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Resumo

Este estudo utilizou os manons (Lonchura striata domestica) como modelo experimental para passeriformes, os quais foram
desafiados com quatro sorovares de Salmonella: Enteritidis (SE), Typhimurium (ST), Gallinarum (SG) e Pullorum, para avaliar
o0 impacto desses sorovares comuns na avicultura industrial em passeriformes. A presenca de Salmonella foi avaliada na
superficie corporal (pés), 6rgaos internos e excregao fecal, juntamente com avaliagéo de sinais clinicos, suscetibilidade e leses
histopatolégicas. Todos os grupos foram suscetiveis aos sorovares testados. Os sinais clinicos estavam ausentes nas aves
infectadas com os sorovares paratiféides, enquanto aquelas que receberam os sorovares tiféides manifestaram prostragao, aversao
a voar e hesitagdo em procurar agua e alimento. Foi observada mortalidade nas aves infectadas com ST, SP e SG (14,3%, 28,6%
e 39,3% respectivamente). Em relacéo a analise dos 6rgédos, os cecos exibiram isolamento significativo (p=0,05) de Salmonella
em todos os sorovares e condigdes experimentais. O reisolamento de Salmonella nos manons variou por sorovar, Com 0S Cecos
e o0s pés demonstrando o maior reisolamento bacteriano para ST. Os sorovares Gallinarum e Pullorum apresentaram os maiores
indices de contaminagédo em cecos, baco e figado, variando de 35,7% a 69,4% das aves infectadas (p=0,05), superando os
indices observados em patas (10,7% a 23,2%). As lesdes histopatoldgicas foram semelhantes em todos os sorovares. O modelo
experimental utilizado neste estudo evidencia o papel dos Passeriformes como contribuintes substanciais para a contaminagéo
ativa por diversos sorovares de Salmonella.
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Abstract

this study employed the manon (Lonchura striata domestica) as an experimental model for Passerine birds, which were challenged
with four Salmonella serovars: Enteritidis (SE), Typhimurium (ST), Gallinarum (SG), and Pullorum, to assess the impact of these
prevalent serovars in industrial poultry farming on Passerines. Salmonella presence was assessed on the body surface (feet),
internal organs and fecal excretion, along with an evaluation of clinical signs, susceptibility, and histopathological lesions. Manons
were susceptible to all four tested Salmonellan serovars. Clinical signs were absent in birds infected with paratyphoid serovars,
while in those that received the typhoid serovars manifested prostration, aversion to flight, and hesitancy in seeking water and food.
Mortality was observed only in birds infected with ST, SP, and SG (rates of 14.3%, 28.6% and 39.3% respectively). Regarding organ
analysis, the ceca exhibited significant (p=0.05) Salmonella isolation across all serovars and experimental conditions. Salmonella
reisolation in manons varied by serovar, with the ceca and feet demonstrating the highest bacterial reisolation for ST. Serovars
Gallinarum and Pullorum presented the highest contamination indices in ceca, spleen and liver, ranging from 35.7% to 69.4% of
infected birds (p=0.05), surpassing the observed indices in feet (10.7% to 23.2%). Histopathological lesions were similar across
all serovars. The experiment model utilized in this study demonstrated the role of Passerines as substantial contributors to active
contamination by diverse Salmonella serovars.
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Introduction

within the realm of major zoonotic diseases, infections caused by
Salmonella enterica pose a persistent and significant challenge to
global poultry production. The free-living Passerines substantially
contribute to the persistence and environmental dissemination of
Salmonella in nature and the incidence of infections in domestic
avian species (Santos et al., 2020; Wang et al., 2023).

