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ABSTRACT: To assess infection with or exposure
to endo- and ectoparasites in Alaska brown
bears (Ursus arctos), blood and fecal samples
were collected during 2013–17 from five loca-
tions: Gates of the Arctic National Park and
Preserve; Katmai National Park; Lake Clark
National Park and Preserve; Yakutat Forelands;
and Kodiak Island. Standard fecal centrifugal
flotation was used to screen for gastrointestinal
parasites, molecular techniques were used to
test blood for the presence of Bartonella and
Babesia spp., and an ELISA was used to detect
antibodies reactive to Sarcoptes scabiei, a
species of mite recently associated with mange
in American black bears (Ursus americanus).
From fecal flotations (n¼160), we identified the
following helminth eggs: Uncinaria sp. (n¼16,
10.0%), Baylisascaris sp. (n¼5, 3.1%), Diboth-
riocephalus sp. (n¼2, 1.2%), and taeniid-type
eggs (n¼1, 0.6%). Molecular screening for
intraerythrocytic parasites (Babesia spp.) and
intracellular bacteria (Bartonella spp.) was
negative for all bears tested. We detected
antibodies to S. scabiei in six of 59 (10.2%)
individuals. The relatively low level of parasite
detection in this study meets expectations for
brown bear populations living in large, relatively
undisturbed habitats near the northern edge of
the range. These results provide a contemporary
understanding of parasites in Alaska brown
bears and establish baseline levels of parasite
presence to monitor for changes over time and
relative to ecologic alterations.

Key words: Babesia, Bartonella, grizzly
bear, helminths, mange, Sarcoptes.

There is considerable research on conser-
vation, population dynamics, and manage-
ment of brown bears (Ursus arctos), but
limited current data exist on parasites of
Alaska brown bears because the most recent
parasite surveys were conducted in Canada
(Gau et al. 1999; Catalano, Lejeune, Tizzani et
al. 2015; Catalano, Lejeune, van Paridon et al.
2015). Therefore, our goal was to conduct a
contemporary survey of brown bears from
Alaska, US, to investigate 1) presence of
infection or exposure to selected parasites
and 2) associations with age, sex, and location
of sampled bears.

As part of ongoing interagency research,
personnel from the Alaska Department of
Fish and Game, National Park Service (NPS),
U.S. Fish and Wildlife Service (USFWS), and
U.S. Geological Survey (USGS) sampled 166
brown bears from July 2013 to July 2017 at
five locations: Gates of the Arctic National
Park and Preserve (GAAR); Katmai National
Park (KATM); Kodiak Island (KOD); Lake
Clark National Park and Preserve (LACL);
and the Yakutat Forelands. Bears were
captured and handled as reported by Ramey
et al. (2019), with all capture, handling, and
sampling procedures approved by Animal and
Care Use Committees for Alaska Department
of Fish and Game (2013-028), NPS (2014.A2
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and 2014.A3), USFWS (2012-14), and USGS
(2014-1, 2014-10, 2015-4, and 2015-6). Feces
were collected opportunistically from the
rectums of 114 anesthetized bears from
GAAR, KATM, KOD, and LACL one to five
times during the study period, stored in 70%
ethanol, processed using double centrifugal
flotation with Sheather sucrose solution (spe-
cific gravity 1.25), and examined under
microscopy at 100–4003 magnification. Para-
site egg detection was analyzed across years,
months, and sites, as well as by bear sex and
age group. Generalized linear models were
created predicting detection of each parasite
by year, month, and location of sampling and
by bear sex and age (function glm, R package
lme4, Bates et al. 2015) using RStudio
(version 1.4.1717, R Development Core Team
2020). Statistical significance was assessed at
a¼0.05.

