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ABSTRACT Greater sage-grouse (Centrocercus urophasianus; sage-grouse) are highly susceptible to infectionwith
West Nile virus (WNV), with substantial mortality reported in wild populations and in experimentally infected
birds. Although sage-grouse are hunted throughout much of their range, they have also recently been considered
for protection under the Endangered Species Act. We used blood samples collected on filter-paper strips during
the 2006–2010 Oregon, USA, annual sage-grouse hunt to survey for specific WNV-neutralizing antibodies that
indicate a previous infection with WNV. During this period, hunters submitted 1,880 blood samples from sage-
grouse they harvested. Samples obtained were proportional for all 12 Oregon sage-grouse hunting units.
Laboratory testing of 1,839 samples by the WNV epitope-blocking enzyme-linked immunosorbent assay
(bELISA) followed by plaque reduction neutralization test on bELISA-positive samples yielded 19 (1%) and
1 (0.05%) positive samples, respectively. These data provided early baseline information for future comparisons
regarding the prevalence of WNV-specific neutralizing antibodies in sage-grouse in Oregon. This methodology
may provide other states where sage-grouse (or other species) populations are hunted andwhereWNVconstitutes
a species conservation concern with a viable option to track the relative prevalence of the virus in populations.
Published 2014. This article is a U.S. Government work and is in the public domain in the USA.

KEY WORDS Centrocercus urophasianus, filter-paper strip, greater sage-grouse, hunter harvest, Oregon, West Nile
virus.

Hunter harvest surveys have been historically used by wildlife
management agencies to obtain biological information about
game populations (Connelly et al. 2012). With recognition
of the importance of wildlife health and potential for
zoonotic diseases in wildlife, hunters have also been asked to
participate in wildlife health studies regarding the species
they harvest (Drew et al. 1992, Schmitt et al. 1997, Dusek
et al. 2009).
The importance of hunter surveys in the early detection and

spread of wildlife diseases became evident in the 1990s.
In California, USA, investigators relied, in part, on serum
samples from hunter-killed animals to determine the
prevalence of brucellosis in the wildlife species tested
(Drew et al. 1992). Hunters can also play an important
role in the detection of wildlife disease or disease events
through reporting of unique events or observations. Bovine
tuberculosis was first detected in white-tailed deer (Odocoileus

virginianus) in Michigan, USA, after hunters reported gross
lesions observed in the animals they had harvested (Schmitt
et al. 1997). Follow-up investigations, again relying on
hunter-killed deer, identified the first epidemic occurrence
of this disease in wild cervids in North America (Schmitt
et al. 1997). InWisconsin, USA, chronic wasting disease was
first reported in 2001 via a hunter-killed white-tailed deer
surveillance program set up for that specific purpose (Joly
et al. 2003). This finding represented an important range
expansion of that disease because it was the first detection in
cervids east of the Mississippi River (Joly et al. 2003). More
recently avian influenza surveillance programs have relied, in
part, on hunter-killed waterfowl from both sport and
subsistence hunters as an important resource for obtaining
samples (Ip et al. 2008, Dusek et al. 2009).
In 2011 greater sage-grouse (Centrocercus urophasianus;

sage-grouse) were legally harvested in 10 of 11 states in
which they occur (Reese and Connelly 2011). Contemporary
sage-grouse hunting seasons vary by timing, length, bag
limits, and licensing processes. Sage-grouse hunting in
Oregon, USA, is by permit only, and as a result is closely
monitored. Harvest was permitted in 12 of 21 wildlife
management units, which contain approximately 75% of the
state’s sage-grouse population, and hunting is regulated to
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ensure that �5% of the hunted population is harvested
(Hagen 2011).
The current hunting season is 9 days long and occurs in the

second week of September. An average (1992–2011) of 1,217
permits has been annually authorized, allowing hunters to
take up to 2 birds during the season (D. Budeau, Oregon
Department of Fish and Wildlife [ODFW], unpublished
data). From 1995 to 2011 the average number of permits
issued and sage-grouse reported harvested were 912 permits
and 890, respectively (D. Budeau, ODFW, unpublished
data). The ODFW monitored sage-grouse harvest by
collecting biological data from the wings of hunter-harvested
sage-grouse and via phone (1995–2003) and postcard surveys
(beginning in 2004) of successful permit applicants (Hagen
and Loughin 2008).
West Nile virus (WNV) was first documented in sage-

