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ملخص البحث
 ( مھما ً فى السودان حيث أH.dromedarii; H.a.anatolicum) يعتبر القراد من نوعى الھايلوما أناتوليكم و الھايلوما دروميداري
 الغرض من ھذه.نه ينقل أمراضا ً فتاكة للحيوانات وكذلك يؤدي الى نقص فى أنتاج اللحوم وااللبان مما يؤثر ﺳلبا على المردود اإلقتصادى للحيوان
الدراﺳة إﺳتكشاف الطرق المناعية ضد القراد الصلب و ذلك إلﺳتعمالھا كبديل لطرق الوقاية بالمبيدات الكيميائية المستعملة حاليا و التي لھا مضار
كثيرة مثل تلوث البيئـة و إكتساب بعض القراد مناعة ضد ھذه المواد الكيمائية ووجود رواﺳب للمواد الكيميائية في منتجات الحيوان مثل اللحم
. أجريت ھذه الدراﺳة لمعرفة الخواص المناعية التي يمكن أن يكتسبھا العائل ضد طفيل القراد وقد أﺳتخدمت االرانب كعائل فى ھذه الدراﺳة.واللبن
لقد وجد أن التغذية المتكررة لألطوار الكاملة من نوعى الھايلوما أناتوليكم أناتوليكم و الھايلوما دروميدارى تؤدى إلى إكتساب األرانب للوقاية ضد
تم قياس المناعة المكتسبة بواﺳطة المقارنة بين اناث القراد الالئى تمت تغذ يتھن على االرانب الول مرة و. تغذية ھذه األطوار في المرات الالحقة
 تمثلت ھذه الوقاية في نقصان كمية الدم الذى أ متصته اإلناث و كذلك وزن البيض الذي أنتجته.الالئى تمت تغذيتھن على االرانب فى المرات االحقة
.و نسبة فقس البيض وكذلك في عدد اإلناث الالتى نجحن فى اإللتصاق و التغذية فى األرانب فى المرات االحقة مقارنة بالتغذ ية فى المرة االولى
 ( إنه يحتوى علىELISA ) بعد إختباره بواﺳطة المقايسة المناعية المرتبطة باالنزيم،وجد أن السيرم من األرانب بعد كل إصابة بالقراد
 وجد أن ھذه األجسام المضادة تزداد بعد كل إصابة بالقراد و أيضا وجد أن ھناك تفاعل.أجسام مضادة ألنسجة الغدد اللعابية للنوعين من القراد
وأظھرت الدراﺳة أن ھناك تناﺳب عكسى بين متوﺳط.مشترك بين السيرم من أرانب أصيبت بأحد أنوعي القراد و أنسجة الغدد اللعابية للنوع األخر
.وزن إنثى القراد وكمية االجسام المضادة الموجودة فى السيرم من االرانب التى أصيبت اصابات متكررة بالطور الكامل بكال النوعين من القراد
وأبان التحليل اإلحصائى أنه كلما ازداد عدد مرات إصابة األرانب بالقراد كلما ازدادت كمية االجسام المضادة ألنسجة الغدد اللعابية عندما تم فحصھا
.(ELISA) بواﺳطة إختبار المقايسة المناعية المرتبطة االنزيم

Summary
Resistance to infestation by Hyalomma anatolicum and H. dromedarii adults was induced
in rabbits by repeated infestations. Sera from rabbits repeatedly infested with adults of H.
anatolicum and H. dromedarii were tested for the presence of anti-tick antibodies to tick–derived
crude soluble salivary gland antigens (CSSGAs) by enzyme-linked immunosorbant assay
(ELISA). The ELISA demonstrated anti-tick antibody titres that increased with repeat
infestation of both tick species. The increase in antibody titres was highly negatively correlated
with female engorgement weights and highly positively correlated with infestation frequency of
both tick species.
Rabbits’ resistance, which interferes with tick feeding, was expressed in
reduction in tick engorgement weight, egg mass weight, hatchability percentage of eggs, and
prehatching period and prolongation of feeding period.
Cross–reactivity between crude soluble salivary gland antigens (CSSGAs) of H.
anatolicum and H. dromedarii was demonstrated by ELISA.

