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Targeted Research Projects SAFEHOUSE and RESCAPE to
analyse and control egg contamination by Salmonella after
the move of laying hens to enriched cages and alternative
housing systems. These two consortia involve 22 public
and private sector laboratories in 11 countries.

Each project adopts a different but complementary
approach to provide answers and possible solutions
to important questions related to the safety of eggs
following the proposed ban on conventional cages in
2012.

The purpose of this newsletter is to provide an update on
the progress of these two important research projects
which are now in their final year.

RESCAPE and SAFEHOUSE are two Specific Targeted Research Projects (STREP) funded
under the 6th Research Framework Programme of the European Union.
Commission of the European Communities Research Directorate - General - (Food)
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One of the main aims of the SAFEHOUSE project is to collect and analyze quantitative
data evaluating the effect of the housing system on egg contamination by zoonotic agents
in the field, in order to predict the potential risk to the consumer of the move to more
welfare-friendly laying hen housing systems:
In the first year of the project, an analysis of existing data from an EU-wide baseline
study on Salmonella in laying hens flocks performed in 2004-2005 by EFSA, was
carried out. This established that in 2004-2005 there was a significant difference
in Salmonella prevalence according to housing type with the highest prevalence in
cage systems, intermediate prevalence in barn systems and the lowest prevalence
in the (standard and organic) free range systems.
In the second year of the study we have completed the collation of new data on
the occurrence of Salmonella and antimicrobial resistance in laying hens housed in
different housing types. In our cross sectional field study we sampled a total of
311 laying hen farms in 6 countries (Belgium, Germany, Switzerland, Italy, Greece and Turkey). Some
of our preliminary results from this study are summarized in the Table 1 but further analysis needs to be carried out
to determine which factors (e.g. age of the facilities, previous infections, magnitude of the flock, country…) potentially
associated with the housing type, are co-influencing these result. We can confirm however that red mites do not appear
to be a vector in the transmission of Salmonella in any of the systems we sampled.

System type
Conventional battery cage

Number sampled

Number of flocks positive for Salmonella

65

20

(30.7 %)

115

7

( 6.1 %)

Free-range systems

57

7

(12.3 %)

Organic

72

2

( 2.8 %)

Enriched cage

1

0

-

Aviary system

1

0

-

Floor-raised systems (with
and without winter garden)

Table 1: Cross sectional study: Number of flocks sampled per system type and incidence of flocks found positive for Salmonella in
one or more samples taken.

We have also completed a more intensive study in which we have repeat sampled 13 conventional battery cage flocks,
14 floor-raised systems, 14 free-range systems, 4 organic flocks, 4 enriched cage flocks (2 types), and 1 aviary system
in 3 different countries (Belgium, Germany and Denmark). The data from this still need to be analysed but we can report
that a total of 10 (28.6 %) of these 35 flocks tested positive for Salmonella during one or more visits.
A wide variety of different Salmonella spp. have been isolated in our field studies but S. Enteritidis still appears to be
the most predominant phage type present in our laying flocks. All isolated Salmonella-strains have been phage-typed
and their antimicrobial resistance pattern determined using indicator bacteria. 1147 strains of E. coli, 842 strains
of Enterococcus faecalis and 161 strains of Enterococcus faecium have been isolated and tested. The results of the
antimicrobial resistance testing will be available soon.
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SAFEHOUSE is also carrying out standardized experimental infection
models with Salmonella to directly assess the effect of the housing system
on colonization of the gut and internal organs including reproductive tissues,
on spread of a Salmonella infection within a group of laying hens, and on egg
contamination.
Our first two experimental infection trials using inoculation of laying hens housed in
different housing systems (aviary, battery cage, enriched cage) revealed that shedding
and colonization of the gut and internal organs by Salmonella was not statistically
significant different between the groups housed under different systems. In our most
recent studies we have been looking at the spread of a Salmonella infection in animal groups housed in different housing
systems (aviary, battery cage, enriched cage and on floor), after we have orally inoculated 50% of the birds in each
group with Salmonella Enteritidis. The eggs from this study have been analyzed for Salmonella contamination daily and
evidence of shedding and colonization of the gut and internal organs has also been examined.The results of this study
will be available soon.

