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Effects of individual levels of resistance and
tolerance to infection

From association to causation
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GE model 1

Resistance to infection 3’ =i[ﬁ + hz(l—B)a”]
=1
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Resistance

Host resistance may act at different steps of parasite life cycle

r1 r2
Resistance to growth Cipr1 = C't eXp{ [’Y (1- (C;/KI)] - P } g
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Tolerance Ptl = Ptlzo - C!( ® (1- 7\.') :
Costs: Ptizo = pMa (1— Cpp = C})\,) Anti - Anti - Anti -
infection growth transmission
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| Resistance/susceptibility is genetic > Relatives share
genes in common, including resistance genes
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Nature Genetics (November 2006)

‘In humans, there is growing evidence for adverse effects of inbreeding on resistance to i HR H H
bl T et Individual probability to get infected is:

[B=s(p+he@-pal]

{3, = probability to become infected after contact with an infective
hz = heritability of the resistance to infection

a; = degree of relationship between cows in contact

{3 = ‘average’ population transmission probability

Inbred sea lions' increased susceptibility to disease could pose a risk to their W= probablllty of recovery
fellows as well as themselves (Acevedo-Whitehouse et al., Nature, 2003)

« If resistance/susceptibility to infection is genetic, then the probability that R.# R + R
a relative of a proband is diseased is a function of its degree of genetic - R non genet genet
relationship with the proband » Schiiekelman et al., 2007.
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owareis (MY Il GE model 1

Mastitis in heifers (quarter) N

Parameters (per quarter-day at risk) Resistance to infection [ = Z[ﬁ +h?(1- [})a”]

Literature (Lam et al., 1996; Zadoks et al., 2002) j
B=2*10"? h2=5% i i i

2 management strategies: controlled uncontrolled Resistancetogrowth €, =C, exp{ [y (1-(C/K)]- pip }

v=0.040 ¥=0.007

Tolerance Ptl = Pti=0 — Clt (0] (1' )ul)
R R i
non genet genet Costs: P, =PY™(1-c,p—C,1)
Controlled 0.42 + 0.19 =0.61
Uncontrolled 1.43 + 0.66 =2.09
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Resistance Hypothesis
Host resistance may act at different steps of parasite life cycle Relation bacteria - PMN = prey - pred ator

PMN = predator

|

Anti - Anti Anti . ‘i

. . . acteria = prey

infection growth transmission | W
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a. Bacterial growth

Exponential growth

rate = 11.12 X 10%/min

Logistic growth

24 T T T T T rate = 17.21 X 10/min
0 4 8 12 16 20 24| camying

Bacteria density (logl0 CFU/mI)
o
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Time (hour) capacity = 335 X 10°

>
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. Under type 3 Holling i
1.510% S. aureus killed/PMN/min
== GE model 1
B nl
ol . Resistance to infection B' =Z[B+h2(1—[3)a”]
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Is t Resistance o outs  Chy, = Cf exp{ [y (1- (CUK)] - pypt }
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Tolerance

Multiple Use of Disease Tolerant N'Dama Catile

Indigenous genetic resources: A sustainable and environmentally friendly option for
livestock production in areas at risk from trypanosomes.

Guy d'leteren and Kamau Kimani, 2009
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Poak parasite dessity (no.ulx106)
Fiig. 2. Variation for tolerance among mouse sirain.

Parasite burden
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GE model 1

nl
Resistance to nfection ' = ' [B+h2(1—B)all]

=1
Resisiance togrowth i, =C} exp{ [y (1-(CI/K')] - pyp }
Tolerance Ptl = Pti=0 - CIt () (1- 7\.')

