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Abstract

Blastomycosis is a systemic fungal infection that most commonly affects dogs and humans. The disease

is thought to be endemic in southern regions of Michigan, USA, but epidemiologic investigations have not

been reported in detail for this state. The primary aims of this study were to investigate the prevalence and

distribution of canine blastomycosis cases in Michigan and to identify risk factors for infection. Over 200

primary care veterinary clinics throughout the state were surveyed regarding blastomycosis prevalence,

and demographic information was obtained from medical records of affected dogs that were evaluated at

these clinics. A retrospective case control study was conducted for an additional 49 dogs with blastomycosis

that were evaluated at specialty referral centers located in the southern mid-Michigan region. Prevalence

rates were calculated for each county, and cases were mapped using geocoding software. Univariable and

multivariable analyses were used to identify risk factors for infection. Prevalence rates were ≥100 cases per

100,000 dogs in five counties. Most blastomycosis cases originated from the Upper Peninsula or from a high-

density area in the northern Lower Peninsula. Multivariable regression analysis identified travel or residence

north of the 45th parallel as a strong risk factor for infection (P < .001). Blastomycosis was uncommon in

southern counties. These results refute previous speculations and should be of value to both human and

animal health. Given that many heightened risk areas are popular tourist destinations, practitioners across

the USA should be mindful of the spatial distribution of blastomycosis in Michigan.
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Introduction

Blastomycosis is a systemic fungal infection that most commonly
affects dogs, and to a lesser extent humans.1,2 The causative
agent, Blastomyces dermatitidis, is a dimorphic fungus that ex-
ists as a hyphal form in the environment and as a yeast in
tissue.3 The hyphal form produces infectious conidia that be-
come aerosolized when soil is disrupted. Once inhaled, the coni-
dia are phagocytized by alveolar macrophages and transform
to the yeast phase. Pulmonary manifestations occur in greater
than 80% and 90% of affected dogs and humans, respectively,
and respiratory abnormalities are the most common reasons for

clinical evaluation in both species.4,5 Lymphatic, ocular, osteoar-
ticular, and dermatologic involvement also are common.4 Unfor-
tunately, diagnoses are often delayed in both humans and dogs
due to lack of clinician awareness and similarities with other dis-
ease processes.1 Mortality rates can approach 40% in dogs, and
relapses occur in up to 20% of canine patients despite months
of antifungal therapy.6,7 Approximately 15% of humans hospi-
talized with acute pulmonary blastomycosis develop acute res-
piratory distress syndrome (ARDS), and mortality rates in this
subpopulation approach 50%.5 Disease incidence rates are esti-
mated to be eightfold greater in dogs than in humans, and dogs
likely serve as sentinels for human exposure.8

©The Author(s) 2019. Published by Oxford University Press on behalf of The International Society for Human and AnimalMycology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:
//creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium,
provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

609

http://orcid.org/0000-0001-7726-6307
mailto:langlo21@msu.edu
http://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com


610 Medical Mycology, 2020, Vol. 58, No. 5

Blastomycosis is endemic in certain regions of the United
States along the Ohio and Mississippi river valleys, around the
Great Lakes, and in several southeastern states.1,9 The eco-
logical niche of Blastomyces dermatitidis has been reported to
include sites with an acidic pH, high organic content, and close
proximity to waterways, although more recent studies have
called into question the potential associations with soil type,
pH, and organic matter content.9,10 Detailed epidemiologic
investigations of blastomycosis in dogs have been reported for
the states of Illinois, Louisiana, Tennessee, and Wisconsin,4,8–10

but most other investigations are non-controlled descriptive
studies of limited numbers of affected animals.

Blastomycosis is considered to be endemic in the State of
Michigan, and many resources suggest a distribution in southern
regions of the state.1,2,11,12 These published distribution maps
differ considerably from years of unpublished anecdotal obser-
vations made by the Internal Medicine Section of the Michigan
State University College of Veterinary Medicine. However, de-
tailed studies of blastomycosis in humans or dogs have not been
reported for Michigan. A lack of information concerning preva-
lence rates, spatial distribution, and risk factors for disease in
this region likely contributes to delayed diagnoses and poor pa-
tient outcomes. In support of this premise, many dogs diagnosed
with blastomycosis have undergone multiple veterinary evalua-
tions, often at multiple clinics, prior to definitive diagnosis.13,14

Similar problems exist for affected humans.1,3,15 The objectives
of this study were to investigate the prevalence and distribution
of canine blastomycosis cases in Michigan, USA. Furthermore,
we sought to identify risk factors for infection. We hypothesized
that blastomycosis in dogs would be most prevalent in the Upper
Peninsula of Michigan, and that travel to these northern regions
would be a significant risk factor for infection.