Within the Salmonella genus, more than 2650 serovars have
been identified (Issenhuth-Jeanjean et al., 2014). Typhoidal
serovars, exemplified by Salmonella enteric sub sp, enteric
sorovar Gallinarum, biovar Gallinarum (SG) and biovar Pullorum
(SP), are host-specific pathogens responsible for avian typhoid
and pullorum disease in birds. Paratyphoidal serovars, such
as Salmonella enteric sorovar Enteritidis (SE) and Salmonella
enteric serovar Typhimurium (ST), stand out as zoonotic agents
responsible for enteritis, severe invasive diseases, and global
human fatalities (Marchello et al., 2022). Animal-derived foods,
particularly contaminated poultry meat and eggs, represent
major transmission sources (Abebe et al., 2020). Additional
sources, like Passerines, have also been linked to recent
salmonellosis outbreaks and hospitalizations (CDC, 2021).
In Brazil, government authorities have implemented official
policies for the prevention, monitoring, and specific control of
these four serovars (Brasil, 2003ab; Brasil, 2016). Nonetheless,
the persistence of these pathogens in poultry establishments
requires ongoing epidemiological (Baptista et al., 2023).

The prevalence of Salmonella spp. in wild birds is relatively
variable (Beleza et al., 2020; Santos et al., 2020; Belo et al.,
2023) and dependent on the sampling method. Although less
explored, analyses of the body surface are of great value, as
some species of wild birds may not show infection symptoms but
may instead harbor the pathogen in their organisms and carry
Salmonella spp. across different environments, thus becoming
important reservoirs (L6pez-Martin et al., 2011).

In this context, we present an epidemiological and pathological
study conducted to assess how the experimental model of
a Passerine specie (Manon — Lonchura striata domestica)
responds to infection by four circulating Salmonella enteric
serovars prevalent in industrial poultry farming.

Materials and methods

the experimental protocol was approved by the Ethics Committee
on Animal Use (Number 239/2012 CEUA) at the School of
Veterinary Medicine and Animal Science, Sdo Paulo State
University (FMVZ — UNESP), Botucatu, Sdo Paulo, Brazil.

A total of 224 unsexed manon Passerines (Lonchura striata
domestica) aged up to six months were obtained from commercial
aviaries of bird breeders. The birds underwent acclimatization
and rigorous quantitative and molecular bacteriological testing,
following the protocols outlined by Gongalves et al. (2011). The
birds had ad libitum access to water and feed, with the latter
comprising a Salmonella spp-free blend of millet seeds (Panicum
miliaceum).

The birds were housed in an isolated room (infectious disease
room, of the Ornithopathology Service at FMVZ — UNESP),
equipped with three windows protected by internal and external
wire meshes and artificial lighting with white bulbs. The lights
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were kept on from 8 A.M to 3 P.M. The Manons were kept in
suspended metal cages, each equipped with an appropriate
number of perches, in accordance with the recommendations
of Hawkins et al. (2001). For the provision of food and drinking
water, sterile containers were randomly positioned on the floor of
each cage. The cage floor was covered with craft paper sterilized
through UV radiation, and the lining was daily replaced, following
the swab collection.

The S. Enteritidis, S. Typhimurium, S. Pullorum and S. Gallinarum
strains used in this research belong to the bacterial collection
of the Ornithopathology Service at FMVZ — UNESP and were
isolated through sanitary monitoring of avian-origin materials.
The four Salmonella strains underwent a process of induced
resistance to nalidixic acid (Nal) and rifampicin (Rif) as described
by Andreatti Filho et al. (1997).

A culture of each strain was grown in Brain Heart Infusion (BHI)
broth containing 100ug/mL of both antibiotics above mentioned
in a stove at 37°C for 24 hours. The inocula quantification of
each strain was carried out through serial dilutions in Phosphate-
Buffered saline (PBS) and subsequently plated in duplicate on
BGA also containing 100ug/mL of Nal and Rif. After the incubation
process, the plates were read and colonies were counted,
and each strain reached the concentration of 10’"CFU/mL. All
manons were manually restrained and received the inoculum
administration through gavage needle, at dosis of 0.1mL of its
respective Salmonella.

In the current study, four experiments were independently
conducted, each lasting 28 days. The birds were randomly
assigned to four experimental groups. The experiment started
with 56 manons, initially analyzing eight birds per sampling. The
sample size for each experimental group was determined based
on an estimated Salmonella prevalence of 50%, a=5% and a
standard deviation of 10% (Jenicek e Cléroux, 1982).

