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Abstract- 50 words:  18 

Cystic echinococcosis is a zoonotic disease caused by Echinococcus granulosus sensu 19 

lato (s.l.). Echinococcus canadensis infection was detected in 39% of wolf scats (n=61), 35% of 20 

domestic dogs (n=14) and no red fox (n=11) on tribal land in Minnesota where cestode-specific 21 

deworming has not been indicated by routine veterinary testing.  22 

Text- 1,199 words: 23 



INTRODUCTION 24 

Cystic echinococcosis (CE) is a zoonotic disease caused by the metacestode stage of 25 

Echinococcus granulosus sensu lato (s.l.), a cryptic species complex that includes Echinococcus 26 

granulosus sensu stricto (s.s) (G1-G3 genotypes),  Echinococcus felidis, Echinococcus equinus 27 

(G4 genotype), Echinococcus ortleppi (G5 genotype), and Echinococcus canadensis (G6/7, G8, 28 

G10) (1,2,3,4). Globally, the life cycle is maintained between wild and domestic canid (definitive) 29 

and ungulate (intermediate) hosts. Humans become infected through the inadvertent ingestion of 30 

parasite eggs, usually from contact with domestic dogs (Canis lupus familiaris), or food items 31 

contaminated with canid feces.  32 

In North America, CE is associated with E. granulosus s.l in livestock and E. canadensis 33 

(G8, G10) in canids (e.g. wolf, Canis lupus) and cervids (e.g. Alces alces) (5). In humans, G8 and 34 

E. ortleppi G5 were molecularly confirmed from Alaska and Mexico respectively (6,7). An 35 

autochthonous human case of E. multilocularis reported from Minnesota in 1997 (8), was recently 36 

molecularly confirmed (9). CE has been historically reported in Minnesota’s wildlife (10), but has 37 

not been described in decades. In this study, we examined the prevalence of Echinococcus spp. 38 

among canids sharing an environment with a predominantly indigenous population in northern 39 

Minnesota.   40 

METHODS 41 

The Grand Portage Indian Reservation is in northeastern Minnesota in Cook County. The 42 

Reservation encompasses 192 km2 of undeveloped coniferous forest. Human density is low (7.5 43 

people per square mile) with more than half of the population identifying as Native American (11).  44 

The population practices a subsistence lifestyle of deer (Odocoileus virginianus) and moose 45 

hunting, which are sympatric with domestic dogs and wild canids, wolves and fox (Vulpes vulpes). 46 



The wild canid population sampled includes approximately 24 individuals among five packs of 47 

wolves. The population of red foxes is unknown, but is considered by biologists to be considerably 48 

smaller. The number of domestic dogs on the reservation is unknown, but an estimated 50 49 

households own at least one dog. Wolf and fox scat were collected systematically along 50 

reservations roads from June - August 2016. Host designation was achieved through measuring 51 

the average diameter of each fecal sample at its widest point (12). Dog owners provided fresh fecal 52 

samples from their dogs during the same period. Approximately 2 grams of feces was frozen at -53 

20 oC until transfer to the European Union Reference Laboratory for Parasites (EURLP) for 54 

coproDNA analysis of Echinococcus and Taenia species. A portion (3-5 gm) of each dog fecal 55 

sample was screened for other intestinal parasites by simple fecal flotation (Fecalyzer, Vétoquinol 56 

USA, Inc., Ft. Worth, TX.) using sodium nitrate solution (specific gravity from 1.25 to 1.30) 57 

following manufacturer instructions.  58 

Canid fecal samples were stored at -80oC for 15 days to inactivate viable Echinococcus 59 

spp. eggs. CoproDNA extraction was performed using a commercial kit (QIAamp Fast DNA stool 60 

Mini Kit, Qiagen, Hilden, Germany) according to manufacturer’s instructions. The retrieved 61 

coproDNA was used as a template in a multiplex PCR to investigate the presence of Echinococcus 62 

multilocularis, E. granulosus s.l and Taenia species (13). Positive samples were identified through 63 

amplification of size-specific diagnostic products (E. multilocularis 395bp, E. granulosus s.l 64 

117bp; Taenia species 267bp). Species were confirmed through sequencing of positive amplicons 65 

(Genewiz, Essex, UK). In addition, coproDNA samples positive for E. granulosus s.l were used 66 

to amplify an 828bp fragment within the mitochondrial cytochrome c oxidase subunit 1 (cox 1) 67 