Methods

A two-part investigation was conducted consisting of (1) a sur-
vey of companion animal private practice clinics across the State
of Michigan with subsequent medical record review, and (2) a
retrospective case-control study of dogs with blastomycosis eval-
uated at three specialty referral centers located in the southern
mid-Michigan area.

Phase 1 Study design

A list of small animal primary care veterinary clinics in the State
ofMichigan was obtained and stratified by county.16 Specialty or
referral hospitals, wellness clinics associated with Animal Con-
trol or the Humane Society, mobile veterinary clinics, and spay-
neuter exclusive practices were excluded. A sample size calcu-
lation suggested surveying 187 of the approximate 608 small
animal clinics meeting above criteria to have 90% confidence
in a representative sample with a 5% margin of error. Twenty

clinics in southwestern Michigan initially were contacted with a
response rate of 65%. In order to ensure appropriate geographic
representation, and assuming a more conservative response rate
of 60%, four clinics were randomly selected and contacted in
each of Michigan’s 83 counties. All clinics were contacted in
counties with four or fewer clinics. Practices not responding after
two contact attempts were excluded.

The survey was completed by a single veterinarian employed
at the selected practice via phone interview or email based on
respondent preference. Information obtained from the survey
included: address of the clinic, annual number of unique canine
patients, and annual number of blastomycosis cases in dogs.
If an exact unique annual canine caseload was unknown, par-
ticipating clinics were asked to estimate weekly caseload by
reviewing several weeks of appointment logs while also con-
sidering the possible effects of seasonal variation. The average
estimated weekly caseload was then extrapolated for the entire
year. Participating clinics were asked to provide medical record
information from dogs diagnosed with blastomycosis including
client address, patient demographics, date of evaluation, dura-
tion of clinical signs, diagnostic test results, and recent travel
history when available.

Phase 2 Study design

A retrospective case-control study was conducted for dogs with
blastomycosis that were evaluated at three veterinary specialty
hospitals located in the southern mid-Michigan region (areas
of Detroit, East Lansing, and Grand Rapids) between the years
2005 and 2018. Cases of blastomycosis in dogs were identified
by medical record searches. All dogs diagnosed with blastomy-
cosis based on cytologic or histologic identification of organisms
in tissue samples, culture of Blastomyces spp. from lesions, or
positive urine antigen testing accompanied by consistent clinical
signs were included.14 Dogs with presumptive diagnoses based
on clinical signs, diagnostic imaging findings, or serum antibody
testing alone or in combination were excluded.2 An age matched
control population of dogs that were evaluated during a similar
time period was randomly selected from the hospital database
with a ratio of three controls per blastomycosis case. Data re-
trieved frommedical records included demographic information,
home address, date of evaluation, duration of clinical signs, re-
cent (4 month) travel history, and whether or not the dog was
used for hunting. Owners of case and control dogs were con-
tacted by phone to ensure accurate information concerning both
travel history and hunting.

Data and statistical analysis

Descriptive statistics were reported for all data in both phases.
County prevalence rates were calculated for phase 1 by dividing
the annual number of affected dogs by the annual unique canine
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caseload of the participating clinics in each county. Available
cases from this phase were geocoded and mapped according
to home and travel addresses using QGIS 3.8 software (QGIS
Development Team, 2016).17 A separate map was created for
phase 2 in which all cases and controls were coded according
to both home addresses and recent travel history. All instances
of travel ≥ 25 miles from the home address within 4 months
of evaluation were included in the map. If a specific address
of travel was unknown, the center of the city or region to
which travel occurred was used. Spatial clustering of blasto-
mycosis cases were identified using SaTScan software (Harvard
Pilgrim Health Care, Inc. Boston, MA, USA) as described
elsewhere.9,18,19 Briefly, a circular window of variable radius
moves across the map and clusters are identified by comparing
the number of cases and controls within the window with
the number expected, assuming that cases and controls are
randomly distributed in the study area. Identification of areas
with significantly high and low numbers of cases was done
under the Bernoulli probability model assumption using a max-
imum spatial cluster size of 50% of the total population and a
100 kilometer (km) radius.

