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Abstract

The tick Rhipicephalus (Boophilus) microplus (formerly Boophilus microplus) is the major ectoparasite affecting
livestock in America, Asia, Africa, and Oceania. Conventional tick control is based on the use of acaricides but
immunization of bovines with tick gut proteins induces only a partial protective immune response. Based on this
information, distinct research groups have explored the possibility of protecting the animals by inducing an immune
response against other tick proteins. However, the antigens so far described do not induce the necessary protection for
suppressing the use of acaricides. Currently, several groups are engaged in identifying new tick proteins to be used as
targets for the development of new vaccines. This approach focuses on the enhancement of the immunogenicity of
antigens already tested by incorporating new adjuvants or formulations and by searching for new antigens. This paper
reviews the work done by Brazilian researchers to develop a vaccine against this tick.
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Resumo

O carrapato Rhipicephalus (Boophilus) microplus (anteriormente Boophilus microplus) é o principal ectoparasita que
afeta bovinos na América, Asia, Africa e Oceania e o seu controle é tradicionalmente realizado através do uso de acaricidas.
Experimentos de imunizagio com proteinas do carrapato mostram que a resposta imune desenvolvida pelos bovinos
vacinados protege, em parte, os animais do parasitismo. Baseado nessas observagoes, vdrios grupos de pesquisa exploram
a possibilidade de proteger os animais pela indugio de uma resposta imune contra proteinas do carrapato. Entretanto,
os antigenos j4 caracterizados nio asseguram o grau de protecio necessdrio para suprimir o uso de acaricidas. Portanto,
esses grupos de pesquisa estio engajados na tentativa de identificar novas proteinas que possam ser utilizadas para o
desenvolvimento de novas vacinas, as quais possam induzir maior imunogenicidade de que os antigenos j4 testados,
através do uso de novas formulagées e/ou pela incorporagao de adjuvantes. O presente artigo apresenta uma revisao da
literatura sobre os resultados obtidos por pesquisadores brasileiros no desenvolvimento de vacinas contra o carrapato.

Palavras-chave: Boophilus microplus, Rhipicephalus microplus, vacina, carrapato, controle.

Introduction

The tick Rhipicephalus (Boophilus) microplus (formerly
Boophilus microplus) (MURRELL et al., 2003) is a blood-sucking
parasite that transmits Babesia spp. and Anaplasma spp. to cattle
(CAFRUNE et al., 1995). It causes significant economic losses
in tropical and subtropical areas of world. The infestation of bo-
vines by ticks is one of the main causes of low productivity of
grazing cattle in Brazil. The economic impact caused by tick in-
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festations is tens of billions of dollars per year, worldwide. These
enormous economic losses could be minimized by the control
of tick populations down to acceptable levels. Conventional tick
control is based on the use of acaricides (MARTINS et al., 2002).
However, the improper use of these molecules has increased the
incidence of acaricide-resistant ticks (CRAMPTON et al., 1999;
MARTINS et al., 2001; KLAFKE et al., 2006), besides increa-
sing the occurrence of environmental and food contamination.
Together, these problems generate a rising economic and social
demand for new control methods.
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Non-chemical alternative methods include the use of ge-
netically resistant animals (GASPARIN et al., 2007), the
management of pastures, as well as the adoption of both bio-
logical (FRAZZON et al., 2000; BENJAMIN et al., 2002;
FERNANDES et al., 2004; BASSO et al., 2005; BAHIENSE
et al., 2006; LEEMON et al., 2008) and of immunologic con-
trol strategies. However, in these alternative methods, knowled-
ge of bovine immunology, for instance the characterization of
cutaneous hypersensitivity in tick susceptible/resistant bovines
(BECHARA et al., 2000); of the modulation of immune res-
ponses by parasite components (KASHINO et al., 2005) or in-
tensity of tick infestation (CRUZ et al., 2008); of the influence
of host genotypic composition in the induction of an immune
response (CARVALHO et al., 2008), as well as the dynamics
of the tick populations (EVANS et al., 2000; MARTINS et al.,
2002) that occur in each region, are all equally fundamental
factors for the success of control programs. These studies un-
derscore the importance of the characterization of host immune
response for the development of new vaccines and are important
in accelerating the process of bringing tick vaccines from the
development stage to clinical use. Together, biological and im-
munological controls offer considerable potential for reduction
in the use of chemicals in integrated control of ectoparasites.

