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Abstract

Background: Community science is increasingly utilized to track important vectors of

companion animal disease, providing a scalable, cost-effective strategy for identifying

new foci, changing phenology, and disease prevalence across wide geographies.

Objectives:We examined photographs of ticks found attached to predominately dogs

and cats reported to a photograph-based tick surveillance program to identify poten-

tial areas for improvements in tick prevention education and risk intervention.

Methods:Wecomparedestimateddaysof tick attachmentusing aKruskal–Wallis one-

way analysis of variance, and aPearson’s chi-square analysis of variance on the number

of submissions by host type submitted for each season.

Results:Theblacklegged tick (Ixodes scapularis)was themost commonspecies reported

(39.8%). Tick photographs submitted were almost entirely adults (89.5%), and ticks

found on companion animals exhibited an estimated median engorgement time of

2.5 days. Ixodes scapularis displayed the highest median engorgement of the top tick

species found feeding on companion animals (χ2 = 98.96, p < 0.001). Ticks were spot-

ted year-round; during spring and summer, ticks collected from pets represented 15.4

and 12.8% of all submissions, but increased to 28.5 and 35.2% during autumn andwin-

ter, respectively.

Conclusions: Crowdsourced data reveal that mostly adult ticks are detected on pets,

and they are found at a point in the blood-feeding process that puts pets at heightened

risk for disease transmission. The increase in proportion of ticks found on pets dur-

ing colder months may reveal a critical knowledge gap amongst pet owners regarding

seasonal activity of I. scapularis, a vector of Lyme disease, providing an opportunity for

prevention-education.
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1 INTRODUCTION

Tick vectors can pose serious health risks to domestic companion ani-

mals and their owners. Dogs, cats and other domestic animals are sus-

ceptible to numerous potentially deadly tick-borne bacterial and pro-

tozoal diseases, including Lyme disease, spotted fever rickettsioses,

American canine hepatozoonosis, cytauxzoonosis and tick paralysis

toxicosis (Bowman 2009; Chomel 2011; Kidd & Breitschwerdt 2003;

Little et al., 2014; Nagamori & Reichard 2015; Reichard et al., 2010;

Shaw et al., 2001). Even in cases where animals are asymptomatic or

display sub-clinical signs of tick-borne disease infection, they can act

as potential reservoirs for zoonotic pathogens (Fritz 2009; Mather

et al., 1994; Shannon et al., 2017; Shaw et al., 2001). Several studies

have demonstrated that those living in households with either dogs

or cats are at higher risk of tick encounters and tick-borne illnesses

than those in households without pets (de Wet et al., 2020; Jones

et al., 2002, 2018). Cats that live entirely indoors have been found

infested with species of attached ticks that originate in outdoor habi-

tats (Little et al., 2018). This finding suggests that cats, and perhaps

even dogs or humans can carry loose ticks indoors that then attach

to other hosts. The strong association among pets, their owners and

zoonotic tick-borne illness is evident in the literature, as dogs often

act as sentinels for tick-borne illness, particularly in cases of Rocky

Mountain Spotted Fever (Elchos & Goddard 2003), and Lyme disease

(Bowman et al., 2009; Eng et al., 1988; Guerra et al., 2001; Johnson

et al., 2004; Lindenmayer et al., 1991; Little et al., 2014;Wagner & Erb

2012).

Recent reports suggest that cases of human tick-borne disease are

more than double over the past decade (Rosenberg et al., 2018), no

doubt also increasing significantly the tick-borne disease prevention

challenges faced by pet owners and veterinary professionals. The fac-

tors contributing to more cases of tick-borne diseases are complex.