Costs: Ptizo — (1_Cpp_c>\.>\')

Prd

EADGENE

Resource allocation

Rescurce Allocation

Oltenacu, 2005 L
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Results from GE1

+ No resistance
= - Average resistance
——Complete resistance

Performance level
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Units of time
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Results from GE1

B timeunits when no infe
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Resistance to infection
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Genetic relationship
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Resistance to growth

Tolerance to growth
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GE model 2

Association and causation
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INVITED EDITORIAL
“Are We There Yet?”: Deciding When One Has Demonstrated Specific
Genetic Causation in Complex Diseases and Quantitative Traits

Grier P, Page,” Varghese Geoge,' Rodney ©, Go,! Paricia Z. Page,* and Duvid B, Allion

An association between a polymorphism and a complex
disease or quantitative trait can exist for four reasons:

. The polymorphism is acrually causarive for the dis-
ease or trait. n
The association is a false positive due to random .
chance. )
i. The polymorphism is in disequilibrium with the
true causative allele.

4. The vmorphism is associated because of some q 5
systematic bias in the biology, study, samples, or :> PhenOtype
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Hypothesis

marker of IMI (SCS) = mixed HMM

Genotype: Gy
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Data + Results

| POy 1010 08,07,8,2) ~ N(Mopto+My 1y +7a,R) |

y =(NT X 1) vector of data (SCS)

z = (NT X 1) vector of hidden states (IMI)

u, = (T X 1) vector of fixed effects for data on a IMI- cow

u, = (T X 1) vector of fixed effects for data on a IMI+ cow

a = (N X 1) vector of random additive genetic effects (Ggs)

M, = (NT X T) matrix with elements = 1 if ! = 0
M, = (NT X T) matrix with elements = 1 if z ! = 1
Z =(NT X N) incidence matrix relating a to y.

R~J,08+3;67  J;= (NT X NT) matrix with elements =1 if z,! = i
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Simulated data sets:
% infected cows = 20, 50%
% E. coli among infected cows = 0,50,100%
high and moderate responders:
> residuals IMI- ~N(0,5 2)

Gibbs sampler
1000 iterations
200 burn-in
10 replications

All lactations

No clinical case

de Haas et al., 2002, 2004
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Hypothesis

marker of IMI (Immune assay) - ODE

dBldt = oCE
dMidt M

dCide = 15 -

Ordinary differential equation to describe the rateg
of changes in cell numbers
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Data + Results

Model applied on experimental data:

A 1x10*cfu
B 1 x 108 cfu
© 1x10%cfu E. coli J5 bacterin
D 1 x 106 cfu E. coli J5 bacterin

Moderate Inflammatory Reaction During Experimental
Escherichia coli Mastitis in Primiparous Cows

F. Vangroanweghe, L. Duchateau, and C, Burvenich
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Data on infected quarters or blood from =
primiparous cows infused with 1 x 104
(—)and 1 x 105 (---) cfu of E . coli
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No differences
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Sensmwty analyses
_ To indentify parameters influencing most the outcomes of the AIR I
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GE model 2

Association and causation ‘ =
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Biomarker (Ggcg or immunity) and IMI
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Maving toward a system genetics view of disease
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Hypothesis

Structussad equation w/ latent variable

Total quota
o s o Survey of 345 herdd
Shearing  Urea additives - . (Theron et al., 2009
Liner state  temperature

Calving boxA9€ N milkers
Machine stripping

Udder cleanin: "
Hand washlr,{‘g ) 9 Penalities
i milkers Cows milked asid
Protein
N claws per milker Fat % Herd.éCS
N lactating cows Foot bath
Culled cowBulk tank SCQ
Dry-off timére-dipping Cows to be monitored
D Cup washing Milk rejected
cows N dry cows

Calving interval Desinfection——
Fiyconol TeAt washing
reatment of

f’\cal and sub-clinical cases
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0 Caen | Structural

Measurement
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Measurement models

SCS (mean over helast
3months) =reference

N cows with high

Numberof milked
scCatpresent

SCsatlastcheck
aside cows

N cowsalready witt
high sCC-

9% cows with high
scc

Protein

/
=

EADGENE

Structural models
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Direct and indirect effects

‘Treatment for
subclinical case
)

012 = DIRECT

Post-dipping |—0-13= TOTAL /
Pre-dipping

\

Pre-dipping
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Back to the future

Models
= tools for better understanding

= simplification of reality

- Models must evoluate and be
validated
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