grouse in Montana, USA, in summer 2003 (Naugle
et al. 2004). Since then sage-grouse WNV-related mortality
has been reported sporadically across the species’ range
(U.S. Geological Survey [USGS] 2006). Laboratory studies
of WNV infection in sage-grouse indicated that the
virus caused 100% mortality in experimentally infected birds
(Clark et al. 2006). However, one study has reported
individual wild sage-grouse that survived WNV infection
based on detection of WNV-neutralizing antibodies in live
birds (Walker et al. 2007).
The transmission season for WNV in sage-grouse has

been reported to be approximately mid-May through mid-
September (Walker and Naugle 2011). Documented
mortality events among sage-grouse due to WNV infection
generally have occurred in July and August (Naugle et al.
2004, 2005; USGS 2006). The timing of the transmission
season varies and is dependent on environmental conditions
that would impact WNV vector mosquito (Culicidae)
activity and distribution (Naugle et al. 2005).
In Oregon, a WNV-induced mortality event was detected

in sage-grouse in July 2006. This event was accompanied by
individual WNV cases and numerous anecdotal reports from
ranchers about the disappearance of sage-grouse from their
properties (USGS 2006). Because of the potential impact to
local sage-grouse populations, the ODFW and the USGS
National Wildlife Health Center (NWHC) began a
monitoring program to better understand the prevalence
of specific WNV-neutralizing antibodies in sage-grouse
populations throughout Oregon. The ODFWwas interested
in using these data to make informed decisions regarding the
conservation status of the sage-grouse, because this species
is currently listed as a candidate for protection under the
Federal Endangered Species Act (U.S. Fish and Wildlife
Service 2010).
Using Oregon’s permit system for sage-grouse, we

instituted a program in 2006 to collect voluntary blood
samples using filter-paper strips from hunter-harvested birds
for use in a state-wide survey of WNV antibody prevalence
in Oregon sage-grouse. We also examined our ability to
detect WNV antibodies from filter-paper strips when
storage conditions and blood absorption deviated from
manufacturer’s recommendations, as might be encountered

when stakeholders are engaged in collecting biological
samples.

STUDY AREA

We conducted our study across 12 wildlife management
units in southeastern Oregon during 2006–2010 (Fig. 1).
This region included Baker, Crook, Deschutes, Lake,
Harney, and Malheur counties. Samples were collected at
elevations that ranged from 1,200m to 2,500m where the
topography was generally flat to rolling terrain. Vegetation in
the region included various sagebrush (Artemisia spp.) species
co-dominated by perennial bunch-grasses depending upon
precipitation and elevation, and western juniper (Juniperus
occidentalis) occurred at various densities at higher elevations
(Johnson andO’Neil 2001). Climate data from the study area
included similar mean minimum and maximum temper-
atures for Malheur and Harney counties (town of Fields¼
3.08 and 17.18C; 1994–2011) and mean total annual
precipitation of 23.0 cm (1994–2012) at Fields, Oregon
(Harney County; Western Regional Climate Center, http://
www.wrcc.dri.edu/).

MATERIALS AND METHODS

Field Sampling
Through the Oregon sage-grouse hunt permitting process,
we distributed filter-paper strips (Nobuto blood filter strips;
Advantec MFS, Inc., Dublin, CA [subsidiary of Toyo Roshi
Kaisha, Ltd., Tokyo, Japan]), sampling instructions, and a
postage-paid envelope for submitting wings and Nobuto
strips to successful applicants. We sent one Nobuto strip to

Figure 1. State of Oregon wildlife management units with greater sage-
grouse (Centrocercus urophasianus) permit-only hunting and current greater
sage-grouse distribution detailed. Blood samples to determine presence of
specific West Nile virus-neutralizing antibodies were obtained (using filter
paper strips) from hunter-killed greater sage-grouse from all 12 greater sage-
grouse hunt units during 2006–2010. Map was created in ArcMap 10.0
(ESRI, Redlands, CA). Hunt unit layer was obtained from the Oregon
Department of Fish and Wildlife Natural Resources Information Manage-
ment Program (http://nrimp.dfw.state.or.us/nrimp/default.aspx?p¼259).
Greater sage-grouse range layer was obtained from http://sagemap.wr.
usgs.gov/GISData.aspx.
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each successful applicant in 2006 because of limited supplies
from the distributors. In 2007 through 2010 we sent each
successful applicant 2 strips and a visual example of the
correct and incorrect application of blood to the Nobuto strip
(Fig. 2). From each individual sage-grouse harvested, we
asked successful hunters to collect a single blood sample on
each strip, air-dry it, and store each strip individually in the
coin envelopes provided. Hunters were then asked to mail
the collected sample with the corresponding wing to
ODFW. Received samples were stored frozen (�208C)
until shipped on frozen ice packs to the NWHC.Wings were
later aged and sexed by plumage characteristics at the annual
Oregon sage-grouse wing-bee (Crunden 1963).