Broad ecological changes, including alterations in climate and land-

use patterns (Allan et al., 2003; Brownstein et al., 2005; Gilliam et al.,

2018; Guerra et al., 2002; Hall et al., 2002; Ostfeld & Brunner 2015;

Salkeld et al., 2015; Tran & Waller 2013), and increases in deer and

other wildlife populations overlapping with human-inhabited space,

are highly associated with increases in tick encounters and tick-borne

disease prevalence (Ginsberg & Zhioua 1999; Rand et al., 2003; White

& Gaff 2018). Additionally, changes in human behaviour resulting in

enhanced exposure risks (Fischhoff et al., 2019; Zeimes et al., 2014),

andoverall improvements indiseasediagnosis, surveillance and report-

ing (Rosenberg et al., 2018) are also responsible for higher occurrence

of disease. Concurrently, distributions of tick species are changing,

especially blacklegged ticks (Ixodes scapularis Say) and lone star ticks

(Amblyomma americanum L.) (Dahlgren et al., 2016; Eisen et al., 2016;

Springer et al., 2014), exacerbating the problemwhile changing climate

trends can alter the timing and length of tick and host activity periods,

as well as the length of the overlap in companion animal outdoor activ-

ity in tick habitat (Alkishe et al., 2021; Ogden & Lindsay 2016; Ogden

et al., 2014). Redistributionofwildlife, especially cervids, suchaswhite-

tail deer, and movement of ticks on migrating birds, is resulting in the

incursion of ticks into more densely populated suburban, peri-urban

IMPACTS

∙ The blacklegged (deer) tick was the most commonly

reported tick attached to companion animals.

∙ Ticks found attached to companion animals have been fed

amedian of 2.5 days longer than compared to those found

attached to humans. The blacklegged (deer) tick had the

highest median engorgement of the five top tick species

found feeding on companion animals.

∙ The percentage of reports of ticks found on companion

animals ismore thandoubled in the fall andwinter seasons

fromwhatwas reported in the spring and summer seasons.

and even urban areas (Shaw et al., 2001). As a result, new endemic foci

(Schwartz et al., 2017; Sonenshine 2018) are putting a larger demo-

graphic of humans and pets at risk for tick attachment and illness.

Passive surveillance, particularly involving the contributions of com-

munity science, has become an increasingly popular method for track-

ing ticks on pets and associated pathogens. Often, ticks are collected

from pet owners at veterinary offices or other research centres (John-

son et al., 2004; Nieto et al., 2018; Saleh et al., 2019; Xu et al., 2016),

identified to species, and tested for a wide range of pathogens. These

large-scale collection efforts can be examined over time to observe

trends in tick distributions and infection rates (Saleh et al., 2019;

Sánchez-Vizcaíno et al., 2016; Tulloch et al., 2017). Ventures using

big data, including internet search terms, social media and electronic

health records, are also showing promise as a means of tracking tick-

borne disease in companion animals in an increasingly digital world

(Guernier et al., 2016; Tulloch et al., 2019).

Photographs of encountered ticks have been shown to be another

reliable method of rapid identification of commonly encountered

ticks of medical concern (Fernandez et al., 2019; Koffi et al., 2017;

Kopsco et al., 2020) that can be used to not only track tick trends, but

also relay important information about potential disease risk to pet

owners or veterinarians. The TickSpotters program at the University

of Rhode Island’s Tick Encounter Resource Centre (TERC) is an online,

photograph-based passive surveillance system, staffed by PhD and

other graduate-level tick researchers, with an overall accuracy of

96.7% for North American ticks most commonly encountered by

humans and their companion animals, particularly I. scapularis, Der-

macentor variabilis, and A. americanum (Kopsco et al., 2020). These

three tick species are the most commonly encountered tick species

by dogs and cats throughout the United States (Duncan et al., 2021;

Ghosh et al., 2021; Saleh et al., 2019). The system allows users to

submit photographs of ticks along with information surrounding each

encounter. Moreover, a response email is sent within 24-h that con-

firms the identity of the tick to species and stage, estimates a duration

window of attachment, and provides tailored guidance regarding likely

riskiness for infection and best next actions to prevent disease and

avoid future tick encounters.
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The purpose of this study was to examine photographs of ticks

found attached to pets and reported to TickSpotters photograph-

based tick surveillance to identify potential areas for improvements in

tick prevention education and risk intervention. We anticipated that

photographed tick submissions from pets would exhibit unique char-

acteristics that differed from submissions of ticks found on humans.

