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a  b  s  t  r  a  c  t

The  tick  Rhipicephalus  (Boophilus)  microplus  is  a blood-sucking  ectoparasite  of  cattle  that  severely  impairs
livestock  production.  Studies  on  tick  immunological  control  address  mostly  single-antigen  vaccines.
However,  from  the  commercial  standpoint,  so  far  no  single-antigen  vaccine  has  afforded  appropriate
protection  against  all R.  microplus  populations.  In this  context,  multi-antigen  cocktails  have  emerged
as  a way  to  enhance  vaccine  efficacy.  In this  work,  a  multi-antigenic  vaccine  against  R. microplus  was
analyzed  under  field  conditions  in naturally  infested  cattle.  The  vaccine  was  composed  by three  tick
recombinant  proteins  from  two  tick  species  that  in  previous  single-vaccination  reports  provided  partial
protection  of  confined  cattle  against  R.  microplus  infestations:  vitellin-degrading  cysteine  endopepti-
dase  (VTDCE)  and  boophilus  yolk  pro-cathepsin  (BYC)  from  R. microplus,  and  glutathione  S-transferase
from  Haemaphysalis  longicornis  (GST-Hl).  Increased  antibody  levels  against  three  proteins  were  recorded
itellin-degrading cysteine endopeptidase
oophilus yolk pro-cathepsin

after  immunizations,  with  a  distinct  humoral  immune  response  dynamics  for  each  protein.  Compared  to
the  control  group,  a statistically  significant  lower  number  of  semi-engorged  female  ticks  were  observed
in  vaccinated  cattle  after  two  inoculations.  This  reduction  persisted  for 3  months,  ranging  from  35.3  to
61.6%.  Furthermore,  cattle  body  weight  gain  was  significantly  higher  in  vaccinated  animals  when  com-
pared  to control  cattle.  Compared  to  the  single-antigen  vaccines  composed  by  VTDCE,  BYC  or  GST-Hl,  this

orded
three-antigen  vaccine  aff
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 higher  protection  levels  against  R. microplus  infestations.
© 2012 Elsevier Ltd. 

1. Introduction

The tick Rhipicephalus (Boophilus) microplus has a significant
economic impact on cattle breeding industry worldwide, estimated
at billions of dollars annually [1,2]. This parasite causes a variety of
deleterious effects in cattle, mainly as result of bodyweight reduc-
tion, blood loss and the transmission of disease-causing agents
[1,2]. The intensive use of acaricides in order to control tick infes-
tation raises concerns as to the potential presence of pesticide
residues in milk, meat, and the environment [3]. For these reasons,

Open access under the Elsevier OA license.
a tick vaccine, as an alternative control method, is a major economic
issue [4,5].

It  has been repeatedly demonstrated that the stimulation of
bovine immune system by tick proteins vaccination induces a
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rotective immune response against R. microplus [6]. In 1986, a
rotective protein from R. microplus named Bm86 was discov-
red, when this antigen became the first tick antigen to compose

 commercial vaccine against an ectoparasite [7]. Although vac-
ine formulations based on Bm86 in most cases elicit protective
mmune responses against R. microplus, they vary considerably in
erms of protection level depending, among other things, on the
enetic variability of tick and bovine populations [8–13]. There-
ore, the discovery of new tick antigens focusing on those displaying

inimal genetic variability among R. microplus populations could
mprove vaccination efficacy and reduce variation in the protec-
ion level afforded by the Bm86-based vaccines. However, except
or a few studies [14], data regarding cross-reactivity between tick
roteins are scarce, although some tick antigens have been shown
o induce cross-protective immunity against some tick species
14,15]. Another strategy to enhance anti-tick vaccine efficacy is
o combine two or more antigens [16]. The initial proof of con-
ept supporting this approach came from vaccination experiments,
n which mixtures of antigens were more efficacious than single
omponents, including Bm86 [4]. Some experimental studies used
his approach against tick infestations [16–23]; however, in most
ases, this strategy resulted in a statistical significant but slightly
mprovement in protection level.

