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Abstract

Cattle ticks are among the most economically important ectoparasites aff ecting livestock production worldwide, causing substantial economic losses 
through reduced weight gain, decreased milk yield, hide damage, and the transmission of tick-borne diseases, including babesiosis and anaplasmosis. For 
decades, chemical acaricides have been the cornerstone of tick control programs because of their effi  cacy and ease of application. However, their extensive 
and often indiscriminate use has driven the widespread development of acaricide resistance in several tick species, particularly the cattle tick Rhipicephalus 
(Boophilus) microplus. Resistance to the major classes of acaricides, including organophosphates, synthetic pyrethroids, amidines, macrocyclic lactones, 
and phenylpyrazoles, has increased production costs, reduced treatment effi  cacy, and raised signifi cant environmental and public health concerns owing to 
chemical residues and ecological contamination. These challenges underscore the urgent need for sustainable and integrated tick management strategies.

Anti-tick vaccines have emerged as a promising biological alternative to chemical control by inducing host immune responses against key tick antigens, 
thereby reducing tick attachment, blood feeding, reproductive fi tness, and pathogen transmission. Commercial vaccines based on the Bm86 antigen have 
demonstrated variable levels of protection across diff erent geographical regions and tick populations. More recently, advances in molecular biology and omics 
technologies, including vaccinomics and vaccinomics-guided antigen discovery, have accelerated the identifi cation of novel vaccine candidates with the 
potential to provide broader and more eff ective protection. Nevertheless, vaccination alone is unlikely to eliminate tick infestations and should therefore be 
implemented as a component of an integrated tick management strategy.

Sustainable control of cattle ticks requires a multifaceted approach that integrates the strategic use of acaricides, anti-tick vaccination, biological control, 
pasture management, host genetic resistance, and routine surveillance of acaricide resistance. Such integrated tick management strategies reduce selection 
pressure for resistance, improve animal health and productivity, minimize environmental impacts, and promote sustainable livestock production. Continued 
research aimed at developing next-generation vaccines and innovative resistance management approaches will be critical for achieving eff ective, durable, and 
environmentally sustainable control of cattle ticks worldwide.
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Introduction 

Ticks are among the most important vectors of pathogens 
affecting both wild and domestic animals, transmitting a 
wide range of infectious agents that cause diseases of major 
veterinary and public health importance [1]. Among these, the 
cattle tick Rhipicephalus microplus is one of the most economically 
signifi cant ectoparasites of livestock. It is widely distributed 
throughout tropical and subtropical regions, where it causes 
substantial production losses through direct blood feeding 
and by transmitting pathogens responsible for economically 
important diseases such as babesiosis and anaplasmosis [2,3].

The control of R. microplus remains a major challenge, 
particularly in emerging economies across Latin America, 
where livestock production represents a critical component 
of agricultural development. Chemical acaricides have long 
been the primary method for tick control because of their high 
effi cacy and ease of application [4]. However, the intensive 
and often indiscriminate use of these compounds, together 
with the remarkable adaptive capacity of tick populations, has 
driven the widespread emergence of resistance to multiple 
acaricide classes [5]. In many regions, multidrug-resistant 
tick populations have become increasingly prevalent, reducing 
the effectiveness of conventional control programs. Moreover, 
excessive acaricide use has generated important environmental 
and public health concerns, including soil and groundwater 
contamination, adverse effects on non-target arthropods, and 
chemical residues in animal-derived products such as milk and 
meat intended for human consumption [6].

The rapid evolution of acaricide resistance has highlighted 
the limitations of relying exclusively on chemical control. In 
particular, the repeated use of commercial acaricide mixtures 
has accelerated the selection of multidrug-resistant tick 
populations [5]. Consequently, the effective lifespan of several 
acaricide compounds has been markedly reduced in some 
regions of northern Mexico, where they no longer provide 
satisfactory tick control. These limitations have stimulated the 
search for sustainable alternatives, including the identifi cation 
of novel immunogenic molecules for the development of anti-
tick vaccines [7].

