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Abstract

Certain professionals have more exposure to animals and therefore an increased risk of zoonoses. Professional
hunting dog caretakers work with upwards of 50 dogs and are exposed to zoonoses through exposure to multiple
potentially infectious canine secretions or excretions, as well as to the ticks that dogs carry. Dog caretakers
reported having found embedded ticks on their bodies 5.83 times more than environment-only controls. Zoonotic
Lyme disease, first in the United States for morbidity due to a vector-borne infection, has dramatically expanded
its geographic range over the last two decades. This finding emphasizes the increased risk of tick-borne diseases,
including Lyme disease, based on dog exposure and in areas of disease emergence.
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Introduction

OONOTIC DISEASES—diseases transmitted from animal to
humans—account for >75% of emerging human patho-
gens, with domestic animals playing a significant role in the
transmission (Blancou et al. 2005). Although interacting with
pet species bears a risk of contracting a zoonotic infection,
multiple sources describe the benefits of interaction with
companion animals, including decreased blood pressure and
better quality of life (Raina et al. 1999, Robinson and Pugh
2002, Parslow et al. 2005, Thorpe et al. 2006, Knight and
Edwards 2008, Beetz et al. 2012, Orritt 2014, Day 2016).
This interaction does not come without risk, as dogs are
viewed as public health targets to prevent the spread of dis-
eases such as rabies and leishmaniasis (Day 2016). Dogs are
the predominant host of several tick species and are hosts for
both nymph and adult Ixodes ticks (Hamer et al. 2009).
Lyme disease, a zoonotic disease caused by the bacterial
spirochete Borrelia burgdorferi, transmitted via Ixodes sca-
pularis, is the most widely reported zoonotic tick-borne disease
in the United States (Wormser et al. 2006). More than 25,000
confirmed and probable cases of Lyme disease are reported in
the United States each year, resulting in an incidence of about
10.54 cases per 100,000 individuals (Kuehn 2013, Mead 2015,
Adams et al. 2016). The Centers for Disease Control and
Prevention (CDC) estimates that there are as many as 300,000
cases each year, including cases from expanded geographic

areas of the southern Mid-Atlantic and Midwestern regions
including Iowa (Kuehn 2013, Mead 2015, Adams et al. 2016).
Due to its zoonotic nature, Lyme disease is also of veterinary
importance, seen most frequently in dogs. There was an 11%
canine B. burgdorferi seroprevalence in 2009 (Bowman et al.
2009). Risk of Lyme disease in both dogs and people requires /.
scapularis exposure. It has previously been demonstrated that
pet owners have a slight, but statistically significant, increased
exposure to ticks (Jones et al. 2018). It is unknown how an
occupation with exposure to >50 dogs on a daily basis would
change this risk.

The risk of zoonotic disease spread increases as interaction
between mammalian hosts and people increases. Certain
occupations or hobbies have dramatically more exposure to
animals and therefore increased risk (Blancou et al. 2005).
Reports have shown that bird watchers and deer hunters have
a significantly higher risk of tick-borne diseases, including
Lyme disease and Rocky Mountain spotted fever, mainly due
to the time they spend in tick habitats (Bouchard et al. 2013,
Kilpatrick et al. 2014). Fox hunters have similar exposure to
tick habitat as other hunters, but also carry the potential risk
of increased tick infestation and subsequent tick-borne dis-
eases due to their exposure to >50 dogs daily.

How routine occupational exposure to many (>50) dogs,
known hosts of B. burgdorferi that present with clinical Lyme
disease, may increase exposure to ticks and/or zoonotic tick-
borne diseases is unknown. It was hypothesized that individuals
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who work with hunting dogs would have higher exposures to
ticks than people who are frequently in tick habitats without
dogs. Subsequently, it was hypothesize that increased ex-
posure to ticks would make hound caretakers more likely to
be seropositive for B. burgdorferi. This cross-sectional
study assessed the risk of tick exposure and Lyme disease
within a population of hunting dog caretakers compared to
individuals with similar environmental exposures but lim-
ited dog exposure.

Materials and Methods
Research participants

Ninety-four research participants were asked to take a risk
assessment survey to establish tick and Lyme disease expo-
sure based on a human subjects Institution Review Board—
approved protocol from the University of Iowa. Research
participants who voluntarily participated were included in the
study if they were aged >18 years and spoke English. Hunting
dog—exposed individuals were recruited for the study at dog
shows held in VA and KS, representing multiple large
hunting dog kennels predominantly from the Mid-Atlantic
and Midwest regions. Individuals not exposed to dogs were
recruited at meetings for the Iowa Audubon Society, with
individuals who frequently travel to Lyme endemic areas of
WI and MN to observe waterfowl and meetings of the re-
gional Parks and Recreation Departments.

