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Nine months ago I was asked the following question by Dr. Andrew Morgan..........

“With the extensive resources and capabilities of DuPont, do you 
(Greg) think that we, as Dupont,  can do something to reduce the 
Salmonella carriage rate in poultry?”

My short answer is yes.

After much consideration, I think that we could certainly have impact on understanding the 
basis of the Salmonella organism’s ecology in the avian gut in a way never before possible prior 
to the advent of genomic analytical capability.  

Whether this knowledge can then be used to mitigate the issue and result in patents and 
products is a different question altogether. 

Here I would like to describe my vision of how I view this problem and come to at least a more 
direct answer to the original question.

These are strictly my opinions. 
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I am reminded of a section from Jonathan’s Gertner’s book “The Idea factory” .
He describes how a commitment by Bell Laboratories to open-ended fundamental research led to 
the invention of the transistor .......... arguably one of the single the most  transformational 
inventions to ever derive from basic theoretical and hypothesis-driven science. 

“The formal purpose of the new ‘solid-state’ group was not so much to 
build something as to understand it. 

Officially, Shockley’s men were after a basic knowledge of the new 
materials; only in the back of their minds did a few believe they would 
soon find something useful for the Bell System.” 

Gertner, J.  2012. The Idea Factory: Bell Labs and the Great Age of American Innovation. (pg 91)
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Our approach to Salmonella started off as many similar projects do, that is, to find a solution or 
‘build something’.   
Unfortunately we still do not even really understand the problem.  
Evidence of that lies in our inability to mitigate the problem outside of depopulating (destroying) 
positive flocks. 

Therefore finding solutions to mitigate Salmonella now demands a less empirical approach but 
one stemming from hypotheses derived from understanding how Salmonella functions in 
nature.  



Despite many decades of research, Salmonella carriage has 
remained a recalcitrant problem for the poultry industry. 

Many scientists started their careers on this problem and finished their careers 
studying the same problem.  This is important because the literature would indicate 
ideas for mitigating Salmonella seem to be cyclical vs original. 
 According to 7JUL14 PubMed, since 1960 there have been at least 5,383 

peer-reviewed scientific papaers with the keywords ‘salmonella AND 
poultry’

 As with all transformational research, a break from the past and a 
commitment to the strong possibility of a negative outcome must be 
accepted.

The US-FDA has taken action to reduce and eventually withdraw usage of 
antimicrobial growth promotant and therapeutic antibiotics ("FDA Announces Voluntary 
Withdrawal of 19 Antimicrobials for Use in Food-Producing Animals“ FDA Center for Veterinary Medicine , April 2014)

 This will likely increase Salmonella positive carcasses.  
 In addition, analytical tools are improving and are at a point where they are 

inexpensive enough to increase testing capacity greatly leading to a 
greater likelihood of finding positives.
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The US-FDA is moving ahead with its intention to remove 
antibiotic growth promoters from poultry production.
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Final Rule is "New Animal Drugs for Use in Animal Feeds; Withdrawal of Approval 

of New Animal Drug Applications; Bambermycins; Hygromycin B; Lincomycin; 

Pyrantel; Tylosin; Tylosin and Sulfamethazine; Virginiamycin" 

Update - Withdrawal of Antimicrobials Use for Food-Producing Animals - FDA is 
announcing that "... all 26 drug manufacturers affected by Guidance for Industry (GFI) 
#213 have now agreed to fully engage in the strategy by phasing out the use of medically 
important antimicrobials in food-producing animals for food production purposes and 
phasing in the oversight of a veterinarian for the remaining therapeutic uses of such 
drugs. While GFI #213 specified a three-year timeframe (until December 2016) for drug 
sponsors to complete the recommended changes to their antimicrobial products, some 
sponsors have already begun to implement them ..." - FDA intends to update the public 
"... on the progress that drug sponsors have made in aligning their products with GFI 
#213 ... on a six-month basis ..." - FDA notes that "... 31 approvals for affected products 
have been withdrawn to date, and there are no drug approval withdrawals currently 
pending. After an approval is voluntarily withdrawn, those product(s) can no longer be 
marketed or sold in the United States ..." 

Food Industry Environmental Network, LLC --- http://www.fien.com Article #30300

April 10, 2014 FDA Federal Register:

The US-FDA is serious .............. 

http://www.fien.com/�


What gaps preclude our understanding of how Salmonella
inhabits this niche?

We still do not understand the mechanisms by which Salmonella is able to live as a normal 
resident of the healthy avian.

Some interventions show promise, but we do not even understand why they might work to even 
a limited extent: these situations are opportunities.