Statistical analyses also were conducted to determine major
risk factors that may influence the occurrence of blastomycosis
in dogs. Potential risk factors evaluated included sex, breed
grouping, travel history, and whether the dog was used for hunt-
ing purposes. All factors were treated as categorical variables
with sex classified as male or female and hunting classified as
yes or no. Individual dogs were further classified according to
the American Kennel Club guidelines into working, sporting,
herding, and other breed categories.20 If a dog was listed as
crossed with another breed, it was classified according to the
initially listed breed (i.e., a Labrador Retriever cross would be
classified as a Labrador Retriever). Travel history was treated as
a dichotomous variable with time spent in Northern Michigan
(north of the 45th parallel) classified as yes or no. This latitude
was selected based on mapping results from phase 1. Given that
the outcome of interest was categorical (blastomycosis present
or absent) and four risk factors were being evaluated, a multiple
variable logistic regression modeling approach was used for the
analyses. A stepwise forward logistic regression was used, and
the analysis was conducted in two stages. First, risk factors (sex,
hunting, breed group, and travel or residence north of the 45th
parallel) hypothesized to influence the outcome were analyzed
using the univariable logistic regression approach. Second,
factors that passed initial screening (P ≤ .05) were considered
in the multivariable regression model with the exception of
breed grouping which was not considered due to collinearity
with hunting. Sex, which was not significant in univariable
analysis, was forced in the multiple logistic regression given
potential biologic importance. Odds ratios (OR) and 95% con-
fidence intervals (CI) were reported for all possible associations.
Analyses were performed with commercially available software

Figure 1. Intensity map depicting county prevalence rates for canine blastomy-

cosis. Prevalence rates are reported as the number of cases per 100,000 dogs.

Each black dot represents a responding veterinary clinic that participated in

the state-wide survey. For the counties shaded in grey, data were unable to be

obtained due to a lack of canine veterinary clinics.

(SAS, version 9.4, SAS Institute Inc, Cary, NC, USA), and for all
analyses, P ≤ .05 was considered significant.

Results

Phase 1

A total of 210 clinics completed the survey, and 80 of Michigan’s
83 counties were represented. Twenty-two veterinary clinics
(10.5%) reported one or more canine blastomycosis cases per
year, and 19 of these 22 clinics were located in Michigan’s
Upper Peninsula or in Cheboygan and Emmet counties, which
are located at the northernmost aspect of the Lower Peninsula.
Thirteen counties had prevalence rates ≥20 cases per 100,000
dogs, and five counties had prevalence rates ≥100 cases per
100,000 dogs (Fig. 1). A lack of electronic medical records
precluded comprehensive record searches; however, 20 clinics
permitted study investigators to review available medical records
from 119 affected dogs. Fifteen of these dogs were diagnosed
based on cytologic or histologic organism identification, 92 dogs
were diagnosed based on positive serum or urine antigen testing
in conjunction with clinical signs, and 12 dogs were diagnosed
based on both organism identification and urine antigen test-
ing. Blastomycosis was diagnosed throughout the year, but
approximately 70% of cases were diagnosed from June through
November (Fig. 2). The majority of affected dogs were between
two and eight years of age, and 56.3% of dogs were male
whereas 43.7% of dogs were female. These and additional char-
acteristics of affected dogs are presented in Table 1. Mapping
results suggested that most cases were contracted in Northern
Michigan (Fig. 3) as very few dogs resided in, or travelled to,
southern regions. However, specific reference to travel history
was not consistently recorded in medical records for most dogs.

