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ABSTRACT: Elaeophora schneideri is a filarial
nematode of North America that occasionally
infects aberrant ruminant hosts such as moose
(Alces alces). The role E. schneideri plays in
clinical morbidity or mortality of moose remains
uncertain. We sampled predominantly hunter-
killed adult moose (n¼127) to characterize the
spatial patterns of prevalence and intensity of
worms in carotid arteries of moose in Montana.
We compared prevalence and intensity of E.
schneideri within these moose to a separate
sample of adult moose that died of health-related
causes (n¼34). We found lower prevalence in
northwest Montana (0.06) than in the remainder
of the state (0.42). We also found both higher
prevalence of E. schneideri and higher intensity to
be correlated with increased probability of health-
related mortality. Our results suggest presence
and intensity of E. schneideri correlate with
mortality of moose, although the mechanisms of
mortality remain uncertain.
Key words: Arterial worm, carotid artery worm,

Elaeophora schneideri, Montana, moose, mortality,
parasites, survival.

Elaeophora schneideri, a filarial nematode
(family Onchocercidae), lives in its adult stage
for 3–4 yr in the carotid and other arteries of
ruminants (Fig. 1) and is transmitted by inter-
mediate host species of horse fly within the
Tabanidae (Hibler and Metzger 1974; Ander-
son 2001). Initially described in domestic
sheep (Ovis aries), E. schneideri has since
been detected in multiple ruminant species
across the contiguous US. The most common
definitive hosts are mule deer and black-tailed
deer (Odocoileus hemionus; Anderson 2001),
which are typically not clinically affected.
Presence has also been documented in other
wild ruminants including white-tailed deer
(Odocoileus virginianus; Couvillion et al.
1986), elk (Cervus canadensis; Adcock and
Hibler 1969), moose (Alces alces; Henningsen

et al. 2012; LeVan et al. 2013), and bighorn
sheep (Ovis canadensis; Boyce et al. 1999), as
well as within introduced populations of sika
deer (Cervus nippon; Robinson et al. 1978),
Barbary sheep (Ammotragus lervia; Pence and
Gray 1981), and a captive Malayan sambar
(Rasa unicolor equina; Bernard et al. 2016).
Moose are an aberrant host that are suscepti-

ble to pathogenic effects from ischemic necrosis
resulting in elaeophorosis, a condition associ-
ated with malformation of ears and muzzle,
damage to the optic nerve, food impaction, and
other maladies (Anderson 2001). However, the
relationship between E. schneideri and clinical
morbidity or mortality of moose is unclear
(Henningsen et al. 2012; LeVan et al. 2013).
Elaeophorosis has been previously detected in
moose from Montana (Worley et al. 1972). We
provide further information regarding the geo-
graphic patterns of prevalence and intensity of
E. schneideri in moose in Montana. We also
assessed whether patterns of presence and
intensity were correlated with health-related
mortality among moose.
We monitored presence and intensity of E.

schneideri within hunter-killed adult moose
and other opportunistically encountered moose
carcasses across their statewide distribution
during 2009–2022, which was within five of
seven administrative regions of Montana (north-
west, west-central, southwest, north-central, and
south-central; Fig. 2). We also conducted
live-capture studies in three focal study areas
(Fig. 2) during 2013–2022, with subsequent
postmortem examinations of collared adult
female moose after mortalities. Additional
details regarding study areas and capture and
handling procedures are available in Newby and
DeCesare (2020).
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We assigned proximate causes of death for
each moose and further consolidated these
into broad categories of “control” and “health-
related.” Mortalities in the control group were
those for which the proximate causes of
death were judged to be unrelated to under-
lying health conditions, including hunter kills
(n¼109), illegal human kills (n¼11), and those
succumbing to accidents but with no other
underlying morbidity (n¼7). We assumed that
any underlying disease within control group
moose was independent of their death. Mortal-
ities categorized as health-related included ani-
mals found dead opportunistically (n¼3) or by
telemetry collars (n¼26) but without evidence of
predation, plus those opportunistically encoun-
tered in poor condition and euthanized by field
staff (n¼5). We censored samples for which
cause of death could not be confidently
assigned to either category (e.g., road kill, n¼11,
entrapped in fences, n¼3, blind by keratocon-
junctivitis, n¼3, and caused by live-capture
efforts, n¼5). We examined all moose for the

