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Title of WOAH Collaborating
Centre

USGS National Wildlife Health Center and the Canadian Wildlife Health Cooperative

Address of WOAH
Collaborating Centre 6006 Schroeder Road, Madison, WI 53711, USA

Tel.: +1 608 270 2401

E-mail address: jsleeman@usgs,gov

Website: https://www.usgs.gov/centers/nwhc andhttp://www.cwhc-rcsf.ca/

Name Director of Institute
(Responsible Official):

Jonathan S;eeman

Name (including Title and
Position) of Head of the
Collaborating Centre (WOAH
Contact Point):

Jonathan Sleeman, Center Director

Name of the writer : Jonathan Sleeman

TOR1 AND 2: SERVICES PROVIDED

1. Activities as a centre of research, expertise, standardisation and dissemination of techniques within the remit of the mandate given by
WOAH

Widllife

Title of activity Scope

In calendar year 2022, NWHC tested samples collected from 419
wild-bird carcasses for presence of avian influenza virus (AIV) as
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Disease Surveillance: Avian Influenza

part of its avian mortality surveillance program in the United
States. Tested carcasses were received from 38 U.S. states.

Samples from 185 of the carcasses tested positive for the AIV
matrix gene, 161 of the samples tested positive for H5- or H7-

subtypes of AIV, and 158 samples tested positive for highly
pathogenic AIV H5N1 clade 2.3.4.4b.

Wildlife

Title of activity Scope

Disease Surveillance: Newcastle Disease

In calendar year 2022, NWHC tested samples collected from 38
wild-bird carcasses for presence of avian paramyxovirus-1,

including Newcastle Disease Virus (NDV), as part of its avian
mortality surveillance program in the United States. Tested

carcasses were received from 10 U.S. states, and samples from 2
of the carcasses tested positive for the NDV matrix gene.

Wildlife

Title of activity Scope

Disease Surveillance: RHDV2

In calendar year 2022, NWHC tested samples collected from 51
wild lagomorphs for presence of rabbit hemorrhagic disease

virus type 2 (RHDV2). Either whole carcasses (18) or tissues (33)
originating from 12 states were submitted to NWHC for testing.

Samples from 20 lagomorphs tested positive for RHDV2.

Wildlife

Title of activity Scope

Disease Surveillance: WNS

The USGS National Wildlife Health Center (NWHC) continued to
assist federal, state, and tribal partners with nationwide

coordination efforts during the 2021/2022 season for the white-
nose syndrome (WNS) fungus using a designed surveillance

approach, based on a dynamic diffusion model that identifies
high risk areas where Pseudogymnoascus destructans (Pd) is
predicted to spread annually in western and southern United
States. NWHC evaluated samples from 2,295 bats and 1,710
environmental samples between 1 November 2021 and 31

October 2022 collected by a combination of model-guided and
opportunistic surveillance. These samples represented 21
species of bats from more than 200 locations in 20 states.
Overall, NWHC identified Pd range expansion in 15 new

counties in six states. This included the first reported detection
of the Pd fungus on bats in Idaho and Colorado, where bats

showed no clinical signs of disease, and ongoing WNS disease
progression on bats from multiple counties in Montana, South
Dakota, and Wyoming. Evidence of Pd range expansion now
extends to the Rocky Mountains, although WNS has yet to be

confirmed west of the Rockies with the exception of
Washington state where the disease was initially discovered in
Spring 2016 and is slowly continuing to spread in the Pacific
Northwest region. Sixteen years after the Pd fungus was first

recognized in New York, it has now been definitively detected in
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all but 8 states (Alaska, Arizona, California, Florida, Hawaii,
Nevada, Oregon, and Utah). Despite its continued westward

expansion into areas with higher bat diversity, North American
bat species confirmed with the white-nose syndrome disease so
far remains stable at 12 over the past three seasons. Additionally,

NWHC supported ongoing Pd surveillance by partners in
Mexico by providing sampling kits and sample analyses for a
fifth consecutive year. To date, Pd has not been detected in

samples (457 bats representing 8 species; 117 environmental
samples) from 19 hibernacula in 10 northern and central

Mexican states surveyed through the 2020/2021 season. Receipt
of the 2021/2022 season Mexico surveillance samples for

analysis are pending.

