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Please add to the cervidae rulemaking record and post on the comments page.

From: Hebdon,Tricia <tricia.hebdon@idfg.idaho.gov>
Sent: Wednesday, June 2, 2021 4:34 PM

To: Dr. Scott Leibsle <Scott.Leibsle@ISDA.IDAHO.GOV>
Subject: {External}RE: Cervidae Admin Order

Scott,
Thank you for forwarding the Administrative Order.

As for your comments on specific CWD sample types: obex versus medial retropharyngeal lymph nodes
(MRPLN); | am attaching several papers and USDA APHIS National CWD Herd Certification Program
standards.

According to USDA APHIS CWD Herd Certification Program; Obex and RPLN should be taken for all
animals if possible. Lymph nodes are acceptable for both domestic and wild elk to be tested by IHC. Wild
Elk can also be tested by ELISA for surveillance; similar to its use for slaughter surveillance for domestic
cervids. We usually (not always) have a piece of tissue or paired lymph node for IHC confirmation if we
have a positive ELISA.

| have attached a paper by Spraker et al. on obex versus lymph node sampling in elk. The conclusion out
of 226 positive elk, 155 had deposits of PrP(cwd) protein in both the obex and the lymph nodes (MRPLN).
43 had only deposits in the lymphoid tissue and 28 had deposits in the obex. Immunostaining of brain
alone would have detected only 81 percent of the infected elk and immunostaining lymphoid tissue alone
would have detected only 88 percent.

Also, based on the Haley paper (also attached) genetic susceptibility plays a role in obex versus lymph
node positivity but post-mortem IHC lymph nodes had a higher correlation with clinical variables than IHC
obex. In addition most of the CWD positive states (Wyoming, Colorado, Montana, National Elk Refuge)
that manage wild elk use lymph nodes for surveillance and testing because they have a greater positivity


mailto:Scott.Leibsle@ISDA.IDAHO.GOV
mailto:Lloyd.Knight@ISDA.IDAHO.GOV
mailto:Chanel.Tewalt@ISDA.IDAHO.GOV
mailto:Miranda.Juker@ISDA.IDAHO.GOV

Scott R. Leibsle DVM, DABVP

State Veterinarian/Administrator — Animal Industries
Idaho State Department of Agriculture — Boise, ID
scott leibsle@isda.idaho.gov

(0) 208.332.8540





AMERICAN

Journal of
maasooay Clinical Microbiology

1 CrossMark
& click for updates
R

Seeded Amplification of Chronic Wasting Disease Prions in Nasal
Brushings and Recto-anal Mucosa-Associated Lymphoid Tissues from
Elk by Real-Time Quaking-Induced Conversion

Nicholas J. Haley,®* Chris Siepker, Laura L. Hoon-Hanks,” Gordon Mitchell, W. David Walter,® Matteo Manca,® Ryan J. Monello,’
Jenny G. Powers,f Margaret A. Wild,f Edward A. Hoover,® Byron Caughey,® Jiirgen A. Richt?

Department of Diagnostic Medicine and Pathobiology, College of Veterinary Medicine, Kansas State University, Manhattan, Kansas, USA?; Department of Microbiology,
Immunology and Pathology, College of Veterinary Medicine and Biomedical Sciences, Colorado State University, Fort Collins, Colorado, USAP; Canadian Food Inspection
Agency, National and OIE Reference Laboratory for Scrapie and CWD, Ottawa Laboratory Fallowfield, Ottawa, Ontario, Canada®; U.S. Geological Survey, Pennsylvania
Cooperative Fish and Wildlife Research Unit, The Pennsylvania State University, University Park, Pennsylvania, USA®; TSE/Prion Biochemistry Section, Laboratory of
Persistent Viral Diseases, Rocky Mountain Laboratories, National Institute of Allergy and Infectious Diseases, Hamilton, Montana, USA®; National Park Service, Biological
Resources Division, Fort Collins, Colorado, USA"

Chronic wasting disease (CWD), a transmissible spongiform encephalopathy of cervids, was first documented nearly 50 years
ago in Colorado and Wyoming and has since been detected across North America and the Republic of Korea. The expansion of
this disease makes the development of sensitive diagnostic assays and antemortem sampling techniques crucial for the mitiga-
tion of its spread; this is especially true in cases of relocation/reintroduction or prevalence studies of large or protected herds,
where depopulation may be contraindicated. This study evaluated the sensitivity of the real-time quaking-induced conversion
(RT-QuIC) assay of recto-anal mucosa-associated lymphoid tissue (RAMALT) biopsy specimens and nasal brushings collected
antemortem. These findings were compared to results of immunohistochemistry (IHC) analysis of ante- and postmortem sam-
ples. RAMALT samples were collected from populations of farmed and free-ranging Rocky Mountain elk (Cervus elaphus nel-
soni; n = 323), and nasal brush samples were collected from a subpopulation of these animals (n = 205). We hypothesized that
the sensitivity of RT-QulIC would be comparable to that of IHC analysis of RAMALT and would correspond to that of IHC analy-
sis of postmortem tissues. We found RAMALT sensitivity (77.3%) to be highly correlative between RT-QuIC and IHC analysis.
Sensitivity was lower when testing nasal brushings (34%), though both RAMALT and nasal brush test sensitivities were depen-
dent on both the PRNP genotype and disease progression determined by the obex score. These data suggest that RT-QulC, like
IHC analysis, is a relatively sensitive assay for detection of CWD prions in RAMALT biopsy specimens and, with further investi-
gation, has potential for large-scale and rapid automated testing of antemortem samples for CWD.

Transmissible spongiform encephalopathies are a group of pro-
gressively fatal neurodegenerative diseases caused by infec-
tious proteins known as prions (1). The pathogenesis of prion
diseases involves conversion of the endogenous cellular prion pro-
tein (PrP®) present within specific tissues to the abnormal, pro-
tease-resistant form (PrP™*) following exposure to an infectious
dose of PrP™ (1). Chronic wasting disease (CWD), a naturally
occurring prion disease of white-tailed deer (Odocoileus virginia-
nus), mule deer (Odocoileus hemionus), Rocky Mountain elk (Cer-
vus elaphus nelsoni), and moose (Alces alces), is the only known
prion disease affecting free-ranging, nondomestic animals (2, 3).
CWD was first described nearly 50 years ago as a fatal, wasting,
spongiform encephalopathy of cervids in Colorado and Wyoming
(4). The disease has since been documented in 23 U.S. states, 2
Canadian provinces, and, via exportation of farmed cervids, the
Republic of Korea (5-8). Four of the 23 states (Texas, lowa, Penn-
sylvania, and Ohio) were considered CWD free prior to 2012, with
primary cases in three of these states reportedly arising in farmed
cervids (9-11). With the movement of cervids across state and
national borders, these new epidemic foci illustrate the increased
need for highly sensitive surveillance methods and appropriate
antemortem tissue collection in order to potentially mitigate both
natural and anthropogenic spread and more accurately estimate
prevalence.

Presently, there is significant variation in the prevalence of
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CWD throughout North America, with levels ranging from 0 to
30% in wild populations and approaching 80% in specific captive
populations (12, 13). Current prevalence rates are dependent on
the use of conventional diagnostic assays, including enzyme-
linked immunosorbent assay (ELISA) and immunohistochemis-
try (IHC) analysis—two assays similar in sensitivity and specificity
that utilize a proteolytic pretreatment step to abolish PrP€ cross-
reactivity (14). Despite specificities nearing 100% with these as-
says (14, 15), it is generally acknowledged that these pretreatments
may lead to underestimation of the level of PrP™* in a given sample
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TABLE 1 Summary of study populations, including sex, samples collected, and postmortem CWD status as determined by obex and

retropharyngeal lymph node IHC analysis”

No. of No. of No. of RAMALT No. of nasal No. CWD positive No. CWD negative
Group males females samples brush samples (postmortem) (postmortem)
Canada 59 61 120 120 44 76
RMNP 0 136 (39)° 136 (39) 66 (3) 5 170
TRNP 0 28 28 16 0 28

“ The number of RAMALT samples collected from females at RMNP included 136 initial and 39 follow-up biopsy specimens; nasal brush samples included 66 initial collections and

3 follow-up collections.

b Values in parentheses represent the number of repeat samples collected in subsequent years.

(16-19). This shortcoming has led to the development of assays
that utilize amplification of PrP™* (e.g., serial protein misfolding
cyclic amplification [18, 20]), fluorometric quantitation of seed-
ing activity (e.g., real-time quaking-induced conversion [RT-
QulIC] assay [21-23]), or other methods devoid of harsh proteo-
lytic treatments (e.g., the conformation-dependent immunoassay
[24]). While the specificities of these assays also approach 100%,
studies to specifically identify sensitivity are difficult without
costly bioassay studies. As a result, the true sensitivities of conven-
tional IHC analysis and ELISA, as well as experimental detection
assays, are difficult to estimate. To date, experimental detection
assays have not been reported in conventional surveillance for
CWD, such assays have the potential for increased sensitivity and
earlier detection of CWD-positive animals (17, 18), an important
component of surveillance and detection protocols.

Aside from the selection of a sensitive diagnostic assay for dis-
ease detection, definitive diagnosis also requires appropriate tis-
sue collection (25-27). In most species, the obex, a region of the
caudal brainstem containing the dorsal motor nucleus of the va-
gus nerve, is generally considered the most sensitive region of the
central nervous system for detection of PrP™, 100% given the
above caveats (28-30). However, several studies utilizing THC
analysis of the medial retropharyngeal lymph nodes (RLN) have
demonstrated a species-dependent improvement in sensitivity
over the brainstem/obex for detection of the infectious prion pro-
tein of CWD (PrP“"P) in cervids (25, 27). In white-tailed deer,
RLN tissues appear to offer nearly 100% sensitivity for the detec-
tion of CWD infection (12, 26, 31), while in elk, upwards of
12% of positive animals may have PrP™* deposition limited to
the brainstem at the time of necropsy (25). Unfortunately, the
brainstem and RLN, the two tissues of choice for sensitivity, are
currently available only as postmortem samples. This limita-
tion makes these tissues problematic for understanding epidemi-
ology through population surveillance and individual screening in
areas without hunting or culling practices. For this reason, major
efforts have been undertaken to identify peripheral lymphoid tis-
sues for antemortem collection and diagnosis which may exhibit
sensitivities comparable to those of the brainstem/RLN, including
third-eyelid, tonsil, and recto-anal mucosa-associated lymphoid
tissue (RAMALT) samples (27, 32-37). Previous studies have ad-
ditionally demonstrated high levels of PrP™* in olfactory epithe-
lium and nasal secretions in several prion diseases (38-48),
though this prospect has not been assessed with CWD. Both RA-
MALT biopsy specimens and nasal brush samples collected from
the olfactory epithelium are easily and efficiently collected and
processed, making these tissues promising additions in the area of
antemortem detection of prion diseases and the samples of choice
for our study.
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In the present study, we applied a standardized RT-QulC assay
to blindly examine RAMALT biopsy specimens collected from 316
Rocky Mountain elk (Cervus elaphus nelsoni) and nasal brush
samples from a subpopulation of 205 of these elk. RT-QuIC has
previously been shown to efficiently amplify and detect Prp /WP
in a number of tissues and bodily fluids, including cerebrospinal
fluid (CSEF), urine, saliva, blood, brain tissue, lymph node tissue,
and nasal lavage fluid/swabs (21, 38, 39, 47, 49-54), but to our
knowledge, this is the first study to utilize RAMALT biopsy spec-
imen tissue homogenates and nasal brush preparations for ampli-
fication and detection of PrP“WP by RT-QuIC. RT-QuIC results
were subsequently correlated with ante- and postmortem IHC
analysis results obtained with RAMALT, RLN, and brainstem
samples at the level of the obex (including obex scoring) and the
PRNP genotype (27, 55). We hypothesized that the sensitivity of
RT-QuIC in antemortem samples would correlate with postmor-
tem ITHC analysis of these animals, with our findings demonstrat-
ing a relatively rapid and sensitive detection of PrP“*** in both
RAMALT and nasal epithelial brush samples collected.

MATERIALS AND METHODS

Study populations. The first group of animals consisted of a population
of farmed elk with a recent history of CWD that was identified in Sas-
katchewan (n = 120), in an area with a history of endemic CWD. This
population included 40 calves, 38 adult bulls, and 42 adult cows. The
second group of animals consisted of a population of elk from a study area
described previously (27) and consisted of adult female free-ranging elk in
Rocky Mountain National Park (RMNP) that were initially captured and
sampled (n = 136) or recaptured in later study years for supplemental
sample collection (n = 39) and released with radio collars during the
winters of 2012 to 2014. Two additional females from RMNP showing
clinical signs suggestive of CWD were sampled perimortem. A third and
separate free-ranging study population in an area of North Dakota (Theo-
dore Roosevelt National Park [TRNP]) where CWD is not known to oc-
cur provided for negative control RAMALT biopsy specimens (1 = 28)
and nasal brushings (n = 16) collected perimortem (Table 1). All samples
from each group were collected with single-use instruments and included
RAMALT (n = 323) and nasal brush samples (n = 205), in accordance
with TACUC protocols and state/federal permits (IACUC protocols
KSU3503 and IMR_ROMO_Monello_Elk_11/21/2011, National Park
Service permits ROMO-2012-SCI-0064 and THRO-2012-SCI-0008, and
Colorado Parks and Wildlife permit 13TR2088). Blood collected by ce-
phalic or jugular venipuncture was used to determine the elk PRNP geno-
type (specifically, PRNP position 132 methionine [M] or leucine [L]) as
described by O’Rourke et al. (56, 57). Elk were ultimately assessed for
CWD via IHC analysis of RAMALT tissue (antemortem) or RLN and
brainstem samples at the level of the obex (postmortem). Free-ranging
animals determined to be CWD positive were monitored until death or
humane euthanasia when exhibiting end-stage clinical signs of CWD.
Brainstem and RLN samples were collected from these animals for con-
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firmatory THC analysis. Farmed animals were humanely euthanized im-
mediately following sample collection.

Tissue collection and processing. Elk in both Canada and RMNP
were immobilized with a combination of carfentanil and xylazine as pre-
viously described (27). Samples from TRNP elk were collected perimor-
tem in the course of a herd management initiative. RAMALT biopsy spec-
imens were collected by removing a 1.5-by-0.75-cm strip of mucosal
tissue from the wall of the rectum approximately 1.0 cm anterior to the
mucocutaneous junction of the anus and perpendicular to the cranial/
caudal axis of the rectum (27). The sample was divided into two pieces, an
approximately 0.5-by-0.5-cm section was frozen and maintained at
—80°C, and the remainder was placed in 10% neutral buffered formalin
prior to IHC analysis. Frozen RAMALT biopsy specimens were later pre-
pared as an ~2% homogenate in RT-QulIC dilution buffer (phosphate-
buffered saline [PBS] with 0.05% SDS) with a TissueLyser II (Qiagen)
with a single 5-mm stainless steel bead and 2-ml conical snap cap tubes
with two 2-min cycles of homogenization at a power setting of 20. Ho-
mogenates were then maintained at —80°C until analysis by RT-QulIC.

Nasal brush samples were cleanly collected from the right nasal cavity
contemporaneously with RAMALT biopsy specimens as follows. A sterile
uterine single-sheathed cytology brush (Jorgenson Laboratories no.
J0273C) was gently inserted into the right nasal vestibule, directed dorso-
caudally through the dorsal nasal meatus, and fed in approximately 6 to 7
in. until located directly rostral to the ethmoid turbinate (Fig. 1A and B).
At that time, the sampling brush was fed into the sheath and advanced
until obstructed by the ethmoid turbinates. The brush was spun gently to
collect turbinate epithelial tissue and retracted into the sheath, and the
entire unit was removed from the nasal cavity. The brush tip was then
placed in PBS and refrigerated at 4°C between collection and processing.
The sample was processed by vortexing vigorously in PBS to remove and
suspend cellular matter present on the brush. The cellular suspension was
then centrifuged at 3,000 X g for 10 min at 4°C. The supernatant from the
cellular suspensions was poured off, and the cellular pellet was resus-
pended in 0.5 ml of PBS and homogenized as described above. Homoge-
nates were then maintained at —80°C until analysis by RT-QulIC.

RAMALT biopsy specimen, RLN tissue, and brainstem/obex tissue
IHC analysis. Reference tissues were assayed for PrP“"? by IHC analysis
as previously described (37, 58). Briefly, tissue was preserved in 10% neu-
tral buffered formalin and then embedded in paraffin blocks. Cross sec-
tions 5 wm thick were mounted on glass slides and deparaffinized before
treatment with 99% formic acid for chemical denaturation of PrP€. IHC
staining for PrP“"" was performed with the primary antibody Anti-prion
99 (Ventana Medical Systems, Tucson, AZ) and then counterstained with
hematoxylin. Biopsy specimens were considered positive if at least one
follicle exhibited PrP"P-specific staining (58). The numbers of staining
and nonstaining follicles in each RAMALT biopsy specimen were docu-
mented. Samples not demonstrating IHC staining were considered CWD
“not detected.” The same protocol was used for postmortem brainstem/
obex and RLN analysis, with obex sections scored on a PrP“V deposition
scale of 0 (no PrP"P staining) to 4 (heavy accumulation of PrP“"VP) as
previously described (59).

RT-QulIC preparation and procedure. RT-QulC assays were per-
formed with a truncated form of recombinant Syrian hamster PrP
(SHrPrP; residues 90 to 231) in pET41b and expressed and purified as
previously described (47). In brief, 1-liter cultures of lysogeny broth (LB)
containing autoinduction supplements (EMD Biosciences) were inocu-
lated with SHrPrP-expressing Rosetta strain Escherichia coli, which was
grown overnight and harvested when an optical density at 600 nm of ~3
was reached. Cells were lysed with BugBuster reagent with supplemented
Lysonase (EMD Biosciences), and inclusion bodies (IB) were harvested by
centrifugation of the lysate at 15,000 X g. IB pellets were washed twice and
solubilized overnight in 8 M guanidine hydrochloride (GuHCI) in 100
mM NaPO, and 10 mM Tris (pH 8.0), clarified by centrifugation at
15,000 X g for 15 min, and added to Superflow nickel-nitrilotriacetic acid
(Ni-NTA) resin (Qiagen) preequilibrated with denaturing buffer (6.0 M
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FIG 1 Invivo (A) and ex vivo (B) demonstrations of nasal brush collection on
Rocky Mountain elk.

GuHCI, 100 mM NaPO,, 10 mM Tris, pH 8.0). Denatured SHrPrP and
Ni-NTA resin were incubated by rotation at room temperature for 1 hand
then added to an XK fast protein liquid chromatography column (GE
Healthcare). Refolding was achieved on column with a linear refolding
gradient of denaturing buffer (6 M GuHCI, 100 mM NaPO,, 10 mM Tris,
pH 8.0) to refolding buffer (100 mM NaPO,, 10 mM Tris, pH 8.0) over 3
h at 1.5 ml/min. SHrPrP was eluted with a linear gradient of refold buffer
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to elution buffer (100 mM NaPO4, 10 mM Tris [pH 8.0], 500 mM imida-
zole [pH 5.8]) over 40 min at 2.0 ml/min. Peak UV 280-nm fractions were
pooled and dialyzed overnight against two changes of 4.0 liters of dialysis
buffer (20 mM NaPO,, pH 5.8). Recovered SHrPrP was adjusted to a final
concentration of ~0.5 mg/ml and stored at 4°C for up to 45 days. Purity
was evaluated through analyses of fast protein liquid chromatography
spectroscopy and Western blotting profiles but most importantly through
functionality in the RT-QulC assay. Seeded amplification with a positive
control consisting of pooled CWD-positive brain tissue from six experi-
mentally infected white-tailed deer (cervid brain pool 6 [CBP6]) was eval-
uated in each experimental run to confirm the consistency and repeatabil-
ity of the amplification rate, reproducibly amplifying in triplicate between
cycles 20 and 24 (data not shown).

Nasal brush preparations were diluted 1:10 in RT-QuIC dilution buf-
fer, while RAMALT homogenates were diluted 1:100 in RT-QulIC dilution
buffer. Five microliters of this 10" or 10~ dilution was added to 95 .l of
RT-QulIC reaction buffer consisting of 50 mM NaPO,, 350 mM NaCl, 1.0
mM EDTA tetrasodium salt, 10 wM thioflavin T (ThT), and 0.1 mg/ml
truncated SHrPrP€ to yield a final volume of 100 pl. Each sample was
tested in triplicate on a single plate in two separate experiments. Nasal
brushings were repeated at two different institutions (Kansas State Uni-
versity [KSU], Rocky Mountain Laboratories [RML]). Positive controls
consisting of 5 wl ofa 10~ dilution of CBP6 spiked into 95 pl of RT-QuIC
reaction buffer were included in triplicate in each experiment. Negative
controls, also prepared in triplicate, consisted of RAMALT biopsy speci-
mens or nasal brush samples collected from elk known to be negative
(confirmed by IHC analysis of brainstem or RLN tissue) from an area
where CWD has not been reported (TRNP), as well as untreated RT-QuIC
reaction buffer spiked with 5 pl of RT-QuIC dilution buffer. Reactions
were prepared in a black 96-well optical-bottom plate that was then sealed
and incubated in a BMG Labtech Polarstar fluorimeter at 42°C for 24 h (96
15-min cycles) with intermittent shaking cycles; specifically, 1-min shak-
ing periods (700 rpm, double orbital pattern) alternating with 1-min rest
periods. ThT fluorescence measurements (450-nm excitation and
480-nm emission wavelengths) were taken every 15 min with the gain set
at 1,200. The relative fluorescence (in relative fluorescence units) of each
triplicate sample was progressively monitored against time with orbital
averaging and 20 flashes/well at the 4-mm setting.

A replicate well was considered positive when the relative fluorescence
crossed a predefined positive threshold, calculated as 10 standard devia-
tions above the mean fluorescence of all of the sample wells from cycles 2
to 8. Positive samples were considered those crossing the threshold in
=2/6 replicates for both RAMALT and nasal brush analyses.

Correlation of RT-QuIC results with PrP““® THC analysis, obex
scoring, and the PRNP genotype. Considering only our findings from
farmed elk, we sought to examine if RT-QulC results from RAMALT and
collected nasal brush samples could be associated with a number of pre-
dictor variables, including RAMALT, RLN, and brainstem/obex THC
analysis results; the obex score; and the PRNP genotype. We used Spear-
man correlations to assess the relationship and direction of relationship
between RT-QulIC results obtained with RAMALT and nasal brush sam-
ples to conventional postmortem methods of detecting CWD infection
and to compare results of assays performed at different institutions.

RESULTS

CWD-positive population data and IHC analyses. In the herd of
120 farmed elk, 25 (41%) of the 61 elk cows examined were posi-
tive by RLN or brainstem/obex IHC analysis or both, while 19
(32.2%) of 59 bulls were considered positive. Forty (43.5%) of 92
animals that had a PrP 132MM genotype were CWD positive in
the obex or RLN by IHC analysis, and 33/40 (82.5%) were
RAMALT positive by IHC analysis. Four (14.2%) of 28 132ML elk
were CWD positive by postmortem obex/RLN analysis, and just
1/4 was identified by positive follicular staining of RAMALT in
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FIG 2 THC detection of PrP“"? in brainstem (obex) and RAMALT samples
by previously described protocols. Panels: A, CWD-negative obex section of an
elk from RMNP; B, obex section of an elk from RMNP showing heavy accu-
mulation of material staining positive for PrP“"V?; C, RAMALT biopsy speci-
men from an elk from RMNP showing negative staining for PrP<"V2; D, CWD-
positive RAMALT biopsy specimen from an elk from RMNP showing heavy
accumulation of material staining positive for PrP“"". IHC analysis was per-
formed with anti-prion 99 antibody (Ventana Medical Systems, Tucson, AZ).
Bars = 250 wm.

IHC analysis. Elk identified as positive postmortem had obex
scores ranging from 0 to 4 (Tables 1 and 2).

Of the animals sampled at RMNP, five were identified as CWD
positive by RAMALT IHC analysis and eventually confirmed
through postmortem IHC analysis of the brainstem and RLN. All
brainstem/obex samples of CWD-positive free-ranging cow elk
were considered highly positive, indicating disseminated infec-
tion and central nervous system accumulation of PrP“"™ at the
time of euthanasia or death (Fig. 2A and B). Four of these
CWD-positive animals were homozygous for methionine at
PRNP codon 132 (132MM), while a fifth was heterozygous at
this position (132ML).

RT-QulC analysis of RAMALT biopsy specimens. Biopsy
specimens from 34/120 farmed elk were positive by RT-QuIC in
3/3 replicates in two separate experiments. Of these RT-QuIC-
positive biopsy specimens, 33 were also positive by IHC analysis,
though there was an additional specimen positive by IHC analysis
that was RT-QulC negative; RAMALT RT-QulIC correlated 96%
with RAMALT IHC analysis (Tables 2 and 3) in this group.

Initial biopsy specimens from 5/136 elk from RMNP (each
positive by IHC analysis) showed evidence of prion amplification
in 3/3 replicates in two separate experiments (Table 2). None of
the 39 animals sampled on recapture or of the 28 sampled from
TRNP were considered positive by RT-QulC or IHC analysis.

RT-QulIC analysis of nasal brush samples. Nasal brush sam-
ples collected from 120 farmed elk in Canada, 69 elk in RMNP,
and 16 in TRNP were analyzed by a modified RT-QulC assay as
described above. Brush samples collected from farmed elk were
positive in 15/120 (12.5%, KSU) or 14/120 (11.7%, RML) cases.
Spearman correlation of the results from the two institutions was
significant, with a coefficient of 0.883 (P < 0.001). Initial brush
samples collected from 2/66 elk from RMNP—animals whose
RAMALT samples were positive by IHC analysis and whose brain-
stems were positive by RT-QuIC and IHC analysis—produced
amplification in 3/3 replicates, in two separate experiments. In
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TABLE 2 Summary of testing data for farmed and free-ranging elk”

Antemortem Amplification of CWD Prions in Elk

No. No.
negative positive No. with IHC analysis of: No. with obex score of: No. tested byRT-QulIC
NB
RLN™ RLN™
Group M F M F RAMALT RLN Obex Obex ™ Obex™ 0 1 2 3 4 RAMALT KSU RML
Canada
132MM 26 26 18 22 33 37 35 5 3 5 3 2 10 20 33 15 14
132ML 14 10 1 3 1 4 1 3 0 3 1 0 0 0 1 0 0
RMNP
132MM  NA® NA 4 4 4 4 0 0 NA 4 2b 2b
132ML NA NA 1 1 1 1 0 0 NA 1 0 0

“ Ante- and postmortem RT-QulC and THC test results were highly correlative. Testing of RAMALT and nasal brushing (NB) samples also correlated highly with both the obex
score and the PRNP genotype at position 132. All animals positive by RAMALT testing were also positive by RLN THC analysis, while some obex-positive animals were RLN
negative and vice versa. Neg, chronic wasting disease negative; Pos, chronic wasting disease positive; M, male; F, female.

b These positive samples were from a subpopulation of the overall sample population of free-ranging elk, and represented the only two positive elk for which nasal brushings were

acquired.
¢ NA, not available.

this subgroup of the larger group of RMNP elk, no other CWD-
positive animals were identified through analyses of ante- or
postmortem tissues (i.e., these two positive nasal brushings
represented the only CWD-positive animals in this subgroup).
Likewise, no positive elk that represented RMNP recaptures
(0/3) or those sampled from TRNP (0/16) were identified (Fig.
3; Table 2).

