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Abstract: Despite the rising incidence of tick-borne diseases (TBD) in the northeastern United States
(US), information and expertise needed to assess risk, inform the public and respond proactively is
highly variable across states. Standardized and well-designed tick surveillance by trained personnel
can facilitate the development of useful risk maps and help target resources, but requires nontrivial
start-up costs. To address this challenge, we tested whether existing personnel in New Jersey’s
21 county mosquito control agencies could be trained and interested to participate in a one-day
collection of American dog ticks (Dermacentor variabilis), a presumably widespread species never
before surveyed in this state. A workshop was held offering training in basic tick biology, identification,
and standard operating procedures (SOPs) for surveillance, followed by a one-day simultaneous
collection of D. variabilis across the state (the “NJ Tick Blitz”). In total, 498 D. variabilis were collected
from 21 counties and follow-up participant surveys demonstrated an increase in knowledge and
interest in ticks: 41.7% of respondents reported collecting ticks outside the Tick Blitz. We hope that
the success of this initiative may provide a template for researchers and officials in other states with
tick-borne disease concerns to obtain baseline tick surveillance data by training and partnering with
existing personnel.

Keywords: integrated pest management; vector-borne diseases; vector surveillance; citizen science;
American dog tick

1. Introduction

The northeastern United States currently have the largest burden of tick-borne diseases (TBDs) in
the nation, due primarily to the concentration of Lyme disease within the region (~81% of 38,069 Lyme
disease cases in the United States (US) in 2015 [1]) but also increasing prevalence of anaplasmosis,
babesiosis, and spotted fever rickettsioses [2,3]. Ticks are both a threat to human health and to economic
health: According to a recent estimate, healthcare costs associated with diagnosis and treatment of
Lyme disease could total as much as $1.3 billion per year [4] and tick-borne illnesses are a common
drain on the labor force especially to those spending time outdoors, such as agricultural workers [5,6].

The number of tick-borne disease cases in the US have increased annually since ca. 2000 and new
pathogens are continually emerging; in fact 40% of all known tick-borne pathogens were described
in just the last 20 years [7,8]. The tick-borne disease landscape in the northeastern US has therefore
undergone dramatic shifts since the emergence of Lyme disease in the 1980’s including the northward
expansion of lone star ticks (Amblyomma americanum) and associated pathogens [9] as well as growing
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recognition of human infections with deer tick virus (DTV), a new lineage of Powassan virus vectored
by Ixodes scapularis [10]. Furthermore, questions about the changing epidemiology of spotted fever
rickettsioses in the US [11] are especially pertinent in the northeast, where human cases are increasing
but the causative agent, Rickettsia rickettsii, is rare in the presumed vector, American dog ticks
(Dermacentor variabilis) [12]. The southern Gulf coast tick, A. maculatum, is a vector of related pathogen
R. parkeri and has recently expanded into Maryland and Delaware [13] but its penetration further north
is unknown. As TBD incidence has been linked to climate, the situation is expected to worsen [14].

Against the backdrop of a high TBD burden, integrated tick and tick-borne disease management
strategies in the Northeast region are broadly missing [15]. The first step to devising strategies
to minimize disease burden is to assess which tick species are present, their abundance and
their phenology [16,17]. Unfortunately, in much of the northeast there is currently very little
funding/infrastructure available to conduct even basic tick surveillance. In particular, while some
university, county or state programs test for pathogens in ticks submitted by residents and physicians
(passive surveillance) this practice is discouraged by the US Centers for Disease Control and Prevention
(CDC) in favor of active tick and tick-borne pathogen surveillance similar to existing programs that
track mosquitoes and mosquito-borne pathogens (https://www.cdc.gov/lyme/removal/index.html).

The lack of information on ticks and tick-borne pathogens means that we are unlikely to notice
changes until prevention is no longer feasible, i.e., after infestations have established or human
disease cases have become common. Importantly, due to the potential for wide cross-reactivity among
closely-related and/or emerging pathogens in standard serological testing, relying on human case reports
as a proxy for pathogen/tick surveillance is suboptimal. For example, extensive cross-reactivity among
Rickettsia bacteria in diagnostic testing of humans obscures large differences in pathogenicity [18,19]:
The human disease-based surveillance cannot distinguish between potentially fatal R. rickettsii,
the agent of Rocky Mountain Spotted Fever (thought to be transmitted by D. variabilis in the
Eastern US), moderately pathogenic R. parkeri (transmitted by A. maculatum) or even apparently
non-pathogenic R. amblyommatis, a common (>25% infection rates, [20]) bacterium found in the
lone star tick, A. americanum. These three agents have widely varying degrees of pathogenicity
and occur in three different tick species (all of which commonly parasitize humans, [21]) with
overlapping distributions in the eastern United States, underscoring the epidemiological need for
entomological surveillance.

Tick-borne disease surveillance and education in the northeast has centered on Lyme disease (LD)
since the early 1980’s when this emerging disease was first linked to the spirochete Borrelia burgdorferi
found in ticks [22–24]. Dozens of studies have mapped LD cases and the distribution of its vector,
the blacklegged or deer tick (I. scapularis) in a variety of northeast and north-central states (reviewed
by [25], and updated by [26]). In those studies, ticks primarily came from surveys on deer associated
with deer-check stations (30.1%), followed by public submissions (18.1%), while flagging/dragging
made up just 7.5% of collections [25]. Many of these surveys were able to document significant
changes in I. scapularis populations, such as local increases in abundance or geographic expansions
into new areas [27–29]. As awareness of other TBDs began to increase in the northeast including
anaplasmosis and babesiosis [30,31], new surveys began tracking the distribution of their causative
agents (Anaplasma phagocytophilum and Babesia microti, respectively). However, because these pathogens
are also vectored by I. scapularis, the singular focus on this species continued (e.g., [32–34], among many
others). In fact, only a few studies within the northeast have specifically targeted other species such as
A. americanum [35–37] and D. variabilis [38,39]. To the best of our knowledge, in many northeastern
US states (including New Jersey) there has never been a systematic survey of D. variabilis or of the
pathogens it may carry, as this tick species favors open fields such as grassy roadsides and meadows
instead of the forests where I. scapularis thrives [40]. This is particularly a concern as some areas are
seeing increasing numbers of encounters between humans and D. variabilis [41].

Concurrent with the early focus on LD in tick surveys, surveys examining public knowledge
about ticks and evaluating the success of prevention education in the northeast US also focused on
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I. scapularis. While most studies have found that public awareness of LD is high, the use of personal
precautions is consistently low [42,43]. Overall, the public knows very little about tick-borne diseases
other than LD [44,45].

The primary objective of our study was to assess the interest and proficiency of existing agencies in
New Jersey (NJ) dedicated to pest management and public health to provide state-wide standardized
tick surveillance. We targeted the NJ mosquito control community that has agencies in all 21 NJ
counties (Figure 1), two professional organizations (the New Jersey Mosquito Control Association
(NJMCA) and Associated Executives of Mosquito Control Work in NJ, Inc.) and a long history of
science-based mosquito control research and practice [46]. A secondary objective was to obtain the
first NJ statewide snapshot of the putative Rickettsia vector Dermacentor variabilis. We present our
experience, results and lessons learned from trialing a “Tick Blitz” approach with this community,
supported by a one-day workshop, where surveillance SOPs (standard operating procedures) and
supplies were provided. Our aim was to evaluate if a Tick Blitz-like approach could act as a crucial first
step towards developing a quorum of skilled personnel and statewide interest conducive to investment
in a larger tick-surveillance program.
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Figure 1. Map of New Jersey with 21 counties, each of which has a locally funded mosquito
control program.