Introduction
Ticks transmit more diseases to domestic and wild animals than any other arthropod,
and are second only to mosquitoes as vectors of human diseases (Balashov, 1972). Ticks,
also, cause heavy losses in liveweight gain (LWG). Pegram et al (1989) observed that each
engorged Amblyomma variegatum female causes a loss of 46-61 g in LWG, whereas the mean
weight loss caused by a standard female of Rhipicephalus appendiculatus on B. taurus cattle
was estimated at 4.4 g (Norval et al, 1988). It has been estimated that 80% of as the world's
cattle are infested with ticks (FAO, 1984). World losses caused by ticks have been estimated
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at US$ 7 billion annually (McCosker, 1979). The economic cost in livestock losses and
funding for control and research programmers was estimated at US$ 168 million (Anon,
1999). Acquired tick resistance is an immune response involving cutaneous delayed type
hypersensitivity to some antigen(s) inoculated into the host by ixodid ticks in the process of
feeding (Wikel and Allen, 1982). Cattle and various laboratory animals were reported to
develop resistance to infestation by a number of ixodid tick species (Willadsen, 1980).
The objectives of this study were to study the ability to induce resistance by repeat
experimental infestations with adult H. anatolicum and H. dromedarii on rabbits and to
elucidate the role of humoral resistance acquired by rabbits to adult H. anatolicum and H.
dromedarii.
Materials and Methods
Experimental animals:
Ten rabbits of the same breed and weight, different sex and no history of tick
infestation were purchased from the local market. They were restricted from grooming and
were separately kept in metal cages and fed ad libitum on green fodder, pellets and had free
access to water. Rabbits were divided into two groups, group 1and group2, to be used in
repeat infestation experiments.
Tick used:
Hyalomma anatolicum and H. dromedarii from a laboratory colony fed on rabbits
were used. Ticks used in any particular infestation were of the same physiological status i.e.
of the same age, generation and kept under the same conditions of (27 ºC) temperature and
RH humidity (85%). Similarly, ticks produced from females fed at the same time and on the
same host were used to avoid variations in feeding capability.
Twenty adults (10 males and 10 females) of H. anatolicum were used in each rabbit
infestation of group 1, while another twenty adults (10 males and 10 females) of H.
dromedarii were used in group 2. Tick infestations were alternately infested on the left and
right ears. This was done to exclude the effects of skin damage caused by previous tick
infestation. Four repeated infestations were carried out. The interval between consecutive
infestations was 14 days, during which rabbits were kept free of ticks. Cardiac puncture which
was done before primary infestation and then at the end of each infestation was used to collect
blood from rabbits. Sera were collected after blood centrifugation and labelled indicating tick
species, rabbit number and infestation number prior to storing at -20ºC until used.
Fully engorged females were collected from rabbits, individually weighed using a
sensitive balance and then individually placed in glass tube covered with nylon mesh. They
were kept at 85% relative humidity and 27ºC until laying and hatching of eggs. Preoviposition period for each female was recorded. Egg batch for each female was weighed,
thoroughly mixed and five samples of one hundred eggs each were taken and placed in small
vials, labelled indicating tick species, rabbit number, and infestation frequency then incubated
at 85% RH and 27ºC until hatching of eggs was completed. Pre-hatching periods were
recorded for each female. The vials with the larvae and eggs were, then, placed at -20ºC for
60 minutes to kill the live larvae. Thereafter, the content of each vial was placed on a filter
paper No. 2 and examined under a dissecting microscope. The number of eggs failed to hatch
was calculated and hatching percentage of eggs of each female was calculated as the average
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of the five samples taken from each female egg batch. Engorgement weights, feeding periods,
pre-oviposition periods, egg batch weights, prehatching periods and per cent egg hatchability
were recorded for each female in each group for each infestation.
Preparation of crude soluble salivary gland antigens (CSSGA):
Partially fed adults (males and females) of the two tick species were fixed alive in
wax, immersed in cold (4ºC) phosphate buffer saline (PBS) to facilitate observation and
prevent desiccation of the ticks’ internal organs. 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 scalpel blade. The midgut diverticulae were carefully