The underlying mechanisms of possible differences in prevalence of Salmonella
and other zoonotic agents in the different housing systems is being investigated in
SAFEHOUSE by analysing stress responses, the composition of the microbiota and
immune competence, in hens housed in different housing systems, both in experimental
setups and in the field.
Our initial studies suggested that the birds housed in the aviary display significantly more diverse range of behaviours
and activities that those housed in the conventional battery and enriched cage. The hens housed in the aviary also have
lower basal corticosterone levels. Using t-RFLP it has been established that the gut microbiota of the hens housed under
the three different housing systems is also highly divergent.
More recently we have also been examining the effects of administration to the hen of the stress-associated compounds
corticosterone or norepinepherine on the colonisation of the gut, colonisation of the reproductive tissues and contamination
of eggs with Salmonella. Two trials have now been completed. The first of these was a time course study with 3 time
points over 14 days whilst the second focused on the most interesting time point identified in the first trial, viz. day 7
post infection. For both trials hens were treated with either 20 mg corticosterone dissolved in 1 mL of ethanol per liter
of drinking water or just 1 mL of ethanol per liter of drinking water. At days 1 and 14 post infection (Trial 1 only) there
was no significant difference in organ bacterial load between treatment groups. At day 7 (trials 1 and 2 combined)
treatment had no effect on counts in the caeca. Conversely, as illustrated in figure 1, counts in the liver (P=0.0347) were
significantly higher in the corticosterone treated compared to the ethanol treated group.

Figure 1: The effect of exogenously administered corticosterone on caecal and liver bacterial loads following experimental infection
with S. Enteritidis
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The number of birds with oviducts that were found to be positive by direct plating or enrichment was also significantly
(P=0.006) higher in the corticosterone compared to ethanol treated group (figure 2). In addition the bacterial load in
the infected oviducts were significantly higher (P=0.001) in the corticosterone treated group, including one bird with
counts exceeding 107/g in these organs.

Figure 2: Corticosterone treatment resulted in a higher number of positive oviducts by direct plating or enrichment
( *significant by Chi-squared analysis)

We are also interested in the effects of stress-associated compounds (corticosterone and norepinepherine) on Salmonella
gene expression and metabolism. To examine this we have been carrying out gene expression analysis of hormonetreated Salmonella cultures. Our initial findings suggest that the effect of norepinepherine on gene expression is much
more dramatic than the one induced by corticosterone. This result correlates with the effect of these 2 hormones on the
cell growth rates. When the cells were grown in the presence of corticosterone, 157 genes up-regulated (more than 2x)
and 17 genes down-regulated (more than 2x) comparing with the reference condition while in S. Enteritidis grown in
the presence of norepinepherine, 685 genes were up-regulated (more than 2x) 230 genes were down-regulated (more
than 2x).

Using genome wide screening methods, SAFEHOUSE is searching for genes involved in the specific
predilection of Salmonella Enteritidis to colonize the reproductive tract of laying hens and to contaminate
their eggs.
To determine specific Salmonella Enteritidis gene expression profiles inside
chicken magnum cells we have performed a series of DNA-microarrays
experiments. Because we have previously optimised the method to extract
S. Typhimurium RNA from human epithelial cells (HeLa), we first had to
compare the gene expression profiles of both serovars during a time
course experiment of HeLa cells invasion. The results were comparable
which confirms that even if S. Typhimurium seems more cytotoxic than S.
Enteritidis towards HeLa cells, the same sets of genes are usually up- or
down- regulated during human epithelial cells invasion. These results also
validate our method for the serovar Enteritidis. The same protocol was
then used to compare S. Enteritidis gene expression profiles in chicken
Figure 3: Example of expression profiles of S. magnum primary cells (oviduct) with the results obtained from the HeLa
Typhimurium and Enteritidis in HeLa cells and
cells invasion. From this a list of genes specifically up-regulated when S.
chicken magnum cells normalised to the levels in
Enteritidis invades chicken magnum cells was obtained. This list was then
LB broth mid-exponential culture.
used as the starting point to select the mutant genes to be constructed.
Two of these were chosen on the basis of the genomic indexing and genome annotation results. The other 11 mutants
were chosen within the most up-regulated genes in magnum primary cells compared with HeLa cells and on the
likelihood that they play a role in chicken infection according to the literature. The first part of the mutants phenotype
analysis has also been achieved. The invasion abilities in HeLa cells of all deletion mutants are not significantly different
than the wild type strain. The same type of experiment will be performed soon in primary chicken cells; we then expect
to see a reduced invasiveness towards magnum cells for some -or all -of the deletion mutants tested.
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Vector control, i.e. flies, beetles and red mites is another key issue in the SAFEHOUSE project.
The efficacy of arthropod-specific fungi in combination with other methods, for control of arthropod
carriers, particularly ectoparasitic mites is being evaluated.
The work so far has led to detailed knowledge about the efficacy and mode of action of a
range of different inert dust products. The analysis has shown relatively clear groupings
of the products with regard to desiccation of poultry red mites and efficacy as control
agents. Tarsal exposure experiments have revealed both the pick-up rate of the different
products and also differences in the repellency of the products. Analysis of the correlation
between repellency and efficacy at different relative humidities (RH) have indicated that
poultry mites to some extend can detect how harmful a treatment is and thereby avoid it.
However, there are differences in the overall level of repellency for the different products.
Based on these studies three inert dust products were tested in combination with the
selected fungal isolate for possible synergistic effects. Preliminary data analysis has
indicated that there in fact is a synergistic effect at least at certain doses and relative humidities. However additional
data analysis is needed to confirm this.
Transmission dynamics in terms of fungus conidia pick-up rate by mites has been studied at different dosages and
relative humidities. At the dosages tested conidia were picked up from treated surfaces, but the dose response was
weak and the mortality levels were not satisfying. The relative humidity was shown to be a significant factor, as higher
infection rates could be obtained at 75% RH compared with 85% RH.
The work on longevity of fungal spores and inert dust has also been initiated. The killing capacity and spore germination
of one fungus isolate, one diatomaceous earth product and a mixture of the two incubated at different RH levels is
currently being closely monitored.
To able to detect early infestations of flies, beetles and mites in poultry houses – and thus increase the chance of
controlling them - it is imperative that good monitoring tools are available. Methods described in the literature and in
technical reports have been identified and the results have been compiled into a report which is due to be published.

