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Simple Summary: This study reports an outbreak of esophagitis and ingluvitis caused by Salmonella
typhimurium in passerine birds seized from illegal trade, highlighting its relevance to One Health. While few
studies document salmonellosis in passerines, this investigation aimed to describe the disease in these species,
identify the pathogen in their environment, and assess antimicrobial resistance profiles. Necropsy revealed
necrotic lesions in the crop and esophagus, from which Salmonella spp. was isolated. The same pathogen was
also found in the quarantine environment. Both environmental and animal strains exhibited resistance to
multiple antibiotic classes. Serotyping identified the pathogen as the Typhimurium serovar in two birds. This
study underscores the need for understanding circulating pathogens in wildlife to develop mitigation
strategies, prevent zoonotic transmission, and address antimicrobial resistance.

Abstract: An outbreak of esophagitis and ingluvitis caused by Salmonella Typhimurium in passerines seized
from illegal wildlife trafficking is described. This illegal activity causes stress and leads to lowered immunity
in the birds. Additionally, inadequate hygiene conditions predispose the birds to diseases such as
salmonellosis. Few studies report the occurrence of Salmonella-induced lesions in the esophagus and crop of
wild birds; thus, this study aimed to describe the disease in these species, investigate its presence in the
environment, and determine the antimicrobial resistance profile. Three birds of the genus Sporophila were
necropsied. In the esophagus and crop, yellowish plaques corresponding to necrosis with bacterial aggregates
were observed. Salmonella spp. was isolated from these lesions, with genus confirmation via MALDI-TOF.
Environmental samples were collected from the enclosures and cages where the animals were quarantined,
and the same bacterium was isolated. In two birds, the serotype S. Typhimurium was identified. Antibiograms
performed on the strains from the birds and the environment revealed resistance to antibiotics in the classes of
Penicillins, Sulfonamides, Aminoglycosides, Monobactams, Tetracyclines, and first and third-generation
Cephalosporins. To the authors' knowledge, this is the first report of this agent causing death in Sporophila due
to esophagitis and ingluvitis. It is also the first report of salmonellosis in three species of passerines in Brazil.
The study underscores the importance of understanding the pathogens circulating in wild animals, especially
within the context of One Health.

Keywords: avian pathology; histopatology; microbiology; MALDI-TOF; molecular serotyping; One Health;
salmonellosis
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1. Introduction

Most wildlife trafficking victims in Brazil are birds, with this illegal activity impacting around
20% of native bird species, including some that are endangered [1]. Birds of the genus Sporophila are
significant victims of illegal breeding and trafficking, with many of these seized animals being sent
to rehabilitation and screening centers for eventual release back into the wild [2]. Trafficked birds
often suffer from poor physical conditions and exhibit liver and biochemical issues due to inadequate
nutrition [3]. Furthermore, the stress from trafficking, combined with poor hygiene, leads to
weakened immunity, making these birds more susceptible to opportunistic infections and diseases
such as Salmonellosis [4].

Salmonella are Gram-negative bacilli belonging to the Enterobacteriaceae family [5,6]. They are
divided into two species, S. bongori and S. enterica [7]. S. enterica is further classified into six
subspecies: S. enterica subsp. enterica, S. enterica subsp. salamae, S. enterica subsp. arizonae, S. enterica
subsp. diarizonae, S. enterica subsp. houtenae, and S. enterica subsp. indica [5,8]. Based on surface antigen
characteristics and biochemical properties, Salmonella are subdivided into serovars [6]. Currently,
over 2,600 serovars have been identified, with 99% of them belonging to S. enterica subsp. enterica [7,9].

This bacterium can infect humans, domestic animals, wildlife, and even insects, contaminating
the environment, water, or food through sick individuals or carriers [4,10,11]. Contamination through
the consumption of contaminated eggs and chicken meat makes domestic poultry significant agents
in the transmission of Salmonellosis to humans [12]. However, recent studies show that wild birds
can harbor serovars relevant to the One Health context, acting as vectors for this pathogen to both
humans and domestic animals [13-15]. Additionally, the circulation of the pathogen in the wild,
whether zoonotic or not, can directly impact wild species populations by causing the death of infected
individuals [16].

