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broiler chickens challenged with coccidiosis
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Why would poultry nutritionist be concerned about gut
function?

» Diet formulation is a precise science

* Driven by the need to precisely match nutrient supply with
requirements at least cost

—Improve efficiency of production
—Assure environmental sustainability
—Maximize net income
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Gut: A living ecosystem

Over 400 species of bacteria
—Numbers and diversity increase from proximal

to distal GIT
» Bacterial cells > host cells
» 10x more than host cells ~1067
— Many small ecological niches CFU/g
» Mucosal or luminal N
Role in nutrition and health
— Intestinal development and functionality, 7wt
. ~105
— Pathogen resistance 10
. . . CFU/g
— Digestion and absorption

— Mucus secretion
—Immune development

Gaskins et al., 2002 AB 13: 29: Hill et al. 2002 AEM Diqestion and
68:3055; 2005 AEM 71:867; Klasing, 2007 BPS 8:525 Nutrients Supply



Realities of a living gut?
-Normal microbiota-

Large intestine
101t CFU/g
Less acidic

Reduced flow rate
i W Thick mucus layer
Crop Duodenum  Jejunum lleum Ceca Colon Cloaca Fermentation

Anaerobic
PROXIMAL CGUT DISTAL GUT
Gram™ facultative anaerobes Gram-anaerobes
+Colonization resistance +Colonization resistance
-Compete for nutrients +VFA energy
-Growth-depressing - Growth-depressing
bacterial catabolites bacterial catabolites
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Gut: A living ecosystem, >Half Century
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Digestion and absorption is not at all
PERFECT/COMPLETE

Corn-soybean diet fed to broilers

Phosphorous 46.9

Undigested
nutrients = Protein
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Classen et al. 1995; Scott and Bodaji, 1997; Leeson et al. 1993;
Fastinger et al. 2006, Batal and Dale 2006; Powers and Angels.
2008. Poult. Sci. 87 :1929-1938

Romero et al., 2014, Kiarie et al., 2015



Peculiar gut energy utilization
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In chickens, gut metabolism : 20-36% of the whole
body energy expenditure

Cant et al., 1996. J. Anim. Sci.. 74:2541-2553



Priorities for nutrients utilization in poultry

Total energy in feed (GE)

’ Energy in feces

Energy digested (DE)

‘ Energy in uric acid & gases

Energy available for metabolism (ME)

Basal metabolism, immunity Hoysin g,
Activity, locomotion Gut health

Cold thermogenesis

Work for depositing tissues, egg _

TEnergy retained as products of growth (meat) & reproduction (eggs)




Desired
situation

Undesired
situation




Maintaining gut integrity: inflammations

Intercurrent Coccidiosis-Necrotic Enteritis
Syndrome Network

A. Leakage F. Adhesion
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collagenalytic enzymes

M Eimeria merazoites or 0oCysts
— . perfringens
- Wirulent C. perfringens

Williams, 2005. Avian Path. 34:159-180
Timbermont et al., 2011 Avian Path. 40: 341-347

Coccidial infection, resulting either from natural disease outbreak
or from introduction at low levels through live coccidiosis
vaccination, can damage the intestinal epithelium, allowing the
leakage of plasma proteins into the intestinal lumen —a rich nutrient
substrate that C. perfringens can exploit for proliferation and toxin
production. This can reduce performance and predispose birds to

necrotic enteritis



Transitioning from chemotherapy to
vaccination in coccidiosis control

Cocci-vaccine use in US broiler operations
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Caldwell and Mcelroy. 2015. http://www.poultrvscience.org/2015 AMENA Symposium.asp




Caloric cost of sub-clinical coccidiosis

Energy partitioning of 14-20 d Jejunal cells proliferation in broilers
old broilers challenged with challenged with oocysts of three
oocysts of three Eimeria species  Eimeria species

/ Ela

c 250
S = / 5
T 8200 < [VALU
S 0 4 E]b
> = § 3
2 8100 @
U x )
c < S 2
w50 i

0 1

0 05 1 15 2 .
Lesion scores (0-4) Control Emeria challenge

_ _ Kim et al., 2017 Poult. Sci. in press
mm Retained —e—Maintenance

Teeter et al. 2008. XXIII World Poult. Cong.
Brisbane, Australia




Summary of gene expression changes in duodenum of Eimeria acervulina-challenged layers and
broilers.
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S. Su et al. Poultry Science 2014;93:1217-1226



Eimeria Challenge-Model, cage vs. floor pens
Oocytes shedding
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Challenged with 1 mL of Eimeria culture (25,000 E. acervulina and 5,000 E. maxima) via oral
gavage (Kim et al., 2017; Leung et al., 2017)




