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Summary
Resistance to adults of H. anatolicum and H. dromedarii was investigated in rabbits
following inoculation with extracts derived from midguts of partially fed ticks emulsified with
Montanide adjuvant. Female ticks fed on rabbits immunized with these crude soluble
antigens (CSMGAs) extracts had reduced engorgement weights, egg mass weights, egg
hatchability and egg production indices and prolonged feeding periods compared to
performance of ticks fed on non-immunized rabbits. Sera from these immunized rabbits were
tested for the presence of anti-tick antibodies by enzyme linked immunosorbent assay
(ELISA). The test showed an increase in antibody titres in sera of immunized rabbits after
each inoculation while those of the control rabbits remained unchanged after each
inoculation. ELISA test demonstrated cross-reactivity between CSMGAs of H. anatolicum
and those of H. dromedarii demonstrating presence of acommon antigen(s) in midguts of these
two tick species.

Introduction
Of all external parasites, ticks cause the greatest economic losses in livestock
production in the world and tick-related diseases are serious problems worldwide
(Balashov, 1972). Although tick control is primarily aimed at tick-borne diseases control,
ticks themselves cause significant reduction in live weight gain, milk yield and calf
production and hides quality and udder damage (FAO, 1984). Immunization against ticks is
an attractive way of controlling ticks. Several attempts have been made to artificially
immunize hosts with tick extracts (Wikel and Whelen, 1986; Mongi et al., 1986; Willadsen,
1987; Nyindo et al., 1989; Jongejan et al., 1989).
The failure in inducing an appreciable level of anti–tick immunity with salivary
gland associated proteins might have precipitated the idea of immunizing animals using tick
antigens which are not injected into the hosts (concealed antigens).
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Gut–derived immunogens have been used by many researchers for immunization against
tick feeding (Willadsen, 1987; Opdebeeck et al., 1988a, b; Willadsen, et al., 1989; Kemp et
al, 1989; de Haan and Jongejan, 1990). A significant positive correlation between antibody
levels against midgut membrane antigens of cattle and protection has been established
(Wong and Opdebeeck, 1989; Jackson and Opdebeeck, 1990; Singh and Ghosh, 2003).
Since 1980s, immunization against ticks with concealed antigens has been advocated over
natural antigens because immunity induced by natural antigens believed to be inferior to
immunity induced by concealed antigens (Willadsen, 1987). The objective of this study
was to investigate the possibility of resistance induction in rabbits by artificial
immunization using crude soluble midgut antigens of partially fed adults of H. anatolicum
and H. dromedarii to use it as a means of tick control.
Materials and Methods
H. anatolicum and H. dromedarii used in this study were laboratory fed on rabbits,
using ear bags according to Bailey (1960) method. Adults of each tick species were
separately fed on rabbits.
Preparation of crude soluble midgut antigens (CSMGAs):
Fifty adults from each of H. anatolicum and H. dromedarii were fed for four days
on ears of rabbits and then removed and placed in Petri dishes, washed with distilled water,
and air-dried. They were fixed alive with their dorsal side upwards in small depressions
made by a heated tip of spatula in a wax half- filled Petri dish. The Petri dish was halffilled with cold (4ºC) phosphate buffered saline (PBS) to facilitate observation and prevent
desiccation of the tick internal organs. Then, while viewing through a dissecting
microscope, the ticks’ dorsal surfaces were separated and removed from the body by
cutting the lateral edges of the cuticle with a number 11-scalpel blade. The midgut
diverticulae were carefully dissected free from other tissues using a pair of watchmakers’
forceps and excised. Midguts from 50 ticks of separately collected each tick species were in
each bijou bottles containing 2 ml of cold PBS. During the dissection of the ticks, the bijou
bottles with the PBS were kept on ice. The midguts were homogenized in 5 ml glass
homogenizer (WHEATON-USA) for two minutes. The homogenization process was
carried out on ice and the homogenizer was kept at –20ºC for 30 minutes before use. The
midgut homogenates were sonicated in a Soniprep 150 (MSE Scientific Instrument, Sussex,
UK.) at amplitude of 22 µm for two minutes at 4ºC. The sonication process was repeated
four times at 3 minutes intervals. After sonication the homogenates were centrifuged at
30,000 g for one hour at 4ºC using Beckman L7-65 ultracentrifuge. The clear supernatants
were decanted into bijou bottles, labelled and stored at –20ºC until used. The total protein
concentration of the CSMGAs of H. anatolicum and H. dromedarii were determined by