Blood was collected as described by Ramey
et al. (2019) from 156 bears from all sites and
tested by PCR for Bartonella and Babesia
species, with 44 bears screened twice. Geno-
mic DNA was extracted using a DNeasyt

Blood and Tissue Kit (Qiagen, Hilden, Ger-
many) following the manufacturer’s protocol.
Nested PCR was performed using GoTaqt

Flexi DNA Polymerase (Promega, Madison,

Wisconsin, USA) and primers and cycling
conditions as previously described (Supple-
mentary Material Table S1). Amplicons were
purified using the QIAquick Gel Extraction
Kit (Qiagen) and submitted for bidirectional
sequencing at the Georgia Genomics and
Bioinformatics Core (Athens, Georgia, USA).

Serum samples (n¼59) were collected from
53 individual bears in 2016–17 from GAAR,
LACL, and KATM and tested for antibodies
to Sarcoptes scabiei using a commercial
indirect ELISA kit designed for domestic
dogs (Sarcoptes-ELISA 2001, AFOSA GmbH,
Blankenfelde-Mahlow, Germany). Modifica-
tions for use in black bears (Ursus ameri-
canus) were implemented as described
(Niedringhaus et al. 2020).

Eggs of gastrointestinal parasites were
found in 23 (14.4%) of 160 fecal samples
(Table 1). Two species of nematodes (Unci-
naria sp., n¼16, 10.0%; and Baylisascaris sp.
n¼5, 3.1%) and two species of cestodes
(Dibothriocephalus sp., n¼2, 1.2%; and taeni-
id-type, n¼1, 0.6%) were detected. One
female from KATM was coinfected with
Dibothriocephalus sp. and Baylisascaris sp.
Of the 35 bears with multiple fecal examina-
tions, 22 were repeatedly negative, and 13
were positive once and negative on other

TABLE 1. Results of fecal flotation assays from samples opportunistically collected from brown bears (Ursus
arctos) in 2013–17 from four sites in Alaska, USA: Gates of the Arctic National Park and Preserve (GAAR),
Katmai National Park (KATM), Kodiak Island (KOD), and Lake Clark National Park and Preserve (LACL).
Multiple samples collected from the same animal are included to fully represent the data collected in this study.
Age was not estimated for two individuals.

Parasite

Site Sex Age (yr)a

TotalGAAR KATM KOD LACL Female Male 5–9.5 10–14.5 15–19.5 20–24.5

n 73 38 9 40 123 37 47 55 36 10 160

Nematodes

Baylisascaris sp. 0 5 (13.2)b 0 0 5 (4.1) 0 4 (8.5) 1 (1.8) 0 0 5 (3.1)

Uncinaria spp. 10 (13.7) 2 (5.3) 0 4 (10.0) 13 (10.6) 3 (8.1) 5 (10.6) 6 (10.9) 4 (11.1) 1 (10.0) 16 (10.0)

Cestodes

Dibothriocephalus
sp.

1 (1.4) 1 (2.6) 0 0 2 (1.6) 0 1 (2.1) 0 0 1 (10.0) 2 (1.2)

Taeniid-type 1 (1.4) 0 0 0 1 (0.8) 0 0 0 1 (2.8) 0 1 (0.6)

Positive for any
parasite

12 (16.4) 7 (18.4) 0 4 (10.0) 20 (16.3) 3 (8.1) 9 (19.1) 7 (12.7) 5 (13.9) 2 (20.0) 23 (14.4)

a Five bears ,5 yr and five bears 25–30 yr were sampled and were negative for all parasites.
b Percentage of samples with each parasite detected is shown in parentheses.
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examinations, suggesting periodic shedding.
Detection of each parasite varied by year and
month of collection (Figs. 1, 2), but the
generalized linear models did not indicate
that any of the predictors were significantly
associated with parasite detection (P.0.05).

All 156 animals were PCR negative for
Bartonella and Babesia spp. Antibodies to S.
scabiei were detected in six (10%) of 59 blood
samples (Table 2), with all positive samples
originating from LACL and KATM in May
2016.

