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Development of a third generation vaccine
to prevent Salmonella infections in commercial poultry flocks
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Introduction

Even after more than a decade of combating Salmonella infections, this organism still represents an
important cause of human disease (EFSA, 2009, Newell et al., 2010). Recent studies estimate 80.3
million annual cases of food-borne disease related to Salmonella worldwide (Majowicz et al., 2010).
Within the European Union Salmonella is the second most important cause of food-borne infections
(EFSA, 2007) with Salmonella Enteriditis still representing the most commonly isolated Salmonella
serovar in human salmonellosis (EFSA, 2007; WHO, 2006). Even today contaminated eggs from
infected layers remain the major source of Salmonella Enteriditis infection (Delmas et al., 2006; EFSA,
2007; Korsgaard et al., 2009; Stevens et al., 2009). As a consequence all member states of the
European Union have to implement Regulation EC No. 2160 from 2003 on a national basis in order
to control Salmonella and other zoonotic agents of significance for public health in farm animals. The
prevention of Salmonella infections in laying hens and the control of the pathogen at farm level is the
key to producing safe egg products and to being in line with Regulation EC No. 2160/2003. As
described recently by Carrique-Mas and Davies (2008) the member states of the EU have to invest
more in the prevention, detection and control of Salmonella infections in laying hens. 

Vaccination plays an important role in the overall biosecurity system on chicken farms to prevent
Salmonella infections (Temelli et al., 2010). When vaccination first arose as a method of combating
this organism, inactivated vaccines were developed by various companies. Due to many reasons,
such as ease of application, animal welfare, and especially efficacy, attenuated live vaccines entered
the market with great success a short time later. These live, attenuated vaccines were homologous
vaccines against either Salmonella Enteritidis or Salmonella Typhimurium. Scientific evidence shows
that serovar overlapping effects exist, but homologous vaccines offer the best protection against
infection (Springer et al., 2000; Martin et al., 1996; Chacana et al., 2006). 

In this paper results on the safety and efficacy of a new combined homologous vaccine against
Salmonella Enteritidis and Salmonella Typhimurium (Lohmann testing vaccine) are discussed.

Safety of the vaccine

The Lohmann testing vaccine is safe for day-old Specific Pathogen Free (SPF) chicks, the most
susceptible chickens for infection with Salmonella, when administered with a single, repeated or 10-
fold dose. The dissemination of the vaccine strains is limited and the strains do not persist in internal
organs for a long period of time. The vaccine is also not transmitted on or into the eggs in vaccinated
birds. 

Safety trials with day-old Peking ducklings showed that oral application of the vaccine is completely
safe to use. The Lohmann testing vaccine also represents no health hazard to turkeys or any other
tested species (Lohmann Animal Health, data on file).

Oral application via drinking water of the Lohmann testing vaccine to 25.000 day-old commercial
layers under field conditions was proven to be safe. Repeated vaccination on day one, week 6 and week
16 of life was observed under field conditions and no safety issues caused by the vaccination were
observed (Table 1). 
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Efficacy and duration of immunity

An optimum vaccine should protect against Salmonella infection throughout the laying period. In order
to test efficacy of the immune response at the beginning and at the end of the laying period, SPF
(Lohmann Selected Leghorn) birds were vaccinated orally either with a minimum dose of the Lohmann
testing vaccine, AviPro® Salmonella Vac E or AviPro® Salmonella Vac T on the first day of life, in
week 6 and in week 16 (Table 2). Vaccinated birds were kept throughout the laying period. 

At the beginning of production (week 21 or 22 of life) birds from each group were challenged orally with
either 2 x 109 cfu of Salmonella Enteritidis Nalres or 3 x 109 cfu of Salmonella Typhimurium K284/93
Nalres per bird. Seven days post challenge the caeca and liver of all birds were investigated
bacteriologically for the presence of the challenge strain. The liver and caeca of the chickens vaccinated
with either the monovalent vaccines (AviPro® Salmonella Vac E (Figure 1) or AviPro® Salmonella
Vac T (Figure 2)) or Lohmann Testing Vaccine showed a reduction in their colonisation by the Salmonella
field strains as compared to unvaccinated chickens. 