dissected free from other tissues using a pair watchmakers’ forceps and excised. The salivary
glands were exposed, and then removed intact and collected in bijou bottles with cold PBS.
During the dissection of the ticks, the bijou bottles with the PBS were kept on ice. Salivary
glands from 50 ticks of each tick species were separately collected in two milliliters of cold
PBS. The salivary glands were homogenized in 5 ml glass homogenizer (WHEATON-USA)
for two minutes. The homogenization process was carried out on ice. The homogenizer was
kept at -20ºC for 30 minutes to be cold before use. The salivary gland homogenates were
sonicated in a Soniprep 150 (MSE Scientific Instrument, Sussex, UK) at amplitude of 22 µm
for two minutes at 4ºC at short interval. The homogenates were centrifuged at 15,000 rpm for
30 minutes at 4ºC using Beckman L7-65 ultracentrifuge. The clear supernatants were kept at 20ºC until used. The total protein concentrations of the crude soluble salivary gland antigens
(CSSGAs) of H. anatolicum and H. dromedarii were estimated by modified Lowry method
(Markwell et al., 1978).
Enzyme linked immunosorbent assay (ELISA):
This assay was used to detect antibodies against the CSSGAs of tick species in sera of
rabbits of groups 1and 2. Optimal reactant concentration for antigens and conjugates had been
predetermined by titration. CSSGAs of H. anatolicum and H. dromedarii were optimally
diluted in carbonate buffer, pH 9.6, to make 50 µg/ml concentrations of the antigens. A
volume of 100 µl of the diluted CSSGAs was added to each well of flat-bottomed microtitre
plate (Nunc-Immunoplate, MaxiSorpTM surface Nalge Nunc International-Denmark) so that
each well receives 5 µg of the antigen. The plates were 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 polyoxy ethylene sorbitan monolaurate (0.05% Tween-20) (SIGMAALDRIC, INC. Saint Louis Missouri USA) to remove 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 TBPS to remove unbound antibodies.
A volume of 100µl of goat anti-rabbit IgG conjugated to horseradish peroxidase (SIGMAALDRIC, INC. Saint Louis Missouri USA) diluted in 1:1000 in TPBS and 1% skimmed milk
were added to each well and 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 kept in dark for 30 minutes for colour to develop. The optical density
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was determined using an ELISA reader (Labsystems multiskan RC) at 450 nm connected to a
computer loaded with ELISA Data Information (EDI) software (FAO/IAEA, 1993). Sera from
rabbits before first infestation were considered as reference sera and those taken after the
fourth infestation were considered as reference sera. The cut off point which was defined as
the mean plus two standard deviations of the negative reference samples was calculated by
using Gaussian method (Wright et al., 1993) for each plate using crude optical density values.
Statistical analysis:
Data generated from various experiments were subjected to 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 Q test (REGWQ) according to
Day and Quinn (1989). Correlation analysis was performed to relate feeding period,
engorgement weight, pre-oviposition period, egg mass weight, pre-hatching period and per
cent hatchability to infestation frequency. Correlation analysis was also carried out to
determine the relationship between ELISA optical values and engorgement weights.
Results
Immunological tests:
Serum antibodies to crude soluble salivary gland antigens were detected using enzyme
–linked immunosorbant assay (ELISA). The antibody activity against the crude soluble
salivary gland antigens of both tick species increased as the frequency of infestations
increased (Table 1; Figs. 1; 2). The mean optical density at 450 nm was 0.188 before the first
infestation and 0.387 after the fourth infestation in H. dromedarii. For H. anatolicum, these
values were 0.219 and 0.556 for the corresponding infestations, respectively. Highly
significant negative correlations (r = -0.86, P < 0.001 for H. anatolicum and r = -0.93, P <
0.001 for H. dromedarii) were found between the engorgement weights of females of the two
tick species fed repeatedly on rabbits and the values of the ELISA optical density (Table 4).
This implies that there is decrease in engorgement weight with an increase in the antibody
titres. A highly significant positive correlation (r =0.74, P < 0.001 for H. anatolicum and r
=0.76, P < 0.001 for H. dromedarii) was also found between the optical density values and
infestation frequencies (Table 2).
Table: 1: Correlation analysis among female engorgement weights of Hyalomma anatolicum and
H. dromedarii fed repeatedly on rabbits with values of optical density of ELISA.
Tick species
Engorgement weight Optical density
Hyalomma a. anatolicum
Infestation

