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Background

Source: http://www.nadis.org.uk/bulletins/coccidiosis-in-lambs.aspxScottish Blackface sheep
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Sources: https://www.fwi.co.uk/livestock/health-welfare/farmers-warned-nematodirus-drench-resistance;

Bartey et al., 2015; Sharif et al., 2015

• Selecting for resistance sustainable solution to 

control gastrointestinal parasitic infections

• Breeding programmes allow faster rates of genetic

gain in traits of interest
– Coinfection studies on nematodes and coccidia are lacking



Background

Type 1 helper cells (Th1)

• Important role in eradicating intracellular pathogens

• Produces Interferon gamma (IFNγ), further inducing Th1 responses

Type 2 helper cells (Th2)

• Involved in immune responses against nematodes

• Interleukin 4 (IL-4) cytokines produced, upregulates Th2 responses

Regulatory T cells (Treg)

• Role in regulating both Th1 and Th2 immune responses

• Interleukin 10 (IL-10) producing cells



Objectives

Investigate whether or not resistance to one 
parasite confers resistance to others

Assess the relationship between productivity 
and disease resistance 

Assess the genetic relationship between 
disease traits and immune function in sheep



Blood 
sampling

• 1,040 lambs sampled 
(2016 and 2017)

• 53 days of age

Stimulation 
assays

• Pokeweed Mitogen (PWM) 
Generalized immune response

• T. circumcincta antigen (T-ci) 
Specific immune response

Cytokine 
ELISA

• IFNγ (Th1 cytokine)

• IL-4 (Th2 cytokine)

• IL-10 (Treg cytokine)

Methodology
Disease and productivity traits

3,731 Lambs 

sampled

(2011 to 2017)

~92 days of age

FEC Strongyles

(FECS)
FOC Coccidia

(FOCC)

FEC Nematodirus

(FECN)

Live weight (LWT)
DAG Scores 

(DAG)

Immunological traits

• Genetic analysis (univariate and bivariate)
– ASReml (Gilmour et al., 2009)

• FEC, FOC, DAG and all immunological traits Log 

transformed  prior to analysis (Log + 1)

𝒚 = 𝐗𝜷 + 𝒁𝒂 + 𝒆
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Results:
Trait heritabilities

Generalized immune response Specific immune response

All heritability estimates are significant (P<0.05).



Results:
Genetic correlations

FECN FOCC LWT IL-4 PWM IL-4 T-ci

FECS 0.74 (0.09) 0.39 (0.15)

DAG -0.33 (0.15)

IFNγ PWM
0.67 (0.30) -0.54 (0.18) 0.57 (0.15) 0.74 (0.21)

IL-10 PWM
-0.84 (0.31) -0.53 (0.23)

IFNγ T-ci
-0.51 (0.20) 0.50 (0.15)

Phenotypic correlations generally lower than their genetic counterparts.

Genetic correlations between traits (P<0.05).



Conclusions

• Genetic selection of sheep for resistance against GI 

parasites is feasible.

–Will not compromise productivity.

• Selection for high Th1 will not improve resistance 

to coccidian parasites 

–Likely to compromise productivity.



Conclusions

• Th1 and Th2 responses positively correlated;

–Selection for one will boost the other.

• Higher IL-10 may improve resistance to 

coccidian infection.
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