Vaccines have been used in some countries, although without
solving the problem completely. In this scenario, the use of aca-
ricides is still necessary (PRUETT, 1999). Nevertheless, vaccines
undoubtedly are suitable targets for research efforts aimed at the
control of the parasite. Hence, knowledge of the biology of the
parasite as well as of the interaction of the tick with the vertebra-
te are basic instruments for the formulation and application of
this control method.

We carried out a literature review to characterize the produc-
tion of Brazilian research groups in the development of a vaccine
against R. (B.) microplus. The survey of scientific production in
the period from 2001 to 2008 related to this tick reveals that
efforts of Brazilian researchers represent approximately one fifth
of the world’s scientific output dedicated to the study of the bovi-
ne tick (indexed articles in ISI, using Boophilus as the key word).

Immune Response Against the Tick

The idea of controlling tick parasitism through immunologi-
cal means has been studied for more than 40 years (ROBERTS,
1968; WAGLAND et al., 1985). These studies make clear that
the existence of natural resistance to ticks in bovines is not only
of innate origin, it is also acquired during successive infestations
(ALLEN, 1994; BARRIGA et al., 1995) and resistant animals
can reject 80 to 99% of the larvae (ALLEN, 1994). These obser-
vations are the basis for all the studies aiming at tick control by
means of vaccines. Among the advantages of vaccines is the in-
creased safety for the applicator as well as for the consumer, due
to the fact that it is not necessary to observe a lag period after vac-
cine application, unlike the application of chemical products.

Mechanisms of parasite evasion from the immunological
response already identified in different species of ticks include
immunosuppressor factors, inhibitors of the complement sys-
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tem, T cell cytotoxicity, inflammatory response, and interleukins
(BARRIGA, 1999). Efficiency in preventing the hosts protec-
tion mechanisms has gradually evolved throughout the long pe-
riod of co-evolution of the parasite and its hosts. The host-im-
mune response and the evasion mechanisms (BARRIGA, 1999;
MULENGA et al., 2002) of the parasite are in an extremely fine
balance that allows the survival of both species. Due to the lack of
contact between the concealed antigens and the immune system
of the bovine, the ticks have not had the chance to develop strate-
gies to escape from the immune response against concealed anti-
gens (WILLADSEN etal., 1988), therefore the immune response
against this type of antigen would be, theoretically, more efficient
than a natural immune response (WILLADSEN et al., 1988).

Anti-Tick Vaccines Currently Available

In development of an anti-tick vaccine, two sources of can-
didate vaccine antigens have been characterized: (a) the “expo-
sed” antigens, that is, those present in tick saliva and inoculated
in the bovine during the feeding process; and (b) “concealed”
antigens, which are normally hidden from the bovine immune
response (WILLADSEN et al., 1988). At the moment, there are
two commercially available vaccines (in Australia and in Cuba)
that partially control R. (B.) microplus. Both vaccines are based
on the Bm86 protein. This protein was obtained, initially, throu-
gh the purification of the protein by fractioning the whole tick
using chromatographic methods (WILLADSEN et al., 1988).
The Bm86 is a glycoprotein present in the membrane of gut cells
and it plays a role in endocytosis (WILLADSEN et al., 1989).
The effectiveness of the available vaccines that use a recombinant
Bm86 protein produced in bacteria or yeast varies between 51 and
91%, according to the characteristics of each tick population
and to the nutritional condition of the bovines used in the tests
(KEMP et al., 1989; PENICHET et al., 1994; RODRIGUEZ
et al., 1995; PATARROYO et al., 2002). It was suggested that
the variation in effectiveness observed between different regions
of the world is due to variations in the sequence of the Bm86
between different tick populations (GARCIA-GARCIA et al,,
2000). Indeed, analyses of tick populations from Argentina have
shown polymorphisms in the gene of Bm86 that resulted in a so-
luble protein instead the membrane-bound protein detected in
ticks from Australia and Cuba, which explains why Argentinean
ticks are resistant to vaccination. To overcome this resistance, a
new recombinant vaccine was produced based on the gene of
Bm95 (allele of the Bm86 gene). This new antigen was efficient
to protect bovines from infestations by ticks from Argentina and
Cuba (GARCIA-GARCIA et al., 2000).