-0.86***

Optical density

-0.87***

Infestation

-0.93***

0.74***

Hyalomma. Dromedarii

Optical density
**

P < 0.01,

***

-0.78**

P < 0.001.; Number of observations in H. a. anatolicum = 14, in H. dromedarii = 15

0.76***
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Fig. 1: Kinetics of antibody response to CSSGA in sera of rabbits repeatedly infested
with adult H. anatolicum as measured by OD values using indirect ELISA.

Fig. 2: Kinetics of antibody response to CSSGA in sera of rabbits repeatedly infested
with adult H. dromedarii as measured by OD values using indirect ELISA.
The ELISA results show a cross reactivity between the crude soluble salivary gland
antigens of H. anatolicum and H. dromedarii (Figs. 3; 4).

Fig. 3: Hyalomma anatolicum CSSGA antibody response of rabbits repeatedly infested
with adult H. anatolicum and H. dromedarii as measured by OD values using
indirect ELISA.
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Table 2: ANOVA mean squares (MS), F values (F), square root (R) and coefficient variance
(CV) for feeding and reproduction performance of engorged females of Hyalomma a.
anatolicum and H. dromedarii fed repeatedly on rabbits.

Tick species
Hyalomm. anatolicum

Source

F

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

MS

5.64 **
23.17***

CV

R

26.22
35.05

0.13
0.38

0.21ns

29.51
255971.4
2
0.252

19.98

0.007

11.75***
45.28 ***

54332.02
62.63

42.10
4.75

0. 28
0.60

4.99 *

205.79

6.59

0.14

Feeding period
Engorgement
weight
Pre-oviposition
period
Egg mass weight

13.02***
62.73***

40.77
2610979.
65
4.14

20.43
33.82

0.21
0.56

15.61

0.11

43.39

0.51

Pre-hatching
period
Per cent hatching

43.59***

961632.9
3
152.30

6.60

0.51

11.95***

6536.33

28.26

0.21

Hyalomma dromedarii

**

P < 0.01,

***

5.41**
44.70***

P < 0.001, ns = not significant, Degrees of freedom = 3.

0 .4 5

Mean OD at 450 nm.

0 .4
0 .3 5
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Fig. 4: Hyalomma dromedarii CSSGA antibody response of rabbits repeatedly infested
with adult H. dromedarii and H. anatolicum as measured by OD values using
indirect ELISA.
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Experimental repeat infestations of the two groups of rabbits with adults H.
anatolicum or H. dromedarii resulted in development of tick resistance in rabbits. This
resistance was manifested by a significant-prolonged feeding period, reduction in
engorgement weights, egg mass weights, pre hatching period and per cent hatchability of eggs
of both tick species (Tables 1 and 5) and also significant prolongation of preoviposition
period in H. dromedarii (P < 0.01,Table 3). Concomitant with a decline in engorgement
weights, there was a significant increase (P < 0.01 for H. anatolicum and P < 0.001 for H.
dromedarii) in feeding period (Table 1). The mean feeding period of H. anatolicum increased
from 7.87±0.24 days in the first infestation to 9.71±0.4 days in the fourth infestation (Table
1). That of H. dromedarii increased from 7.5±0.25 to 10.1±0.4 days during the same
infestations. Results of four successive infestations with adults H. anatolicum showed a
significant (P < 0.001) decline in the female mean engorgement weights from 399.53±1.91
mg in the first infestation to 235.18±27.73 mg in the fourth, while that of H. dromedari was
895.78 ±16 mg in the first infestation and 235.62 ± 28.98 mg in the fourth infestation (Table
3). The pre-oviposition period significantly (P < 0.001) increased with advance in infestation
frequency in H. dromedarii (Table 3), but this significant increase was not observed in the
case of H. anatolicum. The mean egg mass weights laid by females of the two tick species
were significantly reduced (P < 0.001) with advance in frequency of infestation (Tables 3).
Table 3: ANOVA mean squares (MS), F values (F), square root (R) and coefficient of variance
(CV) for feeding and reproduction performance of engorged females of Hyalomma a.
anatolicum and H. dromedarii fed repeatedly on rabbits.
Tick species
Source
F
MS
CV
R
H. a. anatolicum
Feeding period

