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HOST IMMUNE RESPONSE TO FEEDING BY TICKS: 
ANA TURAL BIOLOGICAL CONTROL MECHANISM 
Ticks emerged as economicaUy important parasites in 1893 
with the report by Smith and Kilbourne of Boophilus transmis­
sion of the Texas fever pathogen, subsequently identified as 
Babesia blgemina. The "birth" of bovine immunity to ticks 
occurred in 1908 with an observation by Munroe Hull in 
Queensland, Australia, that some cattle carried fewer ticks than 
others and that this "resistance" could be passed from animal 
to animal. This observation led to an investigation in 1915 by a 
select committee appointed by Parliament and resulted 3 years 
later in a published report by Johnson and Bancroft ( 1918). 

It is now weU known that host-acquired resistance to ticks is 
an immune-mediated phenomenon that results in the reduc­
tion in (a) the number of attached ticks, (b) the number of suc­
cessfully fed ticks, (c) the molting success of fed immature 
ticks, (d) the fecundity, or (e) the fertility of fed female ticks. 
Interestingly, the immune response to ticks is not complete, 
since some individuals always feed successfully. This suggests 
that the surviving individuals did not produce the same antigen 
as those that were rejected by the host's immune response, or 
that the same antigen was secreted but the tick contained a 
material capable of neutralizing host antibody or toxin. 

The information on the detrimental effects of host resistance 
applies to immature and female ticks that feed for at least 3-5 
days and 12 days, respectively. It is not known what effect this 
response has on male ticks. However, it is known that if the 
male tick feeding period is prolonged as a result of feeding on 
an immune host, as seen with female ticks, then m ating will be 
delayed, which has been shown to have a negative effect on 
female fecundity (Brown and Stenner, 1982) and probably on 
fertility as well. 



The focus of this paper is on those studies that have attemp­
ted to define the mediators, effectors and inducers involved in 
the phenomenon of host resistance to ticks. The research 
efforts on bovine immune responses to ticks have included 
studies on both innate and acquired resistance. The presence 
of innate resistance by bovines to ticks is widely accepted yet 
argued by some. The mechanism for this response is as varied 
as the number of individuals reporting its existence. Such 
theories as length of host hair coat number of sebaceous 
glands or mast cells per area of skin, thickness of skin, depth of 
hair follicle, number of circulating lymphocytes, and diet of the 
host have been introduced. Those who accept the theory of 
innate resistance agree that Bos indicus exhibit the response 
to a greater degree than Bos taurus, and that the greater per­
centage of Bos indicus blood in the offspring of a cross mat­
ing, the greater the level of innate resistance. However, the ele­
ments responsible for the innate resistant trait remain un­
defined. 

The mechanism responsible for Bos indicus acquired resis­
tance to Boophilus ticks has been reported as a mast cell~ 
dependent eosinophil hypersensitivity (Riek, 1956) based 
upon histological observations. Interestingly, the Bos taurus 
resistance response to Ixodes holocyclus (Allen et al., 1977) 
and Amblyomma americanum (Brown et al., 1984b ), both 3 
host ticks, consists of a mixed cellular response of neutrophils, 
eosinophils and basophils. It appears that there may be a basic 
host difference (Bos taurus versus Bos indicus) in response to 
tick feeding, or that the 1 host tick (Boophilus) induces a diffe­
rent immunological. response than the 3 host ticks (Ixodes and 
Amblyomma). It may also be that the intensive eosinophil 
response described at Boophilus feeding sites consists of 
poorly stained basophils. These 2 granulocytes are difficult to 
differentiate if the tissue is not fixed and stained specifically for 

2 



basophils to optimize their characterization. 
The observed hypersensitivity by bovines to tick feeding is 

obvious, resulting in serous exudates at tick attachment sites 
within hours of infestation associated with intense grooming. 
The observed pruritis probably results initially from mast cell 
release of vasoactive mediators, such as histamine, at tick 
attachment sites as a result of cellular degranulation following 
interaction of celJ swface bound anti-tick antibody with tick­
derived salivary substances. Histamine and other mediators 
derived from mast cells could contribute to the inflammatory 
process by altering the permeability of locaJ vessels resulting in 
(a) edema that could render the tick feeding environment 
unsuitable, (b) an accumulation of effector cells that could act 
directly on ticks, or release additional mediators that could 
adversely affect physiological processes crucial to tick feeding, 
ovipositional success and survival. Basophils also contain vas­
oactive amines and have been shown in the bovine to arrive 
within hours of chaUenge ·by Ixodes holocyclus (Allen et al., 
1977) and Amblyomma amerlcanum (Brown et al., 1984b ). 
In addition, the basophil has been shown to be crucial to the 
guinea pig immune resistance response to ticks (Brown et al., 
1982a). 

