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Abstract

Haemaphysalis longicornis, the Asian longhorned tick (ALT), is native to eastern Asia,
but it has become invasive in several countries, including Australia, New Zealand and
recently in the eastern United States (US). To identify wild mammal and avian host
species in the US, we conducted active wildlife surveillance in two states with known
ALT infestations (Virginia and New Jersey). In addition, we conducted environmental
surveys in both states. These surveillance efforts resulted in detection of 51 ALT-
infested individuals from seven wildlife species, including raccoon (Procyon lotor),
Virginia opossum (Didelphis virginiana), red fox (Vulpes vulpes), woodchuck (Marmota
monax), eastern cottontail (Sylvilagus floridanus), striped skunk (Mephitis mephitis)
and white-tailed deer (Odocoileus virginianus). We found ALT in the environment in
both states and also collected three native tick species (Amblyomma americanum,
Dermacentor variablis and Ixodes scapularis) that are vectors of pathogens of public
health and veterinary importance. This study provides important specific information
on the wildlife host range of ALT in the US.
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Territorial invasions by pathogen vector species, such as ticks and
mosquitoes, have received substantial scrutiny because of their
relevance to human and animal health (Burridge, 2011; Burridge,
Simmons, & Allan, 2000; Juliano & Lounibos, 2005; Keirans &
Durden, 2001; Lounibos, 2002). In many parts of the world, offi-
cial inspectors at ports of entry routinely monitor for ticks and
other possible vector species on imported animals (Keirans &
Durden, 2001; Pietzsch, Quest, Hillyard, Medlock, & Leach, 2006).
Despite this scrutiny, ticks may be missed, resulting in introductions
outside of quarantine conditions. Ticks also may be introduced by
other means, such as movement by humans or via wildlife migra-
tions (Burridge, 2011; Keirans & Durden, 2001; Molaei, Karpathy, &
Andreadis, 2019; Mukherjee et al., 2014).

The Asian longhorned tick (ALT, Haemaphysalis longicornis)
is native to East Asia, and it has a history of invasion in other re-
gions of Asia and Oceania, including New Zealand, Australia and
multiple Pacific islands, partially due to both its unusual ability to
reproduce parthenogenetically and its broad host range (Heath &
Hardwick, 2011). In the United States (US), it was first identified out-
side of quarantine in New Jersey during 2017 on a domestic sheep
that had no travel history (Rainey, Occi, Robbins, & Egizi, 2018).
Prompt control efforts in New Jersey were focused on the index
site, but the following year, environmental and vertebrate host
sampling confirmed ALT had overwintered locally, and the tick was
subsequently detected in several other states as well. Moreover, ar-
chived immature tick specimens from 2010 and 2013, which were
initially identified as Haemaphysalis leporispalustris, were re-identi-
fied as ALT, and together, this body of evidence proves that this tick
is firmly established in the US and had been present long before it
was initially detected (Beard et al., 2018).

The medical and the veterinary communities are concerned
about the establishment of ALT in the US because of its potential
roles as a livestock pest and as a pathogen vector. In Asia, ALT trans-
mits numerous pathogens, including severe fever with thrombo-
cytopenia syndrome (SFTS) virus, which has a case fatality rate of
up to 30% in humans (Yu et al., 2011). This tick commonly infests
livestock in its native and introduced ranges, where it is a vector of
pathogens, such as Theileria spp., and where intense infestations can
lead to production losses and deaths (Dicker, 1978; Heath, 2016;
McFadden et al., 2016; Neilson & Mossman, 1982). This concern is
highlighted by the recent detection of Theileria orientalis Ikeda sub-
type associated with cattle mortalities in Virginia (Oakes et al., 2019)
and ALT-induced exsanguination of heavily infested cattle in North
Carolina (North Carolina Department of Agriculture & Consumer
Services, 2019).

