MANAGEMENT RECOMMENDATIONSAND CONSIDERATIONS:
VOLUNTARY 3-YEAR OPP ERADICATION TRIAL (MINNESOTA, 2013)
Adoption of as many of these management protocols as possible will increase the likelihood of success.

ABBREVIATED GLOSSARY (trial specific):

PARENT FLOCK: Ewes and rams 12 months and older; may be either OPPV positive or negative.
Breeding ewes are managed as a single unit, regardless of test status, and allowed to birth and raise all

lambs to weaning.

TEST-NEGATIVE REPLACEMENTS: Offspring of the Parent Flock that have been selected for
replacements and found to be OPPV negative post-weaning, but prior to 12 months of age. This group
will be segregated, and tested annually to confirm continuing test-negative status.

ERADICATION STRATEGY: Simply stated, Test-Negative Replacements will be permanently
segregated from the Parent Flock after weaning and tested annually to confirm continuing test-negative
status, thereby creating the base for a 100% test-negative flock.

ALTERNATIVE STRATEGY: A small number of larger flocks will be offered the option to participate
in ahigher-risk category, allowing minimal and limited commingling of Test-Negative Replacements
with the Parent Flock. Protocol to be developed on an individual flock basis.

MLWP: The Minnesota Lamb and Wool Producers Association, sponsors of the Trial.

GENETIC SELECTION (related article and DNA test submission form attached):

In addition to the more familiar scrapie genotyping, a newer DNA test can now predict an animal’s
susceptibility to the OPP virus. Note emphasis on the word *“susceptibility.” This test, TMEM154,
does NOT imply total resistance!

In a nutshell: We now know that animals sired by “1,1” rams (or born to “1,1” ewes) are far less likely
to become infected with OPP. An even better option, if available, would be to use “1,4” or “4,4” rams
(haplotype 4, though rare, may confer resistance and is being studied further).

At the start of the trial, current ram(s) will be tested at TMEM154, and the MLWP will cover 100% of
these test fees for one ram per 25 breeding ewes in all trial flocks. Additional rams and/or ewes may be
tested at participants’ expense ($12 each).

The TMEM154 test has been available since early 2012, so stud rams (both blackface and white) with
favorable OPPV susceptibility genetics are now available from numerous breeders if needed.



GENETICS AND BREEDS (for those who wish to dig deeper):

Based on collaborative research that facilitated the TMEM154 test, this 2013 paper includes
documentation of varied OPPV risk levels between many breeds throughout the world:
http://www.oppsociety.org/Library files/HeatonPL0oSOne2013.pdf

Additionally, the frequencies for favorable OPPV genetics in selected breeds studied at USDA’s Meat
Animal Research Center in Clay Center, Nebraska, are included in this 2012 paper:
http://www.oppsociety.org/Library_filessTMEM154 Heaton_2012.pdf

COMMINGLING OF TEST-POSITIVE AND TEST-NEGATIVE ANIMALS:
Important to note that this is a far more important issue with housed animals than with those maintained on
pasture or in outside dry lots without barn access.

Positive and negative groups may rotate through buildings and pastures. However, it is recommended
that test-negative groups always be handled first (chores, etc.) before dealing with any test-positives.

If young test-negative replacements are confined to the barn during lambing, it’s best to lamb them at a
time different from the parent flock, i.e. either before or after the older ewes.

Second best would be to designate an upwind section of the barn for young test-negatives, with at least
10’ separation between them and the parent flock. As an alternative, consider solid barriers.

SHARED FENCE LINES, FEEDERS, WATERERS, ETC:

Electronet and/or an offset wire (either one can be charged by a small portable battery unit) will
discourage nose-to-nose contact through fences or dry lot panels.

MOST IMPORTANT to avoid shared feeders since these result in close nose-to-nose contact.

There is a significant correlation between needle re-use and OPP seroprevalence as flock size increases.
Therefore, to decrease the risk of OPPV and other infectious disease transmission when giving
injections, a fresh needle should always be used for each animal.

Due to the unstable nature of OPPV in the environment, equipment such as syringes, ear taggers, tattoo
pliers and water buckets may be used for both infected and test-negative groups if cleaned and
disinfected first.

Shared waterers are a “depends on” category. The OPP virus is carried in macrophages, e.g. nasal
discharge which typically sinks to the bottom of the tank. Thus shared waterers may be OK if you can
arrange to avoid nose-to-nose contact at the water source, such as groups drinking out of opposite ends
of an oblong tank.


http://www.oppsociety.org/Library_files/HeatonPLoSOne2013.pdf
http://www.oppsociety.org/Library_files/HeatonPLoSOne2013.pdf
http://www.oppsociety.org/Library_files/TMEM154_Heaton_2012.pdf
http://www.oppsociety.org/Library_files/TMEM154_Heaton_2012.pdf

BLOOD TESTING FOR OPP ANTIBODIES

Important to remember: Once OPPYV status of the parent flock has been determined through the initial test run,
subsequent annual serology will only be needed for potential replacement ewe and ram lambs, as well as those
young replacements found to be negative in previous years of the trial.