Overall, we found a low level of intestinal
parasite detection relative to previous studies
on brown bears in North America (Choquette
et al. 1969; Gau et al. 1999). This may have
been due to differences in detection methods,
as flotation techniques using feces collected
from live bears may underdiagnose infections
compared with necropsy-based studies. Poten-
tial explanations include intermittent egg

shedding patterns for some parasites, egg
shedding below the detection threshold of the
technique, and lack of egg shedding in
prepatent and single-sex infections. Specifical-
ly, Baylisascaris transfuga detection is gener-
ally higher in necropsy-based studies
(Choquette et al. 1969; Worley et al. 1976;
Catalano, Lejeune, Tizzani et al. 2015) com-
pared with studies that used fecal flotation
techniques (Gau et al. 1999; Schaul 2006).
However, sampling from live animals is less
invasive and enables a larger sample size when
dealing with wildlife with protected conserva-
tion status in which euthanasia is undesirable.

In our study, Uncinaria hookworms were
the most commonly detected parasites. Two
species of Uncinaria have been reported in
brown and black bears from North America:
Uncinaria rauschi and Uncinaria yukonensis
(Olsen 1968; Catalano, Lejeune, Tizzani et al.
2015; Catalano, Lejeune, van Paridon et al.

FIGURE 1. Percentage of samples with parasite detection by year of four genera of gastrointestinal parasites
detected via fecal floatation assays from samples collected from brown bears (Ursus arctos) in 2013–17 from four
sites in Alaska, USA. Sample size for each year is shown in parentheses. Multiple samples collected from the
same animal are included to fully represent the data collected in this study.
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2015). Both may be present in Alaska, and it
was not possible to distinguish between
species using our methods. Baylisascaris,
probably B. transfuga, has been reported
from Ursus spp. across the range (Catalano,
Lejeune, Tizzani et al. 2015; Sapp et al. 2017).
A seasonal effect on B. transfuga prevalence
has been previously reported (Catalano,

Lejeune, Tizzani et al. 2015) but was not
noted in this study, probably due to the low
level of detection.

We found eggs of the pseudophyllidean
cestode Dibothriocephalus (¼Diphyllobothrium)
in two samples from female bears: one from
GAAR and one from KATM. These zoonotic
cestodes are acquired by the definitive hosts,

FIGURE 2. Percentage of samples with parasite detection by month of four genera of gastrointestinal parasites
detected via fecal floatation assays from samples collected from brown bears (Ursus arctos) in 2013–17 from four
sites in Alaska, USA. Sample size for each month is shown in parentheses. Multiple samples collected from the
same animal are included to fully represent the data collected in this study.

TABLE 2. Results of ELISA testing for antibodies against Sarcoptes scabiei in brown bears (Ursus arctos)
sampled in 2016–17 from three sites in Alaska, USA: Lake Clark National Park and Preserve (LACL), Gates of
the Arctic National Park and Preserve (GAAR), and Katmai National Park (KATM).

Result

Sex Location Year

TotalMale Female LACL GAAR KATM 2016 2017

n 14 45 18 22 19 56 3 59

Positive 4 (28.6)a 2 (4.4) 5 (27.8) 0 1 (5.3) 6 (10.7) 0 6 (10.2)

Negative 10 (71.4) 43 (95.6) 13 (72.2) 22 (100.0) 18 (94.7) 50 (89.3) 3 (100) 53 (89.8)

a Percentage of samples testing positive is shown in parentheses.
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including bears and humans, by ingestion of
infected salmonid fish (Oncorhynchus spp.;
Scholz et al. 2019). To date, two species of
Dibothriocephalus have been genetically identi-
fied from brown bears in North America: D.
dendriticum and D. nihonkaiense (Catalano,
Lejeune, Tizzani et al. 2015).

