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Working Together: The 40th Anniversary of the
National Hemorrhagic Disease Survey
In the last two issues of SCWDS BRIEFS, we provided
examples of how data from this long-term collaborative
survey has been used to document the northern
expansion of hemorrhagic disease (HD) in North
America and how such data can provide a map of HD
risk across broad landscapes. Understanding why the
range of HD is expanding or why we observe these
spatial patterns, however, is an ongoing challenge and
our overall goal is not only to document HD occurrence
but to understand the mechanisms that drive the
observed spatial and temporal patterns. In part three of
this series we provide a recent example of how the data
from the HD survey have been used to investigate some
of the mechanisms that drive regional HD outbreaks.
Part 3: The role of drought as a driver of HD in the
eastern United States.
We recently had the privilege to work with a team of
researchers at the Department of Fisheries and Wildlife
at Michigan State University to investigate the role of
drought in the epidemiology of HD. The study was led
by Dr. Sonja Christensen, and the results were recently
published (See: Christensen SA, Ruder MG, Williams
DM, Porter WF, Stallknecht DE. The role of drought as
a determinant of hemorrhagic disease in the eastern
U.S. Global Change Biology 2020;26(7):3799-3808.
https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.1
5095).
Understanding the drivers of HD is a complicated
process as there are many potential environmental,
host, and viral factors that interact to produce and drive
an HD outbreak. For example, climate factors such as
temperature not only influence vector population
dynamics but can also affect the ability of EHDV and
BTV to replicate in these vectors. Drought, which is
often correlated with high temperature along with low
seasonal rainfall events, is another example of a
potential risk factor that may not only affect Culicoides
development but may also have host related
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implications such as increasing host density around
water sources and wetland areas where Culicoides
vectors breed.
During 2007 and 2012, widespread HD outbreaks
occurred in the eastern and midwestern United States,
and there was a spatial correlation between areas
affected by severe drought and areas where HD
occurred. Previous research also has identified drought
like conditions, such as high temperatures and low
precipitation, as risk factors for HD. To further
investigate this potential relationship, we focused on 23
states in the eastern United States that have reported
HD related mortality during the period 2000-2014.
These included states where HD has historically
occurred since 1980 and states such as Michigan,
Pennsylvania, and Wisconsin where HD reports have
been recently documented or are increasing. The
period 2000-2014 was selected based on the
availability of data from the Drought Monitor
(http://droughtmonitor.unl.edu/). Archived drought data
from this site are available at a county level and include
intensity estimates based on objective and well-known
indicators of drought. We selected data from the last
week of August to include in the analysis as this time
point reflects drought conditions at a time when most
HD outbreaks are occurring. In addition to HD mortality
and drought data, other potentially relevant drivers and
factors were included in the analysis; these included,
wetland cover, physiographic region, latitude, longitude,
year, and state. The analysis was done using a
generalized linear mixed model to explain HD
occurrence based on these potential spatiotemporal
predictors. Results indicated that drought severity was
a significant predictor of HD presence. This relationship,
however, was highly dependent on latitude and only
was significant at northern latitudes.
The findings improve our understanding of the
epidemiology of HD and help to inform deer
management. However, in both cases there is a need
for thoughtful and informed interpretation of study
results. The observed relationship between increasing
significance of drought with increasing latitude provides
Continued…
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An Update on the COVID-19 Pandemic

a relevant example. In this analysis, latitude likely
served as a proxy to herd immunity which increases in
deer populations at lower latitudes and is low to absent
in deer herds in northern latitudes. Herd immunity, as
provided by previous infections with EHDV or BTV,
serves to decrease both mortality and the severity of
disease. Because herd immunity can fluctuate and even
become cyclic over time, it represents an important and
additional factor in endemic southern areas that likely
reduce potential effects of climate related drivers such
as drought. From an epidemiologic standpoint, the
lesson relates to fully recognizing the complexity of HD
and the epidemiologic variation that can occur over
broad landscapes. From a management standpoint the
lesson is the same, as the importance of individual risk
factors may or may not apply equally to all areas.