We still do not measure Salmonella in a quantitative manner; we still use presence/absence 
testing.  For any mitigation to be effective with that measure means it must either be 100% or 0% 
effective.  We miss any reductions or increases in actual levels by not using a quantitative assay. 

We do not attempt large scale in vivo testing of treatments to the point where they are regular 
and routine.

We have not mapped the microbiomes of a very large number of broilers/turkeys/layers in order 
to draw correlations with quantitative Salmonella carriage levels. Hundreds to thousands not 
dozens.

We have not studied in more detail the relationships between host status (specifically stress 
hormone levels) and pathogen populations in the gut.
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The following are long term approaches to understanding the 
bases of a biological phenomenon and how they can be 
manipulated. 

• Placing short-terms goals ahead of the results would not only 
indicate a lack of understanding of the whole approach, but, 
would be a profound waste of resources.

•Emphasizing our strengths in the areas of probiology, 
recombinant and fermentation-derived ingredient production 
chemical engineering and animal nutrition are all poised to move 
forward with the possible outcomes of the basic research.

•The Dupont analytical capability extends into microbiology, 
biochemistry as well as genomics. Missing are the animal 
biological sciences.

Notes:
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Areas of research possible within the large Dupont research 
enterprise to understand how Salmonella lives in the avian. 

• Methodology Needed: ① Sal qPCR Assay. Redefine reductions/increases as 
being actual levels vs presence/absence. ② High througput in vivo Sal 
colonization model, ③ High throughput microbial community analysis.   

• Microbial genetics: Identifying host and bacterial factors (genes or operons) 
which provide Salmonella an evolutionary advantage in the gut. 

• Host Genetics: Identify global host responses (including immune status) to 
stress that modulate Salmonella levels in the ceca and gut.

• Microbial Ecology: Determine the microbiomes of several thousand broiler gut 
sections (DJI and ceca) across feeds, ages, geographies and disease state and 
their statistical relation to Salmonella levels..

• First Generation Antagonists: Single or <5 strains +/- enhancersBased on 
microbiome knowledge, identify antagonists using high-throughput in-vitro then 
in-situ inhibitory capability.

• Second Generation Antagonists: Using knowledge from high-throughput 
microbial community analysis to routinely check composition of mixtures of 
antagonists: this is a back-to-the-future approach (e.g. MCE or Broilact). 
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Current rate of 
Salmonella
positive broilers

Lower rate of 
Salmonella
positive broilers

Below detection 
limits of 
Salmonella
carriage

Methodology
① Sal qPCR Assay
② HT in vivo colonization model
③ HT microbial community analysis   

Microbial genetics

Host Genetics

Microbial Ecology

2nd-Gen Antagonists1st-Gen Antagonists

Objectives

R & D

Whatever we do to consistently shift this continuum to the right is a 
positive outcome.
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Notes

1. Clearly not an R&D activity suited for IB-Dupont Animal Nutrition; they might be able to 
market.

2. Would likely involve new hire(s) on the animal physiology and immunology areas.

3. Animal model could be contracted but only if in close proximity.

4. We already have community analysis in-house.

5. Microbial genetics is likely somewhere inside CR&D already.

6. Would demand real commitment vs short term business goal.

7. A solution is not necessarily in the form of a DFM. It might be a hybrid.
8. HT community analysis is also an analytical tool for routine testing of “old school” fecal 

mixtures or artificial mixtures of antagonistic DFMs like the former products Broilact and 
MCE {Microbial Competitive Exclusion}. This is a game-changer  in my view.

9. Much further downstream and not to presume routes; but, vaccines do not seem to be a 
viable option at this time. This is still largely a commensal bacterium of no consequence to 
the host. Therefore it is not a disease, as was pullorum disease, and not really a vaccine 
candidate in my view.



Nine months ago I was asked the following question by Dr. Andrew Morgan..........

“With the extensive resources and capabilities of DuPont, do you 
(Greg) think that we, as Dupont,  can do something to reduce the 
Salmonella carriage rate in poultry?”

My reply, if we commit to doing it correctly, then my response to your 
question is YES!
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The following slides were presented to the Tyson Foods Poultry 
production team of their top nutritionists and veterinarians. 



Food Safety, Salmonella, Chickens and DFMs
G.R. Siragusa, Ph.D.
Senior Principal Scientist – Microbiology
Food Protection
Waukesha, WI

Tyson Foods – DuPont 
Research and Technical Meeting

SanFrancisco, CA 
May 1, 2014



Why does Pre-harvest Food Safety Research 
continue to be important?
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FSIS Posts Salmonella Initiative Program*1: 

FSIS posted a Federal Register announcing the agency’s intentions of moving forward 
with its Salmonella Initiative Program (SIP). The recent publication includes the 
details of how the agency will post an establishment’s category on its Web site, as 
well as the requirements to participate in the SIP. 

