El matrimonio sanidad-nutricion,
en la salud y en la enfermedad
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En la salud: Como afecta la nutricion a la respuesta
inmune del animal? Inmunomodulacion

En la enfermedad: Como modifica una enfermedad los
requerimientos nutricionales del animal?
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Como evaluamos el efecto de un nutriente?
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Como evaluamos el efecto de un nutriente?
- .
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Ejemplos de experimento

Effects of spray-dried porcine plasma and plant extracts on intestinal
morphology and on leukocyte cell subsets of weaned pigs’

M. Nofrarias,*? E. G. Manzanilla,} J. Pujols,t X. Gibert,f N. Maj6,* J. Segalés,* and J. Gasat

*Centre de Recerca en Sanitat Animal (CReSA)—Departament de Sanitat 1 d'Anatomia Animals,
Universitat Autonoma de Barcelona, 08193, Bellaterra, Barcelona, Spain;
TDepartament de Ciéncia Animal 1 dels Aliments, Universitat Autonoma de Barcelona, 08193, Bellaterra,
Barcelona, Spain; $CReSA—Institut de Re

Effects of butyrate, avilamycin, and a plant extract combination
on the intestinal equilibrium of early-weaned pigs'

E. G. Manzanilla,*? M. Nofrarias,t M. Anguita,* M. Castillo,* J. F. Perez,*
S. M. Martin-Orde,* C. Kamel,f and J. Gasa*

*Departament de Ciéncia Animal i dels Aliments; ¥Departament de Sanitat i Anatomia Animals,
CReSA (Centre de Recerca en Sanitat Animal), Universitat Autonoma de Barcelona, 08193, Bellaterra, Spain;
iPancosma, 01200 Bellegarde-sur-Valserine Cedex, France
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Ejemplos de indices inmunes

; 0.0 1.0 £0.0
2740 Nof
Table 5. Leukocyte subsets (hematological and flow cy IL-12 IL-8 IL-1B IL-6 IL-3 IL-4 IL-2 IL-10 IFNG
053
d7 !

0.70 0.35 1.0 0.78
Item d0* CT® SDPP? XT° 1 1 10
Leukocyte count, thousands-pL"! 149 123 134 15.9
Lymphocytes, % 312 484 454 43
Monocytes, % 38 4 5.8%* 4.7
Neutrophils, % 656 462 476 51.1
Eosinophils, % - 14 1.1 1.2
SWC3*, % 209 198 247 222
CD21°, % 317 192 181 16.8
+wTCR*, % 26 212 186 225
CD4*, % 94 96 10 114
CD8*, % 212 295 263 256.1 .
CD8"™, % 15 244 199 20 prociflam matory L AL ‘
CDg"éb+, & 62 52 64 5.1 L2 g > IL10
(.7D4'CD§ , % 9.4 49 4.3 5.4 pro-inflam antl-inflam
CD4°CDS8’, % 6.4 4.4 44 4
CD4CDS8*, % 13.8 288 249 222

Nutri
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T
Inconvenientes de esta aproximacion

- Estos indices funcionan mucho mejor en sanidad donde los
efectos son mucho mas marcados que la varibilidad basal

- La reduccion de la respuesta immune a un solo concepto
es muy simplista
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A por una nueva aproximacion
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Kirk Klasing

Mechanistic

Nutri
Foerum
23




T
En la salud, tipos de respuesta inmune

Innata vs adaptativa
Especifica vs inespecifica

Celular vs humoral
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En la salud, respuesta innata vs adaptativa

Innate Immune Defense

Heterophils

e

Monocytes/ Macrophages

..G .‘

Eficacia de la respuesta

Especificidad de la
respuesta

Coste de |la respuesta

Adaptive Immune Defense
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Eficacia: Respuesta innata vs adaptativa

Muerte por respuesta demasiado intensa g '
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Especificidad y coste de la respuesta inmune

Coste

Lee and Klasing, 2004
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Coste: Respuesta humoral y crecimiento

Pollo bursectomizado vs pollo normal

Respuesta
mayoritariamente
inflamatoria, innata
e inespecifica

Respuesta tanto
especifica (adaptativa)
e inespecifica (innata)

<500g 1200g Nutri
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Inmunomodulacion, el ejemplo de las aves