Impact on SCWDS Activities
When our last SCWDS BRIEFS issue was released in
April, the United States was just beginning to grapple
with the COVID-19 pandemic and a nationwide State of
Emergency. As human cases and deaths continue to
increase in the Southeast and many other locations
around the world, the pandemic shows no signs of
slowing down.
This unprecedented situation has resulted in significant
changes at SCWDS. In mid-March, the University of
Georgia adopted numerous important disease
mitigation strategies to protect public health, many of
which impacted SCWDS research, service, and
instructional activities. Non-essential travel remains
restricted while field and laboratory research activities
are now resuming but with added preventive measures.
Many SCWDS staff and faculty have been primarily
working from home since mid-March, and UGA’s
summer semester courses were conducted exclusively
online, and UGA College of Veterinary Medicine student
clinical rotations were cancelled (including the SCWDS
externship program). UGA is now undergoing a multiphased reopening strategy for a safe and gradual return
to normal services and instruction by mid-August.
During this time, SCWDS remains available to assist
our member agencies with wildlife mortality
investigations. The SCWDS Diagnostic Services
Section continues to operate under new practices to
limit human interaction. Please contact us if you need
assistance.

There is an observation not associated with this study
that also deserves attention and provides an important
perspective on risk factors. Following this analysis and
the identification of drought as a driver of HD outbreaks,
we documented a substantial outbreak of HD in 2017
that occurred in the Appalachian Plateau. This
outbreak, which affected a large land area and resulted
in substantial white-tailed deer mortality, occurred in the
absence of drought and in the absence of high levels of
herd immunity. This example demonstrates that a risk
factor such as drought only indicates that an event or
outbreak is more likely to occur, not that it will. It is
possible that drought is not a needed prerequisite for
HD and only intensifies an outbreak rather than starting
it.
What does all this mean to management? At present
our “management” for HD is centered on risk
communication, and this is generally started after HD is
detected during late summer. This is not the perfect
early warning that we want, but knowing that a problem
is coming, knowing what to expect in the way of
potential outcomes and population effects, and having
the information to communicate to the public are of
value. Identifying drought as an important risk factor in
HD outbreaks helps us refine our ability to provide
insight into possible outcomes, improve risk
communication, and with additional work, to possibly
predict HD outbreaks earlier and more reliably. This will
be especially important in northern areas where the
range of HD is expanding into naïve white-tailed deer
populations.

North American Wildlife and SARS-CoV-2
In late 2019, the novel coronavirus classified as severe
acute respiratory syndrome (SARS)-CoV-2 first
emerged in humans. SARS-CoV-2 is believed to have
a wildlife origin and although the exact source remains
undetermined, molecular studies suggest that a bat
species served as the original host of the virus. The
virus also may have amplified in a second animal
species (such as a pangolin) before ultimately
transmitting to humans.
In recent months, much attention has been given to
further understanding the SARS-CoV-2 host range. To
date, natural infections with this virus have been
documented in tigers and lions in zoos, farmed mink,
and domestic cats and dogs. Though apparently rare,
these infections occurred in animals that were under
human care, not in free-ranging wildlife. In some cases,
the source of infection was traced back to one or more
infected humans in close proximity to the affected
animal(s), such as an infected pet’s owner or a zoo

As always, we want to thank the agencies and wildlife
professionals who contribute the HD data we used in
this study. This work was additionally supported by the
Michigan Department of Natural Resources and the
Boone and Crockett Quantitative Wildlife Center.
(Prepared by Dave Stallknecht, Mark Ruder and Sonja
Christensen, Michigan State University)
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animal keeper. This suggests reverse zoonosis is a
possible route of infection for animals. Human-to-animal
transmission is of particular concern in scenarios in
which close and extended human-animal contact
occurs, such as with wildlife rehabilitation, education,
exhibition, production settings, research, or live trapping
and handling.

Recovery (ZAHP) Fusion Center provided guidance for
the handling of non-domestic animals in human care
(https://zahp.aza.org/covid-19-animal-care/). (Prepared
by Natalie Stilwell and Mark Ruder).

Several studies are currently underway to determine
susceptibility to SARS-CoV-2 infection in rodents, nonhuman primates, bats, and other non-domestic species
considered to be at relatively high-risk for infection.
While it is too early to fully understand the impact of
SARS-CoV-2 on animals, there is currently no evidence
that the virus can be transmitted or maintained in freeranging North American wildlife populations.