Although tick infestation experiments using bovines in con-
ned indoors can indicate vaccine efficacy, field trials are necessary
o evaluate vaccine performance under real husbandry conditions
24]. However, most of the protocols used in experiments to eval-
ate bovine vaccination against ticks employ confined bovines,

 more practical and cost-saving approach, compared to field
xperiments which demand laborious handling of cattle and the
vailability of a large area [16,25]. Our research group has been
tudying several R. microplus molecules in order to find antigens
hat could be used in an anti-tick vaccine. In previous stud-
es, immunizations of cattle with native or recombinant forms
f an aspartic protease named BoophilusYolk pro-cathepsin (BYC)
nduced overall protections (measured by the reproductive poten-
ial, including reduction in number and weight of engorging ticks
nd in egg weight and hatchability) around 30% [26,27]. Also,
mmunization with a R. microplus cysteine endopeptidase (VTDCE),
nvolved in vitellin digestion [28,29], elicited an immunoprotection
f 21% in vaccinated cattle [30]. More recently, an overall protective
fficacy of 57% against R. microplus was achieved using a recombi-
ant Haemaphysalis longicornis GST (rGST-Hl) [31]. In this work, we
valuated a multi-antigenic vaccine composed by BYC, VTDCE and
ST-Hl recombinant proteins against R. microplus infestation in cat-

le. Vaccine efficiency was evaluated under field conditions, based
n semi-engorged female tick numbers and weight gain differences
etween vaccinated and control cattle groups.

. Materials and methods

.1.  Expression of the recombinant proteins

rGST-Hl, rBYC, and rVTDCE were expressed and purified as
reviously described [32–34]. Briefly, rBYC and rGST-Hl were
xpressed in Escherichia coli strain AD494 (DE3) pLysS. Recom-
inant VTDCE was expressed in E. coli strain BL21 (DE3) Star.
he insoluble forms of rBYC and rVTDCE were solubilized with

 M guanidine hydrochloride (GuHCl) and purified using a nickel-
helating Sepharose column (GE Healthcare, Uppsala, Sweden). The
oluble form of recombinant GST-Hl was purified through affinity

hromatography using GSTrap FF column (GE Healthcare, Uppsala,
weden). Protein concentrations were determined by the Bradford
ethod [35] and sodium dodecyl sulfate-polyacrylamide gel elec-

rophoresis (SDS-PAGE) using bovine serum albumin as standard.
 (2012) 6912– 6917 6913

2.2. Animals

From September 2009 to January 2010 (spring to summer),
a total of 38 Aberdeen Angus and Devon cattle heads (15 ± 1-
month-old) the beginning of the trial were maintained under field
conditions in a experimental farm (Estaç ão FEPAGRO São Gabriel,
São Gabriel, RS, Brazil; 30◦20′S, 54◦15′W).  Cattle were allowed to
graze freely on natural pastures, characterized by annual grass
species, and supplemented with mineral salt, receiving water ad
libitum. All animals were treated with levamisole (600 mg/100 kg
body weight) three times (days 22, 43 and 64) to avoid endoparasite
infestations along the vaccine trial, and managed under identical
conditions in the same paddock during the whole trial. Cattle were
managed in accordance with local institutional guidelines and all
procedures were in accordance with international guidelines [36].

2.3. Immunization protocols

Vaccinated and control groups were formed by 18 and 20 ani-
mals, respectively. Antigens were administered subcutaneously.
Each dose consisted of a mixture of recombinant proteins rBYC,
rGST-Hl and rVTDCE (200 �g each, 0.5 mL)  mixed with 0.5 mL  of
adjuvant (Montanide 888 and Marcol 52), emulsified according to
the vortex method [37]. The control group received an emulsion
of PBS (0.5 mL)  plus adjuvant (0.5 mL). Both groups received three
booster injections at 21-day intervals (days 22, 43, and 64).

