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ABSTRACT

A SURVEY FORECHINOCOCCUSMULTILOCULARISIN
COYOTES AND FOXES IN MICHIGAN

By

Julie Rose Melotti

Echinococcus multilocularisis a parasitic tapeworm with the potential to caaes@us
disease and even death in humans. The minute weesa rodent intermediate host and canid
definitive host to complete its life cycle and humeaan become accidentally infected through
exposure to infective egg&chinococcus multilocularis had been identified in the north central
portion of the United States, including Michigardarearby states in the early 1990’s; however
little is known about current prevalence and disttion. In this study, 302 coyotes, gray foxes
and red foxes collected from hunters, trappershéiyers and state and federal agencies in
Michigan were examined for presence of the para&ithinococcus multilocularis was
identified in 1/219 (0.46%) coyotes from the soutlstern Lower Peninsula. The parasite was
not identified in any of the red or gray foxes exagd. Data generated in this study provides a
greater understanding of the spatial distributibthe parasite, provides a baseline with which
future research can be compared, and can be ussddss the level of risk to humans in the
state. Although the prevalence in wild canids iicivgan appears to be low, the risk of
encountering the parasite does exist and thosdihgmdld canids are encouraged to take

precautions to prevent exposure.
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Introduction

Echinococcus multilocularis, Leuckart, 1863, is a parasitic tapeworm that@agur in
wild canids and rodents and is capable of causngre disease and death in humans.
Echinococcus multilocularis has been identified worldwide in the Northern Hegphiere,
including the north central portion of the Unite@dt®s. The parasite was identified in red foxes
(Vulpes wulpes) in Michigan in the early 1990’s; however littke known about current
prevalence and distribution in the state (Storandt Kazacos 2012). The coyo@afis
latrans), whose populations have increased in distribusiott abundance across North America
over the past 2 centuries, have the potential abienportant definitive host in the state
(Kritsky and Leiby 1978, Gehrt 2006, Mastro 201The coyote’s ability to adapt to urban
environments and live in close proximity to humans domestic animals may lead to greater
risk of human exposure t multilocularis, in addition to other parasites and infectiousgie
Because current data &xmultilocularisin Michigan are lacking, surveillance is needed to

determine prevalence and distribution, which walghassess risks to accidental hosts.

chription1

Four species dEchinococcus occur worldwide. Two occur in North Amerida:
granulosus andE. multilocularis. Echinococcus species have indirect life cycles, requiring an
intermediate and definitive host to complete. Batylvatic and pastoral life cycle occur with

E. granulosus; in North America the sylvatic cycle involves witdnids and ungulates and the

1
Refer to Schmidt et al. 2009 for definitions of parasitological terms.
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pastoral cycle involves domestic dogs and sheeiheadefinitive and intermediate hosts,
respectively (Olsen 1974, WHO/OIE 2001). Wild cEnare also involved in the life cycle B6f
multilocularis; however rodents serve as the intermediate h&terlap in life cycles oE.
multilocularis andE. granulosus can occur, with some canid species capable obhiadpboth
species of parasite (Olsen 1974). Humans can beeawidently involved in both life cycles as
incidental hosts, and although infection in humiandorth America is rare, infection with either
species can be fatal (Olsen 1974, WHO/OIE 2001).

The tapewornt. multilocularisis a member of the phylum Platyhelminthes, class
Cestoda, order Cyclophyllidea and family Taeniid&ggs of members of the family Taeniidae
are indistinguishable from one another and idasdifon to species must be made by
morphological characteristics of adult worms (Hetdr et al. 1991, Bowman 1999, Schmidt et al.
2009). Adult worms oEchinococcus spp. are distinguished from other members of thalya
Taeniidae by the small number of proglottids (O1%6i4). Scoleces &chinococcus spp have
4 suckers and an armed rostellum. Adiiltnultilocularis range in length from 1.2-3.7 mm with
3-5 proglottids, with the gravid proglottid beirgsk than half of the entire body length (Figure
1). Other distinguishing characteristics of adiilinultilocularis include position of the genital
pore (at or anterior to the midline), the shapthefuterus (saclike and lacking lateral branches),
the number (17-26) and position (posterior to theiigl pore) of the testes, the shape of the
ovary (bilobed with fine tubes) and the number 8&)-of rostellar hooks (Hildreth et al. 1991).
In contrast, adulE. granulosus are slightly larger in size (2-6 mm) with the gdaproglottid
being greater than half of the entire body lengildditionally, in E. granulosus the genital pore
is posterior to the midline, the uterus is sachlth lateral branches, and a larger number of

testes (45-65 anterior or posterior to the gepitae) and rostellar hooks (28-48) are present
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(Hildreth et al. 1991). As an alternative to itigcation by morphological characteristics, adult
worms and worm fragments (e.g. proglottids, scagcan be identified by polymerase chain

reaction (PCR) (Trachsel et al. 2007, Liccioli et2812).

‘ Neck

Scolex Mature proglottid

Gravid proglottid

Immature proglottid

Figure 1. Morphological characteristics of adtthinococcus multilocularis: 3-5 proglottids

with the gravid proglottid being less than half #gire length; scolex with armed rostellum (A)
and 4 suckers (B); genital pore anterior to mid({@g 17-26 testes posterior to genital pore (D);
bilobed ovary (E); and saclike uterus (F).

Life cycle

The life cycle ofe. multilocularis begins with a sexually mature, adult worm in the
intestinal tract of the canid definitive host (Rigi2). Adult worms begin producing eggs 28-35
days post infection and survive in the definitivash3-4 months before being eliminated (Rausch
and Richards 1971, Hildreth et al. 1991). Consuwnpdf additional infected intermediate hosts

insures infections over longer periods of time @r&th et al. 1991). Eggs are excreted with fecal



Definitive Host
Canid (fox, coyote)

—

Adultworm

develops in canid

‘j Canid sheds

eggsin feces

/
Infected intermediate @
hostis consumed
P Incidental host
/ —

N Eggs are ingested

Multilocular hydatid cysts Intermediate Host
developin the liver Rodent(mouse vole/

Figure 2. Life cycle oEchinococcus multilocularis. Adult worms develop in a canid definitive hostlanfective eggs are shed in
fecal material. Rodent intermediate host ingedtsctive eggs while foraging on insects or vegetatdncospheres hatch from eggs
in the rodent host, travel to the liver and devefdp a multilocular hydatid cyst (metacestode sjag which protoscoleces are
formed. When an infected rodent is consumed byhalaefinitive host, the protoscoleces develop edalt worms and the cycle
repeats. Humans can accidently become involveldecycle through ingestion of infective eggs. terpretation of the reference
to color in this and all other figures, the readaeferred to the electronic version of this tkesi
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material and are accidently ingested by the rooeatmediate host while foraging on vegetation
and/or insects. These eggs are quite toleramaf@mental conditions and can survive over
one year in suitable, moist conditions at low terapges (WHO/OIE 2001). Once eggs are
ingested, oncospheres hatch in the small inteatidevia hooks and enzymes, travel out of the
intestinal tract through the hepatic portal systamd to the liver or another visceral organ and
develop into multilocular hydatid cysts, or the awststode stage (Hildreth et al. 1991, Olsen
1974). Within the metacestode, protoscoleces dpwalpidly, and the proliferative growth of the
cyst causes extensive damage and death in rodéhis several weeks to several months of
infection (Hildreth et al. 1991). The cycle is qoleted when the infected rodent is consumed by
a definitive host that ingests the protoscolecédschvpass into the small intestine and attach to

the crypts of the intestinal mucosa and develop $eixually mature, adult worms.

I nter mediate hosts

The primary intermediate hosts férmultilocularis in north central North America are
the eastern meadow volglicrotus pennsylvanicus) and the deer mousPBdf omyscus
maniculatus) (Leiby et al. 1970, Rausch and Richards 1971edamd Pybus 2001).
Examination of nearly 8,000 mammals of 32 differgpecies, including rodents, small
carnivorous mammals and domestic dagan{s familiaris) and catsKelis catus) by Leiby et al.
(1970) during the late 1960’s found the followingyalence in intermediate hosts from north
central North America: 1.92% in eastern meadows/@he 1,033), 4.8% in deer mice (n= 4,209)
and 1.1% in house mic&(s musculus, n=91). Similar examination for presencebof
multilocularis of over 1,800 small rodents representing ten spaafishrews, mice, voles and

ground squirrels from North Dakota in the late 19606und infection in only deer mice (3%)
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and eastern meadow voles (6%) (Rausch and Richh8itly. Despite low prevalence in
intermediate hosts, high prevalence in definitiesth can be maintained (WHO/OIE 2001,
Storandt et al. 2002).

Both eastern meadow voles and deer mice are corambabundant throughout most of
North America and Michigan where suitable habsadvailable (Table 1) (Baker 1983, Kurta
1995). Home range sizes of both species are 1 ha onésshome ranges of eastern meadow
voles being 2 to 3 times smaller than that of aeiee (Table 2).Densities of both rodent
speciedluctuate based on food availability, habitat, @toh, weather and disease outbreaks
and eastern meadow vole populations can fluctuatgidally in 4 year cycles (Baker 1983,
Kurta 1995). Eastern meadow vole populations pedknuary and February, hit lows in late
spring and then gradually increase until mid-wirjfiaker 1983). Deer mice populations peak
in late spring and again in the fall and then gedigudecrease through winter (Baker 1983). Life
expectancy of rodent species is short and in the ig/usually less than one year (Baker 1983,
Kurta 1995).

Experimental research has found that the easteadlomevole becomes infected with
larger numbers of protoscoleces than the deer mboseever in a free-ranging condition, the
eastern meadow vole is less likely, based on diffefeeding habits (Table 3), to become
infected than the deer mouse (Leiby and Nickel 126é&y et al. 1970, Rausch and Richards
1971, Kritsky and Leiby 1975). Deer mice are mdeely than meadow voles to inhabit areas
around carnivore dens and thereby more likely ttisume contaminated vegetation or

contaminated insects (Leiby and Nickel 1968, Laihyg Nickel 1970, Kritsky and Leiby 1975).



Table 1. Habitat preferences of host species (Bh888, Kurta 1995, University of Michigan 2012).

Species

Host Type
(D=Definitive,
I=Intermediate)

Habitat Preference

Eastern meadow vole

Agricultural fields, fragmented patches of grasasgy fields and marshes,
lowlands, meadows, river banks, woodlands

Deer mouse - southern
subspecies

Agricultural fields, grass lands, meadows, opsmds, pastures

Deer mouse - northern
subspecies

forests, shrubby areas

Agricultural fields, clear cuts, lowland brush, gfag landscapes, woodland

Coyote D edges; nearly any habitat type including urbansarea

Agricultural fields, bushy fence rows, field edgesgadows, shrubby areas,
Red fox D woodland edges

Cedar Thuja occidentalis) swamps, coniferous forests, hardwoods, tamat
Gray fox D (Larix laricina) stands, woodlands

ack



Table 2. Home range sizes of host species ((Ba3&3,IKKurta 1995, Kamler and Gipson 2000,
Grinder and Krausman 2001, Gehrt 2006, Gehrt &049).

Species Home range sizes
Eastern meadow vole 0.1to.3 ha
Deer mouse 0.2to 1.0 ha
Coyote (resident) 1.7 to 50.7 km?2
Coyote (transient) 2.0 to 180 km?
Red fox 0.6 to 6.0 km?
Gray fox 0.6 to 8.7 km2

Table 3. Dietary habits of host species (Baker 18&@ta 1995).