At intervals of six hours and 3, 5, 7, 14, 21 and 28 days post-
challenge, eight birds from each experimental group were
euthanized in accordance with the CFMV (2012) guideline.

Clinical signs were observed 30 minutes before each sampling
session in all four experiments. Daily mortality records were
maintained throughout the experiment. Necropsy and material
processing were also performed in birds that died outside
scheduled sampling periods.

Aseptic necropsies were performed, and liver, spleen, and
cecal fragments were collected to evaluate colonization by
different Salmonella serovars, as well as for histopathological
assessment. Liver, spleen, and cecal fragments fixed in formalin
were dissected, dehydrated in ethanol, treated with xylene, and
embedded in plastic paraffin. Sections of 5um were prepared
using an automatic microtome (Leica, RM-2145), mounted on
glass slides, and stained with hematoxylin-eosin (HE) according
to Behmer et al. (1976). The slides were examined by two
blinded-pathologists (double blind conditions). The following
histopathological aspects were considered: necrosis, vascular
congestion, and kind of the inflammatory infiltrate.

Fecal samples were also collected throughout the first, 7, 14,
21, and 28 days post-inoculation, totaling 10 analyses in each
period. These samples were collected using a swab, rubbed at
five distinct points on the craft paper placed at the bottom of each
cage. Immediately after collection, the swabs were immersed in



5mL of buffered peptone saline solution (PBS, 1%) and stored in
arefrigerator at 5°C until incubation. Foot washing was obtained
by immersing both bird feet in a test tube containing 5mL of PBS
(1%) for five seconds, with the samples being preserved in a
refrigerator at 5°C until incubation.

For bacterial isolation, organ fragments were individually stored
in sterile microtubes and maintained in a refrigerator at 5°C
until processing. Bacterial isolation procedures varied based
on the sample type. Swab and foot wash samples, preserved
in PBS (1%) were homogenized and incubated at 37°C for 20
hours. Following pre-enrichment, samples underwent selective
enrichment in Tetrationate (TT) and Rappaport-Vassiliadis (RVS)
broths and dilutions of 1:10 and 1:100, respectively, followed by
incubation at 37°C for 24 hours. Subsequently, the samples were
cultured on Petri dishes containing Xylose Lysine Deoxycholate
(XLD) and Brilliant Green Agar (BGA) with Nal/Rif reaching
concentrations of 100ug/mL, and incubated for 24 hours at 37°C.
For Salmonella spp. isolation from organs, tissue fragments were
macerated and directly poured into TT and RVS broths, following
the same proportions and conditions described above. Colonies
displaying typical Salmonella morphology on agar plates were
considered positive, confirmed through serological agglutination
(SAR) and polymerase chain reaction (PCR). In addition to Nal/
Rif supplementation, all positive bacterial colonies underwent
SAR procedure with 04, O5 (B), 09 (D1), and polyvalent flagellar
antigens. To validate bacterial isolation results, 1mL of TT broth
was collected after incubation and immediately frozen at -20°C
for subsequent PCR processing.

Bacterial DNA extraction employed a heat treatment method
based on the techniques described by Fadl et al. (1995) and by
Andreatti Filho et al. (2011). Samonella spp. identification was
achieved through the standard PCR technique, utilizing the
invA primer [521bp (F: 5"-TTGTTACGGCTATTTTGACCA-3’; R:
5"-CTGACTGCTACCTTGCTGATG-3")] (Swamy et al., 1996).
The PCR reactions and amplification conditions followed the
procedures outlined by Gongalves et al. (2011).

The collected data underwent statistical analysis using the
test of the difference between two proportions with normal
approximation (one-tailed test), with significance established at
p <0.05 (Vieira, 2010).