2.4.  Cattle sera collections and body weight

Blood samples (10 mL)  were collected via caudal vein from pre-
immunized and post-immunized cattle (days 1, 78 and 127), and
used for sera recovery. Blood samples were centrifuged at 5000 × g
for 10 min  and sera were stored at −20 ◦C. At days 1 and 127, all
bovines were weighted.

2.5.  SDS-PAGE and Western blot

SDS-PAGE and Western blot analysis were performed as
previously described [31]. Purified recombinant proteins (1 �g pro-
tein/lane) were applied to SDS-PAGE (14% gel). For Western Blot,
the nitrocellulose membranes were incubated with cattle sera
(diluted 1:100) collected on days 1 and 78.

2.6. Antigen-specific IgG detection in sera by dot-blot

Levels of antigen-specific antibodies in the serum samples were
assessed by dot-blot. Nitrocellulose membrane circles of 0.5 cm of
diameter were coated with 1 �g of each antigen in PBS. The mem-
branes were dried and incubated for 1 h at 37 ◦C with blotto [38],
followed by a second incubation with cattle sera diluted in blotto
(1:100) for 16 h at 37 ◦C. Washing times with blotto for 10 min
ensued, and the peroxidase conjugated antibody diluted in blotto
(1:5000) was  added and incubated for 1 h at 37 ◦C. After three
washes with PBS for 10 min, the membranes were incubated with
2.5 mg  3,3′-diaminobenzidine tetrahydrochloride, 10 �L H2O2, and
150 �L CoCl2 in 5 mL  of PBS. The recognition levels were quantified
by gel scanning, and were analyzed using the software Image J [39].

2.7. Tick analysis

Along  the vaccination trial, bovines were continuously exposed
to tick infestation (since the beginning of the immunization pro-

cess) because they were under natural conditions in a tick-infested
pasture. Attached adult female ticks (sized between 4.5 mm and
8.0 mm)  were counted on the left side of vaccinated and con-
trol groups, to follow the tick infestation rate [40]. Animals were
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Fig. 1. Purity and antigenicity of recombinant GST-Hl, VTDCE and BYC proteins,
analyzed  by 14% SDS-PAGE stained with Coomassie blue G-250 (A) and Western
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Fig. 2. Antigens-specific IgG levels from cattle sera analyzed by dot-blot. The levels
of recognition of pre-immunized (day 1) and post-immunized (days 78 and 127) cat-
lot (B). Western blot was probed with the pre-immunized and post-immunized
era  from one bovine belonging to vaccinated group. Molecular mass standards are
xpressed as kDa.

mmobilized and ticks were counted by the same investigator. All
xaminations were carried out at the same period of the day (morn-
ng/afternoon). Tick count was a blind-procedure: the investigator
id not know which bovines belonged to control or vaccinated
roups.

.8. Statistical analysis

Statistical  significance differences among the experimental
roups concerning level of antigen-specific antibodies, tick count
nd cattle body weight gain was analyzed by Student’s t test. Data
ere expressed as mean ± S.E.M. of each group. A p value of less

han 0.05 was considered significant. Statistical analysis was per-
ormed using GraphPad Prism 3.0 (GraphPad Software Inc., San
iego, USA) software.

.  Results

.1. Production of recombinant proteins

The recombinant proteins BYC, GST-Hl and VTDCE were
xpressed in E. coli strains and purified by affinity chromatogra-
hy. The purity of the three recombinant proteins was  analyzed by

 14% SDS-PAGE (Fig. 1A). All preparations showed a major pro-
ein band for rBYC, rGST-Hl, and rVTDCE in the gel, and these bands

atched the predicted molecular masses for respective proteins.

