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Abstract 

Background  The vast majority of vector-borne diseases in the USA are associated with mosquitoes or ticks. Mos-
quito control is often conducted as part of community programs run by publicly-funded entities. By contrast, tick 
control focuses primarily on individual residential properties and is implemented predominantly by homeowners 
and the private pest control firms they contract. We surveyed publicly-funded vector control programs (VCPs), pre-
sumed to focus mainly on mosquitoes, to determine what tick-related services they currently offer, and their interest 
in and capacity to expand existing services or provide new ones.

Methods  We distributed a survey to VCPs in the Northeast, Upper Midwest and Pacific Coast states of the USA, 
where humans are at risk for bites by tick vectors (Ixodes scapularis or Ixodes pacificus) of agents causing Lyme disease 
and other tick-borne diseases. The data we report are based on responses from 118 VCPs engaged in vector control 
and with at least some activities focused on ticks.

Results  Despite our survey targeting geographic regions where ticks and tick-borne diseases are persistent 
and increasing public health concerns, only 11% (12/114) of VCPs reported they took direct action to suppress ticks 
questing in the environment. The most common tick-related activities conducted by the VCPs were tick bite preven-
tion education for the public (70%; 75/107 VCPs) and tick surveillance (48%; 56/116). When asked which services they 
would most likely include as part of a comprehensive tick management program, tick bite prevention education (90%; 
96/107), tick surveillance (89%; 95/107) and tick suppression guidance for the public (74%; 79/107) were the most 
common services selected. Most VCPs were also willing to consider engaging in activities to suppress ticks on public 
lands (68%; 73/107), but few were willing to consider suppressing ticks on privately owned land such as residential 
properties (15%; 16/107). Across all potential tick-related services, funding was reported as the biggest obstacle 
to program expansion or development, followed by personnel.

Conclusions  Considering the hesitancy of VCPs to provide tick suppression services on private properties 
and the high risk for tick bites in peridomestic settings, suppression of ticks on residential properties by private pest 
control operators will likely play an important role in the tick suppression landscape in the USA for the foreseeable 
future. Nevertheless, VCPs can assist in this effort by providing locally relevant guidelines to homeowners and private 
pest control firms regarding best practices for residential tick suppression efforts and associated efficacy evalua-
tions. Publicly-funded VCPs are also well positioned to educate the public on personal tick bite prevention measures 
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Background
The vast majority of vector-borne diseases in the USA 
are associated with either mosquitoes or ticks, with Lyme 
disease being the most common vector-borne disease in 
the conterminous USA [1]. Ixodes scapularis is the pri-
mary vector of causative agents of Lyme disease (Borrelia 
burgdorferi sensu stricto [Borrelia burgdorferi s.s.], Borre-
lia mayonii) and several other medically significant path-
ogens (Anaplasma phagocytophilum, Babesia microti, 
Bo. miyamotoi and Powassan virus) in the eastern USA, 
and Ixodes pacificus vectors some of these pathogens (A. 
phagocytophilum, Bo. burgdorferi s.s. and Bo. miyamotoi) 
on the West Coast [2, 3]. Public health efforts aiming to 
reduce bites by these and other tick species are predomi-
nantly educational, focusing on promotion of personal 
protective measures, such as using repellents, wearing 
appropriate clothing and avoiding tick habitat [4]. Unfor-
tunately, these preventative measures are not used widely 
and consistently by the public [5, 6].

Another way to reduce the risk of human tick bites is 
to suppress tick populations in the environment. Sup-
pression of ticks biting humans has primarily focused 
on individual residential properties, where biting ticks 
are commonly encountered [7–10]. In these settings, 
the homeowner and contracted private pest control 
operators are responsible for deployment of tick control 
measures [11]. Commercial vector control firms pre-
dominantly use the direct application of acaricides to 
suppress ticks on residential properties, with other sup-
pression methods (e.g. interventions targeting rodents, 
or landscape management) used less commonly [12]. 
Tick suppression operations are rarely conducted by 
publicly-funded vector control programs (VCPs hereaf-
ter), whose primary focus is often on mosquito control. A 
National Association of County and City Health Officials 
(NACCHO) survey conducted in 2020 found that only 
3% of responding local vector programs nationally were 
actively engaged in tick suppression activities, while 79% 
of agencies indicated they routinely engaged in mosquito 
control [13, 14]. Another national survey conducted by 
Mader et al. in 2018 reported a higher overall proportion 
(12%) of vector-borne disease professionals directly con-
ducting or financially supporting tick suppression, with 
the majority of respondents involved in tick suppres-
sion being located in the Northeast [15]. However, these 
responses included tick suppression research activities, 
which are usually designed to investigate the efficacy of a 

suppression method and not deployed in a routine fash-
ion, in addition to operational routine tick suppression.

Overall, there is very limited information about which 
tick suppression methods are used operationally by 
VCPs, or their interest in developing the capacity to pro-
vide new tick suppression services. These types of ques-
tions were addressed in a recent survey in New Jersey 
[16], but similar larger scale efforts covering key regions 
of the USA with a high burden of tick-borne diseases 
have been lacking. Tick suppression methods with the 
potential to be deployed at neighborhood or community 
level are still being explored, but questions remain about 
their cost [17] as well as their ability to reduce human tick 
bites [11, 18]. Most existing tick suppression methods are 
also difficult to scale up from individual properties to a 
neighborhood or community level in a cost-effective 
manner [17], further complicating the path to future 
large-scale deployment of tick management programs. 
Interest in deploying tick suppression may exist in some 
high-risk areas, such as New Jersey [16], but potential 
obstacles to the development and maintenance of tick 
management programs must be identified.

In the USA, mosquito control is often conducted as 
part of community programs run by publicly-funded 
entities; these programs typically include public educa-
tion and mosquito surveillance components together 
with mosquito control [13]. Similarly, a comprehensive 
publicly-funded tick management program would likely 
include educational services and tick surveillance activi-
ties together with the deployment of various tick sup-
pression methods. Apart from New Jersey [16], there is 
limited information on how commonly tick surveillance 
and educational services are provided by state or local 
VCPs, or whether these would be interested in expanding 
or developing such programmatic capacity.

We therefore conducted a survey of existing VCPs to 
determine which tick-related services they currently 
offer, and their interest in and capacity to expand exist-
ing services or provide new ones. Our survey focused on 
the Northeast, Upper Midwest and Pacific Coast states of 
the USA, where humans are at a relatively high risk for 
Lyme disease and other tick-borne diseases associated 
with bites by Ixodes ticks. It was designed to also identify 
potential obstacles VCPs face related to developing tick-
related services. The primary objective of this survey was 
to determine which tick-related services are currently 
available and which services might be provided as part 

and to collect tick surveillance data that provide information on the risk of human encounters with ticks within their 
jurisdictions.
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of a comprehensive tick management program if imple-
mented by existing VCPs.

Methods
Target audience and survey distribution
The target audience for our survey comprised those 
working in VCPs who were involved in vector control 
activities, at least as part of their overall responsibilities, 
in the Northeast, Upper Midwest and Pacific Coast states 
of the USA. The organization of such VCPs varies among 
states and localities. Some VCPs are operated by entities 
solely dedicated to vector surveillance and control (e.g. 
mosquito abatement districts), whereas others repre-
sent one part of the activities conducted by local, county 
or state health or environmental departments. States in 
the Upper Midwest and Northeast were selected because 
they have high incidences of Lyme disease [19, 20]. Four 
lower incidence states in the Upper Midwest (Illinois, 
Indiana, Michigan, and Ohio) and three in the Pacific 
Coast region (California, Oregon, and Washington) 
were also included as ticks infected with Bo. burgdorferi 
s.s. and other pathogens transmitted by I. scapularis or 
I. pacificus have been detected in those states [21, 22]. 
This survey was focused on areas with high risk for expo-
sure to Ixodes-borne pathogens, so did not include states 
where people are at risk mainly for pathogens transmit-
ted by metastriate Amblyomma or Dermacentor ticks. All 
responding entities had to be directly involved in routine 
vector control activities at the state, county or local level 
to continue through the entire survey.

The survey was designed and distributed using RED-
Cap (Research Electronic Data Capture) electronic data 
capture tools hosted at the Centers for Disease Con-
trol and Prevention (CDC) [23, 24]. Respondents were 
granted access to the survey using an open access RED-
Cap link, which was distributed by email. An internal 
CDC list of VCPs was used to develop our initial list of 
contacts. Emails were sent directly to the managers, 
directors or entomologists at each identified VCP. We 
also utilized several regional professional listservs to fur-
ther distribute our survey; specifically, listservs gener-
ated by the CDC-funded regional Centers of Excellence 
in Vector-Borne Diseases and local American Mosquito 
Control Association chapters. Recipients of our emails 
were also encouraged to share the survey link with others 
in their community of practice.