Correlation of RT-QulC results with RAMALT, RLN, and
obex THC analysis results; obex scores; and PRNP genotypes.
There was a positive correlation (96%) between RAMALT RT-
QulC and THC analysis results for farmed elk in Canada, an RT-
QulIC result obtained with RAMALT from a single animal that
failed to detect PrP“"" that was identified by RAMALT IHC anal-
ysis and vice versa. RT-QulC results obtained with RAMALT were
negatively correlated with an obex score of 0 (—92%) but posi-
tively correlated with obex scores of 3 (48%) and 4 (71%). RT-
QulIC results obtained with RAMALT were positively correlated
with the 132MM genotype (30%) but negatively correlated with
the 132ML genotype (—30%). RT-QulIC results obtained with
nasal brush samples were not as reliable in detecting PrP<"® as
RT-QuIC results obtained with RAMALT in comparison with
RLN and brainstem/obex IHC analyses at 52 and 58%, respec-
tively. However, RT-QulC results obtained with nasal brush sam-
ples were negatively correlated (—58%) with an obex score of 0
but positively correlated (64%) with an obex score of 4 (Fig. 4 and
5 Table 3).

DISCUSSION

The geographic distribution and/or detection of CWD has been
progressively expanding in captive and free-ranging populations
since its initial documentation in Colorado and Wyoming nearly
50 years ago (4, 60). Increased surveillance efforts during the past
several years have led to the detection of new cases in U.S. states
previously thought to be outside the area where CWD is endemic
(e.g., Texas, lowa, and Pennsylvania in 2012 and Ohio in 2014)
(9-11). As this devastatingly fatal disease spreads across the
United States and beyond, the importance of highly sensitive an-
temortem detection becomes increasingly evident. This study
sought to evaluate the use of RT-QuIC as a fast, efficient, and
highly sensitive PrP“"'" detection assay, with the incorporation of
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RAMALT and nasal brush samples as useful antemortem target
samples.

The results of this study support the hypothesis that RAMALT
RT-QulC exhibits a sensitivity comparable to that of RAMALT
THC analysis for the antemortem detection of CWD infection in
elk. Of the 49 animals identified postmortem as CWD positive in
the present study, RT-QuIC found seeded amplification in 39
RAMALT biopsy specimens collected antemortem—revealing a
sensitivity of 79.6% compared to postmortem testing. No animal
considered negative through postmortem testing was positive by
antemortem RT-QuIC, indicating a high specificity for CWD in-
fection. With further development, it seems possible that RT-
QulC could have the potential for continued improvement in
sensitivity over conventional methods, and while it is seemingly
approaching the limits of sensitivity with RAMALT samples, it
may prove useful for the identification of CWD prions in other
antemortem samples. This is highlighted by the significant prog-
ress made in the field of RT-QulC analysis within the last several
years, demonstrating its utility for the identification of prion seed-
ing activity in a multitude of tissues, including CSF, urine, saliva,
blood, brain, lymph node tissue, and nasal lavage fluid/swabs (21,
38, 39, 47, 49-54). Additionally, intraassay variability has proven
to be low (23, 61), and with the ability to run a large number of
samples simultaneously, generating rapid (<24 h), quantita-
tive results, RT-QulIC is a fast, easy, and user-friendly assay
with potential for widespread application in CWD research
and monitoring.

While confirming its limitations, this study offers additional
support for the use of RAMALT as diagnostic tissue. There have
been a number of previous studies of elk demonstrating the
sensitivity of RAMALT compared to postmortem evaluation
(27,37, 58), making this a potentially useful antemortem sam-
ple for understanding the epizootiology of the disease and for
management of captive herds in areas where CWD is endemic.
While lymphoid follicle counts in RAMALT biopsy specimens
have been shown to decline with age (62) and the sensitivity of
RAMALT is decreased in cases of early infection (25, 27, 58)
and in animals with specific PRNP alleles, these limitations
should not preclude the continued evaluation of RAMALT as
an antemortem testing tissue. Ultimately, shortcomings in sen-
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FIG 4 Prevalence of CWD in farmed elk PRNP 132 alleles based on RT-QuIC amplification of nasal brush (NB) samples, RAMALT biopsy (RB) specimens, or
postmortem (PM) IHC analysis. CWD was more prevalent in 132MM elk; higher sensitivities in RAMALT biopsy specimens and nasal brush analyses were also
observed in this genotype.

Recently, additional large- and small-scale depopulation ef-  proven successful (65, 66). In many cases, however, depopula-
forts have been undertaken to reduce the impact of CWD in tion efforts were unable to control the spread of CWD in sus-
captive and free-ranging cervid herds. In some cases, where the  ceptible populations (67, 68). With the demonstrated link be-
incidence of CWD is likely to have been low, these efforts have tween PRNP alleles, susceptibility, and antemortem test
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FIG 5 Associations of obex scores with antemortem testing and the genetic background of farmed elk. As obex scores increased, a greater proportion of positive
132MM animals was observed, along with a higher sensitivity observed through both nasal brush and RAMALT biopsy specimen analyses. NB, nasal brush
analysis by RT-QulIC; RB, RAMALT biopsy specimen analysis by RT-QulIC; GT, 132MM allele proportion among animals identified as CWD positive.

April 2016 Volume 54 Number 4 Journal of Clinical Microbiology jem.asm.org 1123



http://jcm.asm.org



Haley et al.

sensitivity, a combination of antemortem testing, genetic
screening, and selective breeding in farmed herds may help
reduce the dependence on depopulation regimes. Future ante-
mortem test developments would prove critical in cases of
cervid trade, relocation, or reintroduction, in which case eu-
thanasia and postmortem testing are not an option. The unin-
tentional transfer of CWD between Canada and the Republic of
Korea, for example, might have been prevented if a perfectly
sensitive antemortem test had been available (7). CWD control
in free-ranging cervid herds presents a more complex problem
because of animal inaccessibility and seasonal migration. The
incorporation of antemortem testing strategies could be bene-
ficial, however, when prevalence rates are high or depopulation
efforts are contraindicated, as with protected herds. Despite the
lower sensitivity of antemortem samples compared to post-
mortem tissue collection, antemortem tests remain an impor-
tant tool for monitoring prevalence, mitigating spread of the
disease, and developing an expanded understanding of CWD
resistance.

In summary, we report the antemortem detection of prion
seeding activity by RT-QuIC in RAMALT and nasal brush samples
collected from CWD-positive elk. Seeded amplification results
from antemortem samples were comparable to those arrived at by
IHC analysis with common samples, though both were less sensi-
tive than postmortem testing. As has been reported previously, the
stage of clinical disease and the PRNP genotype can have a strong
influence on antemortem test sensitivity—a finding that could
directly translate to efforts to identify preclinical patients at risk of
CJD. Although significantly less sensitive than RAMALT biopsy
specimen testing, nasal brushing offers the benefits of ease of sam-
ple collection, reduced trauma, and simplicity in its use of dispos-
able equipment and sample processing. The employment of ante-
mortem sample collection and testing would be beneficial in
better understanding of CWD in cervids across North America,
especially as diagnostic techniques—including the RT-QulC
assay—improve.
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Introduction

The goal of the CWD Herd Certification Program (HCP) is to provide a consistent,
national approach to control the incidence of CWD in farmed cervids and prevent the
interstate spread of CWD. Achieving this goal will ultimately result in several important
long-term outcomes, including:

1) Healthy cervids (both farmed and wild populations) with a reduced risk of CWD.
2) Increased confidence that HCP-certified herds are low risk for CWD infection.
3) Strong trade of cervid animals and products (increased market confidence).

4) Reduced risk of transmission from, and environmental contamination by, CWD-
positive herds.

The HCP is a cooperative effort between the Animal and Plant Health Inspection
Service (APHIS), regulatory State animal health and wildlife agencies, and farmed
cervid owners. APHIS coordinates with these State agencies to encourage cervid
owners to certify their herds and comply with the CWD Herd Certification Program
Standards.

This goal is accomplished through the establishment of the national CWD herd
certification program and interstate movement requirements for CWD-susceptible
cervids found in title 9 of the Code of Federal Regulations (CFR) parts 55 and 81.
These regulations are written as performance-based regulations that describe the
legally required outcomes.

The Program Standards provide detailed descriptions of acceptable methods for
complying with the legal requirements in 9 CFR parts 55 and 81.:

Part A, Herd Certification Program, describes acceptable methods to meet the
minimum requirements to certify farmed cervid herds for interstate movement.

Part B, Guidance on Response to CWD, describes acceptable methods to meet the
minimum requirements to respond to the finding of CWD in farmed cervid herds.

The methods in these Program Standards have been approved by the APHIS
Administrator. Alternatively, States may propose other methods/approaches to meet the
regulatory requirements. These alternative proposals should be submitted in writing to
APHIS for approval. States may also have additional or stricter requirements that
exceed the minimum requirements described in the CWD regulations and do not need
to be submitted in writing.

These Program Standards will be reviewed regularly by APHIS and, as appropriate,
representatives of the cervid industry and State and Federal agencies. A notice will be
published in the Federal Register to inform stakeholders of any revisions APHIS plans
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to the Program Standards.
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Definitions

Accredited Veterinarian: A veterinarian approved by the Administrator in accordance
with 9 CFR part 161 to perform functions required by cooperative State-Federal disease
control programs specified in title 9 CFR.

Administrator: The Administrator of the Animal and Plant Health Inspection Service, or
any person authorized to act for the Administrator.

Animal: Any farmed or captive deer, elk, or moose.

Animal Identification Number (AIN): A numbering system for the official identification
of individual animals in the United States that provides a nationally unique identification
number for each animal. The AIN consists of 15 digits with the first 3 being the country
code (840 for the United States or a unique country code for any U.S. territory that has
such a code and elects to use it in place of the 840 code).

Animal and Plant Health Inspection Service (APHIS): The Animal and Plant Health
Inspection Service of the United States Department of Agriculture.

Annual Removal Rate: All adults (12 months or older) removed or lost from
inventory for any reason since the previous annual inventory. For example: If 100
animals were on the previous year inventory, and 80 of the same animals are on the
current inventory is equal to a 20% annual removal rate. ((100-80)/100)=20%

APHIS Employee: Any individual employed by APHIS who is authorized by the
Administrator to do any work or perform any duty in connection with the control and
eradication of disease.

Approved State: A State determined by the Administrator to have an Approved State
CWD Herd Certification Program per 9 CFR part 55.

Approved State CWD Herd Certification Program: A program operated by a State
government for certification of cervid herds with respect to CWD the Administrator has
determined meets the requirements of 9 CFR part 55.

Approved Laboratory: A diagnostic laboratory approved by the Administrator to
conduct official tests for CWD in accordance with 9 CFR 55.8.

Assistant District Director (AD): The APHIS veterinary official assigned by the
Administrator to supervise and perform the official APHIS animal health work in the
APHIS District and corresponding State or States.

Certified Herd: A herd that has enrolled in a Herd Certification Program and has
attained Certified status as defined in 9 CFR part 55.
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Certified CWD Sample Collector: An individual who has completed appropriate
training and is certified by his or her State to perform collection, submission, and
preservation of samples for CWD testing in farmed cervids.

Cervid: All members of the family Cervidae and hybrids, including deer, elk, moose,
caribou, reindeer, and related species. For the purposes of this document, the term
“cervid” refers specifically to cervids susceptible to CWD. These are animals in the
genera Odocoileus, Cervus, Alces, and their hybrids, i.e. deer, elk, and moose.

NOTE: APHIS proposes to amend the CFR in the future by removing the list of
susceptible species from the definition of “cervid” and instead listing the genera
APHIS considers susceptible to CWD. In anticipation of this change, we are
adding a definition of “CWD-susceptible cervid species” to this revision of the
Program Standards.These changes will give APHIS more flexibility to change the
list of species considered susceptible to CWD as evidence becomes available.

Chronic Wasting Disease (CWD): A transmissible spongiform encephalopathy of
cervids. Clinical signs in affected animals include, but are not limited to: Loss of body
condition, behavioral changes, excessive salivation, increased drinking and urination,
depression, and eventual death.

Commingled, Commingling: Animals are commingled if they have direct contact with
each other, have less than 10 feet of physical separation, or share equipment, pasture,
or water sources/watershed (i.e., indirect contact). Animals are considered to have
commingled if they have had such contact with a CWD-positive animal or contaminated
premises within the last 5 years.

CWD-Exposed Animal: An animal that is part of a CWD-positive herd, or that has been
exposed to a CWD-positive animal or contaminated premises within the previous 5
years.

CWD-Exposed Herd: A herd in which a CWD-positive animal has resided within 5
years prior to that animal’s diagnosis with CWD, as determined by an APHIS employee
or State representative.

CWD Herd Certification Program: This program, established in 9 CFR part 55.
CWD-Positive Animal: An animal that has had a diagnosis of CWD established
through official confirmatory CWD testing conducted by the National Veterinary Services
Laboratories (NVSL).

CWD-Positive Herd: A herd in which a CWD-positive animal resided at the time it was
diagnosed which has not been released from quarantine.

CWD-Susceptible Cervid Species: APHIS identifies CWD-susceptible species based
7
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on scientific evidence of natural infection or experimental infections through intranasal
and/or oral routes. This includes animals in the genera Odocoileus, Cervus, and Alces
and their hybrids, i.e. deer, elk, and moose. Specifically, the following are considered to
be susceptible to CWD: White-tailed deer (Odocoileus virginianus), mule deer
(Odocoileus hemionus), black-tailed deer (Odocoileus hemionus columbianus), and any
associated subspecies. It also includes North American elk or wapiti (Cervus
canadensis), red deer (Cervus elaphus), and Sika deer (Cervus nippon).

NOTE: APHIS proposes to amend the definition of “cervid” in the CFR in the near
future by removing the list of susceptible species from the definition. To
accommodate this future change, we are adding the definition of “CWD-
susceptible cervid species” to this revision of the Program Standards. In the
future, APHIS anticipates adding the genera Rangifer and Muntiacus to the list of
CWD-susceptible species when the CFR is amended.

CWD-Suspect Animal: An animal for which an APHIS employee or State
representative has determined that unofficial CWD test results, laboratory evidence, or
clinical signs suggest a diagnosis of CWD, but for which official laboratory results have
been inconclusive or not yet conducted.

CWD-Suspect Herd: A herd for which unofficial CWD test results, laboratory evidence,
or clinical signs suggest a diagnosis of CWD, as determined by an APHIS employee or
State representative, but for which official confirmatory laboratory results have been
inconclusive or not yet conducted.

Deer, Elk, and Moose: All animals in the genera Odocoileus, Cervus, Alces, and
hybrids of these species.

Deputy Administrator: The Veterinary Services (VS) Deputy Administrator or any
other official to whom the Administrator has delegated authority to act as the Deputy
Administrator.

Designated CWD HCP Coordinator: The epidemiology officer designated by the State
to coordinate CWD HCP activities in the State, in accordance with 9 CFR 55.23. The
coordinator may be a State representative selected by the State or an APHIS employee
identified in consultation with APHIS.

Enrollment Date: The enrollment date for any herd that joins the CWD Herd
Certification Program after August 13, 2012 will be the date the herd is approved for
participation unless an exception listed in 9 CFR 55.22(a)(1) applies.

Enrolled Herd: A herd that has enrolled in a Herd Certification Program and met
the minimum requirements defined in 9 CFR part 55.
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Epidemiologically-Linked Herd: Herds are epidemiologically-linked if the
investigation determines that the CWD-exposed animal(s) have resided with a CWD-
positive animal within 5 years prior to the diagnosis of CWD in the positive herd or
from the identified date of entry of CWD into the positive herd and have since moved
to or through other herds, Those herds are then considered to be epidemiologically
linked. An Epidemiological-linked herd can be a Trace-back Epi-linked, Trace-
forward Epi-linked or Pass-through Epi-linked.

Farmed or Captive: Privately or publicly maintained, or held for economic or other
purposes, within a perimeter fence or confined area, or captured from a free-
ranging population for interstate movement and release.

Herd: One or more animals that are:

1) Under common ownership or supervision and are grouped on one or more parts of
any single premises (lot, farm, or ranch) or

2) All animals under common ownership or supervision on two or more premises which
are geographically separated but on which animals have been interchanged or had
direct or indirect contact with one another (i.e. commingled).

Herd Inventory: A herd owner’s written or electronic record of all of the animals
belonging to a herd including each animal’s species, date of birth, age, sex, date of
acquisition and source (for animals not born into the herd), date of disposal and
destination (for animals removed from the herd), and all individual identification
numbers (from tags, tattoos, electronic implants, etc.). A physical herd inventory refers
to the process by which an APHIS employee, State representative, or accredited
veterinarian reconciles a herd owner’s records with the animals and their identifications
physically present in the herd.

Herd Plan: A written herd and/or premises management agreement developed by
APHIS in collaboration with the herd owner, State representatives, and other affected
parties. The herd plan will not be valid until it has been reviewed and signed by the
Administrator, the State representative, and the herd owner. A herd plan sets out the
steps to be taken to control spread of CWD from a CWD-positive herd, to control the
risk of CWD in a CWD-exposed or CWD-suspect herd, or to prevent introduction of
CWD into that herd or any other herd. A herd plan will require specified means of
identification for each animal in the herd; regular examination of animals in the herd by
a veterinarian for clinical signs of disease; reporting to a State or APHIS representative
of any clinical signs of a central nervous system disease or chronic wasting condition in
the herd; maintaining records of the acquisition and disposition of all animals entering or
leaving the herd, including the date of acquisition or removal, name and address of the
person from whom the animal was acquired or to whom it was disposed; and the cause
of death, if the animal died while in the herd.

A herd plan may also contain additional requirements to prevent or control the possible
spread of CWD, depending on the particular circumstances of the herd and its
premises, including but not limited to depopulation of the herd, specifying the time for
which a premises must not contain cervids after CWD-positive, -exposed, or —suspect
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animals are removed from the premises; fencing requirements; selective culling of
animals; restrictions on sharing and movement of possibly contaminated livestock
equipment; premises cleaning and disinfection requirements; or other requirements. A
herd plan may be reviewed and changes to it suggested at any time by any party
signatory to it, in response to changes in the situation of the herd or premises or
improvements in understanding the nature of CWD epidemiology or techniques to
prevent its spread. The revised herd plan will become effective after it is reviewed by
the Administrator and signed by the Administrator, the State representative, and the
herd owner.

Herd Status: The status of a herd assigned under the CWD Herd Certification Program
in accordance with 9 CFR 55.24. Herd status is based on the number of years of
monitoring without evidence of the disease and any specific determinations that the
herd has contained or has been exposed to a CWD-positive, -exposed, or -suspect
animal.

Hunt Facility: A privately owned ranch or other premises selling commercial hunts.

Limited Contact: Any brief, incidental contact between cervids from different herds
such as occurs in sale or show rings and alleyways at fairs, livestock auctions, sales,
shows, and exhibitions. Limited contact does not include penned animals having less
than 10 feet of physical separation or contact through a fence; or any activity where
uninhibited contact occurs such as sharing an enclosure, a section of a transport
vehicle, sharing equipment, food, or water sources; or contact with bodily fluids or
excrement.

Location-Based Numbering System: The location-based number system combines a
State- or Tribal-issued location identification (LID) number or a premises identification
number (PIN) with a producer’s unique livestock production numbering system to
provide a nationally unique and herd unique identification number for an animal.

Official Animal Identification: A device or means of animal identification approved for
use by APHIS to uniquely identify individual animals. Examples of approved official
animal identification devices are listed in 9 CFR 55.25. The official animal identification
must include a nationally unique animal identification number that adheres to one of the
following numbering systems:

1) NUES (the CWD program allows the use of either the eight-character or nine
character format for cervids);

2) AIN;

3) Premises-based number system, which combines an official PIN with a producer’s
livestock production numbering system (both must appear on the official tag) to
provide a unique identification number; or

4) Any other numbering system approved by the Administrator for the identification of
animals in commerce.
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Official CWD Test: Any test for the diagnosis of CWD approved by the Administrator
and conducted in a laboratory approved by the Administrator in accordance with
9 CFR 55.8.

Owner: An individual, partnership, company, corporation, or other legal entity that has
legal or rightful title to an animal or herd of animals.

Pass -through Epi-linked Herd: A herd in which a CWD-exposed animal has resided
within the last 5 years but no longer resides.

Premises: A location where livestock or poultry are housed or kept.

Premises identification number (PIN): A nationally unique number assigned by a
State, Tribal, and/or Federal animal health authority to a premises that is, in the
judgment of the State, Tribal, and/or Federal animal health authority, a geographically
distinct location from other premises. The premises identification number is associated
with an address, geospatial coordinates, and/or location descriptors which provide a
verifiably unique location. The premises identification number may be used with a
producer’s own livestock production numbering system to provide a unique identification
number for an animal. It may also be used as a component of a group/lot identification
number. The premises identification number may consist of:
1) The State’s two-letter postal abbreviation followed by the premises’ assigned
number or
2) A seven-character alphanumeric code, with the right-most character being a check
digit. The check digit number is based on the ISO 7064 Mod 36/37 check digit
algorithm.

Quarantine (or Hold Order): An order issued by a State restricting movement of
animals from or onto a premises for a given period of time.

State Representative: A person regularly employed in the animal health work of a
State and who is authorized by the State to perform the function involved. This could
include a wildlife agency official.

Status Date: The day, month, and year on which the respective State or APHIS
employee approves a change in the status of a herd in regard to CWD.

Suspect Positive CWD Test: The result of an approved CWD test conducted at an
approved laboratory in which the presumptive identification of abnormal protease
resistant prion protein (PrP™®) has been detected in the tissue samples and that result
must be confirmed positive by NVSL.

Suspended Status: A temporary status given to a herd that is being epidemiologically
assessed for CWD-exposure.
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Veterinary Services (VS): The APHIS unit authorized to conduct prevention, control,
and eradication programs for diseases of livestock and poultry.
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Part A. Herd Certification Program

1. State Participation
1.1 Participating Approved State: Application and Requirements

States must submit an application, including a completed VS Form 11-2 and supporting
documentation, describing their ability to meet the national CWD HCP requirements. In
reviewing a State’s eligibility to be designated as an Approved State, the Administrator
or designee will evaluate the State statutes, regulations, and policies pertaining to the
State agency responsible for farmed or captive cervids, as well as relevant reports and
publications of the State animal health and/or wildlife agencies. The Administrator or
designee will also review a written statement from the State representative describing
their CWD control and cervid herd certification activities in farmed or captive cervids.
When assessing whether the State program qualifies, the Administrator or his or her
designee determines whether the State:

1) Has the authority, based on State law or regulation, to quarantine and restrict
intrastate movement of all CWD-positive, CWD-suspect, and CWD-exposed
animals.

2) Has the authority, based on State law or regulation, to require the prompt
reporting of any animal suspected of having CWD; and to forward test results for
any animals tested for CWD to APHIS employees and State representatives.

3) Has signed a Memorandum of Understanding (MOU) with APHIS that delineates
the respective roles of each party in CWD HCP implementation. A link to the
MOU template can be found in Appendix I.

4) Has placed all known CWD-positive, CWD-exposed, and CWD-suspect animals
and herds under movement restrictions, allowing movement only for destruction
with appropriate carcass disposal, or under permit.

5) Has effectively implemented policies to:

A. Promptly investigate all animals reported as CWD-suspect animals within 7
business days of official notification to the State.

B. Designate herds as CWD-positive, CWD-exposed, or CWD-suspect and
promptly restrict movement of animals from such herds after an APHIS
employee or State representative determines that the herd contains or has
contained a CWD-positive animal.

C. Remove herd movement restrictions only after completion of a herd plan.
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D. Conduct an epidemiological investigation of CWD-positive, CWD-exposed,
and CWD-suspect herds that includes the designation of suspect and
exposed animals in accordance with 9 CFR part 55 and Part B of these CWD
Program Standards).

E. Initiate and conduct epidemiological investigations to trace movements of
CWD-positive animals and CWD-exposed animals in affected herds.

F. Report, within 45 calendar days following notification of a CWD-positive
animal, any out-of-State traces to the appropriate State representative and
APHIS employee.

G. Conduct epidemiological investigations on trace movements based on
slaughter sampling. Investigation should be initiated promptly following
notification of a CWD-positive animal atslaughter.

6) Effectively monitors and enforces State quarantines or hold orders and State
reporting laws and regulations for CWD, documenting any noncompliance with
guarantines, hold orders, or reporting.

7) Has designated at least one State representative to coordinate CWD HCP
activities in the State.

8) Has programs to educate those engaged in the interstate movement of farmed or
captive cervids regarding the identification and recordkeeping requirements of
9 CFR part 81.

9) Requires, based on State law or regulation, official identification of all animals in
herds participating in the CWD herd certification program, effectively enforces
this requirement, and documents any noncompliance with this requirement.

10)Maintains the following information in a State database recognized by the

Administrator as meeting the following data requirements in an accurate and

timely manner:

A. Premises information, assigned premises numbers, and owner information
(location, address, and contact information) for all farmed or captive cervid
herds patrticipating in the CWD HCP in the State.

B. Program status of all enrolled herds.

C. Any restrictions to herd statuses including designation as a CWD-positive,
exposed, suspect or epidemiologically linked to a positive herd.

D. All program actions such as changes to herd status, depopulation, and
adoption of herd plans.
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E. Individual animal information on all farmed or captive cervid herds
participating in the CWD HCP in the State.

F. Individual animal information on all out-of-State farmed or captive cervidsto
be traced.

11)Requires that tissues from all CWD-exposed and suspect animals from affected
herds that die or are depopulated or are otherwise killed be submitted to a
laboratory authorized by the Administrator to conduct official CWD tests.

12)Requires appropriate disposal of the carcasses of CWD-positive, CWD-exposed,
and CWD-suspect animals.

13)Enforces all testing and disposal requirements, and documents any
noncompliance.

14)Ensures that herds comply with program requirements including physical herd
inventories at least every 3 years, annual herd and premises inspections, and
verification of required CWD surveillance.

1.2 Provisional Approval

Provisional approval may be granted to States that do not meet all the national CWD
HCP minimum requirements on application to the program. APHIS and the State will
work to develop a plan with an appropriate time frame to meet program requirements.

1.3 Annual HCP Reports from Approved States

Comprehensive annual reports of HCP status and activities of enrolled herds are
provided to the respective APHIS District Field Office for review and endorsement for
the year beginning Julyl through June 30. The report will be submitted along with an
application for Chronic Wasting Disease HCP approval, renewal or reinstatement of a
state (VS Form 11-2).The annual report and VS 11-2 will be reviewed and signed by the
Assistant Director and a designated State representative and submitted to the Cervid
Health program staff. The reports will be used to monitor compliance with HCP program
requirements and disease control efforts in Approved States.

The Cervid Health Program staff will provide guidance to States on annual reporting
formats prior to the end of the reporting period. The following data will be included in
the Annual HCP reports:

1) Enrolled herds—by State and certification status, species, number of animals in
each herd, and number inspected.

2) CWD samples and tests—number of animals tested during the reporting period,
species, herd type (breeder, hunting operation, etc.) and test results. CWD-
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3)

4)

positive herds—under quarantine, depopulated and released from quarantine, not
under quarantine, under herd plans, number of animals in each herd.

CWD-exposed herds—under quarantine, depopulated and released from
guarantine, not under quarantine, under herd plans, number of animals in each
herd.

Epidemiological information—Intrastate and interstate trace animal movements of
CWD-exposed animals initiated, pending, and completed.

1.4 Review of Approved State HCP

In addition to annual review of HCP reports, APHIS may also periodically review an
Approved State’s CWD HCP program. States may be reviewed on request by APHIS or
the Approved State. Review activities may include:

1)

2)

3)

4)

5)

Evaluating State program activities to verify compliance with Federal
requirements and identifying opportunities for programimprovement.

Evaluating enrolled herd owner compliance with HCP requirements including
reviewing laboratory reports, herd inventories, surveillance sampling, and other
records and documents.

Reviewing reports and records related to epidemiological investigations of CWD-
positive, CWD-exposed, or CWD-suspect herds.

Assessing compliance and completeness of data entered into an approved State
database.

Conducting site visits as necessatry.