Another strategy employed to induce an immune response
against Bm86 was the use of DNA vaccines containing the Bm86
gene. Sheep, mice, and bovines immunized with plasmids enco-
ding for the Bm86 gene produced a humoral immune response,
with production of immunoglobulins, especially IgG-class anti-
bodies, for Bm86 antigen (DE ROSE et al., 1999; RUIZ et al.,
2007). After vaccination, the sheep showed a partial protection
against subsequent tick infestation (DE ROSE et al., 1999).
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Additionally, bovines vaccinated with Bm86 showed varia-
ble levels of resistance against R. (B.) microplus ANDREOTTI,
20006) and against closely related species challenges (FRAGOSO
etal,, 1998; DEVOSetal., 2001; ODONGO etal., 2007). The-
se protection levels reflect the variation between R. (B.) microplus
isolates, and also point to the phylogenetic relationships betwe-
en tick species, indicating that immunologically important epi-
topes are partially conserved (SOSSAI et al., 2005; ODONGO
et al., 2007; ANDREOTTT et al., 2008).

Through the analysis of Bm86 and the evaluation of some
properties of this protein, such as its hydrophobic and hydro-
philic potentials, synthetic peptides derived from this glyco-
protein sequence have been developed. When used as vaccinal
antigens in bovines, these peptides presented effectiveness be-
tween 36 and 81% (PATARROYO et al., 2002). One of the-
se synthetic peptides (SBm7462) was used in an encapsulated
form in polyester microspheres, and also emulsified in saponin.
It was demonstrated that saponin was effective in inducing IgG
antibodies (SALES-JUNIOR et al., 2005). As the amino acid
sequence variability of SBm7462 epitope may affect the perfor-
mance of immunization against ticks, the Bm86 gene coding
region of SBm7462-epitope was sequenced from 20 tick isolates.
The analyses indicated that the SBm7462 gene is conserved in
South American tick populations. The SBm7462 conservation
reported supports the use of this peptide as antigen in a vaccine
against different tick populations (PECONICK et al., 2008).

Potential Candidates for New Vaccines

Knowledge of tick physiology and of bovine immunology
are also limited. So, in order to provide conditions to support
the development of new control strategies, the researcher is faced
with the primary need to understand host-parasite interaction.
Challenges associated with this objective include the understan-
ding of tick physiology and bovine immunology. Various rese-
arch groups are engaged in trying to identify new tick proteins
as targets for the development of new vaccines, and also devote
their efforts to the enhancement of immunogenicity of antigens
already tested, by incorporating new adjuvants or formulations
into the original research IMAMURA et al., 2007).

1. Hemelipoproteins

The protection mechanisms against oxidative damage caused
by the ingestion of great amounts of blood and the mechanisms
to oppose the hemostatic defenses of the host are major elements
of an attractive strategy directed to discover new molecules as po-
tential candidates for the development of an effective vaccine.

Hemoglobin digestion in the tick’s gut is intracellular (AKOV,
1982) and a cisteine-protease seems to be related to hemoglobin
digestion (RENARD et al., 2002). It occurs exclusively inside
large vesicles of the digestive cell of the intestinal tract (LARA
et al., 2005), resulting in the production of high amounts of
heme inside the cell. By testing the hypothesis of the existence of
adaptations by the tick to the toxicity of heme, it was possible to
show that the first defense of the intestine consists in sequestering
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around 90% of the heme from the blood meal into an organelle
dedicated to this function: the hemosome (LARA et al., 2003).
It has been shown that the R. (B.) microplus does not synthesize
heme, using part of the heme ingested in the diet (the remaining
10%) to mount its own hemeproteins (BRAZ et al., 1999). Mo-
reover, R. (B.) microplus is the only animal proven to not synthe-
size heme. Clearly, this demonstrates that this parasite is unique
in many aspects, and inferences based on the knowledge of other
species cannot be made easily. The heme absorbed in the midgut
is transferred to hemolymph and transported by a hemelipopro-
tein — HeLp to the tissues (MAYA-MONTEIRO et al., 2000).
It has been shown that the lipoproteic particle of this protein
plays an antioxidant role against heme-induced radical dama-
ge (MAYA-MONTEIRO et al., 2004). Additionally, the HeLp
protein can be also implicated in the transport of lipids.

It has also been shown that hemoglobin digestion in the di-
gestive tract produces antimicrobial peptides (FOGACA et al.,
1999), revealing an association between the immune system and
the digestive system. Other antimicrobial peptides present in
tick hemolymph have been identified and suggested to play an
essential role for survival and prevention of pathogen invasion

throughout the tick’s body (FOGACA et al., 2004, 2005).