H. dromedarii

**

5.64 **
***

29.51

26.22

0.13

255971.42

35.05

0.38

Engorgement weight

23.17

Pre-oviposition period
Egg mass weight

0.21ns
11.75***

0.252
54332.02

19.98
42.10

0.007
0. 28

Pre-hatching period

45.28 ***

62.63

4.75

0.60

Per cent hatching
Feeding period

4.99 *
13.02***

205.79
40.77

6.59
20.43

0.14
0.21

Engorgement weight

62.73***

33.82

0.56

Pre-oviposition period

5.41**

2610979.6
5
4.14

15.61

0.11

Egg mass weight

44.70***

961632.93

43.39

0.51

Pre-hatching period

43.59***

152.30

6.60

0.51

Per cent hatching

11.95***

6536.33

28.26

0.21

P < 0.01; ***P < 0.001, ns = not significant; Degrees of freedom = 3.
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The per cent reduction in both the mean engorgement and egg mass weights of H.
anatolicum and H. dromedarii with the increase in frequency of infestation is shown in Table
4. The prehatching periods significantly (P ≤ 0.001) decreased in both tick species with an
increase of infestation frequency (Table 2). The mean hatchability percentages of eggs laid by
the two species significantly (P < 0.01 decreased for H. anatolicum and P < 0.001 for H.
dromedarii) with increased in infestation frequency (Table 1).
Table 4: Means (± SE) of feeding and reproductive performance of females Hyalomma
anatolicum and H. dromedarii fed repeatedly on rabbits
IN
H.a
anatolicu
m

EWt (mg)

1

399.53 ±1.91 a

Egg mass
weight (mg)
203.76±8.72 a

2

248.46±24.58 b

125.35±15.03

220.04±21.42 b

H.
dromedari
i

235.18±27.73 b

1

105.94±33.87

a

895.78±36.16 a

538.74±24.95

5.22±0.11

a

b

2

620.40±30.07 b

297.31±26.31

3

420.62±27.59

c

5.89±0.18
a
5.64±0.12

235.62±28.98

d

b

224.42±18.32
bc

4

99.82±0.06 a

b

122.64±17.07
b

4

Hatch. (%)

5.57±021 a 27.14±0.3 95.86±2.35
ab
2a
5.63±0.16 23.63±0.2 95.73±1.27
a
ab
1b
5.38±0.53 22.5±0.19c 91.88±3.84 b

b

3

POP
PHP
(days)
(days)
5.43±0.18a 24.48±0.1
8b

140.82±23.18
c

29.8±0.3 a

99.2±0.26 a

29.7±0.23

77.77±4.4 b

a

26.44±0.3
ab
7b
6.08 ±0.29 24.77±0.3
a
6c

70.05±5.07 b
79.07±5.4 b

IN=Infestation No; PHP=Prehatching period; POP=Pre-ovipo sition period; FP= Feeding period; EWt=
Engorgement weight; Hatch % = Hatchability (%)

Means (±SE) followed by the same letter in each column are not significantly different at 5% level
based on Ryan´Q test (REGWQ). Number of observations for H. anatolicum = 94; for H. dromedarii
= 130 .

A highly significant (P ≤ 0.001) negative correlation (r = – 0.86 for H. anatolicum and
r = – 0.93 for H. dromedarii) was found among frequencies of infestation and female
engorgement weights (Table 2). A highly significant (P < 0.001) positive correlation (r = 0.74
for H. anatolicum and r = 0.76 for H. dromedarii) Table 2 was also found between infestation
frequency and optical density of rabbits’ sera repeatedly infested with adult H. anatolicum
and H. dromedarii. The engorgement weights, egg mass weights, prehatching periods and
hatchability per cent of both tick species were negatively correlated (r = -0.56, -0.48, -0.26,
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and -0.36, respectively for H. anatolicum, and r = -0.75, -0.69, -0.66 and -0.45, respectively
for H. dromedarii) with infestation frequency (Table 5). The feeding period and the
preoviposition period of H. anatolicum were not correlated (r = 0.17 and 0.03, respectively)
with infestation frequency, while those of H. dromedarii were positively correlated, r = 0.45
and 0.27, respectively, (Table 5). The mean egg batch weights of females from rabbits
repeatedly infested with H. dromedarii adults were highly significantly (P ≤ 0.001) positively
correlated with hatchability and prehatching periods; this was not the case for H. anatolicum
(Table 5).
Table 5: Correlation analysis of feeding and reproductive performance of H.a.
anatolicum and H. dromedarii fed repeatedly on rabbits.
Hatch
PP
Egg
POP
FP
EWt
H.a. anatolicum
(%)
mass
weight
Infestation
0.36***
- 0.26*
- 0.48*** 0.03ns - 0.17ns
- 0.56***
Engorgement
0.25ns
- .01ns
0.83***
- 0.24* - 0.08ns
weight
Feeding period
- 0.002ns
- .07ns
- 0.12ns
- 0.23*
Pre-oviposition
- 0.07ns
0.02ns
- 0.03**
period
Egg mass weight
0.18ns
0.06ns
ns
Pre-hatching period
- 0.03
H. dromedarii++
Infestation
Engorgement weight
Feeding period
Pre-oviposition
period
Egg mass weight
Pre-hatching period

