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Ticks (Acari: Ixodidae) are considered to be the most important vectors of disease-causing pathogens in
domestic and wild animals, and emerging and re-emerging tick-borne diseases (TBD) exert an enormous
impact on them. Wild ungulates are hosts for a wide variety of tick species and tick-borne pathogens that
affect human and animal health. Consequently, the control of tick infestations and tick-borne pathogen
prevalence is essential in some regions. Acaricides and animal management or culling have been used
for the control of tick infestations and TBD, but tick vaccines constitute the best alternative to reduce
the impact of acaricides on tick resistance and the environment. Previous results of controlled vaccination
trials have shown that the Q38 Subolesin/Akirin chimera containing conserved protective epitopes could
be a candidate universal antigen to control multiple tick species infestations. Thus, vaccination trials are
necessary to validate these results under field conditions. In this study, we characterized the effect of Q38
vaccine on a wild population of European roe deer (Capreolus capreolus) in the Andalusian roe deer
Reference Station (Junta de Andalucía, Cádiz, Spain). In this location, roe deer suffer especially severe par-
asitic conditions in some periods and commercial pesticides and ixodicides that are authorized to control
ticks without specificity are frequently applied in the field, posing a threat to the environment. Animals
vaccinated over a three-year period showed an antibody response to the vaccine antigen and a reduction
in tick infestations by multiple species including Hyalomma marginatum, H. lusitanicum, Rhipicephalus
bursa and Ixodes ricinus previously identified in roe deer, when compared to untreated controls. These
results suggest the efficacy of Q38 for the control of tick infestations in wildlife.

� 2020 Elsevier Ltd. All rights reserved.
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1. Introduction

Diseases transmitted by arthropod vectors greatly impact
human and animal health [1]. Among arthropod vectors, ticks are
being considered as worldwide relevant vectors of disease-
causing pathogens such as Anaplasma phagocytophilum (human,
equine and canine granulocytic anaplasmosis and tick-borne fever
of ruminants), Borrelia spp. (Lyme disease and various borreliosis),
tick-borne encephalitis virus (tick-borne encephalitis), louping ill
virus (ovine encephalomyelitis), Crimean–Congo hemorrhagic
fever virus (Crimean–Congo hemorrhagic fever), Francisella
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tularensis (tularemia), Rickettsia spp. (human and animal rickettsio-
sis), Omsk hemorrhagic fever virus (Omsk hemorrhagic fever), and
Babesia spp. (canine and bovine babesiosis) [2–4].

In Spain, European roe deer (Capreolus capreolus) are one of the
principal wild ungulates in terms of abundance [5,6]. Their number
and distribution in the Iberian Peninsula have been expanding dur-
ing the last decades and are usually distributed in potentially suit-
able habitats for ticks, which may facilitate the transmission of
diseases that could be shared with other wild and domestic ungu-
lates [5,6]. Studies of tick infestation in roe deer conducted in
northwestern Spain showed that these animals are important
hosts for Ixodes ricinus, [7]. Recently, Rayas et al. [8] found Rhipi-
cephalus sanguineus and I. ricinus as the predominant tick species
parasitizing roe deer in southwestern Spain serving as vehicle for
the geographic distribution of these ticks and tick-borne diseases.
ed with
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Accordingly, serum samples from these animals revealed a 79%
seroprevalence for Anaplasma spp as well as a 100% seroprevalence
for Babesia spp. and Theileria spp. Furthermore, I. ricinus, R. san-
guineus, Hyalomma marginatum, Hyaloma lusitanicum, Haema-
physalis punctate and Dermacentor marginatum were identified in
the study area.

In addition, interactions between wildlife and livestock create
significant risks for disease transmission causing huge economic
losses and complicating the attempts of parasite control in domes-
tic animals [9].

