
Citation: Estrada-Peña, A.; Mallón,

A.R.; Bermúdez, S.; de la Fuente, J.;

Domingos, A.; García, M.P.E.;

Labruna, M.B.; Merino, O.;

Mosqueda, J.; Nava, S.; et al. One

Health Approach to Identify

Research Needs on Rhipicephalus

microplus Ticks in the Americas.

Pathogens 2022, 11, 1180. https://

doi.org/10.3390/pathogens11101180

Academic Editors: Małgorzata

Dmitryjuk, Katarzyna Kubiak and

Olivier Sparagano

Received: 15 September 2022

Accepted: 9 October 2022

Published: 13 October 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

pathogens

Opinion

One Health Approach to Identify Research Needs on
Rhipicephalus microplus Ticks in the Americas
Agustín Estrada-Peña 1,2,* , Alina Rodríguez Mallón 3 , Sergio Bermúdez 4 , José de la Fuente 5,6 ,
Ana Domingos 7 , Mario Pablo Estrada García 8 , Marcelo B. Labruna 9 , Octavio Merino 10 ,
Juan Mosqueda 11 , Santiago Nava 12, Ricardo Lleonart Cruz 13,14 , Matías Szabó 15, Evelina Tarragona 12

and José M. Venzal 16

1 Department of Animal Health, Faculty of Veterinary Medicine, 50001 Zaragoza, Spain
2 Research Group in Emerging Zoonoses, Instituto Agroalimentario de Aragón (IA2), 50013 Zaragoza, Spain
3 Animal Biotechnology Department, Center for Genetic Engineering and Biotechnology, P.O. Box 6162,

Havana 10600, Cuba
4 Instituto Conmemorativo Gorgas de Estudios de la Salud, Panama 0801, Panama
5 SaBio, Instituto de Investigación en Recursos Cinegéticos (IREC-CSIC-UCLM-JCCM), Ronda de Toledo s/n,

13005 Ciudad Real, Spain
6 Department of Veterinary Pathobiology, Center for Veterinary Health Sciences, Oklahoma State University,

Stillwater, OK 74078, USA
7 Global Health and Tropical Medicine, Instituto de Higiene e Medicina Tropical, Universidade Nova de

Lisboa (GHTM-IHMT-UNL), 1099-085 Lisbon, Portugal
8 Center for Genetic Engineering and Biotechnology, P.O. Box 6162, Havana 10600, Cuba
9 Faculty of Veterinary Medicine, University of Sao Paulo, Sao Paulo 05508-220, Brazil
10 Faculty of Veterinary Medicine, University of Tamaulipas, Ciudad Victoria 87000, Mexico
11 Immunology and Vaccines Laboratory, College of Natural Sciences, Autonomous University of Queretaro,

Queretaro 76010, Mexico
12 Instituto Nacional de Investigaciones Agropecuarias, Estación Experimental Agropecuaria Rafaela—Instituto

de Investigación de la Cadena Láctea (INTA-Consejo de Investigaciones Científicas y Técnicas), Rafaela,
Santa Fe 45890, Argentina

13 Instituto de Investigaciones Científicas y Servicios de Alta Tecnología (INDICASAT AIP),
Panama 0801, Panama

14 Sistema Nacional de Investigación (SNI), Panama 0801, Panama
15 Faculty of Veterinary Medicine, Federal University of Überlandia, Uberlandia 38408-100, Brazil
16 Departamento de Parasitología, CENUR Litoral Norte, Universidad de la República, Salto 50000, Uruguay
* Correspondence: aestrada@unizar.es

Abstract: We aim to provide a harmonized view of the factors that affect the survival and promote the
spread of R. microplus in the Neotropics, approaching its different facets of biology, ecology, distribu-
tion, and control. We review the interactions among environmental niche, landscape fragmentation,
vegetal coverage (abiotic traits), and the biotic aspects of its ecology (abundance of domesticated
or wild competent hosts), proposing emerging areas of research. We emphasize a holistic view
integrating an economically and ecologically sustainable control of infestations and transmitted
pathogens by R. microplus in the Neotropics. Examples of research link the trends of climate, the
composition of the community of hosts, the landscape features, and a tailored management based
on ecological grounds. Our view is that factors driving the spread of R. microplus are complex and
deeply interrelated, something that has been seldom considered in control strategies. The effects of
climate may affect the dynamics of wildlife or the landscape composition, promoting new patterns of
seasonal activity of the tick, or its spread into currently free areas. In this paper we encourage a One
Health approach highlighting the main aspects governing the components of the tick’s life cycle and
its interactions with livestock and wild animals.

