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SUMMARY 

 

Foodborne Salmonella infections in humans, which results from the consumption of contaminated poultry meat and eggs, are 

a major public health concern. Vaccination of animals against Salmonella is one strategy to prevent these infections and 

reduce the risks to public health. Live attenuated Salmonella enterica vaccines can confer protection against salmonellosis by 

inducing both cell-mediated and mucosal immune responses. This study assessed a live, attenuated Salmonella enterica 

Typhimurium (ST) vaccine in broiler chickens against a heterologous challenge with Salmonella Heidelberg (SH) by 

evaluating bacterial quantification, immune cells infiltration, and cytokine gene expression in the cecum. The treatments were: 
T1, non-vaccinated, non-challenged; T2, non-vaccinated, SH-challenged; T3, ST-vaccinated and SH-challenged. At 28 days 

of age, the ST-vaccinated group had significantly recovered reduction of SH in the crop (P<0,01) and cecum (P = 0,021) 

compared to the non-vaccinated SH-challenged group, with no significant changes (P˃0,05) in macrophages, T CD4+, or T 

CD8+ cells dynamics during the same period. Aerosol vaccination on the first day promoted greater interleukin-12 expression 

in the liver (P<0,05) and interleukin-10 expression and T CD8+ cells in the ileum 16 hours after housing. After prime-boosted 

oral immunization on the 13th day, the vaccinated group had greater expression of macrophages and T CD4+ cells in the liver 

(P<0,05) than the control group. Two doses of a live ST-attenuated vaccine promoted a partial cross-protective effect against 

SH strain UFPR1 challenge in broilers. 
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RESUMO 

 

Infecções por Salmonella transmitidas por alimentos como consumo de carne de frango e ovos contaminados em seres 

humanos constituem um importante problema de saúde pública. A vacinação de animais contra Salmonella é uma estratégia 

para prevenir essas infecções e reduzir o risco para a saúde pública. As vacinas vivas atenuadas de Salmonella enterica podem 

conferir proteção contra a salmonelose, induzindo respostas imunológicas mediadas por células e em mucosas. Este estudo 

avaliou uma vacina viva e atenuada de Salmonella enterica Typhimurium (ST) em frangos de corte contra um desafio 

heterólogo com Salmonella Heidelberg (SH), avaliando a quantificação de Salmonella, infiltração de células imunes e a 

expressão de genes de citocinas no ceco. Os tratamentos foram: T1, não vacinado, não desafiado; T2, não vacinado, desafiado 

com SH; T3, ST-vacinado, desafiado com SH. Aos 28 dias de idade, o grupo vacinado com ST apresentou significativa 

redução de SH no papo (P<0,01) e no ceco (P = 0,021) comparado ao grupo T2-não vacinado SH-desafiado, sem alterações 
significativas na dinâmica celular de macrófagos, T CD4+ ou T CD8+ (P˃0,05) durante o mesmo período. A vacinação por 

aerossol no primeiro dia promoveu maior expressão de IL-12 no fígado (P<0,05), maior expressão de IL-10 e células T CD8+ 

no íleo, 16 horas após o alojamento. Após o reforço de imunização oral ao 13º dia, o grupo vacinado apresentou maior 

expressão de macrófagos e células T CD4+ no fígado (P<0,05) do que o grupo controle. Duas doses de uma vacina viva 

atenuada de ST promoveram um efeito de proteção cruzada parcial contra o desafio da cepa de Salmonella Heidelberg cepa 

UFPR1 em frangos de corte.  
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INTRODUCTION 

 

Non-typhoidal Salmonella is a pathogen, but is 

also a transient member of the intestinal microbiome of 

animals, without causing disease (BARROW et al., 1987; 

MUNIZ et al., 2015). Most types of Salmonella enterica 

does not often affect poultry performance, and as a result, 

asymptomatic infection may increase the likelihood of 

zoonotic transmission through the food chain (CARTER 
et al., 2009). S. Heidelberg (SH) ranks among the top 

three serovars isolated from patients with salmonellosis in 

North America (CDC, 2014), and causes more invasive 

infections (e.g. myocarditis and bacteremia) than other 

non-typhoidal Salmonella serovars (HOFFMANN et al., 

2014). The Brazilian SH strain (UFPR1) used in this trial 

was isolated from commercial broiler carcasses in the 

south of Brazil. A recent study reported its complete 

genome associated with high and intermediate resistance 

against short-chain organic acids and some antibiotics, 

respectively (SANTIN et al., 2017). 

Vaccination is one of the best prophylaxes 
against infectious diseases, and acts by inducing innate 

and/or adaptive immune responses (GIRARD et al., 

2006). There have been several attempts to prevent 

salmonellosis via vaccination (MATSUDA et al., 2011; 

NANDRE et al., 2012; WIGLEY et al., 2005), and some 

studies showed that cross-protection effects enhanced 

pathogen clearance (SIEVE et al., 2009). More recently, 

cross-protection immunity among different Salmonella 

serovars has been reported in animals and humans 

(BEARSON et al., 2016; LI et al., 2016; WAHID et al., 

2016).  
In recent years, the use of genetically modified 

S. Typhimurium (ST) strains as immunization agents has 

gained remarkable popularity, since these strains have no 

clinical side effects (CHAUDHARI; LEE, 2013) and may 

provide some protection against other serovars (LEE, 

2015). According with HUANG et al., (2016), an 

attenuated ST vaccine strain has shown to offer protection 

against S. Enteritidis virulent challenge in mice. Another 

report from LIU et al., (2016) demonstrated that outer 

membrane vesicles derived from ST mutants with 

modified LPS induce cross-immunity against other S. 

enterica serovars. 
The objective of this trial was to evaluate the 

ability of a live genetically modified  ST  Salmonella 

Typhimurium vaccine to reduce Salmonella Heidelberg 

counts in gut and liver, its effects on immune cell 

dynamics (macrophages, T CD4+ and T CD8+ cells), and 

changes in interleukin-10 and interleukin-12 in broiler 

chickens. 