Specifically, we expected that proportionally more ticks would be

detected on pets than on humans during the fall and winter seasons

when owners potentially assume that ticks are no longer an active

concern, and that ticks attached to pets would be found later in the

feeding process (i.e., would display engorgement indicative of a longer

feeding duration) than ticks reported from humans.

2 METHODS

2.1 Data collection

We performed a retrospective analysis on data collected through the

TickSpotters photograph-based crowdsourced surveillance program

(Wufoo online forms, SurveyMonkey, Inc.) from January 1, 2014 to

December 31st, 2018 to describe a sample of domestic animal tick

encounters as reported by their owners or veterinarians, and to com-

pare key aspects of these animal tick encounters to those experienced

by humans. The survey was advertised on a weekly basis through the

TERC social media pages (Facebook and Twitter), and participants

were directed to submit details of their tick encounter along with a

photograph on the submission website (https://tickencounter.org/

tickspotters/submit_form). Prior to uploading a photograph of the

specimen to the system, instructions were provided to participants on

how to take a photograph of the specimenwith a size reference, proper

lighting and clear focus to ensure the image highlighting the necessary

anatomy to facilitate correct identification by researchers. Submis-

sions with pictures that could not be identified by TERC researchers

were recorded as ‘Unknown’, and a request was sent for an additional

improved photograph. Records were accordingly updated with an

identification if a better picture was sent in response to this request.

TERC medical entomologists and staff trained in tick identification

reviewed entries daily, and tick photographswere identified to species,

stage and an attachment duration estimate. A visual estimated tick

feeding duration chart (https://web.uri.edu/tickencounter/fieldguide/

tick-growth-comparison-charts/) was previously established for the

most commonly encountered tick species and their life stages by feed-

ing groups of five or more ticks of each species and stage featured in

the TERC pictorial chart on New Zealand white rabbits, and removing

the ticks at specified time points (24, 36, 48 h, etc.). A scutal index (ratio

of scutumwidth to body length) was calculated for each fed tick based

on previousmethods performed for I. scapularis ticks (Falco et al., 2018;

Yeh et al., 1995), and the tick demonstrating the median size was pho-

tographed as representative for that time point (Mather, unpublished

data). Tick photographs were examined against the TERC pictorial

chart displaying different species at half-day fed intervals and the clos-

est estimated feeding window was assigned. Feeding duration of tick

species that did not have a representative image was compared to the

life stage of the other validated tick species and a 24-h feedingwindow

was estimated. A tailored email response was sent to the participant

with species identification confirmation and a riskiness assessment

based on the tick/stage-specific diseases and tick infection estimates

of those diseases derived from published studies if available for the

regionwhere the tick was encountered. Information also was provided

in the email on how to prevent future tick encounters and attachments

by conducting regular tick checks, using permethrin repellent and

various tick ‘knock-down’ pet products (i.e., products where ticks

are not only repelled but by which are also quickly immobilized and

killed), and resources to submit ticks for testing should concern

exist regarding infection. The collection survey was approved and

overseen by the University of Rhode Island Institutional Review Board

(# HU1819-092).

2.2 Statistics

We calculated basic descriptive statistics and proportions to under-

stand the relative contributions of different tick species and feeding

times to the overall submission of ticks from companion animals. To

determine whether there were significant differences in duration of

attachment (based on an engorgement index) among tick species, we

compared estimated days of attachment using a Kruskal–Wallis one-

way analysis of variance due to unequal variances and non-normal dis-

tribution of the tick feeding times (Shapiro–Wilk Normality Test for

Engorgement (Days): p-value = < 0.001, and Bartlett’s test for homo-

geneity of variances for factor Species: p-value = < 0.001). Post-hoc

pairwise analysis using the Dwass—Steel–Crichtlow–Fligner method

and adjusted p-values was subsequently conducted to identify dif-

ferences between species. We also performed a Pearson’s chi-square

analysis of variance on the number of tick submissions by host type

submitted for each season (spring, summer, fall winter). Effect sizes

to understand the magnitude of the significant differences for both

of these analyses were calculated (epsilon-squared and Cramer’s V,

respectively) and listed along with significant p-values and confidence

intervals (Rea & Parker 1992).