Sample Quality
Samples we received from hunters were highly variable in the
amount of blood absorption on the strip; therefore, we
evaluated returned Nobuto strips beginning in 2007 for the
extent of blood absorption. We classified blood absorption
based on coverage on the Nobuto strip and how thoroughly
blood was absorbed. We also noted any inappropriate use of
the strip (i.e., absorbing blood on the wrong end). Categories
included 0–25%, 26–50%, 51–75%, and 75–100% blood
coverage.

Control Samples
To evaluate the accuracy of our blood sampling technique,
we compared test results from Nobuto strips prepared
with blood obtained from commercially supplied partridge
(Alectoris chukar�A. rufa) that had been experimentally
infected withWNV (as part of a separate study) against those
of serum collected from the same birds.We obtained day-old
partridge and raised them in a biosafety-level-3 isolation
facility until they were 6 weeks of age, then infected them
with 105 plaque-forming units of a low-passage 1999

American crow (Corvus brachyrhynchos) isolate of WNV
(NWHC no. 16399-3). The birds were held for an
additional 14 days and then euthanized, at which time
blood samples were obtained for our study. From up to 7
infected birds, we obtained multiple Nobuto strip samples
that were of 3 types: a 100%-absorbed sample per
manufacturer’s instructions, a 50%-absorbed sample, and a
“blot” sample in which the strip was blotted against a blood
clot that formed within the sample. These “blot” samples
were not fully absorbed through the Nobuto strips and were
highly variable regarding the amount of blood absorbed.
These 3 types were meant to represent a range of samples
obtained from hunters untrained or only briefly trained (by
example images) in this method of blood collection. After
collection, we randomly assigned samples from each bird to
one of 2 groups and stored them either frozen at�208C or at
room temperature (RT; approx. 18–248C). We tested single
Nobuto strips for the presence of detectable WNV
antibodies at 14, 90, and 180 days post-collection (dpc)
for those stored at RT, and at 90 and 180 dpc from those
stored at �208C. We also stored serum from each partridge
at �208C and tested it at 14 dpc.

Laboratory Methods
We eluted Nobuto strips per manufacturer’s instructions to a
dilution of 1:10 except in 2009–2010 when they were eluted
to a dilution of 1:20. Dilutions were approximate because all
strips were treated similarly, regardless of how much blood
was absorbed on the strip. For the detection of anti-WNV
antibodies, we heat-inactivated eluates at 568C for 30min,
then screened each sample by the WNV epitope-blocking
enzyme-linked immunosorbent assay (bELISA) using
WNV/Kunjin NS1 specific monoclonal antibody (MAb
3.112G; Millipore Corp, Billerica, MA; Blitvich et al. 2003).

Figure 2. Correct and incorrect applications of blood to Nobuto strips. This image was provided to Oregon, USA, sage-grouse hunters with the Nobuto strips
beginning in 2007, so that we could survey from 2006 to 2010 for specific West Nile virus-neutralizing antibodies.
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Using this bELISA, all results with �30% inhibition are
considered positive for anti-WNV antibodies. We further
tested all bELISA samples with �30% inhibition by
plaque reduction neutralization test (PRNT) to confirm
the presence of WNV-neutralizing antibodies. We used
WNV isolate NWHC 16933-3 diluted in BA-1 (M199
mediumwith Hank’s salts and Tris–HCl, containing 0.008%
sodium bicarbonate, 1% bovine serum albumin, 20% fetal
bovine serum, 1,000U/mL penicillin and streptomycin, and
1mg/mL amphotericin B) so that control wells contained
between 60 and 100 plaques (Beaty et al. 1995). We
considered sera that exhibited a 90% inhibition of the test
dose of virus at a 1:20 dilution as antibody-positive
(PRNT90). We further titered PRNT90-positive samples
by serially diluting samples in 2-fold increments until an
endpoint titer was determined.