2. Materials and Methods

2.1. Recruitment and Training

Mosquito control agencies were recruited via an in-person announcement at a monthly meeting
of the Associated Executives of Mosquito Control of New Jersey (“Associate Execs”) in the fall of 2017
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requesting letters of support for a Northeast IPM Partnership Grant application. We received letters
from 15 out of 21 counties plus the NJ State Office of Mosquito Control Coordination (OMCC; housed
in the New Jersey Department of Environmental Protection). After the grant was awarded, we made a
second announcement at one of the Associate Execs monthly meetings and sent a follow-up email to
the organization’s list-serve with additional details asking mosquito control professionals to sign up
for a workshop that was held on 4 May 2018 and participate in a one-day “NJ Tick Blitz” that was held
on 10 May 2018.

50 attendees from 24 agencies (20/21 county mosquito control agencies plus the OMCC, New Jersey
Department of Health, Rutgers University and US Department of Agriculture—Animal and Plant
Health Inspection Service) attended the training. At the workshop, speakers from Rutgers University
and the Monmouth County Mosquito Control Division, Tick-borne Diseases Lab provided information
about tick-borne pathogens and tick biology, identification and environmental collecting (including
a hands-on demonstration). Detailed information about the Tick Blitz including site selection and
additional information regarding surveillance for D. variabilis, the focal species, as well as surveillance
supplies (below) were also provided.

2.2. Site Selection

In contrast to forest dwelling ticks such as I. scapularis, D. variabilis typically occupies old field
habitats and ecotones adjacent to meadows [47,48]. Each participating county mosquito control agency
was given a document with pictures and examples of D. variabilis habitat and they were instructed
to choose at least two sites within their county that matched the description: One primary and one
backup. Pictures and GPS coordinates of these sites were sent to Tick Blitz organizers to review and
assess habitat suitability for D. variabilis. The organizers reviewed the landscape at each site using
Google satellite maps and occasionally Google street view, and gave each agency feedback on whether
the site would be suitable and which areas within the site would be ideal for sampling.

2.3. Tick Surveillance

Emphasis was placed on use of a standardized tick collection protocol at all sites. To facilitate this,
tick collection kits were provided to each participating county mosquito control agency. Each kit placed
inside a cloth drawstring bag contained: A collapsible “tick sweep” (modified from [49] by Benedict
Pagac and James Butler, Army Public Health Command—Atlantic), a NJ Tick-Blitz t-shirt, a roll of
masking tape, a box of ziploc bags, a permanent marker and sample collection sheets. The sample
collection sheets instructed participants to record the date and time of the collection, collector’s name,
county, site number, and transect number; there was also a blank space for additional notes (e.g.,
weather conditions or issues encountered). We also provided a cardboard box for courier pickup:
A courier service was hired to visit each county, pick up collected ticks and transport them to the
Rutgers Center for Vector Biology (CVB) for processing. Tick sweeps (a sampling device with a
long, bent handle allowing the cloth to contact the ground, [49]) were chosen both due to the type
of habitat being targeted for American dog tick sampling (i.e., edge habitat between wooded areas
and open grass) and because they were relatively easy to mass-produce. In contrast to Carroll and
Schmidtmann [49], who used the device to sweep back and forth in front of the investigator’s path,
we instructed participants to walk with the sweep at their side, allowing them to sample the taller
grass/ecotone more likely to contain ticks while staying in shorter grass or along trails (Figure 2) thereby
reducing their exposure to ticks. Thirty sweeps were manufactured using polyvinyl chloride (PVC)
pipe and crib flannel (Buy Buy Baby, cat#14814620, Union Township, NJ, USA). The 0.25 m2 flannel
was folded around the pipe and sewn to allow easy removal for washing (see Figure 2).
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Figure 2. New Jersey (NJ) Tick Blitz participant using provided tick sweep. Original design by [49]
with modifications by Benedict Pagac and James Butler. Photo courtesy Jonathan Cassidy and Joe New,
Burlington County, NJ.

Participants were instructed to measure out 300 m transects along edge habitat at sites selected
earlier (one transect per site). Each transect was sampled with the tick sweep held to the side at a
slow, steady pace and participants were told to stop every 20–30 m to inspect for ticks. Ticks were
removed from the sweeps with masking tape and placed in Ziploc bags with a completed label. This
removal methodology was chosen as opposed to forceps and vials to minimize handling time as most
participants were first-time tick collectors with job responsibilities outside this project. Recorded length
of sampling varied across teams from under 1 h excluding travel time to over 3 h with additional (i.e.,
more than the 2 requested) sites visited.

On “Tick Blitz Day,” 50 participants collected ticks in 21 counties. They were instructed to begin
collecting simultaneously throughout the state at 10 am Eastern Standard Time (EST). Collected ticks
were kept refrigerated until they were picked up by the courier service and brought to the CVB,
where they were removed from the tape and identified to species and stage by experienced tick
researchers using established keys (e.g., [50]). Due to the recent detection of Haemaphysalis longicornis
in New Jersey [51] and at the time lack of available keys to distinguish them from native species (but
see [52]) ticks in the genus Haemaphysalis were identified by DNA sequencing of the barcode locus in
the mitochondrial cytochrome c oxidase gene [53]. Very occasionally, non-tick arthropods were picked
up along with ticks on the tape, but that bycatch was ignored.
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Statewide maps of tick collections were created in QGIS (https://qgis.org/). D. variabilis and
A. americanum were set aside for Rickettsia spp. testing [54].

2.4. Participant Surveys

Pre- and post-tests were administered to participants during the 4 May training. Each paper
survey contained five questions (4 multiple choice and 1 open-ended) designed to quickly evaluate
the participants’ level of knowledge about ticks and tick-borne diseases before and after the training.
Pre- and post-test questions were different but judged to be similar in difficulty by a panel of
three researchers.

After the conclusion of the project in December 2018, a final survey was administered through
Qualtrics (Qualtrics, Provo, UT, USA) to examine the participants’ overall experience with the NJ Tick
Blitz. This survey consisted of 15 questions on topics such as their knowledge/comfort level with ticks
before and after the Tick Blitz, whether or not they had done additional tick collecting outside the
Tick Blitz, and what could be improved if the Tick Blitz were repeated. The link was sent by email,
participants were given 30 days to respond and responses were collected anonymously. Data was
analyzed using the “Data and Analysis” tab in Qualtrics.