The taeniid-type eggs were probably Taenia
arctos. This recently described species has
been reported from brown bears in Eurasia
and North America and black bears in North
America, with moose (Alces alces) as the
intermediate host (Haukisalmi et al. 2011;
Lavikainen et al. 2011; Catalano et al. 2014).
The low level of detection of both cestode
species found in our study could be an
underestimation due to the methods used or
intermittent shedding of gravid proglottids
and eggs (Adolph et al. 2017).

We did not detect Bartonella spp. in
sampled Alaska brown bears, which is
consistent with previous studies in black
bears (Bai et al. 2016; Chern et al. 2016). We
also did not detect Babesia spp., although
these parasites have been detected in black
bears from New Jersey, North Carolina, and
Oklahoma, US (Shaw et al. 2015; Skinner et
al. 2017; Westmoreland et al. 2019). Estab-
lished populations of ixodid ticks, some of
which may be vectors for Babesia spp., have
been detected in Alaska (Hahn et al. 2020),
but the absence of an appropriate vector for
pathogen transmission among bears may
explain why we did not detect Babesia spp.

None of the sampled bears had clinical
evidence of mange, but a low percentage were
positive for antibodies reactive to S. scabiei.
Although the assay used has not been validated
for brown bears, it has been validated for black
bears (Niedringhaus et al. 2020). Notably,
there have not been any reported cases of
sarcoptic mange in any wildlife species in
Alaska, and it is possible that this assay may
cross-react with other mites, such as Ursi-
coptes; therefore, additional work is needed to
validate these serologic results, as well as
continuing to monitor susceptible wildlife
species in Alaska for cases of mange.

Our study provides contemporary baseline
data about the diversity of parasites in Alaska

brown bears, complementing previously pub-
lished information on bacteria and parasites
(Ramey et al. 2019). Brown bears in Alaska
largely exist in expansive and undeveloped
ecosystems but may still be subject to
accelerated ecologic change due to climate
shifts. Therefore, understanding baseline con-
ditions, such as parasite diversity, will be
critical to detect change over time.

Any use of trade, firm, or product names is
for descriptive purposes only and does not
imply endorsement by the U.S. government.
Data are publicly accessible through the
Dryad Digital Repository at https://doi.org/
10.5061/dryad.xd2547dm3.

Supplementary material for this article is
online at http://dx.doi.org/10.7589/JWD-D-
22-00070.
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Bates D, Mächler M, Bolker B, Walker S. 2015. Fitting
linear mixed-effects models using lme4. J Stat Softw
67:1–48.

Catalano S, Lejeune M, Verocai GG, Duignan P. 2014.
First report of Taenia arctos (Cestoda: Taeniidae)
from grizzly (Ursus arctos horribilis) and black bears
(Ursus americanus) in North America. Parasitol Int
63:389–391.

Catalano S, Lejeune M, Tizzani P, Verocai GG, Schwantje
H, Nelson C, Duignan PJ. 2015. Helminths of grizzly
bears (Ursus arctos) and American black bears (Ursus
americanus) in Alberta and British Columbia, Can-
ada. Can J Zool 93:765–772.

Catalano S, Lejeune M, van Paridon B, Pagan CA,
Wasmuth JD, Tizzani P, Duigan PJ, Nadler SA. 2015.
Morphological variability and molecular identification
of Uncinaria spp. (Nematoda: Ancylostomatidae)
from grizzly and black bears: New species or
phenotypic plasticity? J Parasitol 101:182–192.

Chern K, Bird M, Frey K, Huffman JE. 2016. Research
note: Ticks and tick-borne pathogens of black bears
(Ursus americanus) in New Jersey. J Pa Acad Sci 90:
25–30.

Choquette LPE, Gibson GG, Pearson AM. 1969.
Helminths of the grizzly bear, Ursus arctos L., in
northern Canada. Can J Zool 47:167–170.

190 JOURNAL OF WILDLIFE DISEASES, VOL. 59, NO. 1, JANUARY 2023

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 18 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Gau RJ, Kutz S, Elkin BT. 1999. Parasites in grizzly bears
from the central Canadian Arctic. J Wildl Dis 35:618–
621.