Survey instrument and design
The survey contained a total of 170 questions, but was 
highly adaptive, so respondents did not view all ques-
tions. The full survey with logic as displayed in the survey 
codebook is provided in Supplemental file 1. The survey 
was divided into seven sections, each covering a different 

tick-related service with the exception of the first section, 
which asked demographic questions about the respond-
ing entities. The following five sections each focused 
on a different potential service that might be offered by 
a comprehensive tick management program: (i) provi-
sion of tick bite prevention education to the public; (ii) 
provision of tick suppression guidance to the public or 
private pest control firms; (iii) tick surveillance to assess 
risk of tick bites; (iv) efficacy assessment of tick suppres-
sion deployed by the public or private pest control firms; 
and (iv) suppression of tick populations. The section 
focused on the suppression of tick populations included 
specific questions related to four general categories of 
tick suppression methods: (i) acaricide application; (ii) 
rodent-targeted interventions; (iii) habitat and landscape 
management; and (4) deer-targeted interventions. In 
the final section of our survey, we asked respondents to 
choose the services they were most likely to offer as part 
of a comprehensive tick management program and esti-
mate the approximate cost to offer each service.

The survey was opened for approximately 2 months (22 
March 2023 through to 19 May 2023). The target of the 
survey was the VCP, rather than the individual respond-
ent, so multiple individuals were allowed to take the 
survey as a group and record a single response so that 
their answers could be more comprehensive. Only one 
response for each VCP was used in the results reported 
here. If a VCP responded more than one time, we kept 
the most complete survey. If multiple survey responses 
from a single VCP were complete, then we kept the 
survey with the highest number of people participat-
ing in that response. If multiple responses from a VCP 
were recorded, each with one person participating, then 
the response from the highest-ranking respondent (e.g., 
director) was retained. Our results include only responses 
from entities which were actively engaged in routine 
vector control activities, with the goal of determining 
which tick-related activities this community is currently 
engaged in, as well as their interest in offering new tick-
related services. Therefore, if an entity responded they 
were not currently engaged in vector control operations 
for public health purposes (Table  1), the survey ended, 
and the entity was not included in the reported results. 
If a respondent completed a section, their responses were 
included in the total for that section, even if they did not 
complete all seven sections of the survey. Risk and public 
concern for tick-borne disease can vary within states, so 
we wanted to ensure survey responses were focused on 
those agencies where ticks might be a feasible target and 
primary concern, as developing a tick control program 
in areas with limited tick-borne disease risk should not 
be a priority. At the end of each section of the survey, 
respondents were asked why they might be uninterested 
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in providing that service. This question was asked eight 
times (Supplemental file 2), and those who responded 
more than 50% of the time that that ticks were not a 
concern in their jurisdiction were not included in the 
reported results.

Statistical analyses
We calculated the proportion of VCPs across regions 
that are currently engaged or interested in engaging in 
tick surveillance activities, educational services and tick 
suppression.

Chi-squared (contingency table) tests were used to 
assess the significance of regional differences in propor-
tional responses for the questions which directly meas-
ured what activities were being offered and the interest 
of VCPs to expand these activities or initiate new ones. 
No analyses were conducted for VCPs currently deploy-
ing tick control as we did not have sufficient responses 
for an analysis. Chi-squared tests were also used to assess 
regional differences in the proportions of VCPs that 
believed the community in their jurisdiction would sup-
port a tax increase for tick-related services. A total of 22 
Chi-squared tests were conducted, and all P-values were 
corrected for multiple comparisons with the Benjamini 

and Hochberg method [25]. All analyses were conducted 
in R version 4.2.1 [26].

Results
Response rate and VCP demographics
Our initial contact list included 382 VCPs, located 
across 23 states in the three targeted regions (see Fig. 1 
for a map showing these states and regions). A total of 
196 entities completed at least one section of the sur-
vey. Of these responding entities, 40 indicated they 
did not conduct any type of vector control operations, 
and the survey ended for these entities at the section 
“Introduction.” These entities did not continue through 
the other survey sections and were excluded from the 
final count of responding VCPs. Another 26 responses 
were removed because they were repeat responses from 
the same entities. Finally, 12 responses were excluded 
because they consistently indicated that ticks were not 
a concern in their jurisdiction. Of the 12 entities who 
did not consider ticks to be a concern, seven were from 
the Central Valley of California and southern California 
where acarological risk is low, two were in Oregon and 
one each were from the states of Washington, Michigan 
and Virginia. A summary of these excluded responses 
can be found in Supplemental file 3. The final number of 

Table 1  The demographic information of 118 responding vector control programs actively engaged in the control of vectors of 
human disease agents

a Respondents could select multiple options for this question. This question is also logic dependent on the previous question, which asked specifically about control 
of vector populations
b Common ‘Other’ responses included, greenhead flies, black flies, rodents and yellowjackets. All ‘Other’ responses also selected at least one of the four other options 
for this question

Question Response level All regions combined Northeast region Upper Midwest region Pacific Coast region

What is the jurisdictional level of your 
agency?

Regional 1% (1/118) 2% (1/55) 0% (0/33) 0% (0/30)

State 7% (8/118) 15% (8/55) 0% (0/33) 0% (0/30)

County 81% (95/118) 75% (41/55) 85% (28/33) 87% (26/30)

City 6% (7/118) 9% (5/55) 6% (2/33) 0% (0/30)

Other 6% (7/118) 0% (0/55) 9% (3/33) 13% (4/30)

Please indicate the size of the population 
that your program serves

0–49,999 11% (13/118) 7% (4/55) 9% (3/33) 20% (6/30)

50,000–99,999 14% (16/118) 9% (5/55) 24% (8/33) 10% (3/30)

100,000–249,999 19% (22/118) 18% (10/55) 27% (9/33) 10% (3/30)

250,000–499,999 21% (25/118) 24% (13/55) 24% (8/33) 13% (4/30)

500,000–999,999 20% (24/118) 31% (17/55) 6% (2/33) 17% (5/30)

1,000,000+  15% (18/118) 11% (6/55) 9% (3/33) 30% (9/30)

Does your agency take direct action to con-
trol vector populations for public health 
purposes?

Yes 100% (118/118) 100% (55/55) 100% (33/33) 100% (30/30)

No 0% (0/118) 0% (0/55) 0% (0/33) 0% (0/30)

What disease vectors or arthropod pests 
does your agency currently target?a

Ticks 18% (21/118) 18% (10/55) 12% (4/33) 23% (7/30)

Mosquitoes 98% (115/118) 96% (53/55) 100% (33/33) 97% (29/30)

Fleas 5% (6/118) 0% (0/55) 3% (1/33) 17% (5/30)

Bed bugs 3% (4/118) 0% (0/55) 0% (0/33) 13% (4/30)

Otherb 11% (13/118) 5% (3/55) 9% (3/33) 23% (7/30)
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unique responding VCPs which were actively engaged 
in vector control operations was 118. The majority of 
these 118 VCPs were either dedicated solely to vec-
tors (47%, N = 55) or public health departments (31%, 
N = 36); the remaining VCPs were split between public 
works departments (8%, N = 10), environmental health 
agencies (8%, N = 10) and others (6%, N = 7) that did 
not fit into these categories (e.g. animal control). Most 
of the 118 VCPs were organized at the county-level 
(81%, N = 95) and served populations of > 50,000 people 
(89%, N = 105). The vast majority (98%, N = 115) of the 
VCPs considered mosquitoes to be an important target 
vector for their control operations (Table 1). Only 18% 
(N = 21) of agencies responded that they considered 
ticks to be an important target for their operations. 
This question was logically conditional on the preced-
ing one, which asked about vector control operations, 
but did not explicitly mention control or suppression. 

Therefore, some respondents may have interpreted this 
question to be asking about broader tick-related activi-
ties and this percentage may be an overestimate for tick 
suppression operations. A more conservative value is 
shown in the section Tick suppression activities.

Across the three regions, the Northeast contributed 
the most VCP responses with 55 responses, followed 
by the Midwest with 33 responses and the Pacific Coast 
with 30 responses (Fig.  1). We received a response 
from at least one VCP in each state, with the exception 
of New Hampshire and West Virginia from which no 
responses were received (Fig. 1). Three states (Califor-
nia, New Jersey and Pennsylvania) each provided > 10 
unique VCP responses. All seven sections of the survey 
were completed by 107 (91%) of the 118 responding 
VCPs. VCPs that completed a section were included in 
the total for that section, even if they did not complete 
all seven sections of the survey. Hence, the denomi-
nator (i.e. total number of responding VCPs) varies 
between the different sections of the survey described 
below.