- Uso mucho mas eficiente de nutrientes

- Menos inmunidad materna

Table 1. Mechanisms by which diet affects immunity

Mechanism Nutrients

- Mejor modelo (n, manejo_ _ ) Nourish the cells of the All

immune system

Nourish pathogens Biotin, iron

Modify the responses of leukocytes Energy, PUFA,
vitamins A, D, E

Protect against immunopathology PUFA. vitamin E

Influence the microbial ecology Fibre

of the gut

Stimulate the immune system Lectins, protein

antigens

Ktasing 2007
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En la salud, inmunomodulacion
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En la salud, retos inmunologicos

LPS — Respuesta innata

-I.PS-
Concanavalina A—Celulas T

Vacunas — Respuesta especifica
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0 3 16 40 Fitohemaglutinina, S. aureus...
Time after LPS challenge, h
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Efecto en el crecimiento de pollosalas 3,16 y40h
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En la salud, Inmunomodulacion por n3:n6

. , . Korver et al., 1997
Nivel de IL-1 en celulas estimuladas con LPS
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Corn oil Fish oil
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Cual sera el efecto sobre los rendimientos? Egrum




En la salud, Inmunomodulacion por n3:n6
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Anticuerpos para bronquitis infecc. segun dosis de vit. E
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Que variables tenemos en cuenta al formular dietas?

lwP-* Clima “? I y
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Objetivo:
. Como podemos considerar el estado
sanitaria de las granjas al formular dietas?
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De vuelta a la patologia
,: r
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En la enfermedad. ;Que nos encontramos?

Animales de la misma edad

Sacrificados por diferentes
patologias

Amplio rango de pesos
IC no tan diferente
Mayor edad a matadero
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Blood samples from 32

Five scenasios based on herd status and vaccination strategy

for PRRSY', SIV' and MHYO'

f 1 Finisher plgs a1 shaughter
. 1 Urnwaccmated PRS- farm va. PRRSv {+) farm vaccnating gestating sows
. v practices odtained from P 5
- . 7 tod PERSy (+] §
> S y oad Seterionoy ponct . 2 Umu«m(:j Nﬁnl( ) rﬂ\:s ur\:rr:na od S (¢+) farm
107 4 H 3 Unvottmated SV farm va SV(e) farm vaccinsting gestateg sows
n=56 i : C 4 Urwatcmated SIv(-) farm v, erwacomated SIVi+) farm
( Annusl performance indicstors retrisved 5. Urnaccimated MHYO() farm i, MHYO(+) farm vacginating pigs at weanirg
......... 1||" from Teagasc e Proft Mositor
A. Financial s ool
analysi ; Incom’ |~reerer e ) Ly Feadbutgat
el Ll Reproguctive ' ' Na. pigs produced
| mological mputs -1 s ' rurc ' NO. hg of moat sold
Simailoted flarm | + Lstert/sowfyear """" - nfrastructure ‘ : .
m |+ No.pigiets bom alve * - - - v 4
. |+ Mortalhy rates { e Healthcare® | 4 i
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» |« Body weight at sale 2 &
- beee - —ee & b 4 4
-T2Bsows " » Labour’ : Financial
- Farrow-1e-finish | = . . T ' Peoi & hess Accaunt
- Weekly tarowing ol ':MM -~ r ’{ WO Mnsapemont i . i f===® Bdarce sheet
"' W= B (4 i d
batches i vl (1 — e7™)/0] ‘ 4 ' P Y B i Bowr
r -
Feeding demand’
B. Monte Carlo simulation )
B i Biological inputs
l':}" I/ ol ATOCHASTIC data from yeer 2017 ! & Pocone repraductive and resplrasory syndrome vinss
il 1) >, t INPUTS - and pork prices %2 Swine nfluena virus
%10 000 Iterations data from 2013-2017 '= Mycapiosme tyopneumonioe
" ‘u lar sh SCEnanio, Imeen values fram yoar 2017 oblan fram the Teagasc eProfit

S | svabebilayper cuignt

LoNetomoft  [7%]  persimutation
v ¥
L J
-Maan = S0
Mi B Cumuiative
density fanction
Mawrmam 2
s *
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montor

%= Far o scenarics, as per mormal practice in irsh pig farms

" u For mach sconario, based on its sverage daty gain, Animal growth simuiated far the
wean-1o-finnh period sssuming » weaning weight al 7 kg and & saughter weight of
108