Keywords: Rhipicephalus microplus; ecology; climate; pasture vacancy; integrated control; One Health;
research agenda
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1. Introduction

The affections to animal health by ticks and transmitted micro-organisms in the
Neotropical region are numerous. Rhipicephalus microplus (the cattle tick) is probably the
most important pest to cattle in the region, because its direct effects on the production via
blood intake and side effects, costs related to control, and its ability to transmit pathogens
such as Babesia bovis, B. bigemina or Anaplasma marginale, are responsible for massive eco-
nomical losses [1]. Once imported from yet unknown origin and destination points, it now
covers a large territory from some areas of Southern USA and Mexico to parts of northern
Argentina and Uruguay. The tick has a one-host short life cycle, therefore promoting from
three to up to five or six generations per year according to climatic conditions, increasing
the needs of control measures throughout the year. Economical losses are increased by an
uncoordinated chemical control of which no significant advances have occurred in the last
15–20 years. Not only the contamination of the ecosystems and the presence of residues in
meat or milk using chemicals is a reason for concern, but also the development of resistant
strains of the tick, as consequence of the use of synthetic chemicals as the principal tool
for cattle tick control, are caveats that should be minimized by incorporating management
strategies as complement to the use of a particular tool as the synthetic chemical acaricides.
These alternatives include pasture spelling methods based on tick-ecology knowledge,
the use of tick resistant breeds of cattle, and the incorporation in an integrated manage-
ment program of tick-vaccines when options with adequate efficacy are commercially
available [2–4].

Decision support systems could be used to manage the seasonal forecasting of the
activity and abundance of R. microplus [5]. However, this approach is unreliable without
the understanding of the ecological factors affecting the control or eradication of the cattle
tick. Developing improved decision support systems becomes more important as the
demand for sustainable cattle production is growing and pest pressure increases under
climate change. Rhipicephalus microplus has a pantropical distribution. A sustainable and
cost-effective control of the cattle tick in central and south America is still far to be achieved.
Its possible spread throughout the target area by the climate trends or the deforestation
practices favoring cattle farming has been only partially studied [6]. An approach for
the control of R. microplus should ideally consider, address, and integrate (i) an accurate
knowledge of the population dynamics of R. microplus in a particular region; (ii) the status
of resistance to different molecules used as acaricides; (iii) forage availability in order to
incorporate pasture spelling options; (iv) issues regarding public health (i.e., accumulation
of chemical residues in meat or milk by using acaricides with long a withdrawal period);
(v) the adoption of more resistant strains of cattle to ticks and/or an adequate vaccine
program; (vi) the climate, its trends, and ecosystem health; (vii) the use of soil; (viii) the
presence and abundance of wild ungulates in the specific sites where it becomes relevant;
and (viiii) the use of live vaccines against cattle babesiosis and anaplasmosis once they are
available and officially approved would contribute to reducing the number and frequency
of acaricide treatments against the tick vector.

The main aim of this paper is to revisit the different facets affecting the biology, ecology,
distribution, and abundance of R. microplus, focusing on their interactions, and proposing
emerging areas of research. We aim to provide an integrative view of the factors affecting
the survival and promoting the spread of R. microplus in the target region, looking for an
integrated, economically and ecologically sustainable control of infestations by R. microplus
on cattle. We would like to encourage in the following lines a One Health approach
highlighting the main aspects governing the components of the tick’s life cycle.
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2. The Abiotic Niche (Weather and Climate)