APHIS will issue a summary report to the Approved State that will include the findings of
the review including recommendations to achieve compliance with the National HCP
Program or to improve the overall effectiveness and efficiency of the program in the
State. APHIS will work with States to develop a plan to respond to the findings, and a
specified period of time to complete any proposed actions.

1.5 Withdrawal of State Approval

APHIS may withdraw State approval if the State’s action plan to achieve compliance is
not completed or not completed during the specified period of time agreed on by APHIS
and the State. The State may reapply for State approval once they can meet all the
national CWD HCP minimum requirements.
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2. Herd Participation

2.1 Participating Herd: Requirements for Enrollment

The requirements for participation in the national CWD HCP are found in 9 CFR part 55

subpart B.

1) Herd owners already participating in an Approved State CWD HCP will maintain
the same enrollment date for the National CWD HCP as the first date that the
herd participated in the Approved State program.

2)

Herd owners enrolled in the Approved State CWD HCP agree to maintain their
herds in accordance with the following requirements:

A.

Each animal in the herd must be identified before reaching 12 months of age
using means of identification described in Section A 3.2 of these Program
Standards.

The herd premises must have perimeter fencing adequate to prevent ingress
or egress of cervids. This fencing must comply with any applicable State
regulations, and follow the guidance provided in Section A 4 of these Program
Standards.

The owner must immediately report all deaths of farmed or captive cervid
aged 12 months or older (including animals killed on premises maintained for
hunting, and animals sent to slaughter) to a State or to an APHIS employee..
However, State representatives or APHIS employees may approve mortality
reporting schedules other than immediate notification when herd conditions
warrant it in the opinion of both APHIS and the State.

Carcasses of animals must be made available for tissue sampling and testing
in accordance with instructions from the State representative or APHIS
employee.

Herd inventory records should be updated and reconciled at least annually
and submitted to the Approved State representative.

The owner must immediately report from time of discovery any animals that
escape, disappear, or are otherwise missing from the premises to a State
representative or an APHIS employee. States may routinely allow up to 72
hours for reporting such incidents. This also may allow time for the herd
owner to recapture the animal and work with the Approved State for
decisions on disposition of the animal or animals. Likewise, entry of any wild
cervids into the facility should also be reported as above.

17





Chronic Wasting Disease Program Standards

G. Records, including a complete inventory of animals, must be kept in
accordance with Section A 3.3 of these Program Standards. Herd owners
must make animals and records available to accredited veterinarians, APHIS
employees, or State representatives for inspection. Owners are responsible
for assembling, handling, and restraining animals for physical herd inventories
or other inspections under conditions that will allow the accredited
veterinarian, APHIS employee, or State representative to safely read all
identification on the animals. The owners are responsible for the costs that
may be incurred to present the animals for inspection and must agree that
any liability or injury to the animals during handling rests with the owner.

Farmed cervids commingled (see definition) with other farmed cervids
assume the status of the lowest program status animal in the group. If an
owner wishes to maintain two or more separate herds (see definition), he or
she must maintain separate herd inventories, records, working facilities, water
sources, equipment, and land use. There must be a buffer zone or
geographic zone of at least 30 feet between the perimeter fencing around the
separate herds, and no commingling of animals may occur. Movement of
animals between herds must be recorded as if they were separately owned
herds.

H. New animals may be introduced into the herd only from other herds enrolled
in the CWD herd certification plan and under the conditions outlined in
Section A 2.3.

Failure to comply with any of the listed HCP requirements will affect the herd status and
could result in suspension or removal from the national CWD HCP.

2.2 Herd Owner Enrollment and Advancement

The enrollment date will be the day, month, and year in which an owner’s herd is
officially enrolled in the HCP. This date is important because it will be used to calculate
when herds may advance to a higher herd status under the HCP after completing
successive years without CWD being diagnosed in the herd. For a herd that only adds
animals from herds with the same or greater status, the enrollment and status dates will
remain the same. However, if a herd adds animals from a herd with a lesser status the
enroliment and status dates for the receiving herd will reflect the lowest status date. The
enrollment date is a fixed date, while the status date may change based on herd
additions or status progress.

When initially enrolled in an Approved State CWD HCP all herds will be placed in First
Year status. Each year, on the anniversary of the enrollment date or status date
(whichever is later) of meeting the HCP requirements, the herd status is upgraded by 1
year; i.e., Second Year status, Third Year status, Fourth Year status, and Fifth Year
status. After 5 continuous years of compliance (the end of the Fifth status year) with no
findings of CWD in the herd, the herd status is changed to Certified. The herd remains
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in Certified status as long as continuous enroliment is maintained in the program and
the herd continues to meet all of the program requirements. Enrolled herds that have
achieved Certified status are eligible to move interstate in accordance with 9 CFR 81.3.

Herds that are established and sourced solely from other Certified herds will be enrolled
as Certified herds and must continue to demonstrate compliance with program
requirements to maintain Certified status.

Eligibility for advancement from one status to the next is based on compliance with
program requirements, including the submission of surveillance samples. Should the
herd owner not be in compliance with 9 CFR part 55, State representatives and APHIS
employees may withhold advancement, lower, suspend, or revoke the status.

2.3 Additions of Animals to a Herd: Effects on Status

A herd may add animals from herds with the same or a greater status in the national
CWD HCP with no negative impact on the status of the receiving herd.

If animals are acquired from a herd with a lesser status, the receiving herd reverts to the
lower status. If a herd participating in the program acquires animals from a
nonparticipating herd, the receiving herd reverts to First Year status with a new status
date listed as the date of acquisition of the animal. The enroliment date in the national
CWD HCP would remain unchanged but the herd status level would be modified (and
modification date recorded).

If a herd acquires animals from herds with a lower or nonparticipating status, the owner
must notify a State representative or APHIS employee within 5 business days of such
acquisition. New herds assembled from multiple sources will be assigned the status
date of the lowest status herd.

Other sources of equivalent or higher status animals may include cervid herds enrolled,
at an appropriate level, from an CWD HCP in another country where APHIS recognizes
the HCP to be at least equivalent to the APHIS national CWD HCP.

2.4 Additions of Genetic Material (Germplasm) to a Herd: Effects on Status
There is currently no scientific evidence that germplasm may transmit CWD.

2.5 Inspections and Inventories
Inspections and physical herd inventories ensure herd compliance with HCP
requirements. Herds may not advance in status until the annual inspections have been
completed, submitted, reconciled, and approved. Inspections are performed by a State

official, an APHIS employee, or an accredited veterinarian. Inspections are conducted
annually and physical herd inventories are conducted at least every 3 years.
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The inspector will:

At the Initial Inspection:

e Visually observe each cervid, and the herd as a whole, for signs of CWD.

e Verify and record the two unique animal identification numbers for each
individual, one of which is a nationally unique official animal identification
present on the date the herd is initially enrolled in the CWD HCP.

e The herd inventory must be performed not more than 12 months prior to the
herd’s date of enroliment.

e Confirm that the perimeter fencing is adequate to prevent ingress and egress of
cervids, is at a minimum 8 feet high, structurally sound, in good repair, and
complies with any applicable State regulations.

At the Annual Inspection:

Must be conducted 11 to 13 months after the last inspection.

The herd is visually observed for signs of CWD.

Records are examined for completeness and accuracy.

The herd inventory must be reconciled with the previous year’s inventory and

all dispositions and acquisitions must be documented.

o Verify that all sampling requirements have been met. If not, then document
missed or poor quality samples and describe action recommended.

¢ Inspect the perimeter fencing and document repairs if needed.

At the Physical Herd Inspection:

e Conducted no more than 3 years after the last complete physical herd
inventory.

e In addition to the items listed under the annual inspection, all identification will
be visually verified and matched to the herd’s written or electronic records.

e Animals may be temporarily gathered in pens or other means used for viewing.
Any animals in which ID cannot be visually inspected will need some form
of restraint for confirmation.

2.6 Loss of Certification Status
Herds will lose national herd certification status when the Administrator or a
designee, in consultation with the respective Approved State representative,
determines that the herd owner failed to comply with the program requirements.
2.7 Relocation of a Herd
If a herd moves, either within a State or to another State, it must meet all Approved
State intrastate or Federal interstate movement requirements. In addition, the

appropriate State representative or APHIS employee administering the Federal CWD
rule should be notified of the relocation within 30 days.
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2.8 Cancellation of Participation
Mandatory Cancellation

The Administrator, in concurrence with the Approved State, may cancel the enroliment
of a herd by giving written notice to the herd owner. The Administrator may cancel
enrollment after determining that the herd owner failed to comply with any HCP
requirements.

Before enrollment is canceled, an Approved State representative or an APHIS
employee will inform the herd owner of the reasons for the proposed cancellation and of
the 10-day appeal deadline. The herd owner may appeal the proposed cancellation in
writing to the Administrator within 10 business days after being notified. The appeal
must include all of the reasons and supportive evidence with documentation needed to
challenge the proposed cancellation. The Administrator may grant or deny the appeal in
writing as promptly as circumstances permit, stating the reason for his or her decision.
If there is a conflict as to any material fact, a hearing will be held to resolve the conflict.
The Administrator sets the rules of practice concerning the hearing.

In the event of cancellation, the herd owner may reapply to enroll in the national CWD
HCP but will not reach Certified status until 5 years after APHIS approves the herd
owner’s new application for enroliment regardless of the status of the animals in the
herd.

Voluntary Cancellation

An owner may decide to cancel participation in the CWD HCP at any time unless
otherwise required by State regulations or a signed herd plan. The cancellation should
be in writing to a State representative or APHIS employee. Owners who voluntarily
cancel their participation may re-enroll at any time as a First-Year status herd and will
receive a new enrollment and status date.
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3. Registration, Identification, and Recordkeeping

The regulatory authority for registration, recordkeeping, and identification for each
animal within enrolled herds is found in 9 CFR 55.23.

3.1 Premises ldentification
All participating premises must have a unique Premises Identification Number (PIN).
3.2 Animal Identification
In accordance with 9 CFR 55.25, all animals in the herd must be identified with two
unique animal identification numbers for each individual. One of these animal
identifications must be a nationally unique official animal identification.
The official animal identification must be a device using an APHIS-approved animal
identification numbering system that uniquely identifies individual animals. Information

on official animal identification and devices can be found on the APHIS Traceability
Web site.

The official animal identification device must be approved by APHIS, and must be a
legible ear tattoo, tamper-resistant ear tag, electronic implant, legible flank tattoo, or
other approved device. If a microchip is used and the animals are slaughtered under
State or Federal meat inspection it should be used in compliance with applicable State
or Federal regulations.

The official animal identification must be linked to that animal and herd in a State
database. The second animal identification must be unique for the individual
animal within the herd and also must be linked to the same animal and herd in the
State database. The unique Animal Identification Number may be used on two
separate identification devices on the same animal to fulfill the identification
requirements if desired.

Natural additions to the herd must be identified before 12 months of age. However, all
animals regardless of age must be properly identified as described in this section to
move interstate.

If, at the time of enroliment in the Approved State CWD HCP, identification of animals in
a herd does not meet the above criteria, the herd owner must bring the herd and animal
identifications into compliance as soon as possible on a schedule specified by the State
representative or APHIS employee.

APHIS recommends that all animal identification devices be visible on the animal from
an appropriate distance to allow visual verification of the identification number on the
device without animal restraint. Any animals in which identification cannot be visually
inspected will need some form of restraint for confirmation during physical herd
inventories.
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All animals from enrolled herds that are sent to hunt facilities must retain official
identification for surveillance testing.

In accordance with 9 CFR 86.4, removal of official identification devices is prohibited
except at the time of slaughter, at any location upon the death of an animal, or as
otherwise approved by the State or Tribal animal health official, or a VS Assistant
Director when a device needs to be replaced.

The Food and Drug Administration (FDA) Center for Veterinary Medicine regulates the
marketing of implantable transponder devices (electronic identification devices/EID) for
use in animals. Please contact the FDA or the manufacturer or distributor for information
on approved EIDs. USDA’s Food Safety and Inspection Service (FSIS) should be
contacted regarding anatomic placement of the EIDs in animals that may be presented
for slaughter in official slaughter facilities to determine if these devices pose a potential
physical food safety hazard.

3.3 Owner Records: Herd Inventory

Each owner must maintain a current complete herd inventory which must include, at a
minimum, the following information and records for each animal:

1) All identification devices (tags, tattoos, electronic implants, etc.).
2) Age.

3) Species.

4) Sex.

5) The date of acquisition and source of each animal that was not born into the herd
(owner name, city, State).

6) The date of removal and destination of any animal removed from the herd (owner
name, city, State).

7) Birth date.

8) Date of death (and cause, if known) for animals dying within the herd.

9) Date of CWD sample submission, submitter, owner, premises, and animal
information, and official CWD test results from NVSL or approved laboratory for

samples required by the program.

All records, electronic or written, must be kept for 5 years after the cervid has left the
herd or has died. Records must be made available to an APHIS employee or State
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representative at their request and presented at the time of each annual inspection or
inventory.
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4. Fencing Requirements

The regulatory authority for fencing requirements of enrolled herds is found in
9 CFR 55.23(b)(2). Fencing alone does not delineate individual herds, which must be
separated by a distance of 30 feet or greater, as described in 9 CFR 55.23(b)(5).

APHIS considers perimeter fencing with the following characteristics to be adequate to
prevent ingress or egress of cervids:

1) Structurally sound.

2) Maintained in good repair.

3) Of sufficient construction to contain the animals.

4) Compliant with any other existing State regulations or requirements.

NOTE: For herds established after the effective date of the CWD rule (August 13,
2012), the fence should be a minimum of 2.4 meters (8 feet) high.

Cervid producers enrolled in the HCP may voluntarily elect to use additional barriers
and/or other biosecurity measures to minimize escapes and/or to mitigate disease
transmission risks associated with direct contact between free-ranging and farmed
cervids.

State representatives have the discretion to require the use of additional barriers and/or
other biosecurity measures deemed necessary to mitigate the risks of CWD
transmission.

In the case of CWD-positive, suspect, exposed, and epi-linked herds, APHIS and the
State representative will assess the risk of CWD transmission between farmed and
free-ranging cervids on a case-by-case basis. They may include requirements for
additional barriers and/or other biosecurity measures deemed necessary to mitigate
the risks of CWD transmission in the herd plan.
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5. Surveillance and Sampling

The regulatory authority for surveillance and sampling of animals in enrolled herds is
found in 9 CFR 55.23(b)(3).

To achieve certified status, farmed cervid herds must conduct CWD
surveillance on all deaths of cervids aged 12 months or older, including
animals in the enrolled herd, animals that are slaughtered on premises or
at a slaughter establishment, and animals from an enrolled breeding herd
that moves to a hunt facility under the same ownership for at least 5
consecutive years, unless the herd owner purchases or assembles a herd
of animals from herds with certified status and concurrently enrolls the
resulting herd in a State HCP.

If the enrolled herd does not have any animal deaths meeting surveillance criteria for
the year, the herd is considered to be in compliance with surveillance requirements for
the year.

5.1 CWD-Suspect Animals

The owner must immediately report to a State representative, accredited veterinarian, or
an APHIS employee all suspected cases of CWD. These are to include any animal
exhibiting signs of a neurological or wasting disease as described below. These animals
should be euthanized or closely monitored until death and the carcasses must be made
available for tissue sampling and testing. Clinical CWD suspects that die or are
euthanized should be tested for CWD regardless of age. Animals with non-negative
results on an unofficial test are also considered to be CWD-suspect animals and must
be reported.

The clinical signs associated with CWD are nonspecific and could be caused by other
diseases affecting farmed or captive cervids; thus, laboratory confirmation is required
for CWD diagnosis. Not all animals display all clinical signs of disease. Duration of
clinical signs varies from a few days in unusual cases to as long as a year, but is most
often 2 to 3 months.

Usually, the earliest clinical signs displayed are behavioral changes which may include
alterations in interaction with humans and members of the herd. These subtle changes
are often only recognized by caretakers familiar with the individual animal. With disease
progression, behavioral and physical changes may be noted including periods of stupor
and depression, altered stance, and progressive weight loss. At the terminal stage of
disease, animals are emaciated and may exhibit increased drinking and urination,
excessive salivation, lack of coordination, and trembling. However, concurrent disease,
especially aspiration pneumonia, may cause an affected animal to die while still in good
to fair body condition.

Animals with progressive neurological disease or wasting syndromes that are not
responsive to treatment should be considered CWD clinical suspects and consequently
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be euthanized and tested. If an owner of a clinical suspect declines to allow euthanasia,
the animal should be tested in accordance with program requirements after it dies.

5.2 Mortality Reporting and Routine Surveillance

To achieve and maintain herd certification status, enrolled herd owners are required to
conduct CWD testing as described in 9 CFR 55.23(b)(3). Herd owners must report and
make the following animals available for sample collection and CWD testing,

1) All on-farm deaths of farmed or captive deer, elk, and moose aged 12 months or
older,

2) All animals 12 months or older that are slaughtered on the farm,

3) All animals, under their ownership, 12 months or older that are slaughtered
at a slaughter establishment,

4) All animals, under their ownership, 12 months or older from an enrolled
breeding herd that move to a hunt facility under the same ownership,

for at least 5 consecutive years, unless the herd owner purchases or assembles
a herd of animals from herds with certified status and concurrently enrolls the
resulting herd in a State HCP.

State representatives or APHIS employees may approve mortality reporting schedules
other than immediate notification when herd conditions warrant it. Herd inventory
records should be updated at least annually and reconciled to include mortalities and
testing results for samples submitted.

5.3 Sample Collection and Submission Procedures

It is the owner’s responsibility to ensure complete, good quality tissue samples are
collected and all required samples are submitted. Failure to comply with the surveillance
requirements in this section may result in loss of program status or other actions
applicable under Approved State or Federal regulation.

Tissue samples may only be collected by State officials, APHIS employees, accredited
veterinarians, or certified CWD sample collectors. Alternatively, owners may remove
and submit the entire head with all attached identification devices to an approved CWD
laboratory for tissue collection. Samples should be submitted to an approved laboratory
within 7 days of collection.

Detailed instructions regarding sample collection and submissions can be found in
Appendix V.

The obex and retropharyngeal lymph node should be collected regardless of
sample condition (e.g. autolyzed, frozen, etc.) and submitted to the approved
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laboratory to comply with the routine herd surveillance requirement. However,
there may be circumstances when only one tissue sample can be collected from an
animal. In those circumstances, the producer should notify the Approved State official to
explain the reason. If that single sample submission is determined by the laboratory to
be unsuitable or untestable, then it will be recorded as a missed sample (not tested) and
that animal will not be counted in the mortality surveillance for herd certification status.
A positive IHC or ELISA test result on any sample submitted to the approved laboratory
will be considered a CWD-suspect test result to be confirmed by IHC at NVSL.

5.4 Consequences of Poor Quality and Missing Samples

Surveillance of all animal mortalities in a herd is the key to increasing our confidence
that HCP-certified herds are at low risk for CWD infection. Poor quality samples and
missing samples undermine our ability to assess the CWD status of the herd.

Poor quality samples include samples that are severely autolyzed, from the wrong
portion of the brain, the wrong tissue, or not testable for other reasons. Approved
laboratories should closely monitor sample quality. They should provide timely feedback
to the producer, certified sample collector, State officials, and APHIS employees
regarding the receipt of poor quality samples. Approved State officials should provide
oversight on sample collection by certified sample collectors and address any skill
inadequacies which may require additional training or loss of certification as a sample
collector.

Missing samples occur when samples from any animal 12 months of age or older in an
enrolled herd that dies, is slaughtered, escapes, or is lost are not submitted for
diagnostic testing for CWD.

Approved States (in consultation with APHIS) should develop risk-based assessments
to implement consequences for poor quality/incomplete samples and recurring missed
samples of test-eligible animals in enrolled herds. If neither the obex nor the
retropharyngeal lymph node in a test-eligible animal can be tested due to being missing
or of poor quality, then consequences may include, but are not limited to

1) A requirement to replace missed or poor quality samples with testable post-
mortem samples from an equal number of animals of the same sex and species
that resided in the herd for at least as long as the untested animals; or

2) A reduction in herd status date (with loss, reduction, or delay in herd
certification); or

3) A direct suspension of herd status for some period of time.

The following tables are provided as examples of adjustments that could be made to

CWD herd status to account for poor quality, incomplete, or missing samples. This

example considers the current status of the enrolled herd, the number of poor

quality/missing samples, and the percentage of annual removals from the herd. Annual
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Removals are defined as all adult animals (12 months or older) that were removed or
lost from inventory for any reason since the previous annual inventory. When animals
are removed from a herd, they are lost to surveillance testing.

NOTE: In the National Animal Health Monitoring Service Cervid 2014: Health and
Management Practices on U.S. Farmed Cervid Operations, 2014, the average removal
rate (sales, hunt-harvest, slaughter, etc) was 21.3 percent per year, with deer
operations at 22.3 percent and elk operations at 20.3 percent.

Herds without Certified Status: HCP herd status will be reduced for each poor
quality or missing sample as follows:

oo, | Sts
Reduction
Rate from
Herd
0 to 20% 1 year
21 to 40% 1.5 years
41% or more | 2 years

Herds with Certified Status: HCP herd status will be reduced for each animal that
dies, is slaughtered or hunt-harvested, escapes, or is lost and is not tested for CWD
(including due to poor quality, incomplete, or missed samples) as follows:

0,
Yo Annual Status
Removal ;
Reduction
Rate from
Herd
0 to 20% 0.5 year
21 to 40% 1 year
41% or more | 1.5 years

Examples:

1) A certified herd with a 10 percent annual removal rate fails to test an animal that
died in the herd. The owner also declines to euthanize and test a comparable
animal from the herd as a replacement for the missed sample. In this case, the
herd would be reduced to uncertified status and would be unable to move
animals interstate for 0.5 year. The herd inventory would be repeated after the
0.5 year (6 months) and the herd could regain certified status assuming it
continued to comply with program requirements.

2) A certified herd with a 10 percent annual removal rate fails to test 3 animals that
died in the herd. They also decline to euthanize and test comparable animals
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from the herd as a replacements for the missed samples. In this case, the herd
would be reduced to uncertified status and would be unable to move animals
interstate for 1.5 years. The herd inventory would be repeated after 1.5 years (18
months) and the herd could regain certified status assuming it continued to
comply with program requirements.

3) A certified herd with a 50 percent annual removal rate fails to test an animal that
died in the herd. They also decline to euthanize and test a comparable animal
from the herd as a replacement for the missed samples. In this case, the herd
would be reduced to uncertified status and would be unable to move animals
interstate for 1.5 years. The herd inventory would be repeated after 1.5 years (18
months) and the herd could regain certified status assuming it continued to
comply with program requirements.

4) An enrolled (not yet certified) herd with a 15 percent annual removal rate fails to
test 2 animals that died in the herd. They also decline to euthanize and test
comparable animals from the herd as replacements for the missed samples. In
this case, the herd would be reduced in status by 2 years.

An enrolled (not yet certified) herd with a 15 percent annual removal rate
fails to test 2 animals that died in the herd. They agree to euthanize and test
2 comparable animals from the herd as replacements for the missed
samples. In this case, the herd would retain their status as long as the test
results are “not detected”.

States may choose to develop and implement their own risk-based approach for
consequences for poor quality or missing samples.

5.5 Exceptions

Exceptions to the testing requirement may be granted by APHIS or the Approved State
Official for extenuating circumstances beyond the control of the herd owner as follows:

CWD sample collections may be limited to two animals per occasion when APHIS or the
Approved State Official determines that the animals died from a mass casualty/mortality
event (where numerous animals die over a short period of time from the same apparent
cause) such as during a natural disaster or an infectious disease outbreak (such as
epizootic hemorrhagic disease), or from a known zoonotic disease where sample
collection would pose a public health risk. In these cases, the certified sample collector
will sample the animals believed to be at higher risk for CWD. Higher-risk animals would
include older animals, males preferentially over females, or those animals having any
known pre-existing health conditions or in poor body condition.

5.6 Tissue for DNA Comparison Testing

APHIS strongly recommends that a piece of fresh (not in formalin) tissue attached to an
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official animal identification (ID) be submitted with each sample that is submitted for CWD
testing. If part of the ear cannot be removed (e.g., for taxidermy purposes), then a new
identification tag can be affixed to the hide skin and recorded in the animal’s official record,
and the tagged hide section submitted with the diagnostic specimens.

This will allow APHIS to perform DNA comparison testing (i.e. identity testing) and
genotyping if the animal tests positive for CWD. APHIS will perform DNA comparison
testing for all index cases in newly identified CWD-positive herds.

Confirming the identity of the CWD-positive animal increases confidence that the State is
implementing the regulatory actions described in 9 CFR 55 and Part B of these Program
Standards in the appropriate herd. There are four possible outcomes of the DNA
comparison testing (See also Appendix V):

e Official identification with fresh tissue attached was not submitted with the CWD-positive
sample -- States should proceed with regulatory actions based on the official identification
provided on the VS 10-4 form submitted with the sample.

e The DNA comparison testing does not yield a valid result — States should proceed with
regulatory actions based on the official identification provided on the VS 10-4 form submitted
with the CWD-positive sample.

e The CWD-positive tissue matches the tissue submitted with the official identification -- States
should proceed with regulatory actions.

e The CWD-positive tissue does not match the tissue submitted with the official identification --
States should further investigate the likely source of the CWD-positive sample before
proceeding with regulatory actions. If the identity or source of the CWD-positive sample
cannot be determined with confidence after a thorough investigation, the State may choose
not to take further regulatory action. The State may choose to implement consequences for
poor quality samples as described in Program Standards Part A Section 5.4.

An enrolled herd owner may request identity testing for other CWD-positive animals at the
owner’s expense. The herd owner must request identity testing, in writing, to the Assistant
Director (AD) and the State veterinarian. The request must include the owner name,
address, animal and herd information, test information and reason for request. VS will only
consider the results of DNA comparison testing performed at the request of a herd owner
for regulatory purposes if the comparison is performed using fresh tissue attached to an ID
that was submitted with the CWD-positive sample to NVSL.
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6. Diagnostics

The regulatory authority for official CWD tests and laboratory approval is found in
9 CFR 55.8.

6.1 Testing Authority and Approved Laboratories
Testing Authority

Laboratories will be approved by NVSL, as designated by the APHIS Administrator, to
conduct official CWD testing in accordance with 9 CFR 55.8. All suspect positive test
results must be confirmed by NVSL.

Approved Laboratories

Only laboratories that are members of the National Animal Health Laboratory Network
(NAHLN) will be approved to conduct official CWD diagnostic testing. Requirements for
laboratory approval and a list of laboratories approved to conduct CWD testing can be
found on the NAHLN Web Site

(https://www.aphis.usda.gov/animal health/nahin/downloads/cwd_elisa lab list.pdf).

Not all laboratories are approved to perform all officially recognized types of CWD
assays. The VS Cervid Health staff, the NVSL Director, and the NAHLN Coordinator will
maintain a list of officially recognized CWD assays and when appropriate the tissues
approved for laboratories that conduct these tests for CWD. The list will be available on
request to all interested parties.

6.2 Official CWD Tests

An official CWD test is approved by the Administrator in accordance with 9 CFR 55.8.
To be considered as an official test for CWD, a test method must be:

1) Licensed by the Center for Veterinary Biologics (CVB), if required (i.e., ELISA
tests, etc).

2) Performed by APHIS-approved laboratories, at NVSL, or at another laboratoryto
which NVSL has referred a case for confirmatory testing.

3) Performed following NVSL protocols.