 

MATERIAL AND METHODS 

 

Animals and Experimental Design 

The experiment was conducted at Center of 
Immune Response in Poultry (CERIA), at Federal 

University of Paraná, in Curitiba, Brazil, and was 

approved by the Agricultural Sector Ethics Committee of 

the university (process number: 053/2014). 

A total of 90 male Cobb 500 broilers ranging 

from 1 to 28 days of age were distributed in a completely 

randomized design with three treatments (T) with 30 

replicates each, with one bird representing one replicate, 

as shown in Table 1. All birds used in this trial came from 

the same broiler breeder flock (which was not immunized 

with any Salmonella vaccine) incubated in the same 
commercial hatchery. 

 

Table 1 - Treatment description. 

Treatment ST Vaccine* Challenge 

T1 ---- --- 

T2 ---- SH 

T3 
Two doses* (1st day: spray and 13rd day: 

drinking water) 
SH 

* Salmonella Typhimurium AWC591 >3X107 CFU/dose (Poulvac ST, Zoetis). 

 
 

The birds were housed in three identical isolated 

rooms with negative pressure which were located side-by-

side and disinfected prior to the study. The birds were 

individually weighed at the time of housing to ensure 

uniformity of treatments. The birds were kept at a 

comfortable temperature according to their age, with 

water and feed ad libitum, for the entirety of the trial. 

Their diet was based on corn and soymeal, following 

Brazilian nutritional recommendations for poultry 

(ROSTAGNO, 2011). The basal diet (containing all the 

ingredients except amino acids and vitamin and mineral 
premix) was sterilized in an autoclave at 120ºC for 15 

minutes. Next, the amino acids and vitamin and mineral 

premix were added and mixed properly. No ingredient to 

inhibit Salmonella (e.g. organic acids, prebiotics or 

probiotics) was provided in the drinking water or feed. 

Vaccination and Dosage 

Poulvac ST (Zoetis, São Paulo, Brazil) is a 

commercial vaccine that contains a live non-virulent strain 

of AWC 591 Salmonella Typhimurium (STM-1) in 

lyophilized form with titer ≥ 3 x 107 CFU/dose. This 

strain was selected for vaccine production because of its 

colonizing ability, immunogenicity and growth during in 

vitro fermentation. This variant of S. Typhimurium was 

altered by deleting two genes, aroA and serC. The 

deletion of these genes results in an organism that retains 

the structure of the cell wall and flagella, maintaining 
immunizing antigens intact (ALDERTON et al., 2007). 

Under an electron microscope, the strain resembles any 

typical Salmonella without any distortions; the vaccine 

immune response mimics a natural infection. The 
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mutation of the aroA gene impedes the vaccine strain’s 

ability to produce H2S in XLD or XLT4 medium, 

permitting differentiation from the wild type in 

microbiological analysis. 

The animals of group 3 were immediately 

vaccinated after housing, with Poulvac ST, using a total 

volume of 20 mL of water sprayed on the 30 chicks 

(vaccine was diluted in chlorine-free water, with 1 

dose/bird). At 13 days of age, the birds in group 3 were 
given the second dose of vaccine via drinking water. 

 

Salmonella enterica serovar Heidelberg 

The UFPR1 strain of Salmonella Heidelberg 

(sequences submitted to the NCBI 

database/biosample identified as SAMN06560104, 

GenBank: CP020101) was isolated from commercial 

broiler carcasses obtained from a broiler farm located in 

south Brazil. At day one, ten ceca and ten livers were 

collected from each treatment group to assess the absence 

of Salmonella sp. (qualitative analysis). At 14 days of age, 

chicks in T2 and T3 groups were orally challenged with 
10

8
 CFU/chick of SH. At 28 days of age, 10 birds from all 

treatments were subjected to cervical dislocation and 

necropsied, and crop, liver and cecum samples were 

collected to count Salmonella sp. The presence or absence 

of Salmonella sp. was confirmed in the crop, and 

quantified in liver and cecum. In order to quantify typical 

colonies of Salmonella sp. (quantitative analysis), samples 

were processed using the modified methodology 

(PICKLER et al., 2012). 

 

Macrophage, CD4+ and CD8+ Cell Quantification 

At 16 hours after housing (AH), 14 and 28 days 

of age, 10 birds from each treatment were euthanized to 

collect liver (accessory lobe) and ileum (5 cm after 

Meckel’s diverticulum) samples. Immunohistochemistry 

was performed to obtain macrophage, CD4+, and CD8+ 

lymphocyte counts (LOURENÇO et al., 2015). The 

labeled cells were counted using an optical microscope 

(Nikon Eclipse E200, São Paulo, Brazil) at 100X 

magnification. Five fields were measured per bird, 

totalizing 25 microscopic fields per treatment of liver 

(cells per field) and ileum (villi per field). 