Figure 1 summarizes the main factors that could affect the survival and activity of
R. microplus. The abiotic niche is probably on the top of the pyramid of traits affecting
the survival and spreadability of a tick. Abiotic niches include the temperature, humidity,
water vapor deficit, or other atmospheric variables, known as macroclimate, which regulate
both the survival and the development rates of a tick. Microclimate and landscape features
can also be considered as abiotic traits [6]. Rhipicephalus microplus has only two off-host
stages, namely the developing eggs, and the questing larvae, therefore reducing the chances
that trends of macroclimate to be the only responsible of an impact on the distribution
of R. microplus. There is a substantial body of studies in the Neotropics on the dynamics
of both parasitic and non-parasitic phases at different latitudes and how they determine
the number of annual generations according to climate and soil use conditions [2,7–26].
In subtropical latitudes, it is estimated that a shorter winter would promote an earlier
beginning of activity the next spring and, therefore, a variable number of generations,
providing that suitable soil/atmospheric water contents are available. An extra number of
generations, driven by shorter winter and warmer weather conditions, would lead to extra
costs in cattle production, originated by both the parasite-derived losses and the acaricide
treatments (along with the possibility of increasing the development of resistance). It has
been demonstrated that a warmer niche may contribute to the spread of R. microplus further
south in Argentina if the humidity remains within the range allowing the survival of the
tick [6,22]. Warmer climates may also be responsible for the spread of R. microplus to higher
altitudes, such as those over 2600 m a.s.l., in Colombia [26].
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Figure 1. A synoptic view of the abiotic and biotic factors affecting the survival, development, and
control of R. microplus in the Americas.

With an off-host shorter life cycle, the number of generations of the tick taking a blood
meal on bovine hosts would be higher. However, this is a topic that requires additional
consideration, because a warmer climate does not automatically translate into a better
environment for cattle management [27]. The use of weather variables for capturing the
probable distribution of a parasite is intended for an indication of its potential distribu-
tion [28]. However, a tick needs to feed on hosts (domestic cattle being the most important
in the target region), and it is therefore necessary to evaluate whether cattle farming could
persist in these newly available areas for the tick. In this sense, it has been concluded that
models based solely on climate data, disregarding how the land use affects the presence of
cattle and the viability of the non-parasitic phases of R. microplus, could overestimate the
potential range of a tick [22].
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Temperature might affect the development of pathogens in the tick. It has been
observed, at least for B. bovis, that infection rates in the tick increase when ticks are exposed
to lower temperatures (14 ◦C) than to higher temperatures (27 ◦C) [29]. However, if
infected larvae are heated at 37 ◦C for 3–5 days, they can infect cattle without the required
3–5 days of feeding [30]. For B. bigemina, it is known that temperature affects transovarial
infection rates, with the highest infection in eggs being between 26 ◦C and 30 ◦C [31]. These
studies were conducted a long time ago in laboratory conditions. Unfortunately, studies
on the climate change, the pathogen transmission and its impact on animal health have
been neglected.

Basic modelling of the expected distribution of R. microplus in the Nearctic-Neotropics
was first done in 1999 [32]. Efforts to discern how the climate trends and land use were
involved in the spread of the tick were later addressed [6,22,33]. However, these studies
did not include the impact of a changing climate on the potential hosts for the tick, which
are necessary for the establishment of permanent populations (see below). Other models
improved the assessment of the mortality and development rates of R. microplus, providing
an estimation of the seasonality of the tick populations, and therefore a tool to predict the
“waves” of questing larvae [34].

The ecological studies of the off-host dynamics of R. microplus provide a significant
and solid framework for the application of pasture vacancy as a tool for tick control as
complement to the chemical control. In fact, pasture spelling is a feasible alternative to
minimizing the annual frequency of acaricides applications. Pasture spelling controls
ticks by denying host access to free-living larvae that will then die from starvation and
desiccation. The determination of the spelling periods required to achieve significant
control of R. microplus in different periods of the year at a particular area is the basic
knowledge necessary to apply this method. In this sense, there are studies in the Neotropics
that already addressed this subject and raised proposals on the adequate application of
these methods at different latitudes [8,19,21,35–37]. Additionally, some models have been
developed to infer the impact of different management methods to achieve a maximum
mortality of questing larvae in the grass, thus “cleaning” the pasture [38,39]. However,
pasture spelling has drawbacks because of differences in the use of food resources. Thus,
it is convenient to incorporate knowledge about forage availability before the application
of modeling methods. In addition, it must be kept in mind that pasture vacancy means
additional costs to feed cattle, which is unbearable for small producers, and it should be
kept to periods as short as possible to be cost effective.