Survey tool for exposure to tick-borne infectious
diseases

The survey included demographic questions (age, sex, and
geographical location) and questions about spending time
performing activities related to tick exposure. As a part of the
survey, participants specifically answered questions about
time spent outdoors, time spent walking or working in high
grass or brush, and an open-ended question about recent
medical diagnoses. In responding to this open-ended ques-
tion, multiple respondents commented about previous or
current personal Lyme disease signs, symptoms, and diag-
noses by a medical professional with or without treatment.
Research participants provided a blood spot after survey
completion. Without exception, any self-reported individu-
al’s Lyme disease diagnosis occurred prior to this study’s
survey and blood sampling. Therefore, concordance of these
two variables is low.

Definition of experimental groups

Exposure to hunting dogs was defined as working with
a hunting dog kennel of =50 dogs. Unexposed, tick-
environmental control individuals were bird watchers or
individuals from county park departments, individuals
without contact with a large number of dogs but similar
tick environmental exposures.

Blood sampling

A blood spot was obtained using a ReliOn® or Unistik
Travel Lancet. Blood was collected and dried on Whatman®
903 protein saver cards and stored in a locked box at room
temperature. Serum was eluted from dried blood spots by
sterile extraction of two circles from each Whatman 903
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protein saver card, using a sterile hole puncher, and placing
the circles in one well within a 96-well round-bottom plate.
Elution buffer (125 uL), containing phosphate-buffered sa-
line, 0.1% Tween-20, and 5% nonfat dry milk, was added,
and samples were incubated for 16 h at 4°C after which serum
was removed.

B. burgdorferi enzyme-linked immunosorbent assay

Isolated serum was tested using an Immunetics® C6
B. burgdoferi (Lyme) enzyme-linked immunosorbent assay
(ELISA), which detects human immunoglobulin G (IgG)/
immunoglobulin M (IgM).

Data management

Study data were collected and managed using Research
Electronic Data Capture, an electronic data capture tool,
hosted by the University of Iowa.

Statistical methods

To measure the association between exposure to multiple
hunting dogs and the level of tick exposure, odds ratios (OR)
with corresponding 95% confidence intervals (CI) were
calculated. Pearson’s chi-square or Fisher’s exact test were
used to test for significance where appropriate. In addition,
demographic variables including age and sex were assessed
for statistical differences between dog-exposed and non-
exposed groups using chi-square analyses. Kappa coeffi-
cients were used to determine the correlation between
self-reported Lyme disease and ELISA seropositivity. Sta-
tistical analyzes were performed using SAS v9.4 (SAS In-
stitute, Cary, NC), and GraphPad Prism v6 (GraphPad
Software, Inc., La Jolla, CA). Statistical significance was
defined as p-values of <0.05.

Results
Group demographics

Ninety-four research participants completed a survey to
assess animal and environmental exposures. Of those 94 re-
search participants, >50% of unexposed and dog-exposed
individuals were >50 years of age (52.1% of exposed, 73.9%
of unexposed; Fig. 1). The majority of research participants
in both groups were male (73.9% of unexposed and 57.8%
of exposed). There was no statistically significant differ-
ence in age (chi-square, p-value=0.48) or sex (chi-square,
p-value=0.17) between the two groups.

Geographic distribution of the dog-exposed cohort was
distributed across the country, with a majority from the
Midwest (25.4%) and Mid-Atlantic (19.7%) regions where
Lyme disease is endemic or emerging (Table 1). The unex-
posed group was predominantly from emergent tick-borne
disease areas of the Midwest. Further analysis was performed
on a subset (38 dog exposed and 23 unexposed individuals) of
the research participants who also provided a blood sample
for serological testing for Lyme exposure.

The majority of dog-exposed participants who provided a
blood sample were enrolled at a Midwestern hound show.
There were no statistically significant difference in age, sex,
or geographic location between the dog-exposed and un-
exposed group participants who provided blood samples.
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FIG. 1. Age distribution of research participants separated
by exposure dog-exposure status. Older ages predominate
in the overall cohort. “Works with dogs’ group represents
those who work with hunting hounds. ‘“No dogs’ group was
comprised of bird watchers or those who worked for the
parks and recreation department with limited pet dog or no
dog exposure (chi-square, p-value >0.49).

Furthermore, both groups were found to have equal expo-
sure to the outdoors and specifically had no statistically
significant differences in time spent in brush or high grass
(chi-square, p-value=0.16; Fig. 2).