In response to the 2017 discovery of ALT on a sheep in New
Jersey, we pursued active ALT surveillance on potential wild-
life hosts and in their local habitats in 2018 to determine if this
tick had become established on local native wildlife in the US.
Concurrently, we conducted surveillance for ALT on wildlife hosts

and in the environment on a Virginia cattle farm, following the

detection of T. orientalis lkeda strain, which was associated with
cattle mortalities (Oakes et al., 2019). The goals of these surveil-
lance activities were to 1) determine if ALT was established on
wildlife at these locations, and if so, 2) define the wildlife host
range for ALT. In this report, we present the combined findings
from tick surveys conducted between April 2018 and August 2018
on wildlife and in the environments at three distinct locations in

New Jersey and Virginia.

2 | MATERIALS AND METHODS
2.1 | General

We collected ticks from wild mammals and birds sampled over three
separate collection periods in two states during 2018. At all study
sites, we captured meso-mammals with live traps (Havahart®, Lititz,
PA, and Tomahawk Live Trap, Tomahawk, WI) baited with wet dog
food, and small mammals with Sherman live traps (H.B. Sherman
Traps, Tallahassee, FL) baited with peanut butter cereal. We set live
traps in the afternoons and checked them before 10:00 a.m. the
following day. For reasons of access, security from tampering and
maximizing catch success, we did not randomize the placement of
traps at any location.

General information on ectoparasite collections is provided here,
but additional details about collections in each state are provided
below. We visually examined all captured animals for ectoparasites.
The entire bodies of meso-mammals were systematically examined
by combing back the fur to expose the skin. Small mammals (rodents)
were individually transferred to mesh bags and physically restrained
for examination. The faces of birds were simply inspected, and the
rest of their bodies were examined by blowing back feathers. We
collected all observed adult and nymphal ticks from examined hosts,
except for those on a single intensely infested white-tailed deer
(Odocoileus virginianus) in Virginia, from which we took only a sample
of ticks. Although we collected all larval ticks from small mammals,
passerines, and a single red fox (Vulpes vulpes) with few ticks, not
all larvae were collected from infested raccoons (Procyon lotor) and
Virginia opossums (Didelphis virginiana) when they had very high
tick intensities (n > 100). After collection, ticks were stored in 70%
ethanol and morphologically identified at the SCWDS or the USDA
National Veterinary Services Laboratories (NVSL; Ames, 1A) (Clifford,
Anastos, & Van der Borght-Elbl, 1961; Durden & Keirans, 1996; Egizi
et al., 2019; Keirans & Durden, 1998; Keirans & Litwak, 1989).

2.2 | Wildlife collections in New Jersey

We sampled wildlife at two sites: on private lands in Hunterdon
County from 24 April-5 May 2018, and at Watchung Reservation in
Union County from 5-10 May and 24 July-4 August 2018. At these
sites, we euthanized meso-mammals before examination, but ro-

dents and passerine birds were released after examination.
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In Hunterdon County, we deployed 25 live traps and 20 Sherman
traps for ten consecutive nights, for a total of 250 meso-mammal
and 200 small mammal trap nights. Traps were relocated within
the sites after nights three and six. Sampled habitats ranged across
mixed hardwoods, mixed pine, early stage successional and field
edges. White-tailed deer were lethally collected prior to the trapping
period (February-April).

The Union County site is a public access county park that sees
90,000+ visitors annually. It is in a valley of mixed hardwoods, with
occasional small meadows, a creek and a small lake in the bottom
lands. We deployed 25 live traps and 20 Sherman traps for five con-
secutive nights in May, for a total of 125 meso-mammal and 100
small mammal trap nights, and for nine consecutive nights in July -
August, for a total of 225 meso-mammal and 180 small mammal trap
nights.

We captured passerine birds using mist nets (Avinet, Portland,
ME) at targeted locations for optimal capture of individuals. We
carefully extracted birds from the nets, immediately examined them
for ticks, and released them at capture sites. Mist nets were open
daily and continuously monitored from 6:00-9:00 a.m. We also ex-
amined hunter-harvested wild turkeys (Meleagris gallopavo) made

available for study by the New Jersey Division of Fish and Wildlife.

2.3 | Wildlife collections in Virginia

We collected wildlife from locations in Albemarle County for seven
days from 6-12 June 2018. Our wildlife sampling efforts were in re-
sponse to the detection of T. orientalis and ALT in a local cattle herd
(Oakes et al., 2019), and we targeted our collection sites to places
within 3 km of the index farm.

