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Abstract

Background: Haemaphysalis longicornis is a blood-sucking ectoparasite that can cause diseases by transmitting some
pathogens to humans and animals. Paramyosin (Pmy) is an immunomodulatory protein, which plays an important role
in immune reactions against parasites. In this study, we evaluated the immune protection elicited by recombinant
plasmids encoding H. longicornis Pmy in rabbits.

Results: Rabbits vaccinated with pcDNA3.1(+)-Pmy developed high level of IgG compared to control group, suggesting
that humoral immune response was induced by vaccination. On the fourth day after fed on the rabbit, some
female adults died and the mortality rate from pcDNA3.1(+)-Pmy group (27.31%) was significantly higher than
that of the control group (P < 0.0001). Other female ticks were attached to the rabbits until detachment, and the
average engorgement weight, oviposition of female adult from pcDNA3.1(+)-Pmy group were 109.61 ± 4.24 mg
and 48.39 ± 4.06 mg, respectively, which correspondingly resulted in 36 and 39% reduction compared with that
of the control group (P < 0.0001). In brief, vaccination with Pmy plasmid DNA provided an overall efficacy of 50%
in immune protection of rabbits.

Conclusions: This study suggested that Pmy DNA vaccine can induce effective humoral immune response and
partially protected rabbit against H. longicornis infection.
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Background
Haemaphysalis longicornis is an obligate hematophagous
ectoparasite widely distributed in China, New Zealand,
Korea, Japan and Australia [1]. Evidence showed that
H. longicornis could transmit pathogenic microorganisms,
such as Babesia gibsoni, Theileria spp. and Coxiella
burnetti to humans and animals and cause diseases [2, 3].
So far, control of ticks is mainly dependent on the ap-

plication of acaricides. However, utilization of acaricides
causes drug resistance in ticks, environmental contamin-
ation, and meat products with pesticide residues [4–6].
Vaccine has been considered as an efficient approach to
control ticks [7, 8]. DNA vaccines have some advantages,

including the ability to induce both cellular and humoral
immunity, rapid evaluation of candidate antigen designs,
and less side-effects than vaccines based on attenuated
pathogens [9, 10]. The Toxoplasma gondii 14–3-3 pro-
tein was a potential vaccine candidate and mice immu-
nized with pSAG1/14–3-3 induced a high level of IgG
antibody response, suggesting that pSAG1/14–3-3 was a
novel DNA vaccine candidate against toxoplasmosis
[11]. Genetic vaccination by injections of a plasmid con-
taining the gene encoding the Plasmodium berghei cir-
cumsporozoite protein may be best for protecting
against malarial sporozoite infection when the route of
parasite entry is via mosquito bite [12]. Although many
attempts to develop DNA vaccines against parasitic in-
fections have been reported, few relative tests have been
done in ticks.

* Correspondence: liujingze@hebtu.edu.cn; hbsdhyh@163.com
1Key Laboratory of Animal Physiology, Biochemistry and Molecular Biology of
Hebei Province, College of Life Sciences, Hebei Normal University,
Shijiazhuang 050024, China
Full list of author information is available at the end of the article

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Zhang et al. Parasites & Vectors  (2017) 10:325 
DOI 10.1186/s13071-017-2262-x

http://crossmark.crossref.org/dialog/?doi=10.1186/s13071-017-2262-x&domain=pdf
mailto:liujingze@hebtu.edu.cn
mailto:hbsdhyh@163.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Paramyosin (Pmy) is a myofibrillar protein existing in
invertebrates, and the homologous Pmy does not exist in
vertebrates. Thus, Pmy is one of the most ideal candi-
date antigen for vaccine development [13]. Previously,
we successfully cloned the Pmy gene from H. longicornis
[14]. In this study, an eukaryotic expression plasmid
pcDNA3.1(+)-Pmy was constructed and used to vac-
cinate the rabbits. The relative biological parameters of
female ticks were examined to evaluate immune protec-
tion induced by Pmy gene against ticks infections.