Harvest Survey
We sent postcard harvest surveys to all successful sage-grouse
hunt applicants. Based on the response rates, we estimated
the number of individuals who actually hunted. We
extrapolated the total harvest using response rates (e.g.,
surveys mailed/response� response¼ estimate).

RESULTS

Field Sampling
From 2006 to 2010, we obtained 1,880 Nobuto strip samples
from sage-grouse hunters in Oregon and tested 1,839.
Samples not tested were inappropriately used or were lost
after submission. For the 2008–2010 sage-grouse hunting
seasons, 74.6% of wing/Nobuto strip envelopes returned by
hunters through the U.S. mail were received within 14 days
of the end of the season and 99.6% were received within
90 days of the end of the season.
The bELISA results indicated 19 Nobuto strips were

positive for antibodies to WNV and 1 of these samples was
confirmed positive by PRNT90 (Titer¼ 1:80; Table 1). Of
the 19 bELISA-positive samples, 14 were female (6 hatch
year, 7 after hatch year, 1 unknown age), and 3 were male (2
hatch year, 1 after hatch year). Two birds were of unknown
age and sex. No birds that were aged second year were
bELISA-positive. The individual that was PRNT90-positive
was a hatch year male.

Hunter Response
From 2006 through 2010, hunter response rate to postcard
surveys ranged from 68% to 78%, and an average of 511
(SD¼ 81) wings were sent in for examination (Table 2).
Based on participation of postcard survey respondents, the
response rate for submitting Nobuto strips between 2007 and
2010 averaged 71% (SD¼ 0.04) and 83% (SD¼ 0.02) as a
proportion of wings returned. However, as a proportion of
the average total harvest, the Nobuto response rate was 52%
(SD¼ 0.01; 2007 through 2010). When a single Nobuto
strip was provided to each hunter, we obtained samples from
28% of the estimated total harvest; and when 2 strips were
provided, we obtained samples from 51% to 54% of the
harvested birds (Table 2). We obtained a consistent age and
sex distribution among samples that had both a wing and a
Nobuto strip submitted (Table 3). We believe the response
rates and samples were representative of the distribution of
hunted sage-grouse populations in Oregon for the sampling
period (Fig. 1 and Table 4).

Sample Quality
We evaluated 1,529 Nobuto strips for sample quality. Sixty-
one percent had blood absorbed on >75% of the strip, 26%
were 50–75% absorbed, 9% were 25–50% absorbed, and 4%
had <25% blood absorption. Of samples with absorption of
>75% (the best quality sample) 10 were bELISA-positive
with one of those also being PRNT90-positive. Of strips with
50–75% absorption, four were bELISA-positive and no
strips categorized as 25–50% blood absorption or <25%
blood absorption had positive bELISA results. The
remaining 5 Nobuto strips that were bELISA-positive
were not evaluated for sample quality.

Control Samples
All 100%-absorbed partridge control samples tested positive
for WNV antibodies by bELISA and PRNT at all storage
time points and conditions except at RT for 180 dpc (n¼ 7
for RT at 14 and 90 dpc, n¼ 6 for all others). For samples
stored at RT for 180 dpc, 2 of 6 (33%) tested negative by
bELISA and 3 of 6 (50%) tested negative by PRNT90. One
of the bELISA-negative samples tested positive by PRNT90.
All of the 50%-absorbed samples tested positive by

bELISA and PRNT90 at all storage time points and
conditions except when stored at RT for 180 dpc (n¼ 6 for
RT at 14 dpc, n¼ 5 for all others). Two of 5 (40%) samples
stored at RT for 180 dpc tested negative by bELISA and 4 of
4 (100%) tested negative by PRNT. One sample that tested
negative by bELISA with a resulting bELISA value of <10
was not tested by PRNT90.
Seven of 7 (100%) blot samples stored at RT for 14 dpc and

stored at �208C for 90 and 180 dpc were positive by
bELISA. Three of 7 (43%) and 6 of 7 (86%) blot samples
stored at RT for 90 and 180 dpc tested negative by bELISA.
One of 7 (14%) blot samples stored at RT and tested by
PRNT90 at 14 dpc was negative, 5 of 7 (71%) tested at 90 dpc
were negative, and 1 of 1 tested at 180 dpc was negative. Two
of 7 (29%) and 0 of 7 (0%) blot samples stored at �208C for
90 and 180 dpc were negative, respectively, when tested by

Table 1. Results from Nobuto strip-eluted samples collected by Oregon,
USA, greater sage-grouse (Centrocercus urophasianus) hunters from 2006 to
2010 and tested by West Nile virus epitope blocking enzyme linked
immunosorbent assay (bELISA) and plaque reduction neutralization
testing (PRNT) of bELISA-positive samples.