We trapped small and meso-mammals as described for New
Jersey, but we also used cable restraint or foot encapsulating traps
for meso-mammals (Duke Traps, West Point, MS). We baited live
traps with marshmallows, sardines and wet cat food. We euthanized
captured animals and inspected them for ticks, except for lactating
females, which were immediately released without inspection. We
also collected ticks opportunistically from wildlife found dead (e.g.

vehicle strike).

2.4 | Environmental sampling for ticks

We conducted environmental sampling for ticks at all sites during
the same time frames that vertebrate hosts were sampled, except
we did not sample the environment in Hunterdon Co., New Jersey,
in July-August 2018. We used tick drags and tick traps to collect
questing ticks. The tick drags used a 1-m? felt cloth. Each indi-
vidual drag transect was approximately 100 m long, with collec-
tors stopping every 10-20 m to remove ticks from the cloth and
preserve them in 70% ethanol. We also used carbon dioxide (COZ;
dry ice) traps. These dry ice traps consisted of a cardboard/poster

board base, with 1.0-1.5 kg of dry ice pellets placed in the centre,
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and the edges lined with double-sided carpet tape. Additional pel-
lets were spread lightly in the general area (up to 3.5 min radius) of
each trap to stimulate nearby ticks. We set up traps in mid-morning
to late morning, checked them around noon and picked them up
in mid-afternoon to late afternoon. In Virginia only, we also used
a second type of dry ice trap, consisting of the same tape-lined
cardboard base, but baited with 2-2.5 kg of dry ice pellets housed
in a closed foam cooler with perforations on the sides allowing the
CO, to escape. These traps were left overnight and then exam-
ined for ticks. Any trapped ticks were removed and stored in 70%
ethanol. General locations for tick traps and drags were based on
locations where ALT had previously been identified. The overall
goal of this sampling was to detect ALT so multiple habitat types
were sampled and were chosen based on expected presence of

ticks (tall grass, brushy areas, wooded areas).

3 | RESULTS
3.1 | Wildlife sampling

We collected numerous specimens of ALT on meso-mammal hosts at
each sampling site, and all adult ALT collected were females (Table 1).
In New Jersey, we found ALT on raccoons, Virginia opossums, a red
fox, a woodchuck (Marmota monax) and a white-tailed deer. Similarly,
we documented a diverse host range for ALT in Virginia, including
raccoons, Virginia opossums, woodchucks, an eastern cottontail
rabbit (Sylvilagus floridanus), a striped skunk (Mephitis mephitis) and
a white-tailed deer. Our efforts failed to find ALT on any small mam-
mal or avian species.

We found high prevalences of ALT on raccoons (>71%) during
three of the four sampling periods at the Union County, New Jersey,
and at the Albemarle County, Virginia sites (Table 1). We also found
high prevalences of ALT on Virginia opossums. Infestations were
detected on an eastern cottontail rabbit, a striped skunk and wood-
chucks, although sample sizes were lower. The single white-tailed
deer sampled in Virginia was found dead in a field near a sampling
site, and this animal was intensely infested (>1,000 ticks). Although
only a subset of ticks was collected and counted from this deer,
nearly all were ALT.

In addition to ALT, we encountered five native tick species on
wildlife in New Jersey and six native tick species in Virginia (Table 1).
Dermacentor variablis adults were common on raccoons (>70% prev-
alence in every sample collection) and on Virginia opossums (100%
prevalence for three collection periods, 20% for the other). We found
Amblyomma americanum only at the Virginia sites, where it was com-
mon on several host species including raccoons, Virginia opossums,
woodchucks, eastern grey squirrels (Sciurus carolinensis) and white-
tailed deer. We found Ixodes scapularis at all sites and during each
collection period, and it infested a greater variety of hosts than any
other encountered native tick species. Ixodes cookei infested five
species including raccoons, Virginia opossums, red foxes, striped