3. Results

3.1. Tick Surveillance

Fifty sites in all 21 New Jersey counties were sampled for ticks on the morning of 10 May 2018
between approximately 10 am and 12 pm (Figure 3A). An a posteriori evaluation of the site sampled in
Essex County, where no ticks were collected, indicated the habitat did not match the guidelines therefore
a second site in Essex was sampled on 16 May bringing the total sites sampled to 51. Ultimately,
D. variabilis ticks (N = 498) were collected from all 21 NJ counties (Figure 3B). Other species collected
were A. americanum (N = 238, Figure 3C), I. scapularis (N = 37, Figure 3D), H. longicornis (N = 36,
Figure 3E), and H. leporispalustris (N = 2, Figure 3F) (Supplementary Table S1). In general, these
incidental collections reflected known distributions of these species in NJ, i.e., a primarily southern
distribution of A. americanum and a statewide distribution of I. scapularis. Specimens of H. longicornis
were collected from both counties with known populations of this species prior to 10 May 2018
(Hunterdon and Union counties) as well as in two new counties with no prior detections (Middlesex
and Mercer). Both specimens of the rabbit tick H. leporispalustris were immatures: A larva from Camden
County and a nymph from Ocean County.
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3.2. Participant Surveys: Pre- and Post-Tests

Forty-eight attendees to the Tick Blitz Workshop completed both a pre-and post-test. Most
respondents answered the questions correctly (Table 1). The lowest scoring question was pre-test
question #1, where many respondents remembered three medically important tick species yet did
not realize there are actually more than 10 species in New Jersey (including several that do not bite
humans [55]), and post-test question #2, where many accurately remembered that adults have taken a
second bloodmeal and thus likelihood of carrying a pathogen is higher, but did not recall from our
lecture that nymphs are more likely to transmit a pathogen to humans because they are easier to miss
during tick checks (55.3% of respondents answered “adults,” vs. 42.6% “nymphs”) (Table 1).

Table 1. Graded responses to pre- and post-tests taken at Tick Blitz workshop on 4 May 2018.

Question No. Text of Question Type of Question % Correct (N = 48)

Pre-test 1 “Approximately how many tick species are known
to occur in NJ?” Multiple choice 50

Pre-test 2 “Ticks are active only during the warmer months
of the year just like mosquitoes” True or False 86.4

Pre-test 3 “Like mosquitoes only adult ticks bite” True or False 97.7

Pre-test 4 “How many different human pathogens are known
to be transmitted by ticks in NJ?” Multiple Choice 86.4

Post-test 1 “Which tick genus can be differentiated from all the
others based on the location of the anal groove?” Multiple Choice 89.4

Post-test 2 “Which tick stage is the most likely to transmit a
pathogen to humans?” Multiple Choice 42.6

Post-test 3 “Where can people be exposed to ticks?” Checkboxes 77.1

Post-test 4 “Do ticks in NJ transmit any deadly diseases?” Yes or No 97.9

One additional question was included on each test but was not scored. On the pre-test, this
question asked if participants were familiar with methods to survey ticks, and if so, to give an example.
Seventy-five percent of respondents said they were familiar with tick collection methods, and 69.2%
of those named tick drags (only 3.8% mentioned CO2 traps). On the post-test this question asked
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“Do you expect surveying for ticks will be much different from surveying mosquitoes?” and 76.6% of
respondents selected “Yes.”

Overall, the post-test mean score (mean ± SD = 3.45 ± 0.68) was higher than the pre-test mean
score (2.94 ± 1.12) (Paired t-test, p = 0.0212).

3.3. Participant Surveys: Final Survey

The final survey was sent to participants that both attended the training workshop and participated
in Tick Blitz collection (N = 45). Responses were received from 25 participants, (55.6% response rate).
Results of the survey indicate mosquito control professionals in NJ have ample exposure to ticks during
their job and everyday lives (72% encounter daily or frequently) and most were either slightly (36.0%)
or moderately (48.0%) knowledgeable about ticks prior to the Tick Blitz (Table 2).

Table 2. Results of Final Survey of Tick Blitz participants, N = 25 responses.

Survey Section Question Answers % Respondents

Participant
background

Years in mosquito control

0–5 32.0
6–10 12.0
11–20 36.0
21–30 8.0
More than 30 years 12.0

Experience outside mosquito
control?

Yes 64.0
No 36.0

If yes to above, Other fields with
experience

Biology 43.8
Environmental science 25.0
Parks & Recreation 12.5
Public Health 31.3
Public works 0.0
Other (write-in answers included retail,
construction, food service, landscaping, private
sector pest management, etc.)

93.8

Pre-Tick Blitz
questions

How often participants
encountered ticks

On a daily basis 28.0
Frequently (every couple weeks) 44.0
Occasionally (a few times a year) 24.0
Rarely (once or twice in life) 4.0
Never 0.0

Level of knowledge about ticks
prior to Tick Blitz

Not at all knowledgeable 0.0
Slightly 36.0
Moderately 48.0
Very 4.0
Extremely knowledgeable 12.0

Tick Blitz experience

How did tick collections compare
to expectations?

Fewer than expected 41.7
About the same as expected 37.5
More than expected 20.8

Rating of each aspect:
(First number = extremely + very
effective, Second number =
moderately + slightly effective)

Advertising about the Tick Blitz 87.5, 12.5
Collection kit provided 95.8, 4.2
Communication from organizers 91.7, 8.3
Guidance for site selection 87.5, 12.5
Hands on portion of workshop 75.0, 25.0
Incentives to participate 79.2, 20.8
Lecture portion of workshop 95.8, 4.2
Standard operating procedures (SOPs)
provided 95.8, 4.2

Website for entering data 87.5, 12.5

Aspects of Tick Blitz that could be
improved

Advertising about the Tick Blitz 4.2
Collection kit provided 8.3
Communication from organizers 4.2
Guidance for site selection 8.3
Hands on portion of workshop 20.8
Incentives to participate 12.5
Lecture portion of workshop 12.5
SOPs provided 0.0
Website for entering data 0.0
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Table 2. Cont.

Survey Section Question Answers % Respondents

Post- Tick Blitz
questions

Level of knowledge after Tick Blitz

Not at all knowledgeable 0.0
Slightly 0.0
Moderately 37.5
Very 45.8
Extremely knowledgeable 16.7

Comfort level:
(First number = extremely +
somewhat comfortable, second
number = neither uncomfortable
nor comfortable + somewhat
uncomfortable)

Answering residents’ questions about ticks 100.0, 0.0
Collecting ticks 95.8, 4.2
Identifying ticks to genus 75.0, 25.0
Naming tick-borne pathogens in NJ 91.6, 8.4
Protecting myself from tick bites 100.0, 0.0
Recognizing tick habitat 91.6, 8.4

Collected ticks outside of (after)
the Tick Blitz?

Yes 41.7
No 58.3

If yes, on how many days?

One 30.0
2–5 20.0
6–10 20.0
On a regular basis (weekly, monthly, etc.) 30.0

Plans to collect ticks next year
(2019)?

Definitely yes 41.7
Probably yes 41.7
Might or might not 16.7
Probably no 0.0
Definitely no 0.0

Tick Surveillance
needs in NJ

Which of the following items
would your county need to
establish a tick surveillance
program? (% Has, % Need)

Actionable outcomes (what to do w/info) 40.9, 59.1
Detailed SOPs for tick collection. 0.0, 100.0
Employee motivation 72.7, 27.3
Expertise in Tick ID 9.1, 90.9
Funding for supplies/equipment 10.0, 90.0
Funding for personnel 41.2, 58.8
Guidance from NJ State Office of Mosquito
Control Coordination (OMCC) 63.6, 36.4

Guidance from Rutgers 50.0, 50.0
Legal authority 47.4, 52.6
Permission from administration 42.1, 57.9
Support of residents 85.0, 15.0

After the Tick Blitz, knowledge increased slightly, with participants who were slightly
knowledgeable before becoming moderately knowledgeable, and participants who were moderately
knowledgeable becoming very knowledgeable (χ2 = 25.9, df = 6, p = 0.0002). After the Tick Blitz,
participants felt most comfortable answering residents’ questions (100% either extremely or somewhat
comfortable) but least comfortable identifying ticks to genus (75% extremely or somewhat comfortable).