Phase 2

A total of 49 dogs diagnosed with blastomycosis and 147 con-
trol dogs were included in phase 2. Characteristics of dogs with
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Figure 2. Bar graph depicting the distribution of blastomycosis cases (phase 1

and phase 2) by month of diagnosis. Blastomycosis was diagnosed through-

out the year in both study phases, but most cases were diagnosed in summer

and fall months.

blastomycosis are presented in Table 1. Most common breeds in
this population were Labrador Retrievers (n = 11) and Golden
Retrievers (n = 10). Similar to blastomycosis affected dogs in
phase 1, the majority cases in phase 2 were diagnosed with blas-
tomycosis from June through November (Fig. 2), and the major-
ity of cases were between 2 and 8 years of age. The mean ± stan-
dard deviation (SD) age for blastomycosis affected dogs was
4.3 ± 2.6 years and 4.3 ± 3.4 years for control dogs. Univariable
analyses identified breed grouping, use of dogs for hunting, and
travel or residence north of the 45th parallel as risk factors for
infection (Table 2). Travel or residence north of the 45th paral-

Figure 3. Distribution map depicting the home and travel addresses for the

119 phase 1 dogs diagnosed with blastomycosis. Black dots represent home

addresses, and outlined dots with a white center represent available travel

addresses. The dashed line represents the 45th parallel. Although travel his-

tory was not specifically mentioned in most of the medical records, the three

dogs with the southernmost home addresses did have a reported travel his-

tory north of the 45th parallel.

lel remained a risk factor in the multivariable logistic regression
model (P < .001). Dogs residing or travelling north of the 45th

parallel were over 13 times more likely to have blastomycosis
as compared to those that did not (adjusted OR = 13.15; 95%
CI = 5.61–30.83).

Forty-one of 49 cases resided in Michigan south of the 45th
parallel, and 33 of these 41 dogs had travelled ≥25 miles from

Table 1. Characteristics of blastomycosis affected dogs from both study phases.

Number (%)

Variable Phase 1 (n = 119) Phase 2 (n = 49) Total (n = 168)

Sex
Male 67 (56.3) 27 (55.1) 94 (56.0)
Female 52 (43.7) 22 (44.9) 74 (44.0)

Breed groups
Sporting 70 (58.8) 27 (55.1) 97 (57.7)
Working 11 (9.2) 5 (10.2) 16 (9.5)
Herding 12 (10.1) 5 (10.2) 17 (10.1)
Others 26 (21.8) 12 (24.5) 38 (22.6)

Individual breeds
Labrador Retrievers 32 (26.9) 11 (22.4) 43 (25.6)
Golden Retrievers 17 (14.3) 10 (20.4) 27 (16.1)
Border Collie 4 (3.4) 2 (4.1) 6 (3.6)
German Shepherd 5 (4.2) 2 (4.1) 7 (4.2)
Cocker Spaniel 6 (5.0) 0 (0) 6 (3.6)

Age
0–1.9 years 12 (10.1) 7 (14.3) 19 (11.3)
2–3.9 years 34 (28.6) 14 (28.6) 48 (28.6)
4–5.9 years 19 (16) 15 (30.6) 34 (20.2)
6–7.9 years 23 (19.3) 6 (12.2) 29 (17.3)
≥8 years 29 (24.4) 7 (14.3) 36 (21.4)
Unknown 2 (1.7) 0 (0) 2 (1.2)
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Table 2. Characteristics and univariable analyses of case and control dogs from phase 2.

Subjects (%)

Variable Test n = 49 Control n = 147 Unadjusted odds ratio (95% CI)1

Sex
Male 27 (55.1) 76 (51.7) 1.15 (0.6–2.2)
Female 22 (44.9) 71 (48.3) 0.87 (0.46–1.67)

Used for hunting 6 (12.2) 5 (3.4) 3.96 (1.15–13.63)*

Breed groups2

Sporting 27 (55.1) 30 (20.4) 4.79 (2.4–9.56)**

Working 5 (10.2) 22 (15.0) 0.65 (0.23–1.81)
Herding 5 (10.2) 8 (5.4) 1.97 (0.61–6.35)
All others 12 (24.5) 87 (59.2) 0.22 (0.11–0.46)**

North of 45th parallel3 24 (49.0) 10 (6.8) 13.15 (5.61–30.84)**

The characteristics of the 49 dogs affected by blastomycosis and 147 randomly selected dogs with conditions other than blastomycosis (control population) are presented in
the respective columns. For each breed grouping, the odds ratio and 95% confidence interval are reported for the individual breed category as compared to the other categories
combined.
1Confidence interval.
2Those dogs who either resided or traveled north of the 45th parallel within the State of Michigan.
*P = .02.
**P < .001.