Recent advances in omics technologies, including 
bioinformatics, genomics, transcriptomics, proteomics, and 
vaccinomics, have accelerated the discovery of novel vaccine 
candidates with the potential to provide broader and more 
durable protection against cattle ticks [8-10]. Nevertheless, 
vaccination alone is unlikely to eliminate tick infestations. 
Effective and sustainable control requires an integrated 
management strategy that combines the strategic use of 
acaricides, anti-tick vaccination, biological control agents, 
pasture management, host genetic resistance, and continuous 
surveillance of acaricide resistance [4,11]. Such integrated 
tick management programs reduce selection pressure for 
acaricide resistance, improve animal health and productivity, 
minimize environmental impacts, and enhance the long-term 
sustainability of livestock production [12,13]. Future research 
should prioritize the development of next-generation vaccines, 

rapid diagnostic tools for resistance monitoring, and precision-
based tick control strategies to ensure effective, sustainable, 
and environmentally responsible management of cattle ticks 
[9,14].

The implementation of integrated pest management 
programs can substantially reduce tick population densities 
and consequently decrease the incidence and mortality 
associated with tick-borne diseases, including babesiosis and 
anaplasmosis [15]. By integrating complementary control 
measures, these programs contribute to the development of 
a more sustainable and environmentally responsible livestock 
industry while promoting the production of safe, high-quality 
animal-derived food products with reduced chemical residues 
[16].

The primary objective of this review is to present a 
proposal with the intention that it may serve as a platform for 
future consideration for the development of Integrated Tick 
management programs as a strategy to address the problem of 
tick control. This is particularly important because more than 
50% of the national territory is infested with the cattle tick, 
Rhipicephalus microplus. 

A systematic review of the literature was conducted to 
analyze and strengthen the concept of a potential solution 
based on a comprehensive integrated vaccination strategy 
aimed at reducing not only tick populations, but also the use of 
acaricides, environmental impact, vector-borne diseases, and 
promotion of safe food production in Mexico. 

The literature review was conducted using the following 
inclusion criteria: technical and scientifi c documents published 
in indexed journals, FAO reports, or publications directly 
related to the subject of this manuscript. The search was 
performed using the keywords “tick vaccines” and “integrated 
tick control”, with preference given to recent publications. In 
addition, presentations delivered by members of the research 
group at national conferences in Mexico were included when 
relevant.

Biological and Economic Importance of Rhipicepha-
lus microplus

The cattle tick R. microplus is a one-host tick whose entire 
parasitic life cycle is completed on a single bovine host. 
Following attachment, the larval, nymphal, and adult stages 
develop sequentially on the same animal. After engorgement, 
adult females detach from the host and oviposit in the 
environment, where eggs hatch into larvae that actively seek 
a new host to initiate the next parasitic cycle. This highly 
effi cient life cycle enables rapid population growth under 
favorable environmental conditions (Figure 1) [2,17].

R. microplus is one of the most economically important 
ectoparasites of cattle worldwide. Infestations reduce meat and 
milk production, impair fertility and reproductive performance, 
damage hides and consequently reduce leather quality, and 
increase production costs associated with tick control and the 
treatment of tick-borne diseases. In addition, R. microplus is the 
principal vector of pathogens responsible for bovine babesiosis 
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and anaplasmosis, diseases that impose substantial economic 
losses on the livestock industry [12,18,19]. The impact of tick 
infestations is particularly severe in developing countries, 
where livestock production represents a major source of 
income, food security, and rural livelihoods [1,9].

Acaricides resistance and anti-tick vaccines

Ticks and tick-borne diseases represent a major global 
challenge for animal health, livestock production, and food 
security. The expansion of international trade, globalization 

of livestock production systems, and increased movement 
of animals and animal-derived products have facilitated 
the dissemination of ticks and tick-borne pathogens across 
geographical regions, increasing the risk of disease emergence 
and transboundary transmission [20].