In total, 41.7% of participants were inspired to collect ticks outside of or after the Tick Blitz (Table 2)
and 83.4% said they definitely or probably would collect ticks in 2019. Most of those collecting outside
the Tick Blitz had a background in Biology (26.7%). Interestingly, participants that collected fewer ticks
than they expected during the Tick Blitz were less likely to have collected afterwards (χ2 = 7.13, df = 2,
p = 0.028).

3.4. Surveillance Website

Tick identification results were made available to participants using a surveillance website platform
hosted at Rutgers University (http://acari.rutgers.edu/tickblitz/). Each county received a unique login
and password that participants could use to enter site information and review data. They could also
view statewide data embedded in a Google Map for each tick species (Google Inc., Mountain View, CA,
USA). A subset of the data (aggregated by county to obscure sensitive site locations) is available to the
public via a link on the site.

http://acari.rutgers.edu/tickblitz/
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4. Discussion

The New Jersey Tick Blitz successfully collected specimens of the target species Dermacentor
variabilis throughout the state of NJ and demonstrated that professionals in local agencies dedicated to
pest management and/or public health can be trained and, importantly, are interested, motivated and
competent to participate in statewide tick surveillance activities.

We note that one-day sampling does not give a proper estimate of tick density or abundance
at sites, as there may be day-to-day fluctuations in questing tick populations within a site due to
weather, host availability and other factors [56–60]. Also, sites chosen to sample within a county may
not be representative of tick populations in the county as a whole. Additionally, because there are
no standardized leave-on-site traps or other investigator-independent strategies for tick surveillance,
having different tick collectors (many relatively inexperienced) is likely to introduce variability in
collections across locations, for example each group may walk faster/slower or be more or less likely to
spot tiny larvae on the flag, which could affect numbers and/or species of ticks collected.

Despite the limitations discussed above, the New Jersey Tick Blitz was able to improve on our
general understanding of tick distributions in New Jersey. Resulting data clearly supported the
a priori hypothesis [55] that D. variabilis is widespread throughout the state. We also learned that the
distribution of A. americanum extended farther northward than previously thought [37] with specimens
collected from Middlesex and Somerset counties. Importantly, first time detections of the exotic tick
H. longicornis in Mercer and Middlesex counties prompted the US Department of Agriculture and the
NJ Department of Agriculture to work with livestock facilities in these counties to protect their animals
and spurred additional surveillance efforts for this tick species in NJ.

The collection of two specimens of H. leporispalustris was intriguing as this species is not typically
sampled in collections of questing ticks due to their host specificity [61,62]. In fact, earlier collections
of questing Haemaphysalis in Union County NJ from 2013, originally presumed to be H. leporispalustris,
were later identified as H. longicornis [63]. The presence of both these species in questing tick collections
in NJ emphasizes the need for careful identification to distinguish these two species [52]. Of note,
despite the ongoing northward expansion of A. maculatum into Delaware and Maryland [13], and
its utilization of similar types of habitat and seasonal timing as D. variabilis [64], we did not detect
A. maculatum during our sampling in NJ. It is possible A. maculatum has not yet made it across the
Delaware Bay, or alternatively, populations are still low enough that they could not be detected using
our sampling approach. Indeed, there is evidence that capturing and sampling hosts directly may be a
more sensitive means to detect nascent tick populations than flagging/dragging [65,66].

Both the workshop pre- and post-tests and final survey demonstrated that New Jersey mosquito
professionals were already somewhat experienced and knowledgeable about ticks prior to the Tick
Blitz, and that the workshop and overall Tick Blitz experience achieved significant improvement in
their knowledge and comfort levels. It also captured a noteworthy level of interest and enthusiasm for
working on ticks: 41.7% of participants reported collecting ticks outside of the Tick Blitz, despite that
task falling outside their job duties. This was especially so for those with a prior background in biology,
indicating a strong natural curiosity and intrinsic motivation among this group of professionals.

However, there were aspects of the Tick Blitz primarily associated with the workshop that can be
improved. Open-ended comments from participants included suggestions to break attendees up into
smaller groups, giving each person time to handle the tick sweep and try collecting, as well as getting
real-time feedback from trainers. There were also suggestions to improve the lecture portion, including
providing physical specimens to examine under the microscope for the identification (ID) portion and
more advanced (e.g., beyond genus level) ID training. As a result, we recommend that other groups
wishing to implement a Tick Blitz in their territory give their participants more hands on experience in
both viewing and identifying ticks as well as handling and collecting ticks in the field. Participants
were especially eager to have direct feedback from the trainers (“Am I doing this right?”). The receipt
of feedback can be an important component of learning [67] and effective feedback has been shown
to improve retention of volunteers in activities like citizen science projects [68] and contributions to
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online data pools [69]. In particular, lack of encouraging feedback may have contributed to participants’
concerns about their competency in collecting ticks (i.e., feelings that they collected fewer ticks than
they should have), thus affecting their confidence and motivation to participate in additional sampling.

As a result, we recommend better managing participants’ expectations so that they understand
there are myriad reasons why they may collect few ticks in a given site or on a given day, and that
this may not necessarily reflect the tick abundance at that site or their collecting ability. Specific
examples from the literature or the instructor’s experience will help improve the trainee’s confidence
and prevent them from becoming discouraged with tick collection. Lack of confidence in the results
obtained may also help explain why individuals who collected fewer ticks than expected were less
likely to collect after the Tick Blitz, although an alternative explanation is that they simply felt there
were not many ticks in their county and did not see a need for additional surveillance. In either case,
a better understanding of variability in tick collection and the drawbacks of current surveillance is
needed [70,71].

In the last part of the survey, we asked the respondents what they thought were the constraints to
developing standardized tick surveillance in New Jersey. We found that the majority of participants
were already highly motivated from personal experience or that of their employees (72.7%) and resident
inquiries (85.0%), however most noted the need for specific funding for tick surveillance (90.0%),
training in tick identification (90.9%), and standard operating procedures (SOPs) for tick collection
(100.0%) (Table 2). This is an encouraging sign that if funding and better educational support was
provided, mosquito control professionals would be willing to enact more formal tick surveillance and
their constituents would be supportive. In our experience, building an exploratory tick surveillance
program by funding mosquito control professionals is an excellent way to leverage existing resources.

We are confident that the existing significant experience with standardized surveillance practices
among the extensive NJ network of mosquito control professionals facilitated training in tick surveillance
and the quality of the resulting data. This is an asset that is often missing in other US states [72].
However, the same workshop combined with a hands-on Tick Blitz could be implemented for other
types of professionals such as private pest control operators. In fact, in our experience even interested
citizens can become effective pest managers if educated and guided [73]. These approaches are not
meant to replace a properly funded and well-designed tick surveillance program, where experienced
collectors visit a range of sites multiple times over a season. However, in areas lacking such capability
or wishing to build capacity, a “Tick Blitz”-like approach could provide critical baseline data on local
tick populations that could be used to justify the establishment of a larger program.