.2.  Development of humoral immune response in cattle

Dot  blot analysis revealed an increased antibody recognition
evel of vaccinated bovine sera (collected at day 78) to the three
ecombinant proteins, compared to the vaccinated bovine pre-
mmune sera (day 1) (Fig. 2). Compared to day 1, the level of
ecognition from vaccinated cattle sera on day 78 for rGST-Hl,
VTDCE and rBYC increased by more than 6, 10, and 2 times, respec-
ively. The level of recognition remained constant at the end of
he experiment (day 127) for rGST-Hl, reducing by half for rVT-
CE, and returning to pre-immunization level for rBYC. Also, the
evel of recognition measured from vaccinated cattle sera was
pproximately 8, 4, and 2.5 times higher for rGST-Hl, rVTDCE, and
BYC respectively, than those recorded from animals injected with
lacebo on day 78.
tle sera from vaccinated and control groups were analyzed for recombinant proteins
GST-Hl (A), VTDCE (B) and BYC (C). ***p < 0.001 (Student’s t-test).

Western blot revealed that sera from one representative
bovine of the vaccinated group recognize all recombinant proteins
(Fig. 1B). The proteins rBYC, rGST-Hl and rVTDCE were not recog-
nized by pre-immune serum of this animal.

3.3. Vaccination effect on tick infestation and body weight

The  reduction in the number of ticks attached to bovines con-
ferred by immunization with rBYC, rGST-Hl and rVTDCE is shown in
Fig. 3 and Table 1. In the first three counts, tick number means from
both groups were similar. From the fourth count on (days 36–127),
means in the two groups were statistically different, except for
day 57. During this period, bovines vaccinated with recombinant
proteins showed statistical reductions that ranged from 35.3 to
61.6% (Table 1) in the number of semi-engorged ticks, as compared
with the control group. Interestingly, even before the immuniza-
tion period had ended it was already possible to detect a drop in

tick infestation (Fig. 3, day 36). Also, there was  an increase in cat-
tle body weight in both groups between days 1 and 127, although
the gain was  statistically higher in the vaccinated group (Fig. 4). In
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Fig. 3. Kinetics of the average numbers of semi-engorged ticks in the vaccinated
and  control groups. Arrows indicate the days of immunization. *p < 0.05, **p < 0.01,
***p < 0.001 (Student’s t-test).
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ig. 4. Body weight gain in cattle along the vaccination trial. Cattle body weight
ain  in vaccinated group and control groups is expressed as percentage of mean
ody  weight gain from day 1 to day 127. *p < 0.05 (Student’s t-test).

he vaccinated and control cattle groups, body weight gain was 39%
nd 25%, respectively.
.  Discussion

Tick vaccines derived from the gut antigen Bm86 have been
xtensively investigated in the quest for a suitable tick control

able 1
ffect  of cattle vaccination on the number of semi-engorged R. microplus females.

Day Tick count a

Control group Vaccinated group Difference (%) b

1 6.1 ± 2.4 5.3 ± 1.4 14.2
15  6.1 ± 1.3 4.5 ± 1.6 26.2
22  17.0 ± 2.4 13.2 ± 3.1 22.2
36  16.7 ± 2.3 9.3 ± 2.7 44.6*

43 18.2 ± 2.5 7.7 ± 1.3 57.9***

57 3.4 ± 0.6 2.7 ± 0.6 21.6
64  6.6 ± 1.2 2.6 ± 0.5 61.6**

78 8.8 ± 2.2 3.7 ± 0.6 58.3*

85 11.0  ± 1.7 4.8 ± 1.2 56.3**

99 25.9 ± 4.7 14.1 ± 2.6 45.8*

113 23.7 ± 2.8 12.9 ± 2.0 45.7**

127 46.4 ± 4.9 30.0 ± 4.4 35.3*

a Measured by counting the number of semi-engorged female ticks on the animals
average  values ± S.D.).

b Difference (%) = 100 × [1 − (vaccine/control)].
* p < 0.05 (Student’s t-test).