In passeriformes, the circulation of the bacteria is associated with group feeding practices,
especially when humans encourage the congregation of species by providing food in urban and peri-
urban environments, or when birds are kept under inadequate conditions in captivity [17]. In these
birds, the Typhimurium serovar has been most frequently reported as the cause of outbreaks in
Norway [18,19], Sweden [16,20], Switzerland [14], England [21-23], Wales [22,23], the United States
[24-26], Brazil [27], Austria [28], Canada [29], New Zealand [30], Japan [31,32], and Poland [33].

Despite some descriptions, few studies report the occurrence of salmonellosis in clinically
healthy free-living passeriformes or in those seized from trafficking and reintroduced into the wild.
Thus, the presence of the pathogen in wild birds may be underdiagnosed, as testing is rarely
performed on these birds [17]. Birds that become ill show acute progression and die within 24 hours,
with reluctance to fly, apathy, and difficulty feeding due to characteristic lesions; necropsy reveals
yellowish plaques in the esophagus and crop [14,17]. The aim of this study was to describe the
occurrence of salmonellosis in passeriformes of the Sporophila genus, seized from wildlife trafficking
and kept in a rehabilitation center, describe the presence of the pathogen in the environment, and
examine the antimicrobial resistance profile of the isolated strains.

2. Materials and Methods
2.1. Birds

A wildlife screening and rehabilitation center in the state of Paraiba, Brazil had been
experiencing an outbreak of mortality in passerine birds for several weeks. Three birds from the
genus Sporophila, all confiscated and housed at the same wildlife rehabilitation center, died
spontaneously and were sent for necropsy: Bird 1 was a male, adult caboclinho (Sporophila bouvreuil),
seized by the environmental police from a residence in the city of Jodo Pessoa; Bird 2 was a male,
adult papa-capim (Sporophila nigricollis), seized from a residence in the city of Campina Grande; and
Bird 3 was a male, adult golado (Sporophila albogularis), seized from a residence in Jodo Pessoa, along
with six other passeriformes. All birds exhibited symptoms of regurgitation and progressive weight
loss, ultimately leading to death within two to four weeks after the onset of clinical signs.

2.2. Necropsy and Histological Evaluation


https://doi.org/10.20944/preprints202409.1788.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 September 2024

Necropsies were performed, and tissue samples were collected from the thoracic and abdominal
organs, as well as the brain, skin, and bones. All samples were fixed in 10% buffered formalin for
subsequent preparation of histological slides, stained with standard hematoxylin and eosin (H&E)
staining.

2.3. Microbiology
2.3.1. Bird Samples

During necropsy, aseptic samples were collected from lesions in the esophagus and crop of each
bird. For microbiological analysis, the samples were cultured on blood agar base enriched with 5%
sheep blood and MacConkey agar, then incubated under aerobic conditions at 37°C. After bacterial
growth, identification was performed based on morpho-tinctorial characteristics. For confirmation of
the isolate, colonies from the MacConkey agar were subcultured on selective media for the
differentiation of Salmonella and Shigella, using Hektoen Enteric (HE) agar and Salmonella-Shigella
(SS) agar, allowing the observation of black colonies that produce hydrogen sulfide (H,S) in both
media. After identifying the bacterial isolates, they were selected for antimicrobial susceptibility
testing using the disk diffusion method on Mueller-Hinton agar. Disks containing standardized
concentrations of antimicrobials were applied, followed by incubation for 24 hours. After incubation,
the inhibition zones were measured to assess resistance to the tested antimicrobials.

2.3.2. Microbiological Environmental Samples

Microbiological samples were collected from three enclosures (enclosure 1, enclosure 2, and
enclosure 3) and three cages (cage 1, cage 2, and the cage where passeriform birds were quarantined
at the wildlife screening and rehabilitation center). To obtain Salmonella spp. samples from the
enclosures, three sterile drag swabs were prepared, one for each enclosure. Gauze pads were attached
to a 70 cm cotton string, packaged, and autoclaved. The drag swab was run across the entire floor of
the enclosure, then placed in a glass tube containing Rappaport-Vassiliadis selective enrichment
broth. In the cages, Stuart-type swabs were used, one for each cage, and swabbed across the floor and
perches.

