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Executive Summary

Wildlife health is determined by the cumulative effects of biological, environmental and
socioeconomic pressures acting on individuals and populations. As such, “health” may be
considered an indicator of vulnerability that reflects the capacity of wildlife to cope with and
respond to natural and anthropogenic challenges . Understanding and tracking the health status
of species-at-risk may, therefore, provide valuable information for wildlife management and
conservation 9+

Boreal caribou in Northeastern British Columbia (Rangifer tarandus caribou, population
No.14, DUO06 2 °) are red-listed due to declines in abundance and distribution *°. Since 2010, the
Implementation Plan for the Ongoing Management of Boreal Caribou (Rangifer tarandus
caribou pop. 14) in British Columbia (BCIP) has guided provincial efforts to manage and
conserve this species '°. As a component of the BCIP, a three year Boreal Caribou Health
Research Program (BCHRP) was created in the fall of 2013 to address knowledge gaps
surrounding the current health status of boreal caribou in Northeastern BC (NE BC). In BCHRP
Year 1, a comprehensive herd health assessment model was developed and applied across six
boreal caribou herd ranges in the region ""®"*11 Bijological samples collected from n=164 live-
captured and n=12 dead caribou were used to evaluate exposure to, or infection with, selected
bacterial, viral, and parasitic diseases along with other indices of health related to chronic
physiological stress, immunity, and nutrition. Evidence of notable and novel threats to caribou
including the pathogenic bacterium Erysipelothrix rhusiopathiae, the protozoan parasite
Neospora caninum, and severe winter tick (Dermacentor albipictus) infestations were identified.
A preliminary investigation of selected health biomarkers that may show potential as simplified
health assessment or monitoring tools was also performed .

Throughout 2014 and 2015 a continued radio-collar monitoring, maintenance, and
replacement program in our study herds provided a unique opportunity for a short-term,
longitudinal investigation of boreal caribou health in NE BC "*®*¢412 Bjological samples were
collected from n=41 live-captured caribou and n=12 dead caribou in 2014 and from n=33 live-
captured caribou and n=3 dead caribou in 2015. Live-captures occurred in winter 2013/2014 and
2014/2015 and included n=1 and n=13 re-captured caribou respectively. In BCHRP Year 2, these
samples were evaluated using the health assessment criteria established in Year 1% 11 aAn
enhanced investigation of E. rhusiopathiae and winter tick was also initiated and tests for blood
borne pathogens and to evaluate the trace nutrient status of caribou were added to the health
assessment model. Results from BCHRP Year 1 and Year 2 were then combined to establish the
first comprehensive herd health baselines for boreal caribou in NE BC.

Interpretation and analysis of our boreal caribou health dataset is ongoing. Overall, the
occurrence of many pathogens and other health determinants appeared to vary across herd ranges
and in some cases across study years. New findings in BCHRP Year 2 also confirmed that health
and disease may have important implications for the long-term sustainability of boreal caribou in
NE BC. Continued study of E. rhusiopathiae uncovered new evidence supporting the hypothesis
that this pathogen may have played a role in the unusually high caribou mortality rate recorded in
NE BC in 2013 including: the identification of a moribund caribou most likely clinically affected
by the bacterium and a greater than 50% increase in exposure (seroprevalence) in two herd



ranges immediately after the high mortality period. Tick counts on hide samples collected from
dead caribou and the development of a classification system for tick associated hair loss in live
caribou reveled that moderate to severe infestations with D. albipictus are widespread in our
study area. Winter tick may represent an emerging threat to caribou health in the region.
Variation in bone marrow fat levels across study years and evidence of possible trace nutrient
deficiencies in caribou were also identified.

In BCHRP Year 3 (April 1, 2016 -March 31, 2017) we will continue with our enhanced
study of E. rhusiopathiae in free-ranging boreal caribou from NE BC. This work will be
supported by an ongoing collaboration with caribou researchers in Alberta [Foothills Research
Institute (fRI) Caribou Program, Hinton, AB] and a minimally invasive (vaccine based)
experimental study in captive reindeer held at the University of Calgary’s Faculty of Veterinary
Medicine. The utility of selected stress and immune biomarkers as simplified health assessment
and monitoring tools will also be tested and we will undertake a broader evaluation of temporal
and spatial relationships between larger-scale (landscape level) factors and caribou health,
reproduction, and survival. This program will provide a comprehensive picture of herd level
health status that will inform boreal caribou management and conservation in NE BC.
Investigative approaches and standardized protocols developed as part of the BCHRP will also
benefit woodland caribou conservation initiatives elsewhere and provide a starting point for
similar studies in other ungulates.

This report summarizes activities completed during BCHRP Year 2 and describes the
baseline heard health status of boreal caribou in NE BC. An overview of E. rhusiopathiae results
(available as of June 1, 2016), a novel classification system for winter tick related hair loss in
caribou, and research efforts planned for BCHRP Year 3 are also presented.
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1. Boreal Caribou Health Research Program Objectives (Year 2)

1.1 Use preliminary results from BCHRP Year 1 to evaluate and modify the Boreal Caribou
Health Assessment Model (testing plan).

1.2 Apply modified Boreal Caribou Health Assessment Model to evaluate biological samples
(blood, feces, hair, and tissue) collected from live-captured and dead boreal caribou across six
herd ranges in NE BC in 2014 and 2015. Perform retroactive diagnostics on samples collected in
2013 where additional or more detailed information on specific pathogens or other health
determinants required.

1.3 Consider BCHRP Year 1 and Year 2 findings to establish the first comprehensive herd health
baselines for boreal caribou in NE BC and identify populations which may be “at risk” from
compromised health.

1.4 Continue research into the potential role of the pathogenic bacterium Erysipelothrix
rhusiopathiae as a factor in the relatively high number boreal caribou mortalities observed in NE
BC between April, 2013 and September, 2013.

1.5 More thoroughly characterize the occurrence, distribution, and potential importance of
Neospora caninum, blood borne pathogens, Dermacentor albipictus (winter tick) infestations,
and the trace nutrient status of boreal caribou in NE BC.

1.6 Provide ongoing health related recommendations for boreal caribou management in NE BC.

2. Methods

2.1 Sample Collection and Storage
2.1.1 Sample Collection: Live-captured Caribou

Health based sampling in 2014 and 2015 was integrated into an ongoing monitoring
program tracking adult caribou survival and juvenile caribou recruitment in NE BC *2. Forty one
adult female boreal caribou were live-captured and radio-collared in the Calendar (n=5),
Chinchaga (n=13), Maxhamish (n=11), Parker (n=1), Prophet (n=0) and Snake-Sahtaneh (n=11)
herd ranges of NE BC (Fig. 1) between December 2013 and March 2014. Thirty three adult
female caribou were live-captured and radio-collared in the Calendar (n=2), Chinchaga (n=10),
Maxhamish (n=9), Parker (n=2), Prophet (n=2) and Snake-Sahtaneh (n=8) herd ranges between
December 2014 and April 2015. In 2014, n=1 caribou (first captured in 2013) was recaptured for
radio-collar replacement. In 2015, n=13 caribou (first captured in 2013) were recaptured for
radio collar replacement.

A standardized suite of basic biological samples including: hair, feces, whole blood, and
serum were collected from every caribou captured in both 2013/2014 and 2014/2015. In 2014/
2015, nasal swabs were also collected from all n=33 live-captured caribou and blood smears
(minimum of two smears per individual) were made for n=27 of these animals. The occurrence



of ectoparasites (e.g. ticks, warbles), other health related anomalies, and any associated
pathology were documented and samples (e.g. winter tick voucher specimens) were collected as
encountered. Other biological data closely related to the health status of individual caribou (e.g.
body condition, body size, age, lactation status, presence of a calf at heel) were also recorded at
the time of capture. In 2014 and 2015 the pregnancy status of caribou was determined after
capture by measuring serum progesterone concentration.
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Figure 1. Boreal caribou herd ranges and core habitat areas in Northeastern British Columbia,
Canada. Modified from: British Columbia Ministry of the Environment. (2010). Science update
for the boreal caribou (Rangifer tarandus caribou pop. 14) in British Columbia. Victoria, BC. 54
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2.1.2 Sample Collection: Caribou Mortalities

Upon detection of a suspected caribou mortality event, through transmitted GPS/satellite
data or VHF signal status from radio-collars, comprehensive ground-based mortality site
investigations were conducted as soon after death as possible ‘2. In BCHRP Year 1, where
available and when stage of decomposition permitted, biological samples (e.g. long bones, lower
jaws, tissue samples, hair) were collected for health based analyses. In BCHRP Year 2, any and
all caribou tissues remaining at mortality sites were collected and submitted to the University of



Calgary, Faculty of Veterinary Medicine (UCVM) and/or the Canadian Wildlife Health
Cooperative (CWHC) Calgary, AB for health based evaluation.

2.1.3 Sample Storage

The majority of biological samples from live-captured and dead caribou collected in 2014
and 2015 were stored frozen (-20-C) and then shipped to the UCVM and/or the CWHC, Calgary,
AB for in-house or referred health and diagnostic testing. Exceptions included: live winter ticks
(voucher specimens) collected from n=9 and n=15 caribou with hair loss in winter 2013/2014
and 2014/2015 respectively and an opportunistic subset of n=5 fecal samples collected in 2015
(n=1 Calendar herd range, n=2 Chinchaga, n=2 Snake-Sahtaneh) and submitted cooled/fresh (at
4°C) for parasite analysis.

2.2 Boreal Caribou Health Assessment Model, BCHRP Year 2

In BCHRP Year 1, a comprehensive Boreal Caribou Health Assessment Model was
developed to evaluate archived biological samples collected from live-captured and dead boreal
caribou in 2012/2013. Pathogens and other determinants of caribou health were incorporated into
the model based on a detailed review of the published peer review literature related to the health
of Rangifer and other cervids, emerging techniques in wildlife health research, and input from
biologists, wildlife veterinarians, and other stakeholders working with caribou in NE BC and
elsewhere **. Background information along with a detailed list of pathogens and other health
determinants evaluated as part of the Boreal Caribou Health Assessment Model in BCHRP Year
1 are reviewed in the BCHRP Year 1 Synthesis Report ** (available online: www.bcogris.ca).
Based on preliminary results obtained in Year 1, the health assessment model was modified
slightly in BCHRP Year 2 (Table 1). Changes to the model included a more rigorous
classification of winter tick infestations and additional analyses to more thoroughly evaluate the
potential occurrence of blood borne pathogens in and the trace nutrient status of boreal caribou in
NE BC. Metagenomics ** was also explored as a potential diagnostic technique to incorporate
into future health assessment initiatives for caribou.



Table 1. Overview of pathogens, parasites, and non-infectious health determinants evaluated in
Year 2 of the British Columbia Boreal Caribou Health Research Program.

Viral Pathogens

Alphaherpesvirus
Pestiviruses

Bacterial Pathogens

Brucella suis biovar 4
Erysipelothrix rhusiopathiae
Miscellaneous bacterial infections (mortalities)

Muscle, Lung, Neurotrophic, and Gastrointestinal Macroparasites

Protostrongylid Nematodes (e.g. Parelaphostrongylus andersoni)
Gastrointestinal parasites (primary focus abomasal nematodes, e.g. Ostertagia gruehneri)
Trematodes (primary focus Giant Liver Fluke, Fascioloides magna)

Tissue Inhabiting Protozoans

Neospora caninum
Toxoplasma gondii
Besnoitia tarandi

Miscellaneous Blood Borne Pathogens and Vector Borne Nematodes

Trypanosoma sp.
Anaplasma sp.
Babesia sp.
Setaria sp.
Onchocerca sp.