32



https://www.aphis.usda.gov/animal_health/nahln/downloads/cwd_elisa_lab_list.pdf

https://www.aphis.usda.gov/animal_health/nahln/downloads/cwd_elisa_lab_list.pdf



Chronic Wasting Disease Program Standards

The following are considered official tests for CWD when used as described in these
Program Standards:

Approved CWD Test | Tissue Tested Approved Use
Method
Immunohistochemistry | Medial e Routine herd surveillance
(IHC) test retropharyngeal e Testing in conjunction with
lymph node epidemiological investigations
(MRPLN) and obex and herd plans for CWD-
collected post- positive, suspect, exposed, and
mortem and epi-linked herds
preserved in
formalin?!
Immunohistochemistry | Ante-mortem biopsy | This is an official test in white-tailed
(IHC) test of white-tailed deer | deer only when outlined in a herd
rectoanal-associated | plan and:
mucosa-associated e Genotype at codon 96 is
lymphoid tissue established
(RAMALT) e Used as a whole herd test as

indicated in herd plans for
CWD-exposed herds, and epi-
linked herds as described in
Part B and

e Performed at NVSL

Immunohistochemistry | Ante-mortem biopsy | This is an official test in white-tailed

(IHC) test of white-tailed deer | deer only when outlined in a herd
MRPLN plan and:
e Genotype at codon 96 is
established

e Used as a whole herd or
individual test as indicated in
herd plans for , CWD-
exposed herds, and epi-
linked herds as described in

Part B and
e Performed at NVSL

Enzyme-linked Fresh medial This is an official HCP test only when
immunosorbent assay | retropharyngeal used for:
(ELISA) by Bio-Rad lymph node e Slaughter surveillance in

(MRPLN) and obex farmed cervids; or

collected post- e Carcass segregation for

mortem? disposal; or

1 Although medial retropharyngeal lymph nodes (MRPLNs) may be early CWD detection sites in deer and
elk, it is not uncommon to find elk that are obex-positive and MRPLN-negative. Therefore, confidence in
CWD detection is increased when both obex and MRPLNSs are tested.
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e Other purpose as approved in
advance by APHIS and

e Is performed at NVSL or at a
NAHLN laboratory approved to
conduct the ELISA

Many States use the ELISA to
conduct wildlife surveillance. This use
is not subject to APHIS approval.

Western blot Fresh medial This is an official test only when
retropharyngeal performed at NVSL
lymph node

(MRPLN) and obex
collected post-
mortem?

6.3 Approval of Official Diaghostic Tests

Prior to evaluation for official use, the manufacturer should obtain a product license from
the CVB, if needed.

Companies/researchers are encouraged to contact the Cervid Health Team to review
preliminary data and discuss additional data needs for candidate tests prior to
submission.

The test manufacturer should submit an application package containing the following
information to the Cervid Health Team:

1) A standardized protocol that includes a description of the test, sample type, all
methods associated with preparing the sample and conducting the test, reagent
specifics, required materials and equipment, and control and quality assurance
measures.

2) A description of the proposed use of the test in the CWD HCP program and the
suitability of the test for the stated purpose. Specifically include cervid species,
post- or ante-mortem use, and conditions for use (e.g., whole herd versus
individual animal, routine surveillance testing versus use in herds under
epidemiological investigation, etc.).

3) Data/scientific evidence to demonstrate:
A. Diagnostic sensitivity of the test evaluated in a range of infected animals

including:
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4.

Animals early in the clinical progression, such as:

a. Animals that are MRPLN-only positive,

b. Elk that are obex-only positive, or

c. Animals of all three genetic polymorphisms (96 for white-tailed deer,
132 from elk).

Animals late in the clinical progression, such as:

a. Animals that are MRPLN- and obex-positive, or

b. Animals of all three genetic polymorphisms (96 for white-tailed deer,
132 from elk).

Data provided should include the genotype (96 for white-tailed deer, 132
from elk) and complete post-mortem testing results for IHC on obex and
MRPLN for each animal.

Description of the calculation.

B. Diagnostic specificity in animals believed to be non-infected based on HCP
herd certification status and results from mortality testing from at least the last
5 years.

C. Repeatability of the test result. This refers to the ability of a test to
repeatedly produce the same result on a given sample. Evidence to

demonstrate repeatability includes detailed information about the collection
of the data, including controls and control data.

. Reproducibility of the test results at other laboratories. This refers to the
ability of a test to repeatedly produce the same result on a given sample
when the test is performed at multiple laboratories by multiple people. In
addition to the supporting data, a letter of support and certification of test

results from participating laboratories is suggested.

4) Other data and documentation, as requested by APHIS.

5) Field trials and/or pilot projects using the test may be recommended/required
prior to final approval.

The Cervid Health Team will coordinate with NVSL, NAHLN, CVB and other scientific
experts within APHIS and USDA to review the application package and evaluate the
test based on, but not limited to, the criteria described in 9 CFR 55.8. APHIS may
approve the new test methods or request additional data, including results from field

trials.

APHIS may limit use of the test to certain species or types of animals or for use in
specific situations. APHIS will clearly describe the conditions for official use of the
approved test.
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6.4 Test Results

As described in Section A 5.6, sections of brainstem/obex, MRPLN, and RMALT are
evaluated by an official test in an approved laboratory to demonstrate the presence of
the infectious CWD prion. Samples in which the infectious CWD prion is detected in
testing at approved laboratories are considered to be CWD suspect pending
confirmatory testing at NVSL. All suspect diagnostic test results from an approved
laboratory must be confirmed by NVSL to establish a diagnosis of a CWD positive
animal.

Brainstem or lymph tissues from an animal in which CWD prions are not detected by an
official test does not mean absence of infection, only that prion was not detected in
those tissues from that animal at the time of testing. Based on current transmissible
spongiform encephalopathy research and pathogenesis studies, it is possible to have
CWD prions present at levels below the analytical sensitivity of the test. CWD prions
may be present in tissues other than those that were examined. Hence, “not detected”
test results may not indicate the true status of the animal if it is in the early stages of the
infection.

6.5 Rejected Samples
Samples may be rejected as unsuitable for diagnostic purposes for a wide variety of
reasons. These poor quality samples will not contribute to required herd surveillance
and may result in the consequences described in Section 5.9. Common examples of
rejected samples include:

1) No identification submitted with the sample.

2) Incorrect tissue type.

3) Autolyzed (degraded) samples.

4) Samples where the tissue is unidentifiable.

5) Brain samples that do not include the obex.

6) Sample of insufficient size.

7) Sample contains an insufficient number of lymphoid follicles.

The reason for rejected samples can be described on official laboratory reports as
follows:

1) ISF: Insufficient follicles (<6 follicles and no positive staining present).
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2) LOC: Location (used for CNS exclusively, no DMNV (Dorsal Motor Vagus
Nucleus) identifiable, wrong brain region).

3) ISF: Loc: (RB (Rectal Biopsy); <6 follicles and >50 percent squamous epithelium,
rather than rectal mucosa).

4) U: Unsuitable (no significant lymphoid tissue, e.g. salivary gland).

5) S: Suspect (NAHLN lab sees suspicious stain).

6) NT: Not tested (not tested because unnecessary).

7) UNA: Unacceptable (poor quality sample).

6.6 Reporting of Results
Positive test results are to be reported by NVSL to the submitting NAHLN lab, State
animal health official, the Assistant Director in the State where the herd resides, and
the National Cervid Health program staff.
All other test results are to be reported by the testing laboratory to the submitter with

copies provided to the corresponding Approved State Official for farmed cervids in the
State where the herd resides.
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7. Interstate Movement

The requirements for interstate movement of live cervids with regard to CWD are
described in 9 CFR 81.2 and 81.3. These requirements apply to both farmed cervids
and wild-caught cervids that are moved interstate to eventually be released back into

the wild.

The following conditions must be met for live farmed cervids to be eligible for interstate
movement:

1) The animals are enrolled and the herd has achieved Certified status in an
approved State CWD HCP.

2) Each animal in the shipment must have at least two forms of unique identification
attached, one of which must be an official animal identification with a nationally
unique identification number, as described above in Section (3.2) Animal
Identification.

3) A certificate of veterinary inspection (CVI) must be issued for interstate
movement. It must contain the following information:

A.

B.

o 0O

m

All identification numbers of each animal in the shipment.

Total number of animals covered by the certificate.

Purpose for which the animals are to be moved.

Consignor and herd of origin with complete addresses.

Consignee and point of destination with complete addresses.

A statement by the issuing accredited veterinarian or State or Federal
veterinarian that the animals in the shipment have achieved Certified status in
the CWD HCP and that the animals were not exhibiting clinical signs
associated with CWD at the time of examination. The consignor or owner

should contact the State representative in the State of destination to
determine if there are any additional requirements.

Cervids eligible to move interstate in accordance with CWD regulations, and meeting
the conditions specified in 9 CFR 81.5, can transit States en route to their destination.
The regulations at 9 CFR 81.5 (only) preempt State and local laws or regulations.

1) 9 CFR 81.3 identifies specific exemptions to these requirements, including exemptions
for Animals moved directly to a recognized slaughter establishment. The
consignor or owner also should contact the State representative in the State of
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destination to determine if they meet all import requirements.
2) Research animals.
3) Interstate movements approved by the Administrator on a case-by-case basis.

States or Tribes may transport wild-caught cervids (elk, deer, moose, or other cervidae)
from one State or Tribal location to another for release to establish new or augment
existing free-ranging herds. The movement is subject to approval by the animal health
officials of the receiving State and APHIS. VS Guidance 8000 “Surveillance and Testing
requirements for Interstate Transport of Wild Caught Cervids” establishes a uniform
process of disease risk assessment and recommended minimum standards for testing
to help prevent the spread of CWD, bovine tuberculosis (TB) and brucellosis when wild
cervids are captured for interstate movement and release.

Transport of game meat and other products derived from farmed cervids for purposes of
interstate commerce is regulated by the Food and Drug Administration and is not
addressed in the APHIS CWD regulations or these Program Standards. Similarly,
transport of carcasses and other parts derived from hunt-harvested wild cervids is
regulated by appropriate State agencies and is not addressed in the APHIS CWD
regulations or these Program Standards.
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Part B. Guidance on Responding to CWD

The CWD regulations in 9 CFR part 55 describe minimum requirements for States in
response to the finding of a CWD-positive animal. These Program Standards describe
acceptable methods to meet these minimum regulatory requirements. The methods in
these Program Standards have been approved by the APHIS Administrator.
Alternatively, States may propose other methods/approaches to meet the regulatory
requirements. These alternative proposals should be submitted in writing to APHIS for
approval.

1. Epidemiological Investigations

The purpose of the investigation is to identify animals and herds that were exposed to
the CWD-positive animal during the last 5 years. Quarantines and/or movement
restrictions limit the potential for further spread of the infection until the infection status
of the exposed animal or herd can be assessed.

Upon NVSL confirmation of a CWD-positive animal, the Approved State, in cooperation
with APHIS, should conduct an investigation to determine the locations where the CWD-
positive and the CWD-exposed animal(s) resided during the last 5 years. The
investigation should start within 7 business days of the laboratory confirmation.

All out-of-State traces should be promptly reported to the appropriate State authorities
within 45 calendar days following notification of a CWD-positive animal. All notification
should be provided in writing to the respective State or States and a copy provided to
the AD in the corresponding District Field Office even if the initial contact was verbal.

In addition to tracing movements of animals, other factors should be considered in the
epidemiological investigation. These factors are addressed in Appendix Ill, CWD
Epidemiology Investigation and Report Templates. They may include, but are not limited
to: the genetics of CWD-positive animal or animals, the tissue or tissues that tested
positive, the length of time the CWD-positive animal or animals spent in the herd or
herds, and the testing history.

Ideally, the investigation will determine the source of infection; however, this is not
always possible. If the investigation determines the likely source of infection, then the
statuses and need for quarantine of herds and animals involved in the investigation
should be re-evaluated.
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2. Quarantine

The State representative should issue quarantine or hold orders for CWD-positive and
CWD-exposed herds. Trace-forward Epi-Linked and Trace-back Epi -linked herds will
be placed under quarantine until the epidemiological investigation determines the
status of the CWD-exposed animal(s). A Quarantine or hold order is not required for a
Pass-through herd until the status of the CWD-exposed animals that resided in the
herd is determined. CWD-exposed animals must be quarantined and held on the
premises where they currently reside unless a State or Federal permit for movement
(such as VS Form 1-27) has been obtained.

If a quarantined herd is not depopulated, the herd should remain in quarantine for 60
months (5 years) from the last exposure to the CWD-positive animal or in the case of an
epi-linked herd the last exposure to a CWD-exposed animal , as otherwise stipulated in
the herd plan (e.g. following 2 whole-herd ante-mortem tests), or at the discretion of the
State representative for a period of time as determined by a risk evaluation based on
the findings of the epidemiological investigation. State representatives may also modify
a quarantine to permit movement of CWD-exposed animals onto a CWD-positive
guarantined premises, such as a terminal hunting facility, where all cervids are
harvested within 90 days of introduction and tested for CWD.

Quarantine may be released only after all herd plan requirements have been met and
completed, or as determined by the State representative.
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3. Classification of Animals and Herds During an Epidemiological
Investigation

Any CWD-susceptible cervid that has, by definition, commingled with the CWD-positive
animal in the last 5 years is considered to be CWD-exposed. All herds that contain or
contained CWD-exposed animals will immediately be placed in Suspended status until
further epidemiology can be assessed. The Suspended herds will then be classified as
follows (also see Appendix VI):

3.1 CWD-Positive Herd

The herd where the CWD-positive animal resided upon diagnosis is considered a CWD-
positive herd and will immediately lose HCP herd status. The herd may re-enroll in the
HCP only after entering into a herd plan.

Options for responding to a CWD-positive herd:

1) Complete depopulation and post-mortem CWD testing of the herd. Depopulation
may include hunter harvesting and/or slaughter with movements under permit, or

2) Quarantine for 5 years since last CWD-positive case, with or without selective
culling of animals. The herd will remain under Suspended status until a herd plan
is developed and implemented (see Herd Plan section below).

3) Ante-mortem CWD testing and genotyping using NVSL protocol and APHIS-
approved procedures may be included in the herd plan for disease management
purposes (see Appendix Il) and to reduce environmental contamination.

3.2 CWD Exposed Herd(s)

If the epidemiological investigation determines that the CWD-positive animal resided in
another herd (or multiple herds) within the last 5 years, then the herds are considered
CWD-exposed herds and will immediately lose HCP status. The herd may reenroll in
the HCP only after entering into a herd plan.

Options for responding to a CWD-exposed herd:

1) Complete depopulation and post-mortem CWD testing of the herd. Depopulation
may include hunter harvesting and/or slaughter with movements under permit, or

2) Quarantine for 5 years since the last exposure to a CWD-positive animal, with or
without selective culling of animals. The herd will remain under Suspended status
until a herd plan is developed and implemented (see Herd Plan section below).
Time in quarantine may be lessened for:

A. If the CWD-exposed herd contains only white-tailed deer — Whole herd ante-
mortem IHC RAMALT CWD testing and genotyping using NVSL protocol and
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APHIS-approved procedures as included in the herd plan (see AppendixIl).

B. If the CWD-exposed herd contains only white-tailed deer — Whole herd ante-
mortem IHC MRPLN biopsy CWD testing and genotyping using NVSL
protocol and APHIS approved procedures as included in the herd plan (see
Appendix II).

C. Atthe discretion of the State representative for a period of time as determined
by a risk evaluation based on the findings of the epidemiological investigation.

3.3 Trace-Forward, Trace-Back and Pass-Through Epidemiological-Linked Herds

If the epidemiological investigation determines that CWD-exposed animals that resided
with a CWD-positive animal within 5 years prior to the diagnosis of CWD have since
moved to or through other herds, then those herds are considered to be
epidemiologically linked.

Options for responding to a Trace-forward or a Trace-back epidemiologically-linked herd:

1) If all of the CWD-exposed animals have died, were tested for CWD, and had “not
detected” results, then the epidemiologically-linked herd is removed from
Suspended status and maintains its original HCP status, including time spent in
Suspended status.

2) If CWD-exposed animals are still present in the herd, then those animals may be
euthanized and tested for CWD. If all CWD-exposed animals are accounted for
and no samples tested positive for CWD, then the herd is removed from
Suspended status and maintains its original HCP status, including time spent in
Suspended status.

If any of the CWD-exposed animals have died and were not tested for CWD, or
if the CWD-exposed animals no longer reside on the premises, or if the CWD-
exposed animals are still present in the herd, but the owner does not agree to
euthanasia and testing, then the herd will remain under Suspended status until a
herd plan is developed and implemented (see Herd Plan section below). The
herd should be quarantined for 5 years since the exposed animal(s) was
exposed to a CWD-positive animal, with or without selective culling of animals.
Time in quarantine may be lessened for:

A. If the herd contains only white-tailed deer — Whole herd ante-mortem CWD
testing and genotyping using NVSL protocol and APHIS approved procedures
as included in the herd plan (see Appendix II).

B. If the herd contains only white-tailed deer — Ante-mortem IHC MRPLN biopsy
testing and genotyping of all CWD-exposed deer using NVSL protocol and
APHIS approved procedures as included in the herd plan (see AppendixIl).
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C. Atthe discretion of the State representative for a period of time as determined
by a risk evaluation based on the findings of the epidemiological investigation.

Options for responding to a Pass-through epidemiological linked herd:

1) Response to a Pass-through epidemiological linked herd will be determined by the status of
the CWD-exposed animal(s) that has passed through the herd.

2) If the status of the CWD-exposed animal(s) that passed through the herd cannot be
determined for whatever reason then the response will be determined by a risk
evaluation based on the findings of the epidemiological investigation.
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4. Reporting

Sharing accurate, timely, complete information about ongoing CWD epidemiological
investigations among Federal and State animal health officials helps to control the
spread of CWD by quickly and accurately identifying exposed animals and placing
movement restrictions on animals and herds. It also provides State animal health
officials with information they may use to release or reduce quarantines for herds under
investigation, as appropriate.

Appendix Il provides a template that States may use to report findings from their
epidemiological investigation to APHIS and other State representatives. States are
required to submit both a preliminary and a final report for herds enrolled in the HCP.
Additionally, States must submit these reports for any herd that requests Federal
indemnity. This reporting requirement will be included in the herd plan. States should
submit a preliminary report for a newly identified CWD-infected herd to APHIS within 7
business days of NVSL confirmation of the CWD-positive animal. States should submit
a final report for CWD-positive herds as part of their annual HCP report.

APHIS may request clarification or additional information on CWD-positive herds as
needed for risk assessments, indemnity requests, or other reasons.
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5. Herd Plans

A herd plan describes in detail the actions to be taken to control the spread of CWD
from and within CWD-positive, exposed, epi-linked or suspect herds. It is a herd and/or
premises management agreement based on a risk evaluation of the affected premises
and herd and developed by APHIS in collaboration with the herd owner, State
representatives, and other affected parties. The herd plan is not valid until it has been
signed by the Assistant Director, the State representatives, and the herd owner. Herd
plans should be signed within 60 days of a confirmed diagnosis of CWD.

A written, signed herd plan is required for herds to receive Federal indemnity.
Quarantined herds must complete the requirements described in a herd plan before
guarantines are released.

At a minimum, the herd plan should include:
1) Specified means of identification for each animal in the herd.

2) Regular examination (time period as determined by a State official or APHIS
employee) of animals in the herd by a veterinarian for signs of disease.

3) Reporting to a State official or APHIS employee of any signs of central nervous
system or wasting disease in herd animals.

4) Maintaining records of births and deaths as well as of the acquisition and
disposition of all animals entering or leaving the herd, including the date of
acquisition or removal, name and address of the person from whom the animal
was acquired, and the cause of death, if the animal died while in the herd.

5) Testing of all mortalities, regardless of age (9 CFR 55.24 (2)(ii)). Records should
be maintained for all samples submitted for CWD testing.

A herd plan may also contain additional requirements to prevent or control the possible
spread of CWD, depending on the particular condition of the herd and its premises,
including, but not limited to:

1) Depopulation of the herd if funds for indemnity are available. Depopulationalso
may be accomplished by moving animals from CWD-positive, suspect, epi-
linked and exposed herds (by permit and under seal) to a slaughter facility or
to an appropriate hunt facility at the discretion of the State officials.

2) Specifying the time for which a premises must not contain cervids after CWD-

positive, CWD-exposed, or CWD-suspect animals are removed from the
premises.
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3)

4)
5)

6)

7)

8)

9)

Removal of CWD-exposed or CWD-suspect animals from the premises if funds
for indemnity are available or at the discretion of State officials.

Fencing requirements and time period for regular inspection of fences.
Selective culling of animals.

Restrictions on use and movement of possibly contaminated livestock
equipment.

Procedures for cleaning and decontamination of premises, including the use of
bleach and/or lye for EPA required reporting.

Whole herd ante-mortem CWD testing and genotyping using NVSL protocol and
APHIS-approved procedures.

Requirement to provide information needed to complete the preliminary and final
epidemiology reports (see Appendix IlI).

10)Current Centers for Disease Control and Prevention (CDC) guidelines for

prevention of potential human exposure to CWD.

11) Other requirements.

A herd plan may be reviewed and changes proposed at any time by any signatory party
in response to changes in the situation of the herd or premises. The plan may also be
changed if the understanding of the nature of CWD epidemiology, or techniques to
prevent its spread, improves. However, any proposed changes must be reviewed and
approved by all signatories before they are adopted.

Additional information on CWD environmental contamination and recommended
procedures for cleaning and decontamination of premises that may be included in herd
plans for CWD-positive herds is provided in Appendix IV.
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6. Federal Indemnity
6.1 Eligible Animals

Federal indemnity may be available for the purchase, destruction, and disposal of CWD-
positive, exposed, and suspect animals.

APHIS will pay reasonable costs for destruction and carcass disposal for animals that
are indemnified.

Once the animals are euthanized, the carcasses become the property of APHIS, and
APHIS may collect tissue samples as desired.

At the State’s discretion, a person may remove the skull plate with antlers attached and
cleaned of all soft tissue and blood from the premises if the material is being moved to a
taxidermist for processing and after the animal is tested “not detected” for CWD.
6.2 Appraisals
An appraisal must be conducted by a government or a private appraiser (VS
Memorandum 534.1). The appraisal report and detailed supporting documentation
must be submitted to the Cervid Health Team for review.
6.3 Indemnity Requests
The Assistant Director responsible for the State in which the animals reside should
provide the following to the Cervid Health Team when submitting a request for Federal
indemnity:
1) Completed indemnity request form signed by the Assistant Director.
2) The appraisal report with detailed supporting documentation, such as:
A. The white-tailed deer appraisal calculator.
B. Pedigrees.
C. Sale receipts or invoices.

D. Documentation of antler scores.

3) VS Form 1-23 and a herd plan signed by the herd owner and the Assistant
Director.

4) Preliminary epidemiological report (see Appendix IlI).
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6.4 Evaluation and Prioritization of Requests for Federal Indemnity Funds

Whole-herd depopulation and post-mortem testing of all cervids on the premises is often
the preferred response to control the spread of CWD within and from CWD-positive and
exposed herds. A limited amount of Federal indemnity funding is available to
compensate producers and encourage depopulation. In recent years, the amount of
available Federal indemnity funding has been insufficient to depopulate all CWD-
positive herds identified in a single year. Further, indemnity funds have not been
available to remove CWD-exposed animals for diagnostic testing to determine their
infection status and the exposure status of specific herds involved in epidemiological
investigations.

In light of these financial constraints, it is increasingly important for APHIS to prioritize
how limited funds are used to provide indemnity in a way that:

1) Reduces the potential for disease transmission and environmental
contamination.

2) Strategically removes CWD-exposed animals to inform risk evaluation and
decision making regarding movement restrictions and other risk mitigations.

3) Encourages participation and compliance in the HCP.

APHIS will consider requests for Federal indemnity for CWD-positive, -exposed, and
suspect animals and herds on a case-by-case basis. APHIS, in consultation with State
representatives, will consider a number of interrelated factors as we comprehensively
evaluate each case to make a decision about providing Federal indemnity. The factors
we will consider and the relative priority of possibilities within each factor include (but
are not limited to):

1) Availability of funds for indemnity.
2) Herd size (as it is related to the availability of funding).

3) Herd Status (CWD-positive herd >> Whole herd depopulation for herds with only
CWD-exposed or suspect animals).

4) Type of Herd (Breeding herd >> Hunt preserve).

5) HCP Status (Enrolled and compliant >> Not enrolled or Enrolled but not
compliant).

6) CWD detection in the local area (CWD not detected in wildlife or farmed cervids
>> CWD detected in farmed cervids only >> CWD detected in wildlife).

7) Cervid density in local area (High >> Moderate >> low density).

8) Value of post-mortem testing of animals to understand epidemiology and inform
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decision making (Animal removal will likely impact knowledge/decisions about
multiple herds >> will only inform knowledge/decisions about herd animal is
residing in).
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7. Carcass Disposal

Destruction or inactivation of infectious prions is difficult and few methods have been
documented as completely successful. In addition, there are currently no quality
assurance or quality control methods to ensure prion inactivation.

Carcasses from CWD-positive, suspect, or exposed animals or herds should be
disposed of in compliance with all Federal, State, and local regulations. Additional
information about State requirements for carcass disposal is available on the Veterinary
Compliance Assistance Web site. APHIS, upon request, can provide technical support
and guidance to assist in identifying and implementing a local disposal plan.

Carcasses must be carefully transported to treatment or burial sites to prevent
environmental contamination. Precautions should be taken to prevent ashes, blood,
tissues, or feces from leaking from transport vehicles. All vehicles should be cleaned
and disinfected after each use as described in Appendix IV.

The following list describes acceptable options for the disposal of carcasses from
animals euthanized as part of a diagnostic or depopulation effort for CWD. Incineration,
alkaline digestion, disposal of materials in appropriate landfills, and onsite burial, or a
combination of these methods, are generally the most suitable options. These options
are based on the available science of CWD inactivation. Changes to the list of options
may be made as new information becomes available.

7.1 Incineration

Carcasses may be incinerated in an Environmental Protection Agency (EPA)-approved
conventional incinerator, air curtain incinerator, or cement kiln. Prions can be destroyed
through incineration provided the incinerator can maintain a temperature of 900° F for 4
hours. Incineration of animals onsite with a mobile incinerator is an option as it
presents the least risk of spreading contaminated materials by moving carcasses.
However, mobile incinerators require large amounts of fuel to maintain an even, high
temperature appropriate for prions.

After incineration, ashes should be buried in an active, licensed landfill at a depth that
meets local and State regulations to prevent scavenging or contamination of
groundwater.

7.2 Alkaline hydrolysis

Carcasses of infected animals can be destroyed in a sterile alkaline solution using an
alkaline hydrolysis digester. This consists of an insulated steam-jacketed stainless steel
vessel which operates at up to 70 psi and 300° F into which sodium hydroxide and
water is added, heated, and continuously circulated. This process degrades proteins
and the temperature, together with alkali concentrations, deactivates prions.

After digestion, treated material may be buried in an active, licensed landfill at a depth
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that meets local and State regulations.

7.3 Landfill

Carcasses may be buried in a licensed, active landfill that meets local and State
regulations for animal carcass disposal. However, this method will NOT inactivate the
prions.

The definition of infectious waste varies among States, which could affect the standards
associated with collection, handling, and disposal of waste that can include tissue, body
parts, heads, and carcasses as well as contaminated laboratory materials. Consult with
local and State authorities when pursuing this option.

In addition, individual animals could be tested for CWD using an ELISA with carcass
disposal delayed until results are obtained. Subsequently, carcasses from positive
animals can be disposed of with incineration or alkaline hydrolysis with burial of the
treated materials. Carcass burial in a landfill in compliance with local and State
regulations may be used for other animals with “Not Detected” results.

7.4 Onsite Burial

Carcasses may be buried onsite at a depth that meets local and State regulations for
animal carcass disposal. However, this method will NOT inactivate the prions.