The models already developed for the life cycle of R. microplus estimate either its
expected range under various sets of environmental conditions or to provide an estimation
of its mortality and/or duration of the incubation. Details on seasonality have been
indirectly obtained from these models (i.e., 5, 34, 38–39). A meta-study of the modelling
approaches developed for boophilid ticks is available [40]. There are, however, additional
approaches called physiological models which were developed for epidemiological studies
involving insects like mosquitoes [41,42]. A physiological model estimates the energy
consumption of the target organism across a range of weather conditions. It is thus feasible
to gain knowledge on the true impact of a gradient of weather variables to finely tune the
modeling of a species. As mentioned, we are aware of only one similar approach [38] that
has been used for further improvements of models for R. microplus. Figure 2 synthetizes
how some microclimate features may affect the questing of the larvae of R. microplus.
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Figure 2. The relationships between macro- and microclimate features affecting the development of
eggs, survival, and activity of the questing ticks. For an optimal questing, ticks must climb on top of
the vegetation; however, keeping this position for a long time produces losses of water, pushing the
tick to the base of the vegetation to retake water vapor and rehydrate. A wet climate will enlarge
the questing periods of the tick, resulting in a higher risk for grazing cattle. Also, wet conditions
improve the survival of the ticks. The figure schematizes three different conditions that occur in parts
of the Neotropics, regarding the photoperiod (short or long), the temperature (warm or cold) and
the rainfall-relative humidity (high or low) and how they affect the quiescence or questing of larvae
within the vegetation.

3. The Wildlife as Competent Hosts of R. microplus

It was taken for granted that cattle and other livestock, like horses and donkeys,
were the only hosts for R. microplus, but studies have demonstrated that other native or
introduced ungulates may feed this tick [43]. The white-tailed deer, Odocoileus virginianus,
has been repeatedly reported as an important host for the cattle tick, at least in large areas
of the USA and Mexico [44], and the history of its involvement in the eradication campaign
has been addressed [43] (Figure 3).

However, this is not the only wild host for the tick, since up to 40 species of mammals
and birds from which bona fide records of the cattle tick exist, although there is no informa-
tion on the competence of most of them to sustain tick development and reproduction [45].
In other words, domestic cattle are the most important hosts for R. microplus (and most
of the times the only one) in the target region. Under special circumstances and for some
sites, wild ungulates may take a secondary role keeping permanent populations of the tick
or by introducing R. microplus in tick free areas with suitable ecological conditions for the
tick. The tick has been found on up to six species of wild Cervidae with different ranges
and habits. For example, it has been reported that both O. virginianus and Mazama temana
may be hosts for the cattle tick in Mexico [46], with a prevalence of 28% and an intensity
of 25.2 ticks/animal. The density of wildlife in some grazing areas may contribute to the
support of large populations of R. microplus, even if an adequate anti-parasitic management
of livestock is carried out [47,48].