Ectoparasites

Dermacentor albipictus (winter tick)
Hypoderma tarandi (warbles)
Cephenemyia trompe (nasal bots)

Non-Infectious Health Determinants

Serum biochemistry
Complete blood counts (CBCs) with white blood cell differentials
Hair cortisol concentration (physiological stress)
Haptoglobin (acute phase protein)
Serum amyloid A (SAA) (acute phase protein)
Bone marrow fat content
Trace nutrient levels (serum)

2.3 Diagnostic Tests

The BCHRP’s health testing efforts in Year 1 and Year 2 were based out of the
University of Calgary’s Faculty of Veterinary Medicine (UCVM) and the Canadian Wildlife
Health Cooperative (CWHC) located in Calgary, AB, Canada. The BCHRP also partnered with a
network of academic and commercial laboratories in Canada, the United States, and Europe to
employ the most up to date and innovative methods of evaluating the health of caribou. The
primary goal of our testing strategy was to identify less costly, less invasive, less complicated
and more efficient and accurate indicators of caribou herd health. General strategies used for




health testing and specific diagnostic tests employed for pathogen and health screening in
BCHRP Year 1 are described in detail in the BCHRP Year 1 Synthesis Report ™.

In BCHRP Year 2, the same diagnostic tests used in Year 1 were employed with some
modifications for specific pathogens (see Section 3.0). In the capture period associated with
BCHRP Year 1 (winter 2012/2013), Dermacentor albipictus (winter tick) infections were
recorded (and tick voucher specimens collected) as incidental findings while radio-collars were
being deployed on caribou in the field. Detailed photographs from all animals captured in all
years of the program (2013-2015) were used in BCHRP Year 2 to more thoroughly classify the
occurrence and severity of winter tick infestations in boreal caribou in NE BC (see Section
3.4.7). In Year 2, trace nutrient levels (Mn, Fe, Co, Cu, Zn, Se, Mo) were also measured in
serum from n= 211 caribou captured in winter 2012/2013 (n=137), 2013/2014 (n=41) and
2014/2015 (n=33) using High-Performance-Liquid-Chromatography (HPLC) (in house assays:
University of Guelph Animal Health Laboratory, Guelph Ontario). N=57 blood smears from
n=27 caribou captured in 2014/2015 (University of Guelph Animal Health Laboratory, Guelph
Ontario) and molecular testing of blood from n=15 caribou that died in 2013 (PCR, Canadian
Wildlife Health Cooperative, Calgary, AB) were also employed to screen a subset of individuals
for evidence of infection with blood borne pathogens or parasites (e.g. Trypanosoma,
Anaplasma, Babesia) and/or vector borne nematodes (e.g. Setaria, Onchocerca). As in Year 1,
all diagnostic tests in BCHRP Year 2 were performed by trained laboratory technicians, wildlife
veterinarians, or board certified veterinary specialists.

3.0 Results, Discussion, and Recommendations (Pathogens)
3.1 Terminology
3.1.1 Prevalence and Intensity

Prevalence refers to the proportion (%) of a sample found to have a specified condition
(e.g. a specific parasite). Intensity refers to the number of parasites of the same species living in
or on a single host.

3.1.2. Seropositive and Seronegative

An animal is considered to be seropositive when there is evidence that its immune system
has produced antibodies against a specific pathogen. In order to be seropositive an animal must
have encountered a pathogen and remained alive for a sufficient time after exposure to produce
specific antibodies against that pathogen (seroconvert). An increase in the number of
seropositive animals is often recorded after an outbreak of infectious disease and may provide
evidence that a particular pathogen was involved. However, it should be noted that being
seropositive does not necessarily mean an animal is suffering from disease related to the
pathogen in question. No pathogen specific antibodies are found in seronegative animals
indicating that they have not been exposed to the pathogen in question or may have been exposed
but did not have sufficient time to produce specific antibodies against that pathogen
(seroconvert) prior to live-capture and blood collection (or death). Immunity may also have
waned.



3.1.3 PCR and Culture Positive and Negative

A PCR positive result means that DNA of interest (DNA indistinguishable from that of
the pathogen of interest) was detected in a tissue sample while a PCR negative result means that
DNA of interest was not present or was present below the detection limits of the assay. Inhibition
may also have occurred. The presence of live pathogens in a tissue sample is not required to
obtain a PCR positive result. The success of PCR may be adversely affected by inhibitors in
decomposing tissue samples and other by factors related to sample storage and handling.

For an animal to be culture positive live pathogens must be recovered (grown) from the
tissue sample in question. In culture negative animals the pathogen of interest is not recovered
from the tissue sample in question. Culture positive tissue samples may provide evidence that a
particular pathogen caused disease in or the death of an infected animal however further testing
(e.g. histopathology) is often required to establish a diagnosis. The success of culture protocols
relies on the presence of live pathogens in tissue samples and depending on the organism in
question, may be reduced by environmental exposure, putrefaction, and sample storage
conditions (e.g. freezing). As such, animals suspected to have died from a pathogen but that
culture negative are not necessarily free of that pathogen.

3.2 Viruses
3.2.1 Alphaherpesvirus

Alphaherpesvirus is a pathogen causing both subclinical effects and overt disease in
captive and free-ranging Rangifer including: keratoconjunctivitis, ulceration of the nasal, oral,
and genital mucosa (+/- secondary bacterial infection), and severe respiratory disease, along with
abortions, neonatal morbidity and mortality *. In BCHRP Year 1, the overall prevalence of
exposure to alphaherpesvirus among adult female boreal caribou captured in NE BC in winter
2012/2013 was 62% (n=101/162). Prevalence of exposure also appeared to vary across herd
ranges being highest (86%, n=6/7) in the Parker herd range and lowest (22%, n=2/9) in the
Prophet herd range ™. Notably, the prevalence of exposure to alphaherpesvirus recorded in boreal
caribou from NE BC was also higher than that recorded in other woodland caribou herds from
NWT (37.5%) °, AB (52%) *°, and SK (55%) *".

The enzyme-linked immunosorbent assay (ELISAs) employed to screen caribou for
exposure to alphaherpesvirus in BCHRP Year 1 (LSIVet Bovine IBR gB Blocking ELISA (Life
Technologies Inc., Paris, France) was discontinued by the manufacturer in 2014. As such, an
alternative ELISA (SERELISA BHV-1 gB Ab Mono Blocking, Synbiotics Europe, SAS, France)
was used in BCHRP Year 2. Like the original test, the assay employed in Year 2 had been
previously validated in Rangifer *°. To confirm results from both assays were comparable we
evaluated n=41 serum samples from BC boreal caribou collected in winter 2013/2014 and with
both kits. Results agreed in 97% (n=40/41) of caribou tested.

In winter 2013/2014 and 2014/2015, the overall prevalence of exposure to
alphaherpesvirus among adult female boreal caribou captured in NE BC in was 63% (n=25/40,
n=1 recapture not included) and 63% (n=12/19, n=13 recaptures not included) respectively.



These findings are similar to results from Year 1 and appear to confirm that the overall
prevalence of alphaherpesvirus in boreal caribou from NE BC may be higher than in woodland
caribou from other areas. Some evidence that the prevalence of exposure may vary across herds
and across years was also recorded in winter 2012/2013, 2013/2014, and 2014/2015 (Table 2).
Herpesviruses are characterized by latency (non-clinical, persistent infections which can
reactivate). Clinical disease, viral shedding, and transmission to susceptible caribou may be
triggered by physiological stress in persistently infected animals **. The relatively high and
somewhat variable prevalence of exposure to alphaherpesvirus may therefore indicate that
factors influencing stress levels in boreal caribou from NE BC may be relatively prominent and
may also vary as a function of landscape level features encountered by different caribou herds in
the region.

The precise alphaherpesvirus found in boreal caribou is unknown at the present time. In
winter 2014/2015 minimally invasive nasal swabs were collected from n=33 boreal caribou
captured during ongoing radio-collaring initiatives. To identify the alphaherpesvirus in boreal
caribou from NE BC, archived swabs will be subjected to molecular testing at the Norwegian
School of Veterinary Sciences, Tromsg, Norway in BCHRP Year 3. In Year 3, alphaherpesvirus
will also be incorporated into analyses designed to explore the broader relationships between: 1)
specific pathogens and caribou survival and reproduction, 2) pathogens and other health indices,
and 3) pathogens and larger scale (landscape level) factors (see Section 6).

Table 2. Prevalence of exposure to alphaherpesvirus recorded in live-captured, adult female
boreal caribou from six herds in Northeastern British Columbia in winter 2012/2013, 2013/2014,
and 2014/2015 *,

Herd Alphaherpesvirus Prevalence and Sample Size
2012/2013 Captures | 2013/2014 Captures | 2014/2015 Captures

Calendar 59% (n=16/27) 80% (n=4/5) )
Chinchaga 69% (n=35/36) 69% (n=9/13) 43% (n=3/7)
Maxhamish 59% (n=16/27) 60% (n=6/10) 71% (n=5/7)

Parker 86 % (n=6/7) 0% (n=0/1) )

Prophet 22% (n=2/9) () (-)
Snake-Sahtaneh 64% (n=36/56) 55% (n=6/11) 60% (n=3/5)

% Like other herpesviruses, alphaherpesvirus in boreal caribou is most likely a lifelong infection. As a result,

alphaherpesvirus data from caribou originally captured in winter 2012/2013 and recaptured in winter 2013/2014 or
2014/2015 were not included in calculations. (-) designates herds where no previously un-collared individuals were
captured in the sampling year.

3.2.2 Pestiviruses

In ruminants, pestiviruses are the causative agents of immunosuppression, respiratory and
gastrointestinal disease as well as infertility, abortions, and neonatal morbidity and/or mortality
1921 "In BCHRP Year 1, an ELISA (Synbiotics SERELISA BVD Kit, Synbiotics Corporation,
Lyon, France) was used to test boreal caribou serum for exposure to pestiviruses. The prevalence
of exposure to pestiviruses among adult female boreal caribou captured in NE BC in winter



2012/2013 was 0.6% (n=1/161) however, the serostatus of n=51/161 (32%) of caribou was
unclear **. Antigenic variation between pestiviruses of caribou and those found in domestic cattle
(used as the source of antigen or as a positive control in many diagnostic tests) may have
adversell%/ influenced antibody binding properties and the reliability of ELISA results obtained in
Year1l ™.

In BCHRP Year 2, a subset of serum samples tested in Year 1 using the ELISA were re-
tested using a virus neutralization (VNT) assay (Prairie Diagnostic Services Inc., Saskatoon,
SK). In this test, serial dilutions of caribou serum (possibly containing anti-pestivirus
antibodies) were incubated with an infectious pestivirus of cattle (bovine viral diarrhea virus-
BVDV). Susceptible cells were then added to the virus/serum mix and, after a second incubation,
were examined for evidence of virus associated damage. If serum samples contained antibodies
against pestiviruses then no (or limited) virus caused cell damage was observed.

No seropositive boreal caribou (n=0/60) were identified using the VNT including all
samples testing “negative” or “uncertain” using the ELISA in Year 1. Serum from the single
seropositive caribou identified in Year 1 was also re-tested using the VNT and was negative.
This could indicate that the Year 1 finding was a false positive. However, antigenic variability
may also have influenced the reliability of VNT results. All considered, these findings appear to
indicate that exposure to pestiviruses may be very uncommon in boreal caribou from NE BC. As
a general consideration for evaluating Rangifer health, more research is needed to identify
specific pestiviruses in caribou and reindeer and to identify and validate sensitive and specific
diagnostic tests for this pathogen. Given the apparent low prevalence of exposure and the
uncertainty surrounding test results, pestiviruses will not be examined further as part of the
BCHRP.

3.3 Bacteria
3.3.1 Brucella suis biovar 4

Brucella suis biovar 4 is a bacterial pathogen of caribou and reindeer found in herds
throughout Northern Canada and Alaska % ?>** In caribou, infection with B. suis biovar 4 may
be subclinical or may be associated with severe chronic disease including: bursitis and arthritis
plus a variety of reproductive disorders leading to reproductive failure and neonatal morbidity or
mortality % .

In winter 2012/2013 there was no evidence that any adult female boreal caribou captured
in NE BC had been previously exposed to Brucella sp. (n=162/162 were seronegative) **. All n=
74 samples collected from boreal caribou in winter 2013/2014 and 2014/2015 were also
negative. In addition, there was no evidence that any of the n=14 caribou first captured in winter
2012/2013 and then recaptured in winter 2013/2014 or 2014/015 had seroconverted. In total,
n=222 individual boreal caribou were screened for evidence of exposure to Brucella in BCHRP
Years 1 and 2. The sensitivity of the ELISA employed in this study was 100% and the specificity
99.3% %’. The current population estimate for boreal caribou in the study area is 728 individuals
28 As aresult, we can be 95% certain that Brucella suis biovar 4 does not occur in boreal caribou
from NE BC at a prevalence of greater than 1.0-1.2% at the present time. This is important



baseline knowledge. Given the potential impact of B. suis biovar 4 for caribou (and other
ungulates) the BCHRP working group currently recommends continued monitoring of live and
dead caribou and initiating targeted serological testing of herds if clinical signs associated with
this disease (e.g. swollen joints, reproductive failure) are observed.

