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Summary

Tickborne diseases are an increasing public health problem in the northeastern USA. Bait boxes
that apply acaricide to rodents have been shown in small field studies to significantly reduce
abundance of /xodes scapularis ticks as well as their pathogen infection rates in treated areas.

The effectiveness of this intervention for preventing human tickborne diseases (TBDs) has not
been demonstrated. During 2012-2016, TickNET collaborators conducted a randomized, blinded,
placebo-controlled trial among 622 Connecticut households. Each household received active
(containing fipronil wick) or placebo (empty) bait boxes in their yards over two consecutive

years. Information on tick encounters and TBDs among household members was collected through
biannual surveys. Nymphal ticks were collected from a subset of 100 properties during spring

at baseline, during treatment, and in the year post-intervention. Demographic and property
characteristics did not differ between treatment groups. There were no significant differences
post-intervention between treatment groups with respect to tick density or pathogen infection

rates, nor for tick encounters or TBDs among household members. We found no evidence that
rodent-targeted bait boxes disrupt pathogen transmission cycles or significantly reduce household
risk of tick exposure or TBDs. The effectiveness of this intervention may depend on scale of use or
local enzootic cycles.
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1| INTRODUCTION

Tickborne diseases (TBDs) are some of the most common notifiable infectious diseases

in the northeastern USA, with an average of 2,600 confirmed and probable human

cases reported annually in Connecticut alone (Centers for Disease Control & Prevention;
Connecticut Department of Public Health, 2021a). In this region of the USA, TBD
pathogens are most often transmitted through the bite of /xodes scapularis (blacklegged)
ticks. These /xodes-transmitted pathogens primarily include Borrelia burgdorferi, the
causative agent of Lyme disease, Anaplasma phagocytophilum and Babesia microti (Steere,
2001).

1. scapularis larvae acquire pathogens while feeding on infected birds and small mammals,
including the white footed mouse, Peromyscus leucopus, an important reservoir host.
Infections are retained as larvae become nymphs, and as nymphs become adult ticks (Mather
et al., 1989). Humans acquire TBDs incidentally, most often through the bite of infected
nymphs (Eisen & Eisen, 2018; Hayes & Piesman, 2003). In the northeastern USA, exposure
to /. scapularisticks is considered highest around the home due to the relative abundance

of time spent on one’s own property, along with the presence of environmental factors
conducive to tick survival (e.g. vegetation and rodent hosts) (Falco & Fish, 1988; Hayes &
Piesman, 2003; Maupin et al., 1991; Mead et al., 2018; Steere, 2001).

Reducing ticks on rodent hosts in the peridomestic environment is an approach that could
diminish human exposure to ticks and their associated pathogens (Duffy et al., 1994;
Piesman, 2006; Stafford & Magnarelli, 1993). Rodent bait boxes targeting white-footed
mice have been developed for this purpose and are reported to provide protection against
ticks for up to 7 weeks (Dolan et al., 2004). They contain wicks loaded with a topical
acaricide (fipronil) that are positioned to brush and treat rodents upon entry to the box.
Compared to area-wide acaricide applications, bait boxes can be implemented through an
entire season to affect multiple tick life stages (i.e., multiple points in the transmission cycle
of tickborne pathogens), are less affected by temperature and precipitation and can provide
coverage to an entire yard using a much smaller amount of pesticide (Dolan et al., 2004;
Hayes & Piesman, 2003). In addition, bait boxes are one of the few currently available
interventions with the purported potential to break the TBD pathogen transmission cycle
among reservoir hosts to effectively reduce the infection rate in ticks (Dolan et al., 2004).

While bait boxes have been shown to reduce tick populations on animals and in the field

in small entomologic studies, their utility for protecting humans from Lyme disease or

other TBDs has not been demonstrated (Dolan et al., 2004; Jordan & Schulze, 2019;
Schulze et al., 2017; Williams et al., 2018). We conducted a single-blinded, randomized,
placebo-controlled trial to evaluate the effectiveness of rodent-targeted bait boxes in yards to
prevent tick encounters and TBDs. This study was conducted as part of TickNET (Mead et
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al., 2015), an ongoing collaboration between the Centers for Disease Control and Prevention
(CDC) and the Emerging Infections Program (EIP) in Connecticut.

