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Hematophagous arthropods and the diseases they transmit are 
of vast medical and veterinary public health importance. Ticks are 
the most important vectors of pathogens to domestic and wild animal 
species, and they are second only to mosquitoes as transmitters of 
disease causing agents to humans. 1 The patterns, number and 
variety of tick-borne diseases continues to change. 2 It is likely 
that this trend will continue into the future. This review will 
focus upon tick-host-pathogen interactions, due to the body of 
information available related to these associations. 

Pathogens often undergo complex developmental cycles within 
the vector. 3 The dynamic nature of host-vector-pathogen 
interactions is emerging. New knowledge gained from the analysis 
of these relationships can result in development of effective 
strategies for suppression of disease transmission, provide 
enhanced understanding of pathogen development, pathogenesis, host 
responses to the disease causing agent and reactivity to the 
vector. 

Worldwide incidence of Lyme borreliosis is increasing. 4•
5 

Ehrlichiosis is emerging as a tick-borne disease of increasing 
human and veterinary importance. 6 Anaplasmosis is an arthropod
borne rickettsial disease of cattle and other ruminants, which 
causes vast losses in meat, milk and fiber production. 7 

Significant gaps exist in our knowledge of these and other tick
borne diseases in regard to transmission dynamics, development 
within the vector, pathogenesis and host responses to infection. 

Estimated economic impact of ticks and the diseases the~ 
transmit is estimated to be at least seven billion dollars. 
Losses attributable to ticks, and tick-borne pathogens, are a major 
constraint on agricultural development in large areas of the 
tropical and sub-tropical world. Effective tick control would 
result in significantly improved quality of life in those 
geographic areas. 

Control of ticks is almost totally dependent upon use of 
acaricides, and ixodid resistance to these chemicals represents a 
serious threat to animal health and production on a global scale. 9 

Cost of research and development of new acaricides, rapid onset of 
resistance to those formulations and reduced potential for economic 
return are factors, which discourage the investments necessary to 
discover, license and market new compounds. 10 Increasing public 
concern about chemicals as residues in food, their impact upon 
human health and the environment are factors driving the need to 
develop new approaches to vector control. Considerable attention 
has been focused upon the ~evelopment of anti-tick vaccines. 11 A 
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thorough understanding of host immunity to tick infestation is 
essential for design of an effective immunological based control 
strategy. 

HOST IMMUNITY TO THE TICK 

Laboratory animals and bovines acquire resistance to tick 
feeding as a consequence of infestation, and the immune responses 
involved in acquired immunity have been investigated. 11

• 
1 

• 
13

• 
14 

Expression of acquired resistance results in reduced numbers of 
engorged ticks, decreased blood meal volume, impaired production 
and reduced viability of ova, increased duration of engorgement, 
impaired transmission of pathogens and tick death. 

The cellular infiltra.te at the bite site during an initial 
infestation is minimal; however, guinea pigs and cattle expressing 
acquired resistance to infestation develop cutaneous basophil 
hypersensitivity reactions at tick attachment sites. 13

• 
15

• 
16 These 

basophil rich reactions appear to be directly linked to damage and 
rejection of the feeding tick. 17 Basophils were observed within 
injured tick digestive tract epithelial cells. 

The host immunological mechanisms involved in acquisition and 
expression of tick resistance include: circulating and 
homocytotropic antibodies, complement, cell mediated effector 
elements, crtokines and other mediators of the inflammatory 
response. 11

• 
1 

• 
13

• 
14

• 
18

• 
19 Upon attachment to the host a complex and 

changing array of salivary gland derived molecules are introduced 
into the bite site. 20 These molecules are trapped by Langerhans 
cells21 and presented to host Band T-lymphocytes. Host cytokines 
play an important role in communication among antigen presenting 
cells and immunocompetent lymphocytes. 19 The question of whether 
or not host cytokines directly impact upon the tick and tick-borne 
pathogens remains to be determined. 

Primary antibody and cell mediated immune responses are 
stimulated, during the course of feeding. B and T-lymphocyte 
memory cells specific for tick salivary antigens are generated. 
The full force of the primary immune response to feeding is likely 
not expressed until after the ticks have engorged. Observed 
cellular infiltrate at this time could result from activation of 
the alternative complement pathway and the degranulation of 
cutaneous mast cells. The stage is set for a secondary immune 
response upon continued, or repeated, exposure to tick salivary 
immunogens. 11, 12, 13, 14 

1 Expression of acquired resistance can have a rapid, dramatic 
i mpact upon attached ticks. 13

• 
14 Salivary immunogens are introduced 

into the host and processed by antigen presenting, Langerhans 
cells. Reactive new and memory B and T-lymphocyte clones are 
stimulated. The "secondary response" is more rapid and intense 
than the reactivity to an initial infestation. Tick specific, 
preformed, immunoglobulins might still be in the circulation and 
basophils could be "armed" with homocytotropic antibodies bound to 
their Fe receptors. Cell mediated reactivity is evident due to the 
rapid onset of the cutaneous basophil hypersensitivity response. 
Activation of complement through the alternative and/or classical 
pathways would result in the generation of a variety of biological 
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activities, including the anaphylatoxins C3a and C5a. Chemotactic 
moieties would enhance the development of the cutaneous lesions and 
rejection response. Target immunogens involved in tick rejection 
have not been clearly defined. The possible role, if any, of 
cytotoxic T-lymphocytes in tick rejection has not been determined. 