3.3.2 Erysipelothrix rhusiopathiae
3.3.2.1 Overview of Erysipelothrix rhusiopathiae findings in BCHRP Year 1

Infection with Erysipelothrix rhusiopathiae is a known cause of chronic disease, subacute
illness, and acute or per acute death in domestic and wild ungulates ®%2°*°, Abortions caused by
E. rhusiopathiae have also been recorded in some species . Erysipelothrix rhusiopathiae may
be a pathogen of emerging importance for northern ungulates and has been identified as the
agent most likely to be responsible for large scale disease outbreaks and mortality events (which
may be associated with recent population level declines) in free-ranging muskox in the Canadian
Avrctic 3. This bacterium has also been recorded as the probable cause of severe disease or death
in free-ranging deer and moose *** and may have been responsible for a historical (1930’s)
outbreak of severe/fatal disease in semi-domesticated Scandinavian and Russian reindeer *.
Erysipelothrix sp. has also been recovered from the carcasses of free-ranging bison found dead in
the Northwest Territories .

In BCHRP Year 1, Erysipelothrix rhusiopathiae was identified in the tissues of n=5 dead
boreal caribou **. PCR and/or culture positive animals represented 63% (n=5/8) of boreal caribou
mortalities examined in 2013 from which usable tissue samples (for health and disease testing)
were obtained and included n= 4 radio collared caribou found dead and an un-collared yearling
male caribou found dying (Fig. 2) in NE BC between April and September 2013 %411 'sing
a proprietary ELISA under development at UCVM ', evidence of exposure to E. rhusiopathiae
was also identified in the serum of approximately 30% of boreal caribou captured in NE BC in
winter 2012/2013 and 2013/2014 ™. To our knowledge, these findings represented the first
record of this pathogen in free-ranging caribou in North America. The relatively high number of
PCR and/or culture positive caribou mortalities, the rare finding of a moribund caribou most
likely clinically affected by the bacterium (Fig 2., also see Section 3.3.2.1.1) along with a
concentration of unusual caribou deaths occurring in spring and summer (Fig. 3, Fig. 4)
suggested that Erysipelothrix rhusiopathiae may have been a factor in the relatively high number
of caribou mortalities recorded NE BC in 2013 [Annual finite survival rate for n=171 caribou
during the 12 month period between May 1, 2013 and April 30, 2014, 0.72 (95% C.I. X-X)]*".



Figure 2. An un-collared yearling male boreal caribou (Rangifer tarandus caribou) found
moribund in the Snake-Sahtaneh herd range of Northeastern British Columbia in March, 2013.
Photo credit: D. Culling and B. Culling, Diversified Environmental Services Inc., Fort St. John,
BC.
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3.3.2.1.1 Case Report: Erysipelothrix rhusiopathiae in an un-collared yearling male caribou
from Northeastern British Columbia

On March 30, 2013 an un-collared yearling male boreal caribou from the Snake-Sahtaneh
herd range of NE BC was observed (from the air) alive but moribund in close proximity to a
group of caribou containing collared animals. The caribou is believed to have died sometime
between March 30, 2013 and April 2, 2013 when the mortality site and carcass were examined in
detail. The carcass was lying on snow and the surrounding vegetation was disturbed with
evidence that the animal had been thrashing around the site prior to death (Fig. 2). Despite some
scavenging, the carcass was relatively intact and there was no indication of predator attack (ante
mortem wounding etc.). These findings are consistent with death caused by infectious disease.

Erysipelothrix rhusiopathiae was cultured from multiple organs (femur marrow, lung,
liver, and skeletal muscle) in ~ pure growth on selective media. Some bacteria associated with
putrefaction were also cultured in low numbers from the same tissues using non-selective media
(e.g. Escherichia coli and Clostridium sp.). The identity and genetic profile of selected E.
rhusiopathiae colonies from each tissue was then confirmed using PCR, 16S sequencing, and/or
Illumina MiSeq platform for sequencing (Nextera XT sample preparation kit-generating 250
base pair paired-end reads) ** *° (also see Section 3.3.2.2.2). Gross and histopathological
examination of tissues revealed severe (likely fatal) aspiration pneumonia and indicated that the
caribou was in relatively poor condition (some internal fat reserves, 60.6 % femur marrow fat,
mild hepatic atrophy). Liver levels of trace nutrients and selected toxins (Vitamin A, Vitamin E,
Be, Mg, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Mo, Cd, Sn, Sh, Ba, Tl, Bi, Pb, and Hg) were
all within normal limits. All considered, these findings suggest that E. rhusiopathiae may have
played a role in the death of this animal.

In free-ranging wildlife, moribund animals are rarely observed due to their quick removal
by predators and scavengers. Blood obtained from the heart of this caribou tested negative for
exposure to E. rhusiopathiae which may indicate that the disease process was relatively acute in
this individual (see Section 3.3.2.2.1). Acute (or peracute) death has been recorded in other
ungulates infected with E. rhusiopathiae. The presentation of this case was also similar to
muskox ¥, moose *, and reindeer mortalities *° believed to have been caused by E.
rhusiopathiae and with other caribou mortalities observed in NE BC in spring and summer, 2013
(Fig. 4). Together, these findings also suggest that E. rhusiopathiae may have been a factor in the
relatively high number of caribou mortalities recorded NE BC in 2013.

11



10

Number Deaths
h
|

First
1 Program
Captures

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Month

Figure 3. Distribution of boreal caribou mortalities recorded in Northeastern British Columbia
between and March and December, 2013. The majority of boreal caribou deaths recorded in
2013 were concentrated in late spring and summer. Many mortalities occurring in this period
were not caused by predation (Fig. 4).
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Figure 4. Examples of unusual mortalities observed in boreal caribou from Northeastern British
Columbia in spring and summer, 2013. In addition to n=5 dead or dying caribou tested and
culturing positive for Erysipelothrix rhusiopathiae, a retrospective analysis of all caribou deaths
in 2013 identified an additional n=7 (minimum number) boreal caribou mortalities that were
relatively intact and exhibited no signs of predation. The majority of these unusual deaths
occurred between April and September, 2013 and their presentation was similar to mortalities
recorded in muskox, moose, and reindeer that may have been caused by Erysipelothrix

rhusiopathiae ** 3> % and also with the un-collared yearling male caribou identified in this study

that was most likely clinically affected by this bacterium (Fig. 2). Unfortunately, no tissue
samples were available from most of these cases due to logistical considerations encountered in
the field. Photo credit: D. Culling and B. Culling, Diversified Environmental Services Inc., Fort
St. John, BC.

3.3.2.2 Erysipelothrix rhusiopathiae findings BCHRP Year 2
3.3.2.2.1 Serology
The ecology of E. rhusiopathiae in free-ranging caribou is poorly understood and this

bacterium was one of the primary research topics explored in BCHRP Year 2. Changes in serum
antibody titres and/or the prevalence of exposure over time can help to increase understanding of
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the ecology of a specific pathogen and may help to identify disease outbreaks in wildlife. In
BCHRP Year 1, we employed a proprietary ELISA developed at UCVM to test and compare the
prevalence of exposure to E. rhusiopathiae in boreal caribou captured in NE BC in 2012/2013
(n=161) and 2013/2014 (n=41). Preliminary results indicated that approximately 30% of caribou
captured in both years may have been previously exposed to this pathogen (were seropositive,
see Section 3.1.2). The overall prevalence of exposure to Erysipelothrix also appeared to vary
across six boreal caribou ranges in NE BC [Calendar 31% (n=8/26), Chinchaga 35% (n=13/37),
Maxhamish1§0% (n=8/27), Parker 0% (n=0/7), Prophet 44% (n=4/9), and Snake-Sahtaneh 22%
(n=12/55)] *.

In BCHRP Year 2, we refined our Erysipelothrix ELISA for use in caribou and
established working cut-off values that more accurately identified seropositive and seronegative
individuals. As part of this work, modifications were made to the type and ratio of reagents used
in the testing process. All samples from all boreal caribou collected in NE BC in winter
2012/2013, 2013/2014 and 2014/2015 were then tested a minimum of two times each. Cut-off
values were refined based on this work and the concurrent analysis of a large number (n>200) of
serum samples from other caribou populations being tested for exposure to Erysipelothrix as part
of a separate research project at UCVM. For boreal caribou from NE BC, average results from
all tests were then evaluated against refined cut-off values to more accurately determine the
serostatus of individual animals.

In BCHRP Year 2, we found that the overall prevalence of exposure to E. rhusiopathiae
across six boreal caribou herd ranges in NE BC in 2012/2013 was 21% (n=34/159). The
prevalence of exposure also appeared to vary across herd ranges [Calendar 27% (n=7/26),
Chinchaga 23% (n=8/35), Maxhamish 21% (n=5/24), Parker 0% (n=0/7), Prophet 13% (n=1/8),
Snake-Sahtaneh 22% (n=12/54)]. Overall seroprevalence in caribou increased to 36% (n=14/39)
in 2013/2014 and then declined to 15% (n=3/20) in 2014/2015 (Fig. 5). Differences in the pattern
of change in seroprevalence from 2012/2013 to 2013/2014 were also recorded across four herds
(Fig. 6). These findings may indicate that landscape level factors influence the ecology of this
pathogen and subsequent rates exposure (and possibly infection) across boreal caribou herds in
our study area.

Evidence of seroconversion was also recorded among caribou first captured in winter
2012/2013 and then recaptured in either winter 2013/2014 or 2014/2015 (Table 3). The
serostatus of n=2 caribou testing positive at capture in winter 2012/2013 and then re-captured
and tested again in winter 2014/2015 appeared to remain stable (Table 3). Seroprevalence and
evidence of seroconversion often increases after an outbreak of infectious disease and these
findings may offer further support for the potential role of Erysipelothrix in the caribou
mortalities observed in NE BC in 2013. This hypothesis may also be supported by the changing
pattern and presentation of caribou mortalities observed from 2013 through 2015. Fewer caribou
mortalities were recorded in the spring or summer of 2014 and 2015 vs. 2013 (Fig. 7) and the
number of unusual mortalities (intact carcasses, see Fig. 4.) observed declined from n=12+ in
2013 to n=1 in 2014 (health testing results pending) and n=0 in 2015.
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Figure 5. Prevalence of exposure to the bacterial pathogen Erysipelothrix rhusiopathiae recorded
in adult female boreal caribou from Northeastern British Columbia in winter 2012/2103,
2013/2014 and 2014/2015. Seroprevalence increased from 2012/2103 to 2013/2014 following a
period in which many unusual caribou mortalities (Fig.4) possibly caused by infectious disease
were observed in the region. Erysipelothrix seroprevalence declined from 2013/2014 to
2014/2015 and only n=1 unusual caribou mortality was recorded from 2014 to 2015.
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Figure 6. Prevalence of exposure to the bacterial pathogen Erysipelothrix rhusiopathiae recorded
in adult female boreal caribou from four herd ranges in Northeastern British Columbia in winter
2012/2103 and 2013/2014. Seroprevalence increased dramatically in the Calendar and Snake-
Sahtaneh herds from 2012/2013 to 2013/2014 while seroprevalence increased only slightly in the
Maxhamish herd and declined in the Chinchaga herd in the same time period. These findings
may indicate that local or landscape level factors influence the ecology of Erysipelothrix
rhusiopathiae along with rates of exposure (and possibly infection) across boreal caribou herds

in NE BC.
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Figure 7. Distribution of mortalities recorded in radio-collared, adult female boreal caribou from
Northeastern British Columbia between and March, 2013 and December, 2015. The number of
caribou mortalities recorded in spring or summer was higher in 2013 compared to 2014 and
2015. N=12+ unusual caribou mortalities possibly related to infectious disease (Fig. 4) were
recorded in 2013 vs. n=1 in 2014 and n=0 in 2015. The annual finite survival rate of boreal
caribou increased from 0.72 (95% C.I. X-X, n=171) during the 12 month period between May,
2013 and April, 2014 to 0.86 (95% C.I. 0.81-0.91, n=181), during the twelve month period
between May, 2014 and April, 2015 and 0.88 (95% C.I. 0.83-0.93, n=168), during the twelve
month period between May 1, 2015 and April, 2016 . The changing pattern and presentation of
caribou mortalities in this time period appeared to follow changes in the pattern of exposure to
the bacterial pathogen Erysipelothrix rhusiopathiae (Fig 5).
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Table 3. Erysipelothrix rhusiopathiae serostatus of n= 14 adult female boreal caribou from
Northeastern British Columbia first captured and tested in winter 2012/2013 and then recaptured
and tested again in winter 2013/2014 (n=1) or 2014/2015 (n=13). Two caribou (highlighted in
orange) that were seropositive at first capture in 2012/2013 were also seropositive at recapture in
2014/2015 indicating lasting antibody titres or re-exposure. Four caribou (highlighted in red)

seroconverted sometime after their first capture in 2012/2013.