Wildlife

Title of activity Scope

Disease Surveillance: Batrachochytrium salamandrivorans

The NWHC screens all diagnostic submissions for B.
salamandrivorans. In 2022, NWHC is a lead participant in the

Student Network for Amphibian Pathogen Surveillance
(SNAPS). SNAPS was initiated by the USGS Amphibian Research

and Monitoring Initiative and the Norht American Bsal Task
Force with the dual purpose of enhancing early detection of

Bsal and of providing hands-on field experience and
environmental education for a diverse array of students.

Participating instructors use SNAPS learning modules to engage
students in rigorous field sampling for Bsal and Bd. In 2022, 29

U.S. institutions participated with support from USGS and
NWHC, including 260 students that collected 482 samples (no
Bsal was detected). SNAPS is also a regional collaboration with

SNAPS Canada supported the Canadian Wildlife Health
Cooperative and Environment Canada and SNAPS Mexico

starting this year.

Wildlife

Title of activity Scope

General Disease Surveillance

Both the CWHC and NWHC conduct necropsies of wild animal
submissions to ascertain cause of death, and detect reportable

diseases, and diseases of scientific interest.

Wildlife

Title of activity Scope

Targeted Surveillance

The CWHC conducts targeted surveillance for diseases of
interest such as avian influenza, white nose syndrome, rabies,

chronic wasting disease, and SARS-CoV-2, etc.
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TOR3: HARMONISATION OF STANDARDS

2. Proposal or development of any procedure that will facilitate harmonisation of international regulations applicable to the main fucus
area for which you were designated

Proposal title Scope/Content Applicable area

Wildlife Disease Case
Definitions

The CWHC and NWHC are jointly developing
wildlife disease case definitions for use by

diagnostic laboratories to standardize diagnostic
reporting. A template plus 5 diseases (Avian

Botulism, Electrocution, Snake Fungal Disease,
Stony Coral Tissue Loss Disease, and West Nile
Virus) are in the USGS publication process with

plans for additional 25 disease definitions added in
the next few years.

Wildlife health and biodiversity

4. Did your Collaborating Centre maintain a network with other WOAH Collaborating Centres (CC), Reference Laboratories (RL), or
organisations designated for the same specialty, to coordinate scientific and technical studies?

Yes

Name of OIE CC/RL/other organisation(s)
Location

Region of
networking

Centre
Purpose

Canadian Wildlife Health Cooperative
(CWHC)

Canada Americas
the NWHC and CWHC are a
consortium Collaborating

Centre

Thailand National Wildlife Health Center,
Mahidol University

Bangkok, Thailand Asia and Pasific
We have been executing a
formal Twinning Project

between the two institutions.

TOR4 AND 5: NETWORKING AND COLLABORATION

5. Did your Collaborating Centre maintain a network with other WOAH Collaborating Centres, Reference laboratories, or organisations in
other disciplines, to coordinate scientific and technical studies?

TOR6: EXPERT CONSULTANTS

6. Did your Collaborating Centre place expert consultants at the disposal of WOAH?
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TOR7: SCIENTIFIC AND TECHNICAL TRAINING

7. Did your Collaborating Centre provide advice/services to requests from Members in your main focus area?

Yes
The CWHC engaged in the wildlife disease reporting tool redesign that WOAH is currently exploring. All members will benefit from an 

improved wildlife disease reporting tool that is easy to use.

8. Did your Collaborating Centre provide scientific and technical training, within the remit of the mandate given by WOAH, to personnel
from WOAH Members?