(14) and positive amplicons were sequenced using the F/COI and R/COI PCR primers. Nucleotide 68 

sequence chromatograms were viewed using FinchTV trace viewer (Geospiza, Seattle, WA, USA), 69 



and sequence identity was ascertained through the use of BLAST algorithm 70 

(http://www.ncbi.nlm.nih.gov/BLAST/) by comparing generated sequences with those deposited 71 

in the NCBI database (http://www.ncbi.nlm.nih.gov). 72 

RESULTS 73 

A total of 72 samples were collected. Sixty-one scats were classified as wolf with mean 74 

diameter 28.55 mm (+/- 4.8 mm) and 11 scats were classified as red fox with mean diameter 14.78 75 

mm (+/- 3.65 mm). Ten households contributed fecal samples from 14 domestic dogs.  76 

Molecular analysis confirmed presence of both E. granulosus s.l. and Taenia species. No 77 

samples were positive for E. multilocularis. Of the 61 wolf samples, 39% (n=24) were positive for 78 

E. granulosus s.l. with sequencing confirmation of 13 as E. canadensis G8 (n=7) and E. canadensis 79 

G10 (n=6). Sequencing data verified the remaining positive wolf fecal samples (n=11) as E. 80 

canadensis G8/G10. One wolf scat positive for E. canadensis G8 /G10 was also positive for Taenia 81 

spp., though not sequenced to species level. Four additional wolf samples were positive only for 82 

Taenia spp.: Taenia hydatigena (n=1) and Taenia serialis (n=3). None of the fox scats were 83 

positive for Echinococcus spp., although one fox scat was positive for T. serialis. Thirty-five 84 

percent (n=5) of the domestic dog samples tested positive for E. granulosus s.l by amplification of 85 

the 117bp diagnostic fragment. Four of these dogs were confirmed by sequencing as infected with 86 

E. canadensis G8/G10. A sixth dog was positive for T. hydatigena tapeworm species as confirmed 87 

by sequencing.  88 

Of the 14 dog fecal samples examined by fecal floatation, 21.4% (n=3) were positive for 89 

nematodes and coccidial parasites, namely Toxascaris spp. (n = 1), Ancylostoma spp. (n = 1), and 90 

coinfection with Ancylostoma caninum and Isospora spp. (n = 1). None of the dogs with 91 

http://www.ncbi.nlm.nih.gov/BLAST/
http://www.ncbi.nlm.nih.gov/


molecularly confirmed Echinococcus or Taenia infection tested positive for intestinal parasites by 92 

fecal flotation. 93 

DISCUSSION 94 

This preliminary study demonstrates prevalent infection of E. canadensis (G8 and G10) 95 

in wolves and domestic dogs in northern Minnesota. Although  Echinococcosis was not detected 96 

in any foxes in our study, they have been found to be an important host for E. multilocularis 97 

(8.5%, n=1,540) in the Midwest region of the United States (15). Most notable and alarming in 98 

this study was the high prevalence of E. canadensis infection in domestic dogs, which 99 

approached that of wolves. Although a small sample size was investigated, the level of infection 100 

detected was higher than that measured in other northern synanthropic and semi-synanthropic 101 

transmission systems (10%, n=69 coastal population; 22%, n=37 inland population) (16). Given 102 

that domestic dog infection is a primary risk for zoonotic infection in humans, these findings 103 

warrant further investigation.   104 

Another important finding was the comparatively low number of intestinal parasitic 105 

infections identified by fecal floatation. This routine diagnostic tool is utilized in preventative 106 

veterinary medicine, but tapeworm eggs such as those belonging to Echinococcus spp. are 107 

generally not observed by this method (17). This characteristic combined with little evidence of 108 

intestinal parasite coinfection reveals that, even if veterinary care is sought by dog owners, an 109 

indication for antiparasitic therapy, particularly therapy targeting tapeworms, may be lacking. 110 

Hence, echinococcal infections in dogs are likely going undetected and untreated.   111 

Echinococcus spp. are understudied zoonotic pathogens in the Midwest and greater United 112 

States (18). Accordingly, we assume that knowledge of the zoonotic potential of this tapeworm 113 



among the general population, and even health professionals, is lacking. As humans and domestic 114 

animals live in closer proximity to wildlife, spillover of infection from sylvatic transmission cycles 115 

into domestic animals may become more common. Combined with lack of detection and treatment 116 

of tapeworms in routine veterinary care, we posit that zoonotic transmission to humans is an 117 

unquestionable risk. Though small, this study demonstrates need for further investigation and 118 

education on the zoonotic risk of endemic Echinococcus spp. in the Midwest United States.  119 
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