2. Tick heme-binding aspartic proteinase — THAP

In the adult female tick, the main use of blood meal is the
maintenance of the reproductive effort, represented by a mas-
sive production of eggs. Yolk accumulation (vitellogenesis) is a
process in which extraovarian tissues produce proteins precur-
sors that are transported to and accumulated inside the oocytes
(GIORGI et al., 1985; RAIKHEL et al., 1992) in order that
eggs, together with the genetic material, have all the substrates
needed for a complete development of the new living being.

The study of egg protein constituents, the sites in which they
are produced, the way they gather inside the oocyte, as well as
the pathway through which they are mobilized during embryo-
genesis are aspects of a general strategy that will allow, in the
long run, collection of information on the tick reproductive pro-
cess and that will be helpful in finding new targets for vaccines
or for drugs. In this sense, understanding of the steps involved
in egg production and development, the characterization of the
egg’s fragilities, will equally be essential in developing alternative
strategies for tick population control.

Another way to influence the reproductive process lies in
controlling yolk consumption. Enzymes such as phosphatases,
kinases, and proteases, generally acidic and of maternal origin,
are accumulated in the oocytes during vitellogenesis (OLIVEIRA
et al., 1989; RIBOLLA et al., 1993; FIALHO et al., 2005).
They are responsible for yolk degradation (POHL et al., 2008)
and are activated by acidification after the fertilization event
(FAGOTTO, 1995). This entire enzyme repertory could be use-
ful in finding new targets to develop an effective vaccine.

The embryo of R. (B.) microplus is of the long germinal band
type (occupies the entire egg in the blastoderm stage), similarly
to what is observed in diptera, although the morphogenetic mo-
vements are distinct in this group (CAMPOS et al., 2006). The
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tick energetic metabolism has been investigated in the different
embryogenesis phases. An interesting observation is that all pro-
teases already characterized are proteinases that require an aci-
dic pH to become activated (LOGULLO et al., 1998; SEIXAS
et al., 2003; POHL et al., 2008). Indeed, it has been observed
that eggs of R. (B.) microplus possess a proton ATPase of the va-
cuolar type, which is involved in the process of acidification and
which would probably lead to the activation of these proteolytic
enzymes in specific compartments (ABREU et al., 2004). Mo-
reover, the presence of trypsin inhibitors (ANDREOTTI et al.,
2002; AZZOLINI et al., 2003; SASAKI et al., 2004) and inhibi-
tors of cysteine proteases (LIMA et al., 2006) suggests that these
inhibitors play a role in the control of embryo metabolism.

The observation that eggs accumulate a great amount of
heme after vitellin — VT processing/degradation (vitellin is the
main protein of reserve of eggs) (LOGULLO et al., 2002) sup-
ports the hypothesis that the degradation of vitellin during the
embryonic development is a source of oxidative stress. Therefo-
re, a critical adaptation is necessary, which may prevent excessive
reactive oxygen species production during several physiologic
conditions. This finding supports the hypothesis that an egg VT
degradation aspartic protease called Tick Heme-binding Aspar-
tic Proteinase — THAP present in eggs has its activity inhibited
by heme through a site that is distinct from the catalytic site
(SORGINE et al., 2000; POHL et al., 2008). The increase in
egg free heme content would generate a feedback inhibition in
VT degradation. The idea that VT degradation is a process rela-
ted to the regulation of redox balance and to the use of heme by
the embryo was reinforced by the demonstration that VT is also
a heme binding protein and that it inhibits lipid peroxidation
induced by heme (LOGULLO et al., 2002).

3. Boophilus yolk pro-cathepsin and tick
vitellin-degrading enzyme

The Boophilus Yolk pro-Cathepsin — BYC seems to be asso-
ciated with the mobilization of VT (LOGULLO et al., 1998).
Also, the identification of a cysteine protease strongly associated
with VT suggests the possibility that this protein is also invol-
ved in the degradation of VT, and characterizes the use of yolk
as being a highly regulated process, involving a joint action of
different enzymes (SEIXAS et al., 2003).

It was observed that total egg protein remains stable during
embryogenesis (CAMPOS et al., 2006), while VT content su-
ffers a variation (CANAL et al., 1995; LOGULLO et al., 2002).
Thus, VT is used for the supply of the amino acids required to
synthesize new proteins. In addition, at the end of embryoge-
nesis the glucose is obtained from the amino acid catabolism.
Surprisingly, in the eggs this process is accompanied by a signi-
ficant glycogen re-synthesis (CAMPOS et al., 2006). These data
suggest the existence of a rather complex system of control of
energy metabolism in the embryogenesis of this tick.