Tick surveillance activities
The data presented in the following sections are for tick 
surveillance for all regions combined because there were 
no significant differences between regions for any of the 
survey questions (see Table 2). Nearly half of responding 
VCPs (48%, 56/116 of responding VCPs) reported they 
conducted tick surveillance to assess the local risk of tick 
bites. The overwhelming majority (98%, 55/56) of those 
responding VCPs used tick dragging or flagging methods 
to collect these data. The most common use of these data 
was to inform the public of high-risk areas for exposure 
to ticks (61%, 34/56) and to map the local tick exposure 
risk (57%, 32/56). Few VCPs (9%, 5/56) used surveillance 
data to direct or evaluate their own tick suppression 
efforts.

Of those VCPs already conducting tick surveillance 
activities to assess tick-bite risk, 82% (46/56 of respond-
ing VCPs) were interested in expanding their capacity 
to do so. Of those VCPs who did not conduct tick sur-
veillance activities, 83% (50/60) indicated they would be 
interested in starting to do so in the future if resources 
and training were provided. None of the 107 responding 
VCPs currently used tick surveillance to assess the effi-
cacy of tick suppression deployed by the public or private 
pest control firms. Since no VCP was currently engaged 
in this activity, we could not measure interest in expand-
ing existing capacity. Of the responding VCPs who did 
not offer this service, 45% (48/107) were interested in 
developing the capacity to do so if resources were avail-
able (Table 2).

Fig. 1  Map of the United States showing the states included in each 
of the three regions (top) and the number of responding vector 
control programs from each state targeted in our survey (bottom)
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Educational services
The data presented here for educational services are for 
all regions combined, as there were no significant differ-
ences between regions for any of the survey questions 
(see Table  3). Guidance for the deployment of tick sup-
pression methods by the public or private pest control 
firms was provided by 40% (43/107 of responding VCPs) 
of responding VCPs. The most common tick suppres-
sion method for which guidance was provided was habi-
tat or landscape management (84%, 36/43 of responding 

VCPs), followed by acaricide application (37%, 16/43). 
Responding VCPs used a variety of methods to distribute 
this information, including presentations at public events 
(84%, 36/43), websites (79%, 34/43), print materials (79%, 
34/43) and social media (65%, 28/43). Of those respond-
ing VCPs already providing tick suppression guidance, 
79% (34/43) were interested in expanding their current 
services. Of those VCPs not currently providing this 
service, 66% (42/64) were interested in developing the 
capacity to do so if resources were provided (Table 3).

Table 2  The proportion of responding vector control programs that are currently conducting tick surveillance activities and their 
interest in expanding those services, and the interest of vector control programs not conducting tick surveillance to develop this 
capacity

N.A. Not applicable, N.S. non-significant
a Chi-squared P-values correspond to tests comparing responses between the three regions, corrected for multiple comparisons using the Benjamini–Hochberg 
method
b No program offered this service, so interest in expanding an existing program could not be determined

Question Response All regions combined Northeast region Upper Midwest region Pacific Coast region Chi-squared P-valuea

Tick surveillance

 Does your agency 
directly conduct tick 
surveillance (e.g. tick 
dragging/wildlife collec-
tions/veterinary submis-
sion/public submissions) 
to measure the risk of tick 
exposure in your jurisdic-
tion?

Yes 48% (56/116) 56% (30/54) 39% (13/33) 45% (13/29) N.S
P = 0.557No 52% (60/116) 44% (24 /54) 61% (20/33) 55% (16/29)

 Do you want to expand 
your agency’s capacity 
to use or conduct tick 
surveillance to measure 
the risk of tick exposure 
in your jurisdiction?

Yes 82% (46/56) 77% (23/30) 92% (12/13) 85% (11/13) N.S
P = 0.636No 18% (10/56) 23% (7/30) 8% (1/13) 15% (2/13)

 If resources, includ-
ing funding and training 
opportunities, were 
available, would your 
agency be interested 
in developing the capac-
ity to inform the public 
of high-risk areas 
for exposure to ticks 
and tickborne disease 
agents?

Yes 83% (50/60) 79% (19/24) 90% (18/20) 81% (13/16) N.S
P = 0.727No 17% (10/60) 21% (5/24) 10% (2/20) 19% (3/16)

Tick control efficacy assessmentb

 Does your agency assess 
the efficacy of tick 
suppression deployed 
by pest control firms 
or property owners 
on public or private 
property?

Yes 0% (0/107) 0% (0/51) 0% (0/31) 0% (0/25) N.A

No 100% (107/107) 100% (51/51) 100% (31/31) 100% (25/25)

 If resources, includ-
ing funding and training 
opportunities, were avail-
able, would your agency 
be interested in assessing 
tick suppression efficacy?

Yes 45% (48/107) 49% (25/51) 28% (9/31) 56% (14/25) N.S
P = 0.221No 55% (59/107) 51% (26/51) 72% (22/31) 44% (11/25)
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Some form of tick bite prevention educational services 
were provided by 70% (75/107) of responding VCPs. As 
noted in Table  3, this could include providing materi-
als developed by their own program (49%, 52/107 of 

responding VCPs) or by linking to another organization’s 
information (58%, 62/107). For VCPs developing their 
own educational materials, they were mostly distributed 
to the public using physical printed materials (84%, 44/52 

Table 3  The proportion of responding vector control programs that are currently offering tick-related educational services and their 
interest in expanding those services

The interest of vector control programs to start offering new educational services is also shown

N.S. Non-significant
a Chi-squared P-values correspond to tests comparing responses between the three regions, corrected for multiple comparisons using the Benjamini–Hochberg 
method

Question Response All regions combined Northeast region Upper Midwest region Pacific Coast region Chi-squared P-valuea

Tick suppression guidance

 Does your agency pro-
vide guidance to deploy 
tick suppression on pri-
vate, residential proper-
ties through educational 
materials or site visits 
in your jurisdiction?

Yes 40% (43/107) 45% (23/51) 42% (13/31) 28% (7/25) N.S
P = 0.557No 60% (64/107) 55% (28/51) 58% (18/31) 72% (18/25)

 Do you want to expand 
your agency’s capacity 
to provide tick suppres-
sion guidance to residen-
tial property owners?

Yes 79% (34/43) 78% (18/23) 92% (12/13) 57% (4/7) N.S
P = 0.214No 21% (9/43) 22% (5/23) 8% (1/13) 43% (3/7)

 If resources, includ-
ing funding and training 
opportunities, were avail-
able, would your agency 
be interested in provid-
ing tick suppression 
guidance to residential 
property owners?

Yes 66% (42/64) 64% (18/28) 61% (11/18) 72% (13/18) N.S
P = 0.788No 34% (22/64) 36% (10/28) 39% (7/18) 28% (5/18)

Educational materials on tick bite prevention

 Does your agency create 
their own educational 
materials (e.g. website/
print/social media/public 
event displays) regard-
ing personal tick bite 
prevention?

Yes 49% (52/107) 53% (27/51) 52% (16/31) 36% (9/25) N.S
P = 0.557No 51% (55/107) 47% (24/51) 48% (15/31) 64% (16/25)

 Does your agency work 
with a group or link 
to a group’s information 
for education regard-
ing personal tick bite 
prevention?

Yes 58% (62/107) 67% (34/51) 62% (19/31) 36% (9/25) N.S
P = 0.137No 42% (45 /107) 33% (17/51) 39% (12/31) 64% (16/25)

 Do you want to expand 
your agency’s capacity 
to educate the public 
about tick-bite preven-
tion?

Yes 81% (42/52) 85% (23/27) 75% (12/16) 78% (7/9) N.S
p = 0.788No 19% (10/52) 15% (4/27) 25% (4/16) 22% (2/9)

 If resources, includ-
ing funding and train-
ing opportunities were 
available, would your 
agency be interested 
in developing the capac-
ity to educate the public 
about personal tick-bite 
prevention?

Yes 78% (43/55) 79% (19/24) 60% (9/15) 94% (15/16) N.S
P = 0.214No 22% (12/55) 21% (5/24) 40% (6/15) 6% (1/16)
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of responding VCPs) and social media (77%, 40/52). 
VCPs linking to outside tick bite prevention educational 
resources most commonly linked to sources from local 
and state health departments (84%, 52/62 of respond-
ing VCPs) or the CDC (77%, 48/62). Of the responding 
VCPs that develop their own educational materials, 81% 
(42/52) would be interested in expanding these services. 
Fully 78% (43/55) of responding VCPs which do not cur-
rently develop their own educational materials for tick 
bite prevention were interested in doing so if resources 
were provided (Table 3).

