competitive or cooperative—govern species distribution, biofilm stability, and
overall microbial behavior [42, 43]. Both K. pneumoniae and P. aeruginosa utilize quorum sensing (QS) for
coordinating virulence factor expression, biofilm formation, and other pathogenic behaviors [44]. In
polymicrobial infections, QS mediates dynamic interactions that can either facilitate cooperation or competition
[45]. Specifically, cooperative interactions between K. pneumoniae and P. aeruginosa have been documented [42],
supporting the likelihood that, in these nestlings, co-infection exacerbated pneumonia primarily caused by K.
pneumoniae, eventually leading to bacteremia and death.

Bacterial infections are prevalent in domestic birds and pose a high risk of early mortality, particularly in
immunocompromised or weak chicks during the initial days after hatching [9]. Transmission can occur vertically,
with embryos becoming infected during development in the reproductive tract, which can result in death shortly
after hatching [12, 13]. Opportunistic bacteria may also colonize the maternal cloaca or feces and gain access to
eggs during oviposition or incubation, contaminating the nest environment and infecting newly hatched chicks
[12, 13, 46, 47]. Additionally, early feeding behavior enables transfer of microbes from the oral cavity or crop to
the chick, which plays a key role in establishing the gut microbiota in passerines [48].

K. pneumoniae is frequently recovered from oropharyngeal and fecal samples of clinically healthy passerines and
psittacines, although it is not a normal component of the gut flora in granivorous pet birds, including finches [23,
49, 50]. This bacterium can persist in the environment under favorable conditions, and infection typically requires
predisposing factors, even for intestinal or extraintestinal disease in birds [23, 49, 50]. Similarly, P. aeruginosa
ranks as the second most commonly isolated Pseudomonadaceae species in wild birds, colonizing the pharynx
and cloaca, while in domestic birds, contaminated food and water represent the main sources of infection [21, 51].
In the nestlings of this study, bacterial spread likely occurred horizontally, either via direct contamination of the
eggshell during the 10-14 day incubation period of European goldfinches or shortly after hatching through
maternal oral or cloacal microbes present in the nest. For Pseudomonas species, the fecal-oral route is generally
considered the primary transmission pathway, and similar routes are suspected for K. pneumoniae infections in
canaries [21, 26]. Adult goldfinches may have acted as reservoirs for these pathogens, although this was not
investigated in the current study and should be addressed in future research. Given the broad host range of both
organisms, wild birds could also serve as infection sources, especially since goldfinches were housed in open-air
cages [51, 52]. Indeed, K. pneumoniae is commonly isolated from pigeons and other free-living birds, while P.
aeruginosa is part of the natural pharyngeal and cloacal microbiota of some wild bird species [51].

Nestling goldfinches in this investigation exhibited nonspecific clinical manifestations, including depression,
weakness, lack of appetite, abdominal swelling, and respiratory difficulties, and died within 1-4 days post-
hatching. No signs of illness were observed in adult finches sharing the same cages. The severity and presentation
of bacterial infections are influenced by factors such as host immune status, genetic background, nutritional
condition, and management practices in captive passerines [4]. Consequently, nestlings with immature or
compromised immune systems are likely more vulnerable than healthy adults, which can act as asymptomatic
carriers of potentially pathogenic bacteria. In addition, adult birds may carry less virulent K. pneumoniae strains
that encode fewer virulence determinants compared with the strains associated with clinical disease [23].
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The principal pathological lesions in the nestlings examined included severe subacute bronchopneumonia and
necrotizing hepatitis, with numerous clusters of Gram-negative bacilli observed in parabronchial walls, pulmonary
artery lumina, and around necrotic hepatic foci. K. pneumoniae commonly induces respiratory disease in birds
but can also cause gastrointestinal disease, systemic dissemination, and high mortality, especially in chicks under
unfavorable conditions [15, 21, 22, 23, 26]. Necrotizing hepatitis with intralesional bacilli has previously been
reported in canary chicks naturally infected with K. pneumoniae originating from the gastrointestinal tract, leading
to extraintestinal and systemic lesions [26], resembling the hepatic pathology observed here. Similarly, P.
aeruginosa is known to cause pneumonia and airsacculitis in passerines and has been implicated in necrotizing
hepatitis in pet birds, including cases linked to Pseudomonas fluorescens [21, 53]. Respiratory infections by these
bacteria can progress to bacteremia, with the liver being primarily affected [5]. Gastrointestinal infections may
also lead to bacteremia, either systemically or through ascending infection via the biliary system [8]. In the
nestlings analyzed, given the tissue tropism of the isolated pathogens, it is likely that primary respiratory co-
infection led to bacteremia and severe liver involvement.

Because most cases of bacterial pneumonia in domestic birds occur secondary to viral infections or other
predisposing factors [8], the presence of viral pathogens was assessed. Based on clinical history and gross
pathology—including respiratory lesions, necrotizing hepatitis, and occasional interstitial nephritis—viruses
considered in the differential diagnosis included Newcastle Disease virus, Canary Circovirus, Canary
Polyomavirus, and Avian Bornavirus [1, 8, 54, 55]. However, no histopathological evidence of viral infection or
inclusion bodies was detected, and molecular testing of FFPE tissue samples confirmed the absence of these
viruses.

For species-level bacterial identification, four housekeeping genes (16S rRNA, rpoB, khe, and ecfX) were targeted
[31, 32]. While 16S rRNA sequencing can differentiate bacterial genera, it is often insufficient for resolving
closely related species, such as Klebsiella and Pseudomonas [30, 31, 56]. The khe and rpoB genes were employed
for K. pneumoniae identification; khe encodes a unique hemolysin highly conserved among K. pneumoniae strains
[32, 57, 58], while rpoB allows for more precise discrimination at the species or subspecies level [32, 57]. For P.
aeruginosa, the ecfX gene provides a species-specific, highly sensitive target, encoding an extracytoplasmic sigma
factor implicated in heme uptake and virulence [31].

Conclusion

This work describes the pathological consequences of co-infection with K. pneumoniae and P. aeruginosa in
nestling goldfinches, resulting in primary respiratory disease with subsequent bacteremia and mortality within the
first week post-hatching. Although these Gram-negative pathogens are commonly co-isolated in human bacterial
pneumonia, such a co-infection has not previously been reported in goldfinches. Accurate pathogen identification
is critical for establishing a definitive etiological diagnosis and for guiding therapy, including antibiotic
susceptibility testing, which warrants further investigation. Given the opportunistic nature of these bacteria and
their potential carriage by clinically healthy birds, the introduction of new individuals into flocks based solely on
clinical evaluation poses a substantial management challenge.
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