Black bears are adaptable and are capable of utilizing
habitats with varying land-use patterns and frequently
use diverse den sites. Accordingly, this may put them in
close proximity to humans. Such a scenario occurred
last winter when an adult, female black bear and her
three cubs denned under a private citizen’s deck in
Pickens County, Georgia.
In March 2019, the
homeowner observed the sow emerge from the den for
the first time – unfortunately, she then rolled around on
the ground and subsequently died. Georgia Department
of Natural Resources personnel captured the three
cubs and placed them in zoos and submitted the bear
carcass to SCWDS for necropsy and diagnostic testing.

Anticoagulant Rodenticide Toxicosis in a
Black Bear

Until more is understood about the risk of zoonosis or
reverse-zoonosis of SARS-CoV-2, it is prudent to
minimize
these
risks
by
following
current
recommendations established to prevent coronavirus
infections between humans. These include avoiding
contact with wildlife species when ill, minimizing nonessential management or research associated with
species of concern, and wearing basic personal
protective equipment (e.g., gloves, face masks) when
handling or in close contact with wildlife. Reverse
zoonosis concerns continue to emphasize bats,
mustelids, canids, and felids based on current
knowledge of host range but this could rapidly change
as we learn more.

On necropsy, the sow was in excellent nutritional
condition. The thoracic cavity was filled with
approximately 2 liters of non-clotted blood and a small
amount of clotted blood (Figure 1).

Several resources provide guidance on handling
wildlife, and many are continuously updated to reflect
new findings and current knowledge. Among these, the
Food and Agriculture Organization of the United
Nations (FAO) released a qualitative exposure
assessment of exposure to SARS-CoV-2 from animals
(http://www.fao.org/3/ca9959en/ca9959en.pdf), and the
United States Geological Survey (USGS) and U.S. Fish
and Wildlife Service (USFWS) performed a risk
assessment of the transmission of SARS-CoV-2 from
humans
to
bats
(https://pubs.usgs.gov/of/2020/1060/ofr20201060.pdf).
The Centers for Disease Control and Prevention has
provided guidance for testing of wildlife for SARS-CoV2
(https://www.cdc.gov/coronavirus/2019ncov/animals/pets-other-animals/wildlife-testing.html)
and the Fish and Wildlife Health Committee of the
Association of Fish and Wildlife Agencies summarized
current knowledge of SARS-CoV-2 in mustelids, canids,
and
felids
(https://www.fishwildlife.org/application/files/2415/9230
/2533/AFWA_Statement_on_COVID19_and_Mustelids_Felids_and_Canids_June_9_2020.
pdf). Finally, a collaborative document by the Zoo and
Aquarium All Hazards Preparedness, Response, and

Figure 1. Unclotted blood filling the chest cavity of a black bear
with anticoagulant rodenticide toxicosis

Numerous hemorrhages were observed along the right
side of the neck and both hindquarters. All lung lobes
and the retroperitoneal spaces were filled with nonclotted blood, and a small amount of non-clotted blood
was also observed in the abdominal cavity. Pinpoint
hemorrhages were scattered along the outer surface of
the small intestines, stomach, and urinary bladder.
Microscopic examination supported gross necropsy
findings. Overall, postmortem findings suggested the
bear died acutely from coagulopathy (i.e., uncontrolled
bleeding due to poor clotting ability).
A sample of liver from the bear was submitted to the
California Animal Health and Food Safety Laboratories

-3-

Continued…

SCWDS BRIEFS, July 2020, Vol. 36, No. 2

(CAHFSL) in Davis, CA, for anticoagulant rodenticide
screening. Brodifacoum and bromadiolone were both
detected at extremely high levels (6200 parts per billion
and 2000 parts per billion, respectively). A trace amount
of difenacoum was also detected, which indicates that
difenacoum was present in the sample, but at a
concentration below the stated reporting limit.
Brodifacoum, bromadiolone, and difenacoum are all
second-generation anticoagulant rodenticides, which
are highly toxic to non-target hosts, such as many
wildlife species. Second generation anticoagulant
rodenticides, which are vitamin K-antagonists, disrupt
the body’s ability to recycle vitamin K. Vitamin K plays a
significant role in forming blood clots, and when its
activity is disrupted, vitamin K-dependent clotting
factors are no longer produced, resulting in the inability
to adequately clot blood (i.e., coagulopathy). Second
generation rodenticides have a longer half-life than first
generation rodenticides and therefore, are capable of
affecting the body for a longer period of time with more
significant effects. Non-target animals that consume
sufficient quantities of these toxic chemicals often bleed
out internally and present in a similar manner as this
bear. Although there is some evidence for anticoagulant
rodenticide passage through the milk, the cubs in this
case appeared unaffected.