Tick suppression activities
The majority of responding VCPs across regions (87%, 
99/114 of responding VCPs) indicated they did not take 
direct action to suppress ticks in their jurisdictions. 
Three responding VCPs indicated they deployed only 
‘other’ methods of tick suppression. Reviewing written 
responses, these ‘other’ methods referred to tick drag-
ging or flagging activities, which would be classified as 
surveillance rather than suppression; therefore, these 
VCPs were considered to be the same as the ‘never’ cat-
egory with regards to engaging in tick suppression. Thus, 
89% (102/114) of responding VCPs did not deploy tick 
suppression. For those few VCPs who did engage in tick 
suppression activities (11%, 12/114), acaricide applica-
tion was by far the most commonly used method (92%, 
11/12). Tick suppression activities were most common 
in VCPs responding from states in the Northeast, with 
19% (10/53) of VCPs responding they deploy tick con-
trol at least once per year. Only 7% (2/28) of responding 
VCPs in the Pacific Coast states conducted tick suppres-
sion activities and no VCP did so in the Upper Midwest 
(Table 4).

Since current tick suppression activities were uncom-
mon, we focused on interest in offering new tick sup-
pression services across four general methodological 
categories: acaricide application, rodent-targeted inter-
ventions, habitat and landscape management, and deer-
targeted interventions (see also Table  5). Across all 
regions, acaricide application was the most commonly 
selected method that responding VCPs indicated they 
would consider providing (71%, 73/103 of responding 
VCPs) if resources were available, followed by rodent-
targeted interventions (58%, 64/110) and habitat and 
landscape management (50%, 53/107). Deer-targeted 
interventions were the least likely methods VCPs would 
consider offering (43%, 46/107), though notably over 40% 
of VCPs would consider this approach (Table 5). Interest 
in providing tick suppression services on private prop-
erties was limited, with between 26 and 33% of VCPs 
responding they would deploy various tick suppression 
methods on private property. However, interest in treat-
ing private properties was significantly higher in the 
Pacific Coast region (64–73% of positive responses across 
methods) compared with all other regions (Table 5).

Obstacles to program development or expansion
Regarding the expansion of currently offered tick-related 
services or the development of new services, responding 
VCPs were asked to rank from one (greatest obstacle) to 
five (lowest obstacle) whether equipment, funding, per-
sonnel, standardized protocols, or training posed the 
greatest challenge. Funding was consistently ranked as 
the number one obstacle across all educational services, 
tick surveillance, and tick suppression activities. Person-
nel was consistently ranked as the second largest obsta-
cle, with two exceptions. The first being that training was 
indicated to be a bigger obstacle than personnel for the 

Table 4  The proportion of responding vector control programs currently engaged in tick suppression and the different methods of 
tick population suppression used

a Indicates respondents could select multiple options for this question
b ‘Other’ responses included on demand services requested by another agency or otherwise intermittently, and services that were previously offered and discontinued

Question Response All regions combined Northeast region Upper Midwest region Pacific Coast region

On average, how often 
does your agency 
use tick suppression 
methods?

Never 89% (102/114) 81% (43/53) 100% (33/33) 93% (26/28)

Once a year 1% (1/114) 2% (1/53) 0% (0/33) 0% (0/28)

Multiple times per year 5% (6/114) 11% (6/53) 0% (0/33) 0% (0/28)

Otherb 4% (5/114) 6% (3/53) 0% (0/33) 7% (2/28)

What, if any, tick sup-
pression methods does 
your agency currently 
deploy?a

Application of acaricides to vegeta-
tion

92% (11/12) 90% (9/10) 0% (0) 100% (2/2)

Deer-targeted intervention 17% (2/12) 20% (2/10) 0% (0) 0% (0/2)

Rodent-targeted intervention 8% (1/12) 10% (1/10) 0% (0) 0% (0/2)

Habitat or landscape management 25% (3/12) 10% (1/10) 0% (0) 100% (2/2)

Otherb 8% (1/12) 0% (0/10) 0% (0) 50% (1/2)
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development of tick suppression services using deer-tar-
geted interventions. Training was also identified as a big-
ger obstacle than personnel for the development of new 
programs to educate the public about tick suppression 
methods (Tables 6 and 7).

Interest and cost of tick management programmatic 
activities
Among the 107 VCPs that identified which services they 
would be likely to include as part of a comprehensive tick 
management program if funding and other resources 
were not a limitation, 90% (N = 96 responding VCPs) 
would likely include tick bite prevention education and 
89% (N = 95 responding VCPs) would likely include tick 
surveillance to assess tick bite risk. Somewhat surpris-
ingly, given that resources were not considered to be a 
limitation in this question, only 74% (N = 79 respond-
ing VCPs) would likely include offering tick suppression 

guidance and 68% (N = 73 responding VCPs) would likely 
include offering suppression of tick populations on public 
properties as an option. Substantially fewer VCPs listed 
tick suppression efficacy assessments for other pest con-
trol operators (29%, N = 31 responding VCPs) or sup-
pressing tick populations on private properties (15%, 
N = 16 responding VCPs) as services they were likely to 
offer (Table 8).

We also asked VCPs to estimate the cost for pro-
viding each service they selected. These values were 
expressed as a percentage that the responding VCP’s 
current budget would need to increase to cover the 
costs of each service. The majority of responding VCPs 
believed that tick bite prevention education (80%, 
77/96 of responding VCPs), tick suppression guidance 
(77%, 61/79), tick surveillance (63%, 60/95) and efficacy 
assessments for private operators (58%, 18/31) would 
each require an increase in their current budget of 0% 

Table 5  The interest of vector control programs regarding the development of tick suppression services using different methods

*Significant difference at an alpha-level of 0.05

N.S. Non-significant
a Chi-squared P-values correspond to tests comparing responses between the three regions, been corrected for multiple comparisons using the Benjamini–Hochberg 
method

Question Response All regions combined Northeast Upper Midwest Pacific Coast Chi-squared
P-valuea

Acaricides

 If resources, including funding and training oppor-
tunities, were available, would your agency be inter-
ested in developing the capacity to apply acaricides 
to suppress ticks?

Yes 71% (73/103) 75% (33/44) 76% (25/33) 58% (15/26) N.S
0.488No 29% (30/103) 25% (11/44) 24% (8/33) 42% (11/26)

 If your agency were to apply acaricides, would it 
treat private property?

Yes 30% (22/73) 9% (3/33) 32% (8/25) 73% (11/15) P = 0.003*

No 70% (51/73) 91% (30/33) 68% (17/25) 27% (4/15)

Rodent-targeted interventions

 If resources, including funding and training 
opportunities, were available, would your agency 
be interested in developing the capacity to deploy 
rodent-targeted tick suppression?

Yes 58% (64/110) 59% (30/51) 63% (20/32) 52% (14/27) N.S
P = 0.787No 42% (46/110) 41% (21/51) 38% (12/32) 48% (13/27)

 If your agency were to deploy rodent-targeted tick 
suppression, would it treat private property?

Yes 33% (21/63) 17% (5/29) 30% (6/20) 71% (10/14) P =  0.012*

No 67% (42/63) 83% (24/29) 70% (14/20) 29% (4/14)

Habitat and landscape management

 If resources, including funding and training oppor-
tunities, were available, would your agency be inter-
ested in developing the capacity to deploy habitat 
or landscape management tick suppression?

Yes 50% (53/107) 50% (25/50) 53% (17/32) 44% (11/25) N.S
P = 0.788No 50% (54/107) 50% (25/50) 47% (15/32) 56% (14/25)

 If your agency were to deploy habitat or landscape 
management tick suppression, would it target 
private properties?

Yes 26% (14/53) 12% (3/25) 24% (4/17) 64% (7/11) P =  0.024*

No 74% (39/53) 88% (22/25) 77% (13/17) 36% (4/11)

Deer-targeted intervention

 If resources, including funding and training 
opportunities, were available, would your agency 
be interested in developing the capacity to deploy 
deer-targeted tick suppression?

Yes 43% (46/107) 49% (24/49) 39% (12/31) 37% (10/27) N.S
P = 0.695No 57% (61/107) 51% (25/49) 61% (19/31) 63% (17/27)

 Would your agency deploy deer-targeted tick sup-
pression on private property?