Methods
Ticks and animals
Haemaphysalis longicornis were collected in Xiaowutai
National Natural Reserve Area in China by flag dragging
and reared on rabbits as described by Liu et al. [15].
After detachment, ticks were collected and incubated in
cotton-plugged glass tubes filled with folded filter paper
in an incubator with 75 ± 5% relative humidity (RH) and
8/16 h of light-dark cycle (L/D) at 26 ± 1 °C.
New Zealand white rabbits weighing 2 kg were

purchased from Hebei Medical University Laboratory
Animal Centre (Shijiazhuang, China). Rabbits were
maintained in a room with 50–55% RH at 25–27 °C and
exposed to daylight. The protocol of all animal expe-
riments was approved by the Animal Ethics Committee
of Hebei Normal University.

Recombinant plasmids
The total RNA of H. longicornis was extracted using
AxyPrep™ Multisource Total RNA Miniprep Kit accord-
ing to the manufacturer’s protocol (Axygen, San Jose,
USA). cDNA was synthesized from 4 μg of total RNA by
reverse transcription reaction using EasyScript® First-
Strand cDNA Symthesis SuperMix (TransGen Biotech,
Beijing, China). The open reading frame (ORF) of Pmy
gene (GenBank Accession No. JQ517315) was obtained
by PCR amplification using the following synthetic
primers containing restriction sites underlined: forward
primer: 5′-GAA TTC ATG TCT AGC AGG AGC AGC
AAG T-3′ (EcoRI); reverse primer: 5′-GCG GCC GCC
TAG AAG TTC TGG CTG GTC TCT T-3′ (NotI). The
PCR product was doubled digested with enzymes and
cloned into pcDNA3.1(+) with T4 ligase, the recombin-
ant plasmid was named as pcDNA3.1(+)-Pmy. The plas-
mid was then transformed into Escherichia coli DH5α
and sent to Invitrogen for sequencing.

New Zealand white rabbit immunization and challenge
To evaluate the protective efficacy of the recombinant
plasmid, New Zealand white rabbits were randomly di-
vided into two groups (2/group). The experiment was re-
peated three times and 12 rabbits were used in total.
Before vaccination, plasmids were diluted in buffer

(10 mM Tris-HCl, pH 8.5) to a final concentration of
1 μg/μl. Control group and experimental group were
injected intramuscularly with empty plasmid pcDNA3.1(+)
(500 μg/each) or recombinant plasmid pcDNA3.1(+)-Pmy
(500 μg/each) for three times with two weeks interval.
Blood samples from rabbits were collected before the first
vaccination, and the sera were obtained every seven days
and stored at -20 °C for analysis. Ten days after the last
injection, the rabbits of the two groups were challenged
with unfed adults on the ears of rabbits (40 female ticks/
rabbit) and the ratio of female to male was 1:1. The stage
of feeding blood was recorded every day until detachment
of engorged female ticks, and the average engorgement
weight, average egg mass weight, and hatchability, were
also observed and recorded every day.

Determination of antibodies by ELISA
Antibody levels in rabbit sera were determined by
enzyme-linked immunosorbent assays (ELISA). Between
each successive step, the wells were washed 3 times with
PBS-Tween-20 (PBST). The 96-well microplates (Costar,
New York, USA) were coated with 1 μg of tick antigens in
1 M carbonate buffer and incubated at 4 °C overnight.
After blocking with 200 μl/well of blocking buffer (10%
Bovine Serum Albumin in PBST) at 37 °C for 1 h, the
plates were incubated with 100 μl/well of the rabbit sera
which were serially double diluted from 1:200 to 1:204,800
in PBST for 45 min at 37 °C. Then 100 μl/well of HRP-
conjugated goat anti-mouse IgG (Solarbio, Beijing, China)
diluted 1:10,000 in PBST was added and incubated for
30 min at 37 °C. Finally, immune complexes were revealed
by incubating with 100 μl/well of TMB Color liquid
(Solarbio, Beijing, China) for 15 min at 37 °C in dark. The
reaction was stopped with 50 μl/well of 1 M H2SO4, and
the absorbance was measured at 450 nm with an ELISA
reader (Molecular Devices, Sunnyvale, CA, USA). All
samples were run in triplicate.

Statistical analysis
Data in all groups were analyzed by using SPSS 12.0 soft-
ware. Different biological parameters of female ticks were
compared by Student’s t-test. The difference was consid-
ered statistically significant at P < 0.05. Vaccine efficacy was
calculated as 100 × [1 – (NET × EWPF × H)], where NET,
EWPF and H represent the fraction of the relevant tally in
the experimental group relative to that in the control group
of the total number of biting female ticks, total weight of
eggs per female, and hatchability of eggs, respectively [16].