 

Cytokine mRNA Expression  

Six birds per treatment were euthanized 16 hours 

after housing and samples of their livers and ilea were 

stored in RNAlater solution (Thermo Fisher Scientific, 

Waltham, MA, USA) at -20°C until further analysis. Total 

RNA from the tissues was isolated using TRIzol reagent 

(Invitrogen, Carlsbad, CA, USA) according to the 

manufacturer’s instructions. A Turbo-DNase kit (Applied 

Biosystems, Foster City, CA, USA) was used to treat the 

samples. RNA concentrations were quantified with a 
NanoDrop Spectrophotometer (Thermo Scientific, Bonn, 

Germany) and integrity was determined with a 700-7000 

Experion Automated Electrophoresis System (Bio-Rad, 

Hercules, CA, USA). RNA samples were reverse 

transcribed and RT-qPCR analysis performed with a 

MyiQ System (Bio-Rad). One microgram of RNA was 

converted to cDNA in a 20 μL reaction volume using the 

iScript Reverse Transcription Supermix kit (Bio-Rad) at 

25°C for one hour, 42°C for 30 minutes, and then 85°C 

for 5 minutes. 

The genes analyzed by RT-qPCR were IL-10, 

IL-12 and GAPDH (primers described in Table 2). The 
final 20 μL PCR reaction contained 2 μL reverse 

transcription product, 2 μL of the forward and reverse 

gene, and 10 μL of iTAq Universal SYBR Green 

Supermix (Bio-Rad). PCR cycle conditions for all primer 

pairs used an initial 60s denaturation step at 95°C, 

followed by 40 cycles of denaturation (15s at 95°C), 

annealing, and extension (30s at 60°C). The melting 

profile of each sample was analyzed after every qPCR run 

to confirm PCR product specificity and was determined 

by heating samples at 65°C for 30s and then increasing 

the temperature to 95°C at a linear rate of 20°C/s while 
continuously monitoring fluorescence. Sample’s PCR 

amplification efficiencies were determined in the log-

linear phase with the LinRegPCR program (RAMAKERS 

et al., 2003). Additionally, the delta–delta equation 

subtracts sample and reference Ct values from an 

endogenous control; however, the endogenous control 

(GAPDH) Ct was affected by treatments in this study 

(P<0,05), and was therefore removed from the equation. 

All data were normalized to the mRNA level of the 

control group (non-challenged group and without SCOA) 

and reported as the fold-change from the reference, which 
was calculated as ES

(40-Ct Sample)/ER
(40-Ct Reference), where ES 

and ER are the sample and reference PCR amplification 

efficiencies, respectively (HUMPHREY, 2004). 

Table 2 - Sequences of forward and reverse primers of chickens cytokines for RT-qPCR. 

Primer Primer Sequence 

IL-10 
Forward 5'-CGGGAGCTGAGGGTGAA-3' 
Reverse 5'-GTGAAGAAGCGGTGACAGC-3' 

IL-12 
Forward 5'-AGACTCCAATGGGCAAATGA-3' 

Reverse 5'-CTCTTCGGCAAATGGACAGT-3' 

GAPDH 
Forward 5'-GGTGGTGCTAAGCGTGTTAT-3' 

Reverse 5'-ACCTCTGTCATCTCTCCACA-3' 

 

 

Statistical Analysis 

The data were evaluated using Statistix 9 

statistical software (Analytic Software, Tallahassee, FL, 

USA) and analyzed using the Shapiro-Wilk normality 

test. Parametric data were subjected to analysis of 

variance (ANOVA) and the Tukey test to establish 

differences between treatment means. Nonparametric data 

were submitted to the Kruskal-Wallis test at a 5% 

probability value. When the presence or absence of 
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Salmonella was assayed, the chi-square test was used to 

establish statistical differences.  

 

RESULTS 

 

Microbiology 

As expected, the T1 group (negative control) 

was negative for Salmonella, so the data analyzed used 

the SH-challenged treatments only to obtain a completely 
randomized design.  

In the microbiological analysis (Table 3), it was 

observed an interesting effect of the ST vaccine against 

SH challenge. The ST-vaccinated group (T3) had all 

negative crop samples for Salmonella sp., while the 

challenged group (T2) reached 20% positive crop samples 

(P<0,01) at 28 days of age. In liver, no statistical 

differences were observed between all 3 groups (P˃0,05). 

In ceca, even though there was a significant numerical 

difference between the T2 and T3 groups (47%), the 

vaccine did not generate statistical reduction in 

Salmonella counts when all groups were analyzed. 

However, comparisons between only the challenged 
groups (T2 and T3) showed a significant (P = 0,021) 

reduction in Salmonella recover in the vaccinated group 

compared with the non-immunized group.  

 

 

Table 3 - Percentage of Salmonella sp. in crop and counts (Log CFU/g) in liver and cecum at 28 days of age in different 

treatments. a,b Different letters in the same column indicate significant differences at P˂0,05 according to the chi-

squared* and Kruskal-Wallis** tests. 

Treatment 
Crop* Liver** Cecum** Cecum** (no T1) 

% (+/total) Log CFU/g Log CFU/g Log CFU/g 

T1 - Control (-) 0% (0/9) b 0,00 ± 0,00 0,00 ± 0,00 b - 

T2 – Control (+) 20% (2/10) a 1,30 ± 0,48 4,34 ± 1,77 a 4,34 ± 1,77 a 

T3 - SH + vaccine 0% (0/10) b 1,10 ± 0,31 2,08 ± 2,30 ab 2,08 ± 2,30 b 

P value ≤0,001 0,142 ≤0,001 0,021 

 

 
 

Immunogenic profile of the vaccine 

After the first immunization with the ST vaccine 

(aerosol), the T3 group showed a significant decrease in 

macrophages, T CD4+, and T CD8+ cell counts in the 

liver (P<0,05) and increased T CD8+ cell mobilization in 

the ileum at 16 AH (P<0.001) (Figure 1). We also 

measured mRNA expression for IL-10 and IL-12 (Tables 

4 and 5); T3 group had higher IL-12 mRNA expression in 

the liver than the T2 group (P<0,05), as well as increased 

IL-10 mRNA expression in the ileum (P<0,05) at 16 AH. 