Thus, the mast cell probably acts initially by causing vase­
permeability and facilitating emigration of leukocytes into the 
skin, which includes basophils that act to maintain vasoper­
meability during the course of parasitization. There is strong 
evidence to suggest that histamine, presumably basophil­
derived histamine, is involved in immune resistance to ticks 
because (a) cattle expressing high resistance to ticks have 
twice the level of tissue histamine of animals of low tick resis­
tance (Willadsen et al., 1978), as do guinea pigs (Wikel, 1982), 
(b) histamine injected into the skin at tick attachment sites 
results in tick withdrawal or death in situ (Kemp and Bourne, 
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1980), and histamine added to artificial media results in aces­
sation of tick feeding (Paine et al., 1983 ), (c) cattle treated with 
an H-1 histamine receptor antagonist (mepyramine) express 
minimal skin reactivity to intradermal chaUenge with tick 
extract (WUiadsen et al., 1978), and (d) cattle treated with 
promethazine (H-1 antagonist) express reduced tick resistance 
compared to controls (TatcheU and Bennett, 1969). However, 
animals treated with antihistamines still aUowed tick feeding, 
suggesting that either suboptimal doses of antihistamine were 
given or histamine was of secondary importance in the resis­
tance response. 

The pruritis and subsequent intense groor.ning response in 
hypersensitized animals is very dramatic and the importance of 
the grooming response in removing attached ticks should not 
be underestimated. SnowbaU (1962) found that stanchioned 
animals carried a Boophilus microplus burden nearly 4 times 
that of animals where the head was free.ln a similar study using 
guinea pigs, 73% of Ia lVai Rhipicephalus appendiculatus 
ticks achieved engorgement on naive guinea pigs when pro~ 
tected within a capsule while on the host, whereas only 17% of 
the ticks engorged successfully when.allowed free access over 
the body (Worms, Brown and Askenase, unpubUshed data). In 
this instance, significant tick loss occurred as a result of general 
host grooming over the 4 day tick feeding period. Ticks repre­
senting the 27% loss where the capsule was used, died as a 
result of poor physiological state at the time of infestation or 
due to a component of innate host resistance. When animals 
were chaUenged subsequently, they exhibited an intense 
grooming behaviour within hours that resulted in no tick yield 
from animals where the capsule technique was not used, 
whereas less than half (43%) of the ticks applied with capsules 
were recovered. Therefore, the grooming response during a 
challenge infestation is an immune mediate response involv-
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ing antibody (lgE and/or lg6 sensitized mast cells and the 
recruitment of granulocytic leukocytes containing vasoactive 
amines (i.e. basophils) and other mediators as well. 

Few studies have addressed the question of bovine 
mediators of immune resistance to ticks. The presence of anti­
body-mediated immunity was suggested by the ability to (a) 
transfer immediate cutaneous hypersensitivity with hyperim­
mune serum by the Prausuitz-Kustner (P-K) test (Riek, 1956, 
1962), (b) confer immunity to calf-recipients of hyperimmune 
plasma from Boophilus resistant donors (Roqerts and Kerr, 
1976), and (c) detect circulating antibody responses against 
Ambylomma americanum and Dermacentor andersoni, 
respectively (Whelen et al., 1984). Ceil-mediated immunity 
was demonstrated by the observation that (a) calves subjected 
to low level Dermacentor andersonl infestations exhibited 
delayed (24-hour) skin reactions in response to skin tests with 
salivary gland extracts (Wikel and Osburn, 1982 ), and (b) lym­
phocytes derived from these animals proliferated in vitro in an 
antigen specific manner to the salivary gland extract prepara­
tion. 

The findings to date, without a doubt, demonstrate the pre­
sence of antibody and ceil-mediated responses in hypersen­
sitized bovines. However, these studies have not demonstrated 
a direct correlation of these responses with tick rejection. The 
most definitive immunological work on host immunity to ticks 
has been achieved with laboratory animals used as "model" 
hosts. Such ideal control situations are necessary to answer 
some fundamental questions and to obtain prerequisite infor­
mation to help design experiments with the bovine. 