Due to the role of these wildlife species as reservoirs of different
pathogens, their abundance and increasing population, it is neces-
sary the development of control strategies. In the early 1990 s, vac-
cines became available as a cost-effective and commercially
alternative for cattle tick control that reduced the use of acaricides,
and the problems associated with them such as selection of
acaricide-resistant ticks, environmental contamination and con-
tamination of milk and meat products with pesticide residues
[10–13].

Vaccination with BM86, subolesin (SUB) and akirin (AKR) pro-
tective antigens in white tailed deer (Odocoileus virginianus) and
red deer (Cervus elaphus) demonstrated that vaccination with vec-
tor protective antigens could be used as an alternative method for
the control of tick infestations in deer to reduce tick populations
and dispersal in regions where these animals are relevant hosts
for these ectoparasites [14].

SUB and AKR are ortholog proteins in ticks and insects [15–17]
that act as transcriptional regulatory factors affecting the expres-
sion of signal transduction and innate immune response genes
[15,18–20]. SUB/AKR gene knockdown explains the effect on tick
and insect physiology, development and gene expression
[15,19,21–23].

Experiments with recombinant SUB/AKR have shown the posi-
tive effect of vaccination on the control of several arthropod vec-
tors including hard and soft ticks, mosquitoes, sand flies, poultry
red mites and sea lice, and also the infection/ transmission of
vector-borne pathogens [14,24]. Furthermore, recent vaccination
experiments in rabbits, showed that the recombinant SUB/AKR chi-
mera Q38 has an effect on the control of I. ricinus and Dermacentor
reticulatus larvae by considering the cumulative effect on reducing
tick survival and molting [25].

Roe deer was selected due their role in the maintenance of ticks
and tick-borne pathogens [7,8,26]. Tick vaccines have not been
previously tested in roe deer, but previous results suggested that
Q38 might be a candidate universal antigen for the control of mul-
tiple arthropod ectoparasites and the pathogens they transmit in
this wild ungulate. Recombinant SUB/AKR chimera (Q38) was
selected for vaccination because the presence of conserved protec-
tive epitopes against different vector species [24].

The objective of this experiment was the characterization of the
antibody response in roe deer immunized with recombinant Q38
and its effect on the control of tick infestation under field
conditions.
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2. Material and methods

2.1. Vaccine formulations

The recombinant SUB/AKR chimera Q38 was amplified from
synthetic genes (JX193856) optimized for codon usage in Escheri-
chia coli and cloned into the expression vector pET101 and
expressed in E. coli strain BL21 using the Champion pET101 Direc-
tional TOPO Expression kit (Carlsbad, CA, USA). Recombinant pro-
teins produced using this expression system were fused to
Histidine tags for purification by affinity to Ni [22,24]. Transformed
Please cite this article as: M. Contreras, C. San José, A. Estrada-Peña et al., Contro
the Q38 Subolesin/Akirin chimera, Vaccine, https://doi.org/10.1016/j.vaccine.2
E. coli strains were induced with IPTG for 4.5 h to produce recom-
binant chimeric Q38 protein, which were purified to > 85% of total
cell proteins by Ni affinity chromatography using 1 ml HisTrap FF
columns mounted on an AKTA–FPLC system (GE Healthcare, Pis-
cataway, NJ, USA) in the presence of 7 M urea lysis buffer. Recom-
binant antigens or saline control were adjuvated in Montanide ISA
50 V2 (Seppic, Paris, France) [25,27].

2.2. Ethics statement

Animal experiments in this study were conducted in strict
accordance with the recommendations of the European Guide for
the Care and Use of Laboratory Animals. This project was approved
by the Regional Ministry of Environment and Territorial Planning
for experimentation in animals in one of its reference stations of
the roe deer, using standardized protocols for the handling of these
animals under field conditions.