 

 

 

 
 

Figure 1 - Quantification of macrophages, CD4+ and CD8+ cells in the liver (cells per field) and ileum (cells per villi) 

at 16 hours after housing (AH) in the T1 and T3 groups. a,b Different letters in the same column are significantly 

different at P≤0,05 according to the Kruskal-Wallis test. 
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Table 4 - Mean and standard error for quantification of IL-10 and IL-12 in the liver at 16 hours after housing (AH) in 

different treatments. 

Treatment IL-10 IL-12 

Control (-) 3,45 ± 1,62 0,11 ± 0,01 b 

Vaccinated 1,23 ± 0,63 3,93 ± 0,10 a 

P value 0,157 0,049 
a,b Different letters in the same column are significantly different at P˂0,01 as determined by the Kruskal-Wallis test. 

 

 

Table 5 - Mean and standard error for quantification of IL-10 and IL-12 in the ileum at 16 hours after housing (AH) in 

different treatments. 

Treatment IL-10 IL-12 

Control (-) 4,50 ± 0,23 b 231,79 ± 12,76 

Vaccinated 31,14 ± 6,16 a 218,29 ± 79,91 

P value 0,040 0,222 
a,b Different letters in the same column are significantly different at P˂0,01 as determined by the Kruskal-Wallis test. 

 

 

At 14 days of age, 24h after the second 

immunization in the drinking water, expression of 

macrophages and T CD4+ cells in the liver increased in 

the vaccinated group (P<0,05), while there were fewer 

macrophages and CD4+ cells in the ileum mucosa 

(P<0,05) (Figure 2) compared to challenge non-

vaccinated group. 

At 28 days of age, 14 days after T2 and T3 were 

challenged with SH, no differences (P˃0,05) were 

observed in the immune cells dynamics in the liver and 

ileum between all 3 groups (Figure 3). 

 

 

 
 

Figure 2 - Quantification of macrophages, CD4+ and CD8+ cells in the liver (cells per field) and ileum (cells per villi) 

at 14 days of age in the T1 and T3 groups. a,b Different letters in the same column are significantly different at P≤0,05 as 

determined by the Kruskal-Wallis test. 
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Figure 3 - Quantification of macrophages, CD4+ and CD8+ cells in the liver (cells per field) and ileum (cells per villi) 

at 28 days of age in the T1, T2 and T3 groups. a,b Different letters in the same column are significantly different at 

P≤0,05 as determined by the Kruskal-Wallis test. 

 

 

DISCUSSION 

 

Previously, live Salmonella vaccines were 

reported to induce cross-immunity against related serovars 

(MATULOVA et al., 2013; MOHLER et al., 2008). 

Although ST infection is common in chickens, it does not 

cause severe disease in poultry (CHAPPELL et al., 2009); 

consequently, attenuated ST strains have been used 

successfully to express foreign antigens and have been 

suggested as safe strains (LEE, 2015). In this study, 

administering a ST vaccine did not induce mortality or 

any adverse effects in the vaccinated birds. 

Our results demonstrated that immunizing 
broiler chickens with ST vaccine conferred a certain 

degree of protection against challenge with SH strain, 

since the SH count in the ceca of the vaccinated birds was 

statistically identical to the count in the non-challenged 

group. Vaccination significantly reduced Salmonella 

counts in the crop (all negative samples) and the cecum 

(47%) at 28 days of age, demonstrating the cross-

protective effect of the ST vaccine against SH infection. 

Lee (2015) demonstrated a similar effect using a live 

attenuated ST strain to decrease Salmonella Enteritidis 

and Salmonella Gallinarum in laying hens. Another 
interesting study has shown that a vaccine consisting of 

attenuated S. Enteritidis, S. Typhimurium and S. Infantis 

protected chickens against challenge with the wild type 

strains of the same serovars and also partially protected 

chickens against challenge with isolates from serovars 

Dublin or Hadar (VARMUZOVA et al., 2016). 

Homologous immunity between strains of the same 

serovar is known to be considerably stronger than 

between strains of different (heterologous) serovars 

(SPRINGER et al., 2000). It seems likely that 

lipopolysaccharide (O-antigen) is a major component of 

the key immunogenic component and that protection 

between strains within a serovar is likely to be much 
greater. For this trial, both ST (antigenic formula 

4,5,12:i:1,2) and SH (antigenic formula 1,4,[5],12:r:1,2) 

share the same antigen (O:4), which belongs to serogroup 

B. Because the Poulvac ST vaccine is developed from a 

strain of Salmonella enterica subsp. enterica serovar 

Typhimurium (STM-1), this serovar contains 

immunological antigens which are the same as those seen 

in other group B Salmonellae (such as SH). This 

similarity in the somatic and flagellar antigens explains 

the good heterologous immune response (MUNIZ et al., 

2017). 

Previous studies with aerosol vaccination 
(ATTERBURY et al., 2010; DE CORT et al., 2015) 

showed that multiple sites including the digestive tract, 

respiratory tract, and conjunctiva are stimulated during 

aerosol vaccination, resulting in a systemic immune 

response, while oral administration of the vaccine 

stimulates a localized immune response in the intestinal 

tract. De Cort et al. (2015) also suggested that oral 

immunization with live attenuated vaccine induces a 

mechanism that inhibits colonization and protects the bird 

from subsequent challenge, since young chickens are still 

immature and vaccination is not effective protection 
against Salmonella infection during the first days of life.  