TICK SALIVA AND HOST IMMUNOSUPPRESSION 

Saliva of ixodid ticks changes in composition during the 
process of engorgement20 , and it contains a variety of immunogens 
and pharmacologically active molecules. 11

• 
22

• 
23

• 
24

• Alteration of 
host defenses and inflammatory responses provides an environment, 
which facilitates tick feeding and pathogen transmission. Saliva 
of Ixodes dammini contains anti-inflammatory, anti-hemostatic and 
immunosuppressive factors. 25 Production of interleukin-2, IL-2, by 
T-lymphocytes was inhibited by salivary prostaglandin E2 •

25
• The 

alternative pathway of complement activation was shown to be 
inhibited by a 49 kilodalton, kdal, molecule in the saliva of I. 
dammini22 , and host neutrophil function is altered by tick saliva-:-26 

The alternative pathway of complement was found to be important in 
the expression of acquired anti-tick resistance. 27 This complement 
pathway could be involved in a variety of activities, including 
chemoattraction of cells to the bite site. Dermacentor andersoni 
salivary glands contain antagonists to host coagulation factors V 
and VII. 28 Blood flow is increased at the feeding site and platelet 
aggregation is inhibited. 23 These factors facilitate engorgement 
and inhibit the host immune response to the vector and any 
pathogens, which might be introduced into the host. 

Tick feeding reduces the ability of host derived lymphocytes 
to proliferate in vitro to T-cell mitogens29

, and to develop a 
primary antibody response to a thymic dependent antigen. 30 Salivary 
gland extracts prepared on days zero through nine from unmated, 
female Q. andersoni were tested for their ability to influence 
cytokine production by normal macrophages and lymphocytes and to 
alter lYJll~hocyte in vitro responsiveness to B and T-cell 
mitogens. 1 In vitro proliferation of normal lymphocytes to the B
eel! mitogen Escherichia coli lipopolysaccharide was enhance, while 
responsiveness to the T-lymphocyte mitogen, concanavalin A was 
suppressed by up to 68. 4 percent. These results confirmed the 
reactivity patterns of lymphocytes obtained from infested animals 
and exposed in vitro to the same mi togens. 19

• 
29 

Cytokines are critical components in the regulation of the 
immune response. 19 cytokines evaluated were interuleukin-1 and 
tumor necrosis factor alpha, produced by macrophages, and 
interleukin-2 and gamma interferon, produced by T-lymphocytes. 
Interleukin-1 elaboration was significantly suppressed by salivary 
gland extracts prepared during the first five days of engorgement 
by up to 89.8 percent. Tumor necrosis factor alpha was suppressed 
by salivary gland extracts for each day studied by up to 94. 6 
percent. Interleukin-2 production was suppressed by up to 31.9 
percent and gamma interferon levels were reduced to a maximum of 
57. O percent. These cytokines have a variety of functions in 
regulation of host inflammatory and immune responses. Both tumor 
necrosis factor alpha and gamma interferon possess anti-viral 
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properties and induce expression of class I and II major 
histocompatibility complex, MHC, molecules. Class II MHC molecules 
are critical for presentation of antigen to immunocompetent 
lymphocytes, and class I MHC molecules associate with antigens for 
effective targeting of cytotoxic T-lymphocytes. Interleukin-2 has 
an autocrine role in T-lymphocyte function. Reduced cytokine 
levels during tick feeding would clearly have the potential of 
impairing the acquisition and expression of host acquired 
resistance to infestation or any transmitted pathogen. Tick 
induced immunosuppression is not so profound as to result in a 
total loss of host immune competence, which would could lead to an 
overwhelming infection by introduced pathogens. As in any well 
established host-parasite relationship, a balance exists between 
the physiological integrity of the host and the ability of the 
pathogen to become established. 

IMPACT OF HOST IMMUNITY TO THE ARTHROPOD ON PATHOGEN TRANSMISSION 

Several investigations have provided evidence that host immune 
reactivity to the arthropod vector altered transmission of vector
borne pathogens. 13 Immunization of mice with normal mosquito 
salivary glands protected mice against an intraperitoneal challenge 
with the rodent malarial parasite, Plasmodium berghei. 31 Antibodies 
to Aedes aegypti were found to neutralize mosquito propagated 
Sindbis virus, but not virus grown in Vero cells. 32 Mosquito 
salivary gland antigens clearly stimulated host immune responses, 
which reacted with a mosquito-borne protozoan and virus. Target 
immunogens and the role of such responses in nature have not been 
established. 