Figure 4.Distributionmap of home and travel addresses for cases and controls

in phase 2. Red dots represent the home and travel addresses for the 49 dogs

with blastomycosis in study phase 2. Black dots represent the home and travel

addresses for the 147 age matched control dogs with conditions other than

blastomycosis. The red and black circles depict significant high-risk (P < .001)

and low-risk areas (P < .001), respectively, as determined by cluster analysis.

their primary residence within 4 months of evaluation. One hun-
dred thirty-nine of 147 controls resided in Michigan south of
the 45th parallel, and 54 of these 139 dogs had travelled ≥25
miles within 4 months of evaluation. A distribution map was cre-
ated for home and travel addresses of both case and control dogs
(Fig. 4). Cluster analysis identified a significant high risk area for
blastomycosis (P < .001) that encompassed the majority of the
eastern half of the Upper Peninsula and the northernmost aspect
of the Lower Peninsula. A significant low risk area (P < .001)
was identified in the south-central region of the state. Twenty-
five cases were not reported to reside or travel north of the 45th
parallel; however, 10 of these 25 dogs had traveled to states and

provinces in which blastomycosis is considered endemic.2 This
included Wisconsin (n = 2), Ohio (n = 2), Illinois (n = 2), In-
diana (n = 1), Virginia (n = 1), Missouri (n = 1), Pennsylvania
(n = 1), and Ontario (n = 3). Fifteen dogs did not reside in, or
travel to, northern Michigan or regions known to be endemic
for blastomycosis. Six of these 15 dogs spent time in or near the
Huron-Manistee National Forest, but it is unknown if this re-
gion was the source of infection. The home and travel addresses
of the remaining nine cases were scattered throughout the Lower
Peninsula and appeared to represent isolated occurrences.

Discussion

This study is the first detailed epidemiologic investigation of ca-
nine blastomycosis reported for the State of Michigan, and one
of few to be reported in the USA.8–10 Our results refute many of
the distribution maps found throughout both human and veteri-
nary blastomycosis literature.1,2,11,12 It is unknown why south-
ern Michigan historically has been considered endemic for dis-
ease, but our results unequivocally document that most cases
originate from northern Michigan. Owners of case and control
dogs in the second study phase were contacted by phone to en-
sure that accurate and detailed information were available con-
cerning travel history.Many previous studies of blastomycosis in
humans and dogs have not considered travel history to the ex-
tent that was performed in our investigation,8,9 and this could
have contributed to discrepancies between previous distribution
maps and those reported herein. Cluster analysis from the sec-
ond study phase identified the eastern Upper Peninsula and the
northernmost Lower Peninsula as heightened risk areas (Fig. 4).
These results are further supported by the county prevalence
rates (Fig. 1) and distribution maps (Fig. 3) from the first study
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phase. Although western regions of the Upper Peninsula were
not identified as heightened risk areas in the cluster analysis, it is
probable that blastomycosis is endemic throughout most of this
region too. Indeed, some of the highest county prevalence rates
and many of the addresses of affected dogs from the first study
phase were in these areas. Previous studies of blastomycosis in
Wisconsin also have documented high prevalence rates in the re-
gions adjacent to the western Upper Peninsula.10,21,22 Owners
of dogs residing in or visiting the western Upper Peninsula that
were seeking specialty or referral care for their pet would have
been more likely to travel to specialty centers inWisconsin rather
than drive 6 to 10 hours to specialty centers in Michigan. This
would account for the observation that only a few cases from our
second study phase had home or travel addresses in the western
regions of the Upper Peninsula.