5. Conclusions

While we acknowledge that the New Jersey Tick Blitz was conceived as a pilot study with
inherent limitations and biases, it nonetheless added significant new knowledge on tick distributions
in New Jersey. The mosquito control professionals that participated indicated in their survey responses
that the experience provided important training, materials, and risk information, helping them to
address the evident and pressing TBD concerns of their residents. On a broader scale, the success of
this initiative may provide a template for researchers and government officials in other states with
tick-borne disease concerns to obtain baseline tick surveillance data by training and partnering with
existing personnel. This data can then be leveraged to secure additional funding for surveillance
projects to protect human health by monitoring the changing tick-borne disease landscape.
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Table S1: Tick species and life stages collected during the 2018 New Jersey Tick Blitz, by county.

Author Contributions: Conceptualization, A.M.E. and D.M.F.; data curation, A.M.E.; formal analysis, A.M.E.;
funding acquisition, A.M.E. and D.M.F.; investigation, J.L.O.; methodology, A.M.E., J.L.O., and D.M.F.; project
administration, A.M.E.; resources, D.M.F.; visualization, D.C.P.; writing—original draft, A.M.E.; writing—review
and editing, A.M.E., J.L.O., D.C.P., and D.M.F.

http://www.mdpi.com/2075-4450/10/8/219/s1


Insects 2019, 10, 219 12 of 15

Funding: This publication was funded by the Northeastern IPM Center through Grant #2014-70006-22484 from the
National Institute of Food and Agriculture, Crop Protection and Pest Management, Regional Coordination Program.

Acknowledgments: The authors are grateful to the community of 21 county mosquito control agencies in New
Jersey whose participation made the 2018 New Jersey Tick Blitz a success as well as the Associated Executives of
Mosquito Control of New Jersey Inc. for assistance in participant recruitment. We are also indebted to Robert A.
Jordan, Monmouth County Mosquito Control Division, for lending his expertise at the training workshop and
providing insightful comments on a variety of project materials including this manuscript. We would additionally
like to thank Benedict Pagac and James Butler, Army Public Health Command—Atlantic for sharing the plans
for a lightweight collapsible tick sweep with us; Lisa Reed and Phil Wisneski at Rutgers University for setting
up the registration webpage for participants; Alvaro Toledo, Department of Entomology, Rutgers University, for
lecturing at the training workshop; David Lane, Northeast IPM Center for guidance on participant survey design;
Daniela Correia, Rutgers Center for Vector Biology, for project administration and workshop setup; and Melvin
Delvillar and Samantha Schwab, Rutgers University, for assistance with data collection.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Adams, D.A.; Thomas, K.R.; Jajosky, R.A.; Foster, L.; Baroi, G.; Sharp, P.; Onweh, D.H.; Schley, A.W.;
Anderson, W.J. Summary of Notifiable Infectious Diseases and Conditions—United States, 2015. MMWR
2017, 64, 1–143. [CrossRef] [PubMed]

2. Herwaldt, B.L.; McGovern, P.C.; Gerwel, M.P.; Easton, R.M.; MacGregor, R.R. Endemic babesiosis in another
eastern state: New Jersey. Emerg. Infect. Dis. 2003, 9, 184–188. [CrossRef] [PubMed]

3. Nicholson, W.L.; Gordon, R.; Demma, L.J. Spotted fever group rickettsial infection in dogs from eastern
Arizona: How long has it been there? Ann. N. Y. Acad. Sci. 2006, 1078, 519–522. [CrossRef] [PubMed]

4. Adrion, E.R.; Aucott, J.; Lemke, K.W.; Weiner, J.P. Health care costs, utilization and patterns of care following
Lyme disease. PLoS ONE 2015, 10, e0116767. [CrossRef] [PubMed]

5. Goldstein, M.D.; Schwartz, B.S.; Friedman, C.; Maccarillo, B.; Borbi, M.; Tuccillo, R. Lyme disease in New
Jersey outdoor workers: A statewide survey of seroprevalence and tick exposure. Am. J. Public Health 1990,
80, 1225–1229. [CrossRef] [PubMed]

6. Zhang, X.; Meltzer, M.I.; Pena, C.A.; Hopkins, A.B.; Wroth, L.; Fix, A.D. Economic impact of Lyme disease.
Emerg. Infect. Dis. 2006, 12, 653–660. [CrossRef] [PubMed]

7. Paddock, C.D.; Lane, R.S.; Staples, J.E.; Labruna, M.B. Changing paradignms for tick-borne diseases in the
Americas. In Global Health Impacts of Vector-Borne Diseases: Workshop Summary; National Academies Press:
Washington, DC, USA, 2016.

8. Eisen, R.J.; Kugeler, K.J.; Eisen, L.; Beard, C.B.; Paddock, C.D. Tick-borne zoonoses in the United States:
Persistent and emerging threats to human health. ILAR J. 2017, 1–17. [CrossRef]

9. Egizi, A.; Fefferman, N.H.; Jordan, R.A. Relative risk for Ehrlichiosis and Lyme disease in an area where
vectors for both are sympatric, New Jersey, USA. Emerg. Infect. Dis. 2017, 23, 939–945. [CrossRef]

10. EI Khoury, M.Y.; Camargo, J.F.; White, J.L.; Backenson, B.P.; Dupuis, A.P.; Escuyer, K.L.; Kramer, L.;
St. George, K.; Chatterjee, D.; Prusinski, M.; et al. Potential role of Deer tick virus in Powassan encephalitis
cases in Lyme disease–endemic areas of New York, USA. Emerg. Infect. Dis. 2013, 19, 1926–1933. [CrossRef]

11. Raoult, D.; Parola, P. Rocky Mountain spotted fever in the USA: A benign disease or a common diagnostic
error? Lancet Infect. Dis. 2008, 8, 587–589. [CrossRef]

12. Stromdahl, E.Y.; Jiang, J.; Vince, M.; Richards, A.L. Infrequency of Rickettsia rickettsii in Dermacentor variabilis
removed from humans, with comments on the role of other human-biting ticks associated with spotted fever
group Rickettsiae in the United States. Vector Borne Zoonotic Dis. 2011, 11, 969–977. [CrossRef] [PubMed]

13. Florin, D.A.; Brinkerhoff, R.J.; Gaff, H.; Jiang, J.; Robbins, R.G.; Eickmeyer, W.; Butler, J.; Nielsen, D.; Wright, C.;
White, A.; et al. Additional, U.S. collections of the Gulf Coast tick, Amblyomma maculatum (Acari: Ixodidae),
from the State of Delaware, the first reported field collections of adult specimens from the State of Maryland,
and data regarding this tick from surveillance of migratory songbirds in Maryland. Syst. Appl. Acarol. 2014,
19, 257–262. [CrossRef]

14. Beard, C.B.; Eisen, R.J.; Barker, C.M.; Garofalo, J.F.; Hahn, M.B.; Hayden, M.; Monaghan, A.J.; Ogden, N.H.;
Schramm, P.J. Chapter 5: Vectorborne diseases. In The Impacts of Climate Change on Human Health in the
United States: A Scientific Assessment; U. S. Global Change Research Program: Washington, DC, USA, 2016;
pp. 129–156.