Results

in the experimental model employed, the animals were susceptible
to all tested Salmonella serovars. The bacterial prevalence rate
varied according to the serovar. The SE serovar had a prevalence
rate of 39.3%, while ST had 62.5%, SP had 71.4% and SG had
the highest prevalence at 80% (Table 1). There was a significant
difference (p<0.05) in the prevalence of SE compared to the
other serovars. All recovered samples corresponded to the
inoculated serovar, confirmed by SAR and PCR. No clinical signs
were observed in Passerines inoculated with the paratyphoids
serovars (SE and ST). Three days post inoculation (DPI), all
birds infected with SG and SP exhibited ruffled feathers, apathy,
lethargy, grouping behavior at the bottom of the cage, anorexia
and decreased water consumption. There was no mortality in
birds challenged with SE, while those inoculated with ST, SP
and SG presented mortality rates of 14.3%, 28.6% and 39.3%,
respectively (Table 1), with a significant difference (p<0.05)
observed between ST and the other serovars (SG and SP).
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Table 1: Prevalence of Salmonella infection and mortality
in manon (Lonchura striata domestica) following
experimental challenge with Salmonella Enteritidis
(SE), Salmonella Typhimurium (ST), Salmonella
Pullorum (SP), and Salmonella Gallinarum (SG).

Serovar Positive birds Negative birds Mortality rate
SE 39.3* (22/56)**Cb  60.7 (34/56)***Aa 0 (0/56)****C
ST 62.5 (35/56) Ba 37.5(21/56) Bb 14.3 (8/56) B
SP 71.4 (40/56) ABa  28.6 (16/56) BCb  28.6 (16/56) A
SG 80.4 (45/56) Aa 19.6 (11/56) Cb 39.3 (22/56) A

*Results presented as percentages (%).

**Number of positive birds/ total number of inoculated birds.

***Number of negative birds/ total number of inoculated birds.

****Number of dead birds/ total number of inoculated birds.

Different uppercase/lowercase letters in the same columnl/line, respectively
indicates statistical difference (p=0.05).

The results of microbiological monitoring using swabs obtained
after the Salmonella challenge are presented in Figure 1. All
experimental groups shed their respective pathogen through
feces from the first DPI. It was possible to recover SE from feces
up to 14 DPI, while birds infected with ST continued to shed
the serovar until 21 DPI. Throughout the experiment, there was
intermittent shedding of SP, with birds still shedding the serovarin
feces at 14 DPI. Birds infected with SG excreted the serovar until
14 DPI, with no significant difference (p>0.05) in fecal excretion
observed among the four serovars.

Figure 1: Fecal shedding of Salmonella in Passerines (Lonchura
striata domestica) experimentally infected with different serovars
of Salmonella (Enteritidis — SE, Typhimurium — ST, Pullorum — SP
and Gallinarum — SG) up to 28 days post infection.

BsE st Bsp B8SG

* Amount of positive swabs
U

Fecal excretion

*Mean of the quantity of positive swabs in the four collections conducted
(seven, 14, 21 and 28 days post Salmonella infection).
**Different uppercase letters indicates statistical difference (p=0.05).

Histopathological findings were similar among the four
serovars since the first data collection, with the liver presenting
congestion of blood vessels, hepatocyte necrosis, micro-and/or
microvacuolar degeneration, and the presence of predominantly
lymphocytic mononuclear inflammatory infiltrate, occasionally
with heterophils. Splenic congestion and necrosis, mononuclear
inflammatory infiltrate, and the presence of nodules (lymphoid
germinal centers) in the ceca were also observed. The various
lesions are presented in Table 2.
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Table 2: Cumulative percentage of the main histopathological
changes found in the liver, spleen and ceca of Passerines
(Lonchura striata domestica) experimentally inoculated
with different serovars of Salmonella (Enteritidis — SE,
Typhimurium — ST, Pullorum — SP and Gallinarum —
SG) up to 28 days post infection.

Histopathological lesions SE ST SP SG
Liver

Congestion of blood vessesls 98* 100 100 94
Mononuclear inflammatory infiltrate 67 96 97 26
Micro and/or macrovacuolar 29 52 65 28

degeneration
Multifocal necrosis of hepatocytes 0 27 35 38
Spleen

Splenic congestion 57 13 30 51
Necrosis 0 20 6 36
Ceca

Mononuclear inflamatory infiltrate 90 95 85 92
Lymphoid germinal nodules 0 14 9 42

*Results of the occurence of histopathological changes presented as a
percentagem (%).

