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Source Amount $
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Project Objective and Narrative:

funding priorities

Historically therehasbeenfocuson specificbacterialpathogensiuring pneumoniautbreaksof bighornsheepThis
includesMycoplasmaovipneumoniaeaswell asthosebacteriain the Pasteurellacedeamily (includingMannheimia
haemolytica).While this approacthasbeenacceptableit reliesontheinformationthatis alreadyknown. And it is
possiblethatwe aremissingthetrue etiology of BHS pneumoniaWhenwe look ata mapof the pathogensletectedacross
theherdunitsin Wyoming (seeattachednap),you canseethatmostherdshaveall pathogengresentSothis makesus
guestiomasto whetherwe aremissinga pathogerthathasyetto beidentified/characterizedThis projectis addressing
whatpopulationof bacterialakamicrobiome)is presenin a nasalswab(from bothhealthyanddiseasednimals). It is
valuable becausdt is looking atall bacterigpresentThus,whenwe comparethe microbiomepopulationbetweerhealth
anddisease@nimals we mayfind commonbacteriathatis foundonly in thediseasedheep.Thatwould thendirectusto
belooking morecloselyat thatspecificbacterisanddevelopcorrespondingliagnostidestsfor futureuse. The
microbiomedatacanalsobe comparedetweerndividualswithin a herdunit, betweerherdunits,andevenbetweerother
specief wild sheeplandotherungulates)We areincludingsamplegDall SheepandCaribou)from our Alaska
collaboratorgo increasdherichnesof the study.

Currently,we havecollectedd16 samples.
TheUW CO-OP(primarily Whiskey,AbsarokaJackson)454
WGFD SurveillancgDevil's canyon Encampment,_aramiePk): 105
Nebraska:88
AlaskaDall Sheep88
AlaskaCaribou:41
Mortalities(NE andWY): 39

Approach: Theswabsamplesarecurrentlybeingstoredin the SondgerotiResearch.ab. The DNA from thesesamples
will be extractedandthensentto our collaboratordor library prepandsequencingf the V3-V5 region.The sequencing
depthwill ensurehatevenbacterigoresentn verylow numberswill berepresentedWe anticipateDNA extractiongo be
completedby Januarythelibrary prepsandsequencindpy theendof February Dataanalysisshouldbe completedoy
April, andthenamanuscripwill besubmittedn the summerof 2023.

PreliminaryResults:Our laboratoryhasperformeda similar workflow asproposedbove. Pairednasalandtonsil samples
weretakenfrom 100animalsin differentWyomingherds.Figure1 showsthatthe majority of bacterialover4000genera)
arefoundin bothnasalandtonsil samplesHowevertherearesomegeneraof bacteriahatareonly foundin the nasal
sampleg736),while othersareonly foundin thetonsilsampleg630). In Figure2, theabundancef bacterialgeneran
100nasalsampless shown.The Pasteurellgeneras highlightedandmakesup 3.8%. The <1% columnincludes
MycoplasmaandBibersteiniaaswell asover200others Altogether this figure showsthatwe havetraditionallyfocused
diseasaliagnosticon a subsebf bacteriahatarea smallfractionof all bacterigpresenin nasalswabs.
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Miles/Acres Affected (if applicable): @ Miles OAcres

Describe Any Current or Future Monitoring/Management (if applicable):

We continueto partnerwith the WGFD Wildlife HealthLab. As we gainmoreknowledgeof the microbiomeandhowthe
compositionchangesluring outbreaksthenthis informationwill be providedto WGFD andotherwildlife managers.

Describe how you will share your learned info with us

We areexcitedfor this researctopportunity.ln the past,we haveinformally sharecbutresultsin a meetingwith otherUW
researcherandthe WGFD. We arehappyto give oral presentationat WyomingWild Sheegd~oundatiomrmeetingsor the
Wild SheepandGoatmeeting.In additionwe would planto publishtheresultsin a peer-reviewegbublication(example
Journalof Wildlife Disease).

Additional Budget or Project Information for Consideration (if applicable):

Thisis partof a PhD student'project. The studentis supportedtuition, fees,stipend)by a RiverbendChairEndowment.

Half of the sequencingostsarebeingabsorbedy our Collaborator'sastheyareusingthesesamplego optimizetheir
newwork flow protocol.

Theamountthatwe arerequesting$19,200)will be puttowardsthefollowing:
Library PrepKits, $2000eachx 3 = $6,000
DNA ExtractionKit, $1600eax 2 = $3,200
Sequencindgreagents$10,000

Attachments and Supporting Documentation:
Please select the types of attachments included:
@ Map(s) required |:| Letter(s) of Support

|:| Project Design |:| Photos
|:| Monitoring/Management Plan Permit(s) / NEPA Compliance

@ Other: |Figureshowingpre|im datafor microbiomesampledrom Wyomingbhsnasalswabs

Please submit applications and attachments via email to: Info@wyomingwildsheep.org
Subject Line: "" Name of Project - Organization Name' PRINT SAVE AS
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	Narrative: Historically there has been focus on specific bacterial pathogens during pneumonia outbreaks of bighorn sheep. This includes Mycoplasma ovipneumoniae, as well as those bacteria in the Pasteurellaceae Family (including Mannheimia haemolytica).  While this approach has been acceptable, it relies on the information that is already known.  And it is possible, that we are missing the true etiology of BHS pneumonia. When we look at a map of the pathogens detected across the herd units in Wyoming (see attached map), you can see that most herds have all pathogens present. So this makes us question as to whether we are missing a pathogen that has yet to be identified/characterized.  This project is addressing what population of bacteria (aka microbiome) is present in a nasal swab (from both healthy and diseased animals).  It is valuable, because it is looking at all bacteria present. Thus, when we compare the microbiome population between health and diseased animals, we may find common bacteria that is found only in the diseased sheep.  That would then direct us to be looking more closely at that specific bacteria and develop corresponding diagnostic tests for future use.  The microbiome data can also be compared between individuals within a herd unit, between herd units, and even between other species of wild sheep (and other ungulates). We are including samples (Dall Sheep and Caribou) from our Alaska collaborators to increase the richness of the study.  

Currently, we have collected 816 samples.
                The UW CO-OP (primarily Whiskey, Absaroka, Jackson): 454 
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Approach:  The swab samples are currently being stored in the Sondgeroth Research Lab. The DNA from these samples will be extracted, and then sent to our collaborators for library prep and sequencing of the V3-V5 region. The sequencing depth will ensure that even bacteria present in very low numbers will be represented.  We anticipate DNA extractions to be completed by January, the library preps and sequencing by the end of February. Data analysis should be completed by April, and then a manuscript will be submitted in the summer of 2023.  

Preliminary Results: Our laboratory has performed a similar workflow as proposed above.  Paired nasal and tonsil samples were taken from 100 animals in different Wyoming herds. Figure 1 shows that the majority of bacteria (over 4000 genera) are found in both nasal and tonsil samples. However there are some genera of bacteria that are only found in the nasal samples (736), while others are only found in the tonsil samples (630).  In Figure 2, the abundance of bacterial genera in 100 nasal samples is shown. The Pasteurella genera is highlighted and makes up 3.8%.  The <1% column includes Mycoplasma and Bibersteinia, as well as over 200 others. Altogether, this figure shows that we have traditionally focused disease diagnostics on a subset of bacteria that are a small fraction of all bacteria present in nasal swabs.   
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