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SUMMARY
The immunological mechanisms of acquired resistance to ticks have been studied
with a number of tick species using both laboratory and domestic animals as
hosts.
No simple, general mechanism for resistance has been discovered though
some factors are frequently, but not invariably, observed. The most notable of
these
are
the
infiltration
of
granulocytes
(basophils,
eosinophils
or
neutrophils) into the feeding lesion, the involvement of mast cells and the
deleterious effect of histamine on ticks.
The ability of cattle to acquire resistance to Boophilus
known to be heritable, though the genetics are not understood.

microplus is
'

Finally,
it has recently been shown that an immunity to Boophilus
microplus which is different to that acquired naturally can be induced using
"concealed antigens".
Whether genetic variability will be an important factor
in exploitation of this form of immunological control of ticks is quite
unknown.
INTRODUCTION
Although the investigation of acquired resistance to ticks has a long
history, the last decade has seen increasing interest in this area.
Perhaps
this is due to the fact that, with a few tick-host systems, the broad outlines
of resistance mechanisms are appearing; perhaps it is more that the possibility
and desirability of using immunologically-mediated resistance as a means of
tick
control
is
becoming
more
apparent.
To
review
the
literature
comprehensively yet briefly is not possible.
Fortunately, however, the
literature up to the early 1980's has already been summarized (Willadsen, 1980;
Wikel and Allen, 1982; Wikel, 1982). Therefore, this paper will instead give a
brief and selective overview of those tick-host relationships which have
contributed most to our current knowledge of resistance mechanisms and
concentrate on more recent research.
It will then discuss the genetics of
resistance to ticks and, finally, evidence relating to the use of "concealed
antigens" in the induction of resistance.
Mechanisms of Acquired Resistance.
Acquired resistance may affect ticks in a number of ways:
the number of
ticks maturing through each or every instar may be reduced; engorgement weights
may be reduced; egg laying may be reduced or abolished.
Reduction in tick
numbers may result from simple rejection of ticks or death of ticks in situ.
All these effects may be found in a single host-parasite system~or the
resistance may be expressed largely through one of them.
One assumes that the
effects of resistance on the tick should tell us something about the target of
the immunological response, but this link is still unexplored.
A considerable amount of research has been published on the mechanisms of
resistance in model host-tick systems, that is, systems using laboratory
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animals and usually tick species these hosts do not normally experience.
It is
convenient to consider this first before looking at the state of our knowledge
of economically important ticks and their relationships with domestic animals.
Mechanisms of Acquired Resistance:

The Contribution of Model Systems.