Yes 
a) Technical visit : 

b) Seminars : 200 
c) Hands-on training courses: 200 
d) Internships (>1 month) : 

TYPE OF TECHNICAL
TRAINING PROVIDED (A , B,

C OR D)
CONTENT

COUNTRY OF ORIGIN OF THE
EXPERT(S) PROVIDED WITH

TRAINING

NO. PARTICIPANTS FROM THE
CORRESPONDING COUNTRY

B

Workshop on General Surveillance
for Wildlife Diseases and Outbreak

Investigation (Conducted in
fulfillment of the Twinning Project)

Thailand 60

C

Train the Trainers Workshop on
General Surveillance for Wildlife

Diseases and Outbreak
Investigation (Conducted in

fulfillment of the Twinning Project)

Thailand 40

B

Meeting for Policy-driven Wildlife
Disease Surveillance in Thailand: A

Collaborative Wildlife Health
Network (Conducted in fulfillment

of the Twinning Project)

Thailand 20

B
2nd Thailand Wildlife Health

Information Management Virtual
Workshop

Thailand 60

C
Workshop for WOAH National

Focal Points for Wildlife
Africa Region 50

TOR8: SCIENTIFIC MEETINGS

9. Did your Collaborating Centre organise or participate in the organisation of scientific meetings related to your main focus area on
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behalf of WOAH?

TOR9: DATA AND INFORMATION DISSEMINATION

10. Publication and dissemination of any information within the remit of the mandate given by WOAH that may be useful to Members
of WOAH
a) Articles published in peer-reviewed journals:
NWHC Publications for 2022

Aguilar-Setién, A., Aréchiga-Ceballos, N., Balsamo, G.A., Behrman, A.J., Frank, H.K., Fujimoto, G.R., Gilman Duane, E., Hudson Iii, T.W., 

Jones, S.M., Ochoa Carrera, L.A., Powell, G.L., Smith, C.A., Triantis Van Sickle, J., Vleck, S.E., 2022. Biosafety practices when working with 

bats: A guide to field research considerations. Applied Biosafety 27, 169-190. 10.1089/apb.2022.0019

Bowen, L., Knowles, S., Lefebvre, K., St Martin, M., Murray, M., Kloecker, K.A., Monson, D., Weitzman, B., Ballachey, B., Coletti, H., Waters, 

S.C., Cummings, C., 2022. Divergent gene expression profiles in Alaskan sea otters: An indicator of chronic domoic acid exposure? Oceans 

3, 401-418. 10.3390/oceans3030027

Brunson, S., Gaos, A., Kelly, I., van Houtan, K., Swimmer, Y., Hargrove, S., Balazs, G.H., Work, T.M., Jones, T.T., 2022. Three decades of 

stranding data reveal insights into endangered hawksbill sea turtles in Hawai‘i. Endangered Species Research 47, 109-118. 

10.3354/esr01167

Cárdenas-Canales, E.M., Stockmaier, S., Cronin, E., Rocke, T.E., Osorio, J.E., Carter, G.G., 2022. Social effects of rabies infection in male 

vampire bats (Desmodus rotundus). Biology Letters 18. 10.1098/rsbl.2022.0298

Cárdenas-Canales, E.M., Velasco-Villa, A., Ellison, J.A., Satheshkumar, P.S., Osario, J.E., Rocke, T.E., 2022. A recombinant rabies vaccine that

prevents viral shedding in rabid common vampire bats (Desmodus rotundus). PLoS Neglected Tropical Diseases 16. 

10.1371/journal.pntd.0010699

Case, N.T., Berman, J., Blehert, D.S., Cramer, R.A., Cuomo, C.A., Currie, C.R., Ene, I.V., Fisher, M.C., Fritz-Laylin, L.K., Gerstein, A.C., Glass, 

N.L., Gow, N.A.R., Gurr, S.J., Hittinger, C.T., Hohl, T.M., Iliev, I.D., James, T.Y., Jin, H., Klein, B.S., Kronstad, J.W., Lorch, J.M., McGovern, V., 

Mitchell, A.P., Segre, J.A., Shapiro, R.S., Sheppard, D.C., Sil, A., Stajich, J.E., Stukenbrock, E.E., Taylor, J.W., Thompson, D., Wright, G.D., 