Rhipicephalus microplus was observed to parasitize the Marsh deer (Blastocerus dichoto-
mus) under natural conditions with an increasing prevalence (up to 100%) under conditions
of natural habitat degradation in Brazil [49], and it was demonstrated that captive Marsh
deer may sustain cattle tick populations on its own [50]. In Brazil, the pampas deer,
Ozotoceros bezoarticus, showed higher values of abundance, intensity, and prevalence of
R. microplus than cattle. It also demonstrated the ability to maintain populations of this
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tick [51]. Molecular studies indicate that O. bezoarticus is coinfected by different hemopara-
sites, including B. bovis, B. bigemina, and A. marginale [52]. In tropical areas of the American
continent, water buffalo (Bubalus bubalis) has become established as a species raised and
bred for its meat and milk but especially for its resistance to parasites and humid condi-
tions. Although water buffaloes could sustain R. microplus populations, they have a higher
resistance to R. microplus infestation than that of the bovine host [53]. Thus, buffaloes could
help to reduce the frequency of annual acaricide treatments if they are bred in rotational
regimes of paddocks also grazed by cattle.
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Figure 3. The concept of the heterogeneity of the communities of wild vertebrates influencing the
prevalence of R. microplus on domestic cattle. (A) Under local conditions a low variability of the
community, in which wild ungulates are prevalent and may act as hosts of the tick, may distract ticks
from the cattle farming areas and also contribute to keeping a permanent population of ticks. (B) a
high variability of the community, with few alternative hosts, may promote a lower pressure of ticks
because they contribute little to the feeding of the tick. Of note, there is compelling evidence that
livestock is the most important (or most of the times, the only) host for R. microplus but under some
circumstances, wild ungulates may have a role for which adequate information does not exist. We
claim the need to observe in the field the composition of the wildlife communities, the movements of
the different species across the landscape, and their contribution to the feeding of the tick.

Communities of vertebrates are taxonomic assemblages at the large spatial scale. A
community thus represents the combination and relative proportions of vertebrate species
(hosts and non-hosts for the tick) occurring in a territory. Such relative composition depends
on landscape features promoting adequate food and shelter, predators and/or competitors,
and the climate preferences of each species. The wild ungulates may be dominant in some
communities; in others their presence may be purely testimonial. Both conditions may
have different impacts, not yet quantified, on the spread of populations of R. microplus in
sites where domestic cattle is absent, or diverting ticks form the livestock. The point is
that either climate trends or the promotion of farming for hunting species of introduced
ungulates could promote changes in the composition of communities that share the habitat
with R. microplus [6]. It has been demonstrated that these ungulates commonly used in the
southern USA for hunting can support permanent populations of R. microplus [47,48,54].
Further research on the role of exotic wild ungulates in the spread of R. microplus ticks at
local scale are clearly needed.
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4. The Landscape and Its Impact on R. microplus

The term “landscape” has been classically used in the scientific literature with two
different meanings when applied to the ecology of ticks. One of these connotations refers
to the vegetal species composition of a target region. The vegetal cover may influence
the prevailing climate, resulting in what is known as the microclimate (Figure 3); such a
microclimate is the set of environmental conditions that provide the niche for R. microplus
for female oviposition, egg hatching, and larval questing. To note, vegetal composition
may also affect the cattle stocking rates of the site or the attractiveness of the site to wild
ungulates, both influencing the abundance of ticks in the site. The second meaning of
“landscape” refers to the disposition of the mosaic of habitat/non habitat for the tick,
mostly referring to individual patches favoring tick survival and questing. The patches
of suitable habitat may be linked by “corridors” or preferred routes of movements of the
herds of either livestock or wildlife. In any case, the landscape is affected by the dominant
climate and the human actions on the vegetal cover (i.e., the massive deforestation for
farming). In this sense, the suitability of areas for the permanent establishment of R.
microplus considering both the climatic and soil suitability for the ticks and the availability
of grazing cattle have been analyzed and modeled [21,33]. The size and distance among
landscape patches and the existence of “preferred” corridors for hosts were demonstrated
to influence the density of ticks by comparing a model of the landscape traits with actual
questing densities obtained from field surveys of the European tick Ixodes ricinus [55,56].
The concept, incorporating tools such as cellular automata, was applied to the probability
of importation of R. microplus into the southern USA by the white-tailed deer [57]. Such
earlier studies demonstrated that the sites with high probability of breaking the quarantine
line in southern Texas have a mathematical definition given by the relationships between
the spatial arrangement of the landscape patches and the movements of the vertebrates
throughout. These results were supported soon after by actual records of R. microplus in
Zapata Co., Star Co. or Webb Co. in southern Texas [47]. We would like to encourage
further efforts on similar field studies focused on R. microplus, since those are of pivotal
importance for a sustainable and economically adequate tick control.