Host acquired resistance to infestation with pathogen-free~
andersoni altered the ability of that ixodid species to transmit 
the highly virulent tick-borne bacterium, Francisella tularensis. 33 

All control rabbits, not resistant to~- andersoni infestation, 
developed~- tularenis infection. Only 34.4 percent of rabbits 
expressing acquired resistance to the tick became infected and 
died. None of the remaining tick resistant animals developed 
antibodies reactive with~- tularensis. Host acquired resistance 
to the bite of a pathogen-free tick induced a response, which 
altered the ability of a highly virulent bacterial pathogen to be 
transmitted and/or establish within a host. The mechanism(s) 
responsible for observed protection is(are) unknown. 

Similar epitopes are expressed by both microfilariae of Brugia 
malayi and the mosquito vector, A- aegypti. 34 The shared antigens 
expressed by ~- malayi are not likely due to adsorbed mosquito 
vector epitopes, since the microfilariae are produced from fema·le 
worms within the host. However, the impact of any reactivity to 
the shared epitopes upon uptake of the microfilariae by the 
mosquito vector is not known. It is possible that the shared 
epitopes are important in survival of the helminth within the 
mosquito. 34 

Host-vector-pathogen interactions are complex. The vector has 
the ability to alter the immune competence of the host by 
introduction of immunosuppressive factors. These elements could 
clearly enhance vector feeding and pathogen establishment. 
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Salivary gland lysates of the sandfly Lutzomyia longipalpis 
substantially enhanced the infectivity of Leishmania major for 
mice. 35 Infection with low numbers of protozoa could only be 
established in the presence of salivary gland material. Host 
immunity to the vector clearly can impact upon the vector-borne 
pathogen. It is possible that host immunity to the vector 
neutralizes salivary gland factors, which promote pathogen 
establishment. This could explain how host immunological 
reactivity to salivary secretions of a pathogen-free vector could 
reduce the infectivity of a pathogen. Experiments need to be 
performed to address this topic. 

IMMUNOLOGICAL CONTROL OF ARTHROPODS 

Previously stated problems associated with the use of 
acaricides9 indicate the need for alternative methods of tick 
control. A promising approach is the development of anti-tick 
vaccines. 11

•
36 Initial efforts to develop immunization regimens for 

the induction of immunit¥ to ticks used extracts of whole ticks or 
salivary glands. 11

• 
12

• 
1 These extracts contained numerous 

immunogenic molecules and the resistance induced was often of 
variable intensity. Emphasis has now shifted to the use of 
Immunogens not introduced into the host during the course of tick 
feeding. These "concealed" or "novel" imriiunogens are derived from 
tick digestive tract1

• 
36

• 
37

• 
38 or integument. 39 

Immunization with digestive tract immunogens has been shown 
to be an effective way to induce laboratory animal and bovine be 
an effective way to induce laboratory animal and bovine resistance 
to tick feeding. 11

• 
36

• 
37

• 
38 Host antibodies and other immune effector 

elements to tick gut are contained within the blood meal. As the 
tick takes up blood from an immunized animal, host antibodies, 
complement and possible effector cells damage the gut of the tick. 
The end result is reduced engorgement, reduction or prevention of 
egg production and death of the feeding tick often occurs. The 
tick is exposed to a large amount of host blood during engorgement. 
An unfed female ixodid tick weighing ten milligrams might reach a 
final engorged wight of 1000 milligrams; however, she would have 
processed approximately 4000 milligrams of blood, during feeding. 40 

An advantage of immunization with tick gut derived epitopes is the 
absence of priming for cutaneous hypersensitivity to salivary gland 
epitopes introduced during feeding. 

Cattle have been successfully vaccinated with a membrane 
derived 89 kdal glycofrotein obtained from semi-engorged female 
Boophilus microplus. 36

• 
1 Protection inducing immunogen was present 

in very low quantities, and only microgram amounts were needed to 
induce significant resistance to infestation, which reduced 
engorgement, ova production and tick survival. Immunoglobulins 
obtained from successfully immunized animals inhibited enocytotic 
activity of tick digestive tract cells. 41 Protection inducing 89 
kdal molecule was subsequently cloned and expressed by E- coli as 
a fusion protein, which could be used to induce resistance to 
infestation. 42 An important consideration in the development of any 
vaccine, particularly for recombinants, is the inclusion of 
epitopes broadly recognized by T-lymphocytes. 43 Since a vaccine 
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will be administered to a genetically di verse, randomly bred, 
population of animals, it is essential to have epitopes that can 
be effectively presented in association with class II MHC to 
immunocompetent lymphocytes by antigen presenting cells. 