» It has been observed that some test-positive animals will become temporarily seronegative following
lambing, probably because of the large quantity of antibodies lost in the colostrum. Therefore, for
highest degree of test accuracy, it is often recommended that blood samples not be collected from ewes
during the first few weeks of lactation.

* It has also been observed that if lambs are weaned at 8 months of age from OPPV infected ewes, some
lambs will still have colostral/milk anti-OPPV antibodies remaining in their serum at 12 months of age.
Therefore, it is recommended that lambs be separated from dams for at least 4 months before being
tested.

» If an animal tests positive and later tests negative, it is likely that human error at the producer or
veterinarian level is responsible, rather than a seroconverted animal suddenly becoming test-negative. In
such a case, it may be wise to retest the animals whose blood was collected just prior to, and after, that
of the newly test-negative animal.

* While OPPV transmission via semen has not been documented, owners, managers and veterinarians
utilizing artificial insemination should be aware that the OPP virus has been detected in semen. It is
therefore recommended that rams being collected for A.l. be tested well in advance of the collection
date, and again prior to use of the semen.

» Partial Flock Testing: When a flock of unknown OPPV status is tested for the first time, only a portion
of the animals may be sampled for the initial screening. The following table shows the number of
animals 12 months of age and older that needs to be randomly sampled and tested in order to be 95%
confident of detecting at least one positive animal if 5% or more of the flock is infected.

10 (10) 180 (50)
20 (19) FLoOCK SI1ZE 200 (51)
30 (26) (SAMPLE SIZE) 250 (53)
40 (31) 300 (54)
50 (35) 350 (54)
60 (38) 400 (55)
70 (40) 450 (55)
80 (42) 500 (56)
90 (43) 600 (56)
100 (43) 700 (57)
120 (47) 800 (57)
140 (48) 1000 (57)
160 (49) 2000 (58)

NOTE: Since sampling a truly random subset can present difficulties at the management level,
Eradication Trial applicants should, to the degree possible, select for testing ewes that have been in the
flock for at least 2 years. Doing so may increase the odds of detecting OPPV infection at the flock level.
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VIRAL INFECTION IN SHEEP LINKED TO GENE
FROM: AGRICULTURAL RESEARCH, MAY/JUNE 2013

The discovery of a gene associated with a persistent viral infection that causes an incurable disease—ovine
progressive pneumonia (OPP)—in sheep has led to the development of a genetic test that can be used to help
reduce the impact of the disease.

A slow-acting, wasting disease, OPP affects millions of sheep world-wide and is one of the most costly diseases
to producers in North America. Previous research revealed that 36 percent of sheep operations and 24 percent
of sheep tested in the United States were infected with ovine progressive pneumonia virus (OPPV)—lentivirus
strains that target the immune system and cause OPP.

Once infected, sheep are infected for life. Infected
ewes are about 20 percent less productive, having
fewer lambs and that also weigh less than lambs
born to uninfected ewes. In addition to pneumonia,
they show signs of wasting, lameness, and “hard bag”
syndrome, in which udders become hard and contain
barely any milk. Infected ewes are often culled—
removed from the flock.

Scientists at the Agricultural Research Service Roman
L. Hruska U.S. Meat Animal Research Center
(USMARQ) in Clay Center, Nebraska, along with their
colleagues at the Animal Disease Research Unit in
Pullman, Washington, and the U.S. Sheep
Experiment Station near Dubois, Idaho, have found At USMARC, ewes are bred to produce lambs with a gene that

e o . influences ovine progressive pneumonia virus (OPPV) infection.
jgsdcegggi]lﬁii:tc;tIZDaI;EP\;?relfeg;gfl inTsI\f?eEe,\;h 54—affects These lambs are naturally exposed to OPPV and monitored for

infection throughout their lives.

A Journey to Discovery

Research to find a genetic link began in the late 1990s, when scientists recognized that the rate of OPPV
infection varied among breeds of sheep in the same flocks at USMARC.

“In one breed, 80 percent of the animals were infected, whereas in another breed, 15 percent were infected,”
says microbiologist Michael Heaton, who'’s in USMARC's Genetics, Breeding, and Animal Health Research Unit.
“They were being raised together, but the proportion that got infected was different for each breed.”

This finding suggested that breed made a difference and that genetics were a major factor in the susceptibility
of sheep to OPPV, Heaton says. The team began studies of the USMARC flock, testing the sheep for candidate
genes that could be involved in infection.

After 10 years of research, scientists were finally able to design a genome-wide study, thanks to the
development of the Ovine SNP5o BeadChip by the International Sheep Genome Consortium. The researchers
genotyped animals using blood samples collected over the years and discovered a gene, TMEM154, that
influences OPPV infection. They also found several different forms, or *haplotypes,” of the gene. Although the
function of this gene is still unknown, the three major forms—haplotypes 1, 2, and 3—were found in 97
percent of the more than 8,000 sheep tested.

Gene Type Matters

“Sheep in the United States typically have some combination of these three major forms of the TMEM154
gene,” Heaton says. “Each animal will have two haplotypes—one inherited from its mother and one from its
father.”