Further details on the SAFEHOUSE project can be obtained by visiting http://www.safehouse-project.eu
or by emailing the SAFEHOUSE coordinator Dr Filip Van Immerseel at filip.vanimmerseel@ugent.be
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The RESCAPE project is also looking at vector control by assessing how red mite
antigens could contribute to the final development of a vaccine against this very
common infestation.
An ELISA test specific for red mite antigens has now been developed
and two vaccination trials have been carried out. Both of these treatments induced an immune
response (presence of antibodies IgY) but this response was not sufficient to effectively control
the mite population.

The main objective of the RESCAPE project however is to improve egg safety by reinforcing the natural
defences of the egg, removing risky eggs and by developing new methods for egg decontamination.
One of the primary aims of RESCAPE has therefore been to identify the components of the egg responsible
for its antimicrobial properties
Transcriptomic analysis of various parts of the oviduct involved in
synthesis of the different egg compartments revealed more than 2700
genes differentially expressed including numerous over-expressed genes
(more than 700 in magnum or uterus with fold difference of 1.2 to 60).
The functional annotation of the corresponding proteins is currently
being investigated using bioinformatics tools. This approach allowed
identification of novel antimicrobial and antioxidant proteins, proteases
and antiproteases. In parallel, 63 antimicrobial sequences encoded by
cDNA inserts in a hen reproductive library have been identified using a
high throughput screening method based on the detection of the antimicrobial activity. Their mechanism of action as
antimicrobial agents is currently under investigation.
In this study we have primarily focused on the eggshell
(including the cuticle) and the egg white. Proteomic
approaches were settled to screen the components
of the cuticle and of egg white. Improved methods of
cuticle extraction and sample preparation combined to
mass spectrometry analysis confirmed the presence
of ovocalyxins 25, 32, 36 and ovocleidin 116 as
putative candidates for marker assisted selection. In
addition, egg white fractions have been screened for
their anti-salmonellic activity and the proteins of the
most active fractions are currently being analysed
and identified by mass spectrometry. In parallel,
affinity chromatography has been developed to purify
a number of antimicrobial proteins. Using these tools
we have demonstrated that Avian beta defensin 11 is present in egg white and that it displays antimicrobial activity.
We have also completed the purification of ovalbumin-related protein X , a protein that belongs to the serine protease
inhibitor family. It has, however, no inhibitory activity against protease in vitro like its counterpart ovalbumin. Its
antimicrobial activity is currently under investigation. In parallel, the production in bacteria of recombinant ovocalyxin
32 and 36, two eggshell specific proteins is being used to explore their functional properties in the mechanical and the
antimicrobial properties of the eggshell.
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These approaches have thus established that in addition to the major components each
compartment of the egg also contains up to 10 fold more components than was previously
characterized and that some of these minor proteins could play a
major role in the eggs natural defences.
The next step towards RESCAPE achieving its goal is to
identify the phenotypic and genotypic variation controlling
the antimicrobial defences of the egg.
To achieve this we aim to associate variants of genes thought to be antimicrobial, such as
ovalbumin X and avian beta defensin 11, with the ability of egg white to prevent microbial growth.
To determine if the genes present in egg white are actually antimicrobial and how this is effective
it was necessary to develop assays to analyze and quantify them and their enzymatic activities
especially protease and anti-protease activity. We showed a negative effect of temperature (37°C)
and time of storage (14 days) on the anti-protease potential of egg whites. This decrease coincided
with lower antimicrobial activity against Salmonella. In addition direct measurement of defensins and other potential
antimicrobial proteins are under development to correlate any variation in protein concentration of egg white samples
with antimicrobial activity.
In an effort to associate the antimicrobial activity of egg white with the variation in the proteins present in egg white
we have collected Salmonella growth data in egg white from around 2000 animals pedigree animals from a commercial
population (ISA Hendrix). The heritability of the trait was estimated at 0.15. In these hens single nucleotide polymorphism
(SNP) variations have been discovered in 10 genes including antiproteases and other known antimicrobial proteins,
some of which may also show variation in the number of copies present in the genome (CNV). One of these, gallin, is
a novel antimicrobial gene and has been characterized as a defensin which appears to
have duplicated recently within the chicken lineage. All of these will be analysed to
discover if certain gene variants promote antimicrobial activity.
Another aspect of an egg’s defence is its membranes. The ability of the vitelline
membrane to resist microbial penetration and thus prevent yolk colonization has now
been examined. Initial results indicated that one tenth of the vitelline membranes from
hens at the beginning and middle of lay resisted penetration of Salmonella Enteritidis
for 3 weeks, a typical storage period. However, about half the vitelline membranes
resisted penetration for just 1 week.
As the project proceeds we will be able to quantify the relative importance of different components of the egg in resisting
microbial survival and persistence. This will lead to improvements in storage and handling and in the selection of hens
that will lay eggs resistant to microbial growth.
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Another aim of the RESCAPE project is to enhance the microbiological safety of eggs by developing new,
non-invasive techniques to detect risky eggs during grading.
Superficial micro-craking of egg shell was investigated by means of Acoustic
Emission techniques and laser ultrasonic detection methods. At present we can
confirm that non-linear vibration techniques are not sensitive enough to reveal the
presence of these small sized micro-cracks in the eggs.
The effect of different storage conditions of eggs on specific spectral measurements was carried out on the whole egg
to further improve this non-invasive technique for measuring internal physical properties of the egg but were pooly
informative.