Species Dietary habits

Leaves, grasses, plants, seeds, fruit, inverterateall
Eastern meadow vole vertebrates and occasionally other meadow voles

Deer mouse Insects and invertebrates, vegetaaas, nuts and fruit

Small mammals (e.g. rabbits, squirrels, mice, Joles
carrion, birds, reptiles, amphibians, insects t fand
Coyote vegetation

Small mammals (e.g. rabbits, squirrels, mice, Joles
ground nesting birds, carrion, reptiles, amphibiamsects,
Red fox nuts and fruit

Small mammals (e.g. rabbits, small rodents), birds
Gray fox amphibians, reptiles, insects and vegetation




Definitive hosts

Historically, in North America, the Arctic foxd{opex lagopus) and red fox have been
considered the primary definitive hosts, although ¢oyote is also a suitable host (Jones and
Pybus 2001). Arctic foxes do not occur in Michighawever, red foxes, coyotes and gray foxes
(Urocyon cinereoargenteus) can be found throughout the state in suitabletatfable 1).
Michigan represents the northern edge of the ré&mggray foxes and this species is not as
abundant as other canids in the state (Baker 10&3a 1995, Whitaker 2001). Maximum home
range sizes of resident coyotes (adult, non-digpgyotes and their offspring) can be 5-8
times larger than that of gray and red foxes, whdme range sizes of transient coyotes can be 3
times larger than that of residents (Table 2).| tiitee species have omnivorous feeding habits,
consuming small mammals, birds, insects, fruits\agetation (Table 3). Life expectancy in the
wild for canids can be as high as 8-10 years, hewmost live less than 3 years due to human
persecution (Bekoff 1978, Baker 1983, Kurta 1995).

In the Great Lakes region, prevalence as highb&898in coyotes and 27.3% in red foxes
has been found (Storandt and Kazacos 1993). i prevalence in North America
documented in both species has occurred in SoutbtBawith prevalence of 44.4% in coyotes
and 88.9% in red foxes (Hildreth et al. 200&xhinococcus multilocularis was identified in 1 of
6 (16.7%) gray foxes from Minnesota by Vande Vustsal. (1978) but not in any other
published surveys where gray foxes were examinall€l4). Although gray foxes can harbor
the parasite, infection in this species is presutodzk rare (Hildreth et al. 1991, WHO/OIE
2001).

Neither age nor sex of the definitive host hastsewn to influence prevalence;

however, adult intermediate hosts are more likelggcome infected than juveniles because over
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time they have a greater potential to be exposéufeotive eggs (Rausch and Richards 1971,
Kritsky and Leiby 1978, Ballard 1984). The defivet host does not appear to be adversely
affected by infection even with high worm burdeHddreth et al. 1991). Rodents infected with
E. multilocularis often have thousands of protoscoleces; therebhgsaan harbor hundreds to
thousands of adult worms (Hildreth at al. 1991)orW intensities in definitive hosts have
ranged from 1,100 to as high as 180,000 in Arcties, 1 to 1,860 in red foxes, and 1 to 52,000
in coyotes (Kritsky and Leiby 1978, Ballard 19840randt and Kazacos 1993, WHO/OIE
2001). In South Dakota where high prevalence acicured foxes and coyotes, mean worm

intensities of 125 in red foxes and 127 in coydiage been observed (Hildreth et al. 2000).

Accidental hosts

Domestic dogs, cats and humans can all becomeéeathy involved in the cycle. Dogs
and cats can become definitive hosts through copsamof infected rodents. Humans are
incidental hosts and become infected after accadl@mgestion of eggs, via consumption of
contaminated vegetation, exposure through pety bahdling wild canids and canid carcasses.
Hunters, trappers, fur buyers, wildlife workersterearians and animal control personnel who
handle wild canids are all at risk of exposure.

Although human infection is rare in North Ameri€& multilocularis can cause alveolar
hydatid disease, which destroys the liver in a neaisimilar to a malignant tumor, has high
fatality rates and can go undetected for yearshath time treatment is often unsuccessful
(Schantz 1991, WHO/OIE 2001). Infection wighmultilocularisis considered to be more
harmful than infection witli. granulosus and is considered worldwide to be one of the most

important helminthic zoonoses based on the desteudamage and severity of disease, high
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fatality rates, high cost of treatment (over 240,ED per case) and the ability to be
transmitted naturally between humans and animaldr@th et al. 1991, Thompson and
Lymbery 1995, Kraus et al. 2003, Eckert et al. 2011nlike E. granulosus, which is contained
in a unilocular cyst and remains relatively isotabem host tissue, the multilocular hydatid cyst
of E. multilocularis is composed of multiple thin walled vesicles tindittrate host tissue
(Thompson 1986, Shakespeare 2002). Progressite disease in humans is a slow, gradual
process and an infected individual can remain asymatic for 5-15 years, during which time
severe damage to the liver has occurred (McManak 2003). Even with treatment, which
often involves chemotherapy and/or surgery to remtbe infected portion of the liver, humans
with this disease have a poor prognosis with 50-80%ases ending in deafHildreth et al.
1991).

Data on infection worldwide varies and human infectin some cases may be poorly
documented or not documented at all. AccordinpnéoWHO/OIE (2001), annual incidence
rates in Europe range from 0.1-1.4 per 100,00(viddals, 10 per 100,000 in Russia and as high
as 200 per 100,000 in endemic areas in China. tOm&@rence Island, Alaska, between 1947
and 1990 cases in Eskimos living in isolated comitraghwwere as high as 53 per 1,000
individuals (WHO/OIE 2001). Itis presumed thesgghhinfections in Alaska were a result of a
large number of infected voles being present asdygareyed upon by the village dogs, leading
to heavy environmental contamination with eggs sit@ation where humans and dogs were
living in close proximity (WHO/OIE 2001). In sonoé these villages dogs had prevalence rates
as high as 12% (WHO/OIE 2001). Likewise, simildrlgh prevalence in dogs in rural areas has

been observed in some areas in China and endeeais ar Switzerland (WHO/OIE 2001). In
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Europe, individuals working in agricultural areasclose proximity to infected fox appear to be
at increased risk by handling contaminated foodsmid\WWHO/OIE 2001).

Only two cases have been documented in north dédréh America, one in a man from
Manitoba in 1937 and another in a woman from Miotes 1977. The man from Manitoba
was a 54 year old fisherman who emigrated fromalwelto Canada at the age of seven. lItis
presumed however, that he became infected witpdh&site while living in Canada, as it is not
known to occur in Iceland (James and Boyd 1937&s(ite surgery, he died seven years after
diagnosis due to severe liver damage caused lyatfasite (James and Boyd 1937). The
Minnesota case involved a 56 year old woman whedlifor 22 years on a farm that housed at
least one outdoor dog and five to ten outdoor @by given time. No one in the family was a
hunter or trapper, nor was anyone else in the jamiécted and it was therefore assumed that
she contracted the parasite through exposure tawwomated feces of one of her domestic dogs
or cats, who had consumed an infected rodent (Gaetldl. 1979). She recovered after
treatment. No additional documented casds. ofultilocularis in humans in North America
could be found in the literature.

Several hypotheses have been proposed to expaiadk of infection in humans in n
orth central North America in the presence of Ipgévalence in definitive hosts. These include
differences in infectivity between the North Amamcand European strainsfmultilocularis;
humans in North America being less susceptibl@éegoarasite; lowered risk because fewer dogs
and cats are infected; differences in personaldngie.g. hand washing, donning gloves) deter
infection; and misdiagnosis of infection (Hildreghal. 1991, Hildreth et al. 2000). In 1990-91,
Hildreth et al. (2000) conducted serological susvey 115 hunters and trappers in South

Dakota, who had trapped foxes and coyotes an aw@fabb.9 and 11.4 years respectively.
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Prevalence in red foxes in some areas of South t@aldhe time of the study was nearly 90%,
however only one individual exhibited a weak titghich could not be confirmed; all others

were negative (Hildreth et al. 2000).

Distribution

Worldwide,E. multilocularis has been identified in Russia, China, Japan, Miengbe
Middle East, Europe and North America. In 1952b&b Rausch documented the first
occurrence oE. multilocularis on the mainland of Alaska along the Arctic CoasAictic foxes
and red foxes (Rausch 1956). Subsequently, Chimgeteal. (1962) identified. multilocularis
in an Arctic fox at Eskimo Point, in the provinceNunavut, documenting the first occurrence
on the Canadian mainland. In 19&4 multiloculariswas documented for the first time in the
contiguous United States in North Dakota, when 8 odd foxes examined were infected with
the parasite (Leiby and Olsen 1964). The findihthis parasite beyond its range in Alaska and
the Arctic Tundra sparked surveillance and reseigrseveral north central states, extending as
far east as Ohio, through the early 1990’s (TapleNkew geographical distributions were
documented as well as new natural hosts, incluthegoyote (Leiby and Nickel 1970). Along
with research on prevalence and distribution, twogy of E. multilocularis and such factors as
seasonality of sample collection, age and sex fofitlee hosts, and geographic landscapes were
examined. Despite the plethora of research antighiol data compiled through the early
1990’s, little if any, subsequent research has lseaducted and/or published to determine
recent prevalence in any of these states wemaultilocularis was previously found.
Distribution of E. multilocularis in Michigan and surrounding states based on guoveillance

is displayed in Figure 3Echinococcus multilocularis was first identified in Illinois during
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Table 4. Known prevalence Bf multilocularisin coyotes and foxes in North America.

Coyote
# Positive/
State # Tested Prevalence Y ear Source
lllinois 6/17 35.3% 1990-91 Storandt and Kazaco3319
Indiana 13/87 14.9% 1990-91 Storandt and Kazac68 19
lowa 0/1 0.0% 1965-69 Leiby et al. 1970
Kansas 0/89 0.0% 1991-92 Storandt et al. 2002
Michigan 0/54 0.0% 1993-94 Storandt and Kazaco2201
Montana 0/30 0.0% 1965-69 Leiby et al. 1970
9/219 4.1% 1977-78 Seesee et al. 1983
Nebraska 0/31 0.0% 1994-96 Storandt et al. 2002
North Dakota 7/111 6.3% 1965-69 Leiby et al. 1970
Ohio 217 28.6% 1993-94 Storandt and Kazacos 2012
South Dakota 0/29 0.0% 1965-69 Leiby et al. 1970
4/9 44.4% 1990-91 Hildreth et al. 2000

Gray Fox
lllinois 0/607 0.0% 1955-63 Dyer and Klimstra 1980
Indiana 0/33 0.0% 1990-91 Storandt and Kazacos 1993
Michigan 0/1 0.0% 1990-91 Storandt and Kazacos 1993
Michigan 0/11 0.0% 1993-94 Storandt and Kazaco2201
Minnesota 1/6 16.7% 1977-78 Vande Vusse et al. 1978
Ohio 0/13 0.0% 1993-94 Storandt and Kazacos 2012
Wisconsin 0/31 0.0% 1982-83 Ballard 1984

Red Fox
lllinois 4/40 10.0% 1981-82 Ballard and Vande Vu$983
lllinois (cont’'d) 4/40 10.0% 1981-1982 Ballard and Vande Vusse 1983
Indiana 16/125 12.8% 1990-91 Storandt and Kaza@68 1
lowa 1/200 0.5% 1965-69 Leiby et al. 1970
Kansas 0/22 0.0% 1991-92 Storandt et al. 2002
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Table 4 (cont’'d)

Red Fox
# Positive/
State # Tested Prevalence Y ear Source
Michigan 0/1 0.0% 1990-91 Storandt and Kazacos 1993
4/97 4.1% 1993-94 Storandt and Kazacos 2012
Minnesota 14/277 5.1% 1965-69 Leiby et al. 1970
14/278 5.0% 1966-67 Carney and Leiby 1968
134/261 51.3% 1977-78 Vande Vusse et al. 1978
Montana 0/11 0.0% 1965-69 Leiby et al. 1970
Nebraska 10/36 27.8% 1981-82 Ballard and Vande &/11883
27172 37.5% 1994-96 Storandt et al 2002
North Dakota 6/9 66.70% 1964 Leiby and Olsen 1964
26/44 59.1% 1964-65 Kritsky and Leiby 1978
35/161 21.7% 1965-66 Kritsky and Leiby 1978
115/830 13.9% 1965-69 Leiby et al. 1970
6/60 10.0% 1966-67 Kritsky and Leiby 1978
35/435 7.7% 1967-68 Kritsky and Leiby 1978
12/97 12.4% 1968-69 Kritsky and Leiby 1978
36/180 20.0% 1969-70 Kritsky and Leiby 1978
34/158 21.5% 1970-71 Kritsky and Leiby 1978
Ohio 6/22 27.3% 1990-91 Storandt and Kazacos 1993
9/55 16.4% 1993-94 Storandt and Kazacos 2012
South Dakota 1/222 0.5% 1965-69 Leiby et al. 1970
16/25 64.0% 1987-88 Hildreth et al. 2000
6/8 75.0% 1988-89 Hildreth et al. 2000
40/59 67.8% 1989-90 Hildreth et al. 2000
40/45 88.9% 1990-91 Hildreth et al. 2000
Wisconsin 6/72 8.3% 1982-83 Ballard 1984
Wyoming 0/31 0.0% 1994-96 Storandt et al. 2002
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Figure 3. Previous surveillance results by countyef multilocularis in Michigan and bordering
states (Ballard 1984, Storandt and Kazacos 19@8ai&dt and Kazacos 2012).
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surveillance conducted on red foxes from lllinamsl &Nebraska during the 1981-82 trapping
season. Forty red foxes from lllinois were exardiaad 4 were found infected with the
tapeworm (Ballard and Vande Vusse 1983). Ten ylases E. multilocularis was identified in a
coyote in Indiana, which prompted surveillancendi&na, lllinois, Ohio, Kentucky and
Michigan. Prevalence in the states bordering Mjahias a result of this study were: lllinois:
6/17 (35.3 %) coyotes; Indiana: 13/87 (14.9 %) tey@nd 16/125 (12.8 %) red foxes; and
Ohio: 6/22 (27.3%) red foxes (Storandt and Kazd@$3). Echinococcus multilocularis was

not identified in either of two foxes collectedimdVlichigan. Subsequent surveillance in 1993-
1994 by Storandt and Kazacos (2012) included 168als from the Upper and Lower
Peninsulas of Michigan and 75 animals from OHshinococcus multilocularis was identified

in 4/97 (4.1 %) red foxes in Michigan and in 2/3.@%) coyotes and 9/55 (16.4 %) red foxes
from Ohio (Storandt and Kazacos 2012). The paasds not identified in any of the 54 coyotes

examined from Michigan.