Northern Michigan is a predominantly rural area. Although
the Upper Peninsula comprises approximately 30% of Michi-
gan’s land mass, its population of 300,000 represents only 3%
of the total state population.23 Our study is certainly of regional
importance, but its significance is not limited to one region or
one species. Northern Michigan is a popular tourist destination
which attracts visitors from both within the state and across the
USA.24 The Mackinac Bridge, which connects the Lower and
Upper Peninsulas, is traversed over 2 million times during sum-
mer months alone.25 There are over 800,000 annual visitors to
the Pictured Rocks National Lakeshore and over 1.5 million an-
nual visitors to the Hiawatha National Forest, both of which are
located in the Upper Peninsula.26,27 Petoskey, a coastal city lo-
cated within the high-risk area in the northern Lower Peninsula,
has a population of only 6000. Yet, over 750,000 tourists visit
this community every year.28 These and other areas in northern
Michigan are frequently visited by both residents and non-
residents for camping, hunting, fishing, and hiking.29 These types
of outdoor activities commonly involve dogs and are associated
with increased exposure risk to Blastomyces dermatitidis.30 A
lack of awareness that B. dermatitidis exists in these regions
could lead to delayed or even incorrect diagnoses. For instance,
in one of the highest prevalence counties in the Upper Peninsula,
one clinic consistently diagnosed more than 10 canine blastomy-
cosis cases every year whereas another clinic less than 10 miles
away reported that no cases of blastomycosis had been diag-
nosed in recent years. Patient populations may have been differ-
ent between these neighboring clinics, but it is also possible that a
lack of awareness precluded diagnostic testing for blastomycosis.
The updated prevalence and distribution maps from our study
should heighten awareness in both human and veterinary health
care providers, hopefully resulting in earlier disease detection
and better patient outcomes.

Several possible risk factors for disease also were evaluated. In
both univariable and multivariable analyses, travel or residence
north of the 45th parallel was the strongest and most important
predictor for blastomycosis occurrence. The use of dogs for hunt-

ing was also a significant risk factor in the univariable analysis,
but this did not remain significant in the multivariable regres-
sion.Hunting is also a risk factor for blastomycosis in humans.30

Both humans and dogs that hunt are presumably more likely to
have exposure to infectious conidia. However, a larger sample
size would likely be needed to determine the overall importance
of hunting as a risk factor for disease, and it was apparent that
travel to heightened risk areas was a far more important risk
factor in our study population. Similar to other reports, dogs in
the sporting breed group, which includes Labrador Retrievers
and Golden Retrievers, were at greater risk for disease than other
breed groupings.9,31 This is not surprising as dogs in the sporting
breed group are more likely to be involved in outdoor activities
such as hunting.32 A dog belonging to a certain breed group
does not necessarily translate to it being used for that purpose,
but there is some degree of overlap and redundancy between the
risk factors of hunting and breed grouping. Consequently, breed
grouping was dropped from the multivariable regression.

The latency period of blastomycosis in dogs has been sug-
gested to range from 5 to 12 weeks.2 We selected a 4 month time
period when considering travel history in order to exceed this es-
timate by 1month.However, exact latency periods are unknown,
and one study limitation is that exposures could have occurred
outside of this time period in some dogs. Proximity to water-
ways has been identified as a risk factor for blastomycosis in
some studies, and another limitation of our investigation is that
certain environmental factors such as this were not evaluated.9

Michigan has one of the greatest densities of lakes, ponds, rivers,
and streams among the 50 states, and no location in the state is
more than 6 miles from some type of inland water.33 As such,
we did not think investigation of this potential risk factor would
be of value for our region. An additional limitation of our study
is that exact annual caseloads were unavailable for some clin-
ics. Although the estimates provided by respondents are likely to
approximate actual numbers, unaccounted seasonal variation in
case numbers or other factors such as recall bias might have led
to overestimation or underestimation of caseload for these clin-
ics. Similarly, some clinics participating in the first study phase
were unable to identify medical records from all affected dogs
at their practice. This is a common challenge in many veterinary
studies as most clinics do not utilize an electronic medical records
system, and the clinics that do use electronic systems often lack
the ability to specifically search the database for affected cases.34

It is also likely that some cases were missed in the second study
phase if they were not appropriately coded in the medical record
or if the diagnosis was made after the patient visit occurred. Even
though some cases were not captured, we were able to utilize the
records of nearly 170 dogs with blastomycosis in our study. Still,
limited data were available for some specific regions and coun-
ties, and larger investigations of blastomycosis are needed to fur-
ther refine the spatial distribution and risk factors for disease in
Michigan.
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In summary, we established updated prevalence and distribu-
tions maps for canine blastomycosis in the State of Michigan
and identified risk factors for infection. Contrary to previous re-
ports, most blastomycosis infections are acquired in the Upper
Peninsula or in the northernmost regions of the Lower Penin-
sula. Many of these areas are popular tourist destinations, and
travel to these regions was the strongest predictor of disease in
multivariable analysis. Given that dogs are sentinels for disease
in humans, our results should be informative for veterinarians,
physicians, and public health officials both within the state and
across the USA.
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