METHODS

Study location and enrolment

This study was conducted in Fairfield and Litchfield counties, CT, areas of consistently
high annual incidence of Lyme disease (Connecticut Department of Public Health, 2021b).
We initially identified potential participants using a commercial marketing database to
select addresses having a freestanding, single family home of three or more people. We
used Geographic Information Systems (GIS) technology to further limit those addresses to
property sizes of between %2 and 5 acres, representing areas more likely to contain tick
habitat. Eligible households were then recruited through targeted mailings to participate in
the study for three years each (spring 2012 — winter 2014/2015; or spring 2013 — winter
2015/2016). Information regarding sample size estimation is included in the Appendix S1.

For each household, we asked one adult, who had the authority to allow for licensed pest
control operators that were contracted for this study to place bait boxes on their property, to
provide written consent to participate as the “head of household’ and to respond to surveys
on behalf of all household members. During an introductory telephone survey, we asked
additional eligibility, demographic and property-related questions. If the respondent reported
having an intact deer fence (=5 feet high) around the entire perimeter of their property, or
reported using acaricidal or insecticidal products outside on their property for any reason
since the previous summer, their household was deemed ineligible for this study. Participants
received up to $120 over three years as compensation for their time. The protocol for this
study was reviewed and approved by ethics committees at CDC, Yale University, Western
Connecticut State University, and the Connecticut Department of Public Health. This study
was not subject to clinical trial registration given bait boxes are not US FDA-regulated
devices or drug products (as defined in 42 CFR 11.10).

Intervention

We randomly assigned all participating households to an active bait box (treatment) or
placebo group, with equal group sizes. Study coordinators and households were blinded to
the assigned groups until the end of the study. Due to the physical differences between active
and placebo bait boxes, pest control operators could not be blinded, but were asked not to
disclose treatment group information to participants or study coordinators.

Households assigned to the active bait box group received commercially available bait boxes
(Tick Box Technology Corporation) containing bait and a mounted wick treated with 0.70%
fipronil (5-amino-1-(2,6-dichloro-4-(trifluoromethyl) Phenyl)-4-((1,R,S)- (trifluoromethyl)
sulfinyl)-1-H-pyrazole-3-carbonitrile); households assigned to the placebo group received
bait boxes having no bait and no wick. During installation, all bait boxes were shrouded in
protective metal covers and staked to the ground to prevent being damaged or displaced by
non-target animals. Once installed, active and placebo boxes were indistinguishable.
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Pest control operators installed bait boxes in a single line on all accessible property sides

up to 3 m into the natural vegetation, including woods or brushy areas, from the edge

of maintained landscape, according to the manufacturer’s label (Tick Box Technology
Corporation, 2012). For the treatment group, active bait boxes were placed approximately 10
m apart. For the placebo group, bait boxes were placed 20-25 m apart. Bait boxes were also
placed along unsealed rock walls and wood piles located at or near the wooded edge when
there was evidence of rodent use or harborage.

Active and placebo bait boxes were installed in the yards of participating households

during three separate seasons over two consecutive years to act on multiple life stages of /.
scapularisticks. The first round of bait boxes was deployed in summer/fall (late July through
late October) of the first year of study to target larval ticks on rodent hosts. A second round
replaced the first round and was deployed the following spring/summer (early May through
late July) in the second year of study to target nymphal ticks on rodents. A third round was
deployed in summer/fall (late July through late October) of the second year of study to again
target larval ticks on rodents. During the third year of study, no bait boxes were deployed.
Given the seasonal activity and two-year life cycle of /. scapularisticks in the Northeast, it
was expected that any impact due to the intervention on larval ticks would be observed on
nymphal tick populations in the subsequent spring.