Caribou ID Winter of First Erysipelothrix Winter of Erysipelothrix
Capture Serostatus at Recapture Serostatus at
First Capture Recapture

SKO005 2012/2013 Negative 2013/2014 Negative
SKO007 2012/2013 Positive 2014/2015 Positive
SKO009 2012/2013 Negative 2014/2015 Negative
SK014 2012/2013 Negative 2014/2015 -
SKO016 2012/2013 Negative 2014/2015 Negative
SK020 2012/2013 Negative 2014/2015 Negative
SKO033 2012/2013 Positive 2014/2015 Positive
SKO036 2012/2013 Negative 2014/2015 Negative
SKO079 2012/2013 Negative 2014/2015
SKO097 2012/2013 Negative 2014/2015
SK110 2012/2013 Negative 2014/2015
SK126 2012/2013 Negative 2014/2015 Negative
SK136 2012/2013 Negative 2014/2015 Negative
SK161 2012/2013 Negative 2014/2015 Negative

In BCHRP Year 2, we also tested blood or “body cavity” fluids obtained from dead
caribou for the presence of antibodies against Erysipelothrix rhusiopathiae. We identified one
caribou (SK106, Calendar herd range) that was seronegative at capture in winter 2012/2013 but
was “high seropositive” and culture/PCR positive at death in July, 2013 during the high mortality
period. High seropositive caribou have evidence of antibody levels > the maximal levels
recorded 12 weeks after Erysipelothrix rhusiopathiae vaccination in experimental studies in
muskoxen “°. These findings indicate that this caribou most likely survived for a period of weeks
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after exposure to E. rhusiopathiae and may also indicate that the initial exposure event occurred
sometime in late spring, 2013. Using heart blood or carcass fluids we also identified
“seronegative” caribou that were culture and/or PCR positive at death [e.g. the un-collared
yearling male (Fig. 2), from the Snake-Sahtaneh herd range]. The lack of antibody production in
this culture/PCR positive mortality may suggest an acute disease process also occurs in caribou
affected by E. rhusiopathiae. Acute, subacute, and chronic disease have all been recorded in
other ungulates infected with this bacterium % .

3.3.2.2.2 Molecular analysis and tissue culture

The ecology of E. rhusiopathiae in caribou is not known and our understanding of the
occurrence and potential importance of genetic variation in this pathogen is limited. In BCHRP
Year 2, the genetic profiles of selected E. rhusiopathiae colonies obtained from culture positive
boreal caribou were determined using Illumina MiSeq platform for sequencing (Nextera XT
sample preparation kit-generating 250 base pair paired-end reads) *® *to explore the
relationships between isolates from caribou and those obtained from other species. E.
rhusiopathiae isolates from boreal caribou were found to be genetically different from those
recorded in other domestic and free-ranging animals (both terrestrial and aquatic) *°. Isolates
from n=2 caribou found dead in the high mortality period in 2013 were identical [SCEKO069 and
the un-collared yearling (Fig. 2) found moribund; both from the Snake-Sahtaneh herd range]
which may indicate a common source for infection, the possibility of an emerging pathogen in
caribou, or the occurrence of a disease outbreak. However, isolates obtained from the other
culture positive caribou from NE BC were dissimilar indicating that other explanations for the
occurrence of E. rhusiopathiae in caribou must also be evaluated.

A polyclonal Erysipelothrix infection (multiple genetic profiles of different isolates
obtained from the same animal) was recorded in the yearling male caribou found dying in 2013
(Fig. 2) *. Polyclonal infections have also been recently recorded in other ungulates ** and it is
important to note that every E. rhusiopathiae colony obtained from every caribou tissue sample
was not sequenced in this study *. It is very possible that that a shared isolate (or isolates)
common to all caribou may have been missed. Future research will employ sequencing of all
suspected E. rhusiopathiae colonies obtained from culture of caribou tissues.

In some species, some animals carry E. rhusiopathiae in their tonsils, pharynx, bile, and
muscles without developing clinical disease 2° *. However, clinical disease, the shedding of
large numbers of bacteria, environmental contamination, transmission to naive conspecifics, and
widespread outbreaks of severe disease may occur if infected “carrier” animals are stressed or
their immunity is compromised 2**°. E. rhusiopathiae infections are also known to be
transmitted between different species > *. Accordingly, the pattern of genetic variation observed
in E. rhusiopathiae isolates from boreal caribou could reflect both a disease outbreak caused by a
unique caribou strain as well sporadic infections obtained from other host species (e.g. rodents,
birds, fish, other ungulates) that may be capable of opportunistically causing disease in caribou
when they are stressed. In this context, nutritional or other stressors associated with the harsh
winter of 2012/2013 could have been contributing factors. The variation in seroprevalence
recorded across study years and in different caribou herds could also indicate that other factors
(e.g. predation risk, chronic stress, immune status, sympatric species, habitat use) potentially
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influencing the risk of exposure to, infection with, and disease caused by Erysipelothrix may
vary as a function of herd or landscape level features in NE BC.

Multiple serotypes (strains) of E. rhusiopathiae are known to exist in a variety of species
and different virulence factors occurring in different strains are associated with the type and
severity of disease seen in infected animals (e.g. chronic vs. per acute fatal) *°. The relationship
between genetic variation and the virulence of E. rhusiopathiae isolates found in caribou is
unknown at the present time.

An alternate explanation for observed variation may be that some isolates of E.
rhusiopathiae cultured from tissues obtained from carcasses could represent post mortem
contaminants. The occurrence and persistence of E. rhusiopathiae in the environment is
somewhat contentious and while some researchers (most often studying soil or organic material
from heavily and repeatedly contaminated domestic livestock enclosures) believe this pathogen
may be ubiquitous this is unlikely to be the case in the natural environment. There is also
currently no evidence that this pathogen can replicate outside a host ** *. Rather, it is more likely
that Erysipelothrix persists in nature primarily in carrier animals with a transient existence (of
several weeks to months **) in the external environment secondary to “loading” associated with
the shedding of bacteria by asymptomatic carriers, sick animals, and/or the carcasses of animals
dying from the disease 2°. Bacteria contaminating the environment (e.g. soil, water, fomites) are
believed to be of primary importance in the transmission of E. rhusiopathiae infections to naive
hosts both within a species and between different species 2**°. Continued research is required to
improve our understanding of the occurrence and significance of genetic variation in E.
rhusiopathiae in boreal caribou.

In BCHRP Year 2, we explored metagenomics as a novel diagnostic technique for
caribou health research. Metagenomics is an emerging discipline that enables the detailed study
of uncultured microorganisms *. This technique employs sequencing and analysis of all genetic
material recovered from a biological sample along with bioinformatics to identify ~ all
microorganisms present in a tissue sample without the need for other diagnostics 3. In addition,
microorganisms do not have to be alive or present in large quantities to be detected. A
metagenomics based approach may also permit the complete sequencing of genomes of
microorganisms in a tissue sample. This information could then be used to identify/characterize
both known and unknown pathogens, predict potentially relevant characteristics (e.g. virulence
factors of specific pathogens), and to compare the microbiomes of “sick” vs. “healthy” animals
3. Accordingly, metagenomics may be especially informative in wildlife mortality events where
the microbiome of the affected species is poorly understood (as it is for all wildlife), where novel
or poorly understood pathogens (e.g. Erysipelothrix) are believed to be acting, and if complex
disease processes (e.g. co-infections) are involved.

3.3.2.2.3 Erysipelothrix in other caribou and other ungulates from BC and elsewhere
In BCHRP Year 2, we initiated comparative testing for E. rhusiopathiae in other western
Canadian woodland caribou populations and in other species that may share caribou habitat in

NE BC and elsewhere. In collaboration with the Foothills Research Institute (fRI) Caribou
Program in Hinton, Alberta we identified Erysipelothrix rhusiopathiae in the tissues of mountain
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and boreal caribou from AB including a caribou found dead and intact (Fig. 8). A collaborative,
interagency approach to evaluate the role of Erysipelothrix (and other health determinants) as
drivers of woodland caribou population dynamics is strongly encouraged. We also recorded
exposure to and infection with Erysipelothrix in serum and/or tissues collected from moose in
both BC **and AB “° and white-tailed deer in AB “°. The investigation of E. rhusiopathiae in
moose and other sympatric species (e.g. rodents, birds, carnivores, other ungulates) may provide
important insight into the occurrence and distribution of potential carriers that could possibly
transmit this bacterium to caribou. Serum samples from n=4 captive caribou located in Fort St.
John, BC were also tested for exposure to E. rhusiopathie in BCHRP Year 2. All four captive
caribou tested negative.

Figure 8. A radio-collared adult female mountain caribou (Rangifer tarandus caribou) from the
Narraway herd range, Alberta found dead in October, 2013. No evidence of predators or
scavengers was identified at the mortality site and infectious disease was suspected as the cause
of death. The case presentation shared many characteristics with boreal caribou mortalities
recorded in Northeastern British Columbia in the same year (Fig. 4). The bacterial pathogen
Erysipelothrix rhusiopathiae was cultured from the tissues of this caribou. Photo credit: L.
Finnegan, fRI Caribou Research Program, Hinton, AB.
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3.3.2.3 Ongoing Erysipelothrix rhusiopathiae Research

Erysipelothrix rhusiopathiae will be a major focus of BCHRP Year 3. Research efforts
will include analysis of serum collected from caribou live-captured in winter 2015/2016 as well
as a retrospective analysis of serum collected from boreal caribou in the Snake-Sahtaneh herd
range from 2002-2004. This work will provide further insight into longitudinal patterns of
exposure to E. rhusiopathiae in caribou from NE BC. Tissue samples obtained from dead boreal
caribou will continue to be evaluated using culture and molecular techniques and an
experimental study to explore the timing and duration of the E. rhusiopathiae specific antibody
response in Rangifer will occur (see Section 6). In depth analyses to evaluate potential
relationships between E. rhusiopathiae, other pathogens, other health indices, and caribou
survival/reproduction as well as temporal and spatial (landscape level) factors which may
influence the transmission of E. rhusiopathiae and/or the occurrence of disease caused by this
pathogen will be performed by a dedicated data analyst (see Section 6). We are also actively
seeking to establish more research collaborations to explore the occurrence, distribution, and
overall impact of this pathogen (and other health determinants) in woodland caribou herds across
Canada.