Chemical acaricides remain the primary tool for controlling 
tick infestations; as a consequence, their intensive and often 
indiscriminate use has driven the widespread emergence 
of resistance to multiple classes of commercially available 
acaricides, compromising the effectiveness of conventional 
tick control programs [11,21]. The increasing prevalence of 
multidrug-resistant tick populations has intensifi ed the 
search for sustainable alternatives that reduce reliance on 
chemical control while maintaining effective suppression of 
tick infestations. 

At this point, it is important to review how a vaccination-
based control strategy can help to delay or mitigate the 
development of acaricide resistance. Acaricides are widely used 
to control ticks and other arthropod pests in agriculture and 
livestock production. However, their extensive use is associated 
with adverse effects on animal and human health, as well as 
environmental contamination and food safety concerns, due 
to their residual toxicity and diverse mechanisms of action 
[11]. Some acaricide classes, particularly organophosphates 
and carbamates, inhibit acetylcholinesterase and can be highly 
toxic to humans and wildlife because they target the nervous 
system [22].

As discussed above, the primary role of anti-tick vaccines 
is to reduce the reliance on chemical acaricides and thereby 
mitigate or delay the emergence of acaricide resistance [8]. One 
of the most signifi cant benefi ts of vaccination is the substantial 
reduction in the number of acaricide applications, from 14 to 
2.8 annual treatments (Table 2); this reduction decreases the 
selection pressure exerted on tick populations, thereby slowing 
the evolution and spread of acaricide-resistant individuals.

Consequently, considerable research efforts in Mexico 
and worldwide have focused on identifying novel tick control 
strategies, including plant-derived compounds with acaricidal 
activity [23] and recombinant antigens for the development 
of anti-tick vaccines targeting Rhipicephalus microplus [24]. 
Vaccination has emerged as a promising and environmentally 
sustainable approach for controlling cattle ticks by improving 
animal health, reducing dependence on chemical acaricides, 
minimizing environmental contamination, and promoting the 
production of safe animal-derived food products with minimal 
chemical residues [25].

The discovery of novel protective antigens has been greatly 
accelerated by advances in Molecular Biology and high-
throughput ‘omics’ technologies, particularly bioinformatics, 
functional genomics, transcriptomics, proteomics, and reverse 
vaccinology [26]. In R. microplus, the integration of these 
multidisciplinary approaches has transformed vaccine discovery 
by enabling genome-wide identifi cation and characterization 
of protective candidate antigens. These advances have not only 
expanded the repertoire of vaccine candidates but have also 

Figure 1: Life cycle of the cattle tick R. microplus. This species has a one-host life cycle 
in which the larval, nymphal, and adult stages develop on a single bovine host. After 
engorgement, adult females detach from the host to oviposit in the environment. Eggs 
subsequently hatch into larvae that actively seek a new host, thereby initiating a new 
parasitic cycle (Image generated by AI). image, Complete section of the pancreas body.

Figure 2: Schematic overview of the reverse vaccinology pipeline for the development 
of anti-tick vaccines in the post-genomic era. Advances in genomics have enabled 
genome-wide approaches for the identifi cation and evaluation of protective antigens 
from organisms of veterinary and medical importance. The workfl ow includes: (A) data 
mining for the identifi cation of candidate protective tick antigens; (B) bioinformatic 
prediction and selection of immunogenic antigens; (C) gene cloning and recombinant 
protein expression; (D) vaccine formulation using recombinant proteins and adjuvants; 
(E) preclinical evaluation; (F) cattle vaccination followed by experimental tick larval 
challenge; (G) vaccine dose optimization; (H) fi eld trials to evaluate effi  cacy under natural 
conditions; and (I) regulatory approval and commercialization. Figures generated using 
artifi cial intelligence (AI) and assembled by F.R.D.
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facilitated the development of innovative diagnostic tools and 
next-generation recombinant vaccines with the potential to 
improve the long-term control of cattle tick infestations [27].

Collectively, these advances have established anti-tick 
vaccination as a key component of integrated tick management 
strategies, complementing chemical, biological, and genetic control 
approaches to achieve sustainable control of R. microplus. 