The presence of serum factors from guinea pigs and rabbits 
/ with anti-tick activity is well documented. Trager (1939) 

developed the model host system for studying acquired resis­
tance to ticks, using Dermacentor varlabllls, and was the first 
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to report on the possible role of antibody by finding that serum 
transfer from tick resistant to tick susce[?tible animals confer­
red weak resistance. Since then, guinea pig anti-tick serum 
activity has been found against Amblyomma americanum 
(Brown and Askenase, 1981; Brown, 1982), Rhipicephalus 
sanguineus (Brown and Askenase, 1981 ), Rhipicephalus 
appendiculatus (Askenase et al., 1982), Ixodes holocyclus 
(Askenase et al., 1982), and Dermacentor anderson/ (Brown 
and Askenase, unpublished obseJVations). The level of protec­
tion conferred by serum ranged from 20 to 40%, the antibody 
has been shown to be lg61 (Brown et al., 1982b ), and to act via 
cells with Fe receptors (Brown and Askenase, 1985). 

Studies using rabbits have also demonstrated the presence 
of anti-tick serum activity by (a) passive transfer experiments 
using Ixodes ricinus (Brossard, 1977) and Rhipicephalus 
appendiculatus (Rubaire-Akiki and Mutinga, 1980), (b) in vivo 
skin (P-K) tests using Haemaphysalis leporispalustris 
(Boese, 197 4; McGowan et al, 1979 ), and (c) in vitro analyses 
(immunodiffusion) using Haemaphysalis longicomls 
(Fujisaki, 1978; Fujisaki et al., 1980), and Haemaphysalis bis­
pinosa (Kohler et al., 1967); the antibody class appears to be 
lg6 (Fujisaki, 1978), as in the guinea pig. 

The involvement of ceU-mediated immunity (T •Lympho­
cytes) in guinea pig acquired resistance to ticks has also been 
demonstrated by passive transfer experiments using lymph 
node cells (Bagnall, 1975; Wikel and Allen, 1976; Askenase et 
al., 1982) and peritoneal exudate cells (Brown and Askenase, 
1981; Brown, 1982). The level of protection conferred by ceU 
transfer ranged from 40 to 70%, much greater than the 20 to 
40% conferred by serum. Therefore, the \rodent immune 
response to ixodid ticks involves both antibody and <:eU 
mediated responses, with the cell component being much 
stronger. Additional studies using immuno-suppressant drugs 
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such as methotrexate (Allen, 1973), a strong suppressor of 
antibody respons.iveness and contact hypersensitivity, and cyc­
lophosphamide (Wikel and Allen, 1976), depending upon the 
dose a suppressor of either or both antibody and cell-mediated 
responses, have substantiated the immunological basis of 
rodent immunity to ticks. 

Histological analysis of tick feecUng sites in immune guinea 
pigs demonstrates a dominant basophil response (30 to 80% 
of the infiltrate) with a marked eosinophil presence as early as 
24 hours after attachment (Bagnall, 1975; Allen, 1973; Brown 
and Askenase, 1981; Brown et al., 1982a, 1983, 1984a; 
Krinsky et al., 1981 ). The basophil is not a resident of the skin, 
but accumulates in the tissue as a result of specific 
immunologic recruitment (Askenase, 1977). Tick feeding sites 
in recipients of immune serum or immune cells express 
dominant basophil responses (Brown and Askenase, 1981; 
Brown et al., 1983, 1984a), whereas naive hosts infested with 
ticks express a dominant neutrophiJ response With a marked 
eosinophil presence. Therefore, the basophil is an important · 
component of the resistance response to ticks and arrives in 
the tissue by antibody as well as cell-mediated reactions, as 
reported by others using non-tick antigens (Askenase, 1973i 
Askenase et al., 1976; Dvorak et al., 1971 ). 

The importance of the basophil to the guinea pig immune 
response to Amblyomma americanum was demonstrated in 
studies using rabbit anti-guinea pig basophil serum (ABS) in 
tick-sensitized animals prior to challenge (Brown et al., 1982). 
ABS treated animals were depleted of basophils in the bone 
marrow, blood and tissue and failed to express resistance. 
Furthermore, animals treated with anti-eosinophil serum 
(AES) expressed reduced resistance responses; tick yields 
were Jess than from naive animals, but greater than yields from 
tick-sensitized and challenged untreated animals. These 

7 



results demonstrated a primary effector role for the basophil 
with a secondary rol~ for the eosinophil. This was the first 
definitive description of a biological role for the basophil, 
whereas eosinophil activity against parasites is well 
documented (Mahmoud et al., 1975; Grove et al., 1977;Butter­
worth et al., 1979). 