On the other hand, human actions account for an unprecedented impact on the changes
of the vegetal cover, at least in large areas of Brazil or Ecuador [58], reporting substantial
changes on the pattern of precipitations [59] or on the complete atmospheric circulation [60].
Substantial areas of the Amazonian rain forest (Figure 4) or the “Cerrado” forest are being
deforested for farming in a considerable number of sites in Brazil.

A dedicated web site hosts satellite-derived data showing the annual proportion of de-
forested areas in the area (PRODES deforestation rate data available at http://terrabrasilis.
dpi.inpe.br/ accessed on 12 June 2022). Regarding its impact on R. microplus, the process of
deforestation may produce (i) an increase of available habitat for the tick, (ii) an increase of
the habitat fragmentation (forest/pasture/other combinations), and (iii) the availability of
suitable hosts for the tick. In this sense, a relevant factor that contributes to the increase the
habitat suitability for R. microplus is the replacement of native forest by exotic grasses used
as livestock forage, which can potentially increase tick abundance not necessarily by the
modification of microclimatic conditions but rather by increasing the tick-host encounter
rate, because this type of pasture allows a higher stocking rate (cows/ha) than the forested
areas [20,61]. The introduction of R. microplus in these deforested areas could happen
trough cattle trading

http://terrabrasilis.dpi.inpe.br/
http://terrabrasilis.dpi.inpe.br/
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Figure 4. Two actual examples of the deforestation rate of the Amazonian rain forest in Brazil, as
captured by satellite images. (A) the unaltered rain forest, around the year 2000. (B) the deforested
rain forest in the same area as before, around the year 2010, showing in the middle of the image
large areas without the natural forest, and devoted to grazing, soybean, and sugar cane cultures.
Original NASA Earth Observatory images prepared by Lauren Dauphin, using Landsat data from
the U.S. Geological Survey (available at http://earthexplorer.usgs.gov/ (accessed on 15 September
2022)), MODIS data from NASA EOSDIS/LANCE and GIBS/Worldview (available https://earthdata.
nasa.gov/ (accessed on 15 September 2022)) and forest loss data from the University of Maryland
(available at http://earthenginepartners.appspot.com/science-2013-global-forest (accessed on 15
September 2022)). The PRODES data on deforestation rate data were obtained from INPE (http:
//terrabrasilis.dpi.inpe.br/ (accessed on 15 September 2022)). The original comments on these images
were done by Adam Voiland (https://earthobservatory.nasa.gov/about/adam-voiland (accessed on
15 September 2022)).

5. Basics and Future of an Immunological Control of R. microplus

Vaccines are the most sustainable and safe alternative to the use of chemical acaricides
for the control of tick infestations. The only vaccines registered and commercialized for the
control of ectoparasite infestations were effective for the control of cattle tick infestations
while reducing the use of acaracides (TickGard, Elders, Adelaide, Australia and Gavac,
Havana, Cuba [62]). These vaccines based on the R. microplus Bm86 antigen were designed
to develop an antibody response in vaccinated cattle affecting tick feeding, development,
and reproduction [63]. In this way, vaccinations resulted in the reduction of tick populations
while reducing the use of acaricides over time. These vaccines demonstrated the possibility
of developing effective interventions for the immunological control of tick infestations,
and further studies were conducted for the identification of more effective antigens for the
control of both tick infestations and pathogen infection and transmission [64,65]. However,
tick vaccines may by effective only under some conditions, and territories associated with
host, environment, tick derived factors and human performance. From these studies we
learned that country and host-driven approaches are needed for the effective control of
cattle tick infestations [66].

We support that an effective control of cattle tick infestations can be achieved with
integrated approaches combining different control interventions including a combination
of synthetic and natural acaricides, environmentally sustainable management (e.g., pasture
vacation and adoption of cattle with a high grade of resistance to ticks) and vaccines with
country and host-driven approaches for cattle tick control. Additionally, ongoing and