7w For ol scenares, a3 per NAC (201 2) recommmendabions

‘. For o scenanes, market prices for the year 2017 For feedstull prices, sverage
morthly values were used and obtaned from the Teagesc e-Profit monitor
Veterinary products and veleringty visils Costs were obtained from & miger
velerinary i ibutor

"e For alt scenarios, market prices for the year 2017. Average manthly pork ikg) prices
were used and obtained om the Teagase &-Profit masitor

Financial Analysis of Herd Status and
Vaccination Practices for Porcine
Reproductive and Respiratory
Syndrome Virus, Swine Influenza
Virus, and Mycoplasma
hyopneumoniae in Farrow-to-Finish
Pig Farms Using a Bio-Economic
Simulation Model

< Ackriwru Cvkdiecde Do, Rroo Ay Fnpanes’, Lawsocs Saka '
Mary Roarigues dy Costa® 7, Jarkvo My, Finals C. Loosend. (Vs Ayvisrss* and
Foga Gyrey Mwiraniy

Calderdn Diaz et al., 2020
Modelo bioecénomico
56 granjas

Modelo 728 cerdas
ciclo cerrado
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En la enfermedad, el programa de alimentacion cambia

PRRSv

Financial Analysis of Herd Status and
Positive Vaccination Practices for Porcine
Reproductive and Respiratory
Output Negative® Vaccinated®  Unvaccinated® \S,}’,'ng‘;':,‘j ,‘{,‘;‘c‘f’,;,f;";;gf, Infaseres
hyopneumoniae in Farrow-to-Finish
Pig Farms Using a Bio-Economic

Feed usage, ton Simulation Model

Sedisionjead R40.5 540.5 540.5 e e R o e
Lactation feed 367.8 367.8 367.8 o

Creep feed 605 503 60.1 Calderén Diaz et al., 2020
Link feed 142.7 130.8 141.6

Weaner feed 916.1 1,058.2 1,085.8

Finisher feed 3,380.9 3,308.9 3,409.4

Sales .
No. finisher pigs sold 10,136 18,408 18,980 PUtl‘l
No.oftons of meatsold ~ 1,502.8 15325 1,580.1 grum




En la enfermedad: principal coste, la alimentacion

Financial Analysis of Herd Status and

€Ma r Vaccination Practices for Porcine
Reproductive and Respiratory
pmsv( +) SN( +) MHYO® ( +) Syndrome Virus, Swine Influenza

Virus, and Mycoplasma
hyopneumoniae in Farrow-to-Finish

Item vac® unvac® vac? unvac® Pig Farms Using a Bio-Economic
Simulation Model

A Aahaa e Caedn D =, Mo Mary Alpmidd. Lavwioy Daker,

Total Sales -07824 —19801 -31208 - 1720 — 140486 S Gl S
VARIABLE COSTS Calderdn Diaz et al., 2020
Feed costs +175622 +48877 +97842 +53072 — 644
Other variable costs +4479 -673 +10875 -51 +168263
Total variable costs +22001 +48203 +108817 +53021 +15619
Total fixed costs 0 0 0 0 0
Depredation costs 0 0 0 0 0
0
Total costs +22001 448203  +108817  +53021 +15619 Nutri

Net Profit -110825  —AR004  —140025  —54741 —1561086 Egrum




Clasificacion de granjas: Patogenos vs signos clinicos

Table 2 Annual physical outputs obtained from the Teagasc Pig
Production Model [30] for the sirmudation® of effects associated
ADG= 726 g with different prevalence of pléurisy and lung scars on daughter
100% f f pigs on farm pedarmance and profitanility
of farms Output LPLSC® LPHSC HP®

Fovd wsage, ton

Yes Prevalence of pleuritis 2 25% No fesnan feed

»¥) 59! 344
actaton foed VR VB 678
Creep feed /73 7 6
ADG_ 739 Link fead 1423 1412 1409
o g Wearer feed 1371 017 12531
82% farms Finisher fooa 31645 3150 137786
Saes
No. finishy 5188 18564
Yes Prevalence of lung scars 2 8% No Meat 5 5851
A 728 sow farmow-to-finish fanm with weekly farrowing batches wee simulsted
w0 represent thee different scenanos
*Scenaro 1 a Grrow-1o-fivish farm with prevalence of plewrisy < 5% and

prevalence of lung scars < 8% with a wean-tofinish average doatly gain (ADG)
- of T80 g and reaching targes slaughtor weight at 24 weoks of age
ADG =671g ADG =725 g