In this present study, aerosol vaccination on the 

first day promoted increased IL-12 gene expression in the 

liver. IL-12 is an interleukin which is naturally produced 

by dendritic cells, heterophiles, and macrophages, leading 

to a pro-inflammatory response (XING et al. 2000). Even 

though IL-12 is known to stimulate T cells, we did not 

observe enhancements in the macrophages, T CD4+, and 

T CD8+ cells in this organ at 16 AH, probably because 

more time is needed to see this effect on the tissue.  

At the same time, we found higher mRNA 

expression for IL-10 and more T CD8+ cells in the ileum 
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in the vaccinated group than in the control group. IL-10 is 

generally characterized as a regulatory cytokine because 

of its role in mediating tissue protection, limiting pro-

inflammatory responses and preventing autoimmune 

diseases (OUYANG et al., 2011). In some situations, IL-

10 could act as a chemoattractant to CD8+ T cells 

(JINQUAN et al., 1993; XI et al., 2017), activate 

cytotoxic T cell activity (SANTIN et al., 2000), and 

increase the maturation of CD8+ T memory cells 
(LAIDLAW et al., 2015).  Shanmugasundaram et al., 

(2015) and Kogut et al., (2016) have observed that T-

regulatory cells increase expression of IL-10 cells after 

Salmonella infection, which suggests a “tolerogenic” 

response allowing the bacteria to persist in the lumen. 

Like the vaccine, this could be a mechanism to inhibit 

colonization, since maintaining the live vaccine in the 

lumen could have inhibited colonization after the 

Salmonella challenge.  

At 14 days of age, the vaccinated exhibited a 

higher number of macrophages and T CD4+ cells in the 

liver group after prime-boosted oral immunization on the 
13th day, compared to the control group. Vendrell et al. 

(2016) reported that immunization with Salmonella Typhi 

could elicit an early immune response in the liver, 

associated with increased T CD4+ and dendritic cell 

populations in mice. Based on these findings, we 

hypothesized that 24 hours after the booster vaccine was 

administered via drinking water, the immune cells 

continuously migrate to the liver and maintain a systemic 

and specific immune response, even though Salmonella 

recovery was not statistically reduced in this organ at 28 

days. Muniz et al. (2017), in a study of the same live ST 
vaccine administered via spray on the first day, observed 

reduced SH recovery in the ceca of 21-day-old broilers, 

results similar to those obtained herein.  

No statistical differences were observed in the 

liver and ileum for macrophages, T CD4+, and T CD8+ 

counts at 28 days of age. At this time, Salmonella control 

was statistically lower in the crop and ceca compared to 

the SH group. Protection from live Salmonella vaccine is 

attributed to induction of cellular and humoral immune 

responses (BEAL et al., 2006). Even though the dynamics 

of innate and adaptive immune response measured in this 
trial did not change, we suspect and highlight the role of 

humoral immune response and/or inhibition of 

colonization. Nandre et al. (2015) observed that 

Salmonella Enteritidis vaccination induced significantly 

higher levels of systemic IG and mucosal sIgA antibodies, 

and that these levels were markedly increased after 

booster vaccination. This situation is the result of 

immunological memory, defined as a faster and stronger 

immune response after exposure to the same or a related 

antigen (DUTTON et al. 1998). Systemic antibodies are 

essential to kill Salmonella, since IgA is more likely to be 

effective in providing a protective immune response after 
secretion into the gut lumen (BERTHELOT-HÉRAULT 

et al., 2003), while gut mucosal sIgA prevents the 

bacterium from entering the intestinal epithelium 

(STRINDELIUS et al. 2004). The colonization inhibition 

phenomenon has been described by Barrow et al. (1987) 

as a primarily microbial physiological process, and not the 

result of adaptive immunity or bacteriophage/bacteriocin 

activity. Methner et al. (2011) has stated that this 

mechanism is poorly understood, and that inhibition 

between different strains within the same O-group did not 

exceed a value of 2 log10 units compared with the control, 

which is approximately the same level we observed in our 

study comparing ST-vaccinated and non-vaccinated SH-

challenged birds. 

 

CONCLUSION 
 

In summary, the two administrations of a live 

attenuated ST vaccine was able to reduce Salmonella 

recovery in the crop and cecum of broilers challenged 

with the SH strain UFPR1, but did not reduce these levels 

in the liver. This partially cross-protective effect may be 
related to the physiological microbial process as well as 

an early increase of IL-12 in the liver and IL-10 in the 

intestine, but further studies should be conducted to better 

understand this associated mechanism.  

 

ACKNOWLEDGMENTS 

 

This study was funded by Zoetis Inc.  

 

REFERÊNCIAS 

 
ALDERTON, M. R.; FAHEY, K. J.; COLOE, P. J. 

Humoral Responses and Salmonellosis Protection in 

Chickens Given a Vitamin-Dependent Salmonella 

typhimurium. Avian Diseases, v. 35, n. 3, p. 435–442, 

1991.  

 

ATTERBURY, R. J.; MORRIS, V.; HARRISON, D.; 

TUCKER, V.; ALLEN, V. M.; DAVIES, R. H.; 

CARRIQUE-MAS, J. J. Effect of delivery method on the 

efficacy of Salmonella vaccination in chickens. 

Veterinary Record, v. 167, n. 5, p. 161–164, 2010.  

 
BARROW, P. A.; SIMPSON, J. M.; LOVELL, M. A.; 

BINNS, M. M. Contribution of Salmonella gallinarum 

large plasmid toward virulence in fowl typhoid. Infection 

and Immunity, v. 55, n. 2, p. 388–392, 1987.  

