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Highlights

o Tick-borne diseases are a significant threat to human and animal health.

e Anthropogenic land-use changes and climate change has and will continue to increase
the incidence of vector-borne diseases.

e Tick research needs to incorporate an interdisciplinary One Health approach that
represents different scientific fields.

e Host-targeted tick control methods rely on host ecology and behavior, which can guide
the development of more effective interventions.

e Prioritize evaluations of wildlife hosts to understand their role in tick survival,
distribution, and impact on tick-borne diseases.

Vector-borne diseases pose a significant threat to human and animal health worldwide. Their
emergence is influenced by various factors such as environmental changes, host characteristics,
and human behavior. The One Health approach is necessary to thoroughly investigate tick-
borne diseases and understand the complex interactions between environmental, animal, and
human health. Anthropogenic changes have impacted predators, leading to cascading effects
on wildlife prey species and the emergence of vector-borne diseases. The increase in global
trade and travel has led to the introduction of several invasive vector species, increasing the
risk of zoonotic pathogen spillover. Tick and tick-borne disease research requires an
interdisciplinary approach to address challenges in a One Health paradigm.

Introduction

Vector-borne diseases are a significant threat to veterinary and human health worldwide. The
emergence and re-emergence of several pathogens result from complex transmission and life
cycles that depend on numerous factors, such as environmental, vector and host characteristics,
and human behavior 1, 2¢=. Therefore, a One Health approach is necessary to investigate tick-
borne diseases thoroughly and understand the complex interactions between environmental,
animal, and human health (Figure 1). One Health is a concept and collaborative approach that
recognizes the interconnections between the health of humans, animals, and the environment.



It emphasizes the understanding that the health and well-being of these three components are
closely linked and interdependent.

Caumeni Cpinion in nsact Science

Figure 1. Tick ecology is complex; thus, tick and tick-borne disease research needs to incorporate an
interdisciplinary One Health approach with an understanding of the relatedness of environmental,
human, and animal health to maximize tick management.

Anthropogenic land-use changes, such as deforestation, urbanization, and agricultural
development, have drastically altered local and regional environments. These changes have
resulted in the introduction of invasive species and emerging vector-borne diseases [3].
Anthropogenic change has also impacted predators such as canids, felids, and birds of prey
directly or indirectly, which can have cascading effects on wildlife prey species that play
critical roles in the enzootic cycle of vector-borne diseases. Similarly, the increase in global
trade (e.g. goods and animals) and travel has led to the introduction of several invasive vector
species (e.g. Aedes spp. mosquitoes, Haemaphysalis spp., and Amblyomma spp. ticks) and
their associated pathogens 4, 5, 6, 7. The result is an increased risk of zoonotic pathogen
spillover. For instance, the invasive tiger mosquito, Aedes albopictus, transmits
the Chikungunya virus to humans, which induces severe febrile illness. Similarly, the
introduction of the long-horned tick, Haemaphysalis longicornis, to the eastern United States
poses a significant economic threat to the U.S. cattle industry due to the potential transmission
of economically important animal pathogens such as Ehrlichia ruminantium and Theileria
orientalis Ikeda genotype 7, 8.

Hosts, vectors, and pathogen interactions are inherently complex. To address tick-borne disease
challenges, we suggest tick and tick-borne disease research needs to incorporate an
interdisciplinary One Health approach that includes representation of different scientific fields
such as entomology, wildlife biology, ecology, epidemiology, and similar fields. This article
outlines specific examples of key tick ecology challenges that can facilitate the integration of
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different fields of study and identify specific gaps in our current understanding that require
further investigation.

Impact of host diversity, range, and suitability on tick management

Tick management and public health strategies must be designed considering the diverse host
species associated with species-specific tick ecology. However, in the United States, most ticks
of medical or veterinary concern are generalists that feed on a range of wildlife hosts, making
it challenging to develop effective host-targeted control methods. Historically, research and
surveillance on black-legged ticks (Ixodes scapularis) have focused on white-footed mice
(Peromyscus leucopus) and white-tailed deer (Odocoileus virginianus) [9]. These species are
considered important reservoir hosts for Borrelia burgdorferi, a causative agent of Lyme
disease in the United States, and reproductive hosts for adult ticks, respectively. However,
multiple life stages of black-legged ticks can feed on alternate hosts (i.e. other mammals, birds,
and reptiles), which may reduce the efficacy of mouse- and deer-focused tick management.
Recent studies have demonstrated that some mouse- and chipmunk-targeted control methods
do not reduce black-legged ticks infected with the Lyme disease pathogen 10, 11. The failure
of these methods suggests a potential for the influence of alternative hosts in the epidemiology
of this pathogen. Additionally, differing regional tick-host associations further complicate
management efforts [12], as do host assemblage shifts in response to anthropogenic landscape
changes [13].

