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ABSTRACT 
 

The feeding period of hard ticks often exceeds one week and makes tick infestation a 

considerable intervention to host physiology. A broad range of inflammatory and immune 

reactions take place locally at the feeding site as well as systemically within the host 

body. Active modulation of the host immune response by tick saliva is thus required for 

the tick to complete its blood meal. Upon attachment, the tick inoculates its saliva 

containing a repertoire of bioactive molecules that help ticks to attach to the host, to 

overcome host hemostasis, and to prevent host pain and itching and the concomitant 

scratching. Furthermore, the tick must deal with the host innate immunity during primary 

infestation and with innate and adaptive immunity in subsequent infestations. The 

immunomodulatory properties of tick saliva and the roles of individual salivary 

components at the tick-host interface are described in this chapter, dealing with virtually 

all levels of nonspecific and specific host immune mechanisms. In addition, tick-borne 

pathogens, including the Lyme disease spirochete Borrelia burgdorferi, exploit the 

pharmacologic activities of tick salivary molecules to successfully maintain their life 

cycle. Identification of molecules responsible for this phenomenon, termed saliva-

assisted transmission (SAT), can help in the design of an efficient transmission-blocking 

vaccine. Moreover, understanding of the immunity-based processes within the tick-host-

pathogen interface opens a relatively new field for the development of drugs to treat 

various immunity-related diseases. 
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INTRODUCTION 
 

Ticks are blood-sucking mites of high human health and veterinary importance because 

they are responsible for a significant percentage of all vector-borne diseases, with Lyme 

borreliosis being the most widespread tick-borne human infection in the northern hemisphere 

[1]. Concerning tick-borne diseases in humans, the hard ticks of the Ixodes genus are the most 

prominent vectors. 

 

 

Figure 1. Schematic illustration of the effects of tick saliva on host immunity upon infection with 

Borelia spp. Salivary antigens (a) affect neutrophil influx to the tick feeding site and inhibit uptake of 

Borrelia spirochetes; (b) induce mast cell degranulation and bind the released biogenic amines such as 

histamine; (c) inhibit proper interactions of complement proteins; (d) down regulate co-stimulatory 

molecules on dendritic cell surfaces, decrease the production of proinflammatory cytokines, and 

increase IL-10 levels; and (e) block T cell activation and drive T lymphocytes toward Th2 immune 

responses. 

The hard tick feeding period varies from a few days to over one week and makes tick 

infestation a considerable intervention to host physiology. After the tick mouthparts penetrate 

the host epidermis, the disruption of blood capillaries creates a feeding pool of blood. The 

proteinaceous content of the ingested blood is concentrated in the tick midgut, while the 

mostly aqueous leftover returns into the feeding pool admixed with tick saliva. 

A broad range of inflammatory and immune reactions take place locally at the feeding 

site and also systemically within the host body, considering that the feeding period sometimes 

exceeds a week. Active modulation of the host immune response by tick saliva is thus 

required for the tick to complete its blood meal. A repertoire of bioactive molecules that help 

ticks to attach to the host, to overcome host hemostasis, and to prevent host pain and itching 

and the concomitant host scratching is present in tick salivary secretion. Thus, tick saliva 

contains anti-haemostatic, anti-inflammatory, and immunomodulatory molecules [2, 3]. Some 

representative immunomodulatory activities of tick saliva are outlined in Figure 1. 

Furthermore tick saliva facilitates transmission of tick-borne pathogens.  
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IMMUNOMODULATORY PROPERTIES OF TICK SALIVA 
 

Several animal species including guinea pigs, rabbits, and bovines have been shown to 

develop resistance to tick feeding after a single or multiple tick infestations [4]. This 

resistance is considered to be driven by an immune reaction from the host and it is 

characterized by early rejection of the ticks, followed by reduced numbers and weights of 

engorged ticks, and finally impaired oviposition or metamorphosis to the next developmental 

stage. Acquired immune resistance of the host to ticks can also significantly contribute to 

reduced transmission of pathogens from infected ticks. 