Yes 28%
(13/46)

13% (3/24) 25% (3/12) 70% (7/10) P < 0.001*

No 72% (33/46) 88% (21/24) 75% (9/12) 30% (3/10)
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Table 6  Ranking by responding vector control programs on a scale of 1 (greatest obstacle) to 5 (lowest obstacle) regarding whether 
equipment, funding, personnel, standardized protocols or training posed the greatest challenge to the expansion or development of 
surveillance and educational services

N.A. Not applicable, VCPs vector control programs 
a The values represent the mean ranking across the total number of responses
b No program offered this service, so obstacles to program expansion was not measured
c Options differed for this section as equipment and standardized protocols were not applicable to the development of this service

Tick-related services Ranking scorea Number of 
responding 
VCPs

Tick surveillance

 Program expansion 2.04
Funding

2.57
Personnel

3.37
Standardized protocols

3.37
Training

3.65
Equipment

 46

 Program development 2.53
Funding

2.76
Personnel

3.06
Training

3.24
Equipment

3.31
Standardized protocols

 50

Tick control efficacy assessment

 Program expansionb N.A N.A N.A N.A N.A  0

 Program development 2.17
Funding

2.63
Personnel

3.28
Equipment

3.41
Training

3.50
Standardized protocols

 48

Tick suppression guidance

 Program expansion 2.29
Funding

2.47
Personnel

3.12
Training

3.21
Standardized protocols

3.91
Equipment

 34

 Program development 2.45
Funding

2.76
Training

3.10
Personnel

3.14
Standardized protocols

3.57
Equipment

 42

Educational materials on tick bite preventionc

 Program expansion 2.14
Funding

2.76
Personnel

3.17
Access to digital educational 
material

3.19
Access to physical educa-
tional material

3.73
Training

 42

 Program development 2.44
Funding

2.79
Personnel

3.00
Access to physical educa-
tional material

3.30
Access to digital educational 
material

3.47
Training

 43

Table 7  Ranking by vector control programs on a scale of 1 (greatest obstacle) to 5 (lowest obstacle) regarding whether equipment, 
funding, personnel, standardized protocols or training posed the greatest challenge to the development of tick suppression services 
using one of four methods

 VCPs Vector control programs 
a The values represent the mean ranking across the total number of responses

Tick suppression services Ranking scorea Number of 
responding 
VCPs

Acaricides

 Program development 2.21
Funding

2.95
Personnel

3.18
Standardized 
protocols

3.27
Equipment

3.39
Training

 73

Rodent-targeted interventions

 Program development 2.33
Funding

2.8
Personnel

3.10
Training

3.32
Standardized protocols

3.44
Equipment

 63

Habitat and landscape management

 Program development 2.32
Funding

3.02
Personnel

3.09
Training

3.28
Equipment

3.28
Standardized protocols

 53

Deer-targeted interventions

 Program development 2.43
Funding

3.00
Training

3.04
Personnel

3.24
Standardized protocols

3.28
Equipment

 46
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to 25%. The estimated cost of direct activities to sup-
press ticks were more varied, with 77% (56/73) of VCPs 
believing that their budget would need to increase by 
somewhere between 0% and 75% to offer tick suppres-
sion on public properties; 81% (13/16) estimated they 

would require a similar increase to offer tick suppres-
sion services on private properties (Table 9).

We also asked whether VCPs believed that the pub-
lic in their jurisdiction would support a tax increase 
to enable them to offer new or expanded tick-related 

Table 8  The interest of vector control programs to provide different services that might be included in a comprehensive tick 
management program

 VCPs Vector control programs 
a Values are shown as the percentage of responding VCPs, with n/N VCPs shown in parentheses

Service VCPs interested in offering servicea

All regions combined Northeast region Upper Midwest region Pacific Coast region

Tick bite prevention education 90% (96/107) 92% (47/51) 87% (27/31) 88% (22/25)

Tick surveillance 89% (95/107) 82% (42/51) 99% (30/31) 92% (23/25)

Tick suppression guidance for property owners and managers 74% (79/107) 75% (38/51) 71% (22/31) 76% (19/25)

Suppression of tick populations on public properties 68% (73/107) 75% (38/51) 68% (21/31) 56% (14/25)

Tick suppression efficacy assessments for other operators 29% (31/107) 29% (15/51) 23% (7/31) 36% (9/25)

Suppression of tick populations on private properties 15% (16/107) 10% (5/51) 10% (3/31) 32% (8/25)

Table 9  The perceived relative cost to vector control programs for providing different services that might be included in a 
comprehensive tick management program

Costs are expressed as the percent increase needed to a program’s budget to provide each service

Service Approximate % increase 
in program budget 
needed

All regions combined Northeast region Upper Midwest region Pacific Coast region

Tick bite prevention education 0–25 80% (77/96) 83% (39/47) 74% (20/27) 82% (18/22)

26–50 10% (10/96) 9% (4/47) 19% (5/27) 5% (1/22)

51–75 5% (5/96) 4% (2/47) 4% (1/27) 9% (2/22)

76–100 4% (4/96) 4% (2/47) 4% (1/27) 5% (1/22)

Tick surveillance 0–25 63% (60/95) 64% (27/42) 57% (17/30) 70% (16/23)

26–50 15% (14/95) 19% (8/42) 10% (3/30) 13% (3/23)

51–75 14% (13/95) 10% (4/42) 23% (7/30) 9% (2/23)

76–100 8% (8/95) 7% (3/42) 10% (3/30) 9% (2/23)

Tick suppression guidance 
for property owners and managers

0–25 77% (61/79) 76% (29/38) 68% (15/22) 90% (17/19)

26–50 14% (11/79) 16% (6/38) 18% (4/22) 5% (1/19)

51–75 6% (5/79) 8% (3/38) 9% (2/22) 0% (0/19)

76–100 3% (2/79) 0% (0/38) 5% (1/22) 5% (1/19)

Suppression of tick populations 
on public properties

0–25 29% (21/73) 13% (5/38) 48% (10/21) 43% (6/14)

26–50 32% (23/73) 45% (17/38) 14% (3/21) 21% (3/14)

51–75 16% (12/73) 21% (8/38) 10% (2/21) 14% (2/14)

76–100 23% (17/73) 21% (8/38) 29% (6/21) 21% (3/14)

Suppression efficacy assessments 
for other operators

0–25 58% (18/31) 60% (9/15) 57% (4/7) 56% (5/9)

26–50 32% (10/31) 33% (5/15) 43% (3/7) 22% (2/9)

51–75 3% (1/31) 7% (1/15) 0% (0/7) 0% (0/9)

76–100 6% (2/31) 0% (0/15) 0% (0/7) 22% (2/9)

Suppression of tick populations 
on private properties

0–25 25% (4/16) 20% (1/5) 33% (1/3) 25% (2/8)

26–50 25% (4/16) 20% (1/5) 33% (1/3) 25% (2/8)

51–75 31% (5/16) 40% (2/5) 33% (1/3) 25% (2/8)

76–100 19% (3/16) 20% (1/5) 0% (0/3) 25% (2/8)
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services. Overall, only 21% (22/107) of responding VCPs 
believed that the public would support a tax increase. In 
the Northeast, 29% (15/51) of responding VCPs believed 
a tax increase would be supported in their area. By con-
trast, only 12% (3/25) of respondents from the Pacific 
Coast and 10% (3/31) of respondents in the Upper Mid-
west believed the public would support a tax increase. 
The overall differences between regions were not large 
enough to be significant (df = 2, χ2 = 5.96, P = 0.170).

Discussion
Main findings
Of the 118 VCPs which participated in our survey, 70% 
provided tick bite prevention education and 48% con-
ducted tick surveillance, but only 11% conducted any 
form of tick suppression (in most cases the applica-
tion of acaricides to vegetation). Our findings are simi-
lar to those from two previous surveys, including one 
in the state of New Jersey which included a combined 
43 county mosquito control programs and local health 
departments [16], and a national survey which included 
140 vector-borne disease professionals [15]. These stud-
ies targeted entities with a presumed interest in tick-
related services in areas that are endemic for tick-borne 
diseases (New Jersey [16]) or via a targeted recruitment 
strategy [15]. Another national survey [13, 14] focused 
broadly on local vector programs across the USA with-
out consideration for tick-borne disease incidence. As 
this later survey included many areas with relatively low 
risk for Ixodes-borne diseases, it was not surprising that 
lower percentages of the responding programs (N = 483) 
reported providing public education regarding ticks and 
tick-borne diseases (35%) or conducting tick surveil-
lance (21%) or tick control (3%). It also should be noted 
that nearly two thirds of the responding programs in this 
NACCHO survey were managed by local health depart-
ments or other local entities that may have broad respon-
sibilities (e.g. public works) and only one third were 
completely dedicated to vector control. Finally, Dye-
Braumuller et al. surveyed 150 publicly-funded VCPs in 
the southeastern USA, where tick-borne diseases associ-
ated with Amblyomma ticks predominate, and noted that 
while 96% of the VCPs reported addressing mosquitoes, 
only 8% addressed ticks [27]. Taken together, our survey 
and those conducted previously [13–16, 27] indicate lim-
ited engagement of VCPs in tick suppression, and modest 
engagement in tick surveillance activities, with engage-
ment in tick bite prevention education being relatively 
common in Ixodes-borne disease endemic areas.