Host-targeted tick management effectiveness relies on understanding tick associations, host
ecology, and behavior. Many host-targeted immature tick management strategies are
predominantly for black-legged tick management. They are ineffective for lone star ticks
(Amblyomma americanum) or invasive long-horned ticks (Haemaphysalis longicornis)
because the latter species prefers larger- or medium-sized mammal hosts. However, shifting
and emerging distributions of these ticks will require management options for both species and
other ticks of concern. Furthermore, how wildlife interacts with host-targeted treatments can
limit the efficiency of many tick management methods. For example, rodents' use of tick tubes
is increased with seasonal tube deployment that considers rodent ecology [14]. Aggressive
behaviors of deer around 4-poster feeders may impact the successful application of acaricides
[15]. Host behavior and ecology are essential considerations to maximize treatment efficacy
[14], but these are often neglected in initial evaluation studies.

A recent focus has been on antitick vaccines for on-host tick management [16]. However,
immune responses to tick bites differ by species [17]. Thus, antitick vaccine strategies for
wildlife may be host- and species-dependent. The efficacy of pathogen-focused vaccine
strategies or topical tick management methods relies on immature ticks feeding on the targeted
host (typically white-footed mice) versus other hosts [18]. Thus, understanding the complex
relationships between tick vectors, their array of potential hosts, and management measures is
crucial in developing more effective interventions.

Comprehensive evaluations of wildlife hosts in peridomestic and sylvatic systems should be
prioritized to understand better the role of wildlife on tick population dynamics and distribution
and the impact on tick-borne disease epidemiology. Understanding the relationships between
ticks and their hosts can help identify effective strategies for tick management that can help
protect human and animal health. For example, knowledge of wildlife community composition
can help direct management efforts to those species responsible for feeding the burden of ticks
or acting as reservoirs for the majority of tick-borne diseases.



Impact of wildlife distributions and host ranges

Tick species of medical or veterinary concern in the United States are expanding their range
[19], attributed to increased habitat suitability for overwintering ticks due to climate change
[20]. However, the expansion of tick ranges, especially at the northernmost margins, is also
affected by changing distributions of wildlife hosts, as ticks depend on hosts for dispersal.
Hosts with small home ranges and limited dispersal distances are important for establishing
and sustaining localized tick populations. In contrast, hosts with more extensive home ranges
and longer dispersal distances can introduce ticks to new areas of suitable habitat. Although
natural and human-made landscape barriers can constrain wildlife movement, wildlife does not
recognize geopolitical boundaries such as state or national borders. This creates a geographic
mismatch between the environmental realm in which vector-borne diseases manifest and the
social realm in which they are managed and monitored.

Anthropogenic changes, such as reduced forest complexity, reforestation, increased edge
effects, and the availability of artificial food sources, can increase the population size, density,
and distribution of generalist wildlife species. For example, reforestation and the subsequent
increase of the white-tailed deer population have been identified as significant drivers of the
northward expansion of lone star ticks 21, 22 and black-legged ticks 23, 24. Migratory birds,
feral swine, and white-tailed deer have all been implicated in the spread of Gulf Coast ticks
(Amblyomma maculatum) [25]. Although our understanding of long-horned tick range
expansion and host use is evolving, raccoons (Procyon lotor), Virginia opossums (Didelphis
virginiana), and white-tailed deer have been the predominant wildlife hosts for this tick species
in the United States thus far 26, 27. The recent discovery of long-horned ticks on migratory
passerines suggests their range expansion in the United States will accelerate [28].

Adequately predicting and preventing vector range expansion will require the collaborative
inclusion of expertise on wildlife population dynamics, spatially explicit models, and
movement and landscape ecology across multiple scales.

Importance of reservoir hosts

Black-legged ticks can transmit various pathogens to a broad range of vertebrate species. This
is due to their generalist feeding strategy, where immature life stages feed on any available
host, including mammals, birds, and reptiles. However, the level of pathogen competency
within host species varies significantly due to various factors such as phenotypic plasticity,
development, sex, intraspecific variability, and environmental factors [29]. Host competency
depends on a host's susceptibility to a pathogen upon being bitten by an infected vector, the
pathogen's ability to persist in the host, and its ability to be transmitted to a new vector during
feeding on the infected host [30]. For most wildlife hosts, we have incomplete knowledge of
many of these influences of reservoir competency [31]. Some hosts, such as white-footed mice,
are highly competent for multiple tick-borne pathogens and are considered primary reservoir
hosts for pathogens such as B. burgdorferi, Babesia microti, and Anaplasma spp. Other small
mammals (e.g. shrews and chipmunks) and birds (e.g. American robins and Carolina wrens)
have demonstrated competency for several tick-borne pathogens [32]. Conversely, other hosts,
such as the Eastern gray squirrel (Sciurus carolinensis), are not considered quality reservoir
hosts for pathogens such as B. burgdorferi. However, suggested that B. burgdorferi infectivity
in a given host may be related to body size [33]. In practical terms, this suggests that larger
rodents and other medium-sized mammals could serve as competent hosts, albeit with the
caveat that the time it takes to become infected is extended.