Detection of E. multilocularis

To detecte. multilocularis in an arealarge numbers of intermediate hosts must be tested
compared to relatively small numbers of definithasts; therefore definitive hosts are most
often used in surveillance prograntschinococcus multilocularis infection is confirmed by
identification of the adult worm in the intestirtedct of the definitive host. Hunter and trapper
harvested wild canids are the primary source ofpg@srused by researchers Eormultilocularis
surveillance, allowing for a large number of speamsto be collected over a wide geographic
range by individuals with expertise in harvestihgge animals. Time and monetary constraints

may otherwise make such large scale collection sside for the researcher.
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Several methods have been utilized for detectida afultilocularis in definitive hosts,
which involve examination of the small intestinelanorphological identification of adult
worms. These methods include scraping or wasHitigeantestinal mucosa and examining
retained material either directly under a stereonsicope, by concentrating parasites through a
series of sieves, or by sedimentation (Leiby dt9410, Kritsky and Leiby 1978, Storandt and
Kazacos 1993, Jacobs et al. 1994, Hildreth et®1 1Hildreth et al. 2000, WHO/OIE 2001).
Polymerase chain reaction (PCR), rather than madogieal characteristics, can be used to
confirm E. multilocularis when suspected adult worms are found (Trachssl 2007, Liccioli
et al. 2012).

Very low temperatures kill the infectious egg€Eomultilocularis, and it is recommend
that carcasses or intestinal tracts be frozenQ&tC7for 96 hours or at — 80° C for 48 hours to
eliminate infectivity of eggs (WHO/OIE 2001). Iddition to freezing at low temperatures,
proper personal protective equipment (PPE) is resended when processing intestinal tracts
including a disposable suit, rubber boots, rublbeves, eye shield and respirator (WHO/OIE
2001). A concentration of at least 3.75% sodiymdchlorite (NaOCI) applied for 3to 5
minutes can be used to decontaminate work statioestsyments and glassware (WHO/OIE

2001).

Ecology of definitive hosts and need for surveillance

Prevalence and distribution Bf multilocularis have not been determined for twenty-
years or longer in many regions of the United Stale other areas, surveillance tr
multilocularis has never been conducted. Anthropogenic chandaad use and landscape are

resulting in changing vertebrate communities thatcausing many ecological changes, such as
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changes in species abundance and distributiorudimg} parasites and pathogens causing human
diseases (e.g., Lyme disease) (Barbour and FisB)199striking trend has been the rise of
coyote populations corresponding with a decreasedriox numbers (Gosselink 2003, Levi et

al. 2012).

During the past two centuries coyotes have inceeasabundance and distribution and
have expanded their range from the Plains and s@stideserts across North America into all
but the northern-most regions of the continent (Bpen 2002, Gompper et al. 2003, Gehrt 2006,
Berger and Gese 2007, Mastro 2011). Extirpatioiargfer predator species, specifically the
gray wolf, and post-European settlement land utenpa resulting in clear cutting, an increase
in cultivated lands, fragmented landscapes andlsoalke farming with confined livestock have
created ideal habitat for the coyote, a genersgisties, allowing them to attain higher densities
than other, more specialized predators (Bekoff 1&t8npper 2002, Berger and Geese 2007).

The top down effects of coyotes on red foxes, fpags and other mesopredators
(intermediate sized predators that often increlasdundance as larger, top predators decrease)
have been well documented (Bekoff 1978, Sargeaait @087, Sovada et al. 1995, Crooks and
Soule 1999, Gompper 2002, Gosselink et al. 2003, d¢teal. 2012, Levi and Wilmers 2012).
Coyotes and red foxes have similar food and hatetatirements (Tables 1 and 3) and coyotes
will directly kill or displace red foxes throughterference competition, forcing them into less
desirable habitats and excluding red foxes in syrmppopulations (Major 1983, Sovada et al.
1995, Gosselink et al. 2003, Gehrt 2006). Coyotag also have effects on gray fox populations
and have been observed as an important cause tdlityan gray foxes as well as bobcats in
California (Fedriani et al. 2000). In additiondompetition for food and resources, coyote home

ranges are generally 5 to 7 times larger thanahetd foxes (Table 2), contributing to a limited
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number of red foxes being present in areas dominatecoyotes (Voigt and Earle 1983). Areas
regularly used by coyotes for travel and rearingafng are generally avoided by red foxes;
however coyotes will utilize and establish teriigsrin areas used by red foxes (Voigt and Earle
1983, Caron 1986, Sargeant et al. 1987). Over, iiisplacement of established red foxes by
coyotes, lack of immigration into red fox populatsoand coyote induced mortality will cause
red fox populations to decline (Sargeant et al.7)98

In Michigan, population estimates of coyotes andcdo not exist; however annual
hunter and trapper harvest surveys have been tadletVhere population estimates are lacking,
harvest trends have been used as an index to mifgkerices about population trends over time
with the assumption that population size and hamagss are linearly related and that increases
in annual harvest correlates with an increaseeratiimal population being harvested (Ecker
2003, Konig et al. 2005). Harvest trends in lllsyavhen pelt prices were controlled for, support
trends that red foxes have been declining whiletes/have been increasing since the mid-
1970’s (Gosselink et al. 2003). Frawley (2802012), based on analyses of Michigan
furbearer harvest surveys, suggested red fox ptpasahave been declining since the mid
1980’s, while coyote populations have been on e rAn increase in harvest effort (days
afield) for red foxes can be observed with a siamdbus decrease in harvest, further supporting
trends of declining red fox populations in Michigdgure 4). Harvest effort and the number of
coyotes harvested have both been on the rise #indate 1980's/early 1990’s; however whether
the increase in coyote harvest is a true refleatiosn increase in coyote populations or is a
result of an increase in harvest effort is uncar(gigure 4). None the less, trends of increasing
coyote populations have been well documented attogh America (Gompper 2002, Gompper

et al. 2003, Gehrt 2006, Berger and Gese 2007,rmMastl1).
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Figure 4. Annual harvest and harvest effort of btsand trappers for coyotes, gray foxes and reesfan Michigan (Hawn 1981,
Hawn 1982, Hill 1983, Stuht and Hill 1983, Reis 29Reis and Hill 1985, Reis 1986, Reis 1989, Kdrasal Moritz 1996, Karasek
and Moritz 1997, Karasek 1998, Frawley 2001, Frav2@02a, Frawley 2002b, Frawley 2003, Frawley 2@04wley 2006, Frawley
2007a, Frawley 200B, Frawley 200, Frawley 2008, Frawley 2008, Frawley 2013, Frawley 201B, Frawley 2012, Frawley
2012, Frawley 2012, Frawley 2018.
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Coyotes have adapted well to human dominated |lapascand will utilize habitat with
high human densities, allowing them to live in egsoximity to humans (Gompper 2002,
Laliberte and Ripple 2004). The coyote’s abiliytolerate human dominated landscapes,
including metropolitan areas, is evident in poputedia reports such as “Michigan DNR says
coyote sightings on the rise in urban, suburbaasir@he Oakland Press 2012), “Coyote packs
are in the rise in west Michigan” (MLive 2011) afti@byotes make themselves at home in
Michigan cities” (Michigan Radio 2011). Incidermnuisance coyotes have been on the rise in
Chicago, lllinois, from 20 per year in the earlyo0% to 350 per year by the late 1990’s (Gehrt
2006). Increasing presence of coyotes in urbansaburban areas has been attributed to
increasing coyote populations in the state (MichiB@partment of Natural Resources 2013).

Likewise, in Europe, red foxes have increased imdhnce and distribution and have
become urbanized following rabies vaccination paots (Deplazes et al. 2004). These
increasing urban fox populations have been considenportant in increasing exposure in
domestic dogs and cats and have been considepdglyta role in the epidemiology and
emergence oE. multilocularisin some European cities (WHO/OIE 2001, Konig eRaD5).
Similar patterns are possible in the United Sta#iéls the urbanization of the coyote.

Coyotes have high reproductive capabilities, thbtalo disperse long distances, have
larger home ranges than foxes and are opportumistieetary and habitat choices, allowing for
colonization of areas where specialist species moaylourish (Major 1983). Kritsky and Leiby
(1978) speculated the coyote could serve as aiidizfinitive host capable of maintaining high
prevalence in South Dakota in areas with low reddensities. Urbanization, expanding coyote
populations and the species’ ability to adapt aralih close proximity to humans may increase

the risks of exposure . multilocularisin both humans and domestic pets. Due to lack of
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knowledge of recent prevalencefmultilocularis in Michigan and the on-going increase in
population size and urbanization of this definithast, | propose to survey coyotes and foxes to
answer the following questions:

* What is the prevalence & multilocularis in Michigan?

* Are there significant differences amongst geogregdiregions within the state, or

amongst species, age or sex of the definitive host?

Such data would allow comparison with prior findsngrovide a current understanding of
the spatial distribution of prevalencefmultilocularis, and provide a baseline with which to
compare data in the future as vertebrate wildiiflemmmunities change. These data will also help

inform public health officials of the level of rigskr human infection.
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Methods and Materials

In order to address the study objectives, wild teyand foxes from Michigan were
collected between winter 2009 and spring 2012. of&sy due to increasing populations, ability
to adapt to urban environments and ubiquitous eatuMichigan (Kurta 1995, Gompper et al.
2003, Gehrt 2006, Gehrt et al. 2009) were choséheaspecies of primary focus in this study;
however red foxes and gray foxes were also accepiddct or skinned carcasses were
requestedl) to avoid exposing collectors E& multilocularis and other parasites, anylto insure
that the entire small intestine was present andrathta could be collected, such as age class and

Sex.