In addition, individual animals could be tested for CWD using an ELISA with carcass
disposal delayed until results are obtained. Subsequently, carcasses from positive
animals can be disposed of with incineration or alkaline hydrolysis with burial of the
treated materials. Carcass burial onsite in compliance with local and State regulations
may be used for other animals with “Not Detected” results.
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Appendix I: Links to Forms and Documents

Forms and templates for application to the Approved State CWD Herd

Certification Program include:

e VS Form 11-2 (Application for Chronic Wasting Disease Herd Certification program
(CWD HCP) approval, renewal, or reinstatement of a State)

e MOU Between State and APHIS for CWD HCP

The Final CWD Rule:
e 9 CFR part55
e 9CFR part81

A list of Approved State CWD HCPs

VS Form 10-4 Laboratory Submission Forms

VS Form 10-4A Additional Page for Sample Submissions

CWD Program — “CWD Sample Collection Guidance”

Additional information about the Cervid Health Program
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Appendix II: Guidelines for Use of Whole Herd
Ante-Mortem Testing of Herds that Contain or
Contained CWD-Exposed Animals

Biopsy of the medial retropharyngeal lymph node (MRPLN) or the rectal anal mucosal
associated lymphoid tissue (RAMALT) for the detection of the abnormal prion protein
(protease resistant misfolded prion) associated with CWD is an official test only in white-
tailed deer, and only when:

1) Genotype at codon 96 is established;

2) Used with herd plans for CWD-exposed herds, and epidemiologically- linked
herds as described in Part B. , and

3) When performed at NVSL.

A case-by-case agreement will outline the specific timing and procedures to be used in
a particular situation and will be included in the overall herd plan.

The following is a draft herd agreement for ante-mortem RAMALT testing that could be
modified for the specific situation and incorporated into a herd plan:

Draft Herd Agreement for CWD Exposed Herds to Use Rectal Biopsy Testing as a
Risk Assessment Herd Management Tool

Preface: Biopsy of rectal anal mucosal associated lymphoid tissue (RAMALT) for the
detection of the abnormal prion protein (protease resistant misfolded prion) associated
with CWD has a high specificity but a relatively low sensitivity for the detection of CWD
in individual animals in comparison to post-mortem testing. Serial, whole-herd testing
using RAMALT increases the confidence of detecting at least one positive animal in a
potentially exposed herd. Sampling must be conducted by proficient collectors with
adequate animal restraint.

The genotype of the animal is known to be associated with the tissue distribution of the
abnormal prion over time (GG on codon 96 will have earlier and more extensive tissue
distribution than GS on codon 96). The timing of the second whole herd testing will
therefore depend on the genetic makeup of the herd. Current research suggests that
the dose load and route of infection may also impact the time from exposure to
detection.
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Assumptions:

1)

2)

3)

Genotype of codon 96 influences the interpretation of the RAMALT results.

At least two whole herd CWD tests using RAMALT samples must be conducted
in series.

If more than 10 percent of the animals in a whole herd test have insufficient
follicles for diagnostic purposes, then those animals must be resampled until a
minimum of 90 percent of the entire herd is successfully sampled. A minimal
number of samples with insufficient follicles is inherently accepted as part of the
RAMALT technique.

APHIS Approved Procedure:

1)

2)

3)

4)

5)

Initial whole herd test will be conducted not less than 24 months after the last
known exposure to a CWD-positive animal. Whole-herd RAMALT biopsy, and
whole blood samples for codon 96 genotyping, will be collected on all animals
equal to or greater than 12 months of age as described in Appendix II. Biopsy
samples will be sent to NVSL and blood samples will be sent to an APHIS-
approved genetics laboratory.

Timing of the second whole herd RAMALT test will be determined by the results
of the herd genotyping.

A. The second whole herd test for herds with over 70 percent GG animals will be
at least 3 years after the last known exposure and at least 6 months after the
initial whole herd test.

B. The second whole herd test for herds with 50 percent to 70 percent GG
animals will be at least 3.5 years after the last known exposure and at least
6 months after the initial whole herd test.

C. Herds with fewer than 50 percent GG animals will not be permitted to use
ante-mortem RAMALT testing.

All sample collection shall be done by a State or Federal veterinarian or a
licensed, accredited veterinarian under the supervision of a State or Federal
veterinarian, and the samples shall be considered to be the property of USDA.

All CWD diagnostics shall be performed by NVSL. Genetic testing of whole blood
should be performed at an approved laboratory.

If more than 10 percent of the animals in a whole herd test have insufficient
follicles for diagnostic purposes, then those animals must be resampled until a
minimum of 90 percent of the entire herd is successfully sampled.
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6)

7)

8)

9)

All costs associated with sample collection, genetic testing, and diagnostic
testing are the responsibility of the herd owner.

The loss of any animal, function, or part of an animal that could arise as a result
of handling or sample collection associated with this agreement shall be borne by
the herd owner and not by the State or USDA.

Any method of chemical restraint used for testing shall be performed or
administered by a licensed accredited veterinarian approved by the State and
USDA.

The herd owner agrees to be in, and remain in, compliance with the terms of the
State CWD HCP, and continue to maintain appropriate licensure with the State.
In addition, any animal 6 months of age or older, that dies during the period of
the herd plan, must be made available for sample collection.

10)If a positive result is found on rectal biopsy, the herd will remain under quarantine

and will be designated a CWD-positive herd.

11)Notwithstanding paragraph 9, if the herd is negative on both whole herd tests, the

State and USDA will evaluate the test results and agreement compliance for
guarantine release. If the herd has remained in compliance with all terms of the
herd plan, the quarantine will be released.
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Appendix lll: CWD Epidemiology Investigation
and Report Templates

Preliminary Epidemiology Report Worksheet

APHIS requests that States provide the following preliminary information to APHIS
within 7 business days of NVSL confirmation of a CWD-positive animal in a newly
identified CWD-positive herd. APHIS may request clarification or additional information
on CWD-positive herds as needed for risk assessments, indemnity requests, or other
reasons. Submit the completed worksheet to: VS.SP.Cervid.Health@aphis.usda.gov

State County Herd

Owner

Please complete one form for each CWD-positive herd that vou have identified in
your State.

Index Case (defined as the first positive case identified in a herd) [] Check if traced
from another positive herd

1. Age at the time of death/euthanasia? ___ Yr___ Mo

2. Sex?_ _M___F

3. Species?

4. Was the index case a natural addition?____or a purchased addition?____ (check
one)

If natural addition, date of birth [/

If purchased, date added to herd 1

If purchased, from where? (herd/name)
(State)
5. Date of death/euthanasia? |

6. Date CWD samples were taken? 1

7. Was the index case exhibiting clinical signs at the time of death/euthanasia?
Y/N/Don’t know

8. Obex test result? Positive__ Not detected__ Location____ Not sampled _____
Lymph node test result? Positive__Not detected____ Location ____
Not sampled

test result? Positive __ Not detected ____ Location ____

Genetics testing results?___ @codon @codon____ Nottested
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Positive Premises (defined as the premises on which the index case resided at the

time of diagnosis)

1. Date cervid herd was established? /
2. Type of operation (check all that apply)?___ Breeding____Hunting_____ Other
(If Other, specify type
3. Most recent known/reported captive cervid inventory at the time the index case
was diagnosed: Date of inventory /
Cervid Herd Inventory at the Time of Index Case Diagnosis
1 year old and over Under 1 year old Total
Inventory
Species
Males Females Males Females
Elk
White-tailed deer
Other
( )
4. Total size of the area where captive cervids were held? acres
5. Size of the enclosure where the index case was held? acres
6. Were animals from the index herd housed on more than one location?
Y/N/Don’t know
If yes, please explain
7. Was the premises double-fenced at the time the index case was diagnosed?
Y/N/Don’t know
8. Is equipment or vehicles shared by other premises?
9. Ifitis a breeding operation, is sexed semen, Al, or embryo transfer used?
10. Was/Were the animal/s bottle fed?
11. Was the premises managed as a closed herd at the time of diagnosis?
Y/N/Don’t know
If yes, for what length of time prior to the index case diagnosis?___ Yr Mo

If the herd was not managed as a closed herd, how many other herds were
cervids sourced from in the 5-year period prior to the index case diagnosis?
# of premises

In-State sources

Out-of-State sources # of premises
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(Please include any known details of sources)How many other herds were
cervids moved to in the 5-year period prior to the index case diagnosis?

In-State departures # of premises # of animals
Out-of-State departures  # of premises # of animals
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(Please include any known details of departures)

12. Were any ancillary businesses associated with the positive premises? (e.g. urine
collection, taxidermy, wildlife rehabilitation, fawn raising)? Y/N/Don’t know
(If Yes, specify type(s))

)
13. Was the index herd enrolled in a Herd Certification Program (HCP) at the time
that the index case was diagnosed? Y/N If yes, date of enrollment?

1
If yes, was the herd in compliance with the requirements of the HCP at the time
the index case was diagnosed? Y/N/Don’t know

If the herd was not in HCP compliance at the time the index case was diagnosed,
please explain:

14. At the time that the index case was diagnosed, was the index herd located:
Within 10 miles of known CWD positives in wildlife? Y/N/Don’t know
Between 11 and 50 miles of known CWD positives in wildlife? Y/N/Don’tknow

15. At the time that the index case was diagnosed, was the index herd located:
Within 10 miles of known CWD positives in other captive cervids? Y/N/Don’t

know
Between 11 and 50 miles of known CWD positives in other captive cervids?
Y/N/Don’t know

16. What is the wild cervid population density outside of the positive premises?
17. Any other known risk factors or important information regarding the positive
herd?

Final Epidemiology Report Worksheet

A final report of the epidemiological investigation is required for all HCP-enrolled CWD-
infected herds and for all herds that receive APHIS indemnity funds. Ideally, States will
submit final epidemiology reports from all CWD-positive herds to facilitate future disease
mitigation efforts. States should submit the final report for CWD-positive herds as part of
their annual HCP report.

State County Herd

Owner

Please complete one form for each CWD-positive herd that you have identified in
your State.

Index Case (defined as the first positive case ina herd) [_]Check if traced from
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another positive herd

1. Age at the time of death/euthanasia? ____Yr___ Mo

2. Sex?____M____F

3. Species?

4. Was the index case a natural addition?_____or a purchased addition? ___

(check one) If natural addition, date of birth )

If purchased, date added to herd 1
If purchased, from where? (herd/name)
(state)

5. Date of death/euthanasia? /1

Date CWD samples were taken? 1

7. Was the index case exhibiting clinical signs at the time of death/euthanasia?
Y/N/Don’t know

©

8. Obex test result? Positive Not detected Location Not sampled
Lymph node test result? Positive Not detected Location
Not sampled ____
test result? Positive Not detected Location
Genetics testing results? @codon @codon Not tested

Positive Premises (defined as the premises on which the index case resided at the
time of diagnosis)

1. Date cervid herd was established? I/
2. Type of operation (check all that apply)? Breeding Hunting Other
(If Other, specify type )

61





Chronic Wasting Disease Program Standards

3. Most recent known/reported captive cervid inventory at the time the index case
was diagnosed: Date of inventory /

o

Cervid Herd Inventory at the Time of Index Case Diagnosis

1 year old and over Under 1 year old Total
Inventory
Species
Males Females Males Females
Elk
White-tailed deer
Other
( )
Total size of the area where captive cervids were held? acres
Size of the enclosure where the index case was held? acres
Were animals from the index herd housed on more than one location?
Y/N/Don’t know
If yes, please explain
Was the premises double-fenced at the time the index case was diagnosed?
Y/N/Don’t know
Was the premises managed as a closed herd at the time of diagnosis?
Y/N/Don’t know
If yes, for what length of time prior to the index case diagnosis?___Yr___ Mo

If the herd was not managed as a closed herd,

How many other herds were cervids sourced from in the 5-year period prior to
the index case diagnosis?

In-State sources
Out-of-State sources

# of premises
# of premises

(Please include any known details of sources)

# of animals
# of animals

How many other herds were cervids moved to in the 5-year period prior to the

index case diagnosis?
In-State departures
Out-of-State departures

# of premises

# of premises
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9.

(Please include any known details of departures)

Were any ancillary businesses associated with the positive premises? (e.g. urine
collection, taxidermy, wildlife rehabilitation, fawn raising)? Y/N/Don’t know
(If Yes, specify type(s))

10. Was the index herd enrolled in a Herd Certification Program (HCP) at the time

11.

12

13
14

15.

that the index case was diagnosed? Y/N

If yes, date of enrollment? 1

If yes, was the herd in compliance with the requirements of the HCP at the time
the index case was diagnosed? Y/N/Don’t know

If the herd was not in HCP compliance at the time the index case was diagnosed,
please explain:

At the time that the index case was diagnosed, was the index herd located:
Within 10 miles of known CWD positives in wildlife? Y/N/Don’t know
Between 11 and 50 miles of known CWD positives in wildlife? Y/N/Don’tknow

. At the time that the index case was diagnosed, was the index herd located:

Within 10 miles of known CWD positives in other captive cervids?
Y/N/Don’t know

Between 11 and 50 miles of known CWD positives in other captive cervids?
Y/N/Don’t know

.What is the wild cervid population density outside of the positive premises?
.Was this herd depopulated? Y/N

If yes, date of depopulation? 1

If no, date quarantined? |

If this herd was depopulated, inventory at the time of depopulation:
Date of inventory [

Check box if same as inventory listed in item 12 above: [_]

Cervid Herd Inventory at the Time of Depopulation

Species
Males Females Males Females

Elk

White-tailed deer
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Other
(

CWD Test results from the depopulated inventory (rows below should add up to
total inventory in item above):

Obex test results? #Positive #Not detected ____ #Location ___
#Not sampled ____
Lymph node test result? #Positive ___ #Not detected ____ #Location ___
#Not sampled ____

test result? #Positive _ #Notdetected __ #Location
#Not sampled ____

16. Did any cervids die prior to depopulation of the herd or while the herd was being
held under quarantine (including euthanasia deaths)? Y/N/Don’t know
If yes, how many? (please complete the following table):

Held under Quarantine

Number of Cervids that Died or were Euthanized Prior to Depopulation or While

1 year old and over Under 1 year old
Total
Species

Males Females Males Females
Elk
White-tailed deer
Other
( )
CWD Test results (rows below should sum to total above):
Obex test results? #Positive__ #Notdetected ___ #Location ___ #Not
sampled ____
Lymph node test result? #Positive __ #Not detected ____ #Location ___
#Not sampled ____

test result? #Positive _ #Not detected __ #Location

#Not sampled ____
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17.For all CWD POSITIVE cervids (TOTAL herd numbers) that died or were
euthanized following the index case diagnosis (during depopulation or otherwise
AND including the index case), please provide:
a. TOTAL number of CWD-positive animals:
b. Of the total number of CWD-positive animals above, how many were:
0-24 months of age? :
25-48 months of age? :
49+ months of age? :
c. Total number of positive males:
d. Total number of positive females:

e. Were all positives the same species? Yes/No

If no, please provide the total number of positive:

Elk White-tailed deer Other ( )

f. Total number of positive natural additions:
g. Total number of positive purchased additions:

Were all positive purchased animals from the same place? Yes/No

1. If yes, total number of animals purchased?

From herd in State
2. If no, number of facilities from which positive animals were purchased?

Provide number of animals purchased from each herd and the State of
origin

h. Total number of animals showing clinical signs at time of death:

i. Genetics testing results on positives?  Y/N/Don’t know
If yes (WTD), # GG @ codon 967 # GS @ codon 967
# SS @ codon 967

If yes (EIKk), # LL @ codon 1327 # LM @ codon 1327
# MM @ codon 132?
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18. How many CWD-exposed cervids were identified in the
epidemiological investigation?
In-State traces #

Out-of-State traces #
[] Check box if unable to trace due to poor records, etc.

How many of the identified CWD-exposed cervids were tested for CWD?
Were any exposed cervids diagnosed as positive for CWD? Y/N/Don’t know If

yes, how many were diagnosed as positive for CWD?

For the most recent years prior to the index case being diagnosed, please

provide:

Number of Reported | # Sold or #Purchases | #Slaughtered | # Natural | #Valid

Years Prior Inventory | Transferred | (or Other and/or Deaths Reported

to CWD from Herd Non-Natural | Hunter (and # CWD Test

Index Case Additions) Harvested CWD (ITiSlfjlf)Snot

Diagnosis (and # CWD | Sampled) -
count

sampled) location or

untestable
results)

1 Year Prior ( ) ( )

2 Yrs. Prior ( ) ( )

3 Yrs. Prior ( ) ( )

4 Yrs. Prior ( ) ( )

5 Yrs. Prior ( ) ( )

Please include a copy of any epidemiological reports conducted on this herd and copies
of any lab test results or other pertinent findings.
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Appendix IV: Biosecurity and Decontamination
Procedures for Farmed Cervid Facilities

Chronic wasting disease (CWD) is an infectious disease of cervids that can be
transmitted directly, animal to animal, and indirectly via contact with the environment
and objects within it. The time between CWD exposure, proliferation in the body, and
shedding in excreta (saliva, urine, feces, and blood) has yet to be definitively
determined in cervids. However, studies using highly sensitive amplification assays
have shown that infectious material is shed into the environment via these pathways at
levels sufficient to cause significant site contamination over time. Once in the
environment, prions are highly persistent, and can remain a source of CWD exposure
for extended periods of time. Studies with scrapie in sheep suggest long environmental
persistence times, greater than 10 years. Because of these factors it is prudent to use
basic biosecurity practices, and attempt to decontaminate objects and equipment that
may have become contaminated. There are currently no means available to
decontaminate soil.

The recommended decontaminated procedures outlined below are believed to reduce
the overall CWD burden on objects and equipment on a site. These recommended
procedures may change as new scientific information becomes available.
1) Biosecurity: General Principles and Approach
Biosecurity refers to measures or management practices taken to try to stop the
spread of harmful biological agents. Although not guaranteed to prevent disease
spread, the following suggested measures are believed to reduce potential exposure
of captive cervids to CWD and other infectious diseases:
A. Direct Contact: Contact with cervids and other wildlife

1. Monitor and maintain perimeter fences. Repair holes and washouts to prevent
the entry of wildlife.

2. Place feeders away from perimeter fences as to not attract wild cervids to the
fenceline where direct contact can occur between wild and captive cervids.

3. Reduce or eliminate forage immediately outside the perimeter fence to make
fence lines less attractive to wild and captive cervids.

4. Consider installing a strand of electric fence along perimeter fences to
discourage contact between captive and wild cervids.

5. If wild birds are a problem at feeders or waterers consult State wildlife
agencies to develop deterrent strategies.
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6.

Remove dead animals from the landscape as soon as they are discovered.
Do not form carcass or “dead” piles to dispose of dead animals. The
carcasses attract scavengers, which can translocate infectious agents. See
section B of this document for proper disposal methods.

B. Indirect Contact: Contact with potentially contaminated objects or materials

1.

2.

Store feed and hay so it is not accessible to wild cervids.

Personnel working on the site should have designated boots and outerwear
that are not worn elsewhere.

Delivery vehicles and transport vehicles should be cleaned and
decontaminated before and after going onto the site. Instructions for
decontamination can be found below.

Producer vehicles such as cars, trucks, transport vehicles, tractors, skid
loaders, and ATVs should be cleaned and disinfected prior to, and after, use
on other sites (see recommended procedures in section 2.A. below). A
pressure washer is useful to remove mud and feces from wheels and
equipment prior to decontamination.

Ideally all veterinary supplies and equipment should be disposable. If that is
not possible, great care should be taken to try to decontaminate instruments
between animals and herds.

Equipment (feeders, water troughs, chutes, buckets, antler removal
equipment, bolus guns, multiple-dose syringes, etc) should not be shared
between herds.

Do not bring cervid carcasses, tissues, or byproducts onto the siteswhere
direct or indirect contact with the cervids, or their associated equipment,
could occur.

2) Decontamination: Principles and Approach

The recommended decontamination procedures outlined below are believed to
reduce the overall CWD burden on objects and equipment on a site with known
CWD contamination. Decontamination procedures are directed at items and
locations within the facility most likely to harbor the agent. Areas where CWD-
positive animals have resided will be the most contaminated. These areas should be
evaluated by:

A. Assessing the facility in detail to document areas of animal congregation or
particular movement patterns.

B. Characterizing the entire facility in terms of concentration of animals over time.
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This includes identification of fence lines (past and present), pens, corrals or
handling facilities, watering and feeding areas (including natural water sources),

points of concentration in a landscape (i.e. sheltered areas, woodlots etc.),
drainage areas, and calving areas.

C. Identifying where known positive animals resided relative to the areas of animal
concentration.

3) Recommended Procedures for Decontamination of Premises and Associated
Equipment

A. Pastures

Small pastures where CWD-positive animals have resided or particular areas ina
pasture where animals are known to have congregated may be treated as
follows:

1. If practical, till soil under or do not use area to graze CWD-susceptible
animals.

2. Organic material (hay, accumulations of manure, etc.) in congregation areas
should be buried. Congregation areas include animal shelters, feeding
grounds, and water sources (if applicable).

B. Dry Lot
Where CWD-positive animals have been held should be treated as follows:

1. Remove organic materials (manure, feed, bedding, and other organic
material). This material may be buried deeply onsite in areas not accessed by
farmed or wild animals, incinerated, or digested by alkaline hydrolysis.
Composting may be used to reduce the volume of organic materials.
Composted material should be buried deeply, incinerated, or digested by
alkaline hydrolysis after composting is complete. Composting alone does not
inactivate prions.

2. In addition, as recommended in Scrapie policy guidance removal of the top 1
to 2 inches of soil may help to reduce surface contamination. The soil
removed may be buried deeply or incinerated.

C. Earth Surfaces Inside Structures
1. Remove and dispose of the organic material as described for dry lot.
2. When practical, remove the top 1 to 2 inches of soil to help reduce surface
contamination. Bury the removed material in areas not accessed by farmed or

wild cervids.
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D. Non-earth Surfaces

Cement floors, wood, metal, tools, equipment, instruments, grain feeders, hay
feeders, panels, chutes, working facilities, transport vehicles, skid loaders, and
ATVs may be treated as follows:

1.

3.

Remove all organic material and deeply bury the removed material onsite in
areas not accessed by farmed or wild cervids.

Clean and wash surfaces of items using hot water and detergent to remove
dirt and debris. A high- pressure washer after initial manual removal of
organic debris and cleaning surfaces is recommended for thorough
cleaning of large equipmentitems.

Allow all surfaces, tools, and equipment to dry completely before disinfecting
using the following suggested methods below for clean dry surfaces:

E. To Clean Dry Surfaces:

1.

Apply a solution of 2 percent available chlorine (equivalent to approximately
20,000 ppm available chlorine at room temperature (at least 18.3° C [65° F])
for 1 hour of wet contact time. This can be achieved by mixing 50 ounces [6
1/4 cups] of household bleach (sodium hypochlorite) with enough water (78
ounces or 9% cups) to make 1 gallon of solution. Rinse to remove solution
after 1 hour. Multiple applications may be required to ensure the 1 hour
contact time. Due to variations in chlorine bleach concentrations, care must
be taken to verify that the minimum of 20,000 ppm is achieved.If chlorine
bleach is not available, a 1 molar or 4 percent sodium hydroxide (5 ounces
sodium hydroxide dissolved in 1 gallon of water) solution may be used at
room temperature (at least 18.3° C [65° F]) for at least 1 hour of wet contact
time. Rinse to remove solution after 1 hour. Multiple applications may be
required to insure the 1 hour contact time.

Synonyms for sodium hydroxide (NaOH) are caustic soda, soda lye, and
sodium hydrate. Sodium hydroxide is a white, brittle solid that dissolves
readily in water to form a strong alkaline and caustic solution and is used as
an alkalinizing agent. Sodium hydroxide is very caustic and in solution is
extremely corrosive. For environmental reasons, only use this disinfection
method when the preceding method is not available.

4) Restocking

Generally, restocking with CWD-susceptible species is not recommended. If
restocking with CWD susceptible species occurs, then additional biosecurity
practices such as additional fencing or other barriers to minimize CWD exposure
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should be considered. Cervid herds should immediately enroll in the Approved
State CWD HCP. All mortalities 12 months of age or older must be reported,
investigated, and CWD tested.

5) Decontamination Safety Precautions

6)

Professional judgment should be exercised in the choice and use of disinfectants. All
disinfectants are hazardous to humans, animals, and the environment in varying
degrees. Label directions should be carefully read and followed. If corrosive
disinfectants are used directly on metal items, the items must be thoroughly rinsed
with fresh water to minimize damage.

Disinfectants, especially in concentrated form, may irritate the skin, eyes, and
respiratory systems. Protective equipment such as coveralls, rubber boots, rubber
gloves, masks, or respirators as well as eye protection should be worn while mixing
and applying disinfectants. If areas of the body are exposed directly to a disinfectant,
they should be washed thoroughly with water. Any employee should notify his or her
supervisor if excessive human or animal exposure to disinfectants occurs or if there
is an accidental release into the environment.

Required Reporting of Bleach and Lye Use
The EPA requires reporting of bleach and lye use in the environment. To fulfill this

reporting obligation, APHIS and/or State officials are requested to contact the Cervid
Health Team to report the amounts of bleach and lye that were used.
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Appendix V: Sample Collection

Herd owners are responsible for notifying State representative when animals require
sampling and for refrigerating the head for sampling.

Instructions for Veterinarians and Certified CWD Sample Collectors
1) Safety Precautions

The collector should take the following safety precautions to minimize exposure to
pathogens:

A. Wear personal protective equipment (PPE) at all times. (See Section 2 below.)

B. Cover cuts, abrasions, and wounds with waterproof dressing if not covered by
PPE.

C. Wear gloves while handling specimens and formalin. Optionally, use face and
respiratory protection, including a well-fitted respiratory mask and face shield or
goggles to protect from infective droplets or tissue particles.

D. Use 10 percent neutral buffered formalin in a well-ventilated area.
E. Take steps to avoid creating aerosols, splashes, and dusts.
F. Wash hands and exposed skin following collection procedures.

G. Wash and disinfect protective clothing and equipment thoroughly after use. Use
equal parts bleach and water to make 1 gallon of disinfectant solution; this
solution needs have a wet contact time of 1 hour to be effective. This may require
multiple applications. It is best if disposable items are used and then discarded
after use.

H. If rabies is suspected, do not proceed with any tissue collection. Instead, contact
the approved laboratory for instructions on submission of the entire head to the
laboratory for rabies testing. After rabies testing is completed, the laboratory will
proceed with CWD sampling on rabies-negative brains.

2) Personal Protective Equipment

Personal protective equipment (PPE) is designed to minimize exposure to pathogens
while collecting samples.

The Occupational Safety and Health Administration defines PPE as “specialized
clothing or equipment worn by employees for protection against health and safety
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hazards.” PPE is designed to protect many parts of the body (i.e., eyes, head, face,
hands, feet, and ears).

PPE is selected based on the environment, physical hazards, and ability to complete
the task, and is a balance between protection and comfort and should protect an
individual from the physical hazards of the collection environment while allowing the
individual to comfortably collect specimens. The following PPE is recommended for the
collection of CWD specimens, particularly during post-mortem collections:

A. Skin Protection

Protect your skin from contact with fluids during specimen collection. Wear
waterproof coveralls, preferably disposable, or coveralls with a waterproof apron
and forearm protectors.

B. Eye and Face Protection

Protect your eyes and face from any aerosols, splashes, or dusts that may be
created while collecting specimens. Eye protection includes safety glasses,
safety goggles, or a face shield.

C. Hand Protection/Gloves

1. Wear metal or mesh gloves. A cut-resistant glove (Hantover, Koch, or
Packer) on the hand that is not holding the knife is recommended. Find a cut-
resistant glove that fits against your skin and then wear a rubber glove on top
of it.

2. Wear latex or nitrile examination gloves or thick rubber gloves on the hand
holding the knife.

D. Foot Protection

Protect your feet from injuries or exposure, such as spills or splashes, by using
rubber boots.