The drag swabs were incubated at 37°C for 24 hours, after which the samples were cultured on
Hektoen agar and Salmonella-Shigella agar and incubated aerobically at 37°C, with a reading taken
after 24 hours. Cultures and isolation from the Stuart-type swabs from the enclosures followed the
same protocol used for the bird samples. In samples where Salmonella spp. was isolated, another
antibiogram was performed in partnership with the Enterobacteria Laboratory at FIOCRUZ.

2.4. MALDI-TOF

After being isolated in culture media, the colonies from the samples of the three birds were sent
in Brain Heart Infusion (BHI) agar with glycerol and subjected to biochemical confirmation through
Matrix-Assisted Laser Desorption Ionization — Time Of Flight (MALDI-TOF) analysis, using the
ribosomal protein extraction method directly on plate according to Barcelos et al. [34].

2.5. Serotyping

Samples in Mueller-Hinton agar were sent to the Enterobacteria Laboratory at FIOCRUZ, Rio de
Janeiro, Brazil, where the identification of Salmonella spp. serotypes was performed using the slide
agglutination method, which evaluates antigenic differences in the cell capsule (capsular antigens
"Vi"), the cell wall (somatic antigens "O"), and the flagella (flagellar antigens "H"), as proposed by
White - Kauffmann - Le Minor [35].

3. Results
3.1. Necropsy and Histological Evaluation

Upon external examination, all birds were found to be underweight, with body scores ranging
from 2 to 3 on a scale of 1 to 5. Bird 12 also exhibited amputation of the carpus, metacarpus, and
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phalanges of the right wing. In the esophagus of all birds, yellowish plaques measuring 0.1 to 0.4 cm
in diameter were observed, involving both the serosal and mucosal layers (Figure 1). These plaques
extended into the crop in birds 1 and 3. The plaques had an irregular and shiny surface. Upon
sectioning, they were soft, compact, and yellowish.

Figure 1. Body score of Sporophila genus birds and macroscopic appearance of esophagitis and
ingluvitis caused by Salmonella Typhimurium. (A) Bird 1, male adult caboclinho (Sporophila bouvreuil),
body score of 2 (on a scale of 1-5). (B) Bird 1, yellowish plaque 0.4 cm in diameter extending from the
serosa to the mucosa of the esophagus and crop. (C) Bird 2, male adult papa-capim (Sporophila
nigricollis), body score of 2 (on a scale of 1-5). (D) Bird 2, multifocal to coalescent yellowish plaques
ranging from 0.1 cm to 0.3 cm in diameter on the mucosa and serosa of esophagus and crop. (E) Bird
3, male adult golado (Sporophila albogularis), body score of 3 (on a scale of 1-5). (F) Bird 3, multifocal to
coalescent yellowish plaques ranging from 0.2 cm to 0.3 cm in diameter on the mucosa and serosa of
the esophagus and crop.

Histopathological evaluation revealed multifocal to coalescent ulcers of the mucosal surface in
the esophagus and crop. Multifocal to coalescent necrosis was observed in the submucosa (Figure 2)
or extensive necrosis (Figure 3), accompanied by the presence of heterophils, macrophages, fibrin,
and a large number of short rod-shaped bacteria. Numerous blood vessels were occluded by fibrin
thrombi, along with a small occasional presence of short rod-shaped bacteria. These lesions extended
to the serosa of both organs but were more severe in the crop.
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Figure 2. Histopathology of esophagitis caused by Salmonella Typhimurium in a Caboclinho (Sporophila

bouvreuil). (A, B, and C) The crop exhibits multifocal areas of ulceration on the mucosal surface and
necrosis in the submucosa (arrow), associated with heterophils, fibrin, and bacterial aggregates
(asterisk). Stained with hematoxylin and eosin. Observed under a 4x objective (A), 10x objective (B),
and 40x objective (C). All images stained with hematoxylin and eosin.
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Figure 3. Histopathology of ingluvitis caused by Salmonella Typhimurium in a Papa-capim (Sporophila
nigricollis). (A, B, and C) The crop exhibits an extensive area of ulceration with adjacent necrosis,
associated with heterophils, macrophages, fibrin, and bacterial aggregates. Stained with hematoxylin
and eosin. Observed under a 4x objective (A), 10x objective (B), and 40x objective (C). All images
stained with hematoxylin and eosin.