Historical development of anti-tick vaccines

During the pre-genomic era, vaccine development 
relied primarily on the use of live, attenuated, or inactivated 
pathogens, as well as subunit vaccines produced from proteins 
purifi ed from whole-organism extracts [28]. These subunit 
formulations often contained one or more antigenic proteins 
capable of eliciting protective immune responses. A critical step 
in the development of such vaccines was the identifi cation and 
purifi cation of immunoprotective antigens while eliminating 
non-protective or irrelevant components. To be considered a 
suitable vaccine candidate, an antigen must induce an immune 
response capable of impairing the survival, development, 
feeding, or reproductive fi tness of the target pathogen or 
parasite following subsequent exposure [29].

The traditional empirical approach to subunit vaccine 
development involves several sequential steps: (i) culturing or 
obtaining suffi cient quantities of the target parasite, pathogen, 
or pest; (ii) isolating and characterizing its molecular 
components; (iii) identifying and purifying antigens with 
desirable immunogenic properties; and (iv) evaluating their 
protective effi cacy through experimental challenge studies in 
an appropriate animal model [30,31]. Although this strategy 
has led to the successful development of several vaccines, it 
is labor-intensive, time-consuming, and highly dependent on 
the availability of suffi cient biological material.

Moreover, the empirical approach presents several inherent 
limitations. The identifi cation and purifi cation of antigens 
with optimal immunoprotective properties are technically 
challenging, particularly for organisms that cannot be readily 
cultured or maintained under laboratory conditions, thereby 

restricting vaccine production and antigen discovery [32]. In 
addition, the most abundant proteins are not necessarily the 
most protective, and antigen expression profi les may differ 
substantially between organisms grown in vitro and those 
developing under natural infection conditions. Consequently, 
potentially relevant protective antigens may be overlooked 
using conventional protein-based discovery approaches. 
Although these limitations are less pronounced in ticks than 
in many microbial pathogens, they nevertheless underscore 
the need for more comprehensive antigen discovery strategies 
based on genomics, transcriptomics, proteomics, and reverse 
vaccinology [33].

From reverse vaccines to an integrated management 
program

The post-genomic era has transformed pathogen research 
by enabling genome-wide approaches for the identifi cation of 
targets relevant to human and veterinary health. Among these, 
reverse vaccinology has emerged as a powerful strategy that 
exploits genomic sequence data deposited in public databases to 
identify candidate vaccine antigens through in silico analyses, 
thereby accelerating vaccine discovery [26,1].

The identifi cation of novel vaccine candidates typically 
begins with the in silico analysis of genomic data from the 
organism of interest. Using specialized bioinformatics tools, 
protein-coding genes can be functionally annotated and 
screened to predict antigenic sequences with potential for 
vaccine development [34]. Candidate genes are subsequently 
amplifi ed by polymerase chain reaction (PCR), an in vitro 
nucleic acid amplifi cation technique widely used for molecular 
cloning, recombinant protein expression, and downstream 
experimental validation. PCR products derived from genomic 
DNA or cDNA templates are cloned into appropriate expression 
vectors, which are selected according to the objectives of the 
study and the intended expression system.

A major advantage of this strategy is that it circumvents 
the need to culture or maintain the pathogen during the 
initial stages of antigen discovery, substantially reducing the 
time, labor, and cost associated with conventional vaccine 

Table 1: Eff ect of immunization on the reproductive parameters (average tick weight and egg mass) of the cattle tick Rhipicephalus microplus in an immunization trial conducted in Rio 
Chiquito Ranch at Coyuca de Benítez, Guerrero, on the Pacifi c coast of Guerrero State, Mexico [46]. Ticks were collected and individually weighed in order to assess the vaccination eff ect 
on egg mass reduction.  