E. Respiratory Protection

Face masks or respirators are recommended if the environment includes
aerosols, splashing, or flying debris as may be encountered with certain methods
of brain removal or tissue handling. Zoonotic diseases such as rabies and listeria
may be present in the carcass during CWD collection.

3) Paperwork to be Included with Diagnostic Tissue Submission
Accurately complete the specimen collection form (VS Form 10-4 or electronic 10-4, or

equivalent submission form). Note: Complete VS Form 10-4 with the approval of the
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State official or accredited veterinarian who will in turn obtain the approval of the
Assistant Director. A link to VS Form 10-4 can be found in in Appendix I.

Suspect and presumptive-positive animals should be submitted on separate VS Form
10-4s from routine surveillance samples and shipped promptly to allow NVSL to
prioritize testing these cases.

A. Indicate the reason for submission: Routine herd surveillance, exposed animal,
suspect herd/animal.

B. Indicate whether the animal was exhibiting clinical signs. If the animal exhibited
clinical signs, list the signs in the Additional Data Section of the VS Form 10-4 or
equivalent form.

4) Document the Following:

A. Herd identification, species, breed, and sex of animal.

B. Information from all ID devices, tattoos, and any brands on the animal.

C. Age of animal based on owner records.

5) Make Four Copies of the Completed VS Form 10-4 or Equivalent Form:

A. One for your files (submitter’s copy),

B. One for the animal owner or collection site,

C. One for the VS District Office, and

D. One to be submitted with the specimen.

6) Paperwork to be Included with Blood Samples for Codon 96 Genetic Analysis
with Ante-mortem Testing of Herds that Contain or Contained CWD-Exposed
Animals

Blood samples collected with ante-mortem diagnostic assays must be sent to an

approved genotyping laboratory (see Title 9, Code of Federal Regulations (9 CFR)

section 54.11 — Approval of laboratories to run official scrapie tests and official genotype
tests (9 CFR 54.11). Contact the laboratory in advance for submission forms and proper
tissue collection and shipping protocols.

7) Sample Quality

All samples should be collected and submitted to the lab irrespective of the state of
autolysis. Approved labs should evaluate the condition of the autolyzed samples to
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determine if the samples are of sufficient quality to be reliably tested or if the samples
should be sent directly to NVSL.

Laboratory diagnosticians will determine the suitability of the samples for CWD testing
with guidance from NVSL as necessary. Any concerns for sample quality and suitability,
and subsequent interpretation of test results, will be discussed on a case-by-case basis
with the Approved State CWD HCP Official and APHIS.
8) Sample Labeling
A. Properly label all specimen collection containers. The information on the label
provides detailed information to the laboratory regarding the specimens. The
sample number or sample bar code on the container must be the same as on the
completed VS Form 10-4 (or equivalent form).
B. Clearly label both the top and the sides of the sample container. Identify the
sample by using a permanent marker, or affixing a bar code label (if available), or
other printed label.

C. Verify that the sample number that appears on the top and side of the sample
container is the same as VS Form 10-4.

D. The side label should include the following:
1. Date of collection.
2. Producer name.
3. Species.
4. Type of specimen.
5. Official animal ID number.

6. Sample ID number (number assigned to this sample on the VS Form 10-4 or
equivalent form).

Correctly package specimens to meet Federal transportation guidelines. For
Category B (UN3373) packaging and shipping details, contact the receiving
laboratory, or NVSL.

Ensure that the package containing any fresh tissues for CWD testing will be

shipped with ice packs for overnight delivery to the laboratory during normal
business hours.
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9) Tissue Specimens and Preservation

Proper preservation and handling of specimens is critical to ensure accurate CWD test
results. Specimens are submitted either formalin-fixed or fresh depending on the type
of diagnostic test being used. It is recommended that samples be submitted for testing
within 7 days of collection.

A. Formalin-fixed specimens are used for immunohistochemistry (IHC) testing
and histopathology. Submerge the specimen in 10 percent neutral buffered
formalin (follow the guideline of 10 parts buffered formalin per 1 part specimen).
Use a single container for each animal. Do not freeze the formalin-fixed
specimens.

B. Fresh tissue specimens are used for Western blot, the ELISA assay, and for
DNA/genetic analysis. Fresh tissue specimens must be kept chilled. Ensure the
sample container correctly lists all specimens included. Use a single container for
each animal.

C. Blood samples in EDTA tubes are required for codon 96 genotyping with
approved antemortem diagnostic testing as described in a herd plan. Blood
samples must be kept chilled. Ensure each tube is clearly marked with the animal
ID number.

Ship the chilled tissues overnight on ice packs. If dry ice is used, follow all additional
shipping regulations associated with using dry ice.

Additional samples may be requested by the State representative or APHIS officials,
including samples requested for research.

10) Post Mortem Tissue Specimens

The obex and retropharyngeal lymph node should be collected regardless of sample
condition (e.g. autolyzed, frozen, etc.) and submitted to the approved laboratory to
comply with the routine herd surveillance requirement. APHIS strongly recommends
that an eartag with a fresh piece of ear tissue attached be included with each sample
that is submitted for CWD testing.

Required tissues and preservation methods for post mortem diagnostics can be found in
the table below.
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Fixed:
10% neutral buffered formalin
(for histopathology, IHC
testing)

Fresh:
Chilled or Frozen
(for DNA, Western blot, ELISA
testing)

Tissues to be Submitted

Tissues to be Submitted

MRPLN. MRPLN*
Half of each of the left and right Half of the left and right nodes
lymph node
Obex Obex*

Obex with 1-2 cm brain stem
(including the apex of the “V” in
the obex)

Obex with 1-2 cm brain stem

Tonsils Tonsils
(optional) (optional)
N/A Skin Sample*

Collect the official ID with a
quarter-sized (aprox 17 x 17)
piece of tissue (ear, hide, etc.)
attached to each device*. This
will allow DNA verification and/or
genotyping if necessary.

*Fresh samples from the same
animal can be placed into the
same bag.

*It is critical that consistent documentation and sample security ensure that the samples
remain appropriately linked to the source animal from the time of sample collection to
the end of the testing process. All specimen containers must be clearly and permanently
marked to include official identification of the animal, name of owner, name of collecting
official, and date. Laboratory tracking numbers must be included with all corresponding
documents. If part of the ear cannot be removed (e.g., for taxidermy purposes), then a
new identification tag could be affixed to the hide skin and recorded in the animal’s
official record, and the tagged hide section submitted with the diagnostic specimens.
This practice will also allow APHIS to conduct genotype testing associated with
susceptibility to CWD (e.g., codon 96 testing in white-tailed deer) if the animal tests
positive.
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11) Ante-mortem Tissue Specimens - White-tailed Deer ONLY

Ante-mortem sampling is done as part of a herd plan for CWD-exposed animals only.
Required tissues and preservation methods for ante-mortem diagnostics can be found
in the table below. All ante-mortem tissue and blood samples collected as part of herd
plans in CWD-positive or exposed herds must be performed or directly monitored by a
State animal health official (SAHO) or Veterinary Services (VS) representative to verify
the identity of the animal, the tissues taken for biopsy, and the chain of custody of the
biopsy and blood samples.

Whole blood collection by a State or Federal veterinarian or a licensed accredited veterinarian is
required for determining the genetic polymorphism at codon 96 in white- tailed deer. This
polymorphism has a significant impact on CWD propagation and consequently detection, and is
used to determine repeat sampling times. Blood samples are to be sent to an approved
genotyping laboratory and the results reported to the Cervid Health Team.

Fixed: Fresh:
10% neutral buffered Chilled or Frozen
formalin (Avoid repeated
(for histopathology, freeze/thaw; for
IHC testing genotyping)
Tissues to be Submitted Tissues to be Submitted
MRPLN Biopsy Blood
2cm X 1cm X 1cm 3-5 mL of whole blood in
(at least 40 follicles EDTA tube
required)
Rectal Biopsy
lcmx1.5cm

12) Collection Procedures for Post-Mortem MRPLN
The post-mortem collection of the MRPLNs can be completed using several methods.
However, these collection procedures describe the preferred methods to prevent
inadvertent damage to the tissues during collection.

A. The following equipment will help ensure proper specimen collection:

1. Sharp boning knives.

2. Disposable scalpel blades or disposable scalpels (a large scalpel blade is
acceptable).
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6.

Brown-Adson or rat-tooth forceps.
Disposable cutting surfaces such as cardboard, plastic, or Styrofoam.

Small hand nippers can be used on the hyoid bones or you may cut through
at the soft cartilage of the joint using a knife.

Sharp stainless steel scissors.

B. MRLPN removal

1.

The MRPLNs are medial to the stylohyoid bones on the dorsolateral surface
of the pharyngeal muscles and dorsal to the carotid artery.

. With the head positioned upside down, locate the esophagus and trachea in

relation to the foramen magnum (FM).

Lift the trachea and dissect muscles forward of the FM (rostrally). Locate the
left and right medial retropharyngeal lymph nodes (MRPLN) halfway between
each corner of the jaw bone and the FM, caudal to the nasopharynx, and
deep to the salivary gland. Lymph node consistency is much firmer and
rounder than the surrounding tissue.

Remove each left and right medial RPLN and longitudinally incise each LN to
confirm lymphoid tissue.

For IHC testing: Place the medial RPLNs in the same formalin jar with the
obex.

For ELISA testing: Place the fresh medial RPLNs in labeled whirl-pak bags
(do NOT use formalin).

13) Collection Procedures for Ante-Mortem MRPLN

A licensed, accredited, veterinarian must perform the sample collection as described in
the herd plan. The accredited veterinarian must be monitored by a SAHO or VS
representative to verify the identity of the animal, the tissues taken for biopsy, and the
chain of custody of the biopsy and blood samples.

A. Tissue Collection

1.

2.

Anesthesia will be administered by a licensed accredited veterinarian or by
personnel under the direct supervision of a licensed accredited veterinarian.

All biopsy collections will be performed using aseptic procedures at the
surgical site, including surgical gloves, masks, sterile instruments, and other
aseptic techniques.
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3. Surgical instruments must be sterilized according to prion-specific disinfection
or be disposed of after each use.

4. Biopsy — a single side or bilateral biopsy — may be performed.

5. With the head positioned upside down, identify the medial retropharyngeal
lymph node located between the larynx and the floor of the skull. If the lymph
node is cut through the center an outer layer (the cortex) and an inner layer
(the medulla) will be visible. The lymph node is about 1-2 cm diameter x 2-3
cm long.

6. The whole lymph node or a section of the lymph node is surgically removed.
Typically a biopsy of approximately 2 cm x 1 cm x 1 cm will be large enough

to meet or exceed the required 150 square millimeter of total surface area and
40 total follicles when the biopsy is sectioned and examined microscopically.

7. The incision is closed with absorbable sutures in a 2-3 layer closure.

8. Place the biopsy in a jar of 10 percent neutral buffered formalin (10:1 ratio of
formalin to tissue sample).

9. Submit MRPLN biopsies collected from CWD-positive or -exposed herds
directly to NVSL.

14) Collection Procedures for Post-Mortem Obex (Via Foramen Magnum)
A. The following equipment will help ensure proper specimen collection:
1. Sharp boning knives.

2. Disposable scalpel blades or disposable scalpels (a large scalpel blade is
acceptable).

3. Brown-Adson or rat-tooth forceps.

4. Meat-cutting bone saw, hacksaw, or electric saw when brain removal is
required.

5. Disposable cutting surfaces such as cardboard, plastic, or Styrofoam.

6. Small hand nippers can be used or you may cut through at the soft cartilage
of the joint using a knife.

7. Sharp stainless steel scissors.

8. Brain stem/obex spoon, grapefruit knife, or other brain stem scoop.
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B. Obex removal

1.

w

Incise the head of the animal at the atlanto-occipital joint (between skull and
first vertebra). Cut behind the back of the ears and extend the cut around and
through the front of the larynx. Sever the brain stem as far to the posterior as
possible during the removal process.

Position the head upside down (ventral side up). Locate the occipital condyles
and foramen magnum (FM). Locate the brain stem inside the FM. Trim the
dura mater around the brainstem and cut the attached cranial nerve trunks.

. Gently lift the brain stem with forceps and insert the spoon into the dorsal

aspect of the FM between the brainstem and dorsal calvarium.

Advance the spoon 2-3 inches rostrally until it contacts bone to sever the
cerebellum.

Reposition the spoon in the ventral aspect of the FM between the brainstem
and the ventral calvarium. Advance the spoon until it contacts bone and
transversely sever the brain stem.

Remove the brain stem using the spoon and forceps. Examine to ensure the
proper obex sample (bifurcation or “V”) is preserved.

Further trim the brain stem section by making a transverse cut 3/4 inch in
front of the “V” shape bifurcation and an equal distance behind the bifurcation
for good fixation.

For IHC testing: Place the trimmed obex and brainstem pieces in a jar of 10
percent neutral buffered formalin (10:1 ratio of formalin to tissue sample).

For ELISA testing: Place the fresh obex sample and trimmed pieces in a conical
tube (do NOT use formalin). Samples should be placed individually in a labeled
plastic bag and kept chilled or frozen.

Including official animal identification with a quarter-sized (aprox 1” x 1”) piece of
tissue (ear, hide, etc.) attached to each device provides verification of sample
identity and material for DNA analysis, if needed. The owner may observe the
sampling and labeling procedures to assure his or her sample is properly
identified.

15) Whole Head Submission

Refrigerated heads may be shipped to an APHIS-approved CWD laboratory. Prior
notification and approval is required from the laboratory before shipping whole heads.
Owners must ensure that fresh samples or heads can be refrigerated over weekends
and holidays prior to shipping. Heads should be double bagged and shipped with ice

81



http://www.aphis.usda.gov/animal_health/lab_info_services/approved_labs.shtml



Chronic Wasting Disease Program Standards

packs overnight. Be sure to properly label shipment as biological specimens as per
shipper requirements.

Whole heads submitted to a laboratory by the owner must include:
A. The owner’s name, address, and phone number.
B. All animal IDs (official and herd).

C. Age of animal.

D. Sex of animal.
E. Description of any observed clinical signs.
16) Collection Procedures for Ante-Mortem Rectal Biopsy
Collection of rectal biopsies is to be conducted only by trained State, Federal, or
accredited veterinarians following the recommendations given below to avoid cross
infection of animals, and to ensure sample quality. The accredited veterinarian must be
monitored by a SAHO or VS representative to verify the identity of the animal, the
tissues taken for biopsy, and the chain of custody of the biopsy and blood samples.
CWD can be transmitted between animals through the use of contaminated
instruments. Gloves and instruments must be changed between each animal. All
instruments described below should be disposable. After use, instruments should be
soaked in 1:1 bleach and water solution for 1 hour, then thrown away.
A. The following equipment will help ensure proper sample collection:
1. Nitrile gloves.
2. Disposable toothed Adson forceps.
3. Disposable curved Metzenbaum scissors.

4. Disposable rectal speculum (an extra pair of hands also works).

5. Obstetrical lubricant containing 2 percent lidocaine or 0.5 percent
proparacaine.

6. Individually labeled tissue cassettes with foam inserts, labeled with pencil, not
marker or pen.

7. Specimen collection containers with 10 percent buffered formalin.

8. Head lamp.
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B. Collection of biopsy sample:
1. Animals need to be immobilized safely in a chute or chemically.
2. The rectal speculum is put in place, or the rectum held open.

3. The obstetrical lubricant with lidocaine is inserted approximately 10 cm into
the rectum.
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4. Five or more seconds after application of lubricant, pull the rectal epithelium
away from the submucosa with forceps approximately 1 cm anterior to the
mucocutaneous junction on the lateral wall (fig. 1A, B). Try to avoid sampling
at 12 (tail) or 6 (feet) o’clock. Quickly snip an 1.5 cm X 1 cm biopsy.

5. Place the biopsy mucosal side down on the one of the foam inserts in the
tissue cassette, carefully spread the sample out, place the other foam insert
on top, close the cassette, and drop the cassette into the labeled formalin
sample container (fig.1C).

6. Rectal biopsy samples collected from CWD-positive or -exposed herds must
be sent to NVSL.
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C.

Figure 1. Grasping of rectoanal mucosa-associated lymphoid tissue (A.) Collection
of rectal biopsy (B.) Placement of rectal biopsy in tissue cassette (C.) Photos
courtesy of Dr. Thomas Gidlewski.

17) Collection Procedures for Blood Sample with Ante-Mortem Testing of Herds
that Contain or Contained CWD-Exposed Animals

Whole EDTA blood collection is required for determining genetic polymorphisms at
codon 96 in white-tailed deer together with ante-mortem diagnostic assays. Collection is
only to be performed by a State or Federal veterinarian or a licensed, accredited
veterinarian under the supervision of a State or Federal veterinarian. Polymorphism at
codon 96 has a significant impact on CWD propagation, and consequently detection,
and is used to determine intervals for sampling times in herds.

A. Collection of blood sample:
1. Animals need to be immobilized safely in a chute or chemically.
2. 3-5 ml of blood is collected into a commercial EDTA blood tube (purple top
tube), then immediately inverted several times to ensure mixing of EDTA and
blood.

3. Blood samples should be immediately placed in a cooler with ice or ice packs.

4. Blood samples should be sent overnight with ice or ice packs, with the
associated sample submission form, to an approved genotyping laboratory.
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Appendix VI: Diagram for Response to a CWD-
Positive Case

The following diagram may be used to assist in response to a CWD-positive animal. All CWD-exposed
cervids should be traced forward and back to include the 5 years since the exposure to the CWD-
positive animal occurred.

@ cwo-Positive Animal® - eligible for indemnity

O CWD-Exposed Animal® — eligible for indemnity Steps to take following a positive CWD testresult(see Program Standardsfor more details):
1. Identify CWD Exposed animals and place those herds on movement restrictions and suspended HCP status pending the epi
o Undefined Status Animal ("exposed to exposed™) investigation.
Inelighiz for indemnity unless deemed CWD-Sispack 2. Conduct an epi investigation to determineif a source can be identified. All movementsinto and out of the trace herds
D CWD-Positive Herd® (including free-ranging cervids) within 60 hsof di isshould beinvesti (See Program StandardsPart B and
ppendix IlI: CWD Epidemiology | igation and Report Template). If 2 source isidentified, then release any
CWD-Exposed Herd* herds/animalsthat arenot epilinked.
> m Poss-through Herd Epi-iinked 3. If indemnity funds are available, consider the risk of the situation and discussthe option of euthanasia and testing of CWD
Epi-linked Herd : g z 5 3
Exposed animals with theowner. If no funds are available, the owner may elect to euthanize andtest asa business
*see definitions - Code of Federal Regulations, Part 558 decision to allowfor toresume.
3 A ¥ 4. Develop herd plans for those herds that will remain under quarantine [see Program Standards Part B (5)). Based on theepi
—————— Arrows arein the direction of animal movement x B £ 2 £ ¥ 2 2 8
investigation, time under quarantine may be reduced at State discretion. Quarantinerelease will occur upon completion
of the herd plan. HCP status will be determined by State officials and APHIS basad on surveillance history and compliance.
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- CWD-Positive Herd

HCP Status: Loss of HCP herd status — Herd plan
needed to re-enroll. No interstate movements
allowed until certified status is attained.

States should submit a preliminary
epidemiological report within 7 business days
from NVSL confirming a CWD-positive cervid.
States are also required to submit a final report
for herds enrolled in the HCP and for any herds
requesting indemnity.

Indemnity: CWD-Positive and CWD-Exposed
animals are eligible for indemnity.

Options:
* Recommend depopulation and testing of

entire herd.

* Quarantine herd until 5 years of CWD
surveillance (100% of all deaths, including
hunter-harvested and slaughtered) is
successfully completed after the last exposure
to the CWD-Positive animal.

Selective culling of CWD-Exposed animals in
this herd may be used in conjunction with the
5 year surveillance if deemed appropriate
based on epidemiology.

* Whole herd ante-mortem testing and
genotyping using NVSL protocol and APHIS
approved procedures may be included in the
herd plan for disease management purposes.
Herd plans must include the ante-mortem
testing protocol specific to each situation.

*See Appendix Il in the Program Standards for
more details.

CWD-ExposedHerd

HCP Status: Loss of HCP herd status—Herd plan
neededtore-enroll. No interstate movements allowed
until certified status is attained.

Statesare required to submita preliminary and final
epidemiological report for herds enrolled inthe HCP
and forany herds requesting indemnity.

NOTE: Prior CWD testing completed after the CWD-
Positive animal left the premises may count towards
the5 yearrequirementif all deaths were tested and
herdisin compliance with other HCP requirements.

Indemnity: CWD-Exposed animals are eligible for
indemnity.

Options:
* Depopulation and testing of entire herd unless the

epidemiological investigation determines the likely
point of infection of the positiveanimal was outside
ofthisherd.

* Quarantine herd until 5years of CWD surveillance
(100% of all deaths, including hunter-harvested and
slaughtered) is successfully completed after the last
exposure to the CWD-Positive animal or fora period
of time determined by arisk evaluation atthe
discretion of the State officials.

* Whole herd ante-mortem CWD testingand
genotyping using NVSL protocol and APHIS
approved procedures. This may reduce the length
of time under quarantine. Herd plans mustinclude
the ante-mortem testing protocolspecificto each
situation.

* *See Appendixllinthe Program Standards for more
details.
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Epi-Linked Herd

HCP Status: HCP herd status is maintained if CWD-
Exposed animal(s) are euthanized and testresults
are “notdetected”. Otherwise, interstate movement
isrestricted until CWD certified statusisre-
established.

NOTE: Prior CWD testing completed afterthe CWD-
Exposed animal(s) arrived on the premises may
counttowardsthe5 year requirementif all deaths
were tested and herd isin compliance with other
HCP requirements.

Indemnity: Epi-linked animals may be eligible for
indemnity if they are deemed CWD-Suspect animals.

Options:
* Euthanize and test of CWD- Exposed animals. If all

animals test negative(not detected), then
recommend removal of any
quarantines/movementrestrictions.

Quarantine the whole herd in which the CWD-
Exposed animals resided for 60 months (5 years)
fromthe last exposure or fora period of time as
determined by arisk evaluation at the discretion
of the State officials.

Whole herd ante-mortem CWD testing and
genotyping using NVSL protocol and APHIS
approved procedures. This may reduce the length
oftime under quarantine. Herd plans must
include the ante-mortem testing protocol specific
to eachsituation.

A Quarantine or hold order is not required
for a Pass-through herd until the status of the CWD-
exposed animals that resided in the herd is
determined.

*See Appendix|linthe Program Standards for more
details
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Appendix VII: Diagram for DNA Comparison Testing and
Interpretation

. . VS will not
Is this the first conduct DNA

detection of Comparison

CWD in this testing. Owner
herd? may request at
own expense

Proceed with
regulatory
actions based

Was official ID with fresh on ID
tissue submitted with the provided on
CWD-positive tissue? VS 10-4

NVSL forwards tissues
to laboratory for DNA
comparison testing at

/ APHIS expense

CWD+ tissue matches CWD+ tissue does not
tissue attached to official ID match tissue attached to ID

Unable to obtain
valid results

Investigate further to determine source
Proceed with regulatory of CWD+ animal
actions

. _ Unable to determine
Determine identity identity/source of CWD+
and/or source of animal
CWD+ animal

Further action at
State’s discretion
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Appendix VIlII: Standard Operating Proceedure for
Chronic Wasting Disease Sample Collection in Meat
Processing Facilities

1. Background

The Chronic Wasting Disease (CWD) herd certification program requires that all animals sent to slaughter under
the same ownership are sampled and tested for CWD. Proper sample collection, submission and reporting of
results ensures the integrity of the testing if animal disease tracing is required. Proper collection also ensures
compliance with the herd certification program.

2. Purpose

The purpose of this document is to provide clarification on sampling, submission and reporting procedures for
cervid CWD samples collected at meat processing facilities. Sample collection, sample shipping, and sample
testing are the financial responsibility of the herd owner. Adherence to the process described below will improve
reporting of results thereby reducing carcass retention time at meat processing facilities. This process should
also provide proper documentation for compliance with the CWD herd certification program.

3. Document Status

This is a new document

4. Authorities and References

9 Code of Federal Requlations 81.2
NAHLN Laboratories
CWD Program Standards

5. Advance Planning

A. The herd owner should notify the processing facility with the proposed date and number of animals in
advance. When possible, plan for a Monday or Tuesday processing day.

B. The herd owner must identify and notify the Certified CWD Sample Collector or accredited veterinarian
in advance.

C. The processing facility management should notify on-site Federal or State food safety inspection
personnel one week in advance.

D. The Certified CWD Sample Collector or accredited veterinarian must secure and/or order sample
collection equipment and shipping container at least one week in advance. Collection and shipping
supplies are not provided by the National Veterinary Services Laboratory (NVSL).

E. The Certified CWD Sample Collector or accredited veterinarian must identify an approved laboratory
for sample submission.
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F. The lab selected must be approved to conduct the ELISA test. A list of labs approved to conduct the
CWD ELISA test can be found here:
https://www.aphis.usda.gov/animal health/nahin/downloads/cwd lab_list.pdf

G. The Certified CWD Sample Collector or accredited veterinarian must contact the NAHLN lab two
weeks in advance to confirm test kits will be available on the scheduled sample collection date.

6. Sample collection

A. The ELISA test will be used for samples collected at slaughter. Required samples to be collected are
the obex and half of both the left and right medial retropharyngeal lymph node. Samples for ELISA
testing must be fresh rather than formalin fixed. Use a single sample container for each animal. Place
the samples in conical tube or suitable container and apply black tape around the lid to prevent
loosening during shipment. Place the sealed container in a plastic bag — preferably a zip-lock type bag.

B. A side label, written or affixed, should be applied to each sample container
Date of collection.
Producer name
Species
Type of specimen
Sample number
Official animal identification (ID) number: collection and recording of official
identification is mandatory

C. Collect all identification devices from the animal and submit with the sample. Collect the official ID with a
guarter-sized (approximately 1” x 1”) piece of tissue (ear, hide, etc.) attached to each device. Submit
this tissue fresh rather than formalin fixed. This will allow DNA verification and/or genotyping if
necessary.

D. Attach an ID device such as a numbered retain tag to the carcass that can be used to correlate to the

lab report. In many situations, an FSIS gang tag can be applied to the carcass and corresponding tag
can be listed on the submission form as identification.

7. Laboratory submission form

A. Complete a lab submission form for each producer. Describe clinical findings and history when
applicable. The following information should be included on the submission form::

1) Ensure email address of submitter

2) Type of test - CWD ELISA test

3) A referral number should be applied as follows:
(State)(Collector’s initials)(6 digit date of collection)
Example OK-BRS-031218

4) If the carcass or meat is being retained by FSIS pending results, enter RETAINED. Include
email address of submitter.

8. Sample shipping

A. The submitter must contact the lab on the day of shipment.
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B. Fill void area in the shipping container with paper towel when packing the sample. Include the laboratory
submission form and ID devices in the shipping container with the sample. Include an ice pack in the
shipping container to keep the sample cool.

Samples should be shipped to NAHLN labs on Monday and Tuesday. This will allow processing of
samples on Tuesday and Wednesday, respectively.

Ship the samples using an overnight courier.

Provide the lab with the tracking number from the courier air bill.

Inform the lab that animals associated with samples are retained pending results.

mTmo O

9. NAHLN Laboratory reporting

A. The ELISA test will be used for samples collected at slaughter.

B. To reduce retention time by FSIS, NAHLN labs are asked to report results within 2 business days of
sample receipt.

C. The test results will be reported by the NAHLN lab to the submitter via the email address provided on the
submission form.

10. Collector/Submitter reporting

The submitter listed on the submission form shall provide a copy of the official results to on-site FSIS personnel
and plant management immediately upon receipt. It is the responsibility of the submitter to obtain contact
information for FSIS personnel and plant management.