Movement of leukocytes within the body and their appropriate location in various tissues 

are driven by small chemotactic cytokines (chemokines). One general strategy used by ticks 

to evade host immune response is to sabotage the cellular communication necessary to 

activate immunity by neutralizing chemokines that normally recruit cells in the sites of 

exogenous antigens. Indeed, highly selective chemokine-binding proteins with anti-

inflammatory features, termed evasins, were identified in Rhipicephalus sanguineus ticks [5]. 

Various leukocytes are involved in the tick-infestation-associated immunomodulation and 

the related host immune responses. Neutrophils (polymorphonuclear cells, PMN) are short-

lived phagocytic granulocytes that form the major population of blood leukocytes. They are 

able to kill pathogens by both oxygen-dependent and oxygen-independent mechanisms, and 

their secretory granules contain highly cytotoxic proteins. Neutrophils are the most abundant 

cells in the acute inflammatory infiltrate induced upon primary tick infestation but not in 

subsequent infestations [6]. Saliva of ixodid ticks was previously found to inhibit neutrophil 

adhesion and granule release and to decrease the efficiency of PMN in uptake and killing of 

Borrelia burgdorferi [7, 8]. Two salivary proteins of Ixodes scapularis, ISL929 and ISL1373, 

have been shown to downregulate PMN β2-integrins and to inhibit production of superoxide 

radicals by neutrophils in vitro. Mice immunized with these proteins had increased numbers 

of PMN at the site of tick attachment and a lower spirochete burden in the skin and joints 21 

days after infection compared with control-immunized animals [9] (see Table 1 for the 

summary of salivary immunomodulators). More recently, a novel inhibitory serpin, IRS-2 

from Ixodes ricinus saliva, inhibited neutrophil influx to the inflamed tissue in a mouse model 

of acute inflammation [10]. A similar effect on the neutrophil migration has been addressed 

also to sialostatin L, an I. scapularis salivary cystatin [11]. Because neutrophils form the first 

line of immune defense against Borrelia spirochetes, failure of sufficient neutrophil 

recruitment and activation during the initial inflammatory response may allow spirochetes to 

effectively colonize the mammalian host [12].Basophils and mast cells are key players in 

hypersensitivity reactions. Crosslinking of IgE molecules bound to the surface of a mast cell 

or a basophil via its high-affinity Fc receptors for IgE (often mediated by an allergen), 

triggers the rapid release of the contents of the intra-cytoplasmic granules of mast cells and 

basophils. Histamine and other mediators released by this degranulation event cause the 

adverse symptoms of allergy but also play a role in immunity against parasites by enhancing 

acute inflammation. Basophils have long been documented as the predominant cell type that 

infiltrates the tick-bite site in the skin and plays a key role in the rejection of the tick [13]. 

Migration of these cells upon tick feeding and the resulting basophil-rich responses are 

known as cutaneous basophil hypersensitivity (CBH).  
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Mast cells, which are particularly concentrated beneath the epithelial surface of the skin 

and mucosal layers, have also been connected with the development of tick resistance. Mast 

cell-deficient mice failed to develop resistance to ticks, while the host anti-tick response was 

normalized after adoptive transfer of mast cells [14–16]. Degranulation of basophils and mast 

cells and the local release of mediators, including histamine and serotonin, are considered to 

represent an important part of the protective immune response against ticks [17]. Importantly, 

basophils but not mast cells, are responsible for the antibody/IgFc-mediated tick resistance, 

even though both types of cells are essential for the manifestation of resistance to the feeding 

of Haemaphysalis longicornis [16]. Histamine and other mediators released from mast cell 

granula cause pruritus and itching that can cause mechanical stress or even destruction of the 

tick. To prevent host scratching, histamine-binding lipocalins are present in the saliva of 

several soft and hard tick species [18, 19]. On the other hand, histamine-releasing factors 

modulate vascular permeability and increase blood flow to the feeding site, thus facilitating 

tick engorgement [20]. 