3.2. Microbiology

Bacterial cultures from the birds and the environment, which were plated on Hektoen Enteric
Agar (HE) and Salmonella-Shigella Agar (SS), exhibited hydrogen sulfide production, characterized
by a dark color at the center of the colonies. On MacConkey agar, the Salmonella colonies appeared
colorless due to the lack of lactose fermentation. Birds 1, 2, and 3; Enclosures 1 and 2; and Cage 2
showed a dark center in the colonies on SS and HE due to hydrogen sulfide production. On
MacConkey agar, they were lactose non-fermenters, appearing colorless (Table 1).

Table 1. Bacterial cultures from birds of the genus Sporophila, necropsied with lesions of esophagitis
and ingluvitis caused by Salmonella Typhimurium, as well as cultures from the enclosures and cages
where these birds were quarantined.

Bacterial Culture Media
Sample HE SS MacConkey Agar
Bird 1 + + Lac-

Bird 2 + + Lac-
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Bird 3 + + Lac-
Enclosure 1 + + Lac-
Enclosure 2 + + Lac-
Enclosure 3 - - Lac+
Cagel - - Lac+
Cage 2 + + Lac-
Cage 3 - - Lac+

+: Production of hydrogen sulfide; - : No production of hydrogen sulfide; Lac + : Lactose-
fermenting bacteria; Lac - : Non-lactose fermenting bacteria.

In the antibiogram, samples from Enclosures 1 and 2 and Cage 2 showed resistance to ampicillin
and amoxicillin-clavulanate; Bird 3 was resistant to Sulfazotrim; Birds 1, 2, and 3, Enclosure 2, and
Cage 2 were resistant to streptomycin; Bird 1 was resistant to aztreonam; Birds 1, 2, and 3, Enclosure
2, and Cage 2 were resistant to tetracycline; Enclosures 1 and 2 and Cage 2 were resistant to cefazolin;
Birds 1 and 2 were resistant to cephalexin, and Bird 1 was resistant to ceftriaxone (Table 2).

Table 2. Antibiogram of bacterial cultures from birds of the genus Sporophila, necropsied with
esophagitis and ingluvitis lesions caused by Salmonella Typhimurium, as well as cultures from the
enclosures and cages where these birds were quarantined.

Class Antibiotic Bird Bird Bird Encl. Encl. Cag.
1 2 3 1 2 2
Ampicilin* - - - + ¥ +
Amoxcicilin + - - - + n +
Clavulonate*
Amoxicilin* - - - - - -
Sulfazotrim* - - + - - -
Sulfonamides Trimethoprim - - - X - -
Sulfamethoxazole**
Phenicoles - - - X - -
Chloranfenicol*
*
Gentamicin®/** - - - X - -
Streptomycin** + + + X + +
Carbapenems Meropenem** - - - X - -
Nalidixic Acid** - - - X - -
Ciprofloxacin** - - - X - -
Monobactams Aztreonam* + - - - - -

Tetracycline Tetracyclin** + + + X + +
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Cephazolin®*/** - - N A A R
Cephalosporins 1st A A
Cephalexin* +* +* - - - -
Cephalosporins 2st ~ Cefoxitin** - - - X - -
Ceftriaxone* - - - - - -
Cefotaxime* + - - - - -

Encl. 1 (Enclosure 1) and Encl. 2 (Enclosure 2): quarantine environment for passerines;
Cag. 2 (Cage 2): quarantine cage for passerines within Enclosure 2; - : no antibiotic

resistance; + : antibiotic resistance present; x : no growth in the sample.

3.3. MALDI-TOF

In the mass spectrometry technique, the genus of the strains isolated from the esophageal and
ingluvial lesions of birds 1, 2, and 3 was confirmed (Table 3).

Table 3. Results of the matrix-assisted laser desorption ionization-time of flight (MALDI-TOF)
technique on bacterial cultures from birds of the genus Sporophila, necropsied with esophagitis and
ingluvitis lesions caused by Salmonella Typhimurium.