http://dx.doi.org/10.15585/mmwr.mm6453a1
http://www.ncbi.nlm.nih.gov/pubmed/28796757
http://dx.doi.org/10.3201/eid0902.020271
http://www.ncbi.nlm.nih.gov/pubmed/12603988
http://dx.doi.org/10.1196/annals.1374.102
http://www.ncbi.nlm.nih.gov/pubmed/17114769
http://dx.doi.org/10.1371/journal.pone.0116767
http://www.ncbi.nlm.nih.gov/pubmed/25650808
http://dx.doi.org/10.2105/AJPH.80.10.1225
http://www.ncbi.nlm.nih.gov/pubmed/2400034
http://dx.doi.org/10.3201/eid1204.050602
http://www.ncbi.nlm.nih.gov/pubmed/16704815
http://dx.doi.org/10.1093/ilar/ilx005
http://dx.doi.org/10.3201/eid2306.160528
http://dx.doi.org/10.3201/eid1912.130903
http://dx.doi.org/10.1016/S1473-3099(08)70210-X
http://dx.doi.org/10.1089/vbz.2010.0099
http://www.ncbi.nlm.nih.gov/pubmed/21142953
http://dx.doi.org/10.11158/saa.19.3.1


Insects 2019, 10, 219 13 of 15

15. Piesman, J.; Eisen, L. Prevention of Tick-Borne Diseases. Ann. Rev. Entomol. 2008, 53, 323–343. [CrossRef]
[PubMed]

16. Kogan, M. Integrated Pest Management: Historical Perspectives and Contemporary Developments. Ann. Rev.
Entomol. 1998, 43, 243–270. [CrossRef] [PubMed]

17. Rose, R.I. Pesticides and public health: Integrated methods of mosquito management. Emerg. Infect. Dis.
2001, 7, 17–23. [CrossRef] [PubMed]

18. Scola, B.L. Current laboratory diagnosis of Q fever. Semin. Pediatr. Infect. Dis. 2002, 13, 257–262. [CrossRef]
19. Raoult, D.; Paddock, C.D. Rickettsia parkeri Infection and Other Spotted Fevers in the United States. N. Engl.

J. Med. 2005, 353, 626–627. [CrossRef]
20. Nadolny, R.M.; Wright, C.L.; Sonenshine, D.E.; Hynes, W.L.; Gaff, H.D. Ticks and spotted fever group

rickettsiae of southeastern Virginia. Ticks Tick Borne Dis. 2014, 5, 53–57. [CrossRef]
21. Guglielmone, A.A.; Robbins, R.G. Hard Ticks (Acari: Ixodida: Ixodidae) Parasitizing Humans: A Global Overview;

Springer International Publishing: New York, NY, USA, 2018.
22. Steere, A.C.; Broderick, T.F.; Malawista, S.E. Erythema chronicum migrans and lyme arthritis: Epidemiologic

evidence for a tick vector. Am. J. Epidemiol. 1978, 108, 312–321. [CrossRef]
23. Burgdorfer, W.; Barbour, A.G.; Hayes, S.F.; Benach, J.L.; Grunwaldt, E.; Davis, J.P. Lyme disease-a tick-borne

spirochetosis? Science 1982, 216, 1317. [CrossRef]
24. Schmid, G.P.; Horsley, R.; Steere, A.C.; Hanrahan, J.P.; Davis, J.P.; Bowen, G.S.; Osterholm, M.T.; Weisfeld, J.S.;

Hightower, A.W.; Broome, C.V. Surveillance of Lyme Disease in the United States, 1982. J. Infect. Dis. 1985,
151, 1144–1149. [CrossRef] [PubMed]

25. Dennis, D.T.; Nekomoto, T.S.; Victor, J.C.; Paul, W.S.; Piesman, J. Forum: Reported Distribution of Ixodes
scapularis and Ixodes pacificus (Acari: Ixodidae) in the United States. J. Med. Entomol. 1998, 35, 629–638.
[CrossRef] [PubMed]

26. Eisen, R.J.; Eisen, L.; Beard, C.B. County-Scale Distribution of Ixodes scapularis and Ixodes pacificus (Acari:
Ixodidae) in the Continental United States. J. Med. Entomol. 2016, 53, 349–386. [CrossRef] [PubMed]

27. White, D.J.; Chang, H.G.; Benach, J.L.; Bosler, E.M.; Meldrum, S.C.; Means, R.G.; Debbie, J.G.; Birkhead, G.S.;
Morse, D.L. The geographic spread and temporal increase of the Lyme disease epidemic. JAMA 1991, 266,
1230–1236. [CrossRef] [PubMed]

28. Falco, R.C.; Daniels, T.J.; Fish, D. Increase in abundance of immature Ixodes scapularis (Acari: Ixodidae) in an
emergent Lyme disease endemic area. J. Med. Entomol. 1995, 32, 522–526. [CrossRef]

29. Schulze, T.L.; Jordan, R.A.; Hung, R.W. Comparison of Ixodes scapularis (Acari: Ixodidae) populations and
their habitats in established and emerging Lyme disease areas in New Jersey. J. Med. Entomol. 1998, 35, 64–70.
[CrossRef] [PubMed]

30. Dammin, G.J.; Spielman, A.; Benach, J.L.; Piesman, J. The rising incidence of clinical Babesia microti infection.
Hum. Pathol. 1981, 12, 398–400. [CrossRef]

31. Schwartz, I.; Fish, D.; Daniels, T.J. Prevalence of the rickettsial agent of human granulocytic ehrlichiosis in
ticks from a hyperendemic focus of Lyme disease. N. Engl. J. Med. 1997, 337, 49–50. [CrossRef]

32. Schauber, E.M.; Gertz, S.J.; Maple, W.T.; Ostfeld, R.S. Coinfection of blacklegged ticks (Acari: Ixodidae) in
Dutchess County, New York, with the agents of Lyme disease and human granulocytic ehrlichiosis. J. Med.
Entomol. 1998, 35, 901–903. [CrossRef]

33. Varde, S.; Beckley, J.; Schwartz, I. Prevalence of tick-borne pathogens in Ixodes scapularis in a rural New Jersey
County. Emerg. Infect. Dis. 1998, 4, 97–99. [CrossRef]

34. Holman, M.S.; Caporale, D.A.; Goldberg, J.; Lacombe, E.; Lubelczyk, C.; Rand, P.W.; Smith, R.P. Anaplasma
phagocytophilum, Babesia microti, and Borrelia burgdorferi in Ixodes scapularis, Southern Coastal Maine.
Emerg. Infect. Dis. 2004, 10, 744–746. [CrossRef] [PubMed]

35. Ijdo, J.W.; Magnarelli, L.A.; Anderson, J.F.; Fikrig, E.; Stafford, K.C.I. Detection of Ehrlichia chaffeensis DNA
in Amblyomma americanum ticks in Connecticut and Rhode Island. J. Clin. Microbiol. 2000, 38, 4655–4656.
[PubMed]