%difference of challenged birds vs. control

Eimeria Challenge-Model, cage vs. floor pens

Growth performance, values of challenged birds expressed as %
difference of the no-challenged control birds
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Challenged with 1 mL of Eimeria culture (25,000 E. acervulina and 5,000 E. maxima) via oral
gavage (Kim et al., 2017; Leung et al., 2017)



Epidermal Growth Factor

e Potent stimulant for neonate gastrointestinal
development; present in milk, saliva, and blood

e Porcine EGF gene has been isolated, inserted in
Lactococcus Lactus & modified to increase
expression

* EGF developed by Dr. Julang Li, University of
Guelph

» Demonstrated to have positive effects on
gastrointestinal growth in both mice and pigs

Jaeger et al., 1990. Ame. K. Vet. Res. 51:471-74; Playford and Wright, 1996.
Gut. 38:303-05; Cheung et al., 2009. Am. J. Clin. Nutr. 89:871-79; Kang et al., 2010. J. Nutr.
140:806-11

Manipulation of DNA
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Epidermal Growth Factor

Histomorphology — Villus Height and Crypt Depth Ratio
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Kim et al., 2017. Poult. Sci. in press
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Epidermal Growth Factor
Gene Expression of Nutrient Transporters and Digestive Enzymes

Maltase SGLT1
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Eimeria, P = 0.43; EGF, P = 0.73; Eimeria*EGF, P = 0.02" Eimeria, P =0.17; EGF, P =0.49; Eimeria*EGF, P = 0.03

An EGF and Eimeria interaction (p<0.05) was seen on expression of maltase, sucrase,
glutamate transporter (GLUT), cationic amino acid transporter (CAT1), sodium glucose
transporter 1 (SGLT1), and sodium-independent Cys-Glu transporter (xCT1)

Kim et al., 2017. Poult. Sci. in press



e Yeast nucleotides

» Increased nucleotide requirement during inflammation in
the gut (Grimble, 1994)

» Insufficient de novo synthesis of nucleotides in young
chicks for optimal gut development (LeLeiko et al., 1983)

» Nucleotide supplementation has been shown to increase
gut growth (Grimble, 1994) and improve recovery time
from inflammation (Ortega et al., 1994)

» Nucleotide with effects on improving immune response
(Kulkarni et al., 1986)



Evaluation of Yeast nucleotides- Eimeria challenge

tem | No-Challenge Challen e1
0 500 Yeast Eimeria Yeast*Eimeria
Pre-challenge, d 0-10)

Initial BW, g 40.6 40.6 - - 0.177 - - -
Final BW, g 242.6 243.1 - - 2.512 0.873 - -
BWG, g 202.0 202.6 - - 2.522 0.872 - -
Feed Intake, g 384.2 3935 - - 5548 0.251 - -
FCR, g/g 1.905 1.943 - - 0.029 0.361 - -
Acute Phase, d11-152
Final BW, g 411.8 417.3 389.3 409.3 6.111 0.049 0.021 0.249
BWG, g 168.8 177.5 147.0 163.0 5.584 0.039 0.004 0.519
Feed Intake, g 193.8 189.2 202.0 1823 9.195 0.201 0.943 0.424
FCR, g/g 1.154 1.064 1.417 1.119 0.104 0.078 0.142 0.329
1Chicks orally gavaged with 1 mL admixture of E. acervulina, E. maxima and E. tenella on d 10
Yeast effect, post-challenge Yeast effect ¥ [)ost-challenge
[VALUE]
180 5 1.5 a [VALU E]
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Leung et al., 2017 Proc. Anim. Nutr. Conf. Canada, Quebec City, QB, Canada




Evaluation of Yeast nucleotides- Eimeria challenge

[VALUE]a

[VALUE]b

[VALUE]c

[VALU E]ld

Villus height, um

Non-challenged Challenged

B Control M Yeast nucleotide

Yeast, P=0.45; Eimeria, P<0.01; Yeast*Ezmeria, P<0.01

Leung et al., 2017 Proc. Anim. Nutr. Conf. Canada, Quebec City, QB, Canada



Comparative effects of Bacitracin, yeast products & Salinomycin in
broilers challenged with clinical Coccidiosis and C. Pefringens
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YCW may act by enhancing immunity and shifting the gut microflora to
reduce the damaging effect of clostridia

M’Sadeq et al., 2015. Poult. Sci. 94: 898-905 ﬁa‘




Conclusions, implications and further research

v’ Proper nutrition is unachievable without a healthy and functional
gut

v'Good gut health requires good nutrition, strong immunity, a
balanced microbiota, and an intact microstructure.

v"We have developed an Eimeria challenge model to investigate
nutritional approaches for maintaining gut function under sub-
clinical challenge

v Reduced growth performance and impaired gut function

v’ Feeding epidermal growth factor or Yeast nucleotides improved
indices of gut function upon Eimeria challenge

e Currently investigating impact on growth performance to slaughter
weight, immune status and gut microbiome
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