2.3. Roe deer immunization with recombinant Q38

Adult female and male roe deer (Capreolus capreolus) were cap-
tured with fix capture boxes randomly assigned to five fenced
areas in Andalusian roe deer Reference Station (‘‘El Picacho”). El
Picacho is a mountain peak located in the Sierra del Aljibe in the
province of Cadiz in Spain. This mountain area contains forests in
which cork oaks, gall oaks and chestnuts abound. The fauna is rep-
resented by species such as the common deer, roe deer, red fox,
genet, badger, eagles, griffon vulture, jay, falcons, owls and a large
number of bird species. Of the fenced areas, four of them for vacci-
nated with the recombinant Q38 and one for control animals
(Fig. 1). Roe deer were each immunized once a year, during the
years 2015–2017, with 1 ml vaccine (100 mg Q38 per dose) for
three years (T1, T2 and T3) but not all the animals could be immu-
nized in the third year, since some of them were not captured. Ten
animals in total, from the different five fenced areas, were immu-
nized intramuscularly with the recombinant Q38 and three ani-
mals, from the control area, were immunized with adjuvant/
saline alone. To characterize roe deer immune response to vaccina-
tion, blood samples were collected before each immunization (T1,
T2 and T3) into sterile tubes and maintained at 4 �C until arrival at
the laboratory. Sera were prepared and stored at �20 �C after cen-
trifugation of blood samples.

2.4. Tick infestation levels

Each year (July–October), infestation levels of adult fed females
were determined at the time of vaccination as estimated infesta-
tion levels to avoid delaying the release of the animals and pre-
venting them from becoming stressed [28]. Tick numbers per
animal for all tick species were estimated as 0, 30, 150 or 250
ticks/per animal. Roe deer were maintained in separate areas as
regulated by local authorities to facilitate following of these ani-
mals. Due to difficulties in capturing wild roe deer, vaccinated
and control animals were allocated to different fenced areas to
facilitate following at least some of these animals. For analysis,
the average tick infestation in Q38 vaccinated and control animals
were compared using a Student’s t-test at T2 and T3 (p = 0.05).

2.5. Analysis of antibody response by ELISA

An indirect ELISA test was performed to detect antibodies
against Q38 protein in vaccinated and control roe deer serum sam-
ples collected at T1-T3 [24]. High absorption capacity polystyrene
microtiter plates were coated with 100 ll (0.01 lg/ml solution of
purified recombinant proteins) per well in carbonate-bicarbonate
buffer (Sigma-Aldrich). After an overnight incubation at 4 �C,
l of tick infestations in wild roe deer (Capreolus capreolus) vaccinated with
020.07.062
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Fig. 1. Distribution of roe deer in the fenced areas in Andalusian roe deer Reference Station (‘‘El Picacho”), in the province of Cádiz, in southern Spain. In each fenced area the
number of animals and their sex composition are shown in boxes.

M. Contreras et al. / Vaccine xxx (xxxx) xxx 3

JVAC 22183 No. of Pages 5, Model 5G

11 August 2020
coated plates were blocked with 100 ll/well of blocking solution
(5% skim milk in PBS). Serum samples or PBS as negative control
were diluted (1:100, v/v) in blocking solution and 100 ll /well
were added into duplicate wells of the antigen-coated plates. After
one-hour incubation at 37 ◦C, the plates were washed three times
with a washing solution (PBS containing 0.05% Tween 20). Protein
G horseradish-conjugated peroxidase (Bio-Rad Laboratories, Her-
cules, CA) was added (100 ll/well) at a dilution of 2.5 lg/ml in
PBST and incubated at 37 �C for 1 hr. After revealing, the reaction
was stopped with 50 ll/well of sulfuric acid (H2SO4; 3 N), and opti-
cal density (OD) was measured in a spectrophotometer at 450 nm.
Antibody titers in vaccinated and control roe deer were expressed
as the OD450nm (OD roe deer sera-OD PBS control) and compared
between vaccinated and control groups by One-way ANOVA test
(p = 0.05) (https://www.socscistatistics.com/tests/anova/default2.
aspx).

