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Prevention of tick-borne diseases
in humans is challenging. To date,
no prevention strategies have
been shown to be consistently
effective. Here, we describe the
design of a new large-scale study,
involving hundreds of households
in Dutchess County, New York,
testing whether environmental
interventions, applied intensively
and over 4 years, can prevent
human cases.

Worldwide, tick-borne diseases afflict
hundreds of thousands of people every
year, with many of those cases occurring
in the USA [1,2]. The most common tick-
borne illness in the USA, by far, is Lyme
disease, which is caused by infection with
Borrelia burgdorferi, a spirochete bacte-
rium [2]. A number of other tick-borne
diseases are expanding rapidly. Among
these are other bacterial diseases, such
as anaplasmosis and Rocky Mountain
spotted fever, as well as diseases caused
by protozoans and viruses, including
babesiosis and Powassan virus enceph-
alitis [3]. Understandably, considerable
attention is focused on accurate diagno-
sis and effective treatment of these infec-
tions. Prevention of exposure to these
infections has received far less attention
from the scientific and funding
communities.

Preventing tick-borne diseases is a chal-
lenge. Over the last century, vaccines for
infectious diseases have prevented mil-
lions of illnesses and deaths from

diseases ranging from measles to rabies.
But there is not a single human vaccine on
the market for even one tick-borne dis-
ease in the USA. Even if there were a
vaccine for, say, Lyme disease, people
living in Lyme disease-endemic areas
would still need to remain vigilant about
exposures to ticks because of the abun-
dance of other tick-borne infections. To
counter this problem, some researchers
are trying to develop anti-tick vaccines
[4,5], though such a product is likely years
from comprehensive testing and com-
mercial release.

At present, the best alternative for pre-
venting tick-borne diseases is to reduce
people’s exposure to infected ticks. This
could be achieved by reducing overall tick
abundance, by reducing the proportion of
ticks that are infected, by changing
human behaviors that affect encounters
with ticks, or by a combination of all three.
Unfortunately, though many prevention
strategies have been assessed, few have
addressed human outcomes, and none
of these have been found to be consis-
tently effective [6]. For example, Hinckley
et al. [7] conducted a large-scale experi-
ment to test whether bifenthrin, an acari-
cide, used on perimeters of people’s
yards reduced the incidence of Lyme dis-
ease. Working with thousands of partic-
ipants, they found that the pesticide
treatment reduced tick abundance in
treated areas by 63%, but that there
was no corresponding reduction in the
number of human cases [7].

Why might reducing tick abundance by
63% in people’s yards fail to reduce the
number of human cases? Reducing the
incidence of human cases might require
an even greater reduction in tick abun-
dance, or the treatment of entire yards
rather than just edges. People might also
be more likely to be exposed to infected
ticks when they are outside of their yards,
for example in a park or elsewhere in their
neighborhood. In the absence of a
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method demonstrated to reduce cases
strongly and consistently, residents of
tick-prone areas are left with an array of
unproven options.

We established the Tick Projectin 2016 to
test whether environmental interventions
could prevent cases of tick-borne dis-
eases. Because no prior efforts have
demonstrated an effect on human cases,
we increased the intensity and spatial
scale of our design compared to past
efforts in order to determine whether an
environmental approach could work
under the best circumstances. Building
on the results of the Hinckley et al. study
[7], we chose to test two complementary
methods of tick reduction rather than just
one, and we chose to treat multiproperty
neighborhoods rather than individual
properties. We also chose to treat entire
properties, not just perimeters.

The project is taking place in Dutchess
County, New York, an area of high inci-
dence for tick-borne diseases. Our thou-
sands of participants live in 24
neighborhoods, each of which has a high
incidence of tick-borne diseases. To
enroll people in the study, we began
recruiting participants from candidate
neighborhoods in 2016. Using phone-
number look-up services and door-to-
door canvasing, we contacted residents
living within the boundaries of target
neighborhoods and invited them to par-
ticipate. Each neighborhood consists of
about 100 households (Figure 1A), and
has at least 25% of its households
enrolled (Figure 2B). Enrolling and man-
aging thousands of participants required
the development of a sophisticated
method for tracking participants, commu-
nications, and documents. We worked
with developers at Arkus, Inc. to convert
Salesforce, a commercial software appli-
cation, from a corporate-focused client
relationship manager to a research-
focused participant relationship manager.
The proprietary software that resulted
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Figure 1. (A) The Tick Project Is Being Conducted in 24 Neighborhoods, Each of Which Consists
of ~100 Properties. In each participating neighborhood, at least 35% of households are enrolled. (B) Each
property is treated with Met52 fungal spray and Tick Control System rodent bait boxes with either active or
inactive (placebo) ingredients. Met52 is applied to the entire yard except for impervious surfaces; bait boxes (*)
are distributed across the property, as indicated for this representative property. Images from Google Maps.

(Purchased from Shutterstock).

from these partnerships has many bene-
fits for a project of this size, including the
capacity to use sophisticated mass-mar-
keting tools to communicate with our
participants.