2.3| Entomologic outcomes

Study investigators collected host-seeking ticks from a randomly selected subset (~10%) of
active bait box and placebo treated properties twice from late May to early July at Baseline
and in years 1 and 2 of the study to evaluate impact on nymphal /xodes tick populations.
Up to forty 30-s samples were conducted using a 1 m by 0.5 m flannel flag to estimate tick
density (number of nymphs collected per hour) (Mather et al., 1996). Tick sampling was
performed in wooded and brushy vegetation and leaf litter located within 3 m of maintained
lawn, and 3 m into lawn areas adjacent to wooded/brushy vegetation and leaf litter (Maupin
et al., 1991). Used flags were replaced with clean flags before sampling each property.

All collected ticks were identified to species and stage, preserved in 95% ethanol and
stored at —80C. Nymphal /. scapularis ticks were sent to CDC’s Division of Vector-Borne
Diseases in Fort Collins, CO, for PCR detection of A. phagocytophilum, B. microti, and

B. burgdorferi using methods previously described (Hojgaard et al., 2014a; Hojgaard et al.,
2014b).

2.4| Human outcomes

Study investigators administered two phone-based surveys each year (six total) to all

heads of household; these occurred once each summer (late August) and once each winter
(December/January). Survey questions pertained to the number and type of ticks found on
household members during the preceding three months, as well as to the occurrence of

any TBD diagnoses since last surveyed (or enrolled) among household members. Reports

of illness were validated by medical record review, whenever possible. During the last
survey, additional questions were asked about perceived treatment assignment to evaluate the

Zoonoses Public Health. Author manuscript; available in PMC 2024 February 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hinckley et al. Page 5

efficacy of the blinding, and occurrence of other possible pesticide treatments on participant
properties during the course of the study.

25| Statistical analyses

Data from the two years of enrolment were combined and analysed at the household

level using an intention-to-treat approach (Woodward, 2005). Randomization for group
assignments and analyses were performed using SAS 9.3 and R 4.0.3 (R Foundation for
Statistical Computing, Vienna, Austria). Proportions or means between treatment groups
for household and property characteristics were compared using chi-squared and £tests, as
appropriate. Associated confidence intervals (Cls) were adjusted for multiple comparisons
by group of related characteristics using a Bonferroni adjustment. Poisson regression was
used to measure the effect (rate ratios) of the treatment on tick numbers and tick density
across time. The measure of association (odds ratios) between treatment and tick pathogen
infection rates over time were modelled using a binomial regression model with a log link.

To account for missing data in certain variables (ranging from 0.2% to 34.6% missing),
multiple imputation was used, for which three completed datasets were generated. Each
completed data set was used to model the presence or number of ticks on household
members (using logistic and Poisson regression, respectively) separately, and estimates
from the models were averaged for the final results (Ruben, 1987). Imputation, regression
analyses and pathogen comparisons were performed using the ‘mi’, ‘Ime4’ and ‘emmeans’
packages for R software.

3| RESULTS

3.1| Participation, treatment group assignment, and intervention

Study coordinators mailed over 37,000 flyers to potential participants and received inquiries
from over 1,500 individuals. They then contacted households to ascertain eligibility and
obtain consent in the order of inquiry, until they reached the target enrolment number of 625
households. Of those contacted, 231 were not eligible or no longer interested; 32 eligible
households did not provide written consent and were not included in the study. Ultimately,
622 households were enrolled and treated (at least one time). About half (313, 50.3%) were
randomly assigned to receive active bait boxes on their property; 309 (49.7%) were assigned
to receive placebo boxes (Figure 1). After randomization, no household characteristics were
statistically significantly different between households in the active bait box group versus
those in the placebo group (Table 1). In total, 609 households received all three bait box
installments (Figure 1), including 307 households with active bait boxes (mean 10.0 boxes
per property; range 2—20) and 302 households with placebo bait boxes (mean 5.5 boxes

per property; range 2—18). Over the course of the study, 29 households withdrew (16 in the
active bait box group, 13 in the placebo group) and 21 households were lost to follow-up
(nine in the active bait box group, 12 in the placebo group).

