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ABSTRACT: Footrot is the most costly and impacting 

animal welfare disease in small ruminants. The putative 

gene group with variation from highly resistance to highly 

susceptible allele has been identified and a DNA marker 

(DQA2) is being developed for marker assisted selection in 

sheep. Katahdin and Katahdin crossbred sheep were 

screened for footrot resistant gene markers. A value for a 

pair of alleles was derived and animals were classed into 

five categorical groups (1, 2, 3, 4, and 5) from highest to 

lowest resistance to footrot. White blood cell types were 

analyzed in the progeny groups. Both allelic and genotypic 

distributions were significantly (P < 0.01) different in the 

five gene marker score groups. There was no difference (P 

> 0.05) in white blood cell types by marker score groups, 

but a significant difference for hematocrits (P < 0.05) 

between breeds. 
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Introduction 

 

Footrot is one of the most costly and impacting animal 

welfare disease in  small ruminants, which causes labor and 

income losses for ruminant producers across the United 

States (Parker et al., 1985; Lewis et al., 1989) and in other 

countries (Moore et al., 2005; Wani et al., 2007). Sheep and 

goats are especially vulnerable to footrot disease in hot, 

humid, and rainy environments. Presently, sporadic footrot 

outbreaks in sheep, goat, and cow herds have been reported 

more frequently throughout the region (Espejo et al., 2006; 

Cacas and Snowder, 2008). In Missouri, sheep and goat 

breeding stock numbers are steadily increasing and 

becoming a major alternative income source for diversified 

small farm enterprises. Therefore, developing a sustainable 

breeding program for genetic resistance to footrot is a 

tangible long-term strategy for sheep. The Major 

Histocompatibility Complex (MHC) is thought to be 

controlled by a group of genes that plays a central role in 

immune responses in vertebrates. The group of 

polymorphisms in the MHC region indicates immune 

response to footrot infection in both sheep and cattle 

(Claxton, 1989; Litchfield et al., 1993; Escayg et al., 1997; 

Hickford et al., 2004; Casas and Snowder, 2008). The 

putative gene groups with variation from highly resistance 

to highly susceptible alleles are identified and a DNA 

marker (DQA2) is being developed for marker assisted 

selection (MAS; Escayg et al., 1997), which is available 

(Hickford, 2000) for screening footrot resistant sheep.   

This paper presents the initial results of footrot resistance 

marker screening in Katahdin and Katahdin crossbred 

sheep, and white blood cell profiles in their ram lamb 

progeny. 

Materials and Methods 

 

Footrot resistant gene marker screening. Blood samples 

were collected from 600 Katahdin (K) and Dorper x 

Katahdin crossbred (DK) sheep from Lincoln University 

Carver Farm, Missouri. Blood specimens were collected on 

FTA blood DNA collection paper cards. DNA extraction 

and the gene marker test were performed at the Lincoln 

University Gene Marker Laboratory in New Zealand. The 

footrot gene marker test reports assign five basic footrot 

scores (1, 2, 3, 4 and 5) corresponding to alleles of the 

MHC DQA2 and DQA2-like loci. This gives 15 possible 

score combinations (1,1; 1,2; 1,3; 1,4; 1,5; to ... 5,5), where 

1,1 is claimed to have  the highest and 5,5   the lowest 

resistance to footrot infection. However, as footrot resistant 

genes are assumed to exert a dominant effect, an expressed 

value for a pair of alleles was derived and animals were 

classed into five categorical groups (1, 2, 3, 4, and 5). A 

chi-square test was used to test differences in variant 

alleles, animal genotypes, and score group distribution 

frequency. 

 

Blood cell counts and white blood cell types. Twenty 

eight ram lambs, 14 from each of K and DK progeny, 

balanced for high resistance and low resistance to footrot, 

were selected for white blood cell and cell type 

comparisons. Blood samples were drawn from animals via 

jugular venipuncture using vacutainer blood collection 

tubes (10 mL) fitted with 18 G needles. Blood specimens 

were analyzed for hematocrit (HM), white blood cell 

concentration (WC/ml) and white blood cell types, namely, 

lymphocyte (LY), monocytes (MO), neutrophils (NE), 

eosinophils (EO), basophils (BA), and calculated for ratio 

of NE/LY. Blood cell count and cell type profile data were 

analyzed by the mixed procedures of SAS with repeated 

measures.  

 

Results and Discussion 

 



There were 583 sheep samples out of 600 returned with 

gene marker test results. Variant allelic distributions in 5 

score groups were 10.0%, 21.2%, 45.3%, 17.6%, and 5.9% 

for alleles 1, 2, 3, 4, and 5, respectively (Figure 1). 

Whereas, animals classed into five score groups, were 18.5, 

33.3, 42.0, 5.8, and 0.3%, respectively (Figure 2). Both 

allelic distribution and genotypic distributions were 

significantly (P < 0.01) different among the five score 

groups. The ratio of animals in the footrot resistant groups 

(1 and 2) combined to be the larger portion of the flock at 

52%.  Animals with a moderate score of 3 were 42% and 

animals with a lower resistant score of 4 and 5 were 6% of 

the flock. The combined allelic distribution of scores 4 and 

5 was 23.6% in the flock, which can be considered as 

“culling alleles”.  

Selection efficiency and response to footrot resistant gene 

marker screening in sheep breeding were previously 

undocumented. In the Merino breed, Raadsma et al. (1994) 

found heritability estimates for footrot to range from 0.09 to 

0.41. However, those earlier observations indicated that 

wool sheep breeds are more susceptible to footrot than meat 

breeds (Skerman et al., 1982; Stewart et al., 1985). There 

were no differences reported for footrot resistance from the 

progeny of different maternal or paternal breeds (Parker et 

al., 1985; Burke and Parker, 2007).  

White blood cell counts, white blood cell types, and cell 

type ratio (N/L) showed (Table 1) only a small, but 

significant difference for HM (P < 0.05) between breeds. 

Eosinophils are a type of white blood cell that is involved in 

the immune response for fighting disease in animals. The 

change in eosinophil and IgA concentrations have been 

associated with resistance to infections (Smith et al., 1985; 

Stevenson et al., 1994; Stear et al., 1995; Doligalska et al., 

1999). Therefore, concentrations of eosinophils are 

expected to respond similarly to both footrot infections and 

parasite resistance. 

 

 

 

 

 

Table 1. Blood cell counts, white blood cell types, and cell 

type ratio by breed (lymphocyte = LY, monocyte = MO, 

neutrophil = NE, eosinophil = EO, basophil = BA, ratio = 

R, white blood cell = WC; * = P < 0.05). 

 HM NE LY N/L EO MO BA WC 

 % % % R % % % ml 

K 30.5 53.3 41.7 1.32 3.0 1.0 1.0 5948 

DK 32.5 52.4 42.4 1.26 3.0 1.1 1.0 5839 

SE 0.2* 0.4 0.4 0.02 0.1 0.03 0.0 99 

 

Conclusion 

 

This experiment indicated that an adoption of molecular 

genetic marker screening for footrot resistant trait may have 

a greater advantage over the traditional subjective or 

objective assessments in sheep selection.  
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Figure 1. Allelic (score) distribution frequency in five 
gene score groups (583 x 2 = 1,166) 
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Figure 2. Number of animals (n=583) and ratios in 
five footrot score groups 
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