3 RESULTS

From January 1, 2014 to December 31st, 2018 TickSpotters received

31,684 photo submissions from throughout the United States and

several other countries. Of those reported from the United States

(n = 29,528), 17.3% (n = 5,132) of submissions were specimens

removed from domestic animals stated or assumed to be pets, while

72.4% (n = 21,366) were reportedly found on human hosts (Kopsco

et al., 2021), and 10.3% (n = 3,030) were found unattached to a host

(i.e., loose and wandering). Over 70% of the specimens reported from

pets came fromNortheastern (Maine, NewHampshire, Vermont, Mas-

sachusetts, Rhode Island), Mid-Atlantic (Connecticut, Delaware, Dis-

trict of Columbia, Maryland, New York, New Jersey, Pennsylvania,

https://tickencounter.org/tickspotters/submit_form
https://tickencounter.org/tickspotters/submit_form
https://web.uri.edu/tickencounter/fieldguide/tick-growth-comparison-charts/
https://web.uri.edu/tickencounter/fieldguide/tick-growth-comparison-charts/
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F IGURE 1 Comparison of estimated tick feeding time (days) on companion animals versus those found on humans or found unattached for
ticks reported to the TickSpotters Program from 2014 to 2018. Tick feeding timewas assessed by comparison to a pictorial tick engorgement
chart based on the scutal index. Median engorgement for human-encountered ticks (n= 20,710) was 1 day-fed (SD= 1.39, SE= 0.01, range= 0-8
days). Median attachment for pet-encountered ticks (n= 5033) was 2.5-days-fed (SD= 2.11, SE= 0.01, range= 0-9 days). Median engorgement
for unattached ticks (unfed or replete) (n= 1880) was 0 days-fed (SD= 2.29, SE= 0.05, range= 0–9 days). *** p< 0.001. ** p< 0.01. ns=Not
significant

Virginia) and midwestern (Illinois, Indiana, Iowa, Kansas, Michigan,

Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota,

Wisconsin) states, with less than 20%of submissions coming fromeach

of the other regions of the country (Table 1). Roughly half (53.5%) of

submissions came from states considered endemic for Lyme disease

(CT, DE, MA, MD, ME, MN, NH, NJ, NY, PA, RI, VA, VT, WI) (i.e., the

14 states reporting 95% of human Lyme disease cases as of 2015)

(CDC 2020; Diuk-Wasser et al., 2012; Schwartz et al., 2017) (Table 1).

Reportswere of specimens largely foundonpet dogs (45.7%), however,

nearly half of submissions did not specify either dog or cat because this

information was not split when collected by the submission form until

the end of 2017. Participants noted when ticks were found on an ani-

mal that was neither a dog nor a cat, for example, a companion horse,

or in the case of wildlife encountered in a wildlife clinic setting.

The four most commonly encountered tick species by pets were

blacklegged ticks (I. scapularis) (40.5%), followed by American dog ticks

(D. variabilis) (28.2%), lone star ticks (A. americanum) (8.2%) and brown

dog ticks (Rhipicephalus sanguineus sensu lato) (6.5%). Adult stage ticks

comprised 90.8% of the submitted tick photographs for pets, andwhile

35.4% of tick photos submitted showed ticks that had been attached

to pets for less than 1 day, more than 50% of ticks were attached for

approximately 2.5 days or longer (Table 1). The median engorgement

of ticks fed on pets was 2.5 days (standard deviation = 2.11, range 1-

9 days), while the median engorgement of ticks reported from humans

was 1 day (standard deviation= 1.39, range 1-8 days), and those found

unattached (either unfed or fed to repletion and detached) also fed

for a median of 1 day (standard deviation = 2.29, range = 1-9 days)