Heitman, J., Cowen, L.E., 2022. The future of fungi: Threats and opportunities. G3 Genes, Genomes, Genetics 12. 10.1093/g3journal/jkac224

Cook, J.D., Campbell Grant, E.H., Coleman, J.T.H., Sleeman, J.M., Runge, M.C., 2022. Evaluating the risk of SARS-CoV-2 transmission to 

bats in the context of wildlife research, rehabilitation, and control. Wildlife Society Bulletin 46. 10.1002/wsb.1262

Deng, K., Uhlig, S., Goodman, L.B., Ip, H.S., Killiam, M.L., Nemser, S., Ulaszek, J., Kiener, S., Kmet, M., Frost, K., Hettwer, K., Colson, B., 

Nichani, K., Schlierf, A., Tkachenko, A., Oyinloye, M.M., Scott, A., Reddy, R., Tyson, G.H., 2022. Second round of an interlaboratory 

comparison of SARS-CoV2 molecular detection assays used by 45 veterinary diagnostic laboratories in the United States. Journal of 

Veterinary Diagnostic Investigation 34, 825-834. 10.1177/10406387221115702

Drew, M.L., Sleeman, J.M., 2022. Management of diseases in free-ranging wildlife populations. Fowler's zoo and wild animal medicine 

current therapy, volume 10, 47-53. 

Frick, W.F., Johnson, E.R., Cheng, T.L., Lankton, J.S., Warne, R., Dallas, J., Parise, K.L., Foster, J.T., Boyles, J.G., McGuire, L.P., 2022. 

Experimental inoculation trial to determine the effects of temperature and humidity on White-nose Syndrome in hibernating bats. 

Scientific Reports 12. 10.1038/s41598-022-04965-x

Fu, Y., M’ikanatha, N.M., Lorch, J.M., Blehert, D.S., Berlowski-Zier, B.M., Whitehouse, C.A., Li, S., Deng, X., Smith, J.C., Shariat, N.W., 

Nawrocki, E.M., Dudley, E.G., 2022. Salmonella enterica serovar Typhimurium from wild birds in the United States represent distinct 

lineages defined by bird type. Applied and Environmental Microbiology 88. 10.1128/aem.01979-21

Gass, J.D., Jr., Dusek, R.J., Hall, J.S., Hallgrimsson, G.T., Halldórsson, H.P., Vignisson, S.R., Ragnarsdottir, S.B., Jónsson, J.E., Krauss, S., Wong, 

S.-S., Wan, X.-F., Akter, S., Sreevatsan, S., Trovão, N.S., Nutter, F.B., Runstadler, J.A., Hill, N.J., 2023. Global dissemination of Influenza A 

virus is driven by wild bird migration through arctic and subarctic zones. Molecular Ecology 32, 198-213. 10.1111/mec.16738

Grider, J.F., Thogmartin, W.E., Campbell Grant, E.H., Bernard, R.F., Russell, R.E., 2022. Early treatment of white-nose syndrome is necessary 

to stop population decline. Journal of Applied Ecology 59, 2531-2541. 10.1111/1365-2664.14254

Groner, M., Hershberger, P., Fradkin, S.C., Conway, C.M., Hawthorn, A.M.A.C., Purcell, M.K., 2022. Evaluating the effect of nuclear inclusion 

X (NIX) infections on Pacific razor clam populations. Diseases of Aquatic Organisms 151, 1-9. 10.3354/dao03685

Grunwald, N.J., Brown, C.E., Ip, H.S., Chang, J.H., 2022. Genetic processes facilitating pathogen emergence. Tactical sciences for biosecurity 

in animal and plant systems, 32-53. 10.4018/978-1-7998-7935-0.ch002

Herbst, A.J., Wohlgemuth, S., Yang, J.-F., Castle, A., Moreno, D.M., Otero, A., Aiken, J.M., Westaway, D., McKenzie, D.I., 2022. Susceptibility 

of beavers to chronic wasting disease. Biology 11. 10.3390/biology11050667

Hill, N.J., Bishop, M.A., Trovao, N.S., Ineson, K., Schaefer, A., Puryear, W.B., Zhou, K., Foss, A., Clark, D., McKenzie, K., Gass, J.D., Jr., 
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Borkenhagen, L., Hall, J.S., Runstadler, J.A., 2022. Ecological divergence of wild birds drives avian influenza spillover and global spread. 