http://earthexplorer.usgs.gov/
https://earthdata.nasa.gov/
https://earthdata.nasa.gov/
http://earthenginepartners.appspot.com/science-2013-global-forest
http://terrabrasilis.dpi.inpe.br/
http://terrabrasilis.dpi.inpe.br/
https://earthobservatory.nasa.gov/about/adam-voiland
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future research should approach other alternatives for the control of tick infestations and
tick-borne diseases including (i) the application of omics technologies in combination with
Big Data analytics and machine learning for the most efficient identification of tick and
pathogen derived protective antigens [67]; (ii) quantum vaccinomics for the identification
and combination of protective epitopes or immunological quantum to increase vaccine
efficacy [68,69]; (iii) the application of new vaccine platforms such as DNA, RNA, virus-
like particles, nanoparticles, multiantigenic and oral vaccine formulations for improving
immune response to vaccination [70–72]; (iv) including in vaccine formulations other
biomolecules such as glycan modifications in lipids and proteins, inactivated bacterial
components and tick gut microbiota-derived bacteria to boost antigen-specific and non-
specific immunity [73]; (v) paratransgenesis using gene editing by RNA interference and
the latest bacterial type II Clustered Regularly Interspaced Short Palindromic Repeats
and the associated protein 9 system (CRISPR-Cas9) [74], among other multidisciplinary
approaches [75].

6. The Impact of Tick-Resistant Cattle

The control of R. microplus is based almost exclusively on the application of synthetic
chemical acaricides, but this method, as mentioned above, has relevant drawbacks as
the emergence of resistance and the accumulation of chemical residues in meat or milk.
The incorporation of tick resistant cattle is a feasible tool to reduce the annual frequency
of acaricide treatments. The genetic basis of host response variation to tick infestation
within and between breeds is a widely known phenomenon [76–86]. In this sense, Bos
indicus cattle are generally considered to be more resistant to ticks than Bos taurus breeds,
and particular breeds from Africa (e.g., Afrikander, Nguni and N’Dama) and America
(e.g., Colombian Creole breed Romosinuano, Brazilian Creole Lageano, Argentine Creole
Cattle) have also shown high levels of resistance to ticks [77,78,81,83,85,86]. Because the
tick burden diminishes with the increasing percentage of B. indicus genes in synthetic cattle
breeds, the incorporation of more resistant cattle to tick infestations should be considered
in areas infested with R. microplus where British breeds of cattle are still dominant, or
cattle with a dominant composition of British genes, which are highly susceptible to R.
microplus infestations. Furthermore, within the framework of an integrated control program,
besides the increase of tick resistant genetics in a cattle herd, there is a need to evaluate the
incorporation of resistant breeds that graze with highly susceptible cattle.

7. Conclusions

We provide a view of the several traits behind the ecology of the tick R. microplus,
with a focus on an efficient and ecologically sustainable control. The use of vacant pasture
or the timing for application of acaricides or vaccination depend mainly on the changing
climate. Therefore, the development of better modeling approaches (based on physiological
models) and a friendly user interface should be a pivotal point in the attempts at reducing
its abundance or even its eradication. Given the tendency of the tick to develop resistance
to the acaricides, the development of suitable and feasible vaccination programs should
be a central aim deeply integrated with the ecological know how. A central aspect for R
microplus tick control is the human being in charge at the cattle breeding farm. Tick control
is among several routine tasks of a farm and, inevitably, rapid solutions are expected from a
problem that has an ecological background and an extended tempo. Tick control solutions
must be embedded in the farm’s routine, be cost-effective and ideally be able to provide, if
not total, at least some relief immediately. Tick control procedures must be delivered with
precise and objective guidelines and, when possible, with immediate effects. Otherwise,
the indiscriminate and increasingly less efficient use of acaricides will persist with all its
deleterious effects on animal, public and environmental health.

The gain of ecological knowledge aiming to the integrated control of R. microplus
requires an interdisciplinary methodology. We can foresee a fruitful field of research using
a transversal approach that incorporates environmental features and distribution modeling,
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rates of change of the abiotic niche as recorded by satellites, and the inclusion of cattle
density (or a proxy) as further variables. The communities of possible hosts and the use of
different strains of cattle in farming are important features in that transversal perspective.
Such modeling approach including weather variables, habitat features, the use of soil,
and the impact of deforestation has never been addressed for R. microplus to the best of
our knowledge.
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