3.2| Entomologic outcomes

Pre- and post-treatment tick sampling was conducted on 100 properties (51 in the active bait
box group, 49 in the placebo group), and a total of 3,237 ticks were collected across all
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properties and all years. At baseline (pre-treatment) in the first year of study, the average
nymphal density was 12.5 nymphs per hour (Standard deviation (SD) 21.1) on active bait
box properties compared to 21.6 nymphs per hour (SD 34.0) on placebo properties. In

year 1 post-treatment, 12.7 nymphs per hour (SD 12.4) were collected on active bait box
properties compared to 21.2 nymphs per hour (5D 25.8) on placebo properties. In year 2
post-treatment, 13.1 nymphs per hour (SD 14.2) were collected on active bait box properties,
while 19.8 nymphs per hour (SD 30.2) were collected on placebo properties (Figure 2).
Overall, there was no statistically significant difference in nymphal density between active
bait box and placebo properties over the two full treatment years, with rate ratio (RR) = 1.51
(95% CI: 0.98, 2.34).

A total of 3,184 ticks were able to be tested to estimate nymphal infection rates for each
study year and by treatment group (Table 2). Overall, 13.4% (95% CI: 12.3%, 14.6%),

2.0% (95% ClI: 1.6%, 2.6%) and 3.3% (95% CI: 2.7%, 4.0%) of nymphs were infected

with B. burgdorferi, A. phagocytophilum, and B. microti, respectively. Unadjusted rate ratios
for infection rates by treatment group and year are presented in Table 2. Tick infection

rates with B. burgdorferi and A. phagocytophilum increased significantly in both the active
bait box and placebo groups over the course of study; infection rates for B. microti were
variable. Adjusted results from the binomial regression model comparing infection rates by
treatment group over the course of study were consistent with the unadjusted results in Table
2, indicating a statistically significant difference for B. microti, with the active bait box
group having a lower rate (RR = 1.74, 95% CI: 1.07, 2.83). There was also a statistically
significant difference between treatment groups for B. burgdorferi, though the nymphal
infection rate was lower in the placebo group (RR = 0.71, 95% CI: 0.54, 0.92).

3.3|] Human outcomes

Among those who had bait boxes installed, 269 (87.6%) heads of household in the active
bait box group and 269 (89.1%) in the placebo group provided complete data regarding tick
encounters for all 6 surveys. Over the 3 years of the study, at least one tick was reportedly
found crawling on a household member for 43.0% (95% CI: 39.1%, 47.0%) of households,
and at least one tick was reportedly found attached to a household member for 47.0% (95%
Cl: 43.0%, 50.9%). When evaluating by individual seasonal surveys (Table 3) and across all
6 surveys, there was no statistically significant difference between treatment groups in the
number of households reporting members with at least one tick found crawling on (Odds
Ratio (OR) = 0.76, 95% CI: 0.56, 1.04) or attached to them (OR = 1.06, 95% ClI: 0.83, 1.37).
There was also no statistically significant difference between treatment groups in the number
of reported ticks found crawling on (RR =0.77, 95% CI: 0.55, 1.09) or attached (RR = 1.12,
95% CI: 0.87, 1.44) to household members. However, as expected, there were differences
observed from Summer to Winter in ticks crawling (RR = 0.29, 95% CI: 0.22, 0.38) and
attached (RR = 0.24, 95% CI: 0.18, 0.34). No household or property characteristics were
found to be a confounder or effect modifier of the relationship between ticks crawling or
attached and treatment grouping.

Over the three years of study, 83 household members from 75 households reported diagnosis
with a TBD by a healthcare provider (Table 3). We observed no statistically significant
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difference between treatment groups in number of households with at least one household
member reporting a TBD during any season (Table 3).

No statistically significant difference was observed with respect to blinding (perceived
versus actual treatment assignment) between treatment groups. The majority of respondents
(n=1331, 58.2%, 95% CI: 54.1%, 62.2%) reported being unsure of their treatment group
assignment. In total, nine households (five in active bait box group, four in placebo group)
that completed the final survey reported use of some other pesticide treatment in their yard
over the course of the study. However, none of the reported products were used to reduce
tick populations or known to be acaricidal. Additional results regarding entomologic and
human outcomes are available in Appendix S1.