Sample seasons

The study began with collection of coyotes and foxeDecember 2009 and continued
through April 2012 with the majority of collectidaking place during the hunting and trapping
seasons. In Michigan, a fur harvester or smalleggacense is required for trapping or hunting
coyotes. Trapping season begins October 15 amgldacch 1 and hunting season begins July
15 and ends April 1. Additionally, coyotes thas &doing or are about to do damage” can be
taken on private property year-round by the landawrA fur harvester license is required to
take gray foxes or red foxes in the state. Tragppimd hunting seasons for fox species run from
October 15 to March 1. Two main collection periadse established corresponding with the
hunting and trapping seasons: the 2010 seasor2(fall through spring 2011) and the 2011

season (fall 2011 through spring 2012).
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Sample area

The state of Michigan consists of an Upper Perténand Lower Peninsula, separated by
the Straits of Mackinac and accessible to travahieyMackinac Bridge. The state is divided
into 83 counties of which 15 are in the Upper Psul@a and 68 are in the Lower Peninsula
(Appendix A). The Upper Peninsula is 537 km wige346 km long and the Lower Peninsula is
354 km wide by 460 km long (City—data.com 201Z}oyotes, capable of traversing distances of
160 km to 640 km could easily travel across mutigbunties in either peninsula and potentially
across an entire peninsula (Bekoff 1978, Baker 1983dtaker 2001). Foxes also have the
ability to traverse long distances, with a distan£894 km documented for a male red fox
(Baker 1983). Therefore, coyote and fox populatifmr this study were distinguished as either
Upper Peninsula or Lower Peninsula populationsvals assumed for sampling purposes that the
parasite was distributed homogeneously acrosatigstape and along with host distribution,
presumed capable of existing in any county in eig@®insula in the state, although more likely
to occur in the southern Lower Peninsula basedrion gesearch.

During the first year of the study, coyotes anxefowere collected from any county in
the state for which they could be provided. Duting second year of the study, collection was
focused on the southern half of the Lower PeninsMadifications to focus sampling primarily
on the southern Lower Peninsula were made basedeoious findings oE. multilocularis in
the bordering states of Indiana and Ohio and oantbcpublished data that included prevalence
and distribution of the parasite based on surveskrom the early 1990’s in Michigan

(Storandt and Kazacos 1993, Storandt and Kazacli®) 20

25



Samplesize

To estimate prevalence Bf multilocularis, Win Episcope 2.0 (De Blas et al. 2000) was
used to calculate desired sample size based ostiamaged population size, a presumed
prevalence oE. multilocularis in the population, an acceptable Type 1 error (faeee a 95% or
99% confidence level) and a desired level of alieghuecision or error (here 5 or 10%), all of
which are set by the investigator. Populatiomestes for Michigan coyotes and foxes do not
exist; therefore, calculations were performed usingstimated population size of 35,000
animals, which is a conservative estimate of thetpopulation based on a proportion of the
yearly harvest in the Lower Peninsula in the stdtieis estimated population size for sample size
calculations was effectively an infinite populatioased on iterative calculations in Win
Episcope 2.0. Becau&e multilocularis has not yet been detected in coyotes in Michigan,
prevalence previously identified by Storandt and&Gs (1993) in coyotes in lllinois, Indiana
and Ohio, the states nearest Michigan, was asstortfegimost similar. The required sample
sizes based on different scenarios are display@dlae 5. For example, in order to be 95%
confident that the parasite was detected at amassprevalence of 10% with 5% absolute
precision, a sample size of 139 animals would heired and the absolute precision of +/- 5%
of the 10% prevalence would yield an acceptablgeai 5-15%. Required sample size was
chosen assuming a prevalence of 15%, an acceftgpéel error rate of 5% and a desired
absolute precision of 5%. Based on these choéceample size of 196 coyotes was required. A
sample size of 82 red foxes was required basea @stamated prevalence of 5.6%, the value
previously found by Storandt and Kazacos (2012gdhfoxes in the Lower Peninsula. This
estimated prevalence was also used to calculateathele size of gray foxes. It was assumed

that each animal collected was random and had @& efjance of being sampled.
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Table 5. Calculation of desired sample size baseahcestimated prevalence (Deblas et al.
2000).

Confidence Level (1 — Type | error rate)
95% 99%
Desired Absolute Precision Desired Absolute Prenisi
Expected Prevalence 5% 10% 5% 10%
2% 31 8 53 14
4% 60 15 102 26
6% 87 22 150 38
8% 114 29 196 49
10% 139 35 239 60
15% 196 49 339 85
20% 246 62 425 107
25% 289 73 498 125
30% 323 81 558 140
35% 350 88 604 151

Specimen collection

Collection of coyotes and foxes began in Decemb@009 with animals submitted for
general necropsy to the Michigan Department of Né&tkesources (DNR) Wildlife Disease
Laboratory (WDL). The DNR WDL receives only a stmalmber of coyotes and foxes per year
and these were also collected when opportunitiesearWild canids euthanized as part of
research projects or on depredation permits bypthR or by the United States Department of
Agriculture (USDA), Animal Plant Health Inspecti@ervices (APHIS), Wildlife Services (WS)
were collected when available. Additionally, anisnaere requested from trappers, hunters and
fur buyers in the state. An exemption from filiag Institutional Animal Care and Use
Committee (IACUC) Animal Use Form with Michigan StdJniversity was granted by IACUC
as specimens would be obtained from animals thet alecady dead.

Prior to the start of the 2010 season, contactmade with the National Trappers

Association (NTA) and the Michigan Trappers andd@ter Callers Association (MPTCA) to
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ask for assistance from hunters, trappers anduyens in obtaining coyotes and foxes. The
MPTCA posted the request on their website forurtp(fftvww.mtpca.com/phpBB34nd the

NTA recommended posting to the Michigan Sportsm&oium (http://www.michigan-
sportsman.com/forum/). Fourteen hunters, trapgedsfur buyers from various locations
responded and were interested in providing animél®se wishing to participate were sent a
packet that included instructions and a specimegriAgpendix B and C). Some hunters and
trappers were willing to take animals to their gadDNR field offices for transport to the WDL.
In other cases, weekly trips were made to diffeagaas of the state to pick up animals. Most of
the animals collected were properly tagged by ldévidual collecting them. The majority of the
carcasses were skinned and many were frozen whkeadoup and therefore allowed to thaw
overnight prior to processing.

During the 2011 season, in addition to requestshe MPTCA and Michigan Sportsman
forums, telephone contact was made with nine liegrisr buyers from eight counties in
southern Michigan. While most of these handleratéd number of wild canids, successful
contact was made with a large scale fur buyer f@aihoun County who was extremely
cooperative in providing a large number of coy@ed foxes. Contact was made on a weekly

basis and trips to pick up animals were made weakfs needed.

Carcass processing

Coyotes and foxes were transported to the WDL dodied to thaw overnight if frozen
or processed immediately (Figure 5). Animals weecessed at the WDL in the Bio-level 2
laboratory with proper PPE being worn which incldderubs, Tyvek suit, disposable inner

gloves, rubber outer gloves, rubber boots, goaghela respirator. Each animal was given
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Figure 5. Skinned coyote carcasses delteitom a southwest Michigan
fur buyer ready to be procdssethe DNR, WDL.

an identification number and data was recordedidiop collector’s name, date collected, date
received, location of harvest (county, town, raagd section or nearest city and crossroads),
age, sex and comments. Male sex was determinpdelsgnce of a penis and female sex
determined externally by absence of a penis anfirotad by the presence of a uterus observed
when the initial incision was made. Animals weagegorized as either juvenile or adult by time
of year collected, body size and tooth wear pastévissouri Department of Conservation
2011). The first upper pre-molar tooth was exgddtom each animal in the event that
determining a definitive age would become a necgssanponent of the research project
(Figure 6). The small intestine (bounded by tlenstch anteriorly and the cecum posteriorly)
was excised, bagged in a Whirl-pak (VWR sterile glanbag #89000-650, 1650 ml, 17.8 x 30.5

cm) labeled with the specimen identification numéwed frozen at -20° C (Figure 7).
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Figure 7. Rerabef the intestinal tract from a coyote.

Additional biological samples were collected froetext coyotes for other research
projects, in return for providing coyotes and fokasthis project. Skulls and muscle tissue were

saved from over 100 coyotes for a researcher itvpipger Peninsula and sections of spleen,

30



tongue and large intestine were saved from 29 esyfoir a parvovirus study being conducted by
USDA, APHIS, WS. Assistance was also provided stuaent conducting a study on canine
heartworm Dirofilaria immitis) in coyotes from southern Michigan in exchangecfoyotes for

this study.

Intestinal tract processing

The gold standard for the diagnosissoimultilocularisis the sedimentation and counting
technique (SCT), through which, during a serieseafimentation and decanting steps, adult
worms can be recovered from the small intestinth@definitive host, providing 98 to 100%
sensitivity and 100% specificity (Eckert 2003, Degas et al. 2004). Although this technique is
time consuming and labor intensive, it is relatv@lexpensive and allows for adult worms to be
individually counted. This technique is performedf@lows, per the Manual dachinococcus in
Humans and Animals (WHO/OIE 2001):

» After deep freezing at -80 C for 5 days the intesis incised longitudinally and
examined macroscopically for large helminthes deah tcut into 20 cm segments.

* The segments of the intestine are transferredygtass bottle containing 1 L physiological
saline solution. After vigorous shaking for a feecends, the mucosa is stripped between
two pressed fingers, and the segments of the ingeate removed from the flask.

* The washing fluid with the intestinal material edgmented several times for 15 minutes,
and the supernatant decanted until the sedimenffisiently cleared of colored

particles.
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* The sediment is examined in small portions (5 miilPin rectangular plastic dishes
with a counting grid (9cm x 9 cm Falcon, No. 10L8)ler a stereomicroscope at a
magnification of x120.

Similar methods of scraping intestinal materiabitap water and decanting to concentrate
parasites had been used by Leiby et al. (1970Kaiteky and Leiby (1978).

An alternative to the SCT recommended by WHO/QIED() is the intestinal scraping
technique (IST), which is performed by dividing ihéestinal tract into segments, making
scrapings of the intestinal mucosa at 5 intervatsexamining the material under a
stereomicroscope. This method may be preferréldet&CT because it is less time consuming,
however sensitivity is 78% as compared to the S@ilitadoes not allow for the quantification
of infection (Deplazes et al. 2004). Researchar®lalso filtered out the parasite by scraping
and washing intestinal contents over a serieseviesi ranging in size from 1 mm to 120 pm
(Hildreth et al. 1991, Storandt and Kazacos 198800s et al. 1994, Hildreth et al. 2000). The
SCT was modified by Duscher et al. (2005) to theksiy in a vessel technique (SVT) which
included the addition of a mesh screen (0.5 mnthencap of the jar to prevent the small parasite
from accidently being decanted during the process.

Prior to examination, intestines were frozen atimmum of -70° C for at least one week
to inactivate eggs and were then returned to -20At processing. Whirl-paks containing
intestines were allowed to thaw overnight in a eobletween 1-2 ° C. Once thawed, the
intestine was elongated, measured, incised lonigillgl and divided in half into the anterior and

posterior sections, which were processed indivigiuading the SCT method (Figure 8).
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Figure 8. Coyote intestinalctis elongated, separated into anterior
and posterior sections andseuat longitudinally.

Each section was cut into approximately 20 cm segsrend placed into a glass jar
containing 1 liter of tap water (Figure 9). Theeas capped and shaken vigorously for 5-10
seconds and segments stripped between the thunforafidger two times and then removed
(Figure 10). The remaining solution was allowedediment for 15 minutes, after which the
supernatant was decanted, additional tap waterdadae the jar shaken again (Figures 11 and
12). This process was repeated until the solwtias sufficiently cleared. The remaining
sediment was then poured into one or multiple spesicups (VWR specimen container,
#25384-148, 133 ml) and either examined immediaielyreserved in 70% ethanol and set aside
for examination several days later. The sedimedtramaining solution were examined in a
square, gridded Petri dish (Falcon 9x9 squarewlighgrid, VWR #25378-047) under a
stereomicroscope at 10 to 63 power and all pasaslieerved were counted, given unique
accession numbers and retained in 70% ethanadter identification. All parasites observed

were categorized based on phylum or class (i.e.dt@ma, Cestoda, Trematoda), size and basic
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Figure 9. Segments obgote intestinal tract in glass jars, separated b
anterior and postesections, prior to shaking.

Figure 10. Stripping of coyote intestinal tract segts between thumb
and forefinger prior to sedntation.
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3
Figure 11. Glass jars contey material from coyote intestinal tracts in
different stages of seditagon.

Figure 12. Pouring off supernaturing the sedimentation and counting technique.
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morphological features. Five to seven intestiratts were processed at a time, taking 4-7 hours
to complete, depending on the amount of materitenintestinal tract and quantity of parasites
present.