Tick exposure significantly increased
in dog-exposed group

Due to contact with a large number of dogs who hunt
through high grass and brush daily, it was hypothesized that
individuals who worked with these hunting dogs would have
higher exposures to ticks than people who were frequently in
these environments but without dogs. Tick exposure was self-
reported based on whether an individual had found a tick

TABLE 1. GEOGRAPHIC LOCATION AND SEX
DISTRIBUTION OF RESEARCH PARTICIPANTS

Dog-exposed Environmental
Variable group control group
Sex (male), % 57.8 73.9
Age, %
20-30 11.3 13.0
30-40 14.1 44
40-50 21.1 8.7
50-60 29.6 34.8
60-70 16.9 26.1
70-80 5.6 13.0
N/A 1.4 0
Location, %
Northeast 2.8 0
Mid-Atlantic 19.7 0
Southeast 12.7 0
Midwest 254 100
West 1.4 0
N/A 38.0 0

Dog-exposed group: hunting dog caretakers; environmental
control group: Audubon society members/State Parks employees.
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FIG. 2. Distribution of percent of time spent in high brush
or grass. Exposed and unexposed individuals spent a similar
amount of time walking through brush or high grass. “Works
with dogs” are those who are hunting hound caretakers; ‘‘no
dogs™ are those individuals who are bird watchers and parks
and recreation employees (chi-squared, p-value >0.16).

embedded in their skin within the past 3 years and if so how
many (Fig. 3).

A total of 80.9% of individuals in the unexposed group
reported either no tick exposures or exposure to between 0
and 10 ticks over the past 3 years. Individuals with dog ex-
posure reported significantly higher exposure levels to ticks:
51.0% of individuals who reported having found an embed-
ded tick on their body had found either 11-30 or >30 em-
bedded ticks in the past 3 years. For regression analyses, low
exposure was defined as <20 ticks embedded in the past 3
years, and high exposure was defined as >20. The odds of
having a high exposure to ticks was 7.69 X greater among
individuals who worked with hunting dogs compared to in-
dividuals in the environmental control group (OR=7.69,
95% CI: 1.04-87.29, p-value =0.0411; Table 2).
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FIG. 3. Tick exposure levels for dog-exposed and unex-
posed individuals. People who worked with many dogs were
exposed to many ticks. “Works with dogs’ are individuals
who are hunting hound caretakers; ‘“‘no dogs” are bird
watchers and parks and recreation employees. Number of
ticks determined as self-reported number of embedded ticks
found in the past 3 years.
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TaBLE 2. Tick EXPOSURE LEVELS
High tick Low tick
exposure exposure
Group (>20 ticks)* (<20 ticks)

Dog-exposed (n=38)

10 26
Control (n=23) 1

20

Individuals were asked whether they had found a tick embedded
in their skin in the past 3 years and if so how many. For both groups,
two individuals were not included in the analysis, as they answered
“unsure’’ to the number of ticks they had found.

%0R=7.69, 95% CI: 1.04-87.29 (Fisher’s exact test).

OR, odds ratio; CI, confidence interval.

Lyme seroprevalence and self-reported
disease higher than U.S. average

It was hypothesized that individuals working with hounds
could have higher Lyme disease seroprevalence because of
higher tick exposure when compared to environmental control
individuals. Perhaps unsurprisingly, given their equivalent
high environmental exposure, there was high Borrelia sero-
positivity and self-reporting of Lyme disease diagnoses in both
groups. A total of 8.5% of individuals who were exposed to
dogs and 8.7% of individuals not exposed to dogs self-reported
Lyme disease, whereas 23.7% of dog-exposed individuals
and 17.4% of unexposed individuals were seropositive for
B. burgdorferi. Of interest, this included individuals working
for county parks in emergent areas of Southwestern Iowa
where Ixodes spp. has not yet been reported (Oliver et al. 2017).

There was no statistically significant increase in B. burg-
dorferi seropositivity or self-reported Lyme disease in dog-
exposed individuals compared to environmentally exposed
controls (OR=1.70, 95% CI: 0.51-5.44, p-value=0.18;
Table 3). The kappa coefficient, assessing the correlation
between self-reported Lyme disease and seropositivity to
B. burgdorferi in the dog-exposed group was —0.05 (95%
CI: —0.143 to 0.042), suggesting a poor correlation between
self-reporting and seropositivity. In the unexposed group,
the kappa coefficient was 0.330 (95% CI: —0.249 to 0.909),
suggesting that there was a fair but not good correlation
between self-reporting and seropositivity in this group.