Our survey responses revealed an interest among 
VCPs in Ixodes-borne disease endemic areas to expand 
their tick-related services. Roughly 90% of entities 
favored including tick bite prevention education and tick 

surveillance and 68% favored inclusion of tick suppres-
sion on public lands. As with the previous study in New 
Jersey [16], fewer VCPs (15%) favored providing tick sup-
pression on private properties. In our survey, the primary 
challenges to developing new tick management capac-
ity, or to expanding existing capacity, were universally 
reported to be funding and personnel limitations. Again, 
this finding agrees with the results of previous national 
and statewide studies [15, 16]. Regarding tick control, 
these studies also indicated a concern about a lack of 
best management practices and limited evidence for the 
impact of large-scale tick management practices suitable 
for public lands [15, 16].

Overall, our survey revealed strong interest among 
the responding VCPs, which predominantly represented 
county level jurisdictions, to develop or strengthen their 
capacity to address ticks. However, respondents also 
note consistently that this cannot be achieved without 
the VCPs gaining additional resources. This main finding 
echoes a previous survey effort focused on New Jersey, 
where it was concluded that, given adequate funding, the 
majority of these entities were willing to create new or 
expand existing tick management programs [16]. Secur-
ing the resources needed to develop and maintain such 
programs will be critical to the development of a national 
public health strategy to prevent and control tick-borne 
diseases [28]. In our survey, only 21% of responding 
VCPs believed that the public in their jurisdiction would 
support a tax increase to offer new tick-related services. 
However, a recent survey of the public in a Lyme disease 
endemic area in the Upper Midwest indicated that 81% of 
citizens would be willing to pay at least $10 more per year 
in taxes for area-wide tick suppression services [6]. As 
noted by Mader et al., there is a need to explore different 
solutions to sustainably fund tick management programs 
as a single funding model may not be the best option in 
all situations [15].

Tick bite prevention education and tick suppression 
guidance
As in the previous survey conducted in New Jersey [15], 
most responding VCPs in our survey provided educa-
tional information on tick-bite prevention to the public 
in the form of VCP-generated materials or links to other 
resources (e.g. websites with tick-bite prevention infor-
mation provided by state health departments, CDC, or 
the U.S. Environmental Protection Agency). Tick-bite 
prevention education is affordable, and dissemination 
of this information does not require specialized skills 
not already possessed by most VCPs. There is no doubt 
that educational materials should be a cornerstone for a 
publicly-funded comprehensive tick management pro-
gram. However, tick-bite prevention measures are not 
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widely and consistently used by the public [5, 6]. In our 
survey, the ability to effectively communicate with the 
public was indicated as a concern for many VCPs (Sup-
plemental file 2). More effective communication about 
the need for people to protect themselves against tick 
bites, leading to actual behavior change, is a critical area 
for improvement.

Educational guidance specific to tick suppression was 
offered by some of the VCPs that responded to our sur-
vey, but less frequently than tick bite prevention educa-
tion. The most common tick suppression method for 
which responding VCPs provided guidance was habitat 
or landscape management. Provision of actionable guid-
ance for other tick suppression methods may be more 
challenging as they require the use of acaricides and in 
some cases target vertebrate hosts. For example, the 
broadcast of acaricides may be controversial due to per-
ceived environmental or health effects, and often their 
deployment requires specialized training and licensing. 
Some programs may also be reluctant to recommend 
specific tick control methods if clear evidence for their 
ability to reduce human tick bites or tick-borne disease is 
lacking [11, 18, 29, 30].

Tick surveillance
Tick surveillance activities aimed at assessing tick bite 
risk were conducted by about half of the VCPs who 
responded to our survey, and over 80% of the VCPs not 
conducting tick surveillance were interested in develop-
ing that capacity. This held true across all three study 
regions. Strong interest in tick surveillance may be 
related, in part, to CDC providing funding for this activ-
ity via state health departments, as well as the availability 
of comprehensive guidance from CDC for the develop-
ment of tick surveillance programs [3, 31–33]. Prior to 
the initiation of CDC’s national tick surveillance pro-
gram, respondents to a previous survey cited funding 
and lack of guidance as barriers to conducting tick sur-
veillance [15]. Most VCPs reported that they use tick sur-
veillance data to identify high-risk areas, with few using 
tick surveillance data to direct or evaluate tick suppres-
sion deployed by their program. This is an unsurprising 
result given how few responding agencies conduct tick 
suppression activities. No agency indicated whether they 
evaluated the efficacy of tick suppression deployed by 
private landowners or pest control firms, which remains 
a knowledge gap.

We did not ask questions about specific reasons for 
conducting tick surveillance, but such information 
was generated in previous studies [15, 16]. Frequently 
reported reasons for conducting tick surveillance 
included detection and reporting of the local presence 
of vector ticks by species; detection of the presence and 

prevalence of tick-borne pathogens in ticks; and moni-
toring and mapping the presence and abundance of ticks 
by species, including the monitoring of patterns of geo-
graphic spread. It also should be noted that we did not 
distinguish between active and passive tick surveillance 
in our survey. This would be interesting to explore in the 
future as passive tick surveillance efforts are on the rise in 
the USA [21, 34].

Tick suppression
In contrast to the vast majority of VCPs reportedly being 
engaged in mosquito control (98%), only a small per-
centage (11%) of the VCPs in our survey reported being 
engaged in tick suppression activities. These VCPs were 
located predominantly in the Northeast and used syn-
thetic acaricides applied to the landscape as their primary 
tick control method. However, across all study regions 
there was substantial interest among VCPs in develop-
ing tick control capacity if adequate resources were to 
be made available. The overall percentage of VCPs with 
interest in developing the capacity to deploy specific tick 
control strategies ranged from 71% for the application 
of acaricides to vegetation to 58% for rodent-targeted 
methods, 50% for habitat and landscape management 
and 43% for deer-targeted methods. The strong inter-
est in using acaricide application to control ticks is not 
surprising as previous surveys of both public and private 
pest control operators indicated that the application of 
synthetic acaricides was their most commonly used tick 
suppression method [12, 16, 36, 37]. This may be, in part, 
because many agencies already use pesticide application 
methods to target mosquitoes [13], and there is broad 
evidence that acaricides can suppress ticks in residential 
settings [38]. Overall, responding VCPs were less inter-
ested in using other tick suppression methods. Rodent-
targeted and habitat management methods have shown 
some potential to reduce questing tick densities, but their 
efficacy has varied dramatically across evaluations [11, 
35, 39]. The use of deer-targeted interventions can be 
particularly complex due to potential regulatory issues 
[5, 40]. Moreover, as previously noted, there is very lim-
ited evidence that tick suppression results in reductions 
in human tick bites or the number of tick-borne disease 
cases. The cost of upscaling tick suppression operations 
to the city, county or state-level must also be determined 
before these services can be widely offered by VCPs [17].

In our survey, interest in providing tick suppression 
services on private properties was limited. The expressed 
hesitancy of VCPs to target private land is particularly 
notable as tick bite risk is believed to be highest in peri-
domestic settings, at least in the Northeast [7–10]. Only 
roughly one third (26–33%) of those VCPs in our survey 
that were broadly interested in developing tick control 
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capacity on public lands were willing to consider includ-
ing private properties for tick suppression activities. This 
finding aligns with the previous study from New Jersey 
[16] where only 22% of county mosquito control pro-
grams indicated interest in suppressing ticks on private 
land, in contrast with 56% being interested in suppressing 
ticks on public land. In our survey, tick control on pri-
vate properties was also ranked as a low priority among 
potential components of a comprehensive tick manage-
ment program. Reluctance to control ticks specifically 
on private properties may be associated with logistical 
considerations (e.g. need for homeowner permission 
to access and treat the properties) as well as legal con-
straints regarding tick control on private land. Respond-
ing VCPs in the Pacific Coast states were significantly 
more likely to be willing to target private land than VCPs 
in other regions in our survey; this may be partially due 
to the amount of federal land in the western USA, often 
with complex regulatory systems [41, 42], which may 
increase the difficulty of conducting tick suppression 
operations on public lands in the west. Given the results 
of our survey, it appears that privately owned pest control 
firms, together with homeowners, will likely be the pri-
mary parties responsible for tick suppression on residen-
tial properties, particularly in the eastern USA, for the 
foreseeable future. However, VCPs can still assist in this 
effort by providing locally relevant guidelines to home-
owners and private pest control firms regarding best 
practices for residential tick control and how to assess the 
efficacy of tick suppression efforts.