 

Table 1. Examples of the tick salivary molecules with immunomodulatory features 

 
Molecule Origin Target cells/components Function/mechanism Refs 

ISL929 

ISL1373 
Ixodes scapularis Neutrophils 

Superoxide production 

β2-integrins 
[9] 

IRS-2 Ixodes ricinus Neutrophils 
Inhibition of neutrophil 

migration 
[10] 

HBP 
Rhipicephalus 

appendiculatus 
Basophils, Mast cells Binding of histamine [18] 

HRF I. scapularis Basophils, Mast cells Release of histamine [20] 

ISAC I. scapularis Complement Dissociating C3 convertase [22] 

Salp20 I. scapularis Complement Dissociating C3 convertase [23] 

IRAC I/II I. ricinus Complement Dissociating C3 convertase [24] 

IRIS I. ricinus 
Monocytes, 

Macrophages 
 TNF-α [29] 

PGE2 
I. scapularis 

R. sanguineus 
Dendritic cells 

 IL-12 and TNF-α 

 CD40, differentiation 

inhibitor 

[34] 

[35] 

Adenosine R. sanguineus Dendritic cells  CD40 [35] 

Salp15 I. scapularis 

Dendritic cells 

 

T cells 

Raf-1/MEK activation 

 IL-6, TNF-α, and IL-12p35 

CD4 binding 

 T cell activation, and IL-2 

[37] 

 

[46, 

47] 

Sialostatin L I. scapularis 
Neutrophils 

Dendritic cells 

Inhibition of neutrophil influx 

 CD80/86 

 IL-12p70, TNF- α, and 

MHC II 

Ii processing 

[11, 

38] 

IsSMase I. scapularis T cells ↑ IL-4 [48] 

BIP I. ricinus B cells Prevention of B cell activation [49] 

IgG-BP R. appendiculatus IgG Binding of IgG [50] 

 

Eosinophils are specialized leukocytes whose major function is the secretion of toxic 

granule constituents and, thereby, extracellular killing of microorganisms. Their toxic 

products are also the major cause of the tissue damage seen during inflammation. Similar to 

mast cells and basophils, eosinophilic granulocytes are also associated with resistance to 
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ticks, as they were detected around the tick feeding site in guinea pigs after repeated 

infestations [21]. 

Complement is a group of serum and membrane proteins involved in opsonization, 

chemotaxis, and osmotic lysis of a target cell. The alternative pathway of complement 

cascade activation is an important defense against pathogens and a key player in tick rejection 

reactions of the host. Several complement inhibitors have been described to be tick saliva 

constituents, among others Isac (I. scapularis anti-complement) and Salp20 [22, 23], in 

addition to two paralogous proteins, IRAC I and II, that protect I. ricinus from the 

complement-mediated immune response of a broad spectrum of vertebrate hosts [24]. 

Macrophages are important resident cells producing cytokines and chemokines that 

attract inflammatory cells to the tick-bite site. Activated macrophages are able to engulf 

bacteria including tick-borne Borrelia spirochetes by coiling phagocytosis and kill them by 

oxygen- and nitrogen-dependent mechanisms [25, 26]. Tick saliva has evolved mechanisms 

for regulating macrophage functions. Salivary gland extract (SGE) from I. ricinus impaired 

production of superoxide and nitric oxide, two major defense molecules of macrophages [27]. 

SGE reduced the proportion of active phagocytes and the number of engulfed bacteria. 

Treatment of macrophages with tick saliva downregulated the production of proinflammatory 

cytokines [28], perhaps due to the presence of the serpin Iris, which binds to 

monocytes/macrophages and inhibits their ability to secrete TNF-α. Notably, this action is 

independent of the antiprotease activity of this protein, but it is driven by exosites [29]. 

Salivary gland (SG) molecules of Rhipicephalus microplus induced differential expression of 

co-stimulatory molecule CD86 in murine macrophages, which may serve to promote Th2 

polarization of the immune response [30]. 