- 0.45***
0.38***
- 0.34***
- 0.06ns

- 0.66***
0.48***
- 0.25***
- 0.16ns

0.40***
0.15ns

0.39***

-0.69***
0.93***
-0.51***
-0.47***

0.27*
-0.4***
-0.13 ns

0.45***
-0.45***

-0.75***

PHP=Pre-hatching period; POP=Pre-ovipo-sition period; FP= Feeding period; EWt=
Engorgement weight; Hatch % = Hatching (%)
*P < 0.05; ** P < 0.01; ***P < 0. 001; ns = not significant; + Number of observations = 94, ++ Number of
observations = 130,

Experimentally repeated infestations of the two groups of rabbits with adult H.
anatolicum or H. dromedarii resulted in development of tick resistance in rabbits. This
resistance was manifested by a significant prolongation of feeding period, reduction in
engorgement weights, egg mass weights, pre hatching period and per cent hatchability of eggs
of both tick species (Tables 3;4) and also significant prolongation of preoviposition period in
H. dromedarii (P < 0.01,Table 3). Concomitant with a decline in engorgement weights, there
was a significant increase (P < 0.01 for H. anatolicum and P < 0.001 for H. dromedarii) in
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feeding period (Table 3). Results of four successive infestations with adult H. anatolicum
showed a significant (P < 0.001) decline in the female mean engorgement weights from
399.53±1.91 mg in the first infestation to 235.18±27.73 mg in the fourth, while that of H.
dromedarii was 895.78 ±16 mg in the first infestation and 235.62 ± 28.98 mg in the fourth
infestation( Table 2).
The pre-oviposition period was significantly (P < 0.001) increased with advance in
infestation frequency in H. dromedarii (Table 4), but this significant increase was not
observed in the case of H. anatolicum. The mean egg mass weights laid by females of the
two tick species were significantly reduced (P < 0.001) with advance in frequency of
infestation (Tables 4). The per cent reduction in both the mean engorgement and egg mass
weights of H. anatolicum and H. dromedarii with the increase in frequency of infestation is
shown in Table 4. The prehatching periods were significantly (P ≤ 0.001) decreased in both
tick species with an increase of infestation frequency (Table 4). The mean hatchability
percentages of eggs laid by the two species significantly decreased (P<0.01 for H. anatolicum
and P < 0.001 for H. dromedarii) with increased in infestation frequency (Table 3).
A highly significant (P ≤ 0.001) negative correlation (r = – 0.86 for H. anatolicum and
r = – 0.93 for H. dromedarii) was found among frequencies of infestation and female
engorgement weights (Table 1). A highly significant (P < 0.001) positive correlation (r = 0.74
for H. anatolicum and r = 0.76 for H. dromedarii) (Table 1) was also found between
infestation frequency and optical density of rabbits’ sera repeatedly infested with adult H.
anatolicum and H. dromedarii. The engorgement weights, egg mass weights, prehatching
periods and hatchability per cent of both tick species were negatively correlated (r = -0.56, 0.48, -0.26, and -0.36, respectively for H. anatolicum, and r = -0.75, -0.69, -0.66 and -0.45,
respectively for H. dromedarii) with infestation frequency (Table 5). The feeding period and
the preoviposition period of H. anatolicum were not correlated (r = 0.17 and 0.03,
respectively) with infestation frequency, while those of H. dromedarii were positively
correlated (r = 0.45 and 0.27, respectively, Table 5). The mean egg batch weights of females
from rabbits repeatedly infested with H. dromedarii adults were highly significantly (P ≤
0.001) positively correlated with hatchability and prehatching periods; this was not the case
for H. anatolicum (Table 5).
Discussion
The use of crude soluble salivary glandsantigens and sera from rabbits repeatedly
infested with adults of the two species in ELISA indicated involvement of humoural
immunity in rabbits’ resistance to adults of the two species. Development of antibodies due to
tick infestation in the host was reported by many researchers and indicated to be of IgG
(Fujisaki et al., 1980; Brown and Askenase, 1981; Kheir, 1991).
The increased frequency of H. anatolicum and H. dromedarii infestations led to a
corresponding increase in the level of humoural antibodies produced by rabbits in response to
the feeding of ticks. This result is consistent with that of George et al (1985) who reported
that host immune reactivity is evident at the end of an initial infestation and remains strong
throughout subsequent exposures. One of the convincing evidences for the role of the
humoural factor in resistance
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Expression is the success of the attempts of passive transference of resistance from resistant to
susceptible hosts by immune sera and IgG fractions (Roberts and Kerr, 1976; Kheir, 1991).