Effect of immunization on the tick reproductive parameters

Group Tick weight 
(mg)

Egg mass/Tick
(mg) Reproductive index Egg mass reduction

Vaccinated 25.85±8 1.62 mg 0.062 86%

unvaccinated 166±17 73±14 mg 0.4397

Table 2: Results of a survey conducted among cattle producers in Coyuca de Benítez, Guerrero, Mexico, evaluating the impact of an Integrated Pest Management (IPM) program on 
tick control practices across 15 ranches (587 animals were immunized, and approximately 40 were used as non-immunized controls). Implementation of the IPM reduced the annual 
number of acaricide applications from 14 to 2.8 and decreased tick control costs, resulting in an overall reduction in cattle production costs of up to 83%. These estimates do not 
include the costs associated with immunization or cattle mortality attributable to tick-borne pathogens [47].

Economic Impact of an Integrated Pest Management (IPM) Program on Tick Control Practices.

Groups  Acaricide applications/year Interval of acaricide applications Annual cost of tick control/Animal
Overall cost reduction of 

acaricides

Immunized 2.8 155 days $2,665.00 MX 83%

Un-immunized 14 27 days $15,978.00MX
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development. Nevertheless, the success of reverse vaccinology 
depends largely on the accuracy of computational algorithms 
used to predict antigenic epitopes [35]. Despite continuous 
improvements in bioinformatics, antigen prediction remains 
challenging because proteins with similar structural 
or functional properties may exhibit limited sequence 
conservation. Conversely, antigenic epitopes may be encoded 
by subtle sequence features that cannot be identifi ed through 
sequence similarity searches alone, limiting the discovery 
of novel vaccine candidates with no detectable homology to 
previously characterized antigens [36]. Ongoing advances in 
comparative genomics, structural bioinformatics, and machine 
learning-based prediction algorithms are progressively 
overcoming these limitations, thereby improving the accuracy 
and effi ciency of reverse vaccinology pipelines.

Perspectives of anti-tick vaccines

The development of vaccines against ticks represents 
a promising and sustainable strategy for tick control, 
offering an effective alternative to conventional acaricide-
based approaches. Anti-tick vaccines have the potential to 
improve animal health and welfare, reduce environmental 
contamination associated with acaricide use, decrease the 
incidence of tick-borne diseases, and enhance the safety and 
sustainability of cattle production systems [5,6].

Historically, efforts to identify protective tick antigens 
have focused primarily on proteins involved in the host–
parasite interface. Many of these antigens have recently been 
rediscovered through proteomic analyses of tick saliva, which 
have provided valuable insights into the molecular mechanisms 
governing tick feeding and host immune modulation 
[37]. However, although these studies have improved our 
understanding of tick–host interactions, the identifi cation of 
biologically relevant molecules has not consistently translated 
into the discovery of protective antigens. Natural tick 
infestations generally induce detectable immunity only after 
repeated, heavy exposure, and the resulting immune response 
provides limited protection against subsequent infestations.

To date, the greatest success in anti-tick vaccine 
development has been achieved using concealed antigens 
derived from the tick midgut, particularly membrane-
associated proteins expressed by intestinal epithelial cells. The 
best-known examples are the commercial vaccines TickGARD 
and Gavac, both based on homologous variants of the Bm86 
antigen identifi ed from Australian and Cuban strains of 
Rhipicephalus microplus, respectively [38-40]. In Argentina, 
a closely related variant, designated Bm95, was developed 
to improve vaccine performance against tick populations 
that exhibited reduced susceptibility to immunization 
with the original Bm86-based vaccine [41,42]. Subsequent 
investigations demonstrated that these differences in vaccine 
effi cacy were associated with polymorphisms within the Bm86 
gene, highlighting the infl uence of antigenic diversity on 
vaccine performance [42,43].

Initial studies suggested that Bm95 represents a broadly 
protective antigen capable of overcoming the limitations of 

Bm86-based vaccines across genetically diverse tick populations 
[44,45]. However, subsequent molecular analyses demonstrated 
that the improved effi cacy was primarily attributable to the use 
of a native antigen closely matched to the circulating local tick 
population. Comparative sequence analyses confi rmed that 
Bm95 and Bm86 are allelic variants of the same gene, differing 
only by naturally occurring polymorphisms [44,31]. These 
fi ndings emphasize the importance of accounting for antigenic 
diversity among geographically distinct tick populations, as 
sequence variation can substantially infl uence vaccine effi cacy. 
Consequently, the development of vaccines based on native or 
region-specifi c antigens may represent an effective strategy 
for maximizing protection against local tick populations.