Alternative methods were performed on a small nemalb intestinal tracts during the
first year of the project, including direct exantioa of intestinal tracts and washing and sieving.
Five intestinal tracts were examined directly unitierstereomicroscope prior to washing. For
this process, samples were thawed and separatednterior and posterior sections and 5-7 cm
segments were examined under a stereomicroscojper. difect examination and removal of
any parasites observed, the segments were prodésesadh the SCT to assure additional
parasites were not missed. Samples were procbgsdicect examination to insure tHat
multilocularis worms were not being broken apart and therefardeeed unidentifiable or lost
during the SCT process. Additionally, thssemples were processed by washing through a series
of sieves per methods described by previous relsear¢Hildreth et al. 1991, Storandt and
Kozacos 1993, Jacobs et al. 1994, Hildreth etGfl02Liccioli et al. 2012). For the washing and
sieving technique, intestines were again separatednterior and posterior sections and
intestinal contents were scraped and washed oseres of sieves with pore sizes 1.0 mm (#18,
US Standard Series 8” brass sieve, VWR 57334-Z00),um (#50, US Standard Series 8” brass
sieve, VWR 57334-278 and 150 um (#100 US Stander@$8” brass sieve, VWR 57334-286)

and retained material was examined under the steceascope.

Evaluation of intestinal tract processing metheds made with members of the graduate
committee and additional contact was made withkgrin Kazacos, DVM, PhD, Dipl ACVM
(Professor of Veterinary Parasitology, Departmér@amparative Pathobiology, Purdue

University College of Veterinary Medicine, West hgétte, IN, USA), Dr. Emily Jenkins, PhD,
36



DVM, BSc (Department of Veterinary Microbiology aBdhool of Public Health, University of
Saskatchewan, Saskatoon, SK, Canada) and Dr. Argsilassolo, MSc, PhD (Assistant
Professor, Wildlife Health Ecology Department obEgstem and Public Health, Faculty of
Veterinary Medicine, University of Calgary, AB, Gada) based on their past and present
research oi. multilocularis for input on methods. Recommendations includetbee vigorous
scraping of the intestinal tract at the start @f plhocess to insure that tightly adhered parasites
would be removed and the use of a screen on tlss glalid when decanting to safeguard
against pouring off the tiny parasite. Both mamfions were performed on all samples
processed after January 2012.

Duscher et al. (2005) modified the SCT into the S)WTadding a screened cap when
processing red fox intestinal tracts armultilocularis. To create a screen cap, a circular area of
plastic on the cap of the jar was removed usingear2l tool. Screen of mesh sizes 1.0 mm and
0.5 mm were cut to size to cover the hole in thearad placed inside (Figure 13). Both screen
sizes were tested by decanting material into aamhexamining material for parasites that may
have escaped the mesh screen. With pore siz@ ofirh, material decanted quickly and it was
immediately observed that adult digenetic trematodinilar in size t&. multilocularis were
passing through the screen, and therefore thigs@iee was discarded. The same process was
repeated with a screen size of 0.5 mm and no pesasere observed passing through the screen.
This modified screen was utilized during the fidatantation to pour off most of the water while
retaining parasites and other sedimented matdnahddition, to validate methods, two gray
wolves from the Upper Peninsula, whé&egranulosus is known to occur, were processed using

the SCT method modified with the screen cap.
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Figure 13. Cap for glass jar modified watireen (pore size 0.5 mm)

Parasite identification

For identification ofE. multilocularis, morphological features as previously described
(Figure 1.1) can be used to identify the paradter & has been stained and mounted.
Alternatively, adult worms and worm fragments (seped proglottids, pieces of proglottids and
scoleces) can be confirmed by PCR. Due to a laekpertise and equipment, worm fragments
(proglottids and scoleces) suspected of b&ngultilocularis andE. granulosus were sent to
Dr. Emily Jenkins at the University of Saskatchew&askatoon, Canada for identification by
PCR. PCR was performed as described in Trascla¢l @007) and Catalano et al. (2012) and
modified using 50 ul, of extraction buffer (rathiean 25 ul) which was found to produce more

consistent results (Karen Gesy, University of Sadlewan, personal communication).
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Analysis of Results

Win Episcope (De Blas 2000) was used to calculseanaximum possible prevalence at
which the parasite could be present per Thurséell. (2001) using the estimated population
size and the number of negative results. Free @ais Vet Animal Health Services 2002) was
used to calculate the probability of freedom froisedse (or in this case, absence of the parasite)
per Cameron and Baldock (1998) using expected [mewe, estimated population size, and

sensitivity and specificity of the diagnostic test.
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Results

Three hundred two wild canids representing 38 deanwere examined for the presence
of E. multilocularis. Echinococcus multilocularis was found in one coyote from Calhoun County
in southern Michigan in this study. The parasigswiot found in any of the gray foxes or red
foxes examined. Other species of helminths werevered from 89.5% of animals examined.
Additionally, E. granulosus was recovered from one of two gray wolves fromUipper

Peninsula examined to validate the method useprfmessing intestinal tracts.

Specimen collection and processing

Four hundred ten wild canids (329 coyotes, 45 ¢pags and 36 red foxes) were
collected between December 2009 and April 2012y @8% provided by hunters, trappers and
fur buyers and 17% obtained through non-harvesnsi€eable 6). Fur buyers were the greatest
sources of animals, providing over half of the aalsicollected. Collection preference was
given to coyotes originating from the central andteern Lower Peninsula, although gray and
red foxes were also collected when they were availaBecause the method of processing
intestinal tracts is very time consuming, not aihaals collected were examined tor
multilocularis. All gray foxes and all useable red foxes weraneixed. Eight animals collected
were determined to be insufficient based on therdetted condition of the intestinal tract.
Preference for processing intestinal tracts wasrgte coyotes from the south and central
counties of the Lower Peninsula although a smathlmer of coyotes from the Upper Peninsula

and northern Lower Peninsula were examined.
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Table 6. Coyotes and foxes collectedEomultilocularis survey by species and by season.
Animals collected as "other" were obtained from WIDINR or USDA personnel.

Season Coyote Gray Fox Red Fox  Total (Po)
2010 214 9 18 58.8%
2011 83 5 11 24.1%
other 32 31 7 17.1%

Total (%) 80.2% 11.0% 8.8% 100%

Two hundred twenty three coyotes, 45 gray foxes3hked foxes were examined for the
presence oE. multilocularis in Michigan. Ninety-eight percent of the animalamined came
from 36 of the 68 counties (53%) in the Lower Psala and 2% of the animals came from 2
(13%) of the 15 counties in the Upper Peninsul# wie majority (84%) originating from the
south and central Lower Peninsula. Location tatpwas provided on 99% of the animals
examined and 80% had a specific enough locatianékan and range could be determined. Of
the 3 animals for which no specific location datxevprovided, the region of the state (i.e.
southwestern Lower Peninsula, northwestern LowairBela, Upper Peninsula) from which the
animal came was known. The largest number of dsimaamined were adult female coyotes

(34.4%) followed by adult male coyotes (25.8%) ([€ab).

Intestinal tract processing

Processing of intestinal tracts began during lpteng of 2011 and concluded in August
of 2012. All intestinal tracts processed afterudag 2012 (73.5% of the total sample) were done
by the sedimentation and counting technique (SC3dified to include a screen cap in the lid.
Intestinal tracts processed prior to this date vderge using the SCT (23.9 %) or while

developing study protocols (2.6%) as previously tioeed (i.e. 97.4% were examined via
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Table 7.

Coyotes and foxes examinedHomultilocularis by species, sex and age class.

Coyote Male Female Unknown Total (%
Juvenile 12 25 0 16.6%
Adult 78 104 0 81.6%
Unknown 1 3 0 1.8%
Total (%) 40.8% 59.2% 0.0% 100%
Red Fox Male Female Unknown Total (%
Juvenile 1 1 0 5.9%
Adult 11 19 0 88.2%
Unknown 1 1 0 5.9%
Total (%) 38.2% 61.8% 0.0% 100%
Gray Fox Male Female Unknown Total (%
Juvenile 10 9 0 42.2%
Adult 10 14 0 53.3%
Unknown 1 0 1 4.5%
Total (%) 46.7% 51.1% 2.2% 100%

at least the gold standard test). The SCT modifighl the screen cap was preferred as this
method provided extra assurance that minute pasasibuld not be poured off while decanting.
Using this modification, parasites less than 0.5 werne recovered, including metacercariae of
Alaria sp. and another species of digenetic trematodenilide identified in the future. This
method was further validated by processing intestiacts from two gray wolves from the
Upper Peninsula, wheke granulosus is known to occur. Tens of thousands of proglstand
hundreds of scoleces from adHltgranulosus were recovered from one of these wolves from
Gogebic County.

Mean intestinal tract length (+ standard deviatioppecies was 3.2 m (+ 0.3) for

coyotes, 2.1 m (+ 0.3) for gray foxes and 1.5 .@) for red foxes. The number of times
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required for a specimen to clear sufficiently trgbuhe SCT process of sedimentation, decanting
and repeating (one cycle) ranged from 2 to 9 cyafesvaried based on the length of the
intestinal tract and the amount of ingesta presériestinal tracts that contained massive

amounts of hair and organic material required nogades to clear sufficiently.

Recovery of parasites

Echinococcus multilocularis was confirmed in 1 (0.33%) of the 302 animals exaich
The parasite was identified from an adult femalgote from Calhoun County, harvested on
01/19/2011. Prevalence Bf multilocularisin coyotes as a result of this study was 1.54%5(1/
in Calhoun County and 0.46% (1/219) in the LowemiRgula population. One scolex from an
adult worm was recovered from this animal. Dughtosmall piece of material present, the
scolex was assayed by PCR and confirmed té. lnaultilocularis. Strain typing on this small
fragment ofE. multilocularis was unsuccessful. The identificationEofgranul osus recovered
from one gray wolf similarly was confirmed by PCRdastrain typed as the North American
cervid strain (G8).

Additionally over 5,800 individual helminths werecovered from the coyotes, red foxes
and gray foxes processed, ranging from minute @étietrematodes approximately 1 mm or less
in size to lengthy cestodes of which hundreds oglamttids were present. The greatest
proportions of helminths found were digenetic treadas (48.3%), followed by cestodes
(32.8%) and nematodes (18.9 %). Of the 302 animasmined, 89.5% had at least one
helminth present in the small intestine. By spgc®®.6% of coyotes, 86.7% of gray foxes and

82.4% of red foxes had at least one helminth ptgJele 8)
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Table 8. Number of coyotes and foxes examined bmtyoand species fd&t. multilocularis including the number and percentage of
animals in which at least one helminth was fountheaxsmall intestine.