3.4 Parasites
3.4.1 Gastrointestinal Parasites (Focus Abomasal Nematodes)

Infection with abomasal nematodes such as Ostertagia gruehneri has been associated
with diminished food intake, weight loss, and reduced pregnancy rates in free-ranging caribou
herds *'. In BCHRP Year 1, a pilot study in n=36 caribou captured in winter 2012/2013 found
few gastrointestinal parasites. Only 14% (n=5/36) of caribou had Trichostrongyle (Strongylate or
Nematodirinae) eggs in their feces and the intensity of infection was exceptionally low (< 1 egg
/gram feces) in all cases. Likewise, only 8% (n=3/36) of caribou examined in BCHRP Year 1
had cestode eggs (tapeworm; Moniezia sp.) in their feces. With the exception of Protostrongylid
dorsal spined larvae (DSLs) identified in 35% of caribou (see 3.4.2) and eggs of the caribou pin
worm (Skrjabinema tarandi) identified in n=1 caribou no other parasites were found in caribou
feces in BCHRP Year 1. These findings suggested that the winter gastrointestinal parasite burden
of boreal caribou in NE BC may be very low. Nonetheless, eggs of Ostertagia sp. and many
other important gastrointestinal parasites (and lungworm larvae, e.g. Dicytocaulus sp.) that may
be found in caribou feces are adversely affected by long periods of freezing or freeze thaw cycles
and sample storage prior to analysis may have influenced results obtained in Year 1.

The majority of fecal samples available from caribou live-captured in winter 2013/2014
and 2014/2015 had also been stored frozen for 6-12 months. As a result fecal floatation testing
was not pursued for most samples available in BCHRP Year 2. In winter 2014/2015, fresh
(cooled/ 4°C) fecal samples were opportunistically obtained from n=5 boreal caribou from NE
BC [n=2 Chinchaga herd range, n=2 Snake-Sahtaneh herd range, n=1 Calendar herd range]. All
samples contained Strongylate eggs but the intensity of infection was low in all cases (mean 3.5
eggs /gram feces, range 0- 8.9 eggs/g feces). No Nematodirus, Marshallagia, or tapeworm
(Moniezia) eggs and no lungworm larvae were recovered in any sample. Although the prevalence
and intensity of abomasal nematodes and other parasite infections may vary seasonally (and with
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the life history stage of infected hosts) *’, these findings do suggest that the winter
gastrointestinal parasite burden of boreal caribou in NE BC is unlikely to be a limiting factor at
the present time. The opportunistic acquisition and testing of fecal samples obtained from
different age classes of caribou and across seasons would provide additional insight into the
prevalence, intensity, and potential impact of gastrointestinal parasites in boreal caribou in NE
BC.

3.4.2 Protostrongylid Nematodes

Protostrongylids are nematode parasites found in the lungs, muscle, and nervous system
of ungulates. Species reported in Rangifer from North America include: Parelaphostrongylus
odocoilei, P. andersoni, P. tenuis, Elaphostrongylus rangiferi (introduced in Newfoundland
only), and Varestrongylus eleguneniensis *”*°. For caribou, the consequences of infection with
these parasites may range from subclinical/mild to highly pathogenic /fatal depending on the
intensity of infection, the age of host, and the species of parasite *’. In BCHRP Year 1, dorsal-
spined Protostrongylid larvae (DSLs) were found in 35% (n=55/157) of fecal samples collected
from boreal caribou captured in NE BC in winter 2012/2013. The prevalence of DSLs appeared
to vary somewhat across herd ranges [Calendar 48% (n=12/25), Chinchaga 51% (n=19/37),
Maxhamish 35% (n=9/26), Parker 29% (n=2/7), Prophet 0% (n=0/8), and Snake-Sahtaneh 26%
(n=14/54)]. In BCHRP Year 1, the average intensity of infection was 25 DSLs/gram feces (range
<1-191 DSLs/ gram feces) and was similar in all herd ranges (One-way ANOVA, P>0.05). All
DSLs examined in BCHRP Year 1 were identified (using PCR) as the caribou muscle worm,
Parelaphostrongylus andersoni.

In BCHRP Year 2, DSLs were quantified in the feces of all caribou captured in winter
2013/2014 and 2014/2015. In 2013/2014, 37% (n=15/41) of all fecal samples contained DSLs. In
2014/2015, 32% (n=10/31) of all fecal samples contained DSLs. The average intensity of DSL
infections recorded in 2013/2014 and 2014/2015 were 8 DSLs/gram feces (range < 1 - 32 DSLs/
gram feces) and 7 DSLs/gram feces (range < 1 - 26 DSLs/ gram feces) respectively. In winter
2013/2014 the prevalence of DSLs varied slightly across herd ranges [Calendar 40% (n=2/5),
Chinchaga 23% (n=3/13), Maxhamish 45% (n=5/11), Parker 0% (n=0/1), and Snake-Sahtaneh
45% (n=5/11)]. Some variation was also recorded in DSL counts across herd ranges in winter
2014/2015 [Calendar 100% (n=1/1), Chinchaga 30% (n=3/10), Maxhamish 44% (n=4/9), Parker
0% (n=0/2), Prophet 0% (n=0/2) and Snake-Sahtaneh 42% (n=3/7)]. The intensity of DSL
infections was similar across all herd ranges in winter 2013/2014 and 2014/2015 (One-way
ANOVA, P>0.05). Based on findings in BCHRP Year 1, it is most likely that DSLs identified in
BCHRP Year 2 were P. andersoni, however all DSLs recovered from all fecal samples were
archived should molecular identification be required in the future. The occurrence, prevalence,
and intensity of DSLs will be evaluated in the context of health biomarkers, caribou survival and
reproduction in BCHRP Year 3. Spatial and temporal patterns of infection will also be explored.

3.4.3 Giant Liver Fluke (Fascioloides magna)
Fascioloides magna (the giant liver fluke) is a trematode parasite which may be found in

the liver and bile ducts of ungulates including white-tailed deer, elk, moose and caribou *°.
Although it causes significant liver pathology in caribou no reports of clinical disease due to F.
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magna have been reported in this species **>?. Infected caribou also shed F. magna eggs in their
feces and may function as a definitive host for this parasite °* 2. Subclinical effects of F. magna
infections are probable in caribou and caribou may transmit the parasite to other species (e.g.
moose) where it may causes severe to fatal disease *°.

In BCHRP Year 1, no fluke eggs were identified in n=157/157 fecal samples collected
from adult female boreal caribou in winter 2012/2013. In BCHRP Year 2, no fluke eggs were
identified in n=41 and n=31 fecal samples collected in winter 2013/2014 and 2014/2015. To date
we have evaluated n=229 fecal samples for evidence of giant liver fluke. Assuming test
sensitivity of 90% and specificity of 100%, we can be nearly 95% certain that F. magna does not
occur in boreal caribou from NE BC at a prevalence of greater than 1.2 % at the present time.
This is important baseline knowledge. Given the apparent absence of F. magna in caribou,
continued monitoring of the parasite’s occurrence in more typical (and more commonly hunted)
hosts (e.g. elk and deer) in NE BC may be a more practical surveillance technique to provide an
early warning system for potential risk to caribou in the region.

3.4.4 Besnoitia tarandi

Besnoitia tarandi is a protozoan parasite found in caribou throughout their distributional
range *"°*. Pathology caused by B. tarandi is related to the presence of intracellular cysts
containing bradyzoites which may occur in a wide variety of tissues > °® Clinical disease
associated with this parasite most often manifests as hair loss and skin lesions > *®. Bone and
testicular lesions have also been reported. Reduced mobility, poor body condition, morbidity,
and mortality have all been attributed to this parasite in free-ranging caribou >>®°’. Outbreaks of
clinical disease may also occur >* °.

The overall prevalence of exposure to B. tarandi in adult female boreal caribou captured
in NE BC in winter 2012/2013 was 60% (n=90/149). However, the prevalence of exposure
varied across herd ranges [Calendar 40% (n=8/20), Chinchaga 85% (n=28/33), Maxhamish 59%
(n=16/27), Parker 43% (n=3/7), Prophet 71% (n=5/7), and Snake-Sahtaneh 45% (n=25/55)]
which may suggest that factors influencing B. tarandi transmission (e.g. infections in carnivores
or insect vectors ') may be relatively prominent in NE BC and may also vary as a function of
landscape level features encountered by different boreal caribou herds. The only serological test
currently available for this parasite is an in house ELISA (with a posteriori Western Blot) at
Complutense University, Madrid, Spain. In BCHRP Year 2, logistical considerations prevented
the shipment of serum samples collected in 2013/2014 and 2014/2015 to Spain for Besnoitia
testing. We are currently working to arrange testing in BCHRP Year 3.

3.4.5 Toxoplasma gondii

Toxoplasma gondii is a protozoan parasite with a felid definitive host (in caribou range
most likely lynx) and a wide variety of intermediate hosts including wild ungulates such as
caribou **®°, This parasite may cause a spectrum of diseases in intermediate hosts ranging from
mild/sub clinical to severe/fatal that may include pneumonia, enteritis, and encephalitis along
with congenital defects, abortions, still births, and weak neonates .
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In BCHRP Year 2, n= 229 serum samples collected from boreal caribou in NE BC in
winter 2012/2013 (n=155), 2013/2014 (n=41), and 2014/2015 (n=33) were tested for exposure to
Toxoplasma. No seropositive caribou were detected in any year and no evidence of
seroconversion in recaptured caribou was recorded. The sensitivity and specificity of the test
used (ID Screen Toxoplasmosis Multispecies Indirect Elisa Kit (Innovative Veterinary
Diagnostics, Grabels, France) have not been established in caribou. Assuming test sensitivity of
90% and specificity of 100%, we can be nearly 95% certain that exposure to Toxoplasma gondii
does not occur in boreal caribou from NE BC at a prevalence of greater than 1.2 % at the present
time. If test sensitivity is reduced to 50% we can still be 95% certain that that exposure to
Toxoplasma gondii does not occur in boreal caribou from NE BC at a prevalence of greater than
2.5 % at the present time. Toxoplasma gondii will not be evaluated further as part in the BCHRP.

3.4.6 Neospora caninum

Neospora caninum is a protozoan parasite with a canid definitive host (in caribou range
most likely wolf, coyote, or fox) and a ruminant intermediate host *" ®*. This parasite is suspected
as a likely cause of abortions and unthrifty calves in free-ranging caribou *’. Importantly, the
persistent and trans-generational nature of N. caninum infections in ungulates also suggests that
this parasite could limit the recovery of caribou populations even if it occurs at low levels.
White-tailed deer, elk, and moose may be important in the maintenance of this parasite in certain
areas and its transmission to canid definitive hosts °2. As such, infection with N. caninum may
represent a form of apparent competition ®® that could adversely affect caribou as the number of
alternate intermediate hosts for this parasite increase in caribou range due to landscape and
climatic change.

In BCHRP Year 1, we found evidence that 2% (n=3/148) of adult female boreal caribou
captured in winter 2012/2013 had been previously exposed to N. caninum. A single N. caninum
positive animal was identified in each of the Parker, Calendar, and Chinchaga herd ranges.
Positive caribou from the Parker and Chinchaga ranges were not pregnant at the time of capture
(January 7 and 21, 2013 respectively) while the positive caribou from the Calendar range
(captured February 25, 2013) was pregnant. None (n=0/3) of the N. caninum positive caribou had
a calf at heel at the time of capture. In BCHRP 2, we found that n=1 caribou from the Chinchaga
herd range had been previously exposed to N. caninum. This individual was pregnant and had a
calf at heel at the time of capture (March 6, 2014). No seropositive caribou (n=0/33) were
identified in winter 2014/2015. No evidence of seroconversion was recorded among n=14
caribou recaptured in 2013/2014 (n=1) or 2014/2015 (n=13).

The overall pregnancy rate for adult female boreal caribou captured in 2012/2013,
2013/2014, and 2014/2015 in NE BC was 86% (n=204/237). The relative risk of “not being
pregnant” was 4.2 times greater (Z=2.708, 95% C.I. 1.5-11.8 times greater, P=0.006) in N.
caninum positive caribou than in N. caninum negative caribou. At ~2% (n=4/222), the overall
prevalence of N. caninum in boreal caribou from NE BC appears to be low and to fall within the
range previously recorded in other free-ranging caribou herds ®¢ ®* . Nonetheless, N. caninum
may represent an emerging threat to the reproductive success of boreal caribou in NE BC. This
may be especially true in the Parker herd range (overall prevalence 13%, n=1/8) which currently
has few caribou and in the Chinchaga herd range (overall prevalence 4%, n=2/57) where 50% of
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seropositive animals were identified. Continued monitoring of this parasite in caribou as well as
in other ungulate intermediate hosts and canid definitive hosts in NE BC is recommended.