(Figure 1). There was a significant difference in tick feeding duration

amonghost type (person, pet, unattached) (χ2 =4486.2, p<0.001), and

a large effect size (Cramer’s V = 0.28, CI [0.27, 0.29] (Figure 1) (Rea &

Parker 1992). All tick feeding duration time categories displayed sig-

nificantly different (p < 0.001 or 0.01) proportions of hosts with ticks

of that engorgement. Feeding duration estimated at the 5.5 day feed-

ing window was not statistically significant because we only received

one tick submission thatwas estimated to be attached for 5.5 days on a

human, and at the 9-day estimated time because we received only two

ticks estimated at approximately 9 days each (one on a pet and onewas

found on the floor after detaching from an unknown host) (Figure 1).
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TABLE 1 Distribution of confirmed TickSpotters submissions
from pets, 2014 to 2018 (n= 5132)

Species n= 5132 (%)

Blacklegged tick (Ixodes scapularis) 2044 (39.8)

American dog tick (Dermacentor variabilis) 1625 (31.6)

Lone star tick (Amblyomma americanum) 400 (7.8)

Brown dog tick (Rhipicephalus sanguineus sensu lato) 263 (5.1)

Western-blacklegged tick (Ixodes pacificus) 230 (4.5)

Unknown tick species 207 (4.0)

RockyMountain wood tick (Dermacentor andersoni) 148 (2.9)

Gulf coast tick (Amblyommamaculatum) 65 (1.3)

Not a tick 59 (1.1)

Pacific coast tick (Dermacentor occidentalis) 53 (1.0)

Ixodes angustus 15 (0.3)

Rabbit tick (Haemaphysalis leporispalustris) 7 (0.1)

Winter tick (Dermacentor albipictus) 4 (0.07)

Soft tick (Argasidae sp.) 3 (0.06)

East Asian longhorned tick (Haemaphysalis
longicornis)

2 (0.04)

Spinose ear tick (Otobious megnini) 2 (0.04)

Woodchuck tick (Ixodes cookei) 2 (0.04)

Raccoon tick (Ixodes texanus) 1 (0.02)

Amblyomma spp. 1 (0.02)

Poultry tick (Argas persicus) 1 (0.02)

Life stage n= 5132 (%)

Adult 4594 (89.5)

Nymph 207 (4.03)

Larva 52 (1.01)

Unknown 279 (5.43)

Tick engorgement estimate n= 5033 (%)

Less than one day 1781 (35.4)

1-2 days 698 (13.9)

2.5-3.5 days 1065 (21.2)

4-5 days 1194 (23.7)

5.5-7.5 276 (5.5)

>7.5 days 19 (0.38)

Region n= 5132 (%)

New England (CT,ME,MA, NH, RI, VT) 945 (18.4)

Middle Atlantic (NJ, NY, PA) 1190 (23.2)

South Atlantic (DC, DE, FL, GA,MD, NC, SC, VA,

WV)

559 (10.9)

East South Central (AL, KY,MS, TN) 162 (3.2)

West South Central (AR, LA, OK, TX) 222 (4.4)

East North Central (IL, IN,MI, OH,WI) 953 (18.6)

West North Central (IA, KS,MN,MO, ND, NE, SD) 196 (3.8)

Mountain (AZ, CO, ID,MT, NM, NV, UT,WY) 235 (4.6)

Pacific (AK, CA, HI, OR,WA) 670 (12.9)

TABLE 1 Continued

Lyme endemicity n= 5132 (%)

Endemic states (CT, DE,MA,MD,ME,MN, NH,

NJ, NY, PA, RI, VA, VT,WI)

2746 (53.5)

Non-endemic states 2386 (46.5)

Animal type* n= 5132 (%)

Dog 2345 (45.7)

Cat 204 (4.0)

Either dog or cat** 2541 (49.5)

Engorgement estimates were determined by comparison to a tick engorge-

ment gauge based on the scutal index. Lyme endemic states include CT, DE,

MA, MD, ME, MN, NH, NJ, NY, PA, RI, VA, VT, WI (Bacon et al., 2008; Diuk-

Wasser et al., 2012; CDC 2020). States are grouped into regions accord-

ing to the US Census Bureau and Hook et al., 2015. Proportions and totals

for tick engorgement are based on the total number of ticks submitted

(i.e., minus the ‘Not ticks’ and unknown tick species for which a duration of

attachment could not bemade).