4| DISCUSSION

Despite successful randomization and blinding and over three years of evaluation,
residential use of pesticide-treated bait boxes did not demonstrate any impacts on measured
entomologic or human outcomes in this study. Tick abundance was variable over time and
changed similarly for active bait box and placebo groups, likely due to environmental
influences unrelated to use of bait boxes. Tick infection rates were either unaffected

(A. phagocytophilum) or changed inconsistently across pathogens (B. burgdorferiand B.
microti) in relation to treatment. The number of households reporting tick encounters and
TBDs was similar regardless of treatment group throughout the study. The results for these
human outcomes are consistent with the apparent lack of impact of active bait boxes on
host-seeking nymphal tick populations and tick pathogen prevalence.

We used a randomized placebo-controlled study design to control for potential biases in
our evaluation of treatment and outcome. The critical conceptual feature of this design is
that with randomization and a large sample size, the two study arms will be comparable
for all but the rarest of traits. This comparability extends not just to measured variables
(e.g., property size) but also to unmeasured and unmeasurable risk factors and confounders
(e.g., tick habitat, outdoor activity, health insurance, proper tick identification skills). Data
presented in Tables 1 and 3 confirm that there were no detectable differences between

the two treatment groups at enrolment over a wide range of factors. There are some
apparent differences in tick abundance across groups, but this is because only a small
number of properties were sampled for questing nymphal ticks, and tick density is highly
heterogeneous across small spatial scales. Sampling all properties would likely have
resolved these stochastic differences. Regardless, there was no observed impact on this
entomologic measure over time due to the intervention, results that were supported by our
primary outcomes of interest, tick encounters and tickborne disease, from all participating,
successfully randomized households.

Our results are at odds with previous evaluations of pesticide-treated bait boxes regarding
suppression of host-seeking ticks in residential settings. These studies were all conducted in
CT or NJ and differed from our study and each other with respect to a number of factors,
including: design of bait box (Protecta Jr., Maxforce, and Select TCS), method/distance

of bait box placement (single versus 2 rows; 10-25 m apart), treatment area coverage as
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contiguous versus individual properties, host composition in area of study, and setting for
control areas (residential properties versus woodland areas) (Dolan et al., 2004; Jordan

& Schulze, 2019; Schulze et al., 2007, 2017; Williams et al., 2018). In previous studies
evaluating bait boxes as a single-intervention (Dolan et al., 2004; Jordan & Schulze, 2019;
Schulze et al., 2017), host-seeking nymphal /. scapularis populations in treated areas were
68%—-97% lower as compared to control areas. The greatest suppression of host-seeking
ticks was reported in the New Jersey evaluation by Schulze et al. (Schulze et al., 2017),
where Select TCS bait boxes were placed on only nine residential properties in 1-2

rows (10 m apart), depending on habitat, and compared to a single untreated plot at a
wildlife management area. Studies utilizing two rows of boxes have generally reported
higher suppression of host-seeking ticks (Jordan & Schulze, 2019; Schulze et al., 2017),
although Dolan et al (Dolan et al., 2004) reported a > 90% reduction in questing /xodes
populations after deployment of a single row of Protecta Jr. boxes at one location (13
contiguous properties) on Mason’s Island, as compared with control sites at undeveloped
natural areas. Comparisons between residential treatment areas and woodland control areas
may be inappropriate if their ecologic structures are dissimilar. It has been hypothesized
that bait boxes may be more effective when used comprehensively over a broad cluster of
properties, compared to single non-adjacent properties (Dolan et al., 2004; Williams et al.,
2018); however, this has yet to be systematically evaluated and may pose challenges for
implementation.