3.4.7 Ectoparasites

In BCHRP Year 1, winter ticks (Dermacentor albipictus) and/or tick associated hair
loss/breakage (ranging from mild to severe) were recorded as incidental observations in 16%
(n=26/163) of adult female boreal caribou captured in NE BC in winter 2012/2013. In BCHRP
Year 2, we used photographs taken of all n=238 individual caribou captured in NE BC in winter
2012/2013, 2013/2014, and 2014/2015 to develop a classification system for tick associated hair
loss in live caribou (Fig. 9). We also performed KOH digests to obtain tick counts from hide
samples collected from n=>5 dead caribou from NE BC in 2014 and 2015. Across all years, the
overall prevalence of winter tick associated hair loss in boreal caribou from NE BC was 76%
(n=182/238). Moderate, severe, or extreme hair loss was recorded in 26%, 11%, and 2.5% of
caribou examined over all years. The prevalence of winter tick infestations also appeared to vary
across the six boreal herd ranges in NE BC and across study years (Table 4).

Hide digests revealed evidence of tick burdens [mean 5 ticks/cm? (range 0-14 ticks/cm?,
n=5)] in some boreal caribou from NE BC that were higher than those previously recorded in
woodland caribou from Alberta (0.005-0.01 ticks/cm?) ® and burdens typically recorded in
moose (~1-2 ticks/cm?) ©.
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Figure 9. Recommended classification score for Dermacentor albipictus (winter tick) related hair
loss in boreal caribou from Northeastern British Columbia. NONE: No hair loss or breakage (not
pictured), MILD: Few small to medium sized patches of broken hair or hair loss (pictured top
left), MODERATE: Several or large patches broken hair or hair loss with no exposed skin
(pictured top right), SEVERE: Several or large patches broken hair or hair loss with small area of
exposed skin (pictured bottom left), EXTREME: Several or large patches broken hair or hair loss
with large or multiple areas of exposed skin (pictured bottom right). Photo credit and
classification score: D. Culling, Diversified Environmental Services Inc., Fort St. John, BC.
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Table 4. Prevalence of hair loss related to Dermacentor albipictus (winter tick) infestations on
adult female boreal caribou live-captured in Northeastern British Columbia in winter 2012/2013,
2013/2014, and 2014/2015*.

Herd Range Prevalence of Winter Tick Associated Hair Loss (%) and Sample Size
Winter 2012/2013 Winter 2013/2014 Winter 2014/2015
All herds 75% (124/164) 85% (n=35/41) 69% (n=23/33)
Calendar 85% (n=23/27) 100% (n=5/5) 100% (n=2/2)
Chinchaga 59% (22/37) 61% (n=8/13) 70% (n=7/10)
Maxhamish 75% (n=23/28) 100% (n=11/11) 44% (n=4/9)
Parker 85% (n=6/7) 100% (n=1/1) 100% (n=2/2)
Prophet 88% (n=8/9) No sample 50% (n=1/2)
Snake-Sahtaneh 78% (n=44/56) 91% (n=10/11) 88% (n=7/8)

* NB: The majority of BCHRP caribou captures occurred in late winter (late January to early April) however, some
caribou in some years were captured in December when winter ticks may be relatively difficult to locate on infested
animals. In addition, caribou with high tick burdens often do not exhibit any hair loss. Accordingly, prevalence
estimates based on hair loss should be viewed as a crude index of infestation at the herd or population level only.

In moose, hair loss associated with Dermacentor albipictus infestations is the result of
irritation and excessive grooming %. Grooming behaviour may interrupt foraging and this
response may lead to a decrease in body condition and a diminished probability of overwinter
survival in affected individuals ®® . Heavy infestations may also cause anemia (due to blood
loss) and epidemics of winter tick related mortality are known to occur in this species *°. Unlike
moose, the effects of D. albipictus infestations on caribou are not well characterized and heavy
burdens may occur in caribou with little or no hair loss. Emaciated caribou with heavy tick

burdens (and no hair loss) have been observed in Alberta

46, 66

In addition to extensive hair loss,

some heavily infested boreal caribou from NE BC (this study) were in poor body condition at the

time of capture.

The number of boreal caribou from NE BC infested with D. albipictus along with the

occurrence and severity of hair loss appears to have increased in approximately the last five
years >’ This parasite may represent an emerging threat to caribou health in the region. Climate
change leading to longer, drier, and warmer periods in autumn and earlier snowmelt in spring
may be improving conditions for winter ticks and may increase the risk of infestation and related
disease in boreal caribou even further in NE BC in the near future ®". Likewise, recent landscape
change may also enhance the risk of winter tick transmission to caribou due to an increase in the
number of moose (or elk) inhabiting caribou range. Further research into the occurrence and
impact of winter tick infestations on caribou is warranted. In BCHRP Year 3 we will investigate
the occurrence and distribution of winter tick as part of in depth analyses looking at spatial and
temporal relationships between caribou health determinants and caribou fitness.

Winter ticks can carry and likely transmit microorganisms (e.g. Anaplasma sp.) that have
the potential to cause severe/fatal disease in cervids’. We have also collected and archived
winter ticks collected from caribou in NE BC to facilitate molecular investigation of tick borne
pathogens in the future. Tick burdens and hair loss are not directly correlated in caribou and the
validation and incorporation of alternate techniques for quantifying infestations on live-captured
caribou (e.g. hair transect counts "*) are recommended.
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Warble fly (Hypoderma tarandi) larvae are considered one of the most important
parasites of tundra Rangifer "> 3. Heavy infections (1000+ larvae) have been reported and
migrating and developing larvae may cause significant pathology in the skin and subcutaneous
tissue " In addition, avoidance behaviour may lead to a decrease in foraging efficiency and an
increase in energy expended by caribou being harassed by adult flies that may lead to a decrease
in the body condition and reproductive success of adult caribou and diminished condition and
overwinter survival in juvenile caribou " . Warbles were recorded on 0.4% (n=1/238) of
caribou captured in NE BC in winter 2012/2013, 2013/2014, and 2014/2015. The single infected
caribou was captured in winter 2014/2015 in the Chinchaga herd range and had a low warble
burden (n=2 warbles identified). These warbles have been submitted to the CWHC for
identification. Results are pending however Hypoderma tarandi is the species most likely to be
identified. Warbles do not appear to be a limiting factor for boreal caribou in NE BC at the
present time. To date, no other ectoparasites have been identified on any boreal caribou
examined (live or dead) for this study.

3.4.8 Arthropod Vectored Blood Borne Parasites (Babesia, Anaplasma, Trypanosoma,
Setaria, Onchocerca)

In BCHRP Year 1, a caribou that died during the high mortality period in 2013 was found
to be iron deficient *. Blood borne pathogens and parasites such as Babesia and Anaplasma may
be one of many causes of iron deficiency in ungulates. These organisms are also known or
suspected to cause an array of subclinical and clinical disease syndromes which may adversely
affect the survival and/or reproductive success of infected animals % ">7". Likewise, vector
borne nematodes (Setaria sp.) have been implicated as the cause of severe disease in free-
ranging and semidomesticated Rangifer "® while new species of blood borne pathogens and
extra-limital (or newly recognized) occurrences of known blood borne pathogens have been
recently identified in Canadian cervids (including in BC) ™.

The occurrence, distribution, and impact of blood borne pathogens in free-ranging
caribou are not currently known. In BCHRP Year 2, n=57 blood smears from n=27 caribou
captured in 2015 (University of Guelph Animal Health Laboratory, Guelph Ontario) and
molecular testing of blood from n=15 caribou that died in 2013 (PCR, Canadian Wildlife Health
Cooperative, Calgary, AB) were employed to screen a subset of individuals for evidence of
infection with blood borne pathogens or parasites (e.g. Trypanosoma, Anaplasma, Babesia)
and/or vector borne nematodes (e.g. Setaria, Onchocerca). No evidence of blood borne
pathogens was identified in any of the n=57 blood smears examined and PCR results for Babesia
and Anaplasma were negative in all n=15 caribou tested. Microfilaria (larval Filarid nematodes)
were identified in blood smears from 1% (n=3/32) caribou examined. Microfilaria counts were
low (approximately 1 microfilaria /slide) in all cases. The microfilariae identified in boreal
caribou from NE BC are most likely Setaria or Onchocerca sp. No evidence of Trypanosoma sp.
was recorded in any blood smear collected from boreal caribou in NE BC. This finding was
somewhat unexpected as Trypanosoma sp. appear to be very common (~ almost ubiquitous) in
woodland caribou from AB and the NWT **%. Al considered, these findings may indicate that
blood borne pathogens and parasites and vector borne nematodes are unlikely to be limiting
factors for boreal caribou in NE BC at the present time. The occurrence of blood borne
pathogens and parasites and vector borne nematodes in boreal caribou from NE BC is likely to
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increase as climate change supports an increase the number of arthropod vectors and/or the
seasonal duration of arthropod activity in the region “®. Opportunistic and periodic surveillance
for blood borne pathogens and parasites and vector borne nematodes in boreal caribou from NE
BC is recommended.

4. Results, Discussion, and Recommendations (Other Health Indices)
4.1 Serum Biochemistry

Patterns and levels of circulating enzymes, metabolites, and hormones measured in serum
permit an evaluation of physiology and organ function which may reflect factors such as capture,
stress, immunity, disease, and nutrition in individual caribou and caribou herds. In BCHRP Year
1, serum biochemistry was evaluated in n=75 adult female boreal caribou captured in NE BC in
winter 2012/2013. In BCHRP Year 2, additional serum from caribou captured in winter
2012/2013 (n=7), 2013/2014 (n=40), and 2014/2015 (n=32) was tested (Table 5) to more
thoroughly establish “normal” values and increase our understanding of potential variation
around normal in individual caribou and across different caribou herds. Overall, serum
biochemical parameters recorded in adult female boreal caribou from NE BC in 2012/2013,
2013/2014, and 2014/2015 were similar to those previously recorded in adult female boreal from
the Northwest Territories (also captured by net-gun) *%*°. In BCHRP Year 3, serum biochemical
panels will be evaluated in the context of individual caribou and caribou herd health.

4.2 Haematology

Complete blood counts (CBCs) measure the numbers, types and morphology or red blood
cells, white blood cells, and platelets circulating in the blood stream and provide insight into
processes such as inflammation, infection, anemia, and blood clotting which may reflect the
general health status of caribou and/or the occurrence of specific pathogens (e.g. blood borne
parasites) or disease processes (e.g. acute vs. chronic inflammation, parasitism) in caribou.
Logistical considerations prevented the collection of samples (fresh blood preserved in EDTA)
required for CBCs in BCHRP Year 1. IN BCHRP Year 2, n=57 blood smears were collected
from n=27 caribou captured in winter 2014/2015 to support this analysis. Ambient conditions
encountered in the field made the preparation of smears of sufficient quality for accurate red
blood cell counts quite difficult and no samples collected were usable for this purpose.
Nonetheless, no overt evidence of anemia was noted in any caribou. Data obtained from a subset
of slides did provide useful baseline information regarding what may be “normal” total white
blood cell counts and leukocyte differential profiles for adult female caribou captured by net-gun
in NE BC in winter (Table 6). White blood cell counts and differentials obtained from free-
ranging boreal caribou in NE BC fell within reference ranges for captive Rangifer  and were
also similar to those recorded in generally healthy semi-domesticated reindeer 8. No evidence of
severe infection was identified in any caribou examined. In BCHRP Year 3, blood counts will be
more closely evaluated in the context of individual caribou and caribou herd health.
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Table 5. Serum biochemical parameters for n=154 free-ranging, adult female boreal caribou captured in winter 2102/2013, 2013/2014,

and 2014/2015 by net gun in Northeastern British Columbia.