Study limitations
The Northeast region represented a large proportion of 
our survey responses, likely because this region has a 
large number of states (Fig. 1) and numerous small coun-
ties. Moreover, our survey results in the Northeast were 
driven disproportionally by New Jersey and Pennsylvania, 
while those for the Pacific Coast were driven predomi-
nantly by VCPs in California. The views of VCPs in these 
states may not be representative of VCPs across all states 
in the targeted regions. It should also be noted that our 
survey focused on parts of the USA where Ixodes species 
are the primary vectors of tick-borne disease agents, thus 
likely introducing some bias in our conclusions relative to 
parts of the country where Amblyomma or Dermacentor 
species are dominant vectors. We were also not able to 
determine why some agencies consistently indicated that 
ticks were not a concern in their jurisdiction. They may 
have done so because acarological risk was low in their 
service area, or it may have been due to a lack of public 
concern.

Our results indicated that implementing new tick-
related services were contingent on resource availability, 

but it is possible that responding agencies were bounded 
by the reality of their funding situations. The high cost 
of area-wide tick suppression [17] may have led many to 
select less costly surveillance and educational options to 
include as part of their hypothetical comprehensive tick 
management programs. It is also possible that the lack 
of demonstrated efficacy for tick suppression methods 
to reduce human tick bites or tick-borne disease [11, 
18, 29, 30] caused agencies not to consider this service. 
It is notable that no survey has attempted to determine 
whether the governing bodies responsible for funding 
VCPs would prioritize increasing funding for the devel-
opment of tick-related services. Considering the impor-
tance of funding indicated in our survey and others [16, 
27], the priorities of these governing bodies are likely to 
play an important role in the development of comprehen-
sive tick management programs.

Our survey did not measure the familiarity of respond-
ing VCPs with different tick suppression methods, but 
the previous study from New Jersey did so. The  authors 
of that study reported that county mosquito control pro-
grams were familiar with some tick suppression meth-
ods, particularly the use of synthetic acaricides (44% of 
respondents indicated they were ‘very familiar’ with this 
method). Between 11% and 33% indicated being ‘very 
familiar’ with the other potential tick suppression meth-
ods that were listed [16]. Less than half of respondents in 
the New Jersey survey indicated a high degree of famili-
arity with even the most commonly used tick suppression 
method (acaricide application). Such lack of knowledge 
may have caused VCPs responding to our survey to be 
hesitant to indicate they would include tick suppression 
as a component of a comprehensive tick management 
program.

A large number of responding VCPs indicated an inter-
est in expanding tick-related services within their exist-
ing programs. However, follow-up questions were not 
adequate to resolve what that expansion would include 
(e.g. conducting the same activities at larger scale, includ-
ing additional approaches or methodologies). While we 
were able to quantify an interest in programmatic expan-
sion, follow-up surveys are needed to better understand 
how much and in what ways VCPs might expand their 
services. It would also be useful to determine a per cap-
ita dollar amount that would be required for VCPs to 
provide these tick-related services. This would connect 
results from previous surveys of the public [6] with the 
cost of developing comprehensive tick management pro-
grams. These costs could also be compared with current 
operating budgets for VCPs offering mosquito control 
services to better determine how much their budgets 
would need to increase to begin offering tick suppression 
services.
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Conclusions
Despite our survey targeting geographic regions where 
ticks and tick-borne diseases are persistent and increas-
ing public health concerns, only 11% of VCPs reported 
they took direct action to suppress ticks questing in the 
environment. Funding and personnel were the most 
cited reasons for not providing tick control services. 
If funding and resources were not a limitation, nearly 
two thirds (68%) of VCPs responded they would con-
sider including tick suppression services on public land. 
However, even if resources were not a limitation, only 
15% of VCPs responded they would offer tick suppres-
sion services on private properties. These responses 
demonstrate a substantial gap in current and aspira-
tional tick control services provided by VCPs. Given 
the hesitancy of VCPs to target private land for tick 
suppression and the high risk for tick bites in perido-
mestic settings, at least in the Northeast, suppression 
of ticks on residential properties by private pest control 
operators will likely play an important role in the tick 
suppression landscape in the USA for the foreseeable 
future. Nevertheless, VCPs can still assist in this effort 
by providing locally relevant guidelines to homeowners 
and private pest control firms regarding best practices 
for residential tick suppression efforts and associated 
efficacy evaluations. Publicly-funded VCPs are also well 
positioned to educate the public on tick bite prevention 
measures and to collect tick surveillance data which 
provides information on risk of human encounters with 
ticks within their jurisdictions.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13071-​024-​06400-8.

Supplemental Material 1.

Supplemental Material 2.

Supplemental Material 3.

Acknowledgements
We would like to thank all of the respondents for taking the time to respond 
to our survey as well as the local American Mosquito Control Association 
chapters and CDC-funded Centers of Excellence for Vector-borne Diseases 
for assisting with the distribution of the survey. We would also like to thank 
Janet McAllister and Roxanne Connelly for providing the initial list of vector 
control programs, as well as Shelby Ford and Aiden Winters for expanding 
and updating the list. The findings and conclusions of this study are those 
of the authors and do not necessarily represent the views of the U.S. Centers 
for Disease Control and Prevention. The mention of commercial products 
does not represent an endorsement by the authors or the Centers for Disease 
Control and Prevention.

Author contributions
All authors participated in designing the study. JB. and EF. worked to advertise 
the survey to the target audience. JB. conducted statistical analyses and pre-
pared the manuscript. All authors reviewed and edited the manuscript.

Funding
This research was supported by intramural funding within the Centers of 
Disease Control and Prevention.

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate
This activity received a determination of non-applicability of human subjects 
regulations from the National Center for Emerging and Zoonotic Infectious 
Diseases (NCEZID) Institutional Review Board (tracking number 042822JB) and 
was distributed after being approved under the Paperwork Reduction Act 
(OBM number 0920-1386).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Division of Vector‑Borne Diseases, National Center for Emerging and Zoonotic 
Infectious Diseases, Centers for Disease Control and Prevention, Fort Collins, 
CO 80521, USA. 

Received: 15 May 2024   Accepted: 8 July 2024

References
	1.	 U.S. Centers for Disease Control and Prevention (CDC). Division of Vector-

Borne Diseases. National notifiable diseases surveillance system, 2019 
annual tables of infectious disease data. Atlanta: CDC Division of Health 
Informatics and Surveillance; 2019.

	2.	 Eisen RJ, Kugeler KJ, Eisen L, Beard CB, Paddock CD. Tick-borne zoonoses 
in the United States: persistent and emerging threats to human health. 
ILAR J. 2017;58:319–35.

	3.	 Eisen RJ, Paddock CD. Tick and tickborne pathogen surveillance as a pub-
lic health tool in the United States. J Med Entomol. 2021;58:1490–502.

	4.	 Eisen L. Personal protection measures to prevent tick bites in the United 
States: knowledge gaps, challenges, and opportunities. Ticks Tick Borne 
Dis. 2022;13:101944.

	5.	 Nawrocki CC, Piedmonte N, Niesobecki SA, Rowe A, Hansen AP, Kaufman 
A, et al. Acceptability of 4-Poster deer treatment devices for community-
wide tick control among residents of high Lyme disease incidence 
counties in Connecticut and New York, USA. Ticks Tick Borne Dis. 
2023;14:102231.

	6.	 Beck A, Bjork J, Biggerstaff BJ, Eisen L, Eisen R, Foster E, et al. Knowledge, 
attitudes, and behaviors regarding tick-borne disease prevention in Lyme 
disease-endemic areas of the Upper Midwest, United States. Ticks Tick 
Borne Dis. 2022;2022:101925.

	7.	 Connally NP, Durante AJ, Yousey-Hindes KM, Meek JI, Nelson RS, Heimer 
R. Peridomestic Lyme disease prevention: results of a population-based 
case–control study. Am J Prev Med. 2009;37:201–6.

	8.	 Stafford KC, Williams SC, Molaei G. Integrated pest management in con-
trolling ticks and tick-associated diseases. J Integr Pest Manag. 2017;8:28.

	9.	 Mead P, Hook S, Niesobecki S, Ray J, Meek J, Delorey M, et al. Risk factors 
for tick exposure in suburban settings in the northeastern United States. 
Ticks Tick Borne Dis. 2018;9:319–24.

	10.	 Jordan RA, 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.

	11.	 Eisen L, Stafford KC. Barriers to effective tick management and tick-
bite prevention in the United States (Acari: Ixodidae). J Med Entomol. 
2021;58:1588–600.

https://doi.org/10.1186/s13071-024-06400-8
https://doi.org/10.1186/s13071-024-06400-8


Page 16 of 16Burtis et al. Parasites & Vectors          (2024) 17:316 

	12.	 Jordan RA, Schulze TL. Availability and nature of commercial tick 
control services in three Lyme disease endemic states. J Med Entomol. 
2020;57:807–14.