Williams et al. (2018) is the only published study to report on the efficacy of bait boxes to
suppress host-seeking ticks in CT using the same devices and placement methodology as
used in our study (Williams et al., 2018). In addition to using a single row of active bait
boxes placed 10 m apart at treatment properties, this study also used residential properties as
controls. However, the Williams study is not directly comparable because the investigators
used a combination of approaches, bait boxes and a fungal acaricide spray. The overall result
of their combined intervention was a significant reduction in tick abundance over 3 years

on treated as compared to control properties. Importantly, the fungal spray was not available
during the last year of study, and the use of bait boxes alone did not maintain previous levels
of control. This suggests that the impact on tick populations in the early years of the study
could have been due to use of the fungal spray alone. Multiple interventions add complexity
to any study, and it may be necessary to concurrently investigate the efficacy of individual
interventions for reducing human exposure while testing them in combination.

Our study has limitations to consider. First, we did not evaluate the frequency or type of
rodents using the bait boxes. The efficacy of bait boxes is likely affected by varying levels of
host diversity and abundance (Eisen & Dolan, 2016; Ostfeld, 2011). In other studies (Dolan
et al., 2004; Jordan & Schulze, 2019; Schulze et al., 2017), including one in CT (Williams
et al., 2018), small mammal trapping was conducted to assess tick burdens among treated
and untreated populations. White-footed mice were predominantly captured and determined
to be the primary B. burgdorferireservoir host for those study areas. Because we did not
conduct trapping, we were not able to assess if the abundance and infection prevalence of
ticks may have been driven by other animals that would not have used or been affected by
this type of intervention. We also could not assess any impacts due to migration of untreated
mice, chipmunks, or other hosts onto treated properties (Schulze et al., 2017). Also, while
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we attempted to validate tickborne disease reports (see Appendix S1), we did not validate
tick encounter data. A recent publication provides evidence that self-reported tick encounters
are a good proxy for both self-reported and verified tickborne disease, particularly in areas
where /. scapularis is the predominant tick species (Hook et al., 2021).

In conclusion, when used in accordance with manufacturer’s recommendations, rodent-
targeted bait boxes may not disrupt pathogen transmission cycles or significantly reduce
household risk of tick exposure or TBDs. The effectiveness of this intervention may vary
due to scale of use (e.g., single property versus neighbourhood-wide) or differences in
host characteristics or local enzootic cycles. Complex ecologic conditions involved in
maintenance of tickborne pathogens make environmental interventions to prevent TBDs
challenging.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGEMENTS

CDC: John Jones, Isabel Sheets, Mark Lamias, Aimee Geissler, Kiersten Kugeler, Marc Dolan, Anna Perea, and
Ben Beard. CT EIP: Julie Ray, Tamara Rissman, AmberJean Hansen, Robert Heimer, Roza Tammer. WCSU:
student interns.

Funding information

Financial Support for this project was provided through the Centers for Disease Control and Prevention through the
Emerging Infections Program (EIP) Cooperative Agreement (grant numbers: 1-U50CK000195 (2012 — 2016) and
6-NU50 CK000488 (2017 — 2021) [CT]

REFERENCES

Centers for Disease Control and Prevention. Nationally Notifiable Infectious Diseases
and Conditions, United States: Annual Tables Retrieved from https://wonder.cdc.gov/nndss/
nndss_annual_tables_menu.asp

Connecticut Department of Public Health. (April 4, 2021a). Infectious Disease
Statistics Retrieved from https://portal.ct.gov/DPH/Epidemiology-and-Emerging-Infections/
Infectious-Diseases-Statistics

Connecticut Department of Public Health. (January 21, 2021b). Lyme disease Annual Statistics
Retrieved from https://portal.ct.gov/DPH/Epidemiology-and-Emerging-Infections/Lyme-Disease-
Statistics

Dolan MC, Maupin GO, Schneider BS, Denatale C, Hamon N, Cole C, Zeidner NS, & Stafford
KC 3rd (2004). Control of immature Ixodes scapularis (Acari: Ixodidae) on rodent reservoirs of
Borrelia burgdorferi in a residential community of southeastern Connecticut. Journal of Medical
Entomology, 41, 1043-1054. [PubMed: 15605643]

Duffy DC, Campbell SR, Clark D, DiMotta C, & Gurney S (1994). Ixodes scapularis (Acari: Ixodidae)
deer tick mesoscale populations in natural areas: Effects of deer, area, and location. Journal of
Medical Entomology, 31, 152-158. 10.1093/jmedent/31.1.152 [PubMed: 8158618]