modified Lowry method (Markwell et al., 1978). These were 1208 µg/ml. for H.
anatolicum and 1179 µg/ml. for H. dromedarii.
Immunization of rabbits with crude soluble midgut antigens (CSMGAs):
Experimental animals:
Sixteen rabbits, 6 to 8 months old, with no previous exposure to ticks were used.
Rabbits were divided into four equal groups. The four groups of rabbits were used for
immunization experiment. Groups I and II were used as experimental and control for H.
anatolicum, respectively. Groups III and IV were used as experimental and control for H.
dromedarii, respectively.
Inoculums preparation:
An emulsion was made by separately mixing CSMAs of each tick species with
equal volumes of Montanide (1ISA50 Seppic) adjuvant using a sterile 5 ml disposable
syringe. Rabbits in groups I were inoculated with H. anatolicum midgut antigens/ adjuvant
emulsion, while those in group III were inoculated with H. dromedarii midgut antigens/
adjuvant emulsion. Another emulsion was prepared by mixing equal volumes of PBS with
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the Montanide adjuvant. This emulsion was used for inoculation of rabbits in Groups II and
IV (control groups). Blood for serum preparation, was taken by cardiac puncture from
rabbits in all groups prior to the first inoculation and prior to any subsequent booster
inoculation. The collected sera were stored at –20ºC until used.
Immunization protocol:
Experimental and control rabbits of each tick species were simultaneously
inoculated for the first and any booster inoculation. Each rabbit in all groups was injected
with 0.4 ml of the corresponding emulsion, using a sterile one ml disposable syringe. Each
experimental rabbit was inoculated with 242 µg of H. anatolicum midgut antigens protein
in each inoculum, while that of H. dromedarii midgut antigens protein was 236 µg. The
inoculated dose was equally divided into four sites. Two inoculations were subcutaneously
(s/c) injected along the back, while the other two inoculations were intramuscularly (i/m)
injected in the thigh. The day of first inoculation was considered to be day zero. The two
booster doses each was same as dose the first inoculation were administered on day 14 and
day 28 in all groups.
Tick application:
Seven days after the last booster dose, 20 adults (10 males and 10 females) of H.
anatolicum were fed on the left ears of rabbits in groups I and II as described above. Thirty
adults (15 females and 15 males) of H. dromedarii were fed on the ears of rabbits in groups
III and IV. The ear bags were daily opened for observations of tick attachment and feeding.
The dropped engorged H. anatolicum and H. dromedarii females from rabbits of all groups
were collected. Each female was weighed and individually kept in glass tubes and
incubated at 27ºC and 85% RH for egg laying and hatching. Feeding period, preoviposition period, egg mass weight, prehatching period and hatchability of eggs for both
tick species were recorded. These parameters were used for assessment of tick resistance.
Calculations were performed to determine the percentage of engorgement weight at
repletion accountable by the subsequent weight of the eggs laid for each female. This value,
termed the “egg production index”(EPI) was calculated by the following formula as
X 100
EPI= Weight of egg mass
Engorgement weight
Enzyme linked immunosorbent assay (ELISA):
The enzyme linked immunosorbent assay (ELISA) was performed according to the
method described by Voller et al. (1976) for antibodies detection against the CSMGAs in
the sera of rabbits in all groups. Optimal reactant concentration for CSMGAs of both tick
species and conjugates had been predetermined by titration. The CSMGAs of both tick
species were optimally diluted in carbonate buffer, pH 9.6 to make the concentration of the
CSMGAs 50 µg/ml. A volume of 100 µl of the diluted CSMGAs of each tick species was
added to each well of the ninety-six flat-bottomed microtitre plate (Nunc-Immunoplate,
MaxiSorpTM surface Nalge Nunc International-Denmark) so that each well received 5 µg of
the antigen. The plates were then incubated in a humid chamber at 37ºC for 2 hours and
overnight in the refrigerator at 4ºC. They were then washed five times with PBS (pH 7.2)
containing 0.05% Tween-20 (SIGMA-ALDRIC, INC. Saint Louis Missouri USA) to wash
away unbound antigen. A volume of 100 µl of the test sera diluted 1:200 in a diluent buffer
containing 1% skimmed milk and PBS containing 0.05% Tween-20 (TPBS) were added to
each well and incubated at 37ºC for one hour. Thereafter, the plates were washed five
times with TPBS to remove unbound antibodies. A volume of 100 µl of goat anti-rabbit
IgG conjugated to horseradish peroxides (SIGMA-ALDRIC, INC. Saint Louis Missouri
USA) diluted in 1:1000 in TPBS with 1% skimmed milk were added to each well and then
the plates were incubated at 37ºC for one hour. The plates were washed five times with
TPBS and 100 µl of the substrates ortho-phenylenediamine (OPD, Sigma Chemical) diluted