Once we had enrolled enough partici-
pants, we randomly assigned each neigh-
borhood to one of four combinations of
two treatments (Figure 2A), both of which
are designed to kil ticks. The first treat-
ment is a commercial spray, Met52
(Novozymes Biologicals, Inc., Salem,
VA), made from the spores of a native
entomopathogenic fungus, Metarhizium
brunneum (=M. anisopliae) that has been
shown to kill ticks [8]. The second treat-
ment is called the Tick Control System
(Select TCS; Tick Box Technology Cor-
poration, Norwalk, CT), and consists of a
small metal-covered box containing bait
that attracts small mammals, including
rodents. Once inside, animals are treated
with a dab of an acaricide — fipronil — that
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kills ticks on animals for several weeks
(Figure 1B). The study is randomized
and replicated with six neighborhoods
treated with each of the four treatment
combinations (Figure 2A). The study is
also placebo-controlled; all of the neigh-
borhoods receive applications of both of
our interventions, but some of the inter-
ventions are placebos. The placebo ver-
sion of the Met52 fungal spray is water,
while the placebo TCS boxes contain no
fipronil. The study is also double-blind —
neither the participants nor the field per-
sonnel working on the properties know
which treatment combination each neigh-
borhood is receiving.

Our choice of which treatments to use in
this experiment was guided by three cri-
teria. First, we required that treatments
had already been shown to be effective
at reducing tick abundance under realistic
conditions. Second, we required prod-
ucts to be commercially available so that
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there would be no delay in the ability of
communities to implement the treatments
if they were found to be effective. Finally,
we required that our treatments had to be
safe for people, pets, and the environ-
ment. This ruled out some products, like
bifenthrin, which can have substantial
nontarget effects. The active ingredient
in our Met52 treatment is particularly
effective at killing ticks but can also be
lethal to some other arthropods. In 2016,
we conducted a field study to determine
potential effects of Met52 on nontarget
arthropods in soil and leaf litter and found
no significant effects [9]. Our second
treatment, the TCS bait box, targets ticks
on small mammals, which are responsible
for infecting the majority of ticks with tick-
borne pathogens in the northeastern
USA. This product delivers a minute vol-
ume of fipronil to small mammals and
does not involve environmental release;
there are no known negative effects on
people, pets, or the environment.

Our response variables following these
treatments fall into three categories. First,
we collect data on risk factors for tick-
borne diseases, including the abundance
and infection prevalence of ticks in yards
and the number of ticks on rodent hosts
[10]. We also use wildlife cameras to mon-
itor the composition of host communities
in each neighborhood [11]. Second, we
monitor tick encounters and cases of tick-
borne diseases in study participants.
Every 2 weeks, between April and
December, we survey a contact person
in each household to determine whether
anyone in the household (including a dog
or a cat) has encountered a tick or been
diagnosed with a tick-borne disease.
Messages requesting this information
are sent via SMS or email depending on
preferences established by the partici-
pant. A small percentage of participants
require telephone contacts. If participants
respond that they have had a tick-borne
illness or encountered a tick, we ask them
to complete questions on a more detailed
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Figure 2. (A) Experimental Design of the Tick Project. Each treatment combination is being tested in six
neighborhoods, and each treatment has a corresponding placebo control. The assignment of treatment and
control conditions to neighborhoods is double-blind — neither the participants nor those collecting data for the
study know which treatments are being applied to which neighborhoods. (B) Enroliment levels in the Tick
Project, showing the percentage of households participating in each of the 24 neighborhoods.

electronic survey. The flow of information
in our mass communications with partic-
ipants is managed by our software.
Finally, we confirm self-reported cases
of tick-borne illness of humans by con-
tacting participants’ health care providers
after receiving appropriate permissions
from participants. We hypothesize that
the number of ticks per yard and the
number of human cases will be lower in
neighborhoods receiving treatments that
include the active ingredients.

We began applying treatments to proper-
ties in spring 2017, and treatments will
continue through 2020, so that we willhave
4 years of data on these neighborhoods.
The long-term nature of the study is based
on the expectation that the effects of the
treatments willbe cumulative. Forinstance,
by killing immature ticks attached to small
mammals, the TCS bait boxes should
affect host-seeking ticks (the stages capa-
ble of transmitting infection to people) the
following year. And, any reductions in the
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abundance of host-seeking ticks should
reduce both tick-to-host and host-to-tick
transmission rates of pathogens, leading to
a positive feedback that should further
reduce the abundance of infected ticks
and the number of cases.

We expect that a 4-year, randomized,
placebo-controlled, double-blind design,
with two tick-control methods and a rela-
tively high level of replication, conducted
at the level of residential neighborhoods,
will answer the question of whether an
intensive community-based strategy can
prevent tick-borne infections. If it can, of
course many important questions will
remain, including what the minimum level
of participation is and who should bear
he cost of ftreating high-risk
neighborhoods.

—
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