Although ticks have been studied with a number of laboratory animals, the
most popular model host has undoubtedly been the guinea pig. This host rapidly
acquires immunity to Dermacentor andersoni (Allen, 1973; Wikel and Allen,
1976a), Ixodes holocyclus (Bagnall and Rothwell, 1974; Bagnall and Doube,
1975), Amblyomma americanum (Brown and Askenase,
1981; Brown, 1982) and
Rhipicephalus appendiculatus (Askenase, Bagnall and Worms, 1982).
The expression of immunity must involve an immunological recognition of
tick antigens followed by some effector mechanism which damages the ticks.
In
guinea pigs infested with Dermacentor andersoni, epidermal Langerhans cells as
well as macrophages have been shown to be antigen-presenting accessory cells,
capable of inducing a proliferative response in lymphocytes (Allen, Khalil and
Wikel, 1979; Nithiuthai and Allen, 1984; Nithiuthai and Allen, 1985). Immunity
to ticks has been successfully transferred using, for example, peritoneal
exudate cells (Brown and Askenase, 1981; Askenase, Bagnall and Worms, 1982) or
lymph node cells (Bagnall, 1975; Wikel and Allen, 1976a) though these transfers
have always used a mixture of cell and/or lymphocyte types.
Success in
transferring immunity with serum has been more variable.
In general, however,
antibody also seems to be involved, for even with Dermacentor andersoni, where
the transfer of serum was ineffective (Wikel and Allen, 1976a) an attempt to
specifically suppress B cells with cyclophosphamide was also accompanied by
loss of immunity (Wikel and Allen, 1976b).
It has been repeatedly documented that the most striking feature of the
acquired immunological response is an accumulation of basophils at the site of
tick attachment (Allen, 1973; Bagnall, 1975; Brown and Knapp, 1981; Askenase,
Bagnall and Worms, 1982).
The simple appearance of basophils is obviously not enough to prove their
involvement in immune rejection of ticks.
However.direct evidence for this
cell's importance in immunity of guinea pigs to Amblyomma americanum has been
obtained.
Injection of anti-basophil serum into the host eliminated basophils
at the tick feeding site and simultaneously abolished immunity; eosinophil
numbers were also reduced at feeding sites, perhaps because of the lack of
basophil-derived,
eosinophil
chemotactic factors.
Anti-eosinophil
serum
reduced the number of eosinophils at feeding sites without affecting basophils
and reduced, though it did not abolish, immunity (Brown, Galli, Gleich and
Askenase, 1982).
These results suggest that one part of the chain of events
leading to tick rejection involves both basophils and eosinophils.
What
finally damages or deters the ticks in this system is not clear:
treatment of
the hosts with the histamine antagonists mepyramine and cimetidine did not
impair immunity, so one assumes that histamine may not be important (Brown and
Askenase, 1985).
As evidence for the converse conclusion, however, histamine
and serotonin have been shown to specifically affect the feeding behaviour of
Dermacentor andersoni in vitro (Paine, Kemp and Allen, 1983); comparable
effects would be expected for in vivo feeding on guinea pigs.
Thus far, one would be tempted to generalize that the immunity of guinea
pigs to ticks involves an antibody or lymphocyte-dependent basophil (and
eosinophil) accumulation at the tick feeding site, followed by the release of
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substances damaging to the tick.
Yet even such a cautious generalization may
be unjustified.
Guinea pigs do not become immune to Ornithodoros tartakovskyi,
although they do mount an anamnestic basophil response. Perhaps the rapidity
of feeding protects these argasid ticks (McLaren, Worms, Brown and Askenase,
1983).
More surprisingly, argasid ticks may remain unaffected, even when fed
on a pre-induced basophilia (Askenase and Worms, 1979).
Are the results obtained with guinea pig models typical of other tick-host
interactions?
Probably the most closely related model is the immunity acquired
by mice to Dermacentor variabilis yet here, the prominent histological events
were the accumulation and degranulation of mast cells and eosinophils (den
Hollander and Allen, 1985a).
Studies with mast-cell deficient strains of mice
suggested that these cells play a role, though a relatively minor one, in
immunity (den Hollander and Allen, 1985b).
There is stronger evidence for the importance of mast cells in the
resistance of mice to Haemaphysalis longicornis.
Matauda, Fukui, Kiso and
Kitamura (1985) reported that a mast cell deficient strain of mouse failed to
acquire resistance to this tick while the congenic normal strain did.
Injection of bone marrow cells from normal donors into the deficient strain
produced normal mast cell numbers; the treated mice also expressed resistance
to the ticks. Since the transfer of bone marrow cells also reversed the anemia
characteristic of the mast cell deficient strain,
the authors further
demonstrated that
the reversal of anemia was not responsible for the
acquisition of resistance:
skin from normal donors was grafted onto mast cell
deficient recipients. When ticks were fed repeatedly on this skin, the animals
expressed resistance.
The presence or absence of mast cells naturally affected
the number of eosinophils at the feeding site, though basophils were not
present in significant numbers in any mice.
The only other model tick-host relationship which has received comparable
attention is between Ixodes ricinus and rabbits.
Repeated infestation with
this tick leads to an acquired resistance, as shown by increased feeding time,
reduced engorgement weights and a pronounced inhibition of egg laying by the
parasites (Bowessidjaou, Brossard and Aeschlimann, 1977).
These effects were
transmitted to naive hosts with immune serum; both anti-tick IgG and anti-tick
homocytotropic antibodies were demonstrated in the recipients.
An immediate
type skin sensitivity to _I^_ ricinus salivary gland extract was transferred at a
low level (Brossard and Girardin, 1979).
The tick attachment sites on immune
rabbits showed an accumulation of basophils and eosinophils and degranulation
of mast cells and basophils:
the mixture of cell types involved in immediate
hypersensitivity reactions (Brossard and Fivaz, 1982). Treatment of hosts with
the antihistamine mepyramine has also been shown to inhibit the expression of
resistance (Brossard, 1982).
Mechanisms of Tick Resistance in Cattle.
The scientific interest of the results obtained from
or tick-rabbit systems is clear. Nevertheless, the final
use of such models must be that they facilitate our
important problems:
the relationships between ticks and
what extent is this true?

model tick-guinea pig
justification for the
understanding of the
domestic animals.
To