in citrated buffer with 30% hydrogen peroxide was added to each well. The plates were
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kept in dark for 30 minutes for colour to develop. The optical density was determined using
an ELISA reader (Labsystems multiskan RC) at 450 nm connected to a computer. Serum
samples from rabbits before the first inoculation of CSMGAs were considered as the
negative control and serum samples taken from rabbits after the last booster dose were
considered as the positive control. The plates were read by an ELISA reader (Labsystems
multiskan RC) at 450 nm connected to a computer loaded with ELISA Data Information
(EDI) software (FAO/ IAEA, 1993).
Statistical analysis:
Data generated from the experiments were subjected to an appropriate general linear
model (GLM) procedure of the statistical analysis using the statistical analysis system
(SAS) package. The SAS was used to perform analysis of variance (ANOVA) and mean
separations were performed using Ryan- Einot- Gabriel-Welsch multiple range test
(REGW) according to Day and Quinn (1989).
Results
Comparison of the mean feeding and reproductive performance of female ticks was
made between ticks fed on inoculated rabbits and ticks fed on control rabbits for each tick
species. The effects of inoculations of CSMGAs and PBS into rabbits on both tick species
on subsequent tick challenge are shown in Tables 1 and 2. Feeding periods of both tick
species were significantly increased (P ≤ 0.001 for H. anatolicum, P ≤ 0.05 for H.
dromedarii) in ticks fed on immunized rabbits compared to the ones fed on the control
(Table 1). The duration of the feeding periods were 8.58±0.29 and 7.52±0.21 days of
females of H. anatolicum fed on immunized and non-immunized rabbits, respectively and
9.16±0.4 and 8.18±0.22 days for H. dromedarii, respectively (Table 2).The mean
engorgement weights of females of the two species were significantly decreased in ticks fed
on immunized rabbits. Female engorgement weights between ticks fed on immunized and
non-immunized rabbits were significant by differnt. These were 305.59±38.13 mg and
425.7±20.5 mg for H. anatolicum, respectively and 513.83±36.33 and 628.19±30.76 mg for
H. dromedarii (Table 2). There were no significant differences (P ≥ 0.08 for H. anatolicum,
P ≥ 0.21 for H. dromedarii) in preoviposition periods of both tick species fed on
immunized and non-immunized rabbits. The mean weights of egg batches laid by females
of both tick species fed on immunized rabbits were significantly lower (P ≤ 0.05 for H.
anatolicum and P ≤ 0.01 for H. dromedarii) than those fed on non-immunized (Table1).
However, the pre hatching period was not significantly different (P ≥ 0.67 for H.
anatolicum, P ≥ 0.33 for H. dromedarii) in ticks of both species fed on immunized and nonimmunized rabbits. The hatchability percentages of eggs laid by females fed on CSMGAs
immunized rabbits were significantly less (P ≤ 0.001) than those fed on non-immunized in
rabbits both tick species. The pre-ovipostion and pre-hatching periods were not
significantly different in females of the two tick species fed on immunized and nonimmunized rabbits. However a significant difference in hatching per cent of eggs laid by
females of the two tick species fed on immunized and non-immunized rabbits is recorded
(Table 2). The mean production indices were significantly reduced in ticks fed on
immunized rabbits than those fed on non-immunized rabbits for the two tick specie (Table
1). The mean mortality percentages of H. anatolicum females were 27.4% and 4.2% when
fed on immunized and non-immunized rabbits, respectively while H. dromedarii females
had 2.2% and 0% mortality, respectively. The dead females that had fed on immunized
rabbits were black in colour, while those died from non-immunized rabbits were gray in
colour. There was an increase in serum antibody response to crude soluble midgut antigens
of both tick species in rabbit inoculated with CSMGAs after each inoculation when tested
by ELISA (Fig 1 and 2). On the other hand the level of the reaction between the CSMGAs
of both tick species to sera from rabbits inoculated with PBS emulsified with adjuvant was
more or less constant prior to the first inoculation and prior to each booster inoculation (Fig
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1 and 2). A cross reactivity was recorded between CSMGAs of one tick species and sera of
rabbits inoculated with CSMGAs of the other tick species (Fig 3 and 4). H. dromedarii
CSMGAs reacted strongly to sera from rabbits inoculated with H. anatolicum CSMGAs
than to sera from H. dromedarii CSMGAs inoculated rabbits (Fig. 4).
Table 1: ANOVA mean squares (MS), F values (F), square root R and coefficient variance
(CV) for feeding and fecundity of engorged females of Hyalomma anatolicum and H.
dromedarii fed on crude soluble midgut antigens immunized and non-immunized rabbits.
Tick species
Hyalomma
Anatolicum