11. Inguiries

Please direct any inquiries to:

National Cervid CWD Disease Specialist

USDA APHIS Veterinary Services

Sheep, Goat, Cervid, and Equine Health Center
VS.SP.Cervid.Health@aphis.usda.gov
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PAPERS & ARTICLES

Variable patterns of distribution of PrPP jn
the obex and cranial lymphoid tissues of
Rocky Mountain elk (Cervus elaphus nelsoni)
with subclinical chronic wasting disease

T. R. SPRAKER, A. BALACHANDRAN, D. ZHUANG, K. |. O'ROURKE

Sections of medulla oblongata, taken at the level of the obex, palatine tonsil and medial retropharyngeal
lymph node from 10,269 captive Rocky Mountain elk (Cervus elaphus nelsoni), were examined by
immunohistochemical staining with monoclonal antibody for the prion protein associated with the
transmissible spongiform encephalopathy of cervids, chronic wasting disease (PrPWP). The protein was
detected in 226 of them. On the basis of the anatomical location of the deposits in the brainstem of 183 elk,
four distinct patterns of distribution of PrP“WP within the parasympathetic region of the dorsal motor
nucleus of the vagus nerve and the adjacent nuclei were observed. Mild gross lesions of chronic wasting
disease (serous atrophy of fat) were observed in only three elk, all with spongiform degeneration; the other
elk were considered to be in the preclinical stage of the disease. In contrast with the relatively predictable
distribution of prion protein (PrP) in the brain and cranial nodes of sheep and mule deer, the distribution of
PrPWP in the brain and nodes of the elk was more variable and unrelated to their PrP genotype. One
hundred and fifty-five of the 226 positive elk had deposits of PrP?WP in the brainstem and lymphoid tissues,
43 had deposits only in the lymphoid tissue and 28 had deposits only in the brainstem.

CHRONIC wasting discase, a transmissible spongiform
encephalopathy (15E), has been described in captive cervid
ruminants (Williams and Young 1980, 1982, 1993, Spraker
and others 2002¢). A similar spongiform encephalopathy has
been described in free-ranging mule deer (Odocoileus
hemionus), white-tailed deer (Odocoileus virginianus) and
Rocky Mountain clk (Cervus elaphus nelsoni) from north cen-
tral Colorado (Spraker and others 1997). The disease is now
found throughout northern Colorado and south-cast
Wyoming (Miller and others 2000). The neuroanatomical dis-
tribution of the histological lesions in clinical cases and the
immunohistochemical staining pattern of the abnormal iso-
form of the prion protein (PrP“P) in the brain and lym-
phoid tissue of preclinically infected free-ranging and captive
mule deer are morphologically indistinguishable (Spraker
and others 2002¢). In infected mule deer, the dorsal nucleus
of the vagus nerve is the first area of the brain in which
PrPevP can be detected (Spraker and others 2002b), although
the palatine tonsil accumulates PrP™P before it can be
detected in brain (Sigurdson and others 1999).

This paper describes the distribution of PrP“" in the
brainstem, palatine tonsil and medial retropharyngeal lvmph
node, and the severity and distribution of spongiform degen-
cration in the brainstem of infected captive Rocky Mountain
clk of different prion protein (PrP) genotypes.

MATERIALS AND METHODS

Elk and tissue sections

A total of 10,269 captive Rocky Mountain elk from the Usa
and Canada were culled in an attempt to control the spread
of chronic wasting discase. They were born in or resided in
herds with a history of the discase in at least one animal, and

all the animals in cach herd were cuthanased, regardless of

their age, sex or length of time spent in the herd. Negative
control tissues were collected from 250 elk from Montana, an
arca with no history of the disease. The brainstem was sepa-
rated from the brain just rostral to the pons. A cut was made
cither at the convergence of the dorsal nucleus of the vagus
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nerve at the point where the spinal canal begins, or at a point
approximately 2 to 5 mm caudal to that point. The rostral half
was fixed in 10 per cent neutral buffered formalin and the
caudal half was frozen. Samples of palatine tonsil and medial
retropharyngeal lvmph node were preserved in 10 per cent
neutral buffered formalin for immunohistochemistry, or kept
at =20°C for Western blot analysis. Preserved tissues from cach
clk were trimmed and embedded in a single paraffin block.
Sections were cut at 5 um and mounted on positively charged
glass slides. Sections of brain were stained with hacmatoxylin
and eosin and examined for spongiform degeneration.

Immunohistochemistry

The tissue sections were immunostained with monoclonal
antibody (mADb) F99/97-6-1 (O'Rourke and others 2000) for
the detection of PrP™P as described by Spraker and others
(2002a). Monoclonal antibody F99/97-6-1 stains cervid, ovine
and bovine 1sE-positive brain after antigen retrieval and treat-
ment with formic acid. Sections were dewaxed, rehvdrated,
and treated with 88 per cent formic acid for 30 minutes, fol-
lowed by hydrated autoclaving (Haritani and others 1994) in
antigen-retrieval bufter, pH 6-1 (Dako) at 120°C for 20 min-
utes. Primary antibody treatment with F99/97-6-1 diluted to
10 pg/ml, for 32 minutes at 37°C, detection with alkaline
phosphatase red (Ventana Medical Systems), and counter-
staining with hacmatoxylin were carried out on an automated
immunostainer (Nexts; Ventana Medical Systems).

Histological examination
The histological criteria used to diagnose the discase included
intrancuronal vacuolation, microcavitation of grey matter,
neuronal degeneration and loss with mild astrocytosis, and/or
the presence of PrPevt detected by immunohistochemistry in
the brain (Williams and Young 1980, 1982, 1993, Spraker and
others 1997, 2002a, b, ¢).

The severity of spongiform degeneration was graded on
a scale of 0 to 3: 0 No lesions, 1 Mild, 2 Moderate and 3
Severe. The primary histological lesions used to judge the
severity of spongiform degeneration were vacuolation of the
neuropil and neuronal cytoplasmic vacuolation. Astrocytosis
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FIG 2: Lymphoid follicle
(F) in a medial
retropharyngeal lymph
node of an elk with
chronic wasting
disease, showing heavy
deposits of bright red
chromagen.
Immunohistochemical
staining by the
streptavidin-alkaline
phosphatase method,
and haematoxylin/
bluing counterstain.

?ﬁu,&,

FIG 1: Lymphoid follicle (F) in a medial retropharyngeal
lymph node of an elk free of PrP?P, showing the pale blue
background of the follicle. Inmunohistochemical staining
by the streptavidin-alkaline phosphatase method, and
haematoxylin/bluing counterstain. Bar=240 pm

o

was present but difficult to evaluate on sections stained with
haematoxylin and eosin and was therefore not used in the
evaluation of the severity of the lesions. References for neuro-
anatomical sites of the obex included Singer (1962) and
Yoshikawa (1968). For each neuroanatomical site examined
the prevalence and severity of the spongiform degeneration
were recorded.

Western blot analysis

Frozen tissue for Western blot analysis was available from the
brains of 129 of the infected elk, using tissue rostral to the sec-
tion collected for immunohistochemistry; tonsil was available
from 34 and retropharyngeal lymph node was available from
12. Samples of 0-2 to 025 g of tissue were minced and lysed
by two 45 second rounds of agitation (Fast Prep rpi20,
BioSpec 101; ThermoSavant) with zirconium grinding beads
(1 mm Zirconia; BioSpec Products) in 1 ml lysis buffer
(10mM Tris-HCI, pH 75, 0-5 per cent NP-40, 0-5 per cent
sodium deoxycholate). The sample was incubated at room
temperature for 30 minutes and then stored at —20°C until
used. An equal volume of 4 per cent (w/v) Sarkosyl was added
and the lysate was held at 37°C for 10 minutes and then
treated with 100 ug/ml DNase at 37°C for 30 minutes before
digestion with 50 pg/ml proteinase K at 50°C for 30 minutes.
The sample was adjusted to 1X sample buffer (NuPage 1.Ds
sample buffer; Invitrogen) with reducing agent and boiled for
10 minutes. Minced tonsil and retropharyngeal lymph node
were pretreated by incubation in collagenase digestion buffer
(Grathwohl and others 1996) (2-5 mg/ml collagenase [Gibco
Life Sciences]), 100 pg/ml bNase in 10mM Tris-HCI, pH 7-6,
5mM magnesium chloride for 30 minutes at 37°C, then
adjusted to 1X lysis buffer and treated as above. If no PrPe"p
was detected by Western blot of tissue homogenates, the sam-
ples were enriched with sodium phosphotungstate (Sigma) as
described by Wadsworth and others (2001) with modifica-
tions. After digestion with proteinase K the tissue homogen-
ates were adjusted to 0-3 per cent sodium phosphotungstate
in 170mM magnesium chloride at 37°C for 40 minutes, then
centrifuged in a conventional tabletop microfuge at 20,800 g
for 30 minutes. The pellet was resuspended in sample buffer
with dithiothreitol (50mM final concentration) and heated in
boiling water for 10 minutes. Proteins were separated by elec-
trophoresis on precast NuPage 12 per cent Bis-Tris polyacryl-
amide gels (Invitrogen) and transferred to polyvinylidene
fluoride membranes (Immobilon P; Millipore) prehydrated
in methanol and transfer buffer. The membranes were
blocked with a commercial casein buffer (Pierce Chemicals)
and incubated with mAb F99/97-6-1 diluted to 3-5 pg/ml in
casein buffer for 30 minutes at room temperature. They were
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then washed in 0-01M Tris, pH 8-0, 0-15M sodium chloride,
0-05 per cent Tween-20 (wash buffer) and bound antibody
was detected by incubation with goat anti-mouse immuno-
globulin G1-horseradish peroxidase (Southern Biotech-
nology) and a chemiluminescent substrate (ECL; Amersham
Pharmacia Biotech) followed by exposure to film (X-omat;
Kodak).

PRNP and PRNPy analysis

Frozen tissue suitable for DNA analysis was available from 186
of the infected elk; samples from the other 40 clk were unsuit-
able owing to the degradation of the DNA in autolysed tissuc.
The DNA was extracted from frozen brain, tonsil or retropha-
ryngeal lymph node as described by O’Rourke and others
(1999). The open reading frame of the functional PrRNP gene
was amplified with forward primer 223 (5-ACACCCTCTTTAT
TTTGCAG) and reverse primer 224 (5'-AGAAGATAATGAAAACAG
GAAG), and sequenced with forward primer 245 (5'-GGCAAC
CGCTATCCCACCTCA) and reverse primer 12 (3-GGTGGTGACTGT
GTGTTGCTTGA). EIK PRNP genotypes were identified by the
deduced amino acid residue at codon 132 (methionine (M
or leucine [L]), the only coding change observed in the
samples.

Genomic DNA from 17 elk was analysed for evidence of the
recently described cervid pseudogene pPRNPy (Brayton and
others 2004) by pcr using pseudogene-specific forward
primer 379 (5-AAGAAAATTCCTGAGAGAGCAT) and reverse
primer 224. Amplification reactions were analysed by 1 per
cent agarose gel clectrophoresis. Genomic DNA from a mule
deer with the cervid pseudogene was used as a positive con-
trol. The samples included two elk with PrP“"! restricted to
the brain (MMm), three elk with PrP“"P in lymph nodes but not
brain (MM), nine clk with PrP“WP in brain and nodes (seven
MM and two M) and three PrPWP-negative elk (one LM and
two MM). None of the samples showed evidence of PRNPy.

RESULTS

In total 10,269 elk were used, of which 10,043 (97-8 per cent)
had no detectable PrP““? in the brainstem or lymphoid tis-
sues. Each herd had a relatively small number of cases and the
age of the affected elk varied from approximately 18 months
to more than 12 years. Chronic wasting discasc is transmitted
horizontally in mule deer (Miller and Williams 2003) and
probably also transmitted in this way in elk. The incubation
time for animals infected in the perinatal period may be as
short as 18 months but the incubation time after adult expo-
sure is unknown. Because of this uncertain interval elk with
no evidence of PrPWP are not considered to be free of the dis-
ease. Two hundred and fifty negative samples were collected
from elk killed by hunters in Montana, an area with sufficient
surveillance and no evidence of the disease.
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TABLE 1: Distribution of PrPOWP detected by

immunohistochemistry in the medulla at the level of the obex
in lymphoid tissues of 226 elk with chronic wasting disease

PAPERS & ARTICLES

TABLE 2: PRNP genotypes of 178 Rocky Mountain elk with

different patterns of deposition of PrPOWP

PrPOWD  Lymphoid tissue negative!  Lymphoid tissue positivet
Medulla MRLN only ~ PTonly  Both tissues Neither tissue in brain * MM M MM LM LL
BrO 32 2 9 BroO (0] (4] 32 3 0
Br+1 11 1 20 1 Br+1 10 0 26 1 0
Br+2 6 0 25 10 Br+2 8 0 29 1 1
Br+3 2 4 64 3 Br+3 2 0 58 2 0
Br+4 0 0 22 4 Br+4 4 0 9 0 0

Br 0 No PrPWD detected, Br+1 Scant PrP“WD restricted to the
dorsal motor nucleus of the vagus, Br+2 Abundant PrpcWD
restricted to the dorsal nucleus of the vagus nerve and nucleus of
the solitary tract, Br+3 PrP®WPD in dorsal nucleus of the vagus nerve,
nucleus of the solitary tract and scant deposits in surrounding
nuclei, Br+4 Intense staining in the dorsal nucleus of the vagus
nerve and surrounding nuclei

MRLN Medial retropharyngeal lymph node, PT Palatine tonsil

Immunohistochemistry of medullae and
lymphoid tissues of 226 infected elk

The deposits of PrP ™ in the brain appeared as a coarse, red,
granular or particulate material. The positive staining for
PrPY P often surrounded neurons and appeared to be on the
cell surface and scattered throughout the neuropil. Intra-

cellular staining was rarce. In many arcas there were plaques of

PrPevP. Negative brain tissues were a pale blue.

A typical section of medial retropharyngeal lymph node
or palatine tonsil contained approximately 50 to 200 lym-
phoid follicles. The lvmphoid tissues were considered
positive if any of the lymphoid follicles were stained immuno-
histochemically. Typically, 10 per cent or more of the folli-
cles were entirely filled with positively stained material (Fig
1). In some elk, the positive red chromagen was limited to a
crescent-shaped arca filling approximately half to three quar-
ters of the germinal centres of individual follicles. Lymphoid
follicles free of staining had a pale blue background (Fig 2).
Individual positive follicles contained a coarse, bright red,
granular material that was interpreted to be PrPt™P. This
material was confined to the follicles and there was little out-
side the follicles. This material appeared to be within the
intercellular space and on the cell membranes of follicular
dendritic cells and lymphocytes, as described in mule deer
by Sigurdson and others (2002).

Elk were considered positive for chronic wasting discase
it one or any combination of the three tissues (medial
retropharyngeal lvmph node, palatine tonsil and/or the dor-
sal nucleus of the vagus nerve) had detectable Prpt™P; 226
(2:2 per cent) were positive. On the basis of the neuro-
anatomical location and intensity of the positive immuno-

* PrPCWD deposits in brain as described in Table 1

t Neither the medial retropharyngeal node nor the palatine tonsil
contained PrPWD detectable by immunohistochemistry or Western
blot analysis

* One or both tissues positive for PrPXWP by immunohistochemistry
or Western blot analysis

MM Homozygous for the allele encoding methionine at codon 132,
LM Heterozygous for the alleles encoding methionine and leucine
at codon 132, LL Homozygous for the allele encoding leucine at
codon 132; there were no LL elk in the lymphoid-negative group

staining in the medulla, the positive elk were assigned to one
of five groups; in cach group, the pattern of distribution in
the lvmphoid tissue (tonsil, medial retropharyngeal lvmph
node or both) of cach elk (‘Table 1) and its PrRNP genotype
were recorded (Table 2).

Patterns of PrPWP deposition in brain and lymphoid
tissue of positive elk of varying PRNP genotypes
PrPP in lymphoid tissues with no deposits in the
medulla (Br 0) Forty-three clk had no detectable PrPt™P in
the dorsal nucleus of the vagus nerve and no spongiform
degeneration, but in 32 of them there was positive staining
in the medial retropharyngeal lymph node alone, in two in
the palatine tonsil alone, and in nine in both lvmphoid tissues
by immunohistochemistry (Table 1, Fig 1) and/or Western
blot. The follicles were usually not filled with staining and the
immunostaining was often crescent-shaped. The staining was
not uniform throughout the section of lvmphoid tissue, but
patchy in distribution. In several cases three sections of node
were examined and only one section had positive follicles.
Tissue suitable for DNA analysis was available from 35 ¢lk; 32
of them were homozygous for M at codon 132 (xint) and the
other three were heterozygous for 1a1. The genotypes of all the
clk with suitable DNA are shown in Table 2.

Scant PrPWP deposits restricted to the dorsal nucleus
of the vagus nerve and nucleus of the solitary tract
(Br+1) Forty-three elk had PrP™" immunostaining in the
obex, restricted to the lower half of the dorsal nucleus of the

FIG 3: (a) and (b) Obex, myelencephalon of the brain of an elk with chronic wasting disease (Br+1/early), showing the small
clusters of bright red chromagen (circles) in the lateral aspects of the nucleus of the vagus nerve (V), but no staining in any of
the adjacent nuclei. Inmunohistochemical staining by the streptavidin-alkaline phosphatase method, and haematoxylin/

bluing counterstain. (a) Bar=1-3 mm, (b) Bar=133pm
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FIG 4: (a) and (b) Obex, myelencephalon of the brain of an elk with chronic wasting disease (Br+1/late), showing bright red
chromagen filling the lower half of the dorsal nucleus of the vagus nerve (V), but no staining in the adjacent nuclei.
Immunohistochemical staining by the streptavidin-alkaline phosphatase method, and haematoxylin/bluing counterstain.
(a) Bar=420 pm, (b) Bar=42 pm

vagus nerve. Some cases were characterised by having only
two or three neurons surrounded by positive immunohis-
tochemical staining in the ventral lateral region of the mid-
dle one third of the dorsal nucleus of the vagus nerve (Fig
3), the parasympathetic region of the vagus nucleus. [n some
cases, staining was also observed in the nucleus of the soli-
tary tract (Fig 4). The immunostaining was bilateral in 41 of
the 43 elk. Typically, positive staining was observed on the
periphery of neurons and axons with a minimal amount of
detectable PrPWP in the surrounding neuropil. No spongi-
form encephalopathy was observed. PrP®™P was found in
the lymphoid tissues of 32 of the 43 clk in this group;
PrPeWP was observed in the medial retropharyngeal lymph
node but not the palatine tonsil in 11, in both tissues in
20 and in the tonsil alone in one (Table 1). The pattern of
follicular staining was similar to that observed in the Br 0
group one animals. Thirty-six of the 37 clk with suitable
DNA were homozygous MM and the other was heterozygous
LM.

Moderate PrPWP deposits restricted to the dorsal
nucleus of the vagus nerve and the nucleus of the soli-
tary tract (Br+2) Forty-one elk had PrP"P deposits filling
the entire cross-section of the dorsal nucleus of the vagus
nerve and the nucleus of the solitary tract, with no immuno-
staining in any of the adjacent nuclei (Fig 5). There was mild
spongiform encephalopathy in 15 of these elk, occurring first
in the neuropil followed by cytoplasmic vacuolation of neu-
rons. Positive immunohistochemical staining of lymphoid tis-
sue was found in 31 of the 41 elk. Immunostaining was

(a)

observed in both tissues in 25 of 30 clk and in the medial
retropharyngeal lymph node alone in six. Thirty-seven of the
39 elk in this group with suitable DNA were homozygous Mat,
one was heterozygous LM and the other was homozygous for
LL, the one case of chronic wasting discase in an elk of this
genotype observed either in this study or in the study by
O’Rourke and others (1999).

Heavy PrP™WP deposits in the dorsal nucleus of the
vagus nerve with minimal to moderate spread to sur-
rounding nuclei (Br+3) Seventy-three elk had relatively
heavy staining of the dorsal nucleus of the vagus nerve and
minimal to moderate PrP“"? immunostaining in surround-
ing nuclei (the caudal portion of the nucleus of the spinal
tract of the trigeminal nerve, the ambiguus nucleus, the retic-
ular formation, the hypoglossal nucleus, the olivary nuclei
and the accessory cuneate nucleus) and white tracts (Fig 6).
The radix of the dorsal nucleus of the vagus nerve appeared
to be the first and most consistently affected axonal tract.
Detectable accumulations of PrP“P in the nucleus of the
spinal tract of the trigeminal nerve appeared to follow the
accumulation of PrP™! in the dorsal nucleus of the vagus
nerve and the nucleus of the solitary tract. In addition, there
was mild to moderate immunostaining in the nucleus
ambiguus, the reticular formation, the olivary nuclei and the
accessory cuneate nucleus in some animals. The animals in
this group had mild spongiform degeneration in the dorsal
nucleus of the vagus nerve, but not in the surrounding nuclei.
Positive immunostaining in lymphoid tissues was observed in
70 of the 73 elk, with both the medial retropharyngeal node

bright red chromagen filling the entire dorsal nucleus of the vagus nerve (V), but no staining in the adjacent nuclei.
Immunohistochemical staining by the streptavidin-alkaline phosphatase method, and haematoxylin/bluing counterstaining.

(a) Bar=1-3 mm, (b) Bar=133 pm
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FIG 6: (a) and (b) Obex, myelencephalon of the brain of an elk with chronic wasting disease (Br+3), showing the abundant
bright red chromagen filling the dorsal nucleus of the vagus nerve (V) and spilling over into adjacent nuclei. R Radix of the
vagal nucleus, T Nucleus of the spinal tract of the trigeminal nerve. Inmunohistochemical staining by the streptavidin-alkaline
phosphatase method, and haematoxylin/bluing counterstain. (a) Bar=4-2 mm, (b) Bar=42 pm

and the palatine tonsil positive in 64 animals, the retropha-
ryngeal lymph node alone in two and the palatine tonsil
alone in the other four. Of the 62 elk with suitable DNA, 60
were homozygous MM, including the two in which the
immunostaining was restricted to the brain. The amount and
distribution of PrP““* in the two heterozygous 1.M elk was
indistinguishable from that in the 60 homozygous
animals.

Heavy PrPYP deposits within the dorsal nucleus of the
vagus nerve and surrounding nuclei (Br+4) Intense stain-
ing was observed throughout the dorsal nucleus of the vagus
nerve and within surrounding nuclei (the caudal portion of
the nucleus of the spinal tract of the trigeminal nerve, the
nucleus ambiguus, the reticular formation, the nucleus of the
hypoglossal nerve, the olivary nuclei and the accessory
cuneate nucleus and white matter tracts of 26 elk) (Fig 7).
Three of them had gross lesions compatible with chronic
wasting disease, including serous atrophy of fat behind the
eyeballs and at the base of the tongue. All the animals in this
group had moderate spongiform degeneration within the
dorsal nucleus of the vagus nerve, with mild spongiform
degeneration in the surrounding nuclei. The lymphoid tissues
(both palatine tonsil and medial retropharyngeal lymph
node) were positive in 22 of the 26 elk, but the other four had
no detectable PrPWP in lymphoid tissues in spite of the
apparently advanced disease. All 13 elk with suitable DNA were
homozygous MM, including the four with PrP¢"P accumu-
lations limited to the brain.

Control elk There were no histological lesions of spongi-
form degeneration and no positive immunostaining
was detected in the brainstem at the level of the vagus
nucleus, of the 250 control Rocky Mountain elk from
Montana.

Western blot analysis

Western blot analysis was applied to samples of brain, tonsil
and/or retropharyngeal node to confirm the immunobhisto-
chemical diagnosis, to confirm the tissue-specific distribution
patterns of PrP“WP (only brain or only lymphoid tissue) and
to determine whether the glycoform patterns varied with the
animal’s genotype. Tissue was collected from the medulla cau-
dal to the section taken for immunohistochemistry and it may
not have included the dorsal motor nucleus in all cases.
Fourteen of the 30 samples from medullae considered Br+2
and five of the 27 samples considered Br+1 were positive by
Western blot analysis, consistent with a focal deposition of
PrP“W in the dorsal nucleus of the vagus nerve and the
nucleus of the solitary tract. All 46 brain samples considered
Br+3 or Br+4 by immunohistochemistry were positive by
Western blot analysis. No samples from brains that were neg-
ative by immunohistochemistry had detectable PrP“"P by
Western blot analysis. In three of the elk the Western blot
analysis of medulla and one or both lymphoid tissues showed
that there were deposits of PrP“"P in the brain but not the
lymphoid tissue, in two there were deposits in lymphoid tis-
sue but not brain and in 33 there were deposits in both sites
(data not shown).

FIG 7: (a) and (b) Obex, myelencephalon of the brain of an elk with chronic wasting disease (Br+4), showing the abundant
bright red chromagen filling the entire dorsal nucleus of the vagus nerve and the adjacent nuclei. Inmunohistochemical
staining by the streptavidin-alkaline phosphatase method, and haematoxylin/bluing counterstain. (a) Bar=4-2 mm,

(b) Bar=42pm
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FIG 8: Western blot
analyses of the proteinase
K-resistant core of PrPOWD
from the brainstems of
two elk with chronic
wasting disease, one
homozygous for
methionine at codon 132
(lane a), and the other
heterozygous for
methionine/leucine at
codon 132 (lane b).
Molecular weight markers
(kD) are shown on the left
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The PrPCWD Western blot profiles from the brains of 124
homozygous MM elk and one homozygous LL elk were indis-
tinguishable and showed the characteristic banding pattern
of the TsEs (Fig 8, lane a), with the bands presumably repre-
senting the unglycosylated, monoglycosylated and diglycosy-
lated PRNP gene products. Of the seven heterozygous LM elk,
five had PrP¢WP deposits restricted to the dorsal nucleus of
the vagus nerve and the solitarius nucleus, undetectable out-
side the formalin-fixed section. Western blot analysis of brain
from the two remaining heterozygous LM elk showed a dis-
tinctive banding pattern (Fig 8, lane b) with the upper two
bands having a higher apparent molecular weight than the
upper two bands in homozygous MM elk. The lower band was
detectable only after a long exposure of the blot.

DISCUSSION

P

The tissues examined included tissues from captive elk
euthanased during the total depopulation of herds with a his-
tory of chronic wasting disease; they appeared to be healthy
and only three of them had gross lesions consistent with the
disease. The length of the preclinical stage of the disease in elk
and the interval from natural infection to the appearance of
detectable PrP“WP deposits are not known.

Different patterns of spongiform degeneration and accu-
mulation of PrP“WP in the medulla were observed. These dif-
ferences may have been due to differences in the stage of the
disease, in the elk’s PRNP genotypes, or to differences in the
strain of the agent. Different patterns of spongiform degen-
eration and PrP% accumulation have been described in dif-
ferent breeds of sheep with naturally acquired scrapie (Wood
and others 1997, Ryder and other 2001), and variations in the
profiles of vacuolar lesions have been described within and
between PrP genetic groups of sheep (Ligios and others 2002,
Begara-McGorum and others 2002). The microscopic
changes described in sheep with terminal scrapie were more
subtle than those observed in this study, although the
immunostaining showed a similar progression from the
vagus nerve to the surrounding tissue (Ryder and others
2001). The elk had the same limited PRNP allelic variation
reported by O’Rourke and others (1999), with a single cod-
ing change (M to L) at codon 132. This site is equivalent to
human codon 129, in which the M/valine polymorphism is
associated with relative susceptibility, incubation time or
phenotype of individuals with sporadic (Palmer and others
1991), iatrogenic (Collinge and others 1991), familial (Puoti
and others 2000) and variant Creutzfeldt Jakob disease (CJD)
(Collinge and others 1996) or kuru (Mead and others 2003).
These studies suggested that heterozygosity at the site may
confer some protection from disease. In the present study,
96-7 per cent of the diseased elk were homozygous for M at
codon 132 and there was only one L homozygote. The seven
heterozygous LM elk consisted of three early cases, with no
immunostaining in the brain, and one or two cases in each
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of the other groups except for the most advanced (Br+4).
Lymphoid tissue was positive in all seven cases. Because of
the unknown but almost certainly variable exposure dates of
the elk, it is impossible to rule out a prolonged incubation
time in the elk heterozygous at codon 132 until experimen-
tal pathogenesis and oral challenge trials have been
completed. Similarly, the relative susceptibility of the het-
erozygous LM and homozygous LL elk to natural exposure is
difficult to assess because exposure can neither be demon-
strated nor quantitated. The results show that, in captive
herds, elk of all three major diploid genotypes are suscepti-
ble to naturally acquired chronic wasting disease. The rela-
tive susceptibility and incubation time of the elk of each
genotype cannot be determined until the genetic analysis of
the 10,269 elk has been completed. However, heterozygous
LM and homozygous LL elk are typically found at low
frequencies in captive and free-ranging populations and
definitive results may require experimental inoculation.