At an age of 68 weeks 10 birds were challenged with 2 x 109 cfu of Salmonella Enteritidis Nalres per
bird and analysed in comparison to an unvaccinated, challenged control group of the same hatch
that was kept under the same conditions. Seven days post challenge the caeca and liver of all birds
were examined bacteriologically for the presence of the challenge strain. The unvaccinated control
birds had diarrhoea starting 4 days post challenge. The vaccinated birds showed no clinical signs.
Bacteriological analysis revealed that the titre of the virulent strain Salmonella Enteritidis Nalres was
significantly reduced in the liver and caeca of vaccinated birds as compared to organs of unvaccinated
control birds (Figure 3). Persistence of the challenge strain in the liver was completely inhibited in
the vaccinated birds. 
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Table 1: Safety of repeated oral application of the Lohmann testing vaccine under field
conditions in two flocks, each with 12.500 commercial layers (Hy-Line Brown)
(Lohmann Animal Health, data on file)

Mortality rate not affected

Dissemination into organs (liver, bile, caecum, tonsils, ovary) no positive findings

Disseminations to eggs no positive findings

Spread to humans no positive findings

Egg production not affected

Spread to environmental samples including birds and other animals no positive findings

Table 2: Vaccination scheme

Group 1st day of life 6th week of life 16th week of life

A
min. dose of Lohmann
testing vaccine, orally

min. dose of Lohmann
testing vaccine, orally

min. dose of Lohmann
testing vaccine, orally

B
AviPro® Salmonella

Vac E, orally
AviPro® Salmonella

Vac E, orally
AviPro® Salmonella

Vac E, orally

C
AviPro® Salmonella

Vac T, orally
AviPro® Salmonella

Vac T, orally
AviPro® Salmonella

Vac T, orally

Unvaccinated control - - -
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Figure 1: Persistence of the challenge strain Salmonella Enteritidis Nalres in internal organs
7 days post infection in week 21 

Figure 2: Persistence of the challenge strain Salmonella Typhimurium K284/93 Nalres in
internal organs 7 days post infection in week 22 

Figure 3: Persistence of the challenge strain Salmonella Enteritidis Nalres in internal organs
7 days post infection in week 68 
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In order to determine the protection against infection with Salmonella Typhimurium 10 birds were
challenged with 3 x 109 cfu of Salmonella Typhimurium K284/93 Nalres per bird and compared with birds
from the unvaccinated, challenged control group. Seven days post challenge infection the liver and
caeca of the vaccinated birds contained significantly less of the challenge strain than the unvaccinated
control birds (Figure 4).

Diagnostics

According to the European regulations (EC No. 213/2009 and EC No. 1168/2006) samples taken
from layer and breeder flocks are supposed to be tested for the presence of Salmonella by following
EN ISO 6579:2002. This method includes the use of modified semi-solid Rappaport-Vassiladis medium
(MSRV) as selective growth medium. Since growth of both Salmonella strains of the Lohmann testing
vaccine is rather poor on this medium, this method cannot be recommended for the determination of
the presence of the vaccine strains. Both strains can be detected as described previously in the
literature (Schröder et al., 2004). In addition the AviPro® Plate, a susceptibility microdilution test,
allows for a standardized test to detect and differentiate between the vaccine strain and Salmonella
field strains. 

Conclusion

The Lohmann testing vaccine was proven to be safe and efficacious after challenge with high doses
of Salmonella Enteritidis as well as Salmonella Typhimurium, the most common Salmonella serovars
in poultry. Therefore, this new vaccine represents a new potent tool in the prevention of Salmonella
infections in poultry flocks and contributes highly towards establishing consumer confidence in safe
poultry products. The novel and unique combination of two live Salmonella strains in one vaccine
add to the development of user-friendly products in Salmonella prevention at farm level. In general,
vaccination alone cannot keep flocks free of Salmonella. Only a combination of high standards in
biosecurity and hygiene as well as proper vaccination with homologous vaccines can protect poultry
flocks against infection with Salmonella Enteritidis and Salmonella Typhimurium. 

Summary

Salmonella is one of the major sources of food-borne disease in humans. Contaminated eggs still
cause high numbers of cases of human salmonellosis. Vaccination of poultry flocks against Salmonella
Enteritidis and Salmonella Typhimurium is an important part of the biosecurity and hygiene programs
to prevent infection in the first place. The new combined homologous vaccine tested in this study was
proven to be safe and efficacious after challenge infection with virulent strains of both serovars.

Development of a third generation vaccine

Figure 4: Persistence of the challenge strain Salmonella Typhimurium K284/93 Nalres in
internal organs 7 days post infection in week 62 
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Zusammenfassung

Salmonellen sind eine der Hauptursachen von Lebensmittel-bedingten Erkrankungen beim Menschen.
Noch immer sind kontaminierte Eier die Ursache für eine Vielzahl von Salmonellosen. Die Impfung von
Geflügelbeständen gegen Salmonella Enteritidis und Salmonella Typhimurium ist ein wichtiger
Bestandteil der Hygiene- und Biosicherheitsmaßnahmen, um eine Infektion in den Beständen zu
vermeiden. Der im Rahmen dieser Untersuchungen getestete homologe Kombinationsimpfstoff war
absolut unbedenklich und wirksam nach einer Belastungsinfektion mit virulenten Stämmen beider
Serovare. 
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