An uncritical generalization from guinea pig models is that basophils play
a central role in immunity to ticks.
This seems not to be true even for other
small animal model systems; it has, however, been claimed for one cattle
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parasite.
It was reported that cattle acquired resistance to adult Amblyomma
americanum after one infestation as reflected by a 31? decrease in engorgement
weight; the proportion of ticks engorging and weights of eggs as a proportion
of engorgement weight were unaffected.
Resistant cattle demonstrated an
anamnestic cutaneous basophil response that was judged responsible for the
resistance.
Neutrophils, eosinophils and mast cells were also present in the
feeding lesion (Brown, Barker and Askenase, 1984). The authors considered that
their observations not only confirmed the importance of the basophil in the
resistance of cattle to the tick but also justified the assumption of parallel
mechanisms between guinea pigs and cattle. However, as stated before, the mere
observation of a cell type at a tick attachment is insufficient to demonstrate
its importance in immunity.
Further, the result with Amblyomma americanum can
perhaps be seen in an alternative way:
despite the basophil accumulation, the
level of resistance expressed by the cattle was unimpressive.
Undoubtedly, the best-investigated tick-host system involving a domestic
animal is the relationship between Boophi1us microplus and cattle.
The
resistance which cattle acquire to this tick may result, in some hosts, in the
rejection of more than 99? of the larvae which initially attach.
There is now
a
considerable
body
of
evidence
that
this
is
due
to an
immediate
hypersensitivity reaction.
Larval ticks contain several potent allergens.
When measured doses of isolated allergens are injected intradermally into
resistant cattle, the ability of the hosts to react correlates well with their
resistance to ticks (Willadsen and Williams, 1976; Willadsen, Williams, Roberts
and Kerr, 1978). Isolated skin strips, when challenged in vitro with allergen,
release histamine and this too correlates with resistance.
Several other
components of immediate hypersensitivity reactions are similarly related: mast
cell concentration and degranulation, eosinophil accumulation and degranulation
and total skin histamine (Schleger, Lincoln, McKenna, Kemp and Roberts, 1976;
Willadsen, Wood and Riding, 1979).
Histamine, the major pharmacologically
active
product of immediate hypersensitivity reactions in bovine skin,
specifically induces tick detachment in vivo and in vitro feeding systems (Kemp
and Bourne, 1980). All this is consistent with the macroscopic picture of tick
resistance.
There is a rapid loss of larvae, particularly in the first day of
the parasitic part of the life cycle (Roberts, 1968), largely as a result of
unstable tick attachments (Kemp, Koudstaal, Roberts and Kerr, 1976) and
grooming by the host (Koudstaal, Kemp and Kerr, 1978).
Direct damage to the
ticks is slight or absent (Roberts, 1971).
The difficulty of assigning a role to any component of the immune system
is typified by the relationship between eosinophils and Boophilus microplus.
Although there is a correlation between acquired resistance and eosinophil
accumulation and degranulation _in vivo, concentrated suspensions of eosinophils
from resistant or control cattle failed to damage ticks in an jji vitro feeding
system, regardless of whether the cells were supplemented with serum from
resistant or control hosts (Kemp and Willadsen, unpublished observations).
Perhaps the key to this apparent anomaly lies in the suggestion that _in vivo
eosinophils may act by accumulating and transporting histamine originally
released by mast cells (Schleger, Lincoln and Kemp, 1981).
Evidence for the involvement of immediate hypersensitivity reactions in
the resistance of cattle to other ticks is much less substantial, though it has
been shown that cattle resistant to Rhipicephalus appendiculatus produce
histamine-dependent skin reactions on injection of allergenic extracts from
larval ticks
(Binta, Cunningham and Mushi , 1984), a reaction which is
transferred
with
bovine homocytotropie
antibody
(Binta,
Cunningham and
Rurangirwa, 1984).