been approved to serve as a laboratory available for
testing wild lagomorphs for RHDV2. The RHDV2 realtime reverse transcription polymerase chain reaction
assay used at SCWDS follows the same protocol used
by the Foreign Animal Disease Diagnostic Laboratory
(National Veterinary Services Laboratories, USDA).
The National Wildlife Health Center (U.S. Geological
Survey) also has RHDV2 diagnostic capacity for wild
lagomorphs. If a positive result is obtained in a new
species or new state, the sample will be forwarded to
FADDL for confirmation. SCWDS will continue to
collaborate closely with state and federal agriculture
agencies regarding RHDV2 testing. We encourage
wildlife agencies to remain vigilant and investigate wild
rabbit and hare mortality events. To submit a carcass
to SCWDS for testing, please work with our Diagnostic
Service to coordinate shipment. (Prepared by Mark
Ruder and Becky Poulson)

A Note to Our Readers
We thank you for your sustained interest in our quarterly
newsletter, the SCWDS BRIEFS. We continue to
receive positive feedback from many readers, which
lets us know that we are still providing items of interest
to you in each issue.

Many wildlife species, as well as domestic animals,
suffer from anticoagulant rodenticide exposure and
toxicosis from either direct ingestion of the poison or
secondarily by scavenging exposed prey (such as
rodents). Mortality events are not uncommon and can
occur as a result of accidental exposure or malicious
intent. Raptors, such as bald eagles, are thought to be
more frequently exposed to these compounds than
many other wild animals; however, any wild animal
could potentially be exposed. The source of exposure
in this bear is unknown. Anticoagulant rodenticide bait,
as well as carcasses of animals that die from ingestion
of rodenticides, also are considered potentially
hazardous to humans. Label instructions should always
be followed when distributing rodenticides to ensure
that domestic and non-target, wild animals cannot
access these compounds. Further, animals that may
have been exposed to these rodenticides should not be
consumed by humans. SCWDS thanks the Georgia
Department of Natural Resources for submission of this
interesting case. (Prepared by Armaghan Nasim,
Virginia-Maryland College of Veterinary Medicine,
Melanie Kunkel, and Nicole Nemeth).

One difficult aspect of putting out a publication such as
the BRIEFS is maintaining the distribution list. We want
to reach as many of you as we can, but can do so only
if you let us know you want to be included on the
distribution list, notify us of any mailing address or email
address changes, or inform us of someone else you
know who would like to be added. Of course, we
encourage you to choose to opt for the email list-serve
if you want to reduce the volume of mail coming into
your home or office. Please contact us if you wish to be
removed from the regular mailing list and have your
name added to our email list to be informed when each
new issue is posted on our website. This way, you
usually can read the newsletter at least 10 days before
a mailed copy would arrive. As always, if you have
suggestions for improvement of the BRIEFS, please let
us hear from you. Our goal is to provide information of
interest to you.

Recent SCWDS Publications Available
Below are some recent publications authored or coauthored by SCWDS staff. Many of these can be
accessed online from the web pages of the various
journals. If you do not have access to this service and
would like to have a copy of any of these papers, let us
know. Many can be sent to you electronically with
minimum effort; others will be mailed to you. For your
convenience, please indicate requested publications, fill
out the form on page 7, and check the appropriate box

RHDV2 Testing Capacity
Rabbit hemorrhagic disease virus 2 (RHDV2) continues
to spread across the western US in both domestic and
wild rabbit populations. In collaboration with the United
States Department of Agriculture (USDA), SCWDS has
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to receive either an electronic copy or a hard copy and
return it to us: SCWDS, College of Veterinary Medicine,
University of Georgia, Athens, GA 30602 or email at
brewton@uga.edu.
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