presence and intensity (i.e., total count) of
E. schneideri through dissection and gross
examination of the terminal portions of both
left and right carotid arteries of each animal
(Fig. 1). Samples included in analyses gen-
erally contained 15–20 cm of each carotid
artery leading to the terminal bifurcation.
For the subset of collared moose, we also
recorded the presence or absence of ear-tip
necrosis, a symptom of ischemic necrosis previ-
ously associated with E. schneideri infection
(Henningsen et al. 2012), at the time of post-
mortem examination.
We tested for spatial differences in E. schnei-

deri prevalence among geographic regions by
logistic regression. We used only control group
animals in this analysis (n¼127), and we further
tested by negative binomial regression for
regional differences in intensity among animals
that were infected (n¼40). In both cases, we
tested for significant differences among regions,
adjusting for multiple comparisons with esti-
mated marginal means (Searle et al. 1980).
We then compared control (n¼127) to

health-related (n¼34) mortalities with respect
to E. schneideri presence-absence (binary) and
intensity (count) to assess whether presence or
intensity were correlated with health-related
mortalities. We evaluated both metrics of infec-
tion by mixed-effects logistic regression (with
control [0] and health-related [1] as a binary
response variable) including random intercepts
for geographic regions, and we assessed intensity
with a restricted data set of infected animals.
Lastly, we ensured that differences in seasonality
of sampling did not confound our results, by
confirming that results did not strongly differ
when restricting analyses to the fall season
when most control samples were collected. We
conducted all statistical tests in R version 4.04
with additional packages lme4 and emmeans
(R Core Team 2021).
Prevalence of E. schneideri was lower in

Montana’s northwest region (0.06) than else-
where in the state (0.418; Table 1). Among
infected moose, intensity was higher in the
southwest region than in other regions of
Montana (Table 1). Presence of E. schneideri
was positively correlated with health-related
mortality (bpresence¼1.453, SE¼0.463, z¼3.1,

FIGURE 1. Adult Elaeophora schneideri within
the carotid artery of a moose (Alces alces) seen dur-
ing postmortem examination, western Montana, USA,
2017.
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P¼0.002; Fig. 3) and prevalence was higher
among health-related mortalities (0.65; 95%
confidence level (CL) 0.46, 0.80; n¼34) than
the control group (0.31; 95% CL 0.24, 0.40;
n¼127). Among infected animals, increased
intensity of infection was further correlated
with health-related mortality (bintensity¼0.089,
SE¼0.026, z¼3.4, P,0.001; Fig. 3). The odds
of mortality being health-related increased by
4.3 times when infected with E. schneideri.
Furthermore, within infected moose the odds
of health-related mortality increased by 2.4
times for each 10 worms found (Fig. 3).

Lastly, 10/18 (56%) infected moose in the
collared subset also presented evidence of
ear-tip necrosis. In 9/10 moose showing ear
necrosis and infection, the necrosis had also
been previously observed at the time of cap-
ture, up to 2 yr before.
Our finding that E. schneideri was rare among

moose living in the relatively mesic and densely
forested northwestern Montana is consistent
with its rarity in adjacent British Columbia, Can-
ada (H. Schwantje pers. comm.) and northeast-
ern Washington, USA (Harris et al. 2021).
Similarly, our findings that prevalence and

TABLE 1. Prevalence and intensity of E. schneideri among the control group of samples by geographic region
in Montana, USA, 2009–2022.

Region

Prevalencea Intensityb

n Proportion infected n Mean count (SD) when infected

Northwest 36 0.06 A 2 6.00 (7.07)

West-central 4 0.50 AB 2 4.50 (3.54)

Southwest 80 0.38 B 30 10.00 (11.26) A

North-central 4 0.75 B 3 4.67 (3.21)

South-central 3 1.00 BC 3 3.33 (2.31)

a Prevalence among regions with different letters differ at P,0.03.
b Intensity among positive samples with different letters differ at P,0.01.