Dendritic cells (DCs) are the most efficient cells in antigen presentation. They capture 

antigens in the peripheral tissue and migrate to the spleen or regional lymph nodes, where 

they present the processed antigen epitopes to T cells. DCs are the key initiators of T cell 

activation, thus connecting innate and adaptive immunity. DCs treated with ixodid saliva 

promote naïve CD4
+
 T cells to Th2-type responses, and the presence of saliva impairs their 

maturation, migration, and overall function [31–33]. Non-protein molecules present in saliva, 

such as prostaglandin E2 (PGE2) and adenosine (Ado) were reported to account for these 

effects [34, 35]. Ado inhibits the production of the pro-inflammatory cytokines IL-12p40 and 

TNF-α and stimulates the production of the anti-inflammatory cytokine IL-10 by murine DCs 

activated with Toll-like receptor (TLR) agonists. Additionally, PGE2 suppresses the 

differentiation of DCs from blood cell precursors. Both Ado and PGE2 exert 

immunomodulatory effects on cytokine production by inducing a common cAMP-PKA 

signaling pathway. Furthermore, both Ado and PGE2 were able to inhibit the expression of 

CD40 in mature DCs [35]. Tick saliva also induces regulatory DCs to secrete IL-10 and low 

levels of IL-12 and TNF-α when stimulated by TLR ligands. Such regulatory DCs are 

associated with the expression of TLR-2 and the inhibition of ERK and p38 MAP kinases, 

which in turn promotes the production of IL-10 and thus modulates the host immune response 

[36]. 

Salp15, a salivary protein of I. scapularis, interacts with the DC-SIGN lectin on DCs, 

activating the Raf-1/MEK pathway that leads to impaired IL-6 and TNF-α mRNA stability 

and nucleosome remodeling at the IL-12p35 promoter [37]. Sialostatin L, an I. scapularis 

cystatin, inhibits DC maturation by down regulating the co-stimulatory molecules CD80 and 

CD86 and the production of IL-12p70 and, to a lesser extent, also TNF-α, by DCs. 
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Furthermore, it binds to cathepsin S inside the DCs and affects processing of MHC class II 

invariant chain (Ii). The resulting impaired DC maturation and Ii degradation correlates with 

inhibition of antigen-specific CD4
+
 T cell proliferation by a cathepsin S-dependent 

mechanism [38]. 

Interestingly, argasid salivary proteins such as the cystatin OmC2 from the soft tick 

Ornithodoros moubata can also suppress the host adaptive immune response by reducing 

TNF-α and IL-12 production and the proliferation of antigen-specific CD4
+
 T cells, 

suggesting the presence of this mechanism in the common progenitor of soft and hard ticks 

[39]. 

Natural killer (NK) cells are lymphocytes with cytotoxic activity mainly against tumor 

cells and virus-infected cells. Tick salivary proteins were shown to affect the ability of NK 

cells to conjugate with their physiologic cell targets and, as a result, impair NK cell 

cytotoxicity [40, 41]. 

Immunomodulatory activities of tick saliva can be further demonstrated on the 

subsequent steps of immune activation such as the T and B cell-mediated responses. 

Treatment with tick SGE decreases γδ T lymphocyte load in infected skin [42]. Repeated 

infestations of the host with pathogen-free ticks or exposure to pure saliva itself selectively 

promote an anti-inflammatory Th2 cytokine profile: IL-4, IL-10, and transforming growth 

factor beta (TGF-β) secretions are upregulated, with a corresponding suppression of Th1 and 

Th17 responses (downregulation of IFN-γ, IL-2, IL-12, and IL-17) in ex vivo murine and 

human cell cultures [32, 43–45]. This polarization is partially caused by the impairment of 

DC function; however, direct influence of tick salivary constituents on T cells also plays 

some role. 

Salp15 binds directly to the CD4 receptor on the surface of T cells. It inhibits early T cell 

activation via CD3/CD28 and MHC/CD4 by blocking T cell receptor (TCR)-mediated Lck 

activation and thus improper downstream signaling. The end result is a reduced production of 

IL-2 [46, 47]. A novel sphingomyelinase-like enzyme in I. scapularis saliva (IsSMase) 

directly programs host CD4
+
 T cells to express IL-4, the hallmark Th2 cytokine, even if the 

cells are primed toward a Th1 response by viral infection. TCR transgenic CD4
+
 T cell 

proliferation was also significantly increased by IsSMase [48]. Humoral immunity also can be 

modulated by an 18-kDa B cell inhibitory protein found in I. ricinus saliva [49] or by 

immunoglobulin G binding proteins identified in the saliva of Rhipicephalus appendiculatus 

[50]. 

 