Source

R

CV

MS

F

Feeding period
Engorgement weight
Pre-oviposition
Egg mass weight
Pre-hatching period
Per cent hatching
Production index

0.16
0.14
0. 07
0.07
0.004
0.49
0.09

15.20
41.23
20.56
35.81
5.33
8.87
24.52

13.236
1694
5.6828
0.1345
0.2537
2602.24
1472.62

8.81 ***
7.51***
3.31ns
5.12*
0.19ns
39.42***
8.42**

Feeding period
Engorgement weight
Pre-oviposition
Egg mass weight
Pre-hatching period
Per cent hatching

0.05
0.07
0.02
0.08
0.01
0.76

24.51
38.21
20.78
46.02
4.33
21.41

19.311
0.2638
2.369
0.1537
1.065
54997.69

4.24*
5.61*
1.62ns
7.11**
0.94ns
252.09***

Hyalomma
Dromedarii

Production index
0.65
22.15 1683.86
12.52***
*P< 0.05, ** P < 0.01, *** P < 0.001, ns =not significant, Degrees of freedom = 3.
2.5
Mean O D at 450 nm.

2

Immunized

1.5
1
0.5

Control

0
1

2

inoculation number

3

Fig. 1: Hyalomma anatolicum crude soluble midgut antigens (CSMGAs) antibody
response in immunized and non- immunized (control) rabbits measured
by ELISA.
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Table: 2. Means (±SE) of feeding and fertility of engorged females of Hyalomma
anatolicum and H. dromedarii fed on crude soluble
midgut antigens
immunized and non-immunized rabbits.
Feeding
period
(days)

Engorgement
weight (mg)

Preoviposition
(days)

Egg
weight
(mg)

Immunized

8.58±0.29 a

305.59±38.13 b

6±0.25 a

Non-immunized

7.52±0.21 b

425.7±20.5 a

Immunized

9.16±0.4 a

Non-immunized

8.18±0.22 b

Treatment

mass

Prehatching
(days)

Hatching (%)

Production
index

130.69±28.27 b

21.62±0.23 a

83.62±2.51b

42.77±2.53b

6.73±0.31 a

212.39±18.29 a

21.77±0.26 a

99.18±0.34a

49.89±2.94a

513.83±36.33 b

5.98±0.23 a

277.87±24.8 b

24.45±0.15 a

44.05±3.1b

47.99±0.03b

628.19±30.76 a

5.63±0.13 a

365.65±21.13 a

24.68±0.18 a

96.55±0.57a

57.18±1.14a

H. anatolicum+

H. dromedarii ++

Means (±SE) followed by the same letter in each column are not significantly different at
5% level based on Ryan's Q test (REGWQ)
+Number of observations for immunized rabbits = 24, for non immunized rabbits =23
+ + Number of observations for immunized rabbits = 43, for non immunized rabbits = 38

0.7

Mean O D at 450 nm

0.6

Immunized

0.5
0.4
0.3
0.2

Control

0.1
0
1

inoculation
2 number

3

Fig. 2: Hyalomma dromedarii crude soluble midgut antigens (CSMGAs) antibody
response in immunized and non-immunized (control) rabbits zera.
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Mean OD at 450 nm
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H. anatolicum

2
1.5

H. dromedarii

1
0.5
0
1

2

3

inoculation number

Mean OD at 450 nm

Fig.3. Hyalomma anatolicum crude soluble midgut antigens (CSMGAs) antibody
response in rabbits immunized with CSMGAs of H. anatolicum and H.
dromedarii measured by ELISA.