FIGURE 2. Geographic regions of western Montana, USA, 2009–2021, sampled for Elaeophora schneideri
prevalence and intensity in moose (Alces alces), including three focal study areas where telemetry collar–based
monitoring of adult females was used to supplement regional data. Inset map shows the location of Montana
within North America.
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intensity were higher in drier portions of
central and southwestern Montana were
consistent with findings in Wyoming, USA
(Henningsen et al. 2012), and Utah, USA,
where prevalence averaged 0.64 among hunter-
killed moose during 2009–2012 (n¼97; K.
Hersey pers. comm.). Elaeophorosis has not
been documented to date (May 2022) among
moose in Alberta, Canada (M. Pybus pers.
comm.). Geographic patterns of elaeophorosis
in the western US may relate to abundance
of the definitive host (O. hemionus), tabanid
intermediate hosts, or both, aligning with drier
habitats in this region (Boyce et al. 1999;
Anderson 2001). However, detection of E.
schneideri in the eastern US indicates that res-
ervoirs of the parasite are sustained in white-
tailed deer populations, as well (Couvillion
et al. 1986; Grunenwald et al. 2018).
Henningsen et al. (2012) noted that E.

schneideri presence among Wyoming moose
increased during the decades preceding their
2009 survey. We observed no evidence of
an increase in prevalence during 2009–2020
(N. DeCesare pers. comm.), although sample
sizes in some years were small. Systematic dif-
ferences in the time between death and post-
mortem examination could impose confounding
biases when comparing control and health-
related samples. Given that our control sample
was drawn predominantly from hunter-killed
animals where such time was short, we do not
expect our results of lower prevalence and

intensity in such animals to be the result of
biased methodology. LeVan et al. (2013) showed
that histologic examination detected more elaeo-
phorosis than gross inspection, suggesting that our
data may underestimate prevalence. We also
observed ear necrosis in two individuals that
were not found to be infected, which may sug-
gest either that the animals had since cleared a
previous infection or that we failed to detect
infection with our methods.
Despite correlation between E. schneideri

observations and mortality of adult moose, spe-
cific causes of death remain uncertain. Hibler
and Metzger (1974) suggested three critical
periods during infection with implications for
the health of aberrant hosts: 1) 7–14 d after
infection when larvae develop in small arteries
of the aberrant host instead of migrating to
larger arteries; 2) 3–5 wk after infection, when
immature adults traverse the cerebral retia; and
3) more than 7 wk after infection, when adults
may return to cerebral arteries after develop-
ment within the carotids. Although based on
infection in elk, these phenomena may offer
mechanisms for acute mortality of moose associ-
ated with thrombosis of cerebral arteries. Addi-
tionally, chronic and possibly subclinical effects
of infection may increase with the number of
worms within carotid arteries.
Our data show correlation but not causation

between E. schneideri and mortality of moose.
The significance of parasitism may be driven by
other underlying factors such as nutritional
condition or coinfections (Holmes 1995; Telfer
et al. 2010). Thus, E. schneideri infection may
instead reflect immunosuppression caused by
unmeasured factors with greater health impli-
cations. For a subset of health-related mortali-
ties (n¼26), we further categorized 12 (46%) as
acute mortality of animals in good nutritional
condition according to fat deposits in the rump
and femur marrow. Conversely, we categorized
14 (54%) as mortality potentially because of
chronic disease of animals in poor condition.
Elaeophora schneideri was common in both
acute (58%) and chronic (79%) groups, suggest-
ing that the correlation between parasite and
mortality was robust to variation in nutritional
condition, although coinfections could not be
specifically addressed. Future studies of high

FIGURE 3. Predicted probability of moose (Alces
alces) mortality in western Montana, USA, 2009–2021,
being health-related as a function of Elaeophora schnei-
deri presence-absence and of intensity (number of
E. schneideri per moose).
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priority in this parasite-host system include the
development of an antemortem test to detect
and study subclinical effects of infection, as
well as research aimed to identify the specific
parasite life stages, host tissues, and physiologic
mechanism(s) behind both chronic and acute
effects of infection on host health.
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