*A total of 42 (0.8%) submissions were ticks from family livestock compan-

ions (e.g., horses) or patients at wildlife clinics.

**Dogs and cats recorded separately beginning in 2017.

Of the fivemost commonly submitted tick species, blacklegged ticks

(both I. scapularis and Ixodes pacificus) displayed the highest median

attachment duration at the time they were detected on pets based

on their engorgement index (3 days), followed by brown dog ticks

(2.5 days), lone star ticks (2 days) and American dog ticks (<1 day).

There was a highly significant difference among these five species

(χ2 = 546.91, p < 0.001) in their attachment duration, but the effect

size, or practical magnitude of this difference was only moderate

(ε2 = 0.12, CI [0.10-0.14]) (Figure 2) (Rea & Parker 1992). Post-hoc

pairwise comparisons showed highly significant (p < 0.001) differ-

ences betweenattachmentdurations at detection for eachof these tick

species when feeding on pets (Figure 2).

The proportion of ticks submitted from pets was significantly dif-

ferent from those found on humans and from tick found unattached in

each season (p< 0.001), as well as across seasons (p< 0.001 (Figure 3).

In the spring (March-May) and summer (June-August), ticks reported

on pets constituted only 16 and 12% of all submissions, respectively,

but rose to 29% of all submissions in the fall (September-November)

and 34% of all submissions in the winter months (December-February)

(Figure 3). The proportion of submissions reporting unattached speci-

mens remained relatively constant acrossmonths (between 9 and 12%

of all submissions) (Figure 3).

4 DISCUSSION

We described 5132 domestic companion animal tick encounters

reported to a photograph-based passive tick surveillance system

during a 4-year period. Overall, we found that this group of domestic

animals encounters commonly occurring tick species that present

a potential disease risk, and also pose a threat to the humans with
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F IGURE 2 Violin boxplot displaying engorgement at detection (days) of the fivemost commonly reported tick species found on pets that were
submitted to TickSpotters from 2014 to 2018. Feeding times were estimated by comparison to a pictorial tick engorgement chart created by TERC
that removed feeding ticks from hosts at half day intervals, and was based on the scutal index. The horizontal bar within the box represents the
median engorgement for each species. The dots represent themean engorgement. Kruskal–Wallis nonparametric analysis of variance tested
statistical difference among the species engorgement distributions. Effect size is denoted by episilon2. Post-hoc pairwise comparisons were
conducted using the Dwass-Steel-Crichtlow-Fligner method and (Holm) adjusted p-values for statistically significant distributions are noted
between species whose overall submissions were statistically different in engorgement

whom they share a household (Jones et al., 2018). Blacklegged ticks

(I. scapularis) were the most frequently reported species encountered

by companion animals, and the species demonstrating the highest

median feeding duration rate of the five most commonly encountered

ticks. It is well documented that risk for transmission of tick-borne

pathogens increases with longer duration of tick feeding (des Vignes

et al., 2001; Dolan et al., 2017; Eisen 2018; Kidd & Breitschwerdt

2003; Piesman et al., 1987; Sood et al., 1997). The proportion of ticks

reported frompetswasmore than double in the fall andwintermonths

(Figure 3) indicating that there remains a general lack of awareness

that colder months still pose a risk for tick encounters. These findings

echo similar results from other investigations into ticks reported

from pets (Saleh et al., 2019). Taken together, these observations are

troubling due to the numerous diseases that I. scapularis can vector

and transmit to both pets and humans. A recent survey of pet owners

found that people whose pets had a tick encounter within the past

6 months were more likely to encounter a tick themselves (de Wet

et al., 2020). Opportunities exist to increase awareness on this point

among pet owners through education by both veterinarians and public

health agencies promoting a One Health focus to tick-borne disease

prevention. We propose below several targeted areas for educational

intervention that can potentially address our findings and help protect

pet and human health.