Bird 1 Bird 2 Bird 3
Identified Salmonella sp. Salmonella sp. Salmonella sp.
Bacteri
actetivm Enterococcus faecalis

Bird 1: Sporophila bouvreuil; Bird 2: Sporophila nigricollis; Bird 3: Sporophila albogularis.

3.4. Serotyping

All strains were identified through serotyping as belonging to the genus Salmonella, species
enterica, and subspecies enterica; except in Enclosure 1, where no sample growth occurred. Bird 1 and
Enclosure 2 had the somatic antigens O:4 and O:5 identified. In Birds 1 and 2, it was possible to
identify all antigens, allowing for the classification of the Typhimurium serotype in samples from
these individuals (Table 4).

Table 4. Serotyping of bacterial cultures from birds of the genus Sporophila, necropsied with lesions
of esophagitis and ingluvitis caused by Salmonella Typhimurium, as well as cultures from the
enclosures and cages where these birds were quarantined.

Sample Serotyping

Bird 1 Salmonella enterica subesp. enterica (0:4,5) *

Bird 2 Salmonella ser. Typhimurium

Bird 3 Salmonella ser. Typhimurium

Cage 2 Salmonella enterica subesp. enterica *

Enclosure 1 Sample showed no bacterial growth in 24/48 hours.
Enclosure 2 Salmonella enterica subesp. enterica (0:4,5) *

*: Flagellar structure not identifiable.

4. Discussion
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The confirmation of mortality in passerine birds with lesions in the upper digestive tract
associated with Salmonella infection in this study was possible through a set of diagnostic techniques.
This enabled the elucidation of the pathogenesis of the disease characterized by regurgitation, weight
loss, and death in three bird species of the genus Sporophila. To the best of the authors' knowledge,
this is the first confirmation of esophagitis and ingluvitis in this bird species. These birds are among
the most trafficked wildlife species in Brazil [36], and thus they could be involved in the spread of
salmonellosis to other animals or humans.

Our study identified the infection of Salmonella enterica subsp. Enterica serovar Typhimurium in
both the birds and the environment where they were being rehabilitated. Birds held in rehabilitation
screening centers in Brazil, after a quarantine period, may later be released back into the wild [2].
These birds returning to the wild can contaminate the environment and have impacts on species
conservation. Many cases of infection by Salmonella enterica subsp. Enterica serovar Typhimurium
have been described in humans associated with the contamination of animal-origin foods, mainly
eggs and chicken meat [37,38]. On the other hand, recent studies show that wild birds can harbor
serovars relevant to One Health, as they can be vectors of this agent both to people and to domestic
animals [13-15,39-41].

The history of trafficking and interaction with other species may have contributed to the
development of fatal disease in the birds of this study. This differs from reports of isolation of the
Typhimurium serovar in passerines in Brazil, where the agent was isolated from cloacal swabs of
asymptomatic carrier birds [27]. We still do not know the main serovar found in Brazilian birds, but
studies of avian salmonellosis outbreaks in different countries have proven that Salmonella
Typhimurium is the most prevalent serovar in passerines [42]. Infection in these cases is usually
related to the aggregation of species at feeding sites provided by people [13,19], adaptation of birds
in urban areas [14], or contact with livestock that may harbor the pathogen [17]. These factors are also
observed in trafficked birds in Brazil. In addition to contact with people due to trafficking, birds of
the genus Sporophila have the habit of feeding on grass seeds and thus may have urban or rural habits
[43], which further favors contact with humans and other animals. These factors increase the risk of
both contamination and transmission of salmonellosis, since the Typhimurium serovar is considered
one of the main causes of disease outbreaks in people, as well as in other animals, such as domestic
cats [14,20] due to hunting habits [44]. Additionally, these birds make seasonal long-distance
movements (>1000 km) [43], which can result in the dispersion of the agent to other regions.

The isolation of the bacterium in two enclosures and one cage at the location where the birds
were housed indicates the circulation of the pathogen and its persistence in the environment. This
characteristic is due to Salmonella's ability to form biofilms through microbial clusters that can resist
on inert or living surfaces [45]. This pathogen has been isolated in enclosures, cages, and waterers at
wildlife screening centers, associated with the high demand of animals that can be carriers of this
agent [46,47]. This highlights the importance of monitoring salmonellosis in animals at wildlife
screening centers that will be reintroduced into the wild.