3. Results and discussion

3.1. Characterization of the antibody response in vaccinated roe deer.

The antibody response against Q38 in vaccinated roe deer
increased after successive immunizations. All the animals were
immunized with at least two doses of the recombinant Q38 and
after the first vaccination, antibody titers were significantly higher
in vaccinated than in control roe deer (Fig. 2A).

Other studies have shown that two vaccine doses may be suffi-
cient to developed antigen-specific antibodies in cattle and other
hosts vaccinated with SUB or AKR and antibody levels remained
similar or increased after the second immunization [14,29,30].
The results after vaccination suggested that roe deer also develop
a specific antibody response after immunization with two vaccines
doses, even if these are done once a year (Fig. 2A). In animals
immunized three times it is shown that the antibody titers are
maintained for the whole year until the next immunization, which
suggested that the protective response is maintained during the
study time [13].
Please cite this article as: M. Contreras, C. San José, A. Estrada-Peña et al., Contro
the Q38 Subolesin/Akirin chimera, Vaccine, https://doi.org/10.1016/j.vaccine.2
3.2. Control of field tick infestations in roe deer

Since this is a study under field conditions and due to limita-
tions in animal captures, the sample size of the study is low. Addi-
tionally, tick numbers per animal do vary between different time
points. However, these results show an approximation of the effec-
tiveness of the vaccine in wildlife.

The number of ticks was lower in the group of animals vacci-
nated with recombinant Q38 compared to the control group
(Fig. 2B). Due to the fact that randomly selected control animals
had higher tick infestations than roe deer included in vaccinated
groups at T1 (Fig. 3), the analysis was focused on the effect of
the vaccine at T2 and T3 by comparing control and vaccinated
groups (Fig. 2B). Although at T3 the number of ticks tend to
increase, this increase was smaller in the group of vaccinated ani-
mals when compared to the control group (Fig. 2B). The tick spe-
cies collected from the vegetation of the fenced areas and which
were likely infesting the animals included H. marginatum, H. lusi-
tanicum, R. bursa and I. ricinus that have been previously identified
in this study area [8]. These tick coinfestations are commonly
found in other wild ungulates with the same geographical distribu-
tion [31]. Furthermore, the efficacy of the Q38 antigen was
extended to include new tick species and the effect on different
developmental processes in several important arthropod vectors,
[24] thus supporting that this antigen might be a candidate univer-
sal antigen for the control of multiple tick species that can be found
on the same host.

The experiment resembled the real conditions in the field, con-
sidering factors such as tick infestation rate, single or multiple tick
species, tick hosts involved and tick generations per year. Under
these conditions, the effect of the vaccine in reducing field tick
populations would have to be determined under different scenar-
ios. Previous vaccination trials showed efficacy of Q38 for the con-
trol of I. ricinus, D. reticulatus and Rhipicephalus microplus species
[24,25,27]. In this experiment we did not classify the ticks col-
lected from infested roe deer, but the results suggested that Q38
may be effective for the control of other tick species such as Hya-
l of tick infestations in wild roe deer (Capreolus capreolus) vaccinated with
020.07.062
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Fig. 2. Antibody response and vaccination effect in roe deer. (a) Antibody titers in response to Q38 vaccination were determined by ELISA in vaccinated and control roe deer
and compared between vaccinated and control groups by ANOVA test (*p < 0.05) at times T1, T2, T2 + T3. Serum samples were collected before 1st (T1), 2nd (T2) and/or 3rd
(T3) immunizations. (b) Average tick infestation was represented as the average number of ticks per group and compared between vaccinated (N = 10) and control animals
(N = 3) at T2 and T3 using a Student’s t-test (*p < 0.05).

Fig. 3. Tick infestation in different transects (pink boxes) of Andalusian roe deer Reference Station (‘‘El Picacho”), are represented with the animals that were immunized
more than once. The graphs represent the tick infestation of each animal in the different years of sampling and in the respective transects. (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this article.)
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lomma spp. and encouraged new experiments to evaluate the effect
of arthropod vector protective antigens on wild host tick
infestations.
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