Figure 4: Spectrograph used
to detect dirt on eggshell

Finally, optimizations of the dirt detection system developed at KU Leuven are currently being developed to integrate
this vision system into the final prototype which will ultimately combine acoustic and visual measurement tools in one
measurement platform.

The feasibility of using a range of novel techniques to decontaminate eggs is also being investigated in the
RESCAPE project
In one study we have being focusing on the up-scaling of a
microwave treatment for egg decontamination. A numerical
computer modelling system which combines the conduction heat
transfer with microwave power dissipation and first order bacteria
inactivation kinetics is currently helping us to assess the impact of
this treatment on the internal quality of egg and the lethality of this
decontamination process.

A hot air pasteurisation prototype has also been designed and, based on numerical
model validated using an egg equipped with thermocouples, an optimum treatment of
two exposures of 8 s at 600 °C with an interval of 32 s of cold air has been selected. In
our experiments we have shown that these thermal cycles reduced shell contamination
of both S. Enteritidis and L. Monocytogenes by more than 90% without any deterioration
in egg quality. A DNA based molecular approach (EMA PCR assay), is now being used in
these experiments to increase the sensitivity of the microbial recovery of all viable cells
(both culturable and non culturable heat injured cells). This is helping us to distinguish
viable from dead cells for all three of the S. Enteritidis heat stressed cultures being used
in our experiments.
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In addition to these methods we now have two gas plasma sterilisation
prototypes in operation, one for high volume and one for single egg treatments.
These generate relatively large volumes of non-equilibrium, low temperatures
plasmas at atmospheric pressure. Both prototypes have good decontamination
power towards Salmonella Enteritidis PT8 (MB2509) deliberately inoculated
onto the shell surface giving rise to cell load reductions ranging between 1 and
5 log10 CFU/eggshell depending on treatment time.
We have also been looking at the effects of a range of modified atmospheric packaging (MAP)
techniques on eggs inoculated with Salmonella Enteritidis. These so far have had little effect on egg
decontamination. The decontamination power of MAP technology at different temperature conditions
over a 45 day period is currently under investigation using eggs contaminated with S. Enteritidis
and other pathogens. Interestingly the results of physico-chemical determinations showed that the
exposure of fresh eggs to CO2 enriched atmospheres could represent a natural method to decrease
the pH of egg albumen and thus change the rheological properties of heat coagulated albumen and
foam.
A new method of selection for chitosan type to be used as an antimicrobial coating of eggs was developed. This method
resembles the practical application on the eggshell more closely as the chitosan is entrapped in a solid film. The
selection of a chitosan type was based on its antimicrobial activity against Salmonella Enteritidis. Three concentrations
of four different chitosan types have already been tested. In the next phase of the project, an appropriate type and
concentration will be applied.

For further information:
Further details on the RESCAPE project can be obtained by visiting http://www.rescape-project.eu
or by emailing the coordinator Dr Yves Nys at nys@tours.inra.fr

Events to look out for:
XIX European Symposium on the Quality of Poultry Meat and XIII European Symposium on the Quality of
Eggs and Egg Products, 21-25 June 2009, Turku, Finland
See: http://congress.utu.fi/eggmeat2009/
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