** p < 0.01 (Student’s t-test).
*** p < <0.001 (Student’s t-test).
 (2012) 6912– 6917 6915

method. This antigen was shown to be partially protective against R.
microplus field infestations in Australia, Cuba, and in some regions
of Argentina, Brazil, Mexico and other countries [12,13,24,41,42].
These and other studies provide proof of concept for anti-arthropod
vaccines. Nevertheless, following the commercialization of Bm86-
based vaccines, a considerable body of results challenged the initial
optimism that Bm86 would be effective against all R. microplus
populations [24,43,44]. Consequently, there is a need to enhance
the efficacy of the available tick vaccines as well as to develop
new ones against other tick species, especially of medical and
veterinary importance. Several antigens are currently under field
investigation [14,45,46], though so far no single antigen has been
found to achieve the desired protection threshold against all tick
populations under field conditions [14,45]. To increase the field per-
formance of anti-tick vaccine candidates, it is theoretically possible
to design a multi-component vaccine, a concept that has already
been shown to work against other parasites [16,47,48]. Theoreti-
cally, vaccines composed of synergistic antigens could elicit more
effective responses against ticks [16]. However, limited studies
reporting comprehensive evaluation of the performance of tick
antigens cocktails against tick infestation have been published
[16–23].

The proteins selected as antigens in this study play crucial physi-
ological roles in ticks, such as vitellin mobilization (BYC and VTDCE)
[28,29,49] and detoxification (GST) [50,51]. Indeed, previous stud-
ies demonstrated that these antigens, when administered in a mono
vaccine, induce partial protective immune responses [27,30,31]. In
these studies, the biological parameters evaluated to analyze tick
control were the number of fully engorged ticks, egg laying capac-
ity, and egg fertility, while the main parameter affected in ticks
fed on vaccinated cattle was the number of fully engorged ticks,
although the other parameters investigated were also affected,
improving overall protection. These studies also demonstrated the
immunogenicity of rGST-Hl, rBYC, and VTDCE and confirmed that
specific IgG were elicited in vaccinated cattle for these proteins.

The  present work demonstrated that these three recombinant
proteins are immunogenic in cattle when administered simulta-
neously, although differences in immune response dynamics occur
between antigens. In agreement with previous studies [27,30,31],
we found that rGST-Hl elicited a more persistent humoral response
than rBYC and rVTDCE. Immunization with the three recombinant
proteins together induced a partial protective immune response in
the experimental animals, evidenced by a decrease in the number
of female ticks feeding on the vaccinated animals, in comparison
with the control group. The number of females feeding on the hosts
was statistically different between the two groups 14 days after the
second immunization, and remained lower in the vaccinated group
until the last day of the experiment (days 36–127). During days
43–85, vaccination conferred a statistically significant protection
against tick infestation, ranging from 56.3 to 61.6%. However, the
protection decreased to 35.3% two  months after the last booster,
along a decrease in antibody levels to rBYC and rVTDCE, suggesting
the importance of these antibodies in protection rates obtained in
previous counts.

The  reduction in tick infestation following immunization with
the three proteins is directly correlated with cattle body weight
gain. Actually, body weight signals cattle fitness, a major productive
parameter that is used as an indicator of vaccine effectiveness in
field trials [1,41,42]. Under experimental conditions, body weight
gain was  significantly higher in vaccinated animals than in the con-
trol group. This effect seems to be a result of reduction in cattle
damage by parasitism due to blood loss caused by the attaching

ticks, and consequently, an improving in the overall health of the
cattle.

In sum, the immune response generated by simultaneous vac-
cination with rGST-Hl, rBYC, and VTDCE affects tick physiology,
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ecreasing the number of females feeding in the host, resulting in
n improved body weight gain of cattle. When compared to rGST-
l, rBYC, or VTDCE single-antigenic vaccination in confined cattle,

he multi-antigenic vaccine produced higher protection against
. microplus infestation. In spite of the differences between the
accination protocols, these results demonstrate the possibility of
eveloping a cattle multi-antigenic vaccine against R. microplus that
eems to be more effective than a single antigenic vaccine against
ick infestation under natural field conditions. More work is nec-
ssary to evaluate the economic benefits of a multi-antigen or a
ingle-antigen vaccine to control ticks. However, the use of such
accine, associated with existent and/or available control methods
ould result in a more efficient control of R. microplus.
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