PLoS Pathogens 18. 10.1371/journal.ppat.1010062

Hofmeister, E.K., Ruhs, E.C., Fortini, L., Hopkins, M.C., Jones, L.C., Lafferty, K.D., Sleeman, J.M., LeDee, O.E., 2022. Future directions to 

manage wildlife health in a changing climate. EcoHealth 19, 329-334. 10.1007/s10393-022-01604-9

Hopkins, S.R., Lafferty, K.D., Wood, C.L., Olson, S.H., Buck, J.C., De Leo, G.A., Fiorella, K., Fornberg, J., Garchitorena, A., Jones, I.J., Kuris, A., 

Kwong, L.H., LeBoa, C., Leon, A.E., Lund, A., MacDonald, A.J., Metz, D., Nova, N., Peel, A.J., Remais, J.V., Stewart Merrill, T.E., Wilson, M., 

Bonds, M., Dobson, A., Lopez-Carr, D., Howard, M., Mandle, L., Sokolow, S.H., 2022. Evidence gaps and diversity among potential win–win 

solutions for conservation and human infectious disease control. The Lancet Planetary Health 6, e694-e705. 10.1016/S2542-5196(22)00148-

6

Jones, D.N., Boyer, G.L., Lankton, J.S., Woller-Skar, M., Russell, A.L., 2022. Are little brown bats (Myotis lucifugus) impacted by dietary 

exposure to microcystin? Harmful Algae 114. 10.1016/j.hal.2022.102221

Kaler, R.A.S., Sheffield, G., Backensto, S., Lindsey, J., Jones, T., Parrish, J., Ahmasuk, B., Bodenstein, B., Dusek, R.J., Van Hemert, C.R., Smith, 

M.M., Schwalenberg, P.2023Partnering in search of answers: Seabird die-offs in the Bering and Chukchi Seas10.25923/h002-4w87

Kent, C.M., Ramey, A.M., Ackerman, J.T., Bahl, J., Bevins, S.N., Bowman, A.S., Boyce, W., Cardona, C., Casazza, M.L., Cline, T.D., De La Cruz, 

S.E.W., Hall, J.S., Hill, N.J., Ip, H.S., Krauss, S., Mullinax, J.M., Nolting, J.M., Plancarte, M., Poulson, R.L., Runstadler, J.A., Slemons, R.D., 

Stallknecht, D.E., Sullivan, J.D., Takekawa, J.Y., Webby, R.J., Webster, R.G., Prosser, D.J., 2022. Spatiotemporal changes in influenza A virus 

prevalence among wild waterfowl inhabiting the continental United States throughout the annual cycle. Scientific Reports 12. 

10.1038/s41598-022-17396-5

Knowles, S., Leis, E.M., Richard, J.C., Cole, R.A., Agbalog, R.E., Putnam, J.G., Goldberg, T.L., Waller, D.L., 2022. A novel gonadotropic 

microsporidian parasite (Microsporidium clinchi n. sp.) infecting a declining population of pheasantshell mussels (Actinonaias pectorosa) 

(Unioinidae) from the Clinch River, USA. Parasitologia 2, 1-12. 10.3390/parasitologia2010001

Ladner, J.T., Palmer, J.M., Ettinger, C.L., Stajich, J.E., Farrell, T.M., Glorioso, B.M., Lawson, B., Price, S.J., Stengle, A.G., Grear, D.A., Lorch, J.M., 

2022. The population genetics of the causative agent of snake fungal disease indicate recent introductions to the USA. PLoS Biology 20. 