36. Mixson, T.R.; Campbell, S.R.; Gill, J.S.; Ginsberg, H.S.; Reichard, M.V.; Schulze, T.L.; Dasch, G.A. Prevalence
of Ehrlichia, Borrelia, and Rickettsial agents in Amblyomma americanum (Acari: Ixodidae) collected from nine
states. J. Med. Entomol. 2006, 43, 1261–1268. [CrossRef]

http://dx.doi.org/10.1146/annurev.ento.53.103106.093429
http://www.ncbi.nlm.nih.gov/pubmed/17877457
http://dx.doi.org/10.1146/annurev.ento.43.1.243
http://www.ncbi.nlm.nih.gov/pubmed/9444752
http://dx.doi.org/10.3201/eid0701.010103
http://www.ncbi.nlm.nih.gov/pubmed/11266290
http://dx.doi.org/10.1053/spid.2002.127199
http://dx.doi.org/10.1056/NEJM200508113530617
http://dx.doi.org/10.1016/j.ttbdis.2013.09.001
http://dx.doi.org/10.1093/oxfordjournals.aje.a112625
http://dx.doi.org/10.1126/science.7043737
http://dx.doi.org/10.1093/infdis/151.6.1144
http://www.ncbi.nlm.nih.gov/pubmed/3998509
http://dx.doi.org/10.1093/jmedent/35.5.629
http://www.ncbi.nlm.nih.gov/pubmed/9775584
http://dx.doi.org/10.1093/jme/tjv237
http://www.ncbi.nlm.nih.gov/pubmed/26783367
http://dx.doi.org/10.1001/jama.1991.03470090064033
http://www.ncbi.nlm.nih.gov/pubmed/1870248
http://dx.doi.org/10.1093/jmedent/32.4.522
http://dx.doi.org/10.1093/jmedent/35.1.64
http://www.ncbi.nlm.nih.gov/pubmed/9542347
http://dx.doi.org/10.1016/S0046-8177(81)80020-2
http://dx.doi.org/10.1056/NEJM199707033370111
http://dx.doi.org/10.1093/jmedent/35.5.901
http://dx.doi.org/10.3201/eid0401.980113
http://dx.doi.org/10.3201/eid1004.030566
http://www.ncbi.nlm.nih.gov/pubmed/15200875
http://www.ncbi.nlm.nih.gov/pubmed/11101616
http://dx.doi.org/10.1603/0022-2585(2006)43[1261:POEBAR]2.0.CO;2


Insects 2019, 10, 219 14 of 15

37. Schulze, T.L.; Jordan, R.A.; White, J.C.; Roegner, V.E.; Healy, S.P. Geographical distribution and prevalence
of selected Borrelia, Ehrlichia, and Rickettsia infections in Amblyomma americanum (Acari: Ixodidae) in New
Jersey. J. Am. Mosq. Control Assoc. 2011, 27, 236–244. [CrossRef] [PubMed]

38. Ammerman, N.C.; Swanson, K.I.; Anderson, J.M.; Schwartz, T.R.; Seaberg, E.C.; Glass, G.E.; Norris, D.E.
Spotted-Fever Group Rickettsia in Dermacentor variabilis, Maryland. Emerg. Infect. Dis. 2004, 10, 1478–1481.
[CrossRef] [PubMed]

39. Goethert, H.K.; Shani, I.; Telford, S.R. Genotypic Diversity of Francisella tularensis Infecting Dermacentor
variabilis Ticks on Martha’s Vineyard, Massachusetts. J. Clin. Microbiol. 2004, 42, 4968–4973. [CrossRef]
[PubMed]

40. Burgdorfer, W. Review Article: A Review of Rocky Mountain Spotted Fever (Tick-Borne Typhus), its Agent,
and its Tick Vectors in the United States. J. Med. Entomol. 1975, 12, 269–278. [CrossRef]

41. Jordan, R.A.; Egizi, A. The growing importance of lone star ticks in a Lyme disease endemic county: Passive
tick surveillance in Monmouth County, NJ, 2006–2016. PLoS ONE 2019, 14, e0211778. [CrossRef]

42. Hallman, W.; Weinstein, N.; Kadakia, S.; Chess, C. Precautions taken against Lyme disease at three recreational
parks in endemic areas of New Jersey. Environ. Behav. 1995, 27, 437–453. [CrossRef]

43. Herrington, J.E. Risk perceptions regarding ticks and Lyme disease: A national survey. Am. J. Prev. Med.
2004, 26, 135–140. [CrossRef]

44. Hook, S.A.; Nelson, C.A.; Mead, P.S. U.S. public’s experience with ticks and tick-borne diseases: Results
from national HealthStyles surveys. Ticks Tick Borne Dis. 2015, 6, 483–488. [CrossRef] [PubMed]

45. Valente, S.L.; Wemple, D.; Ramos, S.; Cashman, S.B.; Savageau, J.A. Preventive behaviors and knowledge
of tick-borne illnesses: Results of a survey from an endemic area. J. Public Health Manag. Pract. 2015, 21,
E16–E23. [CrossRef] [PubMed]

46. Patterson, G.M. The Mosquito Crusades: A History of the American Anti-Mosquito Movement from the Reed
Commission to the First Earth Day; Rutgers University Press: New Brunswick, NJ, USA, 2009.

47. Sonenshine, D.E.; Stout, I.J. Use of Old-Field Habitats by the American Dog Tick, Dermacentor variabilis.
Ann. Entomol. Soc. Am. 1968, 61, 679–686. [CrossRef] [PubMed]

48. Carroll, J.F.; Nichols, J.D. Parasitization of meadow voles, Microtus pennsylvanicus (Ord), by American dog
ticks, Dermacentor variabilis (Say), and adult tick movement during high host density. J. Entomol. Sci. 1986,
21, 102–113. [CrossRef]

49. Carroll, J.F.; Schmidtmann, E.T. Tick Sweep: Modification of the tick drag-flag method for sampling nymphs
of the deer tick (Acari: Ixodidae). J. Med. Entomol. 1992, 29, 352–355. [CrossRef]

50. Keirans, J.E.; Litwak, T.R. Pictorial keys to the adults of hard ticks, Family Ixodidae (Ixodida: Ixodoidea),
east of the Mississippi River. J. Med. Entomol. 1989, 26, 435–448. [CrossRef]

51. Rainey, T.; Occi, J.L.; Robbins, R.G.; Egizi, A. Discovery of Haemaphysalis longicornis (Ixodida: Ixodidae)
parasitizing a sheep in New Jersey, United States. J. Med. Entomol. 2018, 55, 757–759. [CrossRef]

52. Egizi, A.M.; Robbins, R.G.; Beati, L.; Nava, S.; Evans, C.R.; Occi, J.L.; Fonseca, D.M. A pictorial key to
differentiate the recently detected exotic Haemaphysalis longicornis Neumann, 1901 (Acari, Ixodidae) from
native congeners in North America. ZooKeys 2019, 818, 117–128. [CrossRef]

53. Folmer, O.; Black, M.; Hoeh, W.; Lutz, R.; Vrijenhoek, R. DNA primers for amplification of mitochondrial
cytochrome c oxidase subunit I from diverse metazoan invertebrates. Mol. Mar. Biol. Biotechnol. 1994, 3,
294–299.

54. Occi, J.L.; Egizi, A.M.; Goncalves, A.; Fonseca, D.M. Spotted fever Rickettsia in American dog ticks
(Dermacentor variabilis Say) and lone star ticks (Amblyomma americanum Linnaeus) in New Jersey. J. Med.
Entomol.. manuscript in preparation.