ADG = 760 8 “Scenard 2: » famow-to-finish farm wih prevalence of plewrisy < 25% and

prevalenoe of lung scars =8% LPHSC with a0 ADG of 7259 ard reaching

1 m arget daughter weight at 25 weeks of age

3 % Of fa S “Sconario 3 a Grrow-to-fivish fam wih pewalence of plovtisy 225% (HP) with
and ADG of 671 g and reaching target slaughter weight at 26 weeks of age

Nutri
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SUN, mg/dL
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Clasificacion de granjas: Uso de biomarcadores

Treatment

B c1
E3 Lp1

Cc1 LP1 HP1 LE1 HE1

L

(=} ~N s =] ]
. ' ' .

c2

— [

LpP2

Urea, creatinina y otros biomarcadores en sangre

HP2

L

HE2

Treatment

B c2
B3 P2
E3 Hp2
B3 a2
B a2
B3 Le2
B He2
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Clasificacion de granjas: Uso de biomarcadores

Nutri

Marcadores de estrés, respuesta inmune, redox... Egrum



Clasificacion de granjas: NIR en heces

330
310
o 290 Predicted FDG
=~ —
) y=0.7431x +30.573
g!: 210 R2=0.8083
=
s 250 © Predicted FDG
8 230 O Predicted FDNG
E o ——Linear (Predicted FDG)
% ———Linear (Predicted FDNG )
& 190 _
Predicted FDNG
170 y=0.8555x - 3.1855
R2=0.8023
150
150 200 250 300 350 Nutri

Reference CP values, g/kg Forum



En la enfermedad. Ejemplo, el cerdo y los aminoacidos

Opciones a discutir:
-Suplementar dietas para mejorar el rendimiento

-Asumir que los crecimientos seran menores y formular
mas barato

Nutri
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T —
En la enfermedad. Suplementacion de dietas

2.5
a

2.4 - Niveles de suplementacion

55 muy altos
o .
g i - Subpoblaciones: enfermos y

2 pequenos
1.9 A
1.8 - Gz :
SG-0.92 SID SG-1.18 SID SG-1.45 SID
Lys’/AA Lys’/AA Lys/AA Nutri

Forum
Camp-Montoro et al., 2021 23



EXPECTED TIME SPENT AND ANIMAL FLOW BY PRODUCTION STAGE
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OBSERVED TIME SFENT AND ANIMAL FLOW BY PRODUCTION STAGE
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En la enfermedad. Suplementacion de dietas

09 LPS inyectado
0.8
0.7 Leu
0.6
0.5
lle
0.4
0.3
0.2 His
0.1
0 - - - - - —
Control Baja proteina Baja proteina + Alta proteina Baja proteina +
Thr Met Trp 120% Thr Met Trp 120% .
o _ Nutri
®|ngesta, kg/d ®=Crecimiento, kg/d ®GaintoFeed Egrum

Rodrigues et al., 2021



En la enfermedad. Importancia de la anorexia

Animal Feed Science and Technology 156 (2010) 1-9

Contents lists available at ScienceDirect

Animal Feed Science and Technology

ELSEVIER journal homepage: www.elsevier.com/locate/anifeedsci

Review

Is anorexia during infection in animals affected by
food composition?

Ilias Kyriazakis3-®:*

Muy dificil... Nutri
Forum
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En la enfermedad. Importancia de la anorexia

[ Total Ab

B Specific Ab

APP
3.0 4 Peripheral Leukocytes
Thymic Leukocytes
ESE0 Bone marrow Leukocytes
2.5 1 E=53 Splenic Leukocytes

- Produccion de células
1.5 A

g/kg

Weight (g/kg)

g
=
L

- Proteinas de fase aguda
- Anticuerpos

e
W

0.0 T T T
Maintenance Early Response Late Response

Nutri
Peso de los componentes celular y proteico del Sistema inmune Forum

en pollos antes, 24h y 5d después de un reto con E. coli.



Conclusiones

- La inmunomodulacion de animales sanos es posible y existen muchos
productos en el mercado aunque no todos funcionan en todo los casos.

- Para mejorar la respuesta inmune: definir el problema, poblacion
afectada y que tipo se quiere mejorar (reto).

- Buscar siempre confirmacion de cambios fisiolégicos en parametros
productivos.

- Incluir la sanidad en la formulacion es dificil con un enfoque clasico
pero los nuevos avances Y el contexto productivo lo hacen mas cercano.
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