skunks and woodchucks, but Ixodes texanus infested only raccoons.
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2 Finally, H. leporispalustris was found on nearly all sampled eastern
n 9 2 . . o - . .
S 5 T cottontail rabbits, and one rabbit in Virginia was co-infested with
wv
.:: % h N both H. leporispalustris and ALT (Table 1).
= =
S & c )
€ T © >
U 9 « =
S ‘@ 0
SRR ' ' ' < o
V) o
s @ 3.2 | Environmental sampling
wn
S S
© s} <
= N v S p]
E @ % &N & T ‘g’ We collected four species of ticks using tick drag and CO, trapping
< ‘= = =
= § g § g §I § E methods (Table 2). At the Union County, New Jersey, site only, we
£ .8 . . .
g > g é g £ % 3 collected 72 ALT using both collection methods combined, and most
=] 1 — S .
= = - - 3 % were nymphs (63% of ticks). We collected low numbers of both D.
w© =
E E variabilis and I. scapularis at both New Jersey locations using these
'§ q;’o E methods. At the Virginia sites, we found low numbers of both D.
- (0] . .. . .
3 b H variabilis and A. americanum and very high numbers of ALT. Of the
S ~
E *E 2 3,897 ALT collected by environmental sampling in Virginia, 3,582
S =
5 % E % (92%) were nymphs. The remaining ALT were larvae (6%) and adult
% = ' ' £ lg ;») females (2%).
Q S S =
3 -
(%) [ -] %
wn pu Q
v} S 5 S 3 S
X = o £ 2 >
.0 .2 s 3 S
2| 8 : £8 ° 4 | DISCUSSION
o 5 Q X o L
o H o S 9 S
) < £ E o =
E §< , . . g E § § We collected ALT at all sites and during all survey periods. Some
E =~ § § § '_g of these data previously were presented in summary form by Beard
1 S © — = . .
é K ~ 2 c & % g 5 et al. (2018), but the current report provides details on each of the
o S s S 2 - 5B 0 . . . . .
e S > o o = ° g surveillance efforts, including locality data, sample sizes and host-
~ o o =2 - . - . . .
2 § S g - 2 ‘o 8 tick associations. We confirm that ALT is present at the sites sampled
() = a T = D -
§ = -~ ' g B E 2 2 g in New Jersey and Virginia where all three active life stages were
—_ O — B
£ Q S % §_ I3 *}"; present on numerous hosts and in their habitats. In addition to pro-
S| S - ; = ] £ - . . .
] g § e g b § B © § = viding more detailed location records, we also document a diverse
&3 o @) aQ = n S
\g 2 .§ 8 5 8’ S M % § E § 5 o wildlife host range for ALT in North America, including several new
= S g @ — = 5] . s
8|EE S0 Sd 5 g g 5 § S = host-tick associations.
! 5 = o L T v . .
E “% 1S § § 2 2 35 The broad host range we observed for ALT is generally consis-
& 3 Q ©0 8 X - L . . .
\g % = g n § b S tent with its host preferences in its native and previously introduced
o= S o] ?EEOS . . . .
. : £ % = ,g £ '§ 7\. ranges. In these regions, the tick uses livestock as primary hosts,
S . C & © t o . . . .
g 2 . = E g : 89 S % but it commonly occurs on a variety of domestic and wild mam-
L e T o - . Q [} . .
‘g é 3 8. S ¢ s g f‘ S g mals and birds (Choi et al., 2014; Greay et al., 2016; Heath, 2016;
. .S S 3 = . . . .
2 g § ::J > s % § '('é“ 2 % lwakami, Ichikawa, & Inokuma, 2014; Kim et al., 2011, 2014; Neilson
' [ = ! — O . .
‘E E § 3T3 9 & Mossman, 1982). In our study, commonly infested hosts included
9 s 2 .2 8 =
= B - — b — 2 E '§ 2 '§ raccoons, Virginia opossums and woodchucks. We also detected ALT
) = 5 &0 oy
*E f'g" 2 lg :,' ¥ g on several eastern cottontail rabbits and striped skunks, though we
20 =3 et
’0070 8 © S g § g only examined a small number of these animals. Previously, white-
= a3 £ 8 o & . Lo
) § T s g g i e o T tailed deer, raccoons, Virginia opossums and woodchucks were
oo — ‘© = S N S .
c g - *Ef_@ s S 3 % S e ¢ reported as wild ALT hosts (Beard et al., 2018; Tufts et al., 2019),
T = @ L o S T o = . . .
§ *@ 2 2 = é" ;C_, 23 = i g < 8 but red foxes, eastern cottontail rabbits and striped skunks are new
2 & = 3 =< 3 0 . S
. @ = % = 3 'g g § = host records for this invasive tick in the US. All of these hosts occur
& S S8 5 2% 2 . . .
g & g’ a 2 2 % o widely across the US, and thus, they could potentially serve as im-
— ~ o <
° % 3 § 9 E 3' § g § portant, readily available maintenance hosts for ALT. Furthermore,
2 <] g = 235 5 3 & . - . .
£ = ) S ‘5 '§ - g i %“ such a diverse wildlife host range will greatly complicate any ALT
c o 2 2 £ = = e . . .
S £ 42 E ° % 5 T mitigation effort focused on livestock or domestic animals.
= 20 5= 8 @ 0 . N
- E g ;“ ) g ¢ % § S We found all three active stages of ALT on raccoons, Virginia
c - g2 . . .
w 5 = § é E % E 0 S 'go opossums and white-tailed deer. A recent study in Japan also
-l u T £ 2P L 0 T© . .
2 § s S S & E 2= % g found all three active stages of ALT on introduced raccoons, fur-
© © o< =
- = Sf Nz I ther highlighting the possible importance of this species as a host
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TABLE 2 Ticks collected during environmental surveillance in New Jersey and Virginia, 2018