Hereford steers have been successfully immunized with membrane 
enriched extracts and 100, ooo x g supernatant of ~- microplus 
midgut. 37 Three protection inducing immunogens were found in the 
detergent solubilized membrane fraction. 38 The exact nature of 
these immunogens remains to be reported. 

Greater than 50 percent of sera derived from mice infested 
with Ixodes ricinus nymphs and rabbits infested with i. ricinus 
adults reacted with a 25 kilodalton integumental immunogen. 39 These 
antibodies cross-reacted with a 20 kdal molecule in the integument 
of Rhipicephalus appendiculatus. 39 A vaccine directed against 
accessible integumental epitopes should be considered for further 
investigation. 

Cells of a primary in vitro culture of developing larvae of 
Amblyomma americanum were used to induce resistance to infestation 
with adults of the same species. 44 Mean engorgement weight of 
female A- americanum, which obtained a blood meal from vaccinated 
ariimals, was reduced by a mean of 74.8 percent and 54.6 percent of 
female ticks feeding upon immunized animals, died. 44 Animals 
immunized with A- americanum, which obtained a blood meal from 
vaccinated animals, was reduced by a mean of 74.8 percent and 54.6 
percent of female ticks feeding upon immunized animals, died. 44 

Animals immunized with A- americanum primary tissue culture cells 
were also resistant to challenge infestation with ,Q. andersoni 
females, reducing mean engorgement by 71. 3 percent. 44 Cross
protection would indicate the presence of share epitopes, which 
could possibly be used to develop a vaccine with the ability to 
induce protection against widely divergent ixodid species. 
Function and localization - of these epitopes have not been 
determined. 

Anti-tick vaccine research in this laboratory involves the 
identification, isolation and characterization of tick digestive 
tract brush border molecules that can be used as effective 
protection inducing immunogens. 11 Animals immunized with gut 
absorptive surface fragments developed a strong resistance to 
infestation with adult females of the homologous species. Mean 
weight of blood meal obtained was reduced by 69.8 percent and up 
to 71. 5 percent of the challenge ticks died. An important 
observation was the absence of cutaneous hypersensitivity reactions 
at tick attachment sites on immunized animals. 

Sera of immunized animals displaying resistance to infestation 
were used to identify reactive gut components by immunoblotting. 11 

Gut derived molecules were separated by one dimensional sodium 
dodecyl sulfate polyacrylamide gel electrophoresis and 
electroeluted to nitrocellulose. Molecular weights of reactive 
bands were 64, 66, 68, 113, 125, 133, 137, 141, 144, 153 and 157 
kdal. Control animals neither vaccinated nor exposed to tick 
infestation had immunoglobulins reactive with a 61 kdal 
polypeptide. 

Similar nitrocellulose immobilized electrophoretograms were 
reacted with biotinylated lectins in order to determine the 
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presence of glycoconjugates, since lectin affinity chromatography 
could be a possible first purification step. Vast majority of gut 
derived molecules were determined to be glycoconjugates. Lectin 
blot and immunoblot reactivities were compared, and it was found 
that the combined specificities of peanut agglutinin and wheat germ 
agglutinin complexed with all the same bands on the 
electrophoretogram as did the antibodies derived from successfully 
vaccinated animals. 11 

The complexity of these studies is increased due to the need 
to screen each fraction for the ability to induce anti-tick 
immunity. Each immunized animal must then be analyzed in regard 
to specificity of antibody response by enzyme-linked immunosorbent 
assay and immunoblotting. Cell mediated immune reactivity is 
assessed by antigen specific in vitro lymphocyte proliferative 
responses to components of the immunogen preparation. In this way, 
protection inducing fractions with both B and T-lymphocyte 
reactivity can be identified. 

Purification of immunogens is achieved through: differential 
centrifugation of tick gut absorptive surface membranes, 
solubilization with non-ionic detergents, gel filtration high 
performance liquid chromatography, separation based upon 
isoelectric point of molecules of interest and immunoaffinity 
chromatography with immobilized monoclonal immunoglobulins reactive 
with molecules of interest. A variety of contemporary 
biotechnological approaches can be used to obtain sufficient 
quantities of immunogens of interest. Vaccine could be 
administered in an injectable slow release formulation, which would 
require minimal handling of cattle for immunization. 

Anti-arthropod vaccines will not be limited to long-term blood 
feeders. Species of particular interest would be mosquitoes, 
stable flies, horn flies, sucking lice and mange mites. 
Feasibility of anti-arthropod vaccines is clearly established. 11

• 
36 

Anti-arthropod immunization based control will likely find a place 
in integrated vector suppression strategies. The technology is at 
hand to proceed with development of these vaccines. 
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