Results from the isolation of all four Salmonella serovars
corresponded to the characteristic of each one that had been
inoculated, being confirmed through SAR and PCR assays.
Bacterial isolation differed according to the organ and body
surface (Table 3 and Figure 2). There was a significant difference
(p<0.05) in organ infection and body surface contamination,
with the ceca presenting the highest concentration of SE. There
was no significant difference in SE infection in the spleen, liver
and foot contamination. ST infection was significantly different
(p=0.05) among organs, with the ceca and feet being the sites
with the highest bacterial infection, and no ST isolation in the
spleen. Exposure to SP resulted in a higher infection rate in the
ceca compared to the spleen and liver (p<0.05). The feet had
the lowest rates of bacterial recovery compared to other organs.
Unlike the other serovars, birds inoculated with SG showed
a higher rate (p<0.05) of systemic infection by the serovar,
except in the ceca, where same infection potential as SP was
observed. When comparing infection between organs, there
was no significant difference in the infection of the ceca, liver
and spleen, but there was a difference between organs and feet,
with feet being the site of the lowest SG reisolation.

Discussion

from an epidemiological perspective, this research showed high
prevalence rates for different Salmonella serovars in Passerines,
confirmed by bacterial isolation and identification. Additionally,
the recorded mortality rates, especially in birds challenged with
typhoid serovars, indicate that manons are sensitive to infection,
specially when challenged by SP, SG and ST, given that the
mortality rate for these serovars was significantly higher than
in birds infected with SE. It is speculated that the virulence and
pathogenicity of typhoid serovars in Passerines are higher than
paratyphoid serovars, as expected, given that the literature
indicates that SG and SP cause severe clinical symptoms and
high mortality rates, exceeding 80% in other avian species (Paiva
et al., 2009; Rocha-e-Silva et al., 2013; Pinto et al., 2023). In
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Table 3: Colonization of organs (ceca, spleen and liver) and body
surface (feet) by Salmonella in Passerines (Lonchura
striata domestica), following experimental challenge
with different serovars of Salmonella (Enteritidis — SE,
Typhimurium — ST, Pullorum — SP and Gallinarum —
SG) up to 28 days post infection.

Serovar Isolation site in the birds
Ceca Spleen Liver Feet

SE 26.8*(15/56)** 1.8 (1/56) 8.9 (5/56) 8.9 (5/56)
Ca Cb Cb Cb

ST 42.9 (24/56) 0 (0/56) 14.3 (8/56) 42.9 (24/56)
Ba Cb Cb Aa

SP 57.1 (32/56)  35.7 (20/56) 39.3 (22/56) 10.7 (6/56)
Aa Bb Bb Cc

SG 60.7 (34/56) 53.6 (30/56) 69.4 (39/56) 23.2 (13/56)
Aa Aa Aa Bb

*Results presented as percentages (%).

**Number of positive birds/ total number of inoculated birds.

Different uppercase/lowercase letters in the same column/line, respectively
indicates statistical difference (p=0.05).

Figure 2: Distribution of Salmonella colonization in the ceca,
spleen, liver and contamination of the feet of Passerines
(Lonchura striata domestica), following experimental challenge
with different serovars of Salmonella (Enteritidis — SE,
Typhimurium — ST, Pullorum — SP and Gallinarum — SG).

[ESE ®MST BSp BSG

(¢]

Amount of positive Passerines

fesee

Liver Feet

Ceca

Spleen

Organ colonization/ Feet contamination

*Different uppercase letters indicates statistical difference (p=0.05).