10.1371/journal.pbio.3001676

Laughrey, Z., Christensen, V., Dusek, R.J., Senegal, S., Lankton, J.S., Ziegler, T., Jones, L.C., Jones, D.K., Williams, B., Gordon, S., Clyde, G.A., 

Emery, E.B., Loftin, K., 2022. A review of algal toxin exposures on reserved federal lands and among trust species in the United States. 

Critical Reviews in Environmental Science and Technology 52, 4284-4307. 10.1080/10643389.2021.2010511

Leon, A.E., Garelle, D., Hartwig, A., Falendysz, E., Ip, H.S., Lankton, J.S., Tretten, T., Spraker, T., Bowen, R., Rocke, T.E., 2022. Immunogenicity, 

safety, and anti-viral efficacy of a subunit SARS-CoV-2 vaccine candidate in captive black-footed ferrets (Mustela nigripes) and their 

susceptibility to viral challenge. Viruses 14. 10.3390/v14102188

Lofgren, L.A., Lorch, J.M., Cramer, R.A., Blehert, D.S., Berlowski-Zier, B.M., Winzeler, M., Gutierrez-Perez, C., Kordana, N.E., Stajich, J.E., 

2022. Avian-associated Aspergillus fumigatus displays broad phylogenetic distribution, no evidence for host specificity, and multiple 

genotypes within epizootic events. G3 Genes|Genomes|Genetics 12. https://doi.org/10.1093/g3journal/jkac075

Machalaba, C., Sleeman, J.M., 2022. Leading change with diverse stakeholders. Wildlife population health, 227-237. 10.1007/978-3-030-

90510-1_22

Meteyer, C., Dutheil, J.Y., Keel, M.K., Boyles, J.G., Stukenbrock, E.H., 2022. Plant pathogens provide clues to the potential origin of bat 

white-nose syndrome Pseudogymnoascus destructans. Virulence 13, 1020-1031. 10.1080/21505594.2022.2082139

Muñoz Tenería, F.A., Labrada-Martagón, V., Herrera-Pavón, R., Work, T.M., González Ballesteros, E., Negrete-Philippe, A., Maldonado-

Saldaña, G., 2022. Fibropapillomatosis dynamics in green sea turtles Chelonia mydas over 15 years of monitoring in Akumal Bay, 

Quintana Roo, Mexico. Diseases of Aquatic Organisms 149, 133-143. 10.3354/dao03669

Oulhen, N., Byrne, M., Duffin, P., Gomez-Chiarri, M., Hewson, I., Hodin, J., Konar, B., Lipp, E.K., Miner, B.G., Newton, A.L., Schiebelhut, L.M., 

Smolowitz, R., Wahltinez, S.J., Wessel, G.M., Work, T.M., Zaki, H.A., Wares, J.P., 2022. A review of asteroid biology in the context of sea star 

wasting: Possible causes and consequences. Biological Bulletin 234, 50-75. 10.1086/719928

Prosser, D., Chen, J., Ahlstrom, C., Reeves, A.B., Poulson, R.L., Sullivan, J.D., McAuley, D., Callahan, C.R., McGowan, P.C., Bahl, J., 

Stallknecht, D.E., Ramey, A.M., 2022. Maintenance and dissemination of avian-origin influenza A virus within the northern Atlantic 

Flyway of North America. PLoS Pathogens 18. 10.1371/journal.ppat.1010605

Ramey, A.M., Hill, N.J., DeLiberto, T.J., Gibbs, S.E.J., Hopkins, M.C., Lang, A.S., Poulson, R.L., Prosser, D., Sleeman, J.M., Stallknecht, D.E., 

Wan, X.-F., 2022. Highly pathogenic avian influenza is an emerging disease threat to wild birds in North America. Journal of Wildlife 

Management 86. 10.1002/jwmg.22171

Rattner, B.A., Wazniak, C.E., Lankton, J.S., McGowan, P.C., Drovetski, S.V., Egerton, T.A., 2022. Review of harmful algal blooms effects on 

birds with implications for avian wildlife in the Chesapeake Bay region. Harmful Algae 120. 10.1016/j.hal.2022.102319

Richard, J., Leis, E., Dunn, C.D., Harris, C., Agbalog, R., Campbell, L.J., Knowles, S., Waller, D.L., Putnam, J.G., Goldberg, T., 2022. 