Although it was not possible to detect all somatic and flagellar antigens of bird 1 and enclosure
2, the presence of O:4 and O:5 in these bacteria indicates they belong to serovars of group B, which
may or may not be the Typhimurium serovar found in birds 2 and 3. In cage 2, it was possible to
identify the presence of Salmonella enterica subsp. enterica without determination of the serovar.
Salmonella serotypes are defined from an antigenic formula that considers somatic, flagellar, and
capsular antigens. The "O" somatic antigens are also called major antigens and divide the bacteria
into several serogroups; serogroup B includes strains possessing the O:1, O:5, O:12, and O:27
antigens, among which are the Paratyphi B and Typhimurium serovars [48]. Multi-drug resistance
was observed in the Salmonella isolates from the three birds, two enclosures, and the cage.
Streptomycin, an aminoglycoside antibiotic, is not typically used for treating salmonellosis but is
commonly used as a growth promoter in animals, potentially leading to the emergence of resistant
isolates throughout the production chain. This resistance not only contaminates meat but also soil
and vegetation that could be ingested by other species [49]. Resistance mechanisms to tetracycline
have also been linked to its use in livestock and its environmental discharge [49]. All samples in this
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study, except those from Enclosure 1, which did not show bacterial growth, were resistant to both
streptomycin and tetracycline.

Resistance to beta-lactams in this study was noted in penicillin derivatives, cephalosporins,
carbapenems, and monobactams, due to the ability of Enterobacteriaceae to produce beta-lactamase
enzymes that inhibit the action of these antibiotics [50]. Sulfonamides act by inhibiting
dihydropteroate synthetase, an enzyme involved in bacterial DNA and RNA synthesis, with
resistance often linked to a gene that produces an enzyme insensitive to the drug’s effects [51].

Generally, the isolates from both the birds and the environment exhibited a resistance profile
similar to that reported for S. Typhimurium. An evaluation of 11,447 strains showed the tetra-
resistant ASSuT pattern (ampicillin, streptomyecin, sulfonamides, tetracycline) and the penta-resistant
ACSSuT pattern (ampicillin, chloramphenicol, streptomycin, sulfonamides, tetracycline) [37], similar
to the resistance patterns found in this study on a smaller scale.

In addition to the microbiological findings, the esophageal nodules observed in the crop and
esophagus of the three birds are considered pathognomonic lesions of salmonellosis in passerines
associated with the Typhimurium serovar [17;13]. Similar lesions have been observed in outbreaks of
salmonellosis in birds in Austria [28], Switzerland [14], Norway [19], Japan [31], and Canada [29].
These organs are the initial site of infection. After the development of these masses, sepsis occurs
without intestinal lesions [28]. The reason for the development of lesions in this region is not yet
known, but it is believed that there is an affinity for this tissue by the bacteria, associated with the
way of contamination through the ingestion of food contaminated by feces [21]. Microscopic lesions
are characterized by transmural ulcerative ingluvitis and esophagitis to varying degrees, infiltration
of viable and degenerated histiocytes and heterophils, with the presence of intra and extracellular
bacterial rods surrounding the necrotic areas and expanding the esophageal wall [14,19].

Death occurs due to septic shock favored by wasting and difficulty of the bird in feeding due to
esophageal obstruction caused by the masses. The strains of this serovar seem to be adapted to the
groups of birds they can affect, thus they can cause disease with high mortality rates in some groups
and others being only asymptomatic carriers [52], which may explain the occurrence of death in
animals of the same order in this description. To the authors' knowledge, until now, there had been
no report of this esophageal form of salmonellosis in passerines in Brazil.

5. Conclusions

The reported cases in this study highlight the harmful potential of Salmonella Typhimurium in
passerines of the Sporophila genus and underscore the importance of curbing wildlife trafficking, as it
was a significant factor in the development of the disease in these species. Furthermore, knowledge
of the pathogens circulating in wild animals enables the development of mitigative measures to
prevent the loss of individuals and protect against zoonoses, since wild animals can act as vectors or
reservoirs of diseases for humans and other animals.
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