Hahn MB, Disler G, Durden LA, Coburn S, Witmer F,
George W, Beckmen K, Gerlach R. 2020. Establish-
ing a baseline for tick surveillance in Alaska: Tick
collection records from 1909–2019. Ticks Tick Borne
Dis 11:101495.

Haukisalmi V, Lavikainen A, Laaksonen S, Meri S. 2011.
Taenia arctos n. sp. (Cestoda: Cyclophyllidea: Taeni-
idae) from its definitive (brown bear Ursus arctos
Linnaeus) and intermediate (moose/elk Alces spp.)
hosts. Syst Parasitol 80:217–230.

Lavikainen A, Laaksonen S, Beckmen K, Oksanen A,
Isomursu M, Meri S. 2011. Molecular identification
of Taenia spp. in wolves (Canis lupus), brown bears
(Ursus arctos) and cervids from North Europe and
Alaska. Parasitol Int 60:289–295.

Niedringhaus KD, Brown JD, Ternent M, Peltier SK, Van
Wick P, Yabsley MJ. 2020. Serology as a tool to
investigate sarcoptic mange in American black bears
(Ursus americanus). J Wildl Dis 56:350–358.

Olsen OW. 1968. Uncinaria rauschi (Strongyloidea:
Nematoda), a new species of hookworms from
Alaskan bears. Can J Zool 46:1113–1117.

Ramey AM, Cleveland CA, Hilderbrand GV, Joly K,
Gustine DD, Mangipane B, Leacock WB, Crupi AP,
Hill DE, et al. 2019. Exposure of Alaska brown bears
(Ursus arctos) to bacterial, viral, and parasitic agents
varies spatiotemporally and may be influenced by
age. J Wildl Dis 55:576–588.

R Development Core Team. 2020. R: A language and
environment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria. https://
www.R-project.org/. Accessed April 2022.

Sapp SGH, Gupta P, Martin MK, Murray MH, Niedring-
haus KD, Pfaff MA, Yabsley MJ. 2017. Beyond the
raccoon roundworm: The natural history of non-
raccoon Baylisascaris species in the New World. Int J
Parasitol Parasites Wildl 6:85–99.

Schaul J. 2006. Baylisascaris transfuga in captive and free-
ranging populations of bears (Family: Ursidae). PhD
Thesis, Ohio State University, Columbus, Ohio, 205
pp.

Scholz T, Kuchta R, Brabec J. 2019. Broad tapeworms
(Diphyllobthriidae), parasites of wildlife and humans:
Recent progress and future challenges. Int J Parasitol
Parasites Wildl 9:359–369.

Shaw M, Kolba N, Huffman JE. 2015. Babesia spp. in
Ursus americanus (black bear) in New Jersey.
Northeast Nat 22:451–458.

Skinner D, Mitcham JR, Starkey LA, Noden BH, Fair-
banks WS, Little SE. 2017. Prevalence of Babesia
spp., Ehrlichia spp., and tick infestations in Oklaho-
ma black bears (Ursus americanus). J Wildl Dis 53:
781–787.

Westmoreland LSH, Stoskopf MK, Sheppard E, DePerno
CS, Gould NP, Olfenbuttel C, Maggi RG. 2019.
Detection and prevalence of Babesia spp. in Amer-
ican black bears (Ursus americanus) from eastern and
western North Carolina, USA. J Wildl Dis 55:678–
681.

Worley DE, Fox JC, Winters JB, Jacobson RH, Greer KR.
1976. Helminth and arthropod parasites of grizzly
and black bears in Montana and adjacent areas.
Bears: Their Biology and Management 3:455–464.

Submitted for publication 7 June 2022.
Accepted 26 September 2022.

SHORT COMMUNICATIONS 191

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 18 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use