 

BEAL, R. K.; WIGLEY, P.; POWERS, C.; BARROW, 

P. A.; SMITH, A. L. Cross-reactive cellular and humoral 

immune responses to Salmonella enterica serovars 

Typhimurium and Enteritidis are associated with 

protection to heterologous re-challenge. Veterinary 

Immunology and Immunopathology, v. 114, n. 1–2, p. 
84–93, 2006.  

 

BEARSON, B. L. BEARSON, S. M.; KICH, J. D. A 

DIVA vaccine for cross-protection against Salmonella. 

Vaccine, v. 34, n. 10, p. 1241–1246, 2016.  

 

BERTHELOT-HÉRAULT, F.; MOMPART, F.; 

ZYGMUNT, M. S.; DUBRAY, G.; DUCHET-

SUCHAUX, M. Antibody responses in the serum and gut 

of chicken lines differing in cecal carriage of Salmonella 

enteritidis. Veterinary Immunology and 

Immunopathology, v. 96, n. 1–2, p. 43–52, 2003.  
 

CARTER, A. J.; ADAMS, M.; WOODWARD, M. J.; 

RAGIONE, R. Control strategies for Salmonella 

111 



 

colonization of poultry: The probiotic perspective. 

Journal of Food Science and Technology, v. 5, n.1, p. 

103–115, 2009.  

 

CENTERS FOR DISEASE CONTROL AND 

PREVENTION. National Antimicrobial Resistance 509 

Monitoring System: enteric bacteria. Human isolates 

final report. Atlanta: The Centers. 2014. 

https://www.cdc.gov/narms/pdf/2014-annual-report-
narms-508c.pdf  

 

CHAPPELL, L.; KAISER, P.; BARROW, P.; JONES, 

M. A.; JOHNSTON, C.; WIGLEY, P. The 

immunobiology of avian systemic salmonellosis. 

Veterinary Immunology and Immunopathology, v. 

128, n. 1–3, p. 53–59, 2009.  

 

CHAUDHARI, A. A; LEE, J. H. Evaluation of the 

adjuvant effect of Salmonella-based Escherichia coli heat-

labile toxin B subunits on the efficacy of a live 

Salmonella-delivered avian pathogenic Escherichia coli 
vaccine. Avian pathology : journal of the W.V.P.A, v. 

42, n. 4, p. 365–72, 2013.  

 

DE CORT, W.; HAESEBROUCK, F.; DUCATELLE, 

R.; VAN IMMERSEEL, F. Administration of a 

Salmonella Enteritidis hilAssrAfliG strain by coarse spray 

to newly hatched broilers reduces colonization and 

shedding of a Salmonella Enteritidis challenge strain. 

Poultry science, v. 94, n. 1, p. 131–135, 2015.  

 

DUTTON, R. W.; BRADLEY, L. M.; SWAIN, S. L. T 
Cell Memory. Annual Review of Immunology, v. 16, n. 

1, p. 201–223, 1998. 

  

GIRARD, M. P.; STEELE, D.; CHAIGNAT, C. L.; 

KIENY, M. P. A review of vaccine research and 

development: Human enteric infections. Vaccine, v. 24, 

n. 15, p. 2732–2750, 2006.  

 

HOFFMANN, M.; ZHAO, S.; PETTENGILL, J.; LUO, 

Y.; MONDAY, S. R.; ABBOTT, J.; AYERS, S. L.; 

CINAR, H. N.; MURUVANDA, T.; LI, C.; ALLARD, 
M. W.; WHICHARD, J.; MENG, J.; BROWN, E. W.; 

MCDERMOTT, P. F. Comparative genomic analysis and 

virulence differences in closely related Salmonella 

enterica serotype heidelberg isolates from humans, 

retailmeats, and animals. Genome Biology and 

Evolution, v. 6, n. 5, p. 1046–1068, 2014.  

 

HUANG, C.; LIU, Q.; LUO, Y.; LI, P.; LIU, Q.; KONG, 

Q. Regulated delayed synthesis of lipopolysaccharide and 

enterobacterial common antigen of Salmonella 

Typhimurium enhances immunogenicity and cross-

protective efficacy against heterologous Salmonella 
challenge. Vaccine, v. 34, n. 36, p. 4285–4292, 2016.  

 

HUMPHREY, T. Salmonella, stress responses and food 

safety. Nature Reviews Microbiology, v. 2, n. 6, p. 504–

509, 2004.  

 

JINQUAN, T.; LARSEN, C. G.; GESSER, B.; 

MATSUSHIMA, K.; THESTRUP-PEDERSEN, K. 

Human IL-10 is a chemoattractant for CD8+ T 

lymphocytes and an inhibitor of IL-8-induced CD4+ T 

lymphocyte migration. Journal of immunology 

(Baltimore, Md. : 1950), v. 151, n. 9, p. 4545–51, 1993.  

 

KIM, A.; LEE, Y. J.; KANG, M. S.; KWAG, S. I.; CHO, 

J. K. Dissemination and tracking of Salmonella spp. in 

integrated broiler operation. Journal of Veterinary 

Science, v. 8, n. 2, p. 155–161, 2007.  
 

KOGUT, M. H.; SWAGGERTY, C. L.; BYRD, J. A.; 

SELVARAJ, R.; ARSENAULT, R. J. Chicken-Specific 

Kinome Array Reveals that Salmonella enterica Serovar 

Enteritidis Modulates Host Immune Signaling Pathways 

in the Cecum to Establish a Persistence Infection. 

International Journal Of Molecular Sciences, v. 17, n. 

8, p.1207-1227, 2016. 

