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ABSTRACT: Ovine progressive pneumonia (OPP) is an 
incurable, progressive, viral disease of sheep caused by a 
lentivirus affecting the lungs, udder, nervous system, and 
joints. The objective of this study was to determine the 
relationship between OPP status (POS or NEG) and 
TMEM154 genotype in Hampshire (H) and Polypay (P) 
ewes from the university flock at the Arlington Agricultural 
Research Station. Incidence of POS ewes was 55.9% and 
41.9% among H and P ewes, respectively. Frequencies of 
TMEM154 haplotypes across both breeds were 0.77, 0.13, 
0.04, and 0.06 for haplotypes 1, 2, 3, and 4, respectively. 
Within and across breeds, ewes with 1 or 2 copies of 
haplotype 2 or 3 had a higher incidence of OPP than ewes 
of diplotype 1,1; in agreement with previous studies on 
genetic susceptibility to OPP. Producers wishing to 
decrease susceptibility to OPP infection should select 1,1 
TMEM154 diplotype animals.  
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Introduction 
 

Ovine lentiviruses (OLV) are found throughout the 
majority of sheep producing countries in the world. The 
ovine progressive pneumonia (OPP) virus is a strain of 
OLV common to North American sheep operations. In fact, 
36% of U.S. sheep operations sampled in 2001 had at least 
one infected sheep, and 24% of the sampled sheep tested 
positive for OPP (APHIS, 2003). Similar to the human 
immunodeficiency virus, the OPP virus is a retro-virus that 
persists in infected sheep over their lifetime with no 
existing cure or preventative vaccination protocol. 

 
As its name suggests, OPP affects the respiratory 

system of infected animals which causes difficulty in 
breathing in severe cases. It can also have degenerative 
effects on basic nervous system functions and motor 
control. However, the most common symptoms of OPP in 
the ewe are a loss of body condition and hardening of the 
tissues of the udder (APHIS, 2003). 

 
The economic impact of OPP infection on 

production traits is poorly understood with, oftentimes, 
conflicting results. Some studies have reported that OPP 
negative ewes (NEG) have higher fertility and heavier litter 
weaning weights than positive ewes (POS) (Keen et al., 
1996). Other studies have found no effect of OPP infection 
on lamb and wool production traits (Gates et al., 1978; 
Huffman et al., 1981; Dohoo et al., 1987; Snowder et al., 

1990). One report actually found an increase in 
reproductive efficiency in POS ewes (Huffman et al., 
1981). Conflicting results are likely due to differences in 
production setting, management intensity, and accuracy of 
the testing protocol among experiments.  

 
In a given flock with a prevalence of OPP POS 

animals, many ewes will continually test NEG despite 
having constant contact with POS ewes over their 
productive lifetime. Such observations led scientists at the 
U.S. Meat Animal Research Center (USMARC), 
Agricultural Research Service, U.S. Department of 
Agriculture in Clay Center, NE to conduct a genome-wide 
association study to determine if any genomic regions may 
explain susceptibility or resistance to OPP. The researchers 
were able to find one significant region of DNA near the 
ovine gene TMEM154 which codes for a transmembrane 
protein. This particular transmembrane protein is thought to 
play a role in granting/denying a virus access to the 
cytoplasm of a cell. The researchers identified several 
mutations that code for differences in the amino acid 
structure of the TMEM154 protein, and hence, function of 
the protein (Heaton et al., 2012). These mutations are 
arranged in several haplotypes, and the most common were 
named haplotypes 1, 2, 3, and 4 (Heaton et al., 2012) and 
were found in their studied populations at frequencies of 
0.77, 0.08, 0.13, and 0.02, respectively. It was determined 
that haplotypes 2 and 3 were dominant to haplotype 1 for 
incidence of OPP infection and that sheep with one or more 
copies of haplotype 2 or 3 were 2.85 times more likely to be 
infected with the OPP virus than sheep without haplotype 2 
or 3 (Heaton et al., 2012).   

 
The objectives of this study were to determine the 

prevalence of OPP infection in the purebred Hampshire (H) 
and Polypay (P) flocks of the University of Wisconsin-
Madison and to test the findings of USMARC on the 
relationship between TMEM154 haplotype and OPP status. 

 
Materials and Methods 

 
Ewe management. The ewes (n = 188) in the 

present study were housed at the University of Wisconsin-
Madison Arlington Agricultural Research Station.  They 
were intensively managed year-round. They grazed 
improved pastures during the growing season and were 
housed indoors during the long winter period. Ewes lambed 
indoors under close supervision with most lambings 
occurring during the winter (January – March) and some 



lambings occurring in the autumn (September – 
November).All animals were managed under protocols 
approved by the Institutional Animal Care and Use 
Committee (IACUC) of the University of Wisconsin-
Madison, College of Agricultural and Life Sciences.  