Parameter Mean Median Range (95% C. 1.) S.D.
Calcium (mmol/l) 2.48 2.48 2.46 - 2.50 0.14
Phosphorus (mmol/I) 1.85 1.82 1.79-1.91 0.36
Ca:P Ratjp*"normally ditrioted 1.41 1.35 1.35-1.47 0.39
Magnesium (mmol/l)* 1.07 1.10 1.05-1.09 0.12
Sodium (mmol/l)* 141.29 145.00 138.55 —144.04 17.37
Potassium (mmol/l)* 7.94 5.10 6.97-8.92 6.18
Chloride (mmol/l) 93.23 93.50 92.70-93.77 3.39
CO, (mmol/l) 7.35 7.00 6.83-7.88 3.34
Anion (mmol/l) 50.34 51.00 49.26-51.43 6.90
Na : K Ratio* 25.08 28.00 23.37-26.79 10.84
Total Protein (g/l) 70.21 70.00 69.37-71.06 5.35
Albumin (g/I)* 42.65 43.00 41.78-43.52 5.50
Globulin (g/)* 27.05 26.00 26.13-27.96 5.78
Albumin : Globulin Ratio 1.67 1.67 1.61-1.72 0.36
Urea (mmol/l)* 1.66 1.40 1.49-1.82 1.06
Creatinine (mmol/l)* 211.89 207.00 203.84-219.94 50.95
Glucose (mmol/l) 6.99 6.90 6.70-7.29 1.86
Cholesterol (mmol/l) 1.17 1.14 1.14-1.21 0.20
Total Bilirubin (umol/l)* 1.68 2.00 1.56-1.79 0.74
Conjugated Bilirubin (umol/1)* 0.86 1.00 0.81-0.92 0.34
Free Bilirubin (umol/l)* 0.82 0.79 0.70-0.95 0.81
Alkaline phosphatase (ALP) (U/l)* 61.95 57.00 57.96-65.94 25.25
Gamma-glutamyltransferase (GGT) (U/l)* 19.75 17.00 17.53-21.97 14.06
Aspartate aminotransferase (AST) (U/l) 71.45 68.00 68.15-74.76 20.94
Creatine kinase (CK) (U/l) 260.30 247.00 239.76-280.84 130.05
Glutamate dehydrogenase (GLDH) (U/l)* 4.89 3.00 3.41-6.37 9.32
Betahydroxybutyrate (BHBA) (umol/L) 575.94 583.00 555.15-596-72 131.62
Non-Esterified Fatty Acids (NEFA) (mmol/L) 0.61 0.59 0.55-0.67 0.36
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Table 6. Mean total white blood cell count and white blood cell differential for n=27 adult female boreal caribou captured in
Northeastern British Columbia in winter 2014/2015.

Total White Blood Cell Count and White Blood Cell Differential (* 10 %/L + S.D.)

Total WBC Segmented Lymphocytes Monocytes Eosinophils Basophils
Count Neutrophils
4.04+1.55 0.91+0.57 1.82+0.86 0.12+0.09 0.92+0.48 0.11+0.14
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4.3 Hair Cortisol Concentration (Chronic Physiological Stress)

Chronic physiological stress is increasingly recognized as a factor that may contribute to
diminished health in free-ranging wildlife and a mechanistic linkage between chronic stress and
diminished growth, immunity, reproduction, and survival is recognized in many species "1¢"¢4 8,
The measurement of corticosteroids in hair is an emerging technique in wildlife health studies
which has been previously evaluated in caribou/reindeer " and may represent the best
integrated measure of chronic physiological stress currently available for this species.

In BCHRP Year 1, we measured hair cortisol concentration (HCC) in n=163 adult female
boreal caribou captured in NE BC in winter 2013/2013. In BCHRP Year 2, we measured HCC in
n=41 caribou and n=32 caribou captured in winter 2013/2014 and 2014/2015 respectively. We
also measured HCC in n=13 radio-collared caribou that died between 2013 and 2015. Across all
years, a wide range of HCC values were identified in live-captured animals (mean 4.36 pg/mg,
range 0.16 - 47.94 pg/mg, n=236). Overall, HCC recorded in boreal caribou from NE BC was
higher (Unpaired t-test, t 3;=3.281, P = 0.001) than previously determined (using the same
assay) in n=24 captive reindeer and caribou from Alaska and n=97 free-ranging caribou from
Greenland ®. Across all years, HCC was also lower in caribou captured in winter 2012/2013
than in winter 2013/2014 or 2014/2015 (One-way ANOVA, F ;234 = 6.905, P=0.001, Tukey-
Kramer, P<0.05). There was no difference in HCC recorded in caribou captured in winter
2013/2014 and 2014/2015. HCC measured in caribou captured in winter reflects Hypothalamic-
Pituitary-Adrenal (HPA) axis activity that occurred in the preceding spring through late summer
(i.e. the period of active hair growth). Accordingly, these findings may indicate that stress levels
experienced by boreal caribou in NE BC in the spring and summer of 2013 (during the high
mortality period) and 2014 (after the high mortality period) were higher than stress levels
experienced by caribou in spring and summer of 2012 (before the high mortality period).
Interestingly, HCC levels recorded in dead radio-collared caribou were higher than levels
initially recorded in the same animal when it was captured (Paired t-test, t;,=4.766, P=0.0005,
n=13). Multivariate analyses remain necessary to gain meaningful insight into all factors that
may explain hair cortisol concentrations measured in boreal caribou and will occur in BCHRP
Year 3.

4.4 Haptoglobin and Serum Amyloid A (SAA)

Acute phase proteins such as haptoglobin and serum amyloid A (SAA) are believed to
play critical roles in combating the deleterious effects of infectious agents and inflammatory
processes by removing cellular debris, neutralizing enzymes, and modulating the specific (B
and T cell mediated) immune response . Circulating concentrations of APPs increase in
response to inflammatory stimuli and haptoglobin and SAA levels are known to rise during the
course of both acute and chronic bacterial or viral infections in caribou and other ruminants *¢
8791~ As such, haptoglobin and SAA may be useful indicators of both the occurrence and
severity of pathological conditions in these species.

A range of haptoglobin levels were recorded in n=152 adult female boreal caribou

captured in NE BC in winter 2012/2013 (mean 0.15 g/L; range 0.11-0.39 g/L). In 2012/2013, all
haptoglobin levels in all caribou examined fell within the test range (0.00-0.50 g/L) considered to
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be normal in domestic ruminants *2. In BCHRP Year 2, we measured haptoglobin levels in n=40
caribou captured in winter 2013/2014 (mean 0.40 g/L, range 0.27-0.90 g/L) and n=32 caribou
captured in 2014/2015 (mean 0.57 g/L, range 0.37-1.16 g/L). Haptoglobin levels measured in
boreal caribou increased from winter 2012/2013 through winter 2014/2015 (One-way ANOVA,
F2 221=132.36, P<0.0001, n=223, Tukey-Kramer, P<0.05). To provide further context for results
obtained from free-ranging boreal caribou in NE BC, we also evaluated haptoglobin levels in
n=6 captive caribou with known clinical histories in BCHRP Year 2. Haptoglobin levels (mean
0.64 g/L, range 0.49-0.88 g/L) measured in n=5 captive caribou with moderate pathology
(determined at post-mortem) due to parasite infections or bacterial disease were higher (One-way
ANOVA, F3,25=100.00, P<0.0001, Tukey Kramer P<0.05) than haptoglobin levels determined
in free-ranging boreal caribou from NE BC in winter 2012/2013 and 2013/2014 but similar
(Tukey Kramer P>0.05) to haptoglobin levels determined in free-ranging caribou in winter
2014/2015. Haptoglobin levels measured in both captive and free-ranging caribou were also
lower than the level measured in n=1 free-ranging mountain caribou with an extensive, chronic,
severe bacterial infection (5.70 g/L).

In BCHRP Year 1, a wide range of SAA levels were recorded in n=162 adult female
boreal caribou captured in NE BC in winter 2012/2013 (mean 84.19 ug/ml, range 0.00 - 1016.00)
ug/ml). In BCHRP Year 2, SAA levels were measured in n=41 caribou captured in winter
2013/2014 (mean 50.53 ug/ml, range 0.00 - 204.00 ug/ml) and n=32 caribou captured in
2014/2015 (mean 145.33 ug/ml, range 7.4 - 1609.00 ug/ml). Across all years, SAA levels
measured in free-ranging caribou were similar (One-way ANOVA, P>0.05) to SAA levels
determined in n=5 captive caribou with moderate pathology due to parasite infections or
bacterial disease and to levels reported in other ungulates harbouring chronic viral or bacterial
infections %%, Overall, SAA levels in most boreal caribou from NE BC were lower than those
reported for captive reindeer administered bacterial endotoxins in experimental studies or
affected by severe bacterial infections *> %!, Likewise, SAA levels measured in free-ranging
boreal caribou from NE BC were lower than the level measured in n=1 free-ranging mountain
caribou with an extensive, chronic, severe bacterial infection (>10,000 ug/ml). SAA levels
measured in free-ranging boreal caribou in 2012/2013 were similar (Tukey Kramer, P>0.05) to
levels measured in 2013/2014 and 2014/2015 while levels measured in 2013/2014 were
marginally lower (Tukey Kramer, P<0.05) than those measured in 2014/2015 (One -way
ANOVA, F; »3,=3.218, P=0.04). No differences (One-way ANOVA, P>0.05) in SAA levels
were apparent from 2012/2013-2014/2015 in the Calendar, Chinchaga, Maxhamish or Snake
Sahtaneh herd ranges. In BCHRP Year 3, haptoglobin and SAA levels will be evaluated in the
context of individual caribou and herd health. Spatial and temporal relationships between
haptoglobin and SAA levels and landscape level features will also be explored.

4.5 Bone Marrow Fat Content

The nutritional status of free-ranging ungulates is closely related to their health, fitness,
and population performance % %% |n BCHRP Year 2, we determined the % marrow fat in
bone samples collected from boreal caribou mortality sites in NE BC in 2013, 2014 and 2015
(Table 7). Overall, marrow fat levels appeared to be lower in caribou that died in 2013 vs. 2014
or 2015. All caribou that died in 2013 appeared to be nutritionally stressed (marrow fat <85%) %
to some degree and two caribou that died in summer 2013 (high mortality period) were likely
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starving (marrow fat <12%) *. Evidence of nutritional stress was also identified in some caribou
that died in 2014 and 2015. Preliminary results suggest that the number of Erysipelothrix
culture/PCR positive mortalities may have decreased as caribou condition increased (Table 7).
This could suggest that nutritional stress experienced by caribou in the harsh winter of
2012/2013 may have contributed to the occurrence of disease caused by Erysipelothrix in the
following spring and summer.

Table 7. Marrow fat (%) measured in bones (femur, radius/ulna, jaw) collected from n=16 dead
radio-collared adult female and n=1 un-collared yearling male boreal caribou in Northeastern
British Columbia in 2013, 2014, and 2015.

Erysipelothrix
Caribou ID Bone % Marrow Fat * Month of Death Status
(Culture/PCR)
Uncoll545M femur 60.6 April, 2013 Positive
SK069 femur 79.8 May, 2013 Positive
SKO075 femur 9.6 July, 2013 Negative*
SK106 femur 8.8 July, 2013 Positive
SK067 femur 82.9 Feb, 2014 Negative
BC1015 femur 86.9 Feb, 2014 Positive
SK018 femur 84.0 April, 2014 Negative
SK037 radius/ulna 89.0° April, 2014 Negative
SK104 jaw 72.9 April, 2014 Pending
SK130 radius/ulna 88.0" April, 2014 Negative
SK154 jaw 69.8 April, 2014 Negative
SK165 jaw 82.1" April, 2014 Pending
SK094 jaw 87.4"7 October, 2014 Pending
SK044 jaw 88.07 Nov, 2014 Pending
SK207 femur 84.0 Feb, 2015 Pending
SK052 jaw 80.8"7 April, 2015 Pending
SK210 jaw 69.9 June, 2015 Pending

* Determined using marrow fat drying and assessment protocol of the Canadian Wildlife Health Cooperative
(CWHC). Only marrow from intact bones (not cracked) was evaluated.  Correlation between total body fat and fat
levels measured in radius/ulna marrow not known in caribou. Caution re: interpretation is warranted.