 

LAIDLAW, B. J.; CUI, W.; AMEZQUITA, R. A.; 

GRAY, S. M.; GUAN, T.; LU, Y.; KOBAYASHI, Y.; 

FLAVELL, R. A.; KLEINSTEIN, S. H.; CRAFT, J.; 
KAECH, S. M. Production of IL-10 by CD4+ regulatory 

T cells during the resolution of infection promotes the 

maturation of memory CD8+ T cells. Nature 

Immunology, v. 16, n. 8, p. 871–879, 2015.  

 

LEE, J. H. Protection against Salmonella Typhimurium, 

Salmonella Gallinarum, and Salmonella Enteritidis 

infection in layer chickens conferred by a live attenuated 

Salmonella Typhimurium strain. Immune network, v. 

15, n. 1, p. 27–36, 2015.  

 
LI, P.; LIU, Q.; HUANG, C.; ZHAO, X.; ROLAND, K. 

L.; KONG, Q. Reversible synthesis of colanic acid and O-

antigen polysaccharides in Salmonella Typhimurium 

enhances induction of cross-immune responses and 

provides protection against heterologous Salmonella 

challenge. Vaccine, v. 35, n.1, p. 2862–2869, 2016.  

 

LIU, Q.; LIU, Q.; YI, J.; LIANG, K.; LIU, T.; ROLAND, 

K. L.; JIANG, Y.; KONG, Q. Outer membrane vesicles 

derived from Salmonella Typhimurium mutants with 

truncated LPS induce cross-protective immune responses 
against infection of Salmonella enterica serovars in the 

mouse model. International Journal Of Medical 

Microbiology, v. 306, n. 8, p.697-706, 2016.  

 

LOURENÇO, M. C.; KURITZA, L. N.; HAYASHI, R. 

M.; MIGLINO, L. B.; DURAU, J. F.; PICLER, L.; 

SANTIN, E. Effect of a mannanoligosaccharide-

supplemented diet on intestinal mucosa T lymphocyte 

populations in chickens challenged with Salmonella 

Enteritidis. Journal of Applied Poultry Research, v. 24, 

n. 1, p. 15–22, 2015.  

 
MATSUDA, K.; CHAUDHARI, A. A.; LEE, J. H. 

Evaluation of safety and protection efficacy on cpxR and 

lon deleted mutant of Salmonella Gallinarum as a live 

vaccine candidate for fowl typhoid. Vaccine, v. 29, n. 4, 

p. 668–674, 2011.  

 

MATULOVA, M.; HAVLICKOVA, H.; SISAK, F.; 

BABAK, V.; RYCHLIK, I. SPI1 defective mutants of 

112 



 

Salmonella enterica induce cross-protective immunity in 

chickens against challenge with serovars Typhimurium 

and Enteritidis. Vaccine, v. 31, n. 31, p. 3156–3162, 

2013.  

 

METHNER, U.; RAMMLER, N.; FEHLHABER, K.; 

RÖSLER, U. Salmonella status of pigs at slaughter - 

Bacteriological and serological analysis. International 

Journal of Food Microbiology, v. 151, n. 1, p. 15–20, 
2011.  

 

MOHLER, V. L.; HEITHOFF, D. M.; MAHAN, M. J.; 

WALKER, K. H.; HORNITZKY, M. A.; SHUM, L. W.; 

MAKING, K. J.; HOUSE, J. K. Cross-protective 

immunity conferred by a DNA adenine methylase 

deficient Salmonella enterica serovar Typhimurium 

vaccine in calves challenged with Salmonella serovar 

Newport. Vaccine, v. 26, n. 14, p. 1751–1758, 2008.  

 

MUNIZ, E. C.; PICKLER, L.; LOURENÇO, M. C.; 

KRAIESKI, A.; MESA, D.; WESTPHAL, P.; SANTIN, 
E. Avaliação da resposta imunológica da mucosa 

intestinal de frangos de corte desafiados com diferentes 

sorovares. v. 35, n. 3, p. 241–248, 2015.  

 

MUNIZ, E. C.; VERDI, R.; LEÃO, J. A.; BACK, A.; 

NASCIMENTO, V. P. D. Evaluation of the effectiveness 

and safety of a genetically modified live vaccine in 

broilers challenged with Salmonella Heidelberg. Avian 

Pathology, v. 46, n. 6, p.676-682, 2017.  

 

NANDRE, R. M.; MATSUDA, K.; CHAUDHARI, A. 
A.; KIM, B.; LEE, J. H. A genetically engineered 

derivative of Salmonella Enteritidis as a novel live 

vaccine candidate for salmonellosis in chickens. 

Research in Veterinary Science, v. 93, n. 2, p. 596–603, 

2012.  

 

NANDRE, R. M.; LEE, D.; LEE, J. H. Cross-protection 

against Salmonella Typhimurium infection conferred by a 

live attenuated Salmonella Enteritidis vaccine.  anadian 

journal of veterinary re ear h    evue  anadienne de 

re her he v t rinaire, v. 79, n. 1, p. 16–21, 2015.  
 

OUYANG, W.; RUTZ, S.; CRELLING, N. K.; 

VALDEZ, P. A.; HYMOWITZ, S. G. Regulation and 

Functions of the IL-10 Family of Cytokines in 

Inflammation and Disease. Annual Review of 

Immunology, v. 29, n. 1, p. 71–109, 2011.  

 

PICKLER, L.; HAYASHI, R. M.; LOURENÇO, M. C.; 

MIGLINO, L. B.; CARON, L. F.; BEIRÃO, B. C. B.; 

SILVA, A. V. F.; SANTIN, E. Avaliação microbiológica, 

histológica e imunológica de frangos de corte desafiados 

com Salmonella Enteritidis e Minnesota e tratados com 
ácidos orgânicos. Pesquisa Veterinaria Brasileira, v. 32, 

n. 1, p. 27–36, 2012.  