Experiments directed at developing protocols to immunize
bovines with proteins have been conducted. This idea is suppor-
ted by the demonstration that functional antibodies are found in
tick hemolymph when ticks take a meal in an immunized bovine
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(DA SILVA VAZ Jr. et al., 1996). This finding opened the way
to use proteins from other tick organs as targets for vaccines, and
not just proteins from the digestive tract. Immunization of bovines
with native (DA SILVA VAZ Jr. et al., 1998) or recombinant form
(LEAL et al., 2006) of an egg-yolk aspartic endopeptidase — BYC
could interfere with the reproductive process of the tick, with reduc-
tion in the number of engorged ticks, in egg-laying capacity, and in
egg fertility. Immunization of bovines with native BYC induced an
overall protection of around 30% (DA SILVA VAZ Jr. et al., 1998).
In comparison, the immunization with the recombinant form of
BYC induced an overall protection of around 25% (LEAL et al.,
20006). Since BYC immunization interferes in functions related to
the target protein, in this case those related to embryonic and egg
development, it is possible to assume that vaccination with other
embryo proteins can be efficient to intervene in tick embryonic
and larval phases. Recently, it has been shown that immunization
of bovines with a cysteine endopeptidase — VITDCE, an enzyme
also involved in the digestion of vitellin (SEIXAS et al., 2003), lea-
ds to a certain degree of immunoprotection (21% of overall protec-
tion rate) in vaccinated cattle (SEIXAS et al., 2008).

Similarly, significant protection (reduction of 69.7% in the
total tick number) against tick infestations was obtained by
immunizing bovines with a set of trypsin inhibitors present in
R. (B.) microplus larvae. A trypsin inhibitor (BmTI-A) was puri-
fied from the set of trypsin inhibitors and then partially sequen-
ced. So, a synthetic peptide based on the BmTI-A was used to
immunize bovines. However, the efficacy was only of 18.4%,
specifically in the reduction in the number of engorging ticks
(ANDREOTTI, 2007). These results suggest that the larval fee-
ding process is affected by the bovine immune response, leading
to damage to ticks at the early stages of development (TANAKA
etal., 1999; ANDREOTTI et al., 2002).

Other strategies to find novel proteins involved with the
parasite-host relationship are large-scale analyses, which have
the power to survey the entire genome and identify genes (and
proteins) with potential use for vaccine development.

Expressed Sequence Tag — EST libraries have shown to be po-
werful tools for gene discovery (NAGARA] et al., 2007). ESTs were
generated by large-scale sequencing of clones from cDNA libraries
constructed from mRNA isolated from ovaries, hemocytes, and
salivary glands of R. (B.) microplus and 1,344 were deposited in se-
quence databases (SANTOS et al, 2006). The potential functions
of many proteins were deduced based on their homologies to kno-
wn proteins. Approximately 30% of these ESTs represented new
proteins in this tick. Knowing these potential new proteins may
shed light on the biology, taxonomy and phylogeny of the parasite
while it represents a new way of performing biological studies.

One of these meta-analysis methods, namely the phage dis-
play technique, is an antibody-based proteomic approach that
has great potential in identifying and characterizing antigens to
be used in vaccines. The phage display technique permitted to
identify, in a high-throughput manner, 66 tick proteins that sho-
wed potential for eliciting a host immune response after infes-
tation. Simultaneously, bioinformatics analysis revealed protein
features known to be important for antigen selection, which led
to the identification of novel and potential vaccine candidates

(PRUDENCIO et al., 2009).
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Conclusion

Various approaches have established that immunizations
with tick native or recombinant proteins or with synthetic pep-
tides are useful to induce a partially protective immune respon-
se, and that these immunizations could be used together with
acaracides for an efficient tick control. This review emphasizes
the feasibility of the research work developed in Brazil, which
aims to improve innovation in the development of the vaccine
against ticks. The increasing Brazilian contribution in this field
places our country as an international reference for acarologists.
Clearly, the interaction between applied and basic research is
characteristic of the Brazilian research work in this field. Indeed,
this is indispensable to generate national knowledge and techno-
logy in the cattle-breeding sector.
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