It is imperative that the public have knowledge of seasonal tick

activity in their locale (Dryden & Payne 2004). Misconceptions regard-

ing which ticks are capable of transmitting which diseases is perva-

sive (Halperin et al., 2013) and can lead to both undiagnosed disease

cases, and falsely believing that one is infected. In particular, Lyme

disease is often surrounded in controversy and confusion (Auwaerter

et al., 2011). Awareness that I. scapularis and I. pacificus ticks poten-

tially carrying the Lyme disease agent are still active in the fall and

winter would help support year-round tick prevention in areas where

these ticks occur (Dryden & Payne 2004). Our findings emphasize the

importance of more broadly publicizing these ticks’ seasonal activity.
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F IGURE 3 Comparison of seasonal tick encounter submissions by host (i.e., on whom or how the tick was found) out of the total United States
submissions (no pet tick encounters were submitted from other countries) using Pearson’s chi-square analysis. Effect size is denoted by Cramer’s
V. ***p< 0.001

We recommend that this information be disseminated before and dur-

ing the fall tick season via veterinary clinics, mass media and through

public health social media pages.

Tick checks on pets are important for detecting and removing loose

and wandering ticks before attachment, and early on in the feeding

process due to transmission delays for pathogens (Dolan et al., 2017;

Eisen 2018; Kidd & Breitschwerdt 2003; Piesman et al., 1987; Sood

et al., 1997). Pet checks should be conducted routinely, both immedi-

ately after outdoor activity and during regular intervals after the pet

has come indoors, to catch any ticks that may have beenmissed in pre-

vious checks. Common areas for tick attachment include the head and

ears, back, axillary, inguinal, feet and tail/perianal regions (Little et al.,

2019; Saleh et al., 2019), and these ticks should be removed as soon as

they are found using fine-tipped tweezers (Jones et al., 2002). While it

may be that the higher proportion of ‘found’ ticks on pets than humans

during fall and winter is related to fewer ticks successfully attaching

to humans due to more clothing barriers, the longer duration of tick

attachment on pets compared to humans is suggestive that pets are

not being checked regularly or thoroughly enough, or that owners are

less inclined to continue use of effective tick prevention productswhen

they believe tick activity is lower.

Effective industry-tested products, including topical tick preventa-

tive (synthetic pyrethroid-based formulations), systemic medications

(isoxazolines) and vaccines (e.g., against Lyme disease-causing bacte-

rial species) are a necessary part of the tick-borne disease prevention

toolkit in pets (de la Fuente et al., 2015; Littman et al., 2018). Numer-

ous topical products exist but often do not repel or kill all species of

ticks, and many require a tick to attach in order to get a lethal dose

of the pesticide. We first recommend products that repel and kill or

immobilize ticksbefore attachment, but suggest veterinarians andpub-

lic health professionals discuss with pet owners their concerns regard-

ing pesticide usages and develop a solution that both placates fears

regarding synthetic chemical usageand still keeppets protected (Isman

&Grieneisen 2014; Johnson 2018).