Eisen L, & Dolan MC (2016). Evidence for personal protective measures to reduce human
contact with blacklegged ticks and for environmentally based control methods to suppress host-
seeking blacklegged ticks and reduce infection with lyme disease spirochetes in tick vectors and
rodent reservoirs. Journal of Medical Entomology, 53, 1063-1092. 10.1093/jme/tjw103 [PubMed:
27439616]

Zoonoses Public Health. Author manuscript; available in PMC 2024 February 27.


https://wonder.cdc.gov/nndss/nndss_annual_tables_menu.asp
https://wonder.cdc.gov/nndss/nndss_annual_tables_menu.asp
https://portal.ct.gov/DPH/Epidemiology-and-Emerging-Infections/Infectious-Diseases-Statistics
https://portal.ct.gov/DPH/Epidemiology-and-Emerging-Infections/Infectious-Diseases-Statistics
https://portal.ct.gov/DPH/Epidemiology-and-Emerging-Infections/Lyme-Disease-Statistics
https://portal.ct.gov/DPH/Epidemiology-and-Emerging-Infections/Lyme-Disease-Statistics

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hinckley et al.

Page 10

Eisen RJ, & Eisen L (2018). The blacklegged tick, Ixodes scapularis: An increasing public health
concern. Trends in Parasitology, 34, 295-309. 10.1016/j.pt.2017.12.006 [PubMed: 29336985]

Falco RC, & Fish D (1988). Ticks parasitizing humans in a Lyme disease endemic area
of southern New York State. American Journal of Epidemiology, 128, 1146-1152. 10.1093/
oxfordjournals.aje.a115057 [PubMed: 3189288]

Hayes EB, & Piesman J (2003). How can we prevent Lyme disease? New England Journal of
Medicine, 348, 2424-2430. 10.1056/NEJMra021397348/24/2424 [pii] [PubMed: 12802029]

Hojgaard A, Lukacik G, & Piesman J (2014a). Corrigendum to “Detection of Borrelia burgdorferi,
Anaplasma phagocytophilum and Babesia microti, with two different multiplex PCR assays” [Tick
Tickborne Dis. 5 (2014) 349-351]. Ticks and Tick-borne Diseases, 5, 983

Hojgaard A, Lukacik G, & Piesman J (2014b). Detection of Borrelia burgdorferi, Anaplasma
phagocytophilum and Babesia microti, with two different multiplex PCR assays. Ticks and Tick-
borne Diseases, 5, 349-351. 10.1016/j.tthdis.2013.12.001 [PubMed: 24507434]

Hook S, Nawrocki C, Meek J, Feldman K, White J, Connally N, & Hinckley A (2021). Human-tick
encounters as a measure of Tickborne disease risk in Lyme disease endemic areas. Zoonoses
Public Health, epub ahead of print Feb 07, 2021. 10.1111/zph.12810

Jordan RA, & Schulze TL (2019). Ability of two commercially available host-targeted technologies
to reduce abundance of Ixodes scapularis (Acari: Ixodidae) in a residential landscape. Journal of
Medical Entomology, 56, 1095-1101. 10.1093/jme/tjz046 [PubMed: 30984975]

Mather TN, Nicholson MC, Donnelly EF, & Matyas BT (1996). Entomologic index for human
risk of Lyme disease. American Journal of Epidemiology, 144(11), 1066-1069. 10.1093/
oxfordjournals.aje.a008879 [PubMed: 8942438]

Mather TN, Wilson ML, Moore SI, Ribeiro JM, & Spielman A (1989). Comparing the relative
potential of rodents as reservoirs of the Lyme disease spirochete (Borrelia burgdorferi). American
Journal of Epidemiology, 130, 143-150. 10.1093/oxfordjournals.aje.a115306 [PubMed: 2787105]

Maupin GO, Fish D, Zultowsky J, Campos EG, & Piesman J (1991). Landscape ecology of Lyme
disease in a residential area of Westchester County, New York. American Journal of Epidemiology,
133(11), 1105-1113. 10.1093/oxfordjournals.aje.a115823 [PubMed: 2035514]