Sample type

Year

Total2006 2007 2008 2009 2010

Nobuto strips tested 307 393 372 380 387 1,839
bELISA-positive 5 10 2 1 1 19
PRNT-positive 1a 1

a Titer¼ 1:80.
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Table 2. Annual response rate of Nobuto strip-sample submission to test for West Nile virus in greater sage-grouse (Centrocercus urophasianus) in Oregon,
USA, reported as a proportion to postcard survey respondents (actual responses) estimates from postcard survey (estimated from survey), and hunter wing-
returns, from 2006 to 2010.

Response category

Year

�x2006a 2007 2008 2009 2010

Actual responses
Hunted 611 583 478 569 511 550
Did not hunt 253 186 196 230 149 203
Birds harvested 744 537 502 613 555 590
Birds/hunter 1.22 0.92 1.05 1.08 1.09 1.07

Estimated from survey
Hunted 894 836 678 727 686 764
Did not hunt 370 267 278 294 200 282
Estimated harvest 1,088 770 712 783 745 820

Hunter response rate 68% 70% 71% 78% 74% 72%
Empirical samples
Wings received 669 485 443 493 463 511
Nobuto strips received 310 397 381 399 393 376
Nobuto strips tested 307 393 372 380 387 368

Nobuto response rates
Postcard 0.42 0.74 0.76 0.65 0.71 0.64
Wing returns 0.46 0.82 0.86 0.81 0.85 0.74
Overall 0.28 0.52 0.54 0.51 0.53 0.46

a A single Nobuto strip was sent to each hunter in 2006, but two were sent in 2007–2010.

Table 3. Age (HY¼hatch year, SY¼ second year, AHY¼ after hatch year) and gender of hunter-harvested greater sage-grouse (Centrocercus urophasianus)
sampled for West Nile virus with Nobuto strips in Oregon, USA, 2006–2010.

Year

Females Males

Unknown TotalHY SY AHY HY SY AHY

2006 69 9 66 59 3 74 27 307
2007 52 22 151 45 2 102 19 393
2008 86 14 95 89 0 45 43 372
2009 99 16 78 103 0 67 17 380
2010 101 16 117 72 2 68 11 387
Total 407 77 507 368 7 356 117 1,839

Table 4. Geographic distribution of Nobuto strip samples collected and summary of positive results according to hunt unit and proportion of estimated
highest number of greater sage-grouse (Centrocercus urophasianus) that could have been harvested between 2006 and 2010.

Hunt unit
Permits

available/yra
No. samples

tested
Proportion of hunted

population sampledb (%) bELISAc-positive PRNT90
d-positive

Sumpter 10 4 4.0
Lookout Mountain 10 12 12.0
Beulah 150 163 10.9 1 1
Malheur River 105 104 10.4 2
Owyhee 80 89 11.9 1
Whitehorse 230 433 19.2 3
Steens 97 169 21.1 3
Beaty’s Butte 180 284 16.2 2
Juniper 100 137 13.7 1
Silvies 20 45 22.5
Wagontire 58 87 15.8 2
Warner 150 283 21.8 4
Unknown 29
Total 1,190 1,839 16.3 19 1

a Average based on annual permits authorized from 2006 to 2010.
b Hunted population is calculated by multiplying the total no. of permits available per year by the no. of birds authorized to take per year (2/permit issued) by
the no. of years of this study (5). It represents the hypothetical max. no. of birds that could have been harvested over the period of this study.

c bELISA—epitope blocking enzyme linked immunosorbent assay.
d PRNT90—plaque reduction neutralization test. Samples that exhibited a 90% inhibition of the test dose of the virus at a 1:20 dilution were considered
positive.
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PRNT90. All serum results for experimentally infected
partridge were positive by both bELISA and PRNT.