Coyotes Gray Foxes Red Foxes Total
Number with Number with Number with Number with
Number >1 Helminth  Number >1 Helminth  Number >1 Helminth Number >1 Helminth
County Examined Present (%) Examined Present (%) Examined Present (%) Examined Present (%)
Upper Peninsula (UP)
Gogebic 4 2 (50%) 4 2 (50%)
Menominee 1 1 (100%) 1 1 (100%)
Total UP 4 2 (50%) 0 0 1 1 (100%) 5 3 (60%)
Lower Peninsula (LP)

Allegan 25 22 (88%) 2 2 (50%) 6 5 (83%) 33 28 (859
Antrim 12 8 (67%) 12 8 (67%)
Benzie 1 1 (100%) 1 1 (100%)
Branch 25 24 (96%) 25 24 (96%)
Calhoun 65 60 (92%) 6 6 (100%) 6 6 (100%) 77 724p4
Cass 1 1 (100%) 1 1 (100%)
Charlevoix 3 3 (100%) 3 3 (100%)
Cheboygan 1 1 (100%) 4 2 (50%) 5 3 (60%
Clare 1 1 (100%) 2 2 (100%) 3 3 (100%
Clinton 15 14 (93%) 15 14 (93%)
Crawford 1 1 (100%) 1 1 (100%)
Eaton 5 5 (100%) 5 5 (100%)
Gladwin 1 0 (0%) 1 0 (0%)
Grand Traverse 2 2 (100%) 2 2 (100%
Ingham 7 7 (100%) 1 0 (0%) 2 1 (50%) 10 8 (80%
Isabella 1 1 (100%) 1 1 (100%)
Jackson 4 4 (100%) 4 4 (100%)
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Table 8. (cont'd)

Coyotes Gray Foxes Red Foxes Total
Number with Number with Number with Number with

Number >1 Helminth  Number >1 Helminth  Number >1 Helminth Number >1 Helminth

County Examined Present (%) Examined Present (%) Examined Present (%) Examined Present (%)
Lower Peninsula (LP)

Kalkaska 1 1 (100%) 1 1 (100%)
Kent 12 11 (92%) 4 4 (100%) 10 8 (80%) 26 23 (88%)
Lake 1 1 (100%) 1 1 (100%)
Leelanau 3 1 (33%) 3 1 (33%)
Lenawee 1 0 (0%) 1 0 (0%)
Livingston 1 1 (100%) 1 1 (100%)
Mecosta 19 16 (84%) 19 16 (84%
Monroe 1 1 (100%) 1 1 (100%)
Montmorency 4 4 (100%) 4 4 (100%)
Newaygo 3 3 (100%) 3 3 (100%) 1 1 (100%) 7 7 (100%)
Oakland 1 1 (100%) 1 1 (100%)
Oscoda 1 1 (100%) 1 1 (100%)
Otsego 2 2 (100%) 1 1 (100%) 3 3 (100%)
Ottawa 8 8 (100%) 2 2 (100%) 3 3 (100%) 13 13 (1p0%
Sanilac 1 0 (0%) 1 1 (100%)
Unknown - SW
County 2 2 (100%) 1 1 (100%) 3 3 (100%
Tuscola 1 1 (100%) 1 1 (100%)
Washtenaw 1 1 (100%) 1 1 (100%
Wayne 6 6 (100%) 6 6 (100%)
Wexford 4 4 (100%) 4 4 (100%)
Total LP 219 199 (91%) 45 39 (87%) 33 28 (85%) 297 266 (90%)
Total 223 201 (90%) 45 39 (87%) 34 28 (82%) 302 269 (89%)
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Discussion

The objectives of this study were to determine alence of. multilocularisin wild
coyotes and foxes in Michigan and use the datacteld to determine if significant differences
in prevalence occurred amongst geographic regmrsetween sex or age classes of the
definitive host. Because the parasite was four@hlg one animal, such comparisons were not
possible. However, this data can be compared pagh surveillance in the state, used as a
baseline for future research, and can aid in asgg#®e level of risk for human infection.
Prevalence found in this study was lower than wiest expected based on previous research in
Michigan and nearby states (Ballard and Vande V1888, Ballard 1984, Storandt and Kazacos
1993, Storandt and Kazacos 2012). Several exjpensafior the low prevalence are discussed
below including how study design and ecological andironmental factors may have

influenced the prevalence found.

Historical prevalence

The earliest focus d&. multilocularisin the contiguous United States was found in the
Dakotas in the early to mid-1960’s (Leiby and OI4864). The means by which the parasite
became established in the north central regioh@finited States from endemic areas in the
Arctic tundra are unknown, but likely occurred bg hatural movement of wild canids or
through importation of domestic dogs (Rausch 18&4sch and Richards 197 1[chinococcus
multilocularis is hypothesized by several researchers to haead@cross north central North
America in a southeast direction over time basebaih negative and positive surveillance

results from several states (Figure 14) (Hildrethle1991, Storandt and Kazacos 1993, Storandt
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et al. 2002, Storandt and Kazacos 2012). Surneilan the 1960’s identified the parasite east
of the Dakotas in Minnesota and lowa, but not ®wkest in Montana until the late 1970’s
(Leiby et al. 1970). Subsequently in the early@8&he parasite was detected in Nebraska,
Wisconsin and lllinois, and in the early 1990’scentral lllinois and Indiana, north central Ohio
and southern Michigan (Ballard and Vande Vusse 1B&Bard 1984, Storandt and Kazacos
1993). The parasite may have become establisheeWrareas, including Michigan, through the
natural movement of hosts, specifically coyotes faxés, or by the translocation of wild canids
for hunting enclosures (Hildreth et al. 1991, Stoiteand Kazacos 1993, Jones and Pybus 2001).

In several states when subsequent surveillancearaducted approximately 10 years
after the initial finding oE. multilocularis, an increase in prevalence was observed. For
example, prevalence increased from 0 to 4.1% itsyin Montana, and in red foxes from 5.1
to 51.3% in Minnesota, from 27.8 to 37.5% in Nekaa®nd from 0.5 to 88.9% in South Dakota
(Leiby et al. 1970, Vande Vusse et al. 1978, Bdllmd Vande Vusse 1983, Seesee et al. 1983,
Hildreth et al. 2000, Storandt and Kazacos 20E)hough this trend appears to be reversed in
lllinois red foxes, during the latter survey thengde size (4 animals) was inadequate to conclude
that prevalence had truly decreased in the stateas expected that over time the parasite
would increase in geographic distribution and plewvee across North America due to adequate
populations of host species and by translocatidoxas and coyotes from infected areas to non-
infected areas (Hildreth et al. 1991, WHO/OIE 208thrandt and Kazacos 2012).

Based on the predicted geographic expansion gidhesite and the amount of elapsed
time since the last known surveillance in the Midty& was expected that the current
prevalence in Michigan would be comparable to thmseiously found in nearby states, 14.9-

35.3% in coyotes and 12.8-27.3% in red foxes ($ttirand Kazacos 1993). During the final
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Figure 14. Prevalence in coyotes and red foxesrasudt of previous surveillance f&r multilocularisin North America. Text in red
indicates prevalence in red foxes and text in bideates prevalence in coyotes (Leiby and Olsedd18eiby et al. 1970, Vande
Vusse et al. 1978, Ballard and Vande Vusse 19835egeet al. 1983, Ballard 1984, Storandt and Kaza@83, Hildreth et al. 2000,

Storandt et al. 2002, Storandt and Kazacos 2012).
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year of this project, prevalence values in Michigallected in the early 1990’s by Storandt and
Kazacos (2012) became available, with prevalen@¥®in gray foxes (0/9) and coyotes (0/46)
and 5.6% in red foxes (4/71) in the Lower Peninsud 0% in gray foxes (0/2), coyotes (0/8)
and red foxes (0/26) in the Upper Peninsitahinococcus multilocularis has not been found in
the Upper Peninsula (although sample sizes in thaghand the aforementioned study were

small); therefore discussion will focus on the Loweninsula.

Prevalence in Michigan

Echinococcus multilocularis has only been documented in one gray fox in NArtterica
and based on negative surveillance results herénasttier studies (Table 4) it appears that this
parasite is not common in gray foxes in North Arceier in Michigan.Echinococcus
multilocularis was not found in any of the forty-five gray fox@samined from 20 counties in the
Lower Peninsula in this study (Figure 15). The mmam possible prevalence based on these
results calculated per Thursfield et al.(2001 eiatively low (6.4%) in this species (Table 9). A
larger sample size of gray foxes would have beguired (n=82) to conclude that this parasite
does not occur in this species in the state baged an expected prevalence of 5.6% (that
previously found by Storandt and Kazacos (2012gdhfoxes in the state) (Table 9). Although
they can serve as a definitive host, based onrigatsurveillance records, gray foxes are
probably not important in maintaining the life oya@fE. multilocularis in Michigan or in North
America.

Thirty-three red foxes were examined from 11 casin the Lower Peninsula resulting

in 0% prevalence (Figure 16). In previous sunigysStorandt and Kazacos (1993) and Storandt
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and Kazacos 1993, Storandt and Kazacos 2012)

Figure 15. Total number gray foxes sampled by gptortE. multilocularis, with counties wher&. multilocularis has been identified
in red foxes and coyotes in this and previous sllawnee activities highlighted. The location to ey for one gray fox is unknown

50



Table 9. Comparison of results of this study witeyous surveillance in the Lower Peninsula of Niyeim, maximum possible

prevalence and probability of freedom from disgage absence of the parasite) at the 95% confeléawe| (Cameron and Baldock
1998, Thursfield et al. 2001).

Lower Number
Peninsula Positive/ Prevalence by Maximum Probability of freedom from
Population Number Storandt and Possible disease (i.e. absence of the
Species Estimate* Sampled Prevalence Kazacos (2012) Prevalence parasite)
Gray Fox 3000 0/45 0.0% 0.0% 6.4% Inadequate sasipde
Red Fox 6900 0/33 0.0% 5.6% 8.7% Inadequate sasigee
Coyote 35000 1/219 0.5% 0.0% Prevalence is > 0.46% bat2.2%

* Since population sizes for foxes and coyotes uaiguantified for Michigan, a portion of the yeahligrvest representative of the

animals harvested in the Lower Peninsula was w@ssidiming at a minimum, the population would be Etguéne number of animals
harvested (i.e., this was a conservative estimate).

51



and Kazacos (2012, multilocularis was identified in red foxes in the south and antr
Michigan counties of Cass (1/36), Kalamazoo (1) Elontcalm (2/20), and in red foxes in
Fulton County, OH (5/16) and an unspecified cani&teuben County, IN (1/3) which border
Michigan to the south. Overall prevalence deteedihy Storandt and Kazacos (2012) in the
Lower Peninsula in red foxes was 5.6%. The catedlanaximum possible prevalence (8.7%)
and prevalence found by Storandt and Kazacos (20&2till lower than what was previously
found in other, nearby states (12.8-27.3%) (Stdrand Kazacos 1993). The sample size in this
study was too small to confirm thiat multilocularis still occurs in red foxes in the state. Based
on previous prevalence and the maximum possiblaferce E. multilocularis might still occur
in red foxes in the state but has probably noteased substantially over time; however a larger
sample of red foxes would need to be examined néiroo these conclusions.

Coyotes were the greatest number of animals exahmméh 219 animals being
examined from 22 counties in the Lower Peninsuiguife 17). Prevalence in coyotes as a result
of this study is 0.46 % in the Lower Peninsula ari#t % in Calhoun County. The positive
coyote found in this study was from Athens Townshipich is in the southeast corner of
Calhoun County. Prevalence in coyotes in neatdtes has ranged from 14.9 to 35.3%, and as
high as 44.4% in South Dakota (Storandt and Kaza864, Hildreth et al. 2000). The parasite
was not found in any coyotes in Michigan during pinevious survey by Storandt and Kazacos
(2012), which may have been influenced by sampke @nd distribution. Of the 46 coyotes that
they examined from the Lower Peninsula, the maj¢81L%) came from 2 counties in the
northern portion of the peninsula. If the paradittoccur previously in coyotes in Michigan, it
may have been missed due to the smaller samplasizéhe low prevalence or lack of

specimens from the southern Lower Peninsula.
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| Negative 1
B Positive (coyote) 77 %
Positive (red foxes per previous surveillance lyr&tdt 3 | 10
and Kazacos 1993, Storandt and Kazacos 2012) ‘ ‘ 1
2

—

Figure 16. Total number red foxes sampled by cotortf£. multilocularis, with counties wherg&. multilocularis has been identified
in red foxes and coyotes in this and previous sllanee activities highlighted.
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and Kazacos 1993, Storandt and Kazacos 2012) r—
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Figure 17. Total number coyotes sampled by coumtizfmultilocularis, with counties wher&. multilocularis has been identified in
red foxes and coyotes in this and previous suargh activities highlighted. The location to cquiair 2 coyotes is unknown.
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Coyotes were the focus of this study and therejoeatest effort was made in collecting
specimens of this species. Red and gray foxes mvere difficult to obtain than coyotes when
collecting at fur buyer operations, perhaps a ctifl@ of the decrease in harvest in red fox and
the increased harvest of coyotes. A larger sawmipdeay and red foxes might have been
collected with increased effort and would have beetessary to increase our level of
confidence in results when drawing conclusions apoevalence in these species in the state.

It is not surprising thaE. multilocularis would be found in a southern county based on
the hypothesized spread of the parasite and whbealibeen previously identified in wild
canids. However, the parasite was also prediaaptead north into Michigan and based on the
expansion of the parasite’s range and trends oéasing prevalence over time, it was expected
that this would be reflected in the results of stisdy (Storandt and Kazacos 2012). It appears
that based on this study and previous work, prexaldas historically been low and remains low

in Michigan.