Passerines, multiple outbreaks and epidemics involving ST
are frequent, although other paratyphoid serovars like Agona,
Bareilly, Dublin, Cerro, Hessarek, Montevideo, Paratyphi,
Schleissheim, Saint Paul, Weltevrede and Enteritidis have
also been reported (Brunthaler et al., 2021; CDC, 2021). The
Pullorum and Gallinarum serovars are described as specific
pathogens of birds and are reported with frequent occurrence
in poultry (Parvej et al., 2016; Zhou et al., 2022). In free-ranging
birds, both serovars have been isolated from animals living near
poultry farms (Sousa et al., 2010).

It is described that some birds can have only the body surface
(feet) contaminated without intestinal colonization, and this can
be the only source of bacterial isolation (Benskin et al., 2009;
Lopéz-Martin et al., 2011). It was observed that fecal excretion
also promoted foot contamination, and these birds could act as



sources of infection to contaminate new environments, such as
the inside of poultry houses or even other birds. In birds infected
with the Enteritidis serovar, the main site of bacterial colonization
was the ceca, significantly different from what was observed in
the spleen, liver, and feet. This result partially differs from that
observed in seagulls, where most isolates were found in feces,
feet, and also in the intestine (Lopéz-Martin et al., 2011).

Among the four Salmonella serovars analyzed, the ceca were
the sites of highest colonization. Gallinarum serovar was the only
one that did not differ between organs (ceca, spleen, and liver);
however, this same serovar showed a significant potential for
colonization and survival when compared to the other serovars.
Moreover, the interaction between host, pathogen and the
virulence mechanisms of SG concerning birds are likely different
from those observed in the other Salmonella serovars analyzed.

Histopathological analysis showed that oral inoculation with
Salmonella serovars was able to determine replication in tissues
and cause bacteremia, reaching the liver, spleen and ceca.
Pathological changes found in Passerines mostly refer to the
Typhimurium serovar. The pathological changes found in the
liver are consistent with those observed in sparrows (Passer
domesticus) and canaries (Serinus canaria) infected with ST
(Pennycott et al., 2002; Connolly et al., 2006). The vacuolar
degeneration and necrosis lesions found in the liver were similar
to those described in chickens infected with SG (Pennycott et
al., 2002; Connolly et al., 2006). Also, in chickens, Haider et al.
(2012), when evaluating lesions accumulated after the challenge
with SP, observed that 80% of challenged animals presented
focal necrosis and the presence of inflammatory cells in the
spleen. The percentages of lesions we observed in this organ
were distinct for all inoculated serovar; however, the manons liver
presented an inflammatory infiltrate and necrosis in proportions
similar to those observed by Freitas Neto et al. (2007) and
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Haider et al. (2012). Together, these data indicate that the host-
pathogen interaction triggered by infection caused changes in
the experimental model used in this research.

In our study, infection with Salmonella serovars, especially
in birds infected with typhoid serovars, manifested as acute
disease, consistent with clinical signs and mortality, typical
findings in birds with salmonellosis (Andreatti Filho, 2007;
Shivaprasad e Barrow, 2008; Beyaz et al., 2010; Rocha-e-Silva et
al., 2013). We emphasize the lack of detailed information on the
duration and intensity of bacterial excretion in the environment by
Salmonella-infected wild birds. All serovars efficiently colonized
the birds, promoting environmental contamination through feces
up to 28 DPI, with SP excretion being intermittent up to day
15. It is recognized that factors such as the environment, type
of challenge, stress and immunity may influence Salmonella
excretion. Typhimurium serovar excretion persisted for a
longer period, considering the maximum fecal excretion period
described in the literature (22 days) and considering the end
of the experiment (Connolly et al., 2006). It is likely that after
this period, excretion may occur intermittently, as suggested
by Pennycott et al. (2002). Considering that the experimental
model can efficiently disseminate SE, ST, SP and SG, even
without clinical infection, as in the cases of SE and ST, alternative
sanitary management strategies would be beneficial to prevent
Salmonella transmission in poultry flocks.

Conclusion

certainly, the experimental model used in this study demonstrates
that Passerines are significant active sources of infections by
different Salmonella serovars. Our study provides information that
can support preventive measures and minimize the risks of future
epizootic outbreaks of Salmonella in commercial poultry farms.
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