Strain variations in TSEs appear to represent the combined
effects of genetic differences in the host and undefined factors
affecting the agent. The experimental challenge of sheep with
two strains of scrapie resulted in different PrP immunostain-
ing and histological profiles (Foster and others 1996, Jeffrey
and others 2001) which were attributed to differences in
strain rather than genotype. All the elk in this study were cap-
tive, game-raised livestock. The transmission of the agent
from wild deer or elk cannot be ruled out but is unlikely.
Strain differences in TSEs are deduced from the pattern of the
lesions and the incubation time in panels of mice (Fraser and
others 1989) and by differences in the apparent molecular
weight and relative abundance of the three glycoforms after
they have been separated on polyacrylamide gels. Variations
among human patients (Parchi and others 1996) are associ-
ated with differences in phenotype and PRNP genotype.
Differences between the TSEs associated with cattle and sheep
(Baron and others 1999, Hope and others 1999, Stack and
others 2002) include differences in the apparent molecular
weight of unglycosylated PrP and in the relative density of the
bands representing the mono- and diglycosylated forms.
There was no apparent variation among the homozygous MM
elk in this study or in a study by Race and others (2002). In
this study, a variant glycoform pattern was observed in three
heterozygous elk; however, because the precise anatomical
location of the samples collected for Western blot analysis var-
ied, it would be premature to conclude that the change in gly-
coform ratio was related to a difference in genotype in this
small sample. Panels of conventional or transgenic mice sus-
ceptible to chronic wasting disease or herds of elk with
defined PRNP alleles and a consistent experimental challenge
dose would be needed to assess variations in the strain of the
agent.

Although neither the host’s genetics nor strain variations
can be ruled out, the appearance of scant PrP“"P limited to
the parasympathetic region of the vagus nerve in some
animals and its accumulation at this site in all the PrP¢WP-
positive elk suggest that this site may be the earliest focus of
its accumulation in the medulla. This observation is consis-
tent with the experimental models described in domestic
sheep and mule deer (Hadlow and others 1982, Sigurdson and
others 1999, Spraker and others 2002b) and with observations
from a single elk (Peters and others 2000). The findings are
consistent with the proposed route of entry from the gut
of mule deer (Sigurdson and others 1999) and sheep
(Andréoletti and others 2000) via the parasympathetic motor
neurons (van Keulen and others 1999, Ryder and others
2001). If the pathogenesis of chronic wasting disease in elk is
similar to that proposed in domestic sheep and mule deer, the
presence of PrP“WP in lymphoid tissues alone would repre-
sent early cases and its presence in lymphoid tissues and brain
would represent later cases. The increasing amounts of
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PrPWD observed in the medulla of elk scored Br+2 to Br+4
may indicate the amplification and progressive spread of
PrPWP, the accumulations of PrPCWP preceding spongiform
degeneration.

The distribution of abnormal PrP in the lymphoid tis-
sues of these elk varied more markedly than in the other nat-
urally occurring TsEs. The early accumulation of PrPCYP in
tonsil is the basis for testing live mule deer (Miller and
Williams 2002, Wild and others 2002). Similarly, the
lymphoid distribution of abnormal PrP in tonsil (Schreuder
and others 1998) and other peripheral lymphoid tissues
(O’Rourke and others 2000) is a reliable preclinical indica-
tor of disease in sheep, with the notable exception of sheep
with a diploid PRNP genotype VRQ/ARR, in which abnormal
PrP is detected in the brain but not in lymphoid tissues (van
Keulen and others 1996). In addition, in a small percentage
of sheep in the Usa lacking the ARR allele, immunostaining
is restricted to the brain (K. I. O’'Rourke, unpublished obser-
vations). In cattle inoculated orally with the agent of BSE,
abnormal PrP was detected in the mesenteric lymph nodes
and Peyer’s patches of the distal ileum (Terry and others
2003), although in cattle with natural BSE immunostaining
in the gut was limited to occasional sparse staining of the
neurons of the distal ileal myenteric plexus. Human vari-
ant CJD is remarkable for the accumulation of PrP in the ton-
sils or appendix of some individuals (Wadsworth and others
2001), in contrast with sporadic ¢JD, in which abnormal PrP
is not usually observed in lymphoid tissues (Hill and
others 1999). In the elk in the present study the distribution
pattern of PrP““P was variable, including immunostaining
in both brain and lymphoid tissue (686 per cent), in lym-
phoid tissue alone (19 per cent), or in brain alone (12-4 per
cent). No PrP¢WP was detected in the lymphoid tissues of 21
elk with scant PrPCWP in the brain (Br+1 and Br+2) or in
seven elk with relatively widespread PrP““P in the brain
(Br+3 and Br+4); all 28 were homozygous MM at codon 132,
ruling out the polymorphism at codon 132 as a cause for this
distribution pattern.

Alternatively, the route of infection may influence the
pattern of distribution of PrP“WP. Although orally transmit-
ted chronic wasting disease results in early accumulations
of PrP®WP in lymphoid tissues (Sigurdson and others 1999),
direct access to the brain via the innervation of the oral
mucosa (Bartz and others 2003) might result in an accumu-
lation restricted to the central nervous system. In mule deer
(Spraker and others 2002b) and white-tailed deer (K. I.
O’Rourke and others 2004) this limited pattern of distribu-
tion of PrPCWP could not be identified. However, these stud-
ies included free-ranging animals whereas the elk in the
present study were raised on game farms, where coarse hay or
other unnatural feeds may have been provided in place of
the grasses and leafy browse typically selected by free-ranging
elk. These unnatural feeds could increase the possibility of
abrasions or other changes in the oral mucosa and affect the
pathogenesis of the disease.

The prevalence of chronic wasting disease is monitored by
examining tissues from clinical suspects and from large sam-
ples of animals killed by hunters; it is limited by the cost of
testing large numbers of animals during the relatively short
hunting season. For cost-effective surveys it is essential to
identify the appropriate tissues for testing. In this study, an
examination of brain and at least one lymphoid tissue was
necessary to diagnose the disease in most of the infected elk.
The immunostaining of brain alone would have detected only
81 per cent of the infected elk, and immunostaining of lym-
phoid tissue alone would have detected only 88 per cent. In
all the groups, the retropharyngeal lymph node was slightly
more informative than the palatine tonsil. In particular, of the
three tissues examined, this node was the only PrP¢Wb-
positive tissue in 32 of 43 elk with apparently early disease (Br
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0). Larger scale surveys, using high-throughput methods
(Hibler and others 2003), will yield additional data on cost-
effective testing strategies, including the appropriate target tis-
sues for elk and deer. Additional studies of the pathogenesis
of the disease in captive elk may elucidate the relationships
between the source of inoculum, its dose, route of inocula-
tion and strain, and genetic and environmental factors in
determining the pattern of distribution of PrP“? in chronic
wasting disease in elk.

ACKNOWLEDGEMENTS

RS E

The authors thank the public service veterinarians Wayne
Cunningham (Colorado), Roger Sahara (Nebraska), Sam
Holland and Thomas Cline (South Dakota), for allowing the
use of the animals in this paper, Dr Lynn Creekmore and Dr
Jack Rhyan (National Wildlife Research Center) for their role
in acquiring and processing the captive elk in the UsA, Dr J.
McLane and Dr R. Allen of Saskatchewan and B. Ullett, V.
Radzius, S. Ginsberg (Animal Diseases Research Institute,
Nepean, Ontario), and numerous provincial, state and federal
personnel for collecting brain and lymphoid tissue from
elk heads, R. Zink and D. Zink for embedding and cutting
the tissues and B. Cummings for staining the sections. K. Aune
(Montana) provided 250 hunter-killed elk as negative
controls. C. Kerlee and J. Smith provided assistance with
microphotography. They also thank M. Miller (Colorado
Division of Wildlife) for helpful discussions and review of
the manuscript. The project was supported by a grant from
the Agricultural Research Service (ARS), US Department
of Agriculture (cwu 5348-32000-021-00D), a Specific
Cooperative Agreement between ARs and Colorado State
University (5348-32000-021-01S) and by the Canadian Food
Inspection Agency and the Colorado State University
Diagnostic Laboratory.

References

ANDREOLETTI, O., BERTHON, P, MARC, D., SARRADIN, P,
GROSCLAUDE, J., VAN KEULEN, L., SCHELCHER, E, ELSEN, J. M. &
LANTIER, F. (2000) Early accumulation of PrP> in gut-associated lymphoid
and nervous tissues of susceptible sheep from a Romanov flock with natural
scrapie. Journal of General Virology 81, 3115-3126

BARON, T. G. M., MADEGC, J-Y. & CALAVAS, D. (1999) Similar signature of
the prion protein in natural sheep scrapie and bovine spongiform
encephalopathy-linked diseases. Journal of Clinical Microbiology 37, 3701-
3704

BARTZ, ]. C., KINCAID, A. E. & BESSEN, R. A. (2003) Rapid prion neuro-
invasion following tongue infection. Journal of Virology 77, 583-591

BEGARA-MCGORUM, L., GONZALEZ, L., SIMMONS, M., HUNTER, N.,
HOUSTON, F. & JEFFREY, M. (2002) Vacuolar lesion profile in sheep scrapie:
factors influencing its variation and relationship to disease-specific PrP accu-
mulation. Journal of Comparative Pathology 127, 59-68

BRAYTON, K. A, O'ROURKE, K. I, LYDA, A. K., MILLER, M. W. &
KNOWLES, D. P. (2004) A processed pseudogene contributes to apparent
mule deer prion gene heterogeneity. Gene 326, 167-173

COLLINGE, J., PALMER, M. S. & DRYDEN, A. J. (1991) Genetic predisposi-
tion to iatrogenic Creutzfeldt-Jakob disease. Lancet 337, 1441-1442

COLLINGE, J., BECK, J., CAMPBELL, T., ESTIBEIRO, K. & WILL, R. G. (1996)
Prion protein gene analysis in new variant cases of Creutzfeldt-Jakob disease.
Lancet 348, 56

FOSTER, J. D., WILSON, M. & HUNTER, N. (1996) Immunodetection of the
prion protein (PrP) in the brains of sheep with scrapie. Veterinary Record 139,
512-515

FRASER, H., BRUCE, M. E., MCBRIDE, P. A. & SCOTT, J. R. (1989) The mol-
ecular pathology of scrapie and the biological basis of lesion targeting.
Progress in Clinical Biology 317, 637-644

GRATHWOHL, K. U. D.,, HORIUCHI, M., ISHIGURO, N. & SHINAGAWA, M.
(1996) Improvement of PrP*-detection in mouse spleen early at the pre-
clinical stage of scrapie with collagenase-completed tissue homogenization
and Sarkosyl-NaCl extraction of PrP¢, Archives of Virology 141, 1863-1964

HADLOW, W. ], KENNEDY, R. C. & RACE, R. E. (1982) Natural infection of

301



http://veterinaryrecord.bmj.com/

http://group.bmj.com



Downloaded from http://veterinaryrecord.bmj.com/ on June 16, 2016 - Published by group.bmj.com

PAPERS & ARTICLES

Suffolk sheep with scrapie virus. Journal of Infectious Diseases 146, 657-664

HARITANI, M., SPENCER, Y. I. & WELLS, G. A. H. (1994) Hydrated auto-
clave pretreatment enhancement of prion protein immunoreactivity in
formalin-fixed bovine spongiform encephalopathy-affected brain. Acta
Neuropathologica (Berlin) 87, 86-90

HIBLER, C. P,, WILSON, K. L., SPRAKER, T. R., MILLER, M. W,, ZINK, R. R,
DEBUSE, L. L., ANDERSEN, E., SCHWEITZER, D., KENNEDY, J. A.,
BAETEN, L. A., SMELTZER, J. F, SALMAN, M. D. & POWERS, B. E. (2003)
Field validation and assessment of an enzyme-linked immunosorbent assay
for detecting chronic wasting disease in mule deer (Odocoileus hemionus),
white-tailed deer (Odocoileus virginianus), and Rocky Mountain elk (Cervus
elaphus nelsoni). Journal of Veterinary Diagnostic Investigation 15, 311-319

HILL, A. F, BUTTERWORTH, R. J., JOINER, S., JACKSON, G., ROSSOR,
M. N, THOMAS, D.]., FROSH, A., TOLLEY, N, BELL, J. E., SPENCER, M.,
KING, A., AL-SARRAJ, S., IRONSIDE, J. W., LANTOS, P. L. & COLLINGE,
J. (1999) Investigation of variant Creutzfeldt-Jakob disease and other human
prion diseases with tonsil biopsy samples. Lancet 353, 183-189

HOPE, J., WOOD, S. C., BIRKETT, C. R, CHONG, A., BRUCE, M. E., CAIRNS,
D., GOLDMANN, W., HUNTER, N. & BOSTOCK, C. J. (1999) Molecular
analysis of ovine prion protein identifies similarities between BSE and an
experimental isolate of natural scrapie, CH1641. Journal of General Virology 80,
1-4

JEFFREY, M., MARTIN, S., GONZALEZ, L., RYDER, S. J., BELLWORTHY,
S.J. & JACKMAN, R. (2001) Differential diagnosis of infections with the
bovine spongiform encephalopathy (BSE) and scrapie agents in sheep. Journal
of Comparative Pathology 125, 271-284

LIGIOS, C., JEFFREY, M., RYDER, S. J., BELLWORTHY, S. ]. & SIMMONS,
M. M. (2002) Distinction of scrapie phenotypes in sheep by lesion profil-
ing. Journal of Comparative Pathology 127, 45-57

MEAD, S., STUMPE, M. P., WHITFIELD, J., BECK, J. A., POULTER, M.,
CAMPBELL, T., UPHILL, J. B., GOLDSTEIN, D., ALPERS, M., FISHER,
E. M. & COLLINGE, J. (2003) Balancing selection at the prion protein gene
consistent with prehistoric kuru-like epidemics. Science 300, 640-643

MILLER, M. W. & WILLIAMS, E. S. (2002) Detection of PrP“*" in mule deer
by immunohistochemistry of lymphoid tissues. Veterinary Record 151, 610-
612

MILLER, M. W. & WILLIAMS, E. S. (2003) Horizontal prion transmission in
mule deer. Nature 425, 35-36

MILLER, M. W., WILLIAMS, E. S., MCCARTY, C. W., SPRAKER, T. R,
KREEGER, T. J., LARSEN, C. T. & THORNE, E. T. (2000) Epizootiology of
chronic wasting disease in free-ranging cervids in Colorado and Wyoming.
Journal of Wildlife Diseases 36, 676-690

O’ROURKE, K. I, BASZLER, T. V,, BESSER, T. E., MILLER, ]. M., CUTLIP,
R.C.,WELLS, G.A.,RYDER, S.]., PARISH, S. M., HAMIR, A. N., COCKETT,
N. E., JENNY, A. & KNOWLES, D. P. (2000) Preclinical diagnosis of scrapie
by immunohistochemistry of third eyelid lymphoid tissue. Journal of Clinical
Microbiology 38, 3254-3259

O’ROURKE, K. I, BESSER, T. E., MILLER, M. W., CLINE, T. E, SPRAKER,
T.R.,,JENNY,A. L., WILD, M. A, ZEBARTH, G. L. & WILLIAMS, E. S. (1999)
PrP genotypes of captive and free-ranging Rocky Mountain elk (Cervus ela-
phus nelsoni) with chronic wasting disease. Journal of General Virology 80,
2765-2769

O’ROURKE, K. I., SPRAKER, T. R, HAMBURG, L. K., BESSER, T. E., BRAY-
TON, K. A. & KNOWLES, D. P. (2004) Polymorphisms in the prion precur-
sor functional gene but not the pseudogene are associated with susceptibility
to chronic wasting disease in white-tailed deer. Journal of General Virology 80,
1339-1346

PALMER, M. S., DRYDEN, A. J., HUGHES, J. T. & COLLINGE, J. (1991)
Homozygous prion protein genotype predisposes to sporadic Creutzfeldt-
Jakob disease. Nature 352, 340-342

PARCHI, P., CASTELLANI, R., CAPELLARI, S., GHETTI, B., YOUNG, K,,
CHEN, S. G., FARLOW, M., DICKSON, D. W,, SIMA, A. A. E, TRO-
JANOWSK], J. Q., PETERSEN, R. B. & GAMBETTI, P. (1996) Molecular basis
of phenotypic variability in sporadic Creutzfeldt-Jakob disease. Annals of
Neurology 39, 767-778

PETERS, J., MILLER, ]. M., JENNY, A. L., PETERSON, T. L. & CARMICHAEL,
K. P. (2000) Immunohistochemical diagnosis of chronic wasting disease in
preclinically affected elk from a captive herd. Journal of Veterinary Diagnostic
Investigation 12, 579-582

PUOTI, G., ROSSI, G., GIACCONE, G., AWAN, T., LIEVENS, P. M. ],
DEFANT], C. A, TAGLIAVINI, F. & BUGIANI, M. (2000) Polymorphism at
codon 129 of PRNP affects the phenotypic expression of Creutzfeldt-Jakob
disease linked to E200K mutation. Annals of Neurology 48, 269-270

RACE, R. E., RAINES, A, BARON, T. G. M, MILLER, M. W., JENNY, A. &
WILLIAMS, E. S. (2002) Comparison of abnormal prion protein glycoform
patterns from transmissible spongiform encephalopathy agent-infected deer,
elk, sheep, and cattle. Journal of Virology 76, 12365-12368

RYDER, S. J., SPENCER, Y. I., BELLERBY, P. J. & MARCH, S. A. (2001)

302

Immunohistochemical detection of PrP in the medulla oblongata of sheep:
the spectrum of staining in normal and scrapie-affected sheep. Veterinary
Record 148, 7-13

SCHREUDER, B. E. C., VAN KEULEN, L. J. M., VROMANS, M. E. W,
LANGEVELD, J. P. M. & SMITS, M. A. (1998) Tonsillar biopsy and PrpP%
detection in the preclinical diagnosis of scrapie. Veterinary Record 142, 564-
568

SIGURDSON, C. J., BARILLAS-MURY, C., MILLER, M. W., OESCH, B., VAN
KEULEN, L. J. M., LANGEVELD, J. P. M. & HOOVER, E. A. (2002) PrP¢WP
lymphoid cell targets in early and advanced chronic wasting disease of mule
deer. Journal of General Virology 83, 2617-2628

SIGURDSON, C. J., WILLIAMS, E. S., MILLER, M. W,, SPRAKER, T. R.,
O’ROURKE, K. I. & HOOVER, E. A. (1999) Oral transmission and early lym-
phoid tropism of chronic wasting disease PrP™ in mule deer fawns
(Odocoileus hemionus). Journal of General Virology 80, 2757-2764

SINGER, M. (1962) The Brain of the Dog in Section. Philadelphia, W. B.
Saunders

SPRAKER, T. R., MILLER, M. W,, WILLIAMS, E. S., GETZY, D. M., ADRIAN,
W. J.,, SCHOONVELD, G. G., SPOWART, R. A., O'ROURKE, K. I, MILLER,
J. M. & MERZ, P. A. (1997) Spongiform encephalopathy in free-ranging mule
deer (Odocoileus hemionus), white-tailed deer (Odocoileus virginianus) and
Rocky Mountain elk (Cervus elaphus nelsoni) in north central Colorado.
Journal of Wildlife Diseases 33, 1-6

SPRAKER, T. R., O'ROURKE, K. I., BALACHANDRAN, A., ZINK, R. R., CUM-
MINGS, B. A., MILLER, M. W. & POWERS, B. E. (2002a) Validation of
monoclonal antibody F99/97.6.1 for immunohistochemical staining of brain
and tonsil in mule deer (Odocoileus hemionus) with chronic wasting disease.
Journal of Veterinary Diagnostic Investigation 14, 3-7

SPRAKER, T. R., ZINK, R. R., CUMMINGS, B. A., SIGURDSON, C. J.,
MILLER, M. W. & O’'ROURKE, K. I. (2002b) Distribution of protease-resis-
tant prion protein and spongiform encephalopathy in free-ranging mule deer
(Odocoileus hemionus) with chronic wasting disease. Veterinary Pathology 39,
546-556

SPRAKER, T. R, ZINK, R. R., CUMMINGS, B. A., WILD, M. A,, MILLER,
M. W. & O’ROURKE, K. 1. (2002¢) Comparison of histological lesions and
immunohistochemical staining of proteinase-resistant prion protein in a
naturally-occurring spongiform encephalopathy of free-ranging mule deer
(Odocoileus hemionus) with those of chronic wasting of captive mule deer.
Veterinary Pathology 39, 110-119

STACK, M., CHAPLIN, M. ]. & CLARK, J. (2002) Differentiation of prion pro-
tein glycoforms from naturally occurring sheep scrapie, sheep-passaged
scrapie strains (CH1641 and SSBP1), bovine spongiform encephalopathy
(BSE) cases and Romney and Cheviot breed sheep experimentally inoculated
with BSE using two monoclonal antibodies. Acta Neuropathologica 104, 279-
286

TERRY, L. A., MARSH, S., RYDER, S. J., HAWKINS, S. A. C., WELLS, G. A. H.
& SPENCER, Y. 1. (2003) Detection of disease-specific PrP in the distal ileum
of cattle exposed orally to the agent of bovine spongiform encephalopathy.
Veterinary Record 152, 387-392

VAN KEULEN, L. J. M., SCHREUDER, B. E. C,, VROMANS, M. E. W,,
LANGEVELD, J. P. M. & SMITS, M. A. (1999) Scrapie-associated prion pro-
tein in the gastrointestinal tract of sheep with natural scrapie. Journal of
Comparative Pathology 121, 55-63

VAN KEULEN, L. J. M., SCHREUDER, B. E. C., MELOEN, R. H., MOOIJ-
HARKES, G., VROMANS, M. E. W. & LANGEVELD, J. P. M. (1996)
Immunohistochemical detection of prion protein in lymphoid tissues of
sheep with natural scrapie. Journal of Clinical Microbiology 34, 1228-1231

WADSWORTH, J. D, JOINER, S., HILL, A. F, CAMPBELL, T. A., DESBRUS-
LAIS, M., LUTHERT, P. J. & COLLINGE, J. (2001) Tissue distribution of
protease resistant prion protein in variant Creutzfeldt-Jakob disease using a
highly sensitive immunoblotting assay. Lancet 358, 171-180

WILD, M. A, SPRAKER, T. R., SIGURDSON, C. J., OROURKE, K. I. &
MILLER, M. W. (2002) Preclinical diagnosis of chronic wasting disease in
captive mule deer (Odocoileus hemionus) and white-tailed deer (Odocoileus
virginianus) using tonsillar biopsy. Journal of General Virology 83, 2629-2634

WILLIAMS, E. S. & YOUNG, S. (1980) Chronic wasting disease of captive mule
deer: a spongiform encephalopathy. Journal of Wildlife Diseases 16, 89-98

WILLIAMS, E. S. & YOUNG, S. (1982) Spongiform encephalopathy of Rocky
Mountain elk. Journal of Wildlife Diseases 18, 465-471

WILLIAMS, E. S. & YOUNG, S. (1993) Neuropathology of chronic wasting dis-
ease of mule deer (Odocoileus hemjionus) and elk (Cervus elaphus nelsoni).
Veterinary Pathology 30, 36-45

WOOD, J. L. K., MCGILL, 1. S, DONE, S. H. & BRADLEY, R. (1997)
Neuropathology of scrapie: a study of the distribution patterns of brain
lesions in 222 cases of natural scrapie in sheep, 1982-1999. Veterinary
Record 140, 166-174

YOSHIKAWA, T. (1968) Atlas of the Brains of Domestic Animals. Philadelphia,
Pennsylvania State University Press. pp 1-25

The Veterinary Record, September 4, 2004



http://veterinaryrecord.bmj.com/

http://group.bmj.com



Downloaded from http://veterinaryrecord.bmj.com/ on June 16, 2016 - Published by group.bmj.com

Veterinary Variable patterns of distribution of prpCWD
in the obex and cranial lympoid tissues of
Rock Mountain elk (Cervus elaphus nelsoni)
with subclinical chronic wasting disease
T.R. Spraker, A. Balachandran, D. Zhuang and K.I. O'Rourke

Veterinary Record 2004 155: 295-302
doi: 10.1136/vr.155.10.295

Updated information and services can be found at:
http://veterinaryrecord.bmj.com/content/155/10/295

These include:

Email alerting Receive free email alerts when new articles cite this article. Sign up in the
service box at the top right corner of the online article.

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.bmj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/



http://veterinaryrecord.bmj.com/content/155/10/295

http://group.bmj.com/group/rights-licensing/permissions

http://journals.bmj.com/cgi/reprintform

http://group.bmj.com/subscribe/

http://veterinaryrecord.bmj.com/

http://group.bmj.com








Scott R. Leibsle DVM, DABVP

State Veterinarian/Administrator — Animal Industries
Idaho State Department of Agriculture - Boise, ID
scott leibsle@isda.idaho.gov

(0) 208.332.8540





rate, can be used on both the ELISA and IHC and do not have issues with poor samples. Lymph nodes can
be utilized for both tests even when highly degraded, where obex cannot.

| understand that the domestic cervid industry would like consistency between domestic and wild cervids.
| originally made a suggestion during the first negotiated rule meeting that maybe the industry should
start taking lymph nodes when they can’t get an obex sample (degraded or damaged sample) for
submission. This way they always have a sample to test.

IDFG has taken obex from elk since 1998, but switched to taking lymph nodes in 2018 for routine
surveillance by ELISA based on the recommendation of other state partners and peer-reviewed research.
We could double sample in the future (lymph node and obex), but we will continue to use lymph nodes
for ELISA surveillance because obex cannot be used on ELISA. We will always confirm with IHC on either
obex or lymph node. In addition, we are going to begin genotyping our wild elk and deer in the next year
or two so we will have a better idea of their susceptibility and pattern of prion deposition.

Let me know your thoughts and if you would like you can include this information in the negotiated rule
making file.

Tricia

Tricia Hebdon

Wildlife Health Program Coordinator

Wildlife Health & Forensic Laboratory
Idaho Department of Fish and Game

1820 S. Trout Road

Eagle, ID 83616

208-939-9171

208-608-6262 cell

208-939-2219 fax

tricia.hebdon@idfg.idaho.gov

https://idfg.idaho.gov

From: Dr. Scott Leibsle <Scott.Leibsle@ISDA.IDAHO.GOV>
Sent: Wednesday, June 2, 2021 11:02 AM

To: Hebdon,Tricia <tricia.hebdon@idfg.idaho.gov>
Subject: Cervidae Admin Order

Prior to August 2020, there was no official language in place that restricted domestic imports from areas
beyond a CWD endemic area. ISDA felt it was necessary to address that risk, largely due to what we
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perceived as a reduction in surveillance in Alberta, but also because each state/province uses different
criteria to establish their endemic areas, thereby creating different import rules based upon the origin of
the animals. The 25 mile “safe zone” was meant to set a minimum standard for those imports.
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