Basophil-filled epidermal vesicles in tick-resistant guinea 
pigs are reminiscent of those occurring in contact hypersen­
sitivity responses (Askenase, 1977). At tick feeding sites, 
basophil-rich epidermal vesicles may develop in response to 
cement substances or salivary gland-derived enzyme secre­
tions or both, after processing and/or presentation by local 
antigen-presenting cells such as the Langerhans' cells; Ia -r 
cells of the epidermis that bear receptors for Fe and C3 (Van 
Voorhis et al., 1983 ). 

Langerhans' cells are thought to act as antigen-presenting 
cells in the induction of contact hypersensitivity reactions (Ptak 
et al., 1980) and have been shown by indirect immunofluores· 
cence to bind SGA in the skin of guinea pigs infested with ticks 
(Allen et at., 1979 ). There is evidence to suggest that depletion 
of Langerhans' cells from the epidermis of Dennacentor 
andersonl-sensitized guinea pigs results in their inability to 
express resistance to tick challenge (Allen, personal communi­
cation). This is analogous to findings indicating that 
Langerhans' cells are required for induction of contact hyper­
sensitivity responses (Ptak et at., 1980, StreUan and Bergstres­
ser, 1981; Elments et al., 1983). Basophils are also required for 
the resistance response to ticks, but the exact relationship bet­
ween Langerhans' cells and basophils is not known. If 
Langerhans' cells are required for expression of these 
responses, it is likely that Langerhans' cells take up and present 
tick antigen to specifically sensitized T cells, which are then 
activated to produce chemotactic factors that recruit circulat-

8 



ing basophils to infiltrate the local site and effect the immune 
resistance response. 

There is strong evidence supporting the view that the 
antigen(s) responsible for the induction and elicitation of host 
immune responses to ticks is salivary gland-derived, based 
upon studies using guinea pigs and Dermacentor andersoni 
(Wikel, 1979) and Amblyomma americanum (Brown et al., 
1984c) ticks, as well as in rabbits using Rhipicephalus 
sangulneus ticks (Garin and Grabarev, 1972). The majority of 
studies that have investigated the feasibility of artificial immu­
nization against ticks have utilized crude homogenates of 
whole ticks and include Dermacentor andersoni (Allen and 
Humphreys, 1979), Dermacentor variabilis (Ackerman et aL, 
1981 ), Amblyomma maculatum (McGowan et al., 1980) and 
Amblyomma americanum (McGowan et al., 1981 ). 

Artificial immunization using either salivary gland extracts 
(SQA) or whole tick extracts does not induce a level of 
immunity comparable to that achieved by active immunization 
(tick feeding). Furthermore, the fact that the level of protection 
obtained with salivary gland extracts is equal to that obtained 
with whole tick extracts demonstrates that the salivary gland is 
the site of antigen production. 

Few reports have been published describing the isolation 
and purification of tick products capable of inducing host 
immunity to ticks or capable of eliciting skin responses in ani­
mals previously exposed to ticks. Strong immediate skin 
responses were evoked In the dermis of tick-sensitized cattle by 
the injection of a protein isolated from the saliva of Boophilus . 
microplus Geczy et al.1 1971 ). This skin-reactive substance 
was noted to have esterase activity and estimated to be 30,000 
daltons. Similarly, a skin-reactive substance of approximately 
60,000 daltons, also described as an esterase, was isolated 
from crude Boophilus microplus extracts (Willadsen and Wil-
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Iiams, 1976). In a more recent study, antibodies against 
Boophilus microplus-derived phosphomono-esterases were 
found in tick-infested cattle (Reich and Zorzopulos, 1980). This 
enzyme is generally associated with parasite-absorptive sur­
faces, such as the midgut of ticks, suggesting that the observed 
decreased ability of ticks to feed normally on previously 
infested animals might be due to neutralization of this enzyme 
by host antibodies imbibed during tick feeding. Two studies to 
date (McGowan et al., 1981 ) and (Ackerman et al., 1981 ) have 
identified antibody-antigen complexes in the midgut 
hemolymph of ticks, further suggesting the possibility of neut­
ralization of key enzymes in the gut 