 
Data. Ewes were tested for OPP infection between 

April 2011 and December 2013. OPP POS ewes were 
generally not retested, but OPP NEG ewes were retested at 
least once per year. The number of tests per ewe ranged 
from 1 to 6. Ewes that tested NEG on all earlier tests but 
POS on the most recent test were classified as POS for OPP 
infection. Ewes classified as OPP NEG had a NEG result 
on all tests  

 
Blood samples were collected from each ewe and 

tested for OPP infection with the Small Ruminant 
Lentivirus cELISA kit distributed by Veterinary Medical 
Research & Development (Pullman, WA) at the Wisconsin 
Veterinary Diagnostic Laboratory (WVDL). The kit’s 
protocol was followed by the WVDL staff  and uses a 
sample inhibition rate of 35%; below this value, a sample 
was considered NEG and above this level, a sample was 
considered POS. In addition to serologic testing for OPP 
infection, blood samples were collected in September 2012 
for TMEM154 genotyping  by GeneSeek (Lincoln, NE).  

 
Statistical analysis. Simple contingency tables 

within and across breed were used that arranged ewes 
according to their OPP infection status (POS or NEG) and 
whether they were of the diplotype 1,1 or had one or more 
copies of haplotype 2 or 3. A Chi-square test with 1 degree 
of freedom determined whether the observed frequency of 
POS and NEG ewes differed across TMEM154 
haplotypes/diplotypes.  

 
Results and Discussion 

 
The results of the cELISA tests for OPP infection 

are presented in Table 1. Tests revealed that 55.9% of H 
and 41.9% of the P ewes were POS. Overall, 46.8% of the 
Arlington flock tested POS for OPP infection. This is 
considerably higher than the sample average of 24% 
reported by USDA using data from a national survey in 
2001 (APHIS, 2003).  

 
Table 1. Within and across breed OPP infection status. 

Breed POS, % (n) NEG, % (n) Total, n 

H 55.9 (52) 49.0 (50) 102 

P 41.9 (36) 58.1 (50) 86 

Overall 46.8 (88) 53.2 (100) 188 

 
Table 2 presents the haplotype frequencies from 

the TMEM154 genetic tests. Within the H ewes, frequencies 
were 0.672, 0.221, and 0.108 for haplotypes 1, 2, and 4, 
respectively. Interestingly, haplotype 3 was not present in 
the H ewe flock.  Within the P ewes, frequencies were 

0.890, 0.017, 0.087 and 0.006 for haplotypes 1, 2, 3, and 4, 
respectively.  

 
Table 2. Within and across breed TMEM154 haplotype 
frequencies.  

 Haplotypes, frequency 
Breed 1 2 3 4 

H 0.672 0.221 0.000 0.108 
P 0.890 0.017 0.087 0.006 

Overall 0.771 0.128 0.040 0.061 
 

 
A contingency table was set up to group ewes by 

their OPP status and whether they were diplotype 1,1 or had 
one or more copies of haplotypes 2 or 3 (Table 3). Overall, 
68.2% of diplotype 1,1 ewes were NEG. Conversely, 76.3% 
of ewes with one or more copies of haplotype 2 or 3 were 
POS. The Chi-square value of 20.86 was highly significant 
(P < 0.0001) under a one degree of freedom test. Ewes that 
had one or more copies of haplotype 2 or 3 were 2.45 times 
more likely to be POS for OPP than the diplotype 1,1 ewes 
(76.3 vs. 31.2% POS, respectively). These results are in 
relative agreement with the USMARC study (Heaton et al., 
2012) that reported this type of ewe to be 2.85 times more 
likely to be POS for OPP infection than all other ewes.  

 
Table 3. Percentage of OPP POS and NEG ewes by 
TMEM154 diplotype 1,1 and one or more copies of 
haplotype 2 or 3.  
OPP status 1,1, % (n) 2 or 3,  % (n) Total, n 

POS 31.2 (35) 76.3 (45) 80 
NEG 68.2 (75) 23.7 (14) 89 

Total, n 110 59 169 
 

Conclusion 
 
The TMEM 154 haplotype test seems to reveal 

genetic components that explain a large degree of resistance 
or susceptibility to OPP. In sheep operations experiencing 
economic losses due to OPP infection, this genetic test 
could prove to be a valuable tool. By purchasing diplotype 
1,1 rams, a producer can increase the frequency of the less 
susceptible 1,1 diplotype in the ewe flock. 
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