Field studies are essential for understanding potential human risk and designing effective
measures to reduce exposure to humans and animals in specific environments. Studies that are
interdisciplinary and evaluate the host, vector, ecology, and epidemiology are the most
impactful. While host competency is typically assessed under laboratory conditions, natural
infection data from hosts and vectors are critical for determining realized reservoir competency.

A disproportionate number of studies have focused on a limited number of reservoir host
species and their contributions to vector populations and pathogen prevalence over short
periods of ecological time. There is a pressing need for more research into the reservoir
potential of other poorly understood hosts in the environment, including birds and reptiles. To
improve our understanding of host—vector—pathogen cycles and the potential veterinary and
human health risks associated with tick-borne diseases, a comprehensive investigation of host
competency, intrinsic factors (e.g. species, life-history traits, and genetics), extrinsic factors
(e.g. weather, habitat, and behavior), and vector biology (e.g. life cycle, behavior) is essential
1, 30. Implementing reservoir and competent host management practices and understanding
the nuanced differences in host competency will be more effective at mitigating and controlling
zoonotic tick-borne diseases and reducing public health risks.

Impact of spillover at the wildlife-livestock interface

Wildlife can host ticks and reservoirs for pathogens affecting people and livestock. The cattle
fever tick (CFT) (Rhipicephalus microplus and R. annulatus) and long-horned tick systems
exemplify the importance of wildlife in these contexts. Both ticks feed on cattle and transmit
pathogens that affect livestock, such as Babesia bovis and B. bigemina for CFTs and T.
orientalis for long-horned ticks [8]. These ticks and pathogens can potentially devastate the
livestock industry if introduced to new locations.

Babesia bovis and B. bigemina were eradicated from the United States in 1943. However, CFTs
persist in the Permanent Quarantine Zone (PQZ), with notable outbreaks of CFTs outside the
PQZ [34]. Wildlife hosts, particularly white-tailed deer and nilgai (Boselaphus tragpcamelus),
pose a significant obstacle to eradicating CFTs from the PQZ and surrounding areas [30]. As
one-host ticks, CFTs can take up to 3 weeks to complete their life cycle and are easily
transported by their hosts. The large populations of white-tailed deer and nilgai, combined with
the lack of natural predators and limited hunting efforts, have significantly increased their
population sizes, contributing to the expansion of CFTs' natural range [35]. Like CFTs, long-
horned ticks can utilize large mammals to travel long distances 36, 37, posing a significant risk
to livestock and wildlife. For small- and medium-sized mammals, game fences may also be
inadequate at preventing animals from entering properties, farms, and barns as they can fit into
small crevices and enter through breaks in barriers, thus allowing these animals to interact with
livestock. The broad host range and reproductive strategy of the long-horned tick pose
significant challenges to its management.

To address and manage ticks and tick-borne diseases that affect livestock, it is essential to
investigate the epidemiology of the wildlife hosts encountering livestock populations, ecology
and behavior of wildlife, landscape and climate change impacts on tick-host interactions, and
the potential economic influence of tick infestations and tick-borne disease in livestock. To do
so will require the expertise of epidemiologists, wildlife biologists, entomologists, ecologists,
economists, and program administrators responsible for monitoring livestock tick populations.



Impact of ticks on wildlife health

Some ticks can considerably impact the health and survival of wildlife species. The feeding
behavior of ticks can lead to direct blood loss and anemia, negatively affecting the health,
reproductive success, and overall population size. Winter ticks (Dermacentor albipictus)
significantly impact moose (Alces alces) populations in the northeastern United States. High
infestation rates can lead to significant declines in moose health and survival, including
exsanguination [38]. While white-tailed deer are not considered the main host for winter ticks,
there have been reported mortalities of captive white-tailed deer because of heavy infestations
of winter ticks (Figure 2) [39]. Furthermore, some wildlife species may alter their behavior in
response to tick parasitism, which can affect intraspecific competition and community
dynamics [40]. The changing climate and geographic distribution of ticks will likely continue
to exert pressure on native and naive hosts, potentially affecting ecological interactions across
large spatial scales. Therefore, it is necessary to take a One Health approach to understand the
complex relationships between hosts, vectors, and the environment for effective vector
management and conservation purposes.
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Figure 2. Winter ticks can negatively affect the health of ungulates, including moose, deer (shown),
and elk, even causing death in some cases.



Conclusions

Tick-borne diseases are a significant threat to veterinary and human health globally, and a One
Health approach is required to investigate tick-borne diseases comprehensively. Anthropogenic
activities have altered local and regional environments, introducing invasive species and the
emergence and re-emergence of tick-borne diseases. We have highlighted that tick
management and public health strategies must consider the diversity of host species associated
with species-specific tick ecology. Understanding tick associations, host ecology, and behavior
is critical for developing effective host-targeted tick management strategies. We conclude that
comprehensive evaluations of wildlife hosts in peridomestic and sylvatic systems should be
prioritized to understand better the role of wildlife on tick population dynamics and distribution
and the impact on tick-borne disease epidemiology. Therefore, interdisciplinary research is
needed to address tick-borne disease challenges in a One Health paradigm.
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