Freshwater mussels show elevated viral richness and intensity during a mortality event. Viruses 14. 10.3390/v14122603
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Richards, B.J., Miller, K.J., White, C.L.2022WHISPers—Providing situational awareness of wildlife disease threats to the Nation—A fact 

sheet for the biosurveillance community10.3133/fs20223022

Samuel, M.D., Poje, J.E., Rocke, T.E., Metzger, M.E., 2022. Potential effects of environmental conditions on prairie dog flea development and 

implications for sylvatic plague epizootics. EcoHealth 19, 365-377. 10.1007/s10393-022-01615-6

Slabe, V.A., Anderson, J.T., Millsap, B.A., Cooper, J.L., Harmata, A.R., Restani, M., Crandall, R.H., Bodenstein, B., Bloom, P.H., Booms, T.L., 

Buchweitz, J., Culver, R.C.E., Dickerson, K., Domenech, R., Dominguez-Villegas, E., Driscoll, D., Smith, B.W., Lockhart, M.J., McRuer, D., 

Miller, T.A., Ortiz, P., Rogers, K., Schwarz, M., Turley, N., Woodbridge, B., Finkelstein, M.E., Triana, C.A., DeSorbo, C.R., Katzner, T.E., 2022. 

Demographic implications of lead poisoning for eagles across North America. Science 375, 779-782. 10.1126/science.abj3068

Traylor-Knowles, N., Baker, A.C., Beavers, K.M., Garg, N., Guyon, J.R., Hawthorn, A.M.A.C., MacKnight, N.J., Medina, M., Mydlarz, L.D., 

Peters, E.C., Stewart, J.M., Studivan, M.S., Voss, J.D., 2022. Advances in coral immunity ‘omics in response to disease outbreaks. Frontiers in 

Marine Science 9. 10.3389/fmars.2022.952199

Van Hemert, C.R., Harley, J., Baluss, G., Smith, M.M., Dusek, R.J., Lankton, J.S., Hardison, D.R., Schoen, S.K., Kaler, R., 2022. Paralytic 

shellfish toxins associated with Arctic Tern mortalities in Alaska. Harmful Algae 117. 10.1016/j.hal.2022.102270

Vanstreels, R., Uhart, M., Work, T.M., 2023. Chapter 5: Health and diseases. Conservation of marine birds, 131-176. 10.1016/B978-0-323-

88539-3.00003-0

Work, T.M., 2022. Pollution and wildlife health. Wildlife population health, 177-186. 10.1007/978-3-030-90510-1_16

Work, T.M., Breeden, R., Dagenais, J., Rameyer, R., Sellers, H., Ip, H.S., Casey, J.W., 2022. Morbidity and mortality of Hawaiin geese (Branta 

sandvicensis) and Laysan albatross (Phoebastria immutabilis) associated with reticuloendotheliosis virus. Journal of Wildlife Diseases 58, 

756-768. 10.7589/JWD-D-21-00164

Work, T.M., Breeden, R., Rameyer, R., Born, V., Clark, T., Rainal, J., Gillies, C., Rose, J., Wegmann, A., Kropidlowski, S., 2022. Invasive 

corallimorpharians at Palmyra Atoll National Wildlife Refuge are no match for lye and heat. Management of Biological Invasions 13, 609-

630. 10.3391/mbi.2022.13.4.02

b) International conferences:
 

    

c) National conferences:
   

    

d) Other (Provide website address or link to appropriate information):
The NWHC disseminates information on current and historical wildlife disease outbreaks in the USA via the online database, WHISPers 

(https://whispers.usgs.gov/home).

    

11. What have you done in the past year to advance your area of focus, e.g. updated technology?

      

12. Additional comments regarding your report:

    