Results
Characterization of the antibody response in vaccinated
rabbits
The levels of IgG antibodies induced by plasmids in rab-
bits were detected every seven days by ELISA. The
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results showed that antibody levels in rabbits vaccinated
with pcDNA3.1(+)-Pmy gradually increased after the
second immunization (Fig. 1), and the IgG levels were
significantly higher than those of the control group on
the 7th day after the second immunization (t-test:
t(10) = 16.47, P < 0.0001). Furthermore, the IgG levels
reached to the maximum value after the last
immunization (Fig. 1).

Rabbit tests for Pmy DNA vaccine against H. longicornis
To evaluate the immune protection induced by the
DNA vaccines of Pmy, all rabbits were challenged with
ticks after immunization, and some biological parame-
ters were checked daily. The results of the rabbit tests
showed that some female adult ticks died on the fourth
day after fed on the rabbit. It was possible that some
ticks on the immunized rabbits ingested blood and that
had an effect on the ticks feeding, which resulted in the
death of ticks. The mortality of female adults from
pcDNA3.1(+)-Pmy group was 27.31%, which was signifi-
cantly higher than that of the control group (t-test:
t(10) = 9.09, P < 0.0001) (Fig. 2a, Table 1). Other female
ticks were attached to the rabbits for blood-feeding until
complete engorgement, and the average engorgement
weight, oviposition from pcDNA3.1(+)-Pmy group were

Fig. 1 Antibody responses from immunized rabbits with DNA vaccine.
Sera (2/group) were collected every seven days and determined by
ELISA. The experiment was repeated three times. Results are shown as
means ± SEM, and statistically significant differences are indicated by
asterisks (*P < 0.05). The arrows indicate the days of the initial
vaccination and the two boosters

Fig. 2 Different biological parameters of female ticks from rabbits tests. a Average mortality of female adults. b Average engorgement weight of
female adults. c Average ovipositions of female adults. d Average hatchability. In total, 240 female adult ticks (n = 240) in Fig. 2a were used in
each group, while biting ticks (n = 202 or 174) in Fig. 2b-d were used in control group and pcDNA3.1(+)-Pmy group, respectively. Results are
shown as means ± SEM and statistically significant differences are indicated by asterisks (*P < 0.05)
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109.61 ± 4.24 mg and 48.39 ± 4.06 mg, respectively
(Table 1), which correspondingly resulted in 36 and 39%
reduction compared with that of control group (t-test:
t(374) = 9.08, P < 0.0001; t-test: t(374) = 4.72, P < 0.0001,
respectively) in Fig. 2b and c. However, there was no sig-
nificant difference in hatchability between the two
groups (t-test: t(343) = 0.09, P = 0.9279) (Fig. 2d). Ana-
lysis of the biological parameters indicated that the ex-
tent of the effect on female tick production resulted in
an overall efficacy of 50% (Table 1). Furthermore, the
mean width of female ticks fed on the pcDNA3.1(+)-
Pmy vaccine group was 4.83 ± 0.23 mm, which was
smaller than the mean width of those fed on the control
group (7.00 ± 0.38 mm) (Fig. 3).

Discussion
It has been shown that Pmy is a promising vaccine can-
didate, which has been demonstrated in a variety of par-
asites, including Schistosoma japonicum [17], Taenia
saginata [18] and Trichinella spiralis [19]. Studies on
various parasites showed that Pmy DNA vaccine elicited

higher levels of IgG, as well as cytokines IL-2, IL-4, IL-5,
and IFN-γ. This demonstrated that Pmy plasmid DNA
could induce both humoral and cellular immune re-
sponses [20, 21]. However, few studies have been re-
ported in ticks.
In this study, rabbits were immunized with a novel

Pmy DNA vaccine and the levels of IgG antibodies in
rabbit sera were determined by ELISA. Our results indi-
cated that antibody levels in the experimental group
gradually increased two weeks after the first
immunization (Fig. 1) and were significantly higher than
those of the control group on the 7th day after the sec-
ond immunization (t-test: t(10) = 16.47, P < 0.0001). Li
et al. [22] had verified that antibodies in mice immu-
nized with Pmy recombinant plasmid from Brugia
malayi were detectable two weeks after the first DNA
injection and were significantly increased after the sec-
ond injection. In addition, mice vaccinated with recom-
binant plasmid p14–3-3 developed higher levels of IgG
on 2 weeks after the first immunization [11]. Our results
also showed similar trend for antibody induction (Fig. 1).