 

RAMAKERS, C.; RUIJTER, J. M.; DEPREZ, R. H.; 

MORMAN, A. F. Assumption-free analysis of 

quantitative real-time polymerase chain reaction (PCR) 

data. Neuroscience Letters, v. 339, n. 1, p. 62–66, 2003.  

 

ROSTAGNO, H. S. Tabelas brasileiras para aves e 

suínos: composição de alimentos e exigências 

nutricionais. 3.ed. Viçosa: UFV University Press. 2011. 

 

SANTIN, A. D.; HERMONAT, P. L.; RAVAGGI, A.; 

BELLONE, S.; PECORELLI, S.; ROMAN, J. J.; 

PARHAM, G. P.; CANNON, M. J. Interleukin-10 

Increases Th1 Cytokine Production and Cytotoxic 

Potential in Human Papillomavirus-Specific CD8+ 
Cytotoxic T Lymphocytes. Journal of Virology, v. 74, n. 

10, p. 4729–4737, 2000.  

 

SANTIN, E.; HAYASHI, R. M.; WAMMES, J. C.; 

GONZALEZ-ESQUERRA, R.; CARAZZOLLE, M. F.; 

FREIRE, C. C. M.; MONZANI, P. S.; DA CUNHA, A. 

F. Phenotypic and Genotypic Features of a Salmonella 

Heidelberg Strain Isolated in Broilers in Brazil and Their 

Possible Association to Antibiotics and Short-Chain 

Organic Acids Resistance and Susceptibility. Frontiers in 

Veterinary Science, v. 4, n. 1, p. 1–13, 2017.  

 
SHANMUGASUNDARAM, R.; KOGUT, M. H.; 

ARSENAUT, R. K.; SWAGGERTY, C. L.; COLE, K.; 

REDDISH, J. M.; SELVARAJ, R. K. Effect of 

Salmonella infection on cecal tonsil regulatory T cell 

properties in chickens. Poultry Science, v. 94, n. 1, p. 

1828–1835, 2015.  

 

SIEVE, A. N.; MEEKS, K. D.; BODHANKAR, S.; LEE, 

S.; KOLLS, J. K.; SIMECKA, J. W.; BERG, R. E. A 

novel IL-17-dependent mechanism of cross protection: 

Respiratory infection with mycoplasma protects against a 
secondary listeria infection. European Journal Of 

Immunology, v. 39, n. 2, p.426-438, 2009. 

 

SPRINGER, S.; LEHMANN, J.; LINDNER, T.; 

THIELEBEIN, J.; ALBER, G.; SELBITZ, H. J. A new 

live Salmonella Enteritidis vaccine for chicken –

experimental evidence of its safety and efficacy. Berliner 

und Münchener tierärztliche Wochenschrift Journal. 

v. 113, n.1, p. 246-252, 2000. 

 

STRINDELIUS, L.; FILLER, M.; SJÖHOLM, I. 
Mucosal immunization with purified flagellin from 

Salmonella induces systemic and mucosal immune 

responses in C3H/HeJ mice. Vaccine, v. 22, n. 27–28, p. 

3797–3808, 2004.  

 

VARMUZOVA, K. FALDYNOVA, M.; ELSHEIMER-

MATULOVA, M.; SEBKOVA, A.; POLANSKY, O.; 

HAVLICKOVA, H.; SISAK, F.; RYCHLIK, I. Immune 

protection of chickens conferred by a vaccine consisting 

of attenuated strains of Salmonella Enteritidis, 

Typhimurium and Infantis. Veterinary Research, v. 47, 

n. 1, p. 1–11, 2016.  
 

VENDRELL, A.; MONGINI, C.; GRAVISACO, M. J.; 

CANELLADA, A.; TESONE, A. I.; GOIN, J. C.; 

WALDNER, C. I. An oral Salmonella-based vaccine 

inhibits liver metastases by promoting tumor-specific T-

cell-mediated immunity in celiac and portal lymph nodes: 

A preclinical study. Frontiers in Immunology, v. 7, n. 1, 

p. 1–12, 2016.  

113 



 

WAHID, R.; FRESNAY, S.; LEVINE, M. M.; SZTEIN, 

M. B. Cross-reactive multifunctional CD4+ T cell 

responses against Salmonella enterica serovars Typhi, 

Paratyphi A and Paratyphi B in humans following 

immunization with live oral typhoid vaccine Ty21a. 

Clinical Immunology, v. 173, n. 1, p. 87–95, 2016.  

 

WIGLEY, P.; HULME, S.; POWERS, C.; BEAL, R.; 

SMITH, A.; BARROW, P. Oral infection with the 
Salmonella enterica serovar Gallinarum 9R attenuated 

live vaccine as a model to characterise immunity to fowl 

typhoid in the chicken. BMC veterinary research, v. 1, 

n. 1, p. 2, 2005.  

XI, J.; XU, M.; SONG, Z.; LI, H.; XU, S.; WANG, C.; 

SONG, H.; BAI, J. Stimulatory role of interleukin 10 in 

CD8 + T cells through STATs in gastric cancer. Tumor 

Biology, v. 39, n. 5, p. 1-9, 2017.  

 

XING, Z.; ZGANIACZ, A.; SANTOSUOSSO, M. Role 

of IL-12 in macrophage activation during intracellular 

infection: IL-12 and mycobacteria synergistically release 

TNF-alpha and nitric oxide from macrophages via IFN-
gamma induction. Journal of leukocyte biology, v. 68, n. 

6, p. 897–902, 2000.  
 

114 