Influence of study design

The design of this study was modeled after pubtisheveys foE. multilocularis and
recommendations made by the WHO/OIE (2001) utdjzmanter harvested canid samples
collected during the fall and winter trapping anohting seasons and processing intestinal tracts
according to guidelines considered to be the g@lddard (Hofer et al. 2000, Eckert 2003, Sreter
et al. 2003, Deplazes et al. 2004, Siko et al. 20Although sample size of coyotes in this study
was adequate to provide a high level of statispcaver, the method of sampling (convenience
sampling) has the potential to create biases adres assumptions be made in order to

extrapolate or interpret results to the entire patan.
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One such assumption is that all animals were htaded random and that all animals in
the study population had an equal chance of emgt¢hne sample. Another assumption is that the
study population, and in this case the parasitedetributed homogenously across the
landscape. Convenience sampling likely does rmtige a true representation of the study
population and canid species will be distributecmhabitat and food sources are available.
Echinococcus multilocularis which exhibits spatial heterogeneity and can lbmdoin one county
but not in an adjacent county and prevalence caharaong areas as small as a few hectares
(WHOI/OIE 2001).

Specimens collected fé&. multilocularis surveys are collected through hunting, trapping,
euthanasia due to abnormal behavior or from anifoalsd dead, and biases associated with this
method of collection can occur (Conner et al. 200Dihe bias associated with convenience
sampling is the susceptibility or insusceptibilifyinfected animals to being harvested. For
example, a disease that may cause abnormal behawaoranimal may contribute to an animal
being less alert and more easily harvested. Ootther hand, a disease that causes an outwardly
sick appearance may deter hunters or trapperstakimg the animal and decrease chances of
being harvested. In these instances, prevalengdmaverestimated or underestimated.
Echinococcus multilocularis is not known to impact its canid host by causibgamal behavior
or causing an animal to appear unhealthy and thierefould not be expected to create this bias.

Eleven percent of the animals collected in thislgtrere found sick or dead by the
public and submitted to the DNR, WDL for generatnopsy, the majority (65%) of which were
gray foxes. Animals afflicted with an illness (buas canine distemper) might be less likely to
display normal behavior and/or consume a typicet, dvhich could potentially influence their

likelihood of becoming infected. Adul multilocularis live for several months in the canid
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host and an animal could become infected prioetming ill; however these animals could
potentially lead to an underestimation of prevaéenc

Convenience sampling of hunter harvested animal<iate biases associated with
seasonality of specimen collection including seaktinctuations in prevalence (Conner et al.
2000). Seasonal trends in prevalencE.ofultilocularis occur, with highest prevalence in both
intermediate and definitive hosts being observesping and summer and lower prevalence in
fall and winter (Kritsky and Leiby 1978). Leiby Rritsky (1974) examined over 5,600 deer
mice from North Dakota between 1965-1972 and faiechighest seasonal prevalence observed
in spring (6.5%) and summer (5.5%), followed by (212%) and winter (2.0%). Subsequently,
Kritsky and Leiby (1978) examined over 1,100 rexe®from North Dakota between 1965-1972
finding the highest average prevalence correlatiitly that found in deer mice, with highest
prevalence in the spring (25.3%) and summer (32.881tpwed by fall (13.7%) and lowest
prevalence in the winter (6.4%). Most animals pted by hunters and trappers were collected
from November through early March, correspondinthwitime of year when prevalence is
known to be lowest, which might contribute to addéticulty in sampling infected animals.

Spatial distribution of samples may also influepoevalence and when convenience
samples are used obtaining specimens from spgefigraphic areas can be difficult. In similar
surveys when data per county were listed, only allsmmber of animals per county were
sampled for most counties. Coyotes and foxes deliidoy Storandt and Kazacos (2012) were
patchy in distribution with as few as one specirtteas high as 37 specimens per county being
collected. In surveillance in lllinois and Nebradky Ballard and Vande Vusse (1983) 76 red
foxes were examined from 23 counties. In lllindigliana, Ohio, Michigan and Wisconsin

when the number examined per county was providsd,than 5 animals per county were
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examined in over 60% of the counties and in onlyd%he counties were 20 or more animals
examined (Ballard 1984, Storandt and Kazacos 19&8andt and Kazacos 2012). In this study,
5 or fewer animals were collected and processead 8% of the counties sampled, and from
11% of the counties 20 or greater animals werega®ed. In 42% of the counties sampled, only
one animal was collected. Attempts to collectrgdanumber of coyotes and foxes per county,
particularly in southern Michigan were unsuccessfdilinters and trappers that provided
carcasses in this and other studies were likelitduinto a specific geographic area where they
hunt and trap. Depending on the size of the dhesanimals trapped and hunted may represent
family groups or animals that live in close proxiyrtio one another, and thereby be more apt to
share diseases and parasites, or be free of dssaadearasites, if distribution is spatially
heterogeneous with isolated geographic foci.

The task of finding this parasite becomes even rdifieult since prevalence can vary
significantly within small geographic areas (WHOER001). The patchy distribution of
animals collected could lead the researcher to Eaim@reas where the parasite does not occur
causing prevalence to be underestimated or to samplreas where the parasite is highly
clustered, causing prevalence to be overestimddesigning a study with specific study
locations and animals being collected by the reseaircould still easily miss this parasite,
unless it was known to occur in the area being $asinpConvenience sampling, although having
the potential to create biases, is the most efftaieeans of obtaining a large number of animals
across a wide geographic range, while exertingmmahieffort and expense.

The method used for processing intestinal trad@slj{Shas high specificity and
sensitivity; although when only a small number @irms are present, the ability to detect the

parasite may decrease and parasites could be ddoaith the supernatant or accidently
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removed with the intestinal tract (Karamon et 8lL@). Karamon et al. (2010) evaluated the
SCT by processing small intestines experimentaligated with a known number &f
multilocularis adult worms and found when 30 or more worms weesgnt, the ability to detect
the parasite was 100%, but dropped to 60% detewatian 10 or fewer worms were present.
The SCT remains the acknowledged gold standarcieseven with alternative methods, when
only a small number d&. multilocularis were present, they could be lost during stepken t
processing.

The low prevalence found in this study is not bedebto be attributed to the intestinal
tract processing, although if worm burdens werellsm#s possible that parasites could have
been lost during the sedimentation and decantatiocess. However, the oBemultilocularis
parasite recovered was only a scolex of an aduinythousands dE. granulosus proglottids
and hundreds of scoleces were recovered from otieafolves examined and numerous
scoleces from other cestode species, as well aselig trematodes as small as 1 mm in
diameter were recovered. Given that these arsaime size or smaller th&multilocularis, it
is unlikely thatE. multilocularis infections were missed due to the processing pobto
Additionally, careful examination was made wherestinal villi resembled what could have

been deformed worms or proglottids.

Ecological and environmental influences

AlthoughE. multilocularis occurs in Michigan, contrary to apparent trendsthrer
states, prevalence has remained relatively lonedi®ing first documented in the 1990s.
Ecological or environmental changes may have oedugading to unfavorable conditions for

the parasite to increase in prevalence and disitoiou ForE. multilocularisto persist definitive
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and intermediate host species must be presenngrddtions between the two must occur (e.qg.
mice must be exposed to contaminated vegetatiofoaim$ects, canids must consume infected
mice). The complex life cycle of this parasiteurgs multiple hosts working in concert and
environmental conditions favorable to egg survivabth the intermediate rodent host as well as
the adult worm in the definitive host is short iveequiring interactions between the hosts to
continue during a relatively short period of tinseeral months) under specific conditions in
order for the cycle to continue.

The influence of landscape changes in prevalenée mbiltilocularis is restricted to the
extent at which it affects the abundance and bigtions of hosts. When habitat is supportive of
high densities of intermediate and definitive hpptgvalence is expected to be higher (Leiby
and Kritsky 1974). Anthropogenic landscape chamge® favored increases in coyote
populations and abundance, inadvertently leadirdgtdines in red fox populations (Whitaker
2001, Gompper 2002, Gosselink et al. 2003, Lewl.€2012). Changes in abundance of these
two species have occurred over the last 20-30 ysenigentally around the same time that the
last surveillance efforts &&. multilocularis in the United States were conducted. Subsequent
studies have not been conducted to determineethn@ in red foxes could influence prevalence

of E. multilocularis.

Prevalence was not consistently higher in one sgamrer another when both red foxes
and coyotes were examined in the same study. ¥amgle, Storandt and Kazacos (1993, 2012)
found higher prevalence in coyotes (14.9%, 28.6% in red foxes (12.8%, 16.4%) from
Indiana and Ohio respectively. Hildreth et al.q@Pfound higher prevalence in red foxes
(88.9%) than in coyotes (44.4%) in South Dakotaghldr prevalence was also observed in

North Dakota red foxes (13.9%) as compared to @sy(8.3%) (Leiby et al. 1970). These
60



studies, conducted at least twenty years ago, tladdress population dynamics nor do they
indicate if one species was more abundant thaottiex. In a recent survey of intestinal
helminths of coyotes in Alberta, Cana@amultilocularis was found in 25.3% of the animals
examined (Catalano et al. 2012). However, spedgsamics differ from Michigan and
although coyote densities are high, red foxes lads@been increasing in abundance and
distribution (Alberta Swift Fox Recovery Team 200T) the absence or reduction of red foxes,
certain life history traits of coyotes might lintteir ability to maintain a high prevalencetof
multilocularis.

Dietary preferences of coyotes might limit prevakeand because the adult worm is
short lived in the canid host, consumption of addal infected rodents needs to occur in order
for infections to be maintained. Coyotes and nedl gray foxes have similar feeding habitats,
although coyotes may consume rodents less frequéimén foxes. A review of the literature of
coyote stomach content analyses from over 17 dtgteéandry and Van Kruiningen (1979)
found rabbits were the primary food source, folldviag carrion and then rodents. Other studies
on stomach contents have found hare and small toeerains constituting 20-33% and 18-23%
of contents respectively, while carrion, includohger can make up a significant portion of the
diet (3 to 48.6%), becoming more important duringter months (Bekoff 1978, Baker 1983).

In lllinois coyotes, Gehrt (2006) found small rotketo be the most common food item (42%),
with voles being the most common rodent found. rli22%) and rabbits (18%) were the next
most common food items observed (Gehrt 2006). iltew months, carrion, deer, livestock and
hare are important food sources, while in the summiee, birds, rabbits and plant material
comprise a higher portion of the diet (Bekoff 1978abbits and rodents were found as the

dominant food items in a review of the literaturestbomach content analyses of red foxes from
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15 states (Landry and Van Kruiningen 197B)entification of other parasites recovered from
nearly 90% of foxes and coyotes examined in thudystmay provide insight into the dietary
habits of these canids based on the intermediats lob these other parasites. For example,
50.7% of the coyotes examined had tapeworms theaago be eitheFaenia pisiformisor T.
hydatigena, based on initial morphological identification jther of which uses a rodent
intermediate host but rather rabbits and whitesthdeer respectively. Only 5.8% of the red
foxes examined were infected with these same pasasi

While coyote and red fox family units are compagahlsize (8-10 animals) home range
sizes are up to 8 times larger for resident coyates30 times larger for non-resident coyotes
than those of red foxes (Table(Baker 1983, Gehrt 2006, Gehrt et al. 2009). @eyand
foxes defecate along trails, roads and regulaetnautes, around territory borders and near dens
or bedding sites and feces may accumulate in theses (Elbroch 2003, Gehrt 2006). Although
coyotes could be responsible for transporting tragite greater distances the increased mobility
of this species may result in feces being distadunhore widely across the landscape, leading to
a lower concentration of feces containing eggsetiyvedecreasing exposure and infection in
rodents.