DISCUSSION

We found a low prevalence of WNV antibodies in hunter-
harvested sage-grouse in Oregon. Walker et al. (2007) also
found low prevalence in sage-grouse populations inMontana
and Wyoming, where 8 of 167 sage-grouse sampled tested
positive for WNV-neutralizing antibodies (Walker et al.
2007). Highmortality among infected wild birds may explain
low rates of antibody detection found byWalker et al. (2007)
and in our study (Clark et al. 2006).
Specific WNV-neutralizing antibodies develop 7–10 days

after infection and can last for>1 year (Langevin et al. 2001,
Gibbs et al. 2005). Managers can use the prevalence of
antibodies in a harvested population as an index of the
proportion of animals in that population still alive following
the infection that resulted in the development of the
antibodies tested for (Mueller-Anneling et al. 2000).
Although the low prevalence of WNV antibodies in our
study precluded meaningful comparisons over time and
space, our data from 2006 to 2010 provides a baseline,
representing an early period of time after WNV was first
detected in sage-grouse in 2003, to which future serosurveys
can be compared. This methodology could also augment
serological testing of live sage-grouse for WNV antibodies
and would complement other surveys that monitor WNV
mortality to better understand long-term impacts of this
disease on populations (Walker and Naugle 2011).
Implementing surveys such as the one we have described
could greatly assist wildlife managers in identifying patterns
of disease across broad landscapes. This information can also
be useful to the public and veterinary health officials to
monitor the spread of disease or may lead to efforts to
attempt to eliminate or reduce a disease in a population
(Drew et al. 1992, Schmitt et al. 1997, Joly et al. 2003).
Hunter-collected biological samples such as wings have

helped with management of sage-grouse in Oregon; these
data, in conjunction with other population data such as lek
surveys and age-ratios (i.e., from wing data), have enabled
wildlife managers in Oregon to efficiently monitor popula-
tion dynamics, and to establish hunting regulations and bag
limits at regional scales (Hagen and Loughin 2008). In our
study, hunter-collected blood samples enabled us to test
more birds from a broader portion of their range than would
have been possible from deploying field crews to live-capture
grouse. Other states have successfully used hunter-collected
blood samples to identify large-scale trends in other diseases
(Mueller-Anneling et al. 2000). Although Nobuto strip
sampling has been voluntary in Oregon, hunters have shown
an interest in the management of the species and by
providing these data have allowed us to gather disease data
on >50% of sage-grouse harvested annually, and spatially
represented across most of the sage-grouse range in Oregon.
The permit-only hunting opportunity facilitated a relatively
easy method to expand on the wing collection program to
include these blood samples.

Hunter participation in disease surveillance programs can
be affected by a number of variables. In our study, post-
harvest handling of samples by the hunters may have affected
sample quality. Nobuto strips have been previously found to
be relatively stable for a period of months for detection of
antibodies to avian influenza virus under a variety of storage
conditions (Dusek et al. 2011). We found that freezing the
strips at �208C after collection was the preferred method;
however, our findings with partridge blood indicated that
Nobuto strips could be held up to 90 days at room
temperature without compromising our ability to detect
WNV antibodies by bELISA or PRNT. More than 99% of
our sage-grouse samples were submitted to ODFW within
90 days after the season ended and 87% of Nobuto strips were
absorbed to 50% or greater, suggesting that we would be able
to detect positive samples. In addition, most wings received
by ODFW had been frozen shortly after harvest. Because
Nobuto strips were usually placed in the same envelope with
the wing, it is likely that these were frozen also. Upon arrival
at the ODFW laboratory in Hines, Oregon (upon receipt
with the sage-grouse wings) and at the NWHC (as they
arrived at the laboratory for assay), sample handling was
controlled. We speculate that any degradation of the samples
from being stored at ambient temperatures is likely to cease at
the point they were frozen. However, some degradation may
have occurred and the bELISA results and PRNT antibody
titers we report may be an underestimate of the true
prevalence. Perhaps the reason we detected only a single
WNV PRNT positive is because this test requires functional
antibodies to neutralize WNV, and any degradation due to
storage conditions may have precluded our ability to detect
neutralizing antibodies.
Understanding the limitations of using hunters to collect

samples for disease detection and the inferences that can be
drawn from such data is imperative. However, refining our
methodology may enable an expansion of disease monitoring
for other harvested wildlife populations in the future.
Refinements may include 1) training of hunters on proper
sample collection (in our case we used a photograph), 2)
detailed instructions regarding field preservation of samples,
3) prompt submission of samples to the state wildlife agency,
4) discarding samples with<50% absorption of blood on the
strip and consider discarding those submitted >90 days after
collection, and 5) maintaining consistency in sampling
period.
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