" Probable overestimate, marrow in relatively poor condition (dry). * Suspect positive case currently being re-tested.
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4.6 Trace Nutrients

In domestic and free-ranging ungulates, trace nutrient levels are critically important
determinants of immunity, health, growth, reproductive output, and survival e.g. °*. In
BCHRP Year 1, Levels of Vitamin A, Vitamin E, Beryllium (Be), Magnesium (Mg), Vanadium
(V), Chromium (Cr), Manganese (Mn), Iron (Fe), Cobalt (Co), Nickel (Ni), Copper (Cu), Zinc
(Zn), Arsenic (As), Selenium (Se), Strontium (Sr), Molybdenum (Mo), Cadmium (Cd), Tin (Sn),
Antimony (Sb), Barium (Ba), Thallium (TI), and Bismuth (Bi) were measured in liver samples
obtained from n=2 boreal caribou found dead in the Snake-Sahtaneh range in NE BC in 2013
[the un-collared yearling male found dying in April, 2013 (Fig 2.) and SK075 an adult female
found dead (and intact) in July, 2013 during the high mortality period]. Liver levels of all trace
nutrients measured in the un-collared yearling were within normal limits while iron deficiency
and marginal copper levels were identified in the adult female caribou.

Liver samples are the preferred tissue in which to examine the trace nutrient status of
individual animals. Unfortunately, it is not usually practical to obtain liver biopsies from free-
ranging, live-captured wildlife and liver samples are rarely collected during caribou mortality
site investigations because they are usually consumed by predators or scavengers. At a herd
level, trace nutrients measured in serum can be an informative substitute and are commonly
evaluated in livestock herd health assessment programs *°. In BCHRP Year 2, we evaluated
serum levels of Manganese (Mn), Iron (Fe), Cobalt (Co), Copper (Cu), Zinc (Zn), Selenium (Se),
and Molybdenum (Mo) in n=211 boreal caribou from NE BC that were captured in winter
2012/2013 (n=137), 2013/2014 (n=41), and 2014/2015 (n=33) (Table 8). The goals of this
analysis were: to broadly evaluate caribou herds for evidence of potential trace nutrient
deficiencies and to establish trace nutrient reference ranges (serum) for free-ranging boreal
caribou in NE BC.

Preliminary findings suggest that trace nutrient deficiencies may occur in boreal caribou
from NE BC. In particular, Cu and Se levels recorded in many boreal caribou fell below
established laboratory reference ranges for captive Rangifer (Table 8). Co, Cu and Se values
recorded in boreal caribou were also significantly lower (Unpaired t-tests, all comparisons,
P<0.0001) than levels measured in n=6 captive caribou from NE BC (maintained on a
combination of natural and pelleted ration) while Mn, Fe, Zn, and Mo levels were similar
(Unpaired t-tests, all comparisons, P>0.05). Serum Cu levels in boreal caribou from NE BC also
appeared to be lower than Cu levels (1.2 + 0.3 ppm) reported in other captive Rangifer herds .
Mn, Fe, Cu, Se, and Mo levels in boreal caribou were similar in winter 2012/2013, 2013/2014,
and 2014/2015 (One-way ANOVA, P>0.05) while Co and Zn levels recorded in 2012/2013 were
lower (Co: One-way ANOVA, F ;101 =44.87, P<0.0001, Tukey Kramer, P<0.05) and higher (Zn:
One -way ANOVA, F 7191 =24.855, P<0.0001, Tukey Kramer, P<0.05) than levels recorded in
2013/2014 and 2014/2015 which were similar (Tukey Kramer, P>0.05). Overall, these findings
represent important baseline information and suggest that diet quality (nutrition) may have
implications for the health status of caribou in NE BC. The significance of trace nutrient levels
measured in boreal caribou will be evaluated in the context of the overall health status of
individual caribou and caribou herds in BCHRP Year 3.
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Table 8. Trace nutrient levels measured in serum collected from n=211 adult female boreal
caribou captured by net-gun in Northeastern British Columbia in winter 2012/2013 (n=137),
2013/2014 (n=41) and 2014/2015 (n=33).

Trace Nutrient Mean and Range of Values Laboratory
Free-ranging Boreal Caribou Reference Range *
Manganese (Mn) 0.027 ppm (0.001-4.80) ppm NE
Iron (Fe) 5.61 ppm (1.70-140.00 ppm) NE
Cobalt (Co) 0.65 ppb (0.27-1.70 ppb) NE
Copper (Cu) 0.43 ppm (0.11-0.74 ppm) 0.70-1.80 ppm
Zinc (Zn) 1.04 ppm (0.59-3.00 ppm) 1.10-2.50 ppm
Selenium (Se) 0.054 ppm (0.030-0.51 ppm) 0.050-0.140 ppm
Molybdenum (Mo) 0.034 ppm (0.0009-1.00 ppm)”* NE

* Reference ranges for captive Rangifer - University of Guelph Animal Health Laboratory
P85% (n=180/211) samples below detection limits for Mo
NE: serum reference ranges not currently established in Rangifer

5. General Recommendations

In BCHRP Years 1 and 2, we established the first comprehensive herd health baselines
for boreal caribou in NE BC. Our findings to date indicate that the health status of caribou may
have important implications for the management and conservation of this threatened species.
Interpretation and analysis of our boreal caribou health dataset is ongoing however the BCHRP
working group currently recommends that, at a minimum, a longitudinal health monitoring
program is continued for Erysipelothrix, Neospora caninum, and winter tick in at least some
caribou herds in the current study area. We also recommend that biological samples continue to
be collected and archived from any and all caribou captured or found dead in the region. An
evaluation of key caribou pathogens (e.g. Erysipelothrix) in sympatric species (e.g. moose) is
also recommended and the establishment of community based programs to gather biological
samples from commonly harvested species is encouraged.

In BCHRP Year 2, we initiated a health research collaboration with the Foothills
Research (fR1) Caribou Program in Hinton, AB. Although this study is ongoing, we have already
identified Erysipelothrix and winter tick associated mortalities along with evidence of possible
trace nutrient deficiencies in mountain and boreal caribou from west-central AB *. These
findings clearly indicate that health may also have important implications for caribou populations
outside of NE BC. More comparative health assessments and the broader integration of health
into other woodland caribou research and management programs are recommended. Based on
BCHRP findings to date, the directed study of Erysipelothrix in archived serum or tissue samples
collected across different woodland caribou populations may provide a starting point. Moving
forward, the collection of a standardized set of biological samples from all live-captured caribou
(Table 9) is strongly recommended for any research or management program in which caribou
are captured or handled. In addition to predation, all caribou mortality site investigations should
also consider health and disease as a potential cause of death or a contributing factor. Detailed
photographs of all mortality sites should be taken and all efforts should be made to collect any
and all tissue remaining at mortality sites for review by a wildlife health specialist. Tissues of
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special importance for health based analyses in dead caribou include: the head, pluck (heart and
lungs), heart blood, liver, spleen, fetuses/placenta, hide (10x10cm? sections from rump, shoulder,
neck), and intact long bones (e.g. femur). If intact carcasses (non-predation mortalities) are
encountered all efforts should be made to retrieve the whole carcass as soon after death as
possible and submit it immediately to a veterinary diagnostic laboratory. If this is not possible,
the carcass can be frozen [whole (best) or disarticulated] until transport can be arranged. If a
carcass cannot be removed from the field, an enhanced field necropsy should be performed in
which extensive photo documentation occurs and where many samples from all organ systems
are collected. A wildlife health specialist should be engaged to help develop field necropsy
protocols that adequately address requirements for health testing. Tissue samples collected from
caribou mortality site investigations can be stored (at minimum -20°C) until submission to a
diagnostic laboratory can be arranged. The collection of tissue samples fixed in 10% neutral
buffered formalin from all major organ systems (and any lesions) may also be informative and is
recommended if the carcass is relatively fresh (<24hrs since death or found in cool
weather/winter). Where caribou are harvested, community based health monitoring and sample
collection programs should also be initiated to support health research.
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Table 9. Recommended minimum set of biological samples that should be collected from any and all live-captured caribou. These
recommendations provide basic biological samples of the proper type and of sufficient quantity to thoroughly evaluate the health
status (and genetics) of free-ranging caribou. These samples can also be archived for future analysis. Experienced personnel can
generally collect this set of samples in the time required for a radio-collar to be deployed on caribou captured by net-gun in winter *'.
Detailed photographs should also be taken of each individual animal and of any abnormalities observed.

Sample Sample Quantity Sample Collection Sample Processing and Storage
Serum e n=3, 10 ml serum Jugular or cephalic Spin SST tubes in centrifuge
separator (SST) vein Decant serum into cryogenic vials (1 cc
tubes 19G, 1.5 inch needle serum/vial)

and 35 cc syringe

Store frozen (minimum -20°C)

Whole Blood °

n=1, 10 ml EDTA
tube

Jugular or cephalic
vein-

19G, 1.5 inch needle
and 35 cc syringe

Slowly rotate tubes immediately after collection
to mix blood and EDTA anticoagulant

Prepare n=4 blood smears as soon as possible
after collection. Air dry (do not fix) smears and
store at room temperature in a slide box
protected from light, heat, and moisture

Store remaining whole blood frozen in original
EDTA tube (minimum-20°C)

Feces e Approximately a Collect per rectum or Transfer to Whirlpack ® (or similar) and
“palm full” of off snow at capture remove as much air as possible without
pellets crushing pellets

Store frozen (minimum -20°C)
Hair e Minimum 100 mg Pluck from the top of Air dry and store at room temperature in paper

(~ coin envelope
stuffed full)

the shoulder

envelope protected from heat, light and
moisture

Skin biopsy o

n=1-2, 6mm biopsy
punches from ear

Pre-punch hole for
each ear tag(s) and
collect skin plug(s)

Air dry and store at room temperature in paper
envelope protected from heat, light and
moisture
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6. Research Objectives, BCHRP Year 3

6.1 Continue to enhance our understanding of the significance of exposure to and infection with
Erysipelothrix rhusiopathiae in boreal caribou.

To better understand the importance of Erysipelothrix rhusiopathiae in free-ranging
boreal caribou, a minimally invasive experimental trial will be performed at the University of
Calgary in which vaccination of captive Rangifer will be used to evaluate the timing and
duration of the antibody response when exposed to this pathogen. This trial was originally
scheduled for BCHRP Year 2 however, management priorities (scheduled breeding and
subsequent calving) in the captive herd dictated that the experiment was rescheduled to BCHRP
Year 3. In BCHRP Year 3 we will also analyze serum collected from caribou live-captured in
winter 2015/2016 as well as serum collected from boreal caribou in the Snake-Sahtaneh herd
range from 2002-2004. This work will provide further insight into longitudinal patterns of
exposure to E. rhusiopathiae in caribou from NE BC. In addition, we will continue to use tissue
culture and molecular technigques to more thoroughly characterize E. rhusiopathiae in caribou.

6.2 Evaluate selected health biomarkers as simplified tools for monitoring boreal caribou health
and evaluate relationships between boreal caribou health and larger scale (landscape level)
features in NE BC.

Full health assessments in wild species are logistically challenging and expensive.
Practical, reliable, validated, and preferably minimally invasive biomarkers of health that
consistently predict the health status of caribou are desirable as population level management
and monitoring tools. Integrated indices of health which may reflect both the health status of
individual caribou and biological mechanisms that may drive health related impacts on caribou
populations may be especially informative.

A data analyst with expertise in wildlife health and epidemiology joined the BCHRP
research team in Spring, 2016. In BCHRP Year 3, this analyst will use the comprehensive herd
health baselines established in Years 1 and 2 along with available ancillary data relating to the
body condition, pregnancy status, and survival of individual caribou to validate selected health
biomarkers (hair cortisol concentration, haptoglobin, SAA, serum biochemical parameters) in
order to determine if they accurately reflect individual animal health and if they may ultimately
have potential as simplified and relatively cost effective health monitoring tools.

The analyst will also use data gathered from current research partners and through new
collaborations to evaluate selected temporal and spatial relationships between caribou health and
larger-scale (landscape level) features (e.g. weather, habitat characteristics, predation risk,
sympatric species, levels of natural or anthropogenic disturbance). This will allow us to
determine if the health status of boreal caribou is linked with environmental conditions in NE
BC. Landscape level analyses will also increase our understanding of the cumulative effects of
environmental change on boreal caribou and the relative importance of health and disease as
potential drivers of boreal caribou population performance in the region. This information will be
used to develop recommendations to monitor and maintain healthy caribou populations in NE
BC that may also benefit woodland caribou conservation initiatives elsewhere.
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