574

Genetics of Tick Resistance.
It is well established that different breeds of cattle acquire widely
differing mean resistance levels to Boophilus microplus.
Bos indicus and Bos
indicus x Bos taurus crosses generally have higher resistance than the Bos
taurus breeds.
The difference in the number of ticks maturing on Bos indicus
and Bos taurus herds may be more than 10-fold (Utech, Wharton arid .Kerr,
1978).
In a series of detailed experiments lasting up to 17 years, it was
shown that resistance levels in Australian Illawarra Shorthorn (AIS) and
Brahman x AIS herds could be increased by selection and the introduction of
resistant individual animals (Utech, Seifert and Wharton, 1978; Utech and
Wharton, 1982).
For example, the average yield of Boophilus microplus maturing
on an AIS herd was reduced about 10-fold over 17 years.
Resistance in the
progeny increased concurrently. A number of attempts have been made to measure
the heritability of tick resistance and estimates of heritability have ranged
from 28$ to 82$ in Bos indicus cross cattle to 45 to 50$ in Bos taurus
(summarized in Sutherst and Utech (1981)).
Such measurements have been
complicated by the effect of season, sex, pregnancy, lactation and stress on
tick resistance (Utech, Seifert and Wharton, 1978). The detailed genetic basis
of this heritability is not understood.
It is impossible, as yet, to relate
the demonstrable heritability of the ability to become resistant to Boophilus
microplus with any particular mechanism of resistance.
It is known only that
highly resistant crossbred or Bos indicus cattle mount very strong immediate
hypersensitivity reactions to tick allergens; that is, that the mechanisms of
resistance may be the same for all breeds.
In a practical sense, although the
ability to acquire resistance is known to be heritable in both Bos indicus and
Bos taurus cattle, it has been argued that selection for resistance in
Bos taurus is not a useful means of tick control (Wharton and Norris, 1980).
The genetics of resistance has been little studied for other ticks, though
the observation by den Hollander and Allen (1985b) that different strains of
mice acquire differing levels of resistance to Dermacentor variabilis suggests
that it is in the study of the genetics of resistance rather than mechanisms of
resistance that such model systems may have the most to offer.
Resistance of Ticks to "Concealed Antigens" .
With any hematophagous parasite, the ingested blood and associated
components of the immune system must make contact with a range of functionally
important parasite molecules.
There is no damaging immunological attack on
such molecules because there has been no primary exposure of them to the host's
immune system:
they are "concealed antigens".
Effective resistance to ticks
could possibly be induced if only the host could be injected with the
appropriate "concealed" tick antigen.
The first specific suggestion in
relation to tick resistance was made by Galun (1978) who hypothesized that tick
developmental hormones would be an appropriate target. A number of people have
successfully immunized against ticks in model systems using, typically, gut or
salivary gland extracts.
Some of these vaccinations may have involved
concealed antigens but in the absence of any direct comparison between
naturally
acquired
and
artificially
induced
resistance
one
can
only
speculate.
The first unequivocal demonstration that immunity to a tick could
be produced using concealed antigens was made with Boophilus microplus.
Injection of crude extracts of semi-engorged female ticks into cattle produced,
in some cases, a striking immunity to ticks (Johnston, Kemp and Pearson, in
press).
Because much was already known about naturally acquired resistance, it
was clear the effects produced by injection of adult extracts were quite
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different.
Maeroscopically, the most obvious effect was gross damage to the
tick gut which resulted in the leakage of bovine components, including intact
leucocytes and erythrocytes, into the haemolymph (Kemp, Agbede, Johnston and
Gough, in press).
This damage was accompanied by a number of other effects,
summarized in Table 1. The observable effects of naturally acquired resistance
are also listed as a comparison.
TABLE 1 . Comparison of resistance to Boophilus microplus acquired naturally
and induced by vaccination with concealed antigens.
Immunity
Naturally-acquired

From concealed antigens

Larvae

Adults

Variable over
wide range

Usually large
reduction

Relatively small
reduction

Can be large
reduction

Egg laying as a proportion
of engorgement weight

No effect

Large effect

Egg viability

No effect

Some effect

Rejection with little
damage to ticks

Gross damage to
and death of ticks

Mostly immediate
hypersensitivity

Antibody-mediated;
apparently not
hypersensitivity

Stage most affected:
Effect of immunity on:
Number of ticks engorging

Engorgement weight

Effect on ticks:

Immunological mechanism:

Studies with _iri vitro feeding systems have shown that damage to adult
ticks can be produced by serum from vaccinated cattle even in the absence of
cellular components of the immune system.
Preliminary results suggest that
complement may be involved.
Purification of the antigen or antigens responsible for this immunity is
being carried out. Whether the whole range of pathological effects produced by
a crude mixture of "concealed antigens" may also be produced by a single,
purified one remains to be proven.
In the practical area of tick control, such immunity to concealed antigens
has great potential.
The resistance induced has a great effect on the
reproductive potential of the ticks through the accumulation of effects on tick
numbers, weights and egg laying.
Further, it is reasonable to expect that the
two forms of immunity, naturally acquired and artificially induced, may act
together and, with Boophilus microplus at least, act independently against two
stages of the life cycle.
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Nothing is yet known of the way in which the genetic makeup of cattle may
affect their ability to express immunity to concealed antigens.
DISCUSSION
It would be convenient to be able to postulate a single, unifying
mechanism of resistance to ticks but the results obtained even with the limited
number of systems studied to date rule out such a possibility.
Resistance has
been attributed to lymphocytes or antibody or a mixture of both; the important
antibody class may be IgG or IgE.
The most common feature of the tick feeding
lesions on resistant animals is a concentration of granulocytes, though these
may be basophils, eosinophils, neutrophils or mast cells, or a mixture of these
depending apparently on both host and tick.
A role has been assigned to
histamine in many cases, though not all.
The fact that there is such variability in mechanisms of resistance to
ticks answers a question posed earlier:
"have model systems facilitated our
understanding of the relationships between ticks and domestic animals"?
The
answer must be that, while the study of a range of tick-host systems may give
us an appreciation of the repertoire of possible resistance mechanisms, every
tick-host relationship must still be examined as a potentially unique case.
The genetics of resistance to ticks has been studied with Boophilus
microplus and cattle.
The ability to acquire resistance has been shown to be
heritable though even basic questions such as the number of genes involved
remain unanswered.
Finally, it has recently been shown that resistance to
Boophilus microplus may be induced with "concealed" tick antigens, potentially
offering an adjunct to naturally-acquired immunity in the immunological control
of ticks.
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