Haplotypes 2 and 3 were strongly associated with OPPV infection and considered to be highly susceptible
forms of TMEM154. Only one copy of either haplotype 2 or 3 was needed to increase the risk for OPPV
infection. In contrast, ewes with two copies of haplotype 1 were significantly less likely to be infected.

“Rams that have two copies of haplotypes 2 or 3 clearly carry the most risk,” Heaton says. “If you are selecting
rams within your flock or buying new rams, you might want to avoid those. But our research indicates that
rams with two copies of haplotype 1 seem to provide an advantage.”

Although these results are promising, OPPV is highly adaptable and affects flocks differently, Heaton adds. It is
uncertain whether selection for TMEM154 haplotype 1 will reduce the incidence of infection in all production
environments.

“We are now conducting research to learn more about these three most common forms of the gene—which
ones are less susceptible, which ones are more susceptible, and if one form of the gene is dominant relative to
other forms of the gene,” says USMARC geneticist Kreg Leymaster.

Testing for Risks

With these findings, scientists were able to develop a genotyping test in collaboration with GeneSeek, a
Neogen Corporation Company based in Lincoln, Nebraska. The test, which is now available for commercial use,
indicates which sheep have the highest genetic risk for becoming infected if exposed to the virus.

Diagnostic tests have been available for some time to determine whether sheep are infected with OPPV,
Leymaster says. “But they don’t tell us whether a sheep is more or less susceptible to the disease. What our
test has done is add a genetic component that previously wasn’t available.”

For example, a producer can make a flock free of the disease by eliminating
infected sheep, but that doesn’t mean that the flock would be resistant to the
disease if an infected animal were brought in, he adds.

“Producers could use the marker we've made available to make a flock
genetically less susceptible to disease, and therefore, decrease the risk of
animals becoming infected again over time,” Leymaster says.

The ultimate goal is to give producers tools that allow them to choose
breeding stock that do not have genetic risk factors, he says, so they can
reduce the prevalence of OPPV and eventually eradicate it from flocks.

What's critical is that producers understand the incidence of the disease in
their flock, Leymaster says. Not all flocks are infected. Producers can look at
their own unique management system, take the information provided from
this research, and decide whether it fits into their system.

Technician Jacky Carnahan and Adverse production conditions like high animal density, indoor housing with
molecular geneticist Michael Heaton poor ventilation, and moist climates may enhance virus transmission and
collect a blood sample for analysis. overcome sheep genetic resistance, the scientists say.

“We don't want to oversell these findings, but at the same time, we want producers to consider how they
might use this to their advantage,” Leymaster says. “We're continuing our research and will be able to
contribute additional information in the future. I'm optimistic that the industry will be able to successfully
address this major disease problem.”—By Sandra Avant, ARS

This research is part of Animal Health, an ARS national program (#103) described at www.nps.ars.usda.gov
Michael Heaton and Kreg Leymaster are in the USDA-ARS Roman L. Hruska U.S. Meat Animal Research Center, Clay Center, NE
(402) 762-4362 [Heaton], (402) 762-4172 [Leymaster], mike.heaton@ars.usda.gov, kreg.leymaster@ars.usda.gov



NOTE: This form is provided for animals being tested for OPPV susceptibility (TMEM154) in
Minnesota’s OPP Eradication Trial. All Trial serology (ELISA tests) must be done at the U of M.

Ovine Genetic Testing 4665 'N“i?NVCAg'L%NNDER;\éE’;U'TE 120

Submission Form 402-435-0665
FAX: 402-435-0664

Farm Name’ Contact Name H
Address ’ Phone
City H State Zip Code Fax
Email H Preferred Reporting Method: [ Email [~ Fax [ Mail

Results are typically available 10 to 14 business days after sample arrival

The data collected with Parentage Testing is for private use only and cannot be used in comparison or data population with any
association or registration. If you are seeking registration please contact the appropriate registry.

Test Information

Test Code Name of Test Price Qty Total
OPT Ovine Parentage Testing $19.00 ’
OPPV Ovine Progressive Pneumonia Virus Susceptibility Genetic Test $12.00
SCRP Ovine Scrapie Susceptibility Test $15.00
MYO Ovine Myostatin Genetic Testing $25.00 ’ H
ELISA Ovine Progressive Pneumc;:\ci);vgeuriﬁqntibody Detection (cELISA) $6.00 ‘ N
SPDR Spider Lamb $15.00 ’ "
Hair Kit Hair Collection Cards $1.00 Each ’ "
Blood Kit Blood Collection Cards $1.00 Each ‘ H
Services provided are subject to GeneSeek's Terms and Conditions, which is available at
http://geneseek.com/terms.html Total Amount Due: "

PLEASE INCLUDE ANIMAL NSIP CODE IF POSSIBLE

Payment must be submitted with your samples. Please make checks payable to GeneSeek, Inc.

OFFICE USE ONLY PAYMENT INFORMATION

Date Received:

Check Number: Name/Signature [~ Discover

Received By:
Credit Card Number [~ Mastercard

Amount:

Order Number: Expiration Date 3 Digit Security Code H_ Visa