Mead P, Hinckley A, Hook S, & Beard CB (2015). TickNET-A collaborative public health approach
to Tickborne disease surveillance and research. Emerging Infectious Diseases, 21, 1574-1577.
10.3201/eid2109.150301 [PubMed: 26291549]

Mead P, Hook S, Niesobecki S, Ray J, Meek J, Delorey M, Prue C, & Hinckley A (2018). Risk factors
for tick exposure in suburban settings in the Northeastern United States. Ticks and Tick-borne
Diseases, 9, 319-324. 10.1016/j.tthdis.2017.11.006 [PubMed: 29174449]

Ostfeld RS (2011). Lyme disease: The ecology of a complex system Oxford.

Piesman J (2006). Strategies for reducing the risk of Lyme borreliosis in North America. International
Journal of Medical Microbiology, 296(Suppl 40), 17-22. 10.1016/j.ijmm.2005.11.007 [PubMed:
16524769]

Ruben DB (1987). Multiple imputation for nonresponse in surveys John Wiley & Sons Inc.

Schulze TL, Jordan RA, Schulze CJ, Healy SP, Jahn MB, & Piesman J (2007). Integrated use of
4-Poster passive topical treatment devices for deer, targeted acaricide applications, and Maxforce
TMS bait boxes to rapidly suppress populations of Ixodes scapularis (Acari: Ixodidae) in a
residential landscape. Journal of Medical Entomology, 44, 830-839. [PubMed: 17915516]

Schulze TL, Jordan RA, Williams M, & Dolan MC (2017). Evaluation of the SELECT Tick Control
System (TCS), a host-targeted bait box, to reduce exposure to Ixodes scapularis (Acari: Ixodidae)
in a Lyme disease endemic area of New Jersey. Journal of Medical Entomology, 54, 1019-1024.
10.1093/jme/tjx044 [PubMed: 28399280]

Stafford KC 3rd, & Magnarelli LA (1993). Spatial and temporal patterns of Ixodes scapularis (Acari:
Ixodidae) in southeastern Connecticut. Journal of Medical Entomology, 30, 762—771. 10.1093/
jmedent/30.4.762 [PubMed: 8360900]

Steere AC (2001). Lyme disease. New England Journal of Medicine, 345, 115-125. 10.1056/
NEJM200107123450207 [PubMed: 11450660]

Tick Box Technology Corporation. (March 7, 2012). TICK BOX Tick Control System Product Label
Retrieved from http://www.tickboxtcs.com/TickBoxProductLabel.pdf

Zoonoses Public Health. Author manuscript; available in PMC 2024 February 27.


http://www.tickboxtcs.com/TickBoxProductLabel.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hinckley et al. Page 11

Williams SC, Stafford KC 3rd, Molaei G, & Linske MA (2018). Integrated control of nymphal ixodes
scapularis: effectiveness of white-tailed deer reduction, the entomopathogenic fungus Metarhizium
anisopliae, and fipronil-based rodent bait boxes. Vector-Borne and Zoonotic Diseases, 18, 55-64.
10.1089/vbz.2017.2146 [PubMed: 29173127]

Woodward M (2005). Analysis by intention-to-treat: Epidemiology study design and data analysis (2nd
ed.). Chapman and Hall.

Zoonoses Public Health. Author manuscript; available in PMC 2024 February 27.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hinckley et al.

Page 12

Impacts

Rodent-targeted bait boxes have been shown to reduce tick populations on
animals and tick abundance in the field in small-scale entomologic studies
in the Northeast. We conducted a randomized placebo-controlled study

to evaluate the effectiveness of this approach to prevent Lyme and other
tickborne diseases in humans.

When used according to manufacturer’s recommendations, bait box
installation in residential yards did not disrupt pathogen transmission cycles,
or significantly reduce tick abundance, household risk of tick exposures, or
tickborne diseases.

The effectiveness of this intervention may vary considerably due to scale of
use or differences in host characteristics and local enzootic cycles.
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