Dog and cat owners should be aware that traveling with pets to

areas with different tick species can potentially result in tick impor-

tation. Passive tick surveillance in the United Kingdom revealed that

over the past 10 years, canine travel resulted in the introduction of

ten new tick species from 15 different countries, including the impor-

tation of R. sanguineus from Cyprus and Spain (Abdullah et al., 2016;

Hansfordet al., 2018). TickSpotters surveillancehas spotlightedknown

‘hotspots’ of highR. sanguineus activity in the south-western and south-

easternUS, suggesting that petswere not properly protected from tick

activity while in these regions. Pet owners and veterinarians need to

be mindful of travel to and from these areas so pets can be properly

protected and avoid transporting ticks. Pets are capable of transport-

ing the newly invasive Asian longhorned tick (Haemaphysalis longicor-

nis) into new foci, as evidenced by dogs being a common host for this

species throughout its realized range. Notably, the single occurrence of

H. longicornis in Arkansas to date was from a dog (Beard et al., 2018).

One confirmed TickSpotter report demonstrated pet transport of an

adult female H. longicornis from New Jersey to Colorado. Movement

of even a single engorged female on a pet could potentially establish

a new population of H. longicornis since this tick currently reproduces

parthenogenically in the United States (Chen et al., 2014; Rainey et al.,

2018).
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Photograph-based tick surveillance can provide a complementary

strategy for broadly monitoring common tick species encounters with

domestic companionanimals, evenonanational scale. In particular, this

method can identify important gaps in pet owner behaviour and prac-

tices related to tick prevention, and inform and encourage users of the

platform about best tick prevention practices through timely, tailored

emailed responses. We, however, acknowledge several limitations to

this method, including photographic identification of less commonly

encountered tick species, precise estimation of tick attachment time

and regional sampling bias. Themethod used to validate tick identifica-

tion by photograph did not focus specifically on R. sanguineus (Kopsco

et al., 2020), however, the characteristic shape of the palps and one-

host behaviour of this tick species,with active indoor infestations often

reported by participants along with photographs, assisted in confirm-

ing identification of this tick. The vast majority of tick species submit-

ted via photographswere identified as either I. scapularisorD. variabilis.

Inmost caseswhere less commonly encountered tickswere suspected,

we did not request that the participant submit an in-hand specimen

for identification unless the suspected tick seemed out of its expected

geographical range or seasonal activity. One exception to this was for

suspected H. longicornis due to its close similarity to Haemaphysalis lep-

orispalustris and the currently standard procedure for confirming this

tick by molecular diagnostics or submission to the USDANational Vet-

erinary Services laboratory. Whenever a Haemaphysalis spp. tick pho-

tograph was submitted, we sent a prepaid envelope to the participant

to mail us the specimen so that it could be confirmed by microscopic

investigation, and then by molecular sequencing at the USDANational

VeterinaryServices Laboratory. Themethodused toestimate tick feed-

ing duration based on the scutal index was only validated for three

species and their life stages under laboratory conditions, so we were

only able to provide a window of attachment estimates, instead of pre-

cise time points. Ticks feeding times can vary to some extent depend-

ing on various conditions, including temperature (Pollock et al., 2015)

and host/tick infection status (Couret et al., 2017), but a 24-h win-

dow of feeding time provides appropriate coverage of most tick-borne

pathogen transmission windows. However, this estimate may not be

sufficient for properly identifying risk if a tick was subjected to inter-

rupted feeding, and pathogen transmission time was expedited (Tahir

et al., 2020). We recognize that the north-eastern and mid-Atlantic

regions of the countrywere overrepresented in this sample, and there-

fore, these results cannot be extrapolated to all areas of the United

States, and future work should strive to obtain a balanced proportion

of submissions from all regions.

In caseswhere therewas a question about photograph quality, addi-

tional photographs were requested of both ventral and dorsal sides of

the tick. Since the submission of samples was heavily skewed to the

northeast andmiddleAtlantic regions of theUnited States, the descrip-

tion of which tick most frequently infests companion animals cannot

be generalized to, and may not reflect the larger population of pet

encounters. Additionally,manyof the3,030 ticks classified as loose and

wandering in the TickSpotters surveillance systemwere fully engorged

ticks that could have fallen off of a pet. Since we did not know for cer-

tain if there was a pet in the household in those cases, we still provided

pet-tailoredprevention information.Ultimately, our investigation iden-

tified several important opportunities for prevention-education to pet

owners, and suggests the utility of this type of surveillance for compan-

ion animal tick encounters.
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