No. of positive traps/drags (% of traps/drags positive) (mean number of ticks collected,

range)

(# larvae, # nymphs, # adults)

Collection Dermacentor
Location Month  method N variabilis
New Jersey
Hunterdon Co. April/ CO, trap 13 2(15.4)(1, 1-1)
May (0,0,2)
Tick drag 5 4(80.0)(7, 2-14)
(0,0, 29)
Union Co. May CO, trap 6 1(16.7)(2, 2-2)
(0,0,2)
Tick drag 2 2(100.0)(1, 1-1)
(0,0, 2)
Virginia
Albemarle Co. June CO, trap 5 1(20.0)(1, 1-1)
(0,1,0)
Tick drag 16 1(6.3)(1, 1-1)
(0,0,1)

Haemaphysalis
longicornis

Amblyomma

americanum Ixodes scapularis

- 1(7.7)(1, 1-1) -

(0,1,0)

= 3(60.0)(5, 4-5) =
(0,0, 14)

= 2(33.3)(1, 1-1) 4(66.7)(14, 2-27)
(0,0,2) (5,40,9)

= 2(100.0)(8, 2-14) 1(50.0)(18, 18-18)
(0, 2, 14) (13,5, 0)

3(60.0)(6, 1-15) - 3(60.0)(374, 2-988)

(0, 6,13) (3,802, 316)
6(37.5) (6, 1-28) - 16 (100.0)(192, 1-1726)?
(0,34, 4) (229, 2,780, 67)

“The maximal numbers of nymphs on three drags were estimated; all other numbers are actual counts.

in the US (Doi, Kata, & Hayama, 2018). Adult ticks were present on
hosts only during our summertime sampling periods, which is con-
sistent with observations in New York (Tufts et al., 2019), where
peak adult host-seeking activity occurred from late June to late
July.

In its native and introduced ranges, ALT most often is associ-
ated with larger mammals (e.g. deer, cattle, sheep), as opposed to
small mammals (e.g. rodents) (Heath, 2016; Zheng, Yu, Zhou, Yang,
& Liu, 2012). This favoured association with livestock, combined
with an ability to reach extremely high densities in some habitats,
can result in production-limiting outcomes for livestock producers
(Heath, 2016). In some extreme cases, heavy infestations have led
to exsanguination and death of cattle and farmed red deer (Cervus
elaphus) (Dicker, 1978; Neilson & Mossman, 1982). In fact, high-in-
tensity ALT infestations and anaemia were recently reported as the
cause of death for several cattle in North Carolina (North Carolina
Department of Agriculture & Consumer Services, 2019). In our sur-
veys, we found that some ALT infestations were intense on some
individual hosts, with more than 1,000 ticks on one white-tailed
deer and > 50 ticks on some medium-sized mammals from Virginia.
White-tailed deer on Staten Island, New York, also had intense ALT
infestations, with 161 ticks collected during 15 min on one animal
(Tufts et al., 2019). Similarly, many cervid host species have been pre-
viously documented as hosts for ALT in East Asia, Australia, and New
Zealand (Inokuma et al., 2002; Kang et al., 2016; Kim et al., 2011;
Neilson & Mossman, 1982; Yang et al., 2018).