A significant negative correlation between host antibody levels and tick engorgement
weights for H. anatolicum and for H. dromedarii was found. This inverse relationship was
observed by many authors (Fujisaki et al., 1980; Rechav and Dauth, 1987; Njau and Nyindo,
1987). In the current study a significant positive (P < 0.001) correlation was observed
between antibody levels and infestation frequency of the two tick species fed repeatedly on
rabbits. The same result was found by Wong and Opdebeeck (1989) and Jackson and
Opebeeck (1990)
A cross reactivity between the crude soluble salivary gland antigens of H. anatolicum
or H. dromedarii and sera of rabbits separately repeatedly infested was demonstrated in this
study using ELISA. Other authors also reported cross-reactivity among ticks (Njau and
Nyindo, 1987; Parmar et al., 1996) and ticks and ectoparasites (Den Hollander and Allen,
1986). This cross-reactivity indicates the presence of common antigen(s) between the adults
of these ticks. The cross-reactivity observed here provides the possibility of using salivary
gland antigens of one tick species in ELISA to monitor the antibody response stimulated by
the other tick species.
Repeat infestations of rabbits with adult H. anatolicum and H. dromedarii resulted in
development of resistance to tick infestation. This resistance was acquired during an initial
infestation, and expressed during the subsequent infestations, and was at a high level by the
fourth infestation. This induced resistance was expressed by a significant reduction in
engorgement weights, egg batch weights, prehatching periods, hatchability of eggs and
prolongation of feeding periods. Acquisition of this resistance in livestock and laboratory
animals was reported by many authors (Latif et al., 1988; Heller-Haupt et al 1996). In the
current study, by the fourth infestation there was a 41.1% reduction in the mean
engorgement weights of H. anatolicum and 73.7% in H. dromedarii. Latif et al (1988)
reported a 73.6% reduction of A. variegatum females by the third infestation, 42.3% of
nymphs by the fifth infestation and 22.8% of larvae by the sixth feeding. In a similar study,
Nyindo et al. (1989) using R. appendiculatus found 87.86% reduction in the engorgement
weight in females by the fourth infestation on rabbits. The result of higher engorgement
weight of H. anatolicum in the fourth infestation than that in the third infestation in the
current study was considered by Fivaz and Norval (1989) as anomalous, while Dipeolu et
al. (1992) attributed it to the hosts’ reduced immunological responsiveness. This fact was
reported to be due to impairment of the cell-mediated immunity mediated by Tlymphocytes (Wikel and Allen, 1982; Wikel and Osburn, 1982). The latter explanation
seems to be accepted. However, Latif (1986) found that the engorged weights of ticks
varied much less than the number engorging after resistance had been acquired. He
concluded that the percentage engorging was a useful parameter for comparison and may be
more pertinent to the analysis of resistance in field population of ticks.
The significant (P ≤ 0.001) reductions in mean egg mass weight and hatching per cent
of eggs from first to fourth infestations agree with that of Momin et al (1991) and Khier
(1991). In this study, female engorgement and egg mass weights were found to be more
reliable than other ticks' biological parameters used to assess tick immunity. In contrast to the
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current study and that of Branagan (1974) concerning engorgement time, de Castro et al.
(1985) reported shorter engorgement time on cattle, which acquired resistance to artificial
infestation with adult R. appendiculatus. A single infestation with adult H. anatolicum or H.
dromedarii leads to development of resistance in rabbits. This result was also reported by
Momin et al. (1991). In this study, the repeated infestations of rabbits with adult H.
anatolicum resulted in high per cent mortalities of females and low attachment rates than
those of H. dromedarii. In addition, reduction of female engorgement weights and egg batch
weights were higher in H. dromedarii than H. anatolicum. This can be explained by the fact
that resistance in H. anatolicum is directed against attachment phase, while that of H.
dromearii is directed against the feeding phase. This dual mechanism of immunity has been
suggested by Branagan (1974) and Brown et al. (1984).
Acquired resistance expressed in the present study was a direct reflection of host
responsiveness at the tick attachment site, since the rabbits used were restricted from
grooming.
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