0.8

H. anatolicum

0.6

H. dromedarii

0.4
0.2
0
1

2

inoculation number

3

Fig.4. Hyalomma dromedarii crude soluble midgut antigens (CSMGAs) antibody
response in rabbits immunized
with CSMGAs of H. anatolicum and H.
dromedarii measured by ELISA.
Discussion
The present study showed that immunization of rabbits with crude soluble midgut
extracts of partially fed adults of H. anatolicum and H. dromedarii, emulsified with
Montnide adjuvant conferred some degrees of protection. This protection was manifested in
a significant reduction in female engorgement weights, egg mass weights, hatchability of
eggs and egg production indices and prolonged feeding periods. The reduction in
engorgement weights due to midgut immunization was 28.22% in H. anatolicum and
18.2% in H. dromedarii. Similarly, average engorgement weight of female ticks which
were fed on solubilized membrane bound midgut antigens immunized cattle was
significantly lower than that of ticks fed on control cattle ( Essuman et al., 1991); Sahibi et
al., (1997) Johnston et al, (1986) . A significant engorgement weight reduction was also
reported in nymphs fed on calves immunized with nymphal soluble antigens (Tembo and
Rechav 1992; Sangwan et al. 1998).
In the current study, egg mass weight was reduced by 33.8% and 24% in H.
anatolicum and H. dromedarii fed on CSMGAs immunized rabbits, respectively.
Opdebeeck et al. (1988b) found that ticks fed on cattle vaccinated with both Booplius.
microplus total larval membrane and larval soluble antigens laid less eggs (28% and 33%,
respectively) compared to ticks fed on control cattle. In this study, per cent hatchability of
eggs laid by ticks fed on immunized rabbits was significantly reduced than those fed on
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non-immunized rabbits. A similar result was reported by Jongejan et al. (1989) and
Essuman et al. (1991).
In the present study, the reduction in the production indices of the females fed on
immunized rabbits indicated that less engorgement weights of females fed on immunized
rabbits were converted into less eggs weight masses than those of females fed on controls.
This reduction may be attributed either to impairment in meal processing or possibly direct
effect of antibodies on the ovarian tissues as Ackerman et al. (1980) postulated.
In the present study, using ELISA, a cross-reaction between crude soluble midgut
antigens of H. anatolicum and H. dromedarii and sera from rabbits immunized with these
antigens was achieved. A heterospecific cross-reactivity between H. anatolicum crude
soluble midgut immunized rabbit sera and H. dromedarii CSMGAs higher than the
homospecific one between H. dromedarii CSMGAs and sera of rabbits immunized with
CSMGAs of H. dromedarii was reported. The cross-reaction between the two tick species
demonstrated a sharing of antigenic determinants between them. The presence of common
antigens in the midgut extracts of the two species may have a practical importance in their
biological control. An immunological cross-protection between the existing commercial
midgut vaccine for B. microplus and a range of other ticks showed a strong effectiveness of
TickGARDTM against B. annulatus, H. anatolicum and H. dromedarii. This is evident in the
reductions found in tick number, mean tick weight as well as in the egg/tick ratio for H.
dromedarii. The results suggest that the TickGARDTM vaccine works better against
Hyalomma species than against B. microplus (Sander et al., 2001). In the same study, the
authors found a non-significant effect of the TickGARDTM vaccine against Rhipicephalus.
appendiculatus and Amblyomma. variegatum.
The increase in the level of antibodies in sera of rabbits immunized with CSMGAs
in both tick species and its absence in the non-immunized rabbits (Fig 1 and 2) indicates
that resistance showed by immunized-rabbits is antibody mediated or antibody-dependent
cell mediated reactions. The antibody mediation of resistance following midgut
immunization was also reported by Ackerman et al. (1980), Willadsen and Kemp (1988)
and Jackson and Opdebeeck (1990).
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