Infection with a small number of adu#t multilocularis in the canid host would also
decrease the potential for environmental contananatOnly one scolex from an adult worm
was recovered from the positive coyote in this gtuBased on research by Karamon et al.
(2010), if coyotes or foxes in this study harbonemm infections of 30 worms or greater, the
parasite would have been detected. If foxes agdtes in Michigan harbor low worm
intensities, fewer eggs will be deposited intoengironment, leading to a lower degree of

contamination, resulting in fewer rodents becomirigcted.
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Similar to canid populations, composition of rodpapulations has changed. Myers et
al. (2009) hypothesized that climate change isihegptb the replacement of the deer mouse by
the white-footed mouséd>éromyscus leucopus) in the Great Lakes Region, including Michigan.
Through the study of museum records and captutkestwf woodland mammal species dating
back to 1883, Myers et al. (2009) have found thatwre rates of white-footed mice in the
northern Lower Peninsula have nearly doubled dineearly 1980’s, while capture rates of deer
mice have experienced a 5 fold decrease, corrglatith shifts in relative abundance of both
species. In previous surveys Brnmultilocularis, eastern meadow voles and deer mice were
abundant and present across a wide geographic,randevere considered the main intermediate
hosts, with little mention of the white-footed meus.eiby and Olsen 1964, Leiby et al. 1970,
Rausch and Richards 1971, Kritsky and Leiby 1976ndeed the white-footed mouse has
replaced the deer mouse in Michigan, it is unclgaat, if any, affect this may have on
transmission dynamics & multilocularis. The white-footed mouse has not been thoroughly
examined as a host f& multilocularis (only 13 mice were examined and found negative)iand
is unknown what impact changes in rodent speciagposition may have on the distribution of
the parasite (Leiby et al. 1970).

Rodent populations can experience fluctuatiosetan weather, abundance of
resources and predation and some species, sucteas fluctuate in regular cycles (Baker 1983,
Witmer and Prouix 2010). Kritsky and Leiby (1978)nd prevalence ranges from 7.7 to 59.1%
in red foxes in North Dakota over an 8 year stueyqa, with higher prevalence correlated with
high population levels in both host species. Twe prevalence found in this study may have

been a factor of sampling during a low in rodentydations. Fewer rodents in the environment
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becoming infected and available as a food sourceyotes and foxes could make the cycle
more difficult to maintain.

Echinococcus multilocularisis a parasite of northern latitudes and cold antperate
regions (WHO/OIE 2001). Yearly and seasonal viamatin temperature and relative humidity
as well as local climate could influence prevaleacd lead to variability of prevalence between
years and geographic locations. EggE.afhultilocularis can survive for up to a year in a cool,
moist environment, but with higher temperatures lamger humidity, survival time is reduced.
At 4°C, E. multilocularis can survive for 16 months in water (WHO/OIE 200¥Yhen
temperatures are increased to 25°C and at 27%veslaimidity, survival time is decreased to 2
days, and is reduced to 2 hours at 45°C at 15%welaumidity (WHO/OIE 2001). Myers et al.
(2009) have attributed climate change and warnmengperature in the Great Lakes Region to an
increase in historically southern small mammal sgsecommon opossuridephis virginiana;
eastern chipmunk3amias striatus; southern flying squirrelsGlaucomys volans; white-footed
mice) with a simultaneous decrease of some of e morthern small mammal species
(northern subspecies of deer mice; least chipmurdmias minimus; northern flying squirrels,
Glaucomys sabrinus; southern red-backed volédyodes gapperi, woodland jumping mice
Napaeozapus insignis). Impacts of weather and climate change on peexa ofE.

multilocularis should be explored.

Recommendations for future research
Understanding how host population dynamics haveentced prevalence &
multilocularis in North America should be addressed. Perhapeethéox is the maintenance

host and the coyote is a spillover host, requirgdyfox densities to occur above a certain
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threshold in order for the parasite to persiste Worldwide distribution oE. multilocularis
overlaps with the range of the red and Arctic foard presumably one or both of these fox
species would be present whé&anultilocularis is found (WHO/OIE 2001, University of
Michigan 2012). Studies on prevalence when bottotas and red foxes are present and
abundant should be compared to studies where cogodeabundant but red foxes are absent or
reduced in numbers. Surveillance in states wheregience has been historically high could be
conducted to determine what prevalence is now,endgo examining if changes in species
composition have occurred. The white-footed malsrild also be examined as a potential
host, either experimentally or through surveillance

Harvested animals present the best opportunitgdorpling and thousands of specimens
are potentially available for use in research mtsje To obtain a greater number of samples, a
much larger scale effort would have to be undertakguiring extensive manpower and
funding. Individuals willing to collect and stospecimens in various locations would be
required. State natural resource agency fieldedficould serve as potential collection and
storage sites for specimens; however with limitadf &nd other job priorities, unless this
collection was given a priority by the agency,atutd not be accomplished. If whole carcasses
were being collected, they could be frozen, howevest collection sites do not have the
capacity to freeze numerous carcasses. Intestaws could be collected if collectors were
provided with the proper PPE and the ability tese samples until they could be collected.
Although the possibilities exist, the biggest obkta would be manpower and funding; thus,
surveillance for this disease would need to berghigh priority, which is unwarranted in
Michigan at this time due to the low prevalencédfinitive hosts in the state and the rare

occurrence of zoonotic infections.
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Public health implications

Alveolar hydatid disease, caused by infection \Etimultilocularis in humans, can lead
to serious disease with high fatality rates (50-y@¥%en after treatment, which often involves
invasive surgery and long term chemotherapy (Hildet al. 1991, WHO/OIE 2001). With
increases in red fox distribution and abundandeurope and Asia, there is concern that
infections in humans are increasing (Deplazes. &08l4, Pleydell et al. 2004, Konig et al. 2005,
Eckert et al. 2011). For example in Switzerlandjdence rates of alveolar hydatid disease have
increased from 0.10 to 0.25 per 100,000 over thielld-15 years, corresponding with increases
in red fox populations (Eckert et al. 2011nfections in humans in North America are rare and
given the low prevalence in wild canids in Michig#me risk to public health is minimal. Despite
the low risk of exposure, because infections in dasncan cause serious disease and precautions
to prevent exposure are inexpensive and requireémalreffort, it is recommended that they be
taken by those handling wild canids.

This study represents the first findingEefmultilocularis in a Michigan coyote. Coyotes
have increased in abundance and will reside in bdthn and rural areas and will utilize space
in close proximity to humans, potentially contanting backyard gardens and vegetation.
Coyotes will consume watermelon and other fruipstsuggesting the possibility for fecal
contamination of vegetation and gardens in rur@hswhere coyotes may feed upon backyard
gardens (Chamberlain et al. 200@Y.esh fruits and vegetables should be washed tarior
consumption to remove any eggs of this or otheag#es. Infection in urban and suburban
coyotes could result in infected rodents in clgeeximity to human residences and therefore
more easily preyed upon by domestic dogs and datareas where domestic pets and wild

animals share space, dogs and cats can be givemeéminthic medication to eliminate
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gastrointestinal parasites and reduce potentiad®xe to pet owners. Coyotes also represent the
largest number of wild canids harvested in Michig&tunters, trappers and fur buyers when
handling wild canids should avoid hand to mouthtaon(e.g. eating, smoking) wear disposable
gloves and wash their hands thoroughly when firdsHe addition clothing and/or footwear

could be designated for use specifically when hagdhese animals. Finally, knowledge that

the parasite occurs in Michigan needs to be comeatril to those most likely to encounter this
parasite so they can choose to take the propeaytiens. In May of 2013 an article was
published in the Trapline, a newletter distribubydthe MTPCA, indicating that the parasite had

been found in Michigan and outlining precautioret ttould be taken to reduce exposure.

A note on E. granulosusin Michigan

Although surveillance foE. granulosus was not a part of this study, adult worms were
recovered from one of two gray wolves examined ftbenUpper Peninsula of Michigan. The
parasite is known to occur in Michigan but the jatemce at which it occurs in the gray wolf
population is unknown. Additionally, a coyote pexamined for routine necropsy in August
2013 from Delta County in the Upper Peninsula veas# infected with numerous adéit
granulosus worms. This animal was not part of this reseg@rcject; however these findings are
worth mentioning and this species of parasite nepresent at a much higher prevalence in the
state tharkE. multilocularis. Gray wolves and coyotes are routinely handletienUpper
Peninsula by wildlife biologists and other wildlfeorkers as part of research projects and
euthanized on depredation permits. This yearmlsiks the first hunting season for gray wolves
in the state of Michigan. Information & granulosusis available on the DNR’s website on this

parasite, including precautionary measures forgh@sdling wild canids. Further research
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should be conducted on this parasite to deternmeeatence of coyotes and gray wolves in the

Upper Peninsula.
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APPENDIX A

Map of the state of Michigan showing location of counties by number listed in table 8.
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Legend
[ ] County Lines

# County Number (see list)

Figure 18. Map of the state of Michigan showingaloan of counties by number listed in Table
10.
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Table 10. List of counties by number correspondiitg Figure 18.

County Number County Number
Alcona 1 Lake 43
Alger 2 Lapeer 44
Allegan 3 Leelanau 45
Alpena 4 Lenawee 46
Antrim 5 Livingston 47
Arenac 6 Luce 48
Baraga 7 Mackinac 49
Barry 8 Macomb 50
Bay 9 Manistee 51
Benzie 10 Marquette 52
Berrien 11 Mason 53
Branch 12 Mecosta 54
Calhoun 13 Menominee 55
Cass 14 Midland 56
Charlevoix 15 Missaukee 57
Cheboygan 16 Monroe 58
Chippewa 17 Montcalm 59
Clare 18 Montmorency 60
Clinton 19 Muskegon 61
Crawford 20 Newaygo 62
Delta 21 Oakland 63
Dickinson 22 Oceana 64
Eaton 23 Ogemaw 65
Emmet 24 Ontonagon 66
Genessee 25 Osceola 67
Gladwin 26 Oscoda 68
Gogebic 27 Otsego 69
Grand Traverse 28 Ottawa 70
Gratiot 29 Presque Isle 71
Hillsdale 30 Roscommon 72
Houghton 31 Saginaw 73
Huron 32 Sanilac 74
Ingham 33 Schoolcraft 75
lonia 34 Shiawassee 76
losco 35 St. Clair 77
Iron 36 St. Joseph 78
Isabella 37 Tuscola 79
Jackson 38 Van Buren 80
Kalamazoo 39 Washtenaw 81
Kalkaska 40 Wayne 82
Kent 41 Wexford 83
Keweenaw 42
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APPENDIX B

Instruction sheet provided to hunters, trappers and fur buyers willing to provide
carcasses for the project.
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WANTED: COYOTE, RED FOX and GRAY FOX CARCASSES

Contact: Julie Rose Melotti

MSU Graduate Student
Department of Fisheries and Wildlife

MI DNRE — Wildlife Disease Lab
517-336-5042
Melottii@michigan.gov

Your help is needed to collect carcasses statewide for a research project looking for the
tapeworm Echinococcus multilocularis in wild canids. This tapeworm is found in the
intestinal tract of the wild canids, but because this tapeworm can be passed to humans,
whole carcasses are being requested.

Time Period: Fall 2010 thru Spring 2012
What is Needed: Carcasses of coyotes, red fox and gray fox

Data Needed:
Name
Date of Harvest
Location (County and township, range and section or nearest cross
roads)

Carcasses will not be returned so if you are keeping the hides, please have them
skinned first. No need to worry — | am used to handling dead, slimy, stinky, rotting
animals so a skinned carcass is no problem!

Figure 19. Copy of the instruction sheet for casaaslection.
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Figure 19 (Cont'd)

Transportation: | can come out and pick up carcasses as needed. If you have freezer
capacity and are willing to store them, or can store them outside in colder weather, call
me when you have some ready to be picked up and I will come and get them at your
convenience. Carcasses can also be delivered to DNR Wildlife Division Field Offices for
storage and transportation down to the lab. If you are delivering to a DNR office, make
sure to call first to make sure that someone is there to accept the carcasses.

This project will help us learn more about Echinococcus multilocularis in our state and to
establish safety guidelines and educational material for hunters, trappers, fur buyers,
wildlife workers, veterinarians and animal control personnel.

Thank you for your assistance with this project ... it is greatly appreciated! | look forward
to sharing the results of the research with you.
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APPENDIX C

Tag provided to hunters, trappers and fur buyers to complete and attach to carcasses
collected for the study.
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Wild Canid Study

Name:

Date of Harvest:

County:

Town, Range & Section or

nearest City and Cross Roads:

Comments:

Figure 20. Tag provided for carcass collection.
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