While these studies represent the most definitive work to 
date on tick antigen characterization, they are incomplete in 
that they fail to demonstrate that (a) hosts respond 
immunologically with specific antibody to the substance, (b) 
the substance is a relevant component in the tick salivary 
fraction, and (c) these substances are capable of inducing an 
immune response in the host resulting in tick rejection. Studies 
by other investigators have added to the knowledge of the types 
of skin reactive substances in the salivary secretions of ticks 
and reported the presence of prostaglandin-like compounds 
(Geczy et al., 1971; Dickinson et aL, 1976), hydrolytic enzymes 
( esterease presumably) (Higgs et al., 1976), and a trypsin 
inhibiting compound (Willadsen and Riding, 1979). All these 
materials elicited significant macroscopic skin reactions when 
injected intradermally into tick sensitized cattle, however, cor­
relation with the immune response and tick rejection was not 
demonstrated. In addition, a histamine "blocking" agent was 
described from the salivary gland of Rhipicephalus san­
guineus (Chinery and Ayitey-Smith, 1977) and it was 
suggested that this may be a defense against the host's allergic 
response that is believed to be histamine dependent 



The recent observation that immune serum from guinea 
pigs expressing resistance to Amblyomma americanum, and 
serum from guinea pigs immunized successfully with SGA, 
identifies a single protein of 20,000 daltons obtained from the 
salivary gland extract (by autoradiography of 13% SDS/PAGE 
of 125 Ilabaled SGA after immunoprecipitation with immune 
serum) demonstrates that the salivary gland is the site of anti~ 
gen production (Brown et al., 1984c). Furthermore, the 
cement substance from Amblyomma americanum ticks is 
immunogenic as shown by its ability to immunize (Brown et al., 
1984c). Hyperimmune serum also identifies a single unique 
protein of 20,000 daltons from an extract of this material. The 
cement is secreted by almost all ixodid ticks and is important in' 
anchoring the parasite to the host. This material has been 
described as a glycoprotein-lipoprotein complex in Boophilus 
microplus (.Moorhouse and TatcheU, 1966). 

Histologic analysis of tic~ feeding sites in resistant animals 
reveals the presence of epidermal vesicles, packed with 
basophils, in intimate contact with cement around the tick's 
mouthparts. This observation suggests further that antigens in 
the cement are important not only in induction of the immune 
resistance response but also in elicitation of this response. 
Cement secretion in some tick species appears to be continual 
(Brown and Knapp, 1980a, b), whereas in others it appears to 
be intermittent (Chinery, 1973; TatcheU 1969). 

Current studies in my laboratory are aimed ·at identifying, 
isolating and purifying tick antigens for subsequent (a) 
immunization trials In the bovine, and (b) in vitro expression for 
large-scale vaccine production. 

There are 2 final points that need to be acknowledged. Frrst; 
that cattle expressing resistance to Boophilus microplus 
apparently are less susceptible to Babesia infection, as 
demonstrated by several empirical studies (Francis and Uttle, 
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1964; Roberts, 1968; Campbell, 1978). And second, that rab­
bits resistant to Haemaphysalis leporispalustris fail to 
become infected with Franclsella tularensis when challenged 
with infected ticks (Bell et al., 1979; Wikel, 1980). These find­
ings suggest that the anti-tick immune response acts early in 
the tick feeding cycle before pathogens can either enter or be 
released from the salivary gland. The implications from these 
studies strengthen the biological importance of host resistance 
to tick feeding. 

In summary, multiple infestation of bovines (and rodents) by 
ixodid ticks results in an ensuing immune mediated response 
that is manifested macroscopically by intense host grooming, 
decreased tick feeding and reproductive success, and an appa­
rent immunity to tick-borne pathogens. Microscopically, the 
tick feeding site in hypersensitized animals is dominated by a 
granulocyte response that is distinctly different from that in 
naive animals. Furthermore, the immune status of the host can 
be regulated by artificial or passive immunization using tick 
extracts. Finally, studies with guinea pig anti-tick antibodies 
have established the feasibility of immunochemically isolating 
crucial tick-derived antigens that may be beneficial to sub­
sequent attempts for in vitro expression of the gene encoding 
the protein. 
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