This concept was supported by a fi eld trial conducted in 
Mexico using a vaccine formulated with a locally derived Bm86 
antigen [46]. Vaccinated cattle exhibited signifi cant reductions 
in tick size, body weight, and reproductive performance 
compared with non-vaccinated controls (Figure 3). Mean tick 
body weight decreased from 166 to 25.85 mg, representing 
an 84% reduction (Table 1 above), whereas total egg mass 
production was reduced by up to 86% (P < 0.05), demonstrating 
a marked impairment of tick reproductive fi tness [46].

Implementation of the vaccination strategy as part of an 
Integrated Pest Management (IPM) program also generated 
substantial economic benefi ts. Surveys conducted before and 
after IPM implementation revealed that the average number 
of acaricide treatments decreased from 14 to 3 applications 
per year, while the interval between acaricide treatments 
increased from 27 to 155 days. Consequently, the annual 
cost of chemical tick control, calculated in Mexican pesos, 
declined from to $15978.00 MX to $2665.00 MX per animal 
(this reduction cost is only due to acaricides costs), by using 
an integrated vaccination strategy (combined chemical control 
and vaccination), corresponding to an overall costs reduction 
on acaricides aplications, of approximately 83% (Table 2 
above) [47]. These fi ndings demonstrate that integrating 
vaccination with conventional tick management strategies can 
substantially reduce acaricide dependence while improving the 
economic sustainability of cattle production.

Figure 3: Comparison of ticks collected from immunized and non-immunized cattle at 
Río Chiquito Ranch, Coyuca de Benítez, Guerrero, Mexico. Cattle were immunized with 
a locally derived Bm86 antigen of R. microplus, originally isolated at Campo Rojo Ranch 
on the Pacifi c coast of Guerrero State, Mexico. Ticks collected from immunized cattle 
exhibited a marked reduction in body size compared with those collected from non-
immunized animals. Photograph courtesy of Dr. Rodrigo Rosario-Cruz.
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Conclusion

Advances in genomics and bioinformatics have enabled the 
exploitation of gene sequences available in public databases 
for the biotechnological development of novel recombinant 
vaccines through genetic engineering, as well as the 
optimization of existing vaccine formulations. Furthermore, 
the development of vaccines based on locally circulating tick 
strains is expected to play a pivotal role in improving the 
effi cacy of integrated pest management (IPM) strategies in the 
near future.

Signifi cant progress has been made in tick vaccine research. 
An increasing number of tick genes have been cloned and 
characterized, and experimental studies have demonstrated 
the potential of antigens such as Bm86, subolesin, ferritin, 
aquaporin, and a growing repertoire of orthologous proteins 
as effective targets for tick control. The continued discovery 
of novel protective antigens suggests that the development 
of next-generation tick vaccines is becoming increasingly 
feasible.

Despite these advances, tick control remains a major 
challenge for governments and the scientifi c community 
in Mexico and worldwide. Anti-tick vaccines are widely 
recognized as a promising, practical, and sustainable 
alternative to conventional acaricide-based control strategies. 
Their implementation has the potential to improve animal 
health, reduce environmental contamination, and protect 
public health by supporting the production of safe animal-
derived food products with minimal acaricide residues.

Furthermore, integrated vaccination strategies and 
complementary tick control measures can substantially 
reduce tick populations and consequently, the transmission 
of tick-borne pathogens. This reduction is expected to lower 
the incidence and mortality associated with diseases such as 
babesiosis and anaplasmosis while supporting sustainable 
livestock production, environmental protection, and food 
safety through decreased reliance on chemical acaricides and 
reduced pesticide residues.
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