55. Occi, J.L.; Egizi, A.M.; Robbins, R.G.; Fonseca, D.M. Annotated list of the hard ticks (Acari: Ixodida: Ixodidae)
of New Jersey. J. Med. Entomol. 2019, 56, 589–598. [CrossRef] [PubMed]

56. Vail, S.G.; Smith, G. Air temperature and relative humidity effects on behavioral activity of blacklegged tick
(Acari: Ixodidae) nymphs in New Jersey. J. Med. Entomol. 1998, 35, 1025–1028. [CrossRef] [PubMed]

57. Schulze, T.L.; Jordan, R.A. Influence of meso-and microscale habitat structure on focal distribution of
sympatric Ixodes scapularis and Amblyomma americanum (Acari: Ixodidae). J. Med. Entomol. 2005, 42, 285–294.
[CrossRef]

58. Perret, J.L.; Rais, O.; Gern, L. Influence of climate on the proportion of Ixodes ricinus nymphs and adults
questing in a tick population. J. Med. Entomol. 2004, 41, 361–365. [CrossRef] [PubMed]

http://dx.doi.org/10.2987/11-6111.1
http://www.ncbi.nlm.nih.gov/pubmed/22017087
http://dx.doi.org/10.3201/eid1008.030882
http://www.ncbi.nlm.nih.gov/pubmed/15496254
http://dx.doi.org/10.1128/JCM.42.11.4968-4973.2004
http://www.ncbi.nlm.nih.gov/pubmed/15528681
http://dx.doi.org/10.1093/jmedent/12.3.269
http://dx.doi.org/10.1371/journal.pone.0211778
http://dx.doi.org/10.1177/0013916595274001
http://dx.doi.org/10.1016/j.amepre.2003.10.010
http://dx.doi.org/10.1016/j.ttbdis.2015.03.017
http://www.ncbi.nlm.nih.gov/pubmed/25887156
http://dx.doi.org/10.1097/PHH.0000000000000098
http://www.ncbi.nlm.nih.gov/pubmed/24762630
http://dx.doi.org/10.1093/aesa/61.3.679
http://www.ncbi.nlm.nih.gov/pubmed/5655797
http://dx.doi.org/10.18474/0749-8004-21.2.102
http://dx.doi.org/10.1093/jmedent/29.2.352
http://dx.doi.org/10.1093/jmedent/26.5.435
http://dx.doi.org/10.1093/jme/tjy006
http://dx.doi.org/10.3897/zookeys.818.30448
http://dx.doi.org/10.1093/jme/tjz010
http://www.ncbi.nlm.nih.gov/pubmed/30753552
http://dx.doi.org/10.1093/jmedent/35.6.1025
http://www.ncbi.nlm.nih.gov/pubmed/9835697
http://dx.doi.org/10.1603/0022-2585(2005)042[0285:IOMAMH]2.0.CO;2
http://dx.doi.org/10.1603/0022-2585-41.3.361
http://www.ncbi.nlm.nih.gov/pubmed/15185936


Insects 2019, 10, 219 15 of 15

59. Ginsberg, H.S.; Zhioua, E. Influence of deer abundance on the abundance of questing adult Ixodes scapularis
(Acari: Ixodidae). J. Med. Entomol. 1999, 36, 376–381. [CrossRef] [PubMed]

60. Perkins, S.E.; Cattadori, I.M.; Tagliapietra, V.; Rizzoli, A.P.; Hudson, P.J. Localized deer absence leads to tick
amplification. Ecology 2006, 87, 1981–1986. [CrossRef]

61. Camin, J.H.; Drenner, R.W. Climbing behavior and host-finding larval rabbit ticks (Haemaphysalis
leporispalustris). J. Parasitol. 1978, 64, 905–909. [CrossRef]

62. Burgdorfer, W. Ecology of tick vectors of American spotted fever. Bull. World Health Organ. 1969, 40, 375–381.
63. Beard, C.B.; Occi, J.; Bonilla, D.L.; Egizi, A.M.; Fonseca, D.M.; Mertins, J.W.; Backenson, B.P.; Bajwa, W.I.;

Barbarin, A.M.; Bertone, M.A.; et al. Multistate infestation with the exotic disease-vector tick Haemaphysalis
longicornis—United States, August 2017–September 2018. MMWR 2018, 67, 1310–1313. [CrossRef]

64. Nadolny, R.M.; Gaff, H.D. Natural history of Amblyomma maculatum in Virginia. Ticks Tick Borne Dis. 2018, 9,
188–195. [CrossRef]

65. Ogden, N.H.; Koffi, J.K.; Lindsay, L.R. Assessment of a screening test to identify Lyme disease risk.
Can. Commun. Dis. Rep. 2014, 40, 83–87. [CrossRef] [PubMed]

66. Hamer, S.A.; Tsao, J.I.; Walker, E.D.; Hickling, G.J. Invasion of the Lyme Disease Vector Ixodes scapularis:
Implications for Borrelia burgdorferi Endemicity. EcoHealth 2010, 7, 47–63. [CrossRef] [PubMed]

67. Hattie, J.; Timperley, H. The Power of Feedback. Rev. Educ. Res. 2007, 77, 81–112. [CrossRef]
68. Van Der Wal, R.; Sharma, N.; Mellish, C.; Robinson, A.; Siddharthan, A. The role of automated feedback in

training and retaining biological recorders for citizen science. Conserv. Biol. 2016, 30, 550–561. [CrossRef]
[PubMed]

69. Cheshire, C.; Antin, J. The social psychological effects of feedback on the production of internet information
pools. J. Comput. Mediat. Commun. 2008, 13, 705–727. [CrossRef]

70. Dobson, A.D. Ticks in the wrong boxes: Assessing error in blanket-drag studies due to occasional sampling.
Parasites Vectors 2013, 6, 344. [CrossRef]

71. Clow, K.M.; Finer, R.; Lumsden, G.; Jardine, C.M. Assessing the repeatability of tick dragging as a method
for Ixodes scapularis surveillance. Vector Borne Zoonotic Dis. 2018, 18, 628–631. [CrossRef]

72. NACCHO. Mosquito Control Capabilities in the U.S.; National Association of County and City Health Officials:
Washington, DC, USA, 2017.

73. Johnson, B.J.; Brosch, D.; Christiansen, A.; Wells, E.; Wells, M.; Bhandoola, A.F.; Milne, A.; Garrison, S.;
Fonseca, D.M. Neighbors help neighbors control urban mosquitoes. Sci. Rep. 2018, 8, 15797. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/jmedent/36.3.376
http://www.ncbi.nlm.nih.gov/pubmed/10337111
http://dx.doi.org/10.1890/0012-9658(2006)87[1981:LDALTT]2.0.CO;2
http://dx.doi.org/10.2307/3279529
http://dx.doi.org/10.15585/mmwr.mm6747a3
http://dx.doi.org/10.1016/j.ttbdis.2017.09.003
http://dx.doi.org/10.14745/ccdr.v40i05a02
http://www.ncbi.nlm.nih.gov/pubmed/29769886
http://dx.doi.org/10.1007/s10393-010-0287-0
http://www.ncbi.nlm.nih.gov/pubmed/20229127
http://dx.doi.org/10.3102/003465430298487
http://dx.doi.org/10.1111/cobi.12705
http://www.ncbi.nlm.nih.gov/pubmed/27111194
http://dx.doi.org/10.1111/j.1083-6101.2008.00416.x
http://dx.doi.org/10.1186/1756-3305-6-344
http://dx.doi.org/10.1089/vbz.2018.2301
http://dx.doi.org/10.1038/s41598-018-34161-9
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Recruitment and Training 
	Site Selection 
	Tick Surveillance 
	Participant Surveys 

	Results 
	Tick Surveillance 
	Participant Surveys: Pre- and Post-Tests 
	Participant Surveys: Final Survey 
	Surveillance Website 

	Discussion 
	Conclusions 
	References

