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A brief introduction on the global Salmonella problem

* Host-specific serotypes

e Systemic spread to bloodstream
* Cause septicemia, severe disease
» Specific serotypes affect specific hosts

Examples: Salmonella Cholerasuis, Gallinarum,
Dublin, ...
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A brief introduction on the global Salmonella problem

* Host-specific serotypes Examples: Salmonella Cholerasuis, Gallinarum,
Dublin, ...

e Systemic spread to bloodstream

* Cause septicemia, severe disease

» Specific serotypes affect specific hosts SYSTEMIC
DISEASE |

Examples: Salmonella Enteritidis, Typhimurium,
many others ...

* Broad host-range serotypes

* Intestinal colonization is most important

* Either asymptomatic or causing diarrhea FOOD
* Spread between different animal species, and humans POISONING !




Food sources of human Others

outbreaks of Salmonella p ° Eggs/egg products
(EU 2017)

Meat products

Mixed food
Bakery products

The European Union summary report on trends and sources
of zoonoses, zoonotic agents and food-borne outbreaks in
2017



Serotypes involved in Man\LSffOt\T/es
all below 1%
human Salmonella cases

2,5%

Newport
Infantis

Monophasic
Typhimurium

Typhimurium

The European Union summary report on trends and sources
of zoonoses, zoonotic agents and food-borne outbreaks in
2017

Enteritidis



Link between serotypes and animals/food sources

Enteritidis  Typhimurium Monophasic Infantis Newport
Eggs |
Turkey meat ||
Porcine meat | ] |
Cattle meat | | i
Broiler meat ] ] i
{I’ 1|U Zlﬂ 3|U 0 L L a & 0 1I0 2Iﬂ 3ID 1; 1|0 EID 3In 410 5]0 slu ::- 1I0 2I0 I

% of isolates from that specific serotype derived from a feed source

Distribution of serotypes in animal species and

products is key for control plans

The European Union summary report on trends and sources
of zoonoses, zoonotic agents and food-borne outbreaks in
2017
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Current vaccines and their protection

_ Live vaccines Inactivated vaccines

Immune mechanism Cell-mediated immunity, mucosal Antibodies
immunity, IgA, antibodies

Administration method Drinking water, spray Injection

Type Chemical mutagenesis, metabolic Bacterins
drift mutants, undefined mutants

Safety issues Potential persistance, spread, No isolation possible
reversion to virulence

Animal species layers, broilers, pigs breeder poultry, cattle

Other aspects: adjuvant requirement, cost, duration of immunity, markers (DIVA), multivalent use, etc ...



Current vaccines and their protection

Host-specific serotypes (example Salmonella Gallinarum in poultry)

Week 6 Week 9 Week 11
(day 42) (dav 63) (day 77)
Euthanasia for
Vaccination Challenge organ Sampling
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Mortality Spleen isolation
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Lee, Mo and Kang, 2005



Current vaccines and their protection

Food poisoning serotypes (example Salmonella Enteritidis in poultry)
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Challenges in Salmonella control, vaccine design and use
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Challenge 1. Geographical
differences in serotype
distribution
(example of poultry)
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Worldwide Epidemiology of Salmonella Serovars in Animal-
Based Foods: a Meta-analysis
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Challenge 2. New emerging Salmonella serotypes

Contents lists available at SciVerse ScienceDirect

International Journal of Food Microbiology

journal homepage: www.elsevier.com/locate/ijfoodmicro
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Challenge 3. Critical periods of increased sensitivity, age

* Young animals

 Short life span (eg. broilers)

* Limits in duration of protection for laying hens

e Stress periods (lay, molting)

* Interference with feed additives and antimicrobials
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Challenge 4. Interference with monitoring programs

* Bacteriological testing:

* Limited shedding
* Low environmental survival _A_J,
» Differentiation on culture media

* Serological testing:

EEEEEEEEEE

 Differentiation of vaccinated from infected animals (DIVA)

Ab Titer
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Questions for future vaccines

* Challenge 1. Geographical differences in serotype distribution
* Challenge 2. New emerging Salmonella serotypes

Challenge 3. Critical periods of increased sensitivity, age

Challenge 4. Interference with monitoring programs



Cross-protection between serotypes

* Challenge 1. Geographical differences in serotype distribution
* Challenge 2. New emerging Salmonella serotypes Week 7 Week 8
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Early protection

* Challenge 3. Critical periods of increased sensitivity, age

*k%

8_
Day 1 Day 7 0 00
Vaccination Organ g |.3 »
10¢e8 cfu sampling § 6
f A > S 4 Colonization-inhibition
A S5 7 = .
Day 2 i - (serotype-specific effect)
Oral §’ 29 —_—
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S. Enteritidis 0 . - ——
5.10¢3 cfu Control Live Enteritidis vaccine

- 1000-fold reduction in caecal colonization
at day 7 post-infection




Introduction of targeted gene deletions for future vaccines

Genetically modified organisms (GMO)

e Guaranteed safety for poultry and mammals, based on pathogenesis

* Marker genes (eg. LPS, fli for serology; biochemical pathways for bacteriology)
 Risk to revert ~ zero (multiple gene deletions)

* Introduce markers that change phenotype (cfr isolation)

* Consumer acceptance? Regulatory issues?



Example: Choice of mutations based on pathogenesis

OVARIA INTERNAL CONTAMINATION OF THE EGGS
through infection of reproductive organs
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Example 1. A Salmonella Enteritidis AhilA A ssrA AfliG mutant

Caecum

-+ wild-type strain

- hilAssrAfliG deletion strain

% positive
Log CFU/g caecum
=

14 21 28
Age (days)

Age (days)

+ not pathogenic in rodent models
+ contains a serological marker
+ does not grow on MSRV




Example 1. A Salmonella Enteritidis AhilA A ssrA AfliG mutant
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Example 2. A Salmonella Enteritidis AtolC mutant

.

+ defects in resistance in environment
+ defects in resistance against host responses
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Example 2. A Salmonella Enteritidis AtolC mutant
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Example 2. A Salmonella Gallinarum Ato/C mutant
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Challenge 5. Regulatory aspects

* GMOs

* Transfer mutations to other serotypes/strains for rapid vaccine
production



Challenge 6. Evaluating safety and efficacy under field conditions

* Expectations and misconceptions
* Flock still positive = vaccine did not work?

* Was biosecurity optimal?
* What about sources of Salmonella? Infection pressure?

Can work because less gut colonization, shedding, organ spread ...
but only combined with good biosecurity measures
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What can we expect in the future?

» Salmonella will remain a problem because of

* Globalization and trade

* Intensification of poultry production

* Antibiotic resistance?

* The asymptomatic nature of the infection (food poisoning strains)
 Specific virulence traits

* New serotypes, strains

» Monitoring and control is essential and cannot be weakened !
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