As self-reporting having been diagnosed with Lyme dis-
ease is a measure of clinical disease and serological testing a

TABLE 3. ASSESSMENT OF LYME DISEASE
PREVALENCE IN COHORT

Lyme disease status Dog exposed Unexposed
Self-reported, % (n/total) 8.5 (6/71) 8.7 (2/23)
Seropositive, % (n/total) 23.7 (9/38) 17.4 (4/23)

Self-reported Lyme disease was determined through survey
completed by research participants. Individuals had the option to
identify whether they had ever been diagnosed with a medical
condition and if so what condition. Serological positivity for Lyme
disease was determined by ELISA from serum obtained via blood
spot. Thirty-eight individuals in the dog-exposed group and 23
individuals in the control group were tested via C6 ELISA for
seropositivity to Borrelia burgdorferi. A total of 71 individuals in
the dog-exposed group and 23 individuals completed the survey
indicating recent diagnoses.

ELISA, enzyme-linked immunosorbent assay.
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measure of exposure to a specific Borrelia antigen and cre-
ation of specific IgG/IgM antibodies, the kappa coefficients
are as expected. The odds of seropositive and self-reported
medical diagnosis of Lyme disease were 2.23 X greater in the
study population due to environmental exposure, regardless of
dog exposure, compared to Pennsylvania, the state in the
United States with the highest rate of rate of probable and
confirmed cases per 100,000 people in 2016 (OR=2.23, 95%
CI: 1.37-3.62, p-value=0.0029; CDC 2018).

Conclusions

Previously, little was understood regarding occupational
risks of repeated exposure to hunting dogs and potential
increased transmission of zoonotic diseases. This study
provides an important evaluation of how dog exposure sig-
nificantly increased tick exposure in these individuals who
work with hunting dogs. Individuals evaluated in this study
take care of and train =50 hunting dogs for the main part of
their working lives. Any ticks that come in contact with the
dogs while the dogs are “‘walking out,” the daily exercise
with hunt staff, or hunting with people on foot or on horse-
back, through high brush and grass, will also come in contact
with the individuals handling the dogs when they are feeding,
training, and providing other husbandry to these animals.
Therefore, it is reasonable that individuals working with dogs
would have an increased risk of tick exposure.

Individuals working with hunting hounds had a dispropor-
tionately increased exposure to Lyme disease, similar to other
populations known to be at high risk of Lyme disease due to
environmental exposures, such as bird watchers and individuals
working for local departments of parks and recreation compared
to the general public. The data from this study indicated an
increase in seroprevalence or self-reported medical diagnosis of
Lyme disease compared to the number of cases reported pre-
viously to the Iowa Department of Public Health across emer-
gent Southwestern areas of Iowa in an at-risk population.

While recall bias regarding self-reported Lyme disease was
inherent to this study due to the baseline understanding and
concern regarding tick-borne diseases in both groups, this ef-
fect was likely non-differential, thus underlining the increase in
seroprevalence or self-reported medical diagnosis of disease in
Southwestern Iowa. Due to the small sample size within this
study, these results warrant additional exploration into the
seroprevalence of Lyme disease within Southwestern Iowa.

Dogs are three-life-stage (larva, nymph, and adult) hosts of
Rhipicephalus sanguineus, the brown dog tick, or Derma-
centor variabilis, the American dog tick, and only hosts for
adult Ixodes spp., the vectors for B. burgdorferi (Rynkiewicz
and Clay 2014, Burroughs et al. 2016). Perhaps this higher
likelihood of dogs harboring dog-based ticks compared to
Ixodes spp. is why seropositivity to B. burgdorferi was
similar in dog caretakers and environmental control groups,
despite higher, but perhaps not more Ixodes, tick exposure
in dog caretakers. Dog-based tick exposure may instead
increase the risk of Rickettsia rickettsii or Francisella tu-
larensis infection, both transmitted by D. variabilis (Am-
merman et al. 2004, Mani et al. 2016). These diseases would
be logical targets for future study within these cohorts.

The findings of this study were limited by a small sample
size, concerns of recall bias, likelihood that members of both
the control and dog-exposed groups had additional tick
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exposure due to travel and less endemic geographical locations
of study participants. Despite this, high rates of B. burgdor-
feri seropositivity in both groups suggest the need for better
education of all participating groups regarding occupational
risks of tick-borne diseases. Furthermore, future studies are
warranted as habitat alterations and other factors increase the
territory of Ixodes spp. and other ticks and their associated
diseases.
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