	13.	 National Association of County and City Health Officials (NACCHO). 
Vector surveillance and control at the local level findings from the 2020 
vector control assessment. Washington: NACCHO; 2020.

	14.	 Roy A. Examining mosquito and tick surveillance and control capacity at 
the local level. J Public Health Manag. 2021;27:618–20.

	15.	 Mader EM, Ganser C, Geiger A, Harrington LC, Foley J, Smith RL, et al. A 
survey of tick surveillance and control practices in the United States. J 
Med Entomol. 2021;58:1503–12.

	16.	 Jordan RA, Eisen L, Schulze TL. Willingness and ability of existi ng 
mosquito control and public health agencies in New Jersey to assume 
responsibilities for management of ticks and tick-borne disease. J Med 
Entomol. 2024;61:1054–63. https://​doi.​org/​10.​1093/​jme/​tjae0​54.

	17.	 Schulze TL, Eisen L, Russell K, Jordan RA. Community-based integrated 
tick management programs: cost and feasibility scenarios. J Med Ento-
mol. 2023;60:1048–60.

	18.	 Keesing F, Mowry S, Bremer W, Duerr S, Evans AS Jr, Fischhoff IR, 
et al. Effects of tick-control interventions on tick abundance, human 
encounters with ticks, and incidence of tickborne diseases in residential 
neighborhoods, New York, USA. Emerg Infect Dis. 2022;28:957.

	19.	 Schwartz AM, Hinckley AF, Mead PS, Hook SA, Kugeler KJ. Surveillance 
for Lyme disease—United States, 2008–2015. MMWR Surveill Summ. 
2017;66:1.

	20.	 Centers for Disease Control and Prevention (CDC). Division of vector-
borne diseases. Lyme disease map. 2024. https://​www.​cdc.​gov/​lyme/​
datas​urvei​llance/​lyme-​disea​se-​maps.​html. Accessed 15 April 2024.

	21.	 Eisen L, Eisen RJ. Changes in the geographic distribution of the black-
legged tick, Ixodes scapularis, in the United States. Ticks Tick Borne Dis. 
2023;14:102233.

	22.	 Foster E, Maes SA, Holcomb KM, Eisen RJ. Prevalence of five human 
pathogens in host-seeking Ixodes scapularis and Ixodes pacificus by 
region, state, and county in the contiguous United States generated 
through national tick surveillance. Ticks Tick Borne Dis. 2023;14:102250.

	23.	 Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research 
electronic data capture (REDCap)—a metadata-driven methodology and 
workflow process for providing translational research informatics sup-
port. J Biomed Inform. 2009;42:377–81.

	24.	 Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al. The 
REDCap consortium: building an international community of software 
platform partners. J Biomed Inform. 2019;95:103208.

	25.	 Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practi-
cal and powerful approach to multiple testing. J R Stat Soc Ser B. 
1995;57:289–300.

	26.	 R Core Team. R: a language and environment for statistical computing. 
Vienna: R Foundation for Statistical Computing. 2022. https://​www.R-​
proje​ct.​org/. Accessed 15 April 2024.

	27.	 Dye-Braumuller KC, Gordon JR, Johnson D, Morrissey J, McCoy K, Dingla-
san RR, et al. Needs assessment of southeastern United States vector 
control agencies: capacity improvement is greatly needed to prevent the 
next vector-borne disease outbreak. Trop Med Infect Dis. 2022;7:73.

	28.	 Centers for Disease Control and Prevention (CDC). Division of vector-
borne diseases. The national public health strategy to prevent and con-
trol vector-borne diseases in people. 2024. https://​www.​cdc.​gov/​ncezid/​
dvbd/​pdf/​VBD-​Natio​nal-​Strat​egy-​508.​pdf. Accessed 15 April 2024.

	29.	 Hinckley AF, Meek JI, Ray JA, Niesobecki SA, Connally NP, Feldman KA, 
et al. Effectiveness of residential acaricides to prevent Lyme and other 
tick-borne diseases in humans. J Infect Dis. 2016;214:182–8.

	30.	 Hinckley AF, Niesobecki SA, Connally NP, Hook SA, Biggerstaff BJ, Horiuchi 
KA, et al. Prevention of Lyme and other tickborne diseases using a 
rodent-targeted approach: a randomized controlled trial in Connecticut. 
Zoonoses Publ Health. 2021;68:578–87.

	31.	 Centers for Disease Control and Prevention (CDC). Division of vector-
borne diseases. Surveillance for Ixodes scapularis and pathogens found 
in this tick species in the United States; 2018. https://​www.​cdc.​gov/​ticks/​
surve​illan​ce/​index.​html. Accessed 15 April 2024.

	32.	 Centers for Disease Control and Prevention (CDC). Division of vector-
borne diseases. Surveillance for Ixodes pacificus and pathogens found in 
this tick species in the United States; 2018. https://​www.​cdc.​gov/​ticks/​
surve​illan​ce/​index.​html. Accessed 15 April 2024.

	33.	 Centers for Disease Control and Prevention (CDC). Division of vector-
borne diseases. Guide to the surveillance of metastriate ticks (Acari: Ixodi-
dae) and their associated pathogens in the United States; 2020.. https://​
www.​cdc.​gov/​ticks/​surve​illan​ce/​index.​html. Accessed 15 April 2024.

	34.	 Eisen L, Eisen RJ. Benefits and drawbacks of citizen science to comple-
ment traditional data gathering approaches for medically important hard 
ticks (Acari: Ixodidae) in the United States. J Med Entomol. 2021;58:1–9.

	35.	 Eisen L. Rodent-targeted approaches to reduce acarological risk of 
human exposure to pathogen-infected Ixodes ticks. Ticks Tick Borne Dis. 
2023;2:102119.

	36.	 Schulze TL, Jordan RA, Hung RW. Availability and nature of commercial 
tick control services in established and emerging Lyme disease areas of 
New Jersey. J Spriochetal Tick Borne Dis. 1997;4:44–8.

	37.	 Stafford KC. Pesticide use by licensed applicators for the control of Ixodes 
scapularis (Acari: Ixodidae) in Connecticut. J Med Entomol. 1997;34:552–8.

	38.	 Eisen L, Dolan MC. 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 reser-
voirs. J Med Entomol. 2016;53:1063–92.

	39.	 Linske MA, Williams SC. Evaluati on of landscaping and vegetati on man-
agement to suppress hostseeking Ixodes scapularis (Ixodida: Ixodidae) 
nymphs on residential properties in Connecticut, USA .Environ Entomol. 
2024;53:268–76. https://​doi.​org/​10.​1093/​ee/​nvae0​07.

	40.	 Stafford KC, Williams SC. Deer-targeted methods: a review of the use of 
topical acaricides for the control of ticks on white-tailed deer. J Integr 
Pest Manag. 2017;8:19.

	41.	 Koontz TM, Bodine J. Implementing ecosystem management in public 
agencies: lessons from the US Bureau of Land Management and the For-
est Service. Conserv Biol. 2008;22:60–9.

	42.	 Twidwell D, Allred BW, Fuhlendorf SD. National-scale assessment of 
ecological content in the world’s largest land management framework. 
Ecosphere. 2013;4:1–27.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1093/jme/tjae054
https://www.cdc.gov/lyme/datasurveillance/lyme-disease-maps.html
https://www.cdc.gov/lyme/datasurveillance/lyme-disease-maps.html
https://www.R-project.org/
https://www.R-project.org/
https://www.cdc.gov/ncezid/dvbd/pdf/VBD-National-Strategy-508.pdf
https://www.cdc.gov/ncezid/dvbd/pdf/VBD-National-Strategy-508.pdf
https://www.cdc.gov/ticks/surveillance/index.html
https://www.cdc.gov/ticks/surveillance/index.html
https://www.cdc.gov/ticks/surveillance/index.html
https://www.cdc.gov/ticks/surveillance/index.html
https://www.cdc.gov/ticks/surveillance/index.html
https://www.cdc.gov/ticks/surveillance/index.html
https://doi.org/10.1093/ee/nvae007

	Willingness and capacity of publicly-funded vector control programs in the USA to engage in tick management
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Target audience and survey distribution
	Survey instrument and design
	Statistical analyses

	Results
	Response rate and VCP demographics
	Tick surveillance activities
	Educational services
	Tick suppression activities
	Obstacles to program development or expansion
	Interest and cost of tick management programmatic activities

	Discussion
	Main findings
	Tick bite prevention education and tick suppression guidance
	Tick surveillance
	Tick suppression
	Study limitations

	Conclusions
	Acknowledgements
	References