Table 1 Data from rabbits tests evaluating Pmy DNA for efficacy as anti-H. longicornis vaccine

Group No. of
animals

Total no.
of ticks

Total no.
of biting ticks

Mortality
(%)

Feeding
time (day)

Engorgement
weight/female (mg)

Ovipositions/
female (mg)

Hatchability
(%)

NET EWPF H Eff
(%)

Control 6 240 202 15.63 ± 0.71 7.44 ± 0.08 170.20 ± 4.00 78.77 ± 4.96 79.93 ± 4.50 – – – –

pcDNA3.1
(+)-Pmy

6 240 174 27.31 ± 0.46* 7.50 ± 0.06 109.61 ± 4.24* 48.39 ± 4.06* 76.02 ± 3.58 0.86 0.61 0.95 50

NET = Reduction in tick numbers = Total number of biting ticks from the pcDNA3.1(+)-Pmy group / Total number of biting ticks from the control group
EWPF = Reduction in weight of eggs per female = The average eggs weight of female adult from the pcDNA3.1(+)-Pmy group/ The average eggs weight of
female adult from the control group
H = Reduction in hatchability = Hatchability from pcDNA3.1(+)-Pmy group / Hatchability from control group
Eff = Overall efficacy compared to control = 100 [1-(NET × EWPF × H)]
*P < 0.0001

Fig. 3 Comparison of tick size between two groups. a Control group (body width: 7.00 ± 0.38 mm), b Immunization group with pcDNA3.1(+)-Pmy
(body width: 4.83 ± 0.23 mm). Female ticks were attached to immunized rabbits for blood-feeding until complete engorgement. Results are shown as
means ± SEM
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These results indicated that DNA vaccines induced a
strong antibody response in rabbits or mice.
The protective efficacy of DNA vaccines against para-

sitic infections has been reported in other parasites be-
sides ticks. Solís et al. [23] demonstrated that mice
immunized with Pmy plasmid DNA of Ta. crassiceps
caused 43 to 48% reductions of the parasite burden.
Meanwhile, mice immunized with Pmy DNA vaccine
from T. spiralis led to 44.8% of reduction in adult worm
and 46.6% of reduction in muscle larvae after challenge
with T. spiralis larvae [20]. Our results showed that vac-
cination of rabbit with Pmy DNA vaccine partially in-
creased the mortality of female adult ticks (t-test:
t(10) = 9.09, P < 0.0001) (Fig. 2a), and this mechanism was
not clear. In addition, the average engorgement weight
and oviposition of female adult from pcDNA3.1(+)-Pmy
group were significantly decreased compared with control
group (t-test: t(374) = 9.08, P < 0.0001; t-test: t(374) = 4.72,
P < 0.0001, respectively) (Fig. 2b, Fig. 2c), and the vaccine
overall efficacy was 50% (Table 1). Moreover, female ticks
from the pcDNA3.1(+)- Pmy vaccine group were smaller
in size and reached to 31% reduction in body width com-
pared with the control group (Fig. 3). This was similar to
the effect of recombinant cyclin-dependent kinases (CDK)
antigen on Ixodes persulcatus [24]. Thus, our results indi-
cated that Pmy DNA vaccine was a potential vaccine can-
didate against ticks. To improve the vaccine efficacy,
further studies with multi-gene vaccines should be con-
ducted, and Pmy is one of the best choices.

Conclusions
This study suggested that Pmy DNA vaccine elicited a
specific humoral immune response and partially protected
rabbits against H. longicornis infection. Furthermore, vac-
cination with Pmy plasmid DNA resulted in a significant
reduction in engorgement weight, oviposition and size of
female adult ticks in the vaccine group compared with the
control group. This indicated that Pmy was a suitable can-
didate for the development of vaccine against ticks.
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