To participate in the agency’s SIP, an establishment must 1) ensure its Salmonella
incidence continue to be 50 percent below the regulatory standard (Category 1), 2) 
be required to increase its testing program, and 3) incorporate Campylobacter*2

protocols. The data collected by the establishment will be provided to the agency for 
verification of the plant’s food safety program. Any positive samples will be shared 
with the agency for further analysis.

*1 Source:  National Turkey Federation Newsletter, January 31, 2008.
http://members.eatturkey.com/ntf/files/February2008.pdf

*2  The USDA-FSIS Initiated its Nationwide Poultry
Campylobacter  Baseline Survey June 2007
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Salmonella remains a recalcitrant problem for the US poultry producer 
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Campylobacter and Salmonella reductions in Poultry Production
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• An accepted premise of Salmonella or 
Campylobacter transmission from the bird 
to the carcass is that the final whole 
carcass rinse Salmonella status is 
predominantly determined by the carriage 
status of the incoming flock.



MicroTreat P litter treatment. 
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MicroTreat P litter treatment. 
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Salmonella frequency  in MicroTreat P treated turkey breeder farm 
litter.
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Reduced Salmonella carriage in CSI-DFM  
(3-strain Bacillus spp.)  treated broiler growout farms.

Broiler Farms

2 CSI Trt Flocks

3 West Farms 2 East Farms 

2 Control Flocks 2 Control Flocks2 CSI Trt Flocks

2 Consecutive Flocks
~7-8 wks/flock

Growout Flock 1

Figure 1.  Feeding trial  Flock 1, percent of confirmed Salmonella.

EastWest

Growout Flock 2

EastWest

Figure 2.  Feeding trial flock  2, percent of confirmed Salmonella.
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Campylobacter in turkeys

Percent Campylobacter Positive Samples by Treatment

End of Finishing (1 Flock)

Regimen
Pre-placement

Cecal contents
Pre-transport 
Cloacal Swab

Post-transport 
Cloacal Swab

Carcass 
Rinse Total Positives

Antibiotic fed
15.7%

(17/108)
35.0%
(7/20)

15.0%
(3/20)

16.7%
(10/60)

17.8%
(37/208)

On-Avicorr
9.2%

(11/120)
30.0%
(6/20)

40.0%
(8/20) 8.6% (6/70)

13.5%
(31/230)

P-value
NS

(0.16)
NS

(1.00)
NS

(0.16)
NS 

0.19)
NS

(0.24)

Fisher's exact test (Statistically significant-alpha<0.05)







Amerah et al Poultry Sci 2012



Promising areas of pursuit for DFM and Potential 
Nutritional Reductions of Salmonella in the avian GI 
tract pre-processing.

Siragusa, 2014, Opinion

•Identify antagonists with in-situ inhibitory 
capability

•Identifying factors which provide Salmonella an 
evolutionary advantage in the gut. (2 examples) 

•Redefine reductions as being actual levels vs
presence/absence. (qPCR Assays)



Winter et al NATURE 2010
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Hennebry et al PLOSOne, 2012

These data demonstrate 
that the TLP gene
is required for survival of S. 
Typhimurium in a high uric 
acid environment such as 
chicken faeces, and that 
metabolic traits of
Salmonellae in natural and 
contrived hosts may be 
fundamentally different.



Promising areas of pursuit for DFM and Potential 
Nutritional approaches to reduce Salmonella in the 
avian GI tract pre-processing.

Siragusa, 2014, Opinion

•Redefine reductions/increases as being actual levels 
vs presence/absence. (qPCR Assays)

•Determine the microbiomes of several thousand 
broiler gut sections (DJI and ceca) across feeds, 
ages, geographies and disease state.

•Identify antagonists using high-throughput in-situ 
inhibitory capability.

•Identifying factors which provide Salmonella an 
evolutionary advantage in the gut. (2 examples) 



Thank you. 

G.R. Siragusa, Ph.D.
Senior Principal Scientist – Microbiology
Food Protection
Waukesha, WI

Greg.siragusa@dupont.com
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etumsan utat ut dolobor irit dol ore. Duisi blan vel eum 
velismolore vent dolore dolorting et nim. Rat. Dit wis el ulla 
feuguer sequam vulput ipit praessed tatie dolor sum velisse 
quiscip exercip eros nonse conulpute delisi blandigna alit 
dolor.
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