Veterinary and public health officials are concerned that intro-

duced ALT may have also introduced novel/exotic pathogens to their

newly established US range, or that they may acquire and transmit
native pathogens from resident hosts. The recent report of cattle
deaths in Virginia associated with Theileria orientalis lkeda subtype,
a blood parasite that is transmitted by ALT in Australia and causes
anaemia, unthriftiness and death, is of immediate concern for US
agriculture (Oakes et al., 2019). In addition, this pathogen was re-
cently reported from field-collected ALT from the site of the cat-
tle deaths in Virginia (Thompson et al., 2020). In the US, numerous
tick-borne zoonotic pathogens of public health concern already exist
in wildlife populations, and each of them is maintained in a specific
cycle of reservoir hosts and tick vector species. In the present study,
we sampled five rodent species in relatively low numbers, but only
woodchucks were infested with ALT. Similarly, Tufts et al. (2019)
did not find ALT on ~100 rodents surveyed on Staten Island, New
York, although sympatric deer were heavily tick-infested. Such small
mammals are the typical sylvatic reservoirs of Borrelia burgdorferi
and Anaplasma phagocytophilum in the US (Anderson, Johnson,
Magnarelli, Hyde, & Myers, 1986; Stuen, Granquist, & Silaghi, 2013),
but no study to date has found ALT on them. Recently, ALT failed to
experimentally transmit the B31 strain of B. burgdorferi to labora-
tory mice (Breuner et al., 2020), and Ronai, Tufts, and Diuk-Wasser
(2020) demonstrated ALT had an actual aversion to association with
white-footed mice (Peromyscus leucopus). Collectively, these data
suggest that this introduced tick may not become part of the syl-
vatic cycle of these pathogens, although continued monitoring of the
possibility seems justified. Other possible concerns to consider are
potential insertion of ALT into the life cycles of human and canine

ehrlichiosis agents (e.g. Ehrlichia chaffeensis, E. ewingii and ‘Panola
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Mountain’ Ehrlichia sp.) that infect white-tailed deer reservoirs, or
the cycle of Powassan virus that uses woodchuck and skunk reser-
voir hosts (Mlera & Bloom, 2018; Paddock & Yabsley, 2007; Yabsley,
Loftis, & Little, 2008). These concerns are further highlighted by the
ability of ALT to transmit several Ehrlichia spp. and Powassan virus in
other regions of the world (Fatmi, Zehra, & Carpenter, 2017; Lee &
Chae, 2010; Luo et al., 2016; Wei et al., 2016).

Migratory birds can transport ticks over great distances, and
ground-dwelling birds can host large numbers of ticks. However,
none of the 32 birds we captured and examined were infested with
ALT, although our sample size for each species was small. Seven of
our sampled bird species were ground-dwelling, and three of them
were infested with other tick species. These findings are consistent
with those of Tufts et al. (2019), who did not find ALT on 39 birds
sampled from Staten Island, New York. However, in its native range
and in New Zealand, ALT is sporadically found on migratory birds
(Choi et al., 2014; Chong et al., 2018; Kim et al., 2016; Myers, 1924).
Regardless, wild turkeys and other Galliformes frequently host
native ticks and could be potentially suitable hosts for ALT. Even
if migratory birds were to acquire low ALT infestation rates, they
could pose a potential risk for long-distance tick movement and dis-
persal, so additional monitoring for ALT on birds seems warranted
(Christopher, William, Lutz, & Roger, 2000; Lane et al., 2006; Mock,
Applegate, & Fox, 2001).

With the establishment of ALT in the US, four Haemaphysalis
species now occur in North America. The rabbit tick (H. leporispal-
ustris) is the most widespread and common, mostly on lagomorph
hosts throughout both North America and northern South America.
Its immature stages frequently feed on birds, but only rarely on
other hosts (Joyce & Eddy, 1943; Kollars & Oliver, 2003). Our finding
of ALT on a cottontail rabbit in Virginia highlights the importance
of accurate specimen identification because this is a very common
host for H. leporispalustris, and we observed in our study that both
ALT and H. leporispalustris can infest a host simultaneously. The
other two native New World species are Haemaphysalis chordeilis (a
widespread but rarely collected bird tick) and Haemaphysalis juxta-
kochi (a largely tropical deer tick). The geographic range of H. juxta-
kochi extends through parts of Mexico, Central and South America,
but to date, there is only one published report of this tick outside
of quarantine in the US, that is a single adult tick on a white-tailed
deer in Ohio (Keirans & Restifo, 1993). However, immature stages
may attach to avian hosts migrating north from the neotropics in
the spring, so sporadic introductions of H. juxtakochi could be pos-
sible (Mukherjee et al., 2014). The three active stages of these four
Haemaphysalis spp. are distinguishable, primarily by the morphol-
ogy of the palps and basis capituli (Egizi et al., 2019). However, for
specimens with damaged or missing mouthparts, or when suspected
ALT are found in new locations or on new hosts, molecular typing
tools are available for species identification (Rainey et al., 2018;
Thompson et al., 2020).

In addition to ALT, we also collected specimens of several native
US tick species, and most associated data were consistent with their

known host and geographic distribution records (Allan, 2001). We
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did not find A. americanum at either sampling location in New Jersey,
despite sampling during seasons when this species would typically
be found on hosts. Historically, this tick was absent in New Jersey
and other northeastern US states, but it has been increasingly found
in the region during the past few decades, including in southern New
Jersey (Jordan & Egizi, 2019; Occi, Egizi, Robbins, & Fonseca, 2019;
Springer, Jarnevich, Barnett, Monaghan, & Eisen, 2015). We found .
scapularis on more than half of sampled New Jersey passerine birds,
highlighting the importance of avian hosts in the local and possibly
regional dispersal of this tick species (Ogden et al., 2008). Also, our
coupled wildlife and environmental sampling supported a recent
study (Koser, 2019) that found examination of wildlife yielded a
higher diversity of tick species in a given area when compared with
environmental sampling, suggesting that wildlife sampling is a use-
ful method for tick surveillance. Finally, several of the tick species
we found (i.e. D. variabilis, A. americanum, |. cookei and . scapularis)
are important vectors of pathogens of veterinary and public health
importance, and our data indicates that these ticks are common at
some of our sites.

In summary, our data indicates that ALT can use a wide range of
wildlife hosts in the US. We report a high infestation prevalence on
several hosts (e.g. raccoons, Virginia opossums). We also found a high
intensity of infestation on some individual hosts (e.g. >1,000 ticks on
a single deer found dead). These data are concerning in context to
morbidity and mortality previously reported for intensely infested
cattle and deer fawns in other regions of the world, and recently in
some cattle in the US (Dicker, 1978; Neilson & Mossman, 1982). Our
data, combined with those of Tufts et al. (2019), suggest that wild-
life may be important hosts in maintaining ALT. Some of the known
wildlife host species of ALT have relatively large home ranges (e.g.
deer, fox), so they potentially could serve in dissemination of this
invasive tick. However, the movement of infested companion ani-
mals and livestock represent other means of long-distance ALT dis-
persal. Finally, ticks in the US are generally thought to be a primary
risk mostly in wooded areas because of the habitat preferences of
D. variabilis, I. scapularis and A. americanum, but ALT is more often
found in grassy habitats and already has been found in well-man-
aged lawns and short-grass areas, including some in full sun (Rainey
et al., 2018; Tufts et al., 2019; Wormser et al., 2019). Because many
of the wildlife hosts are frequent denizens of peridomestic habi-
tats, this invasive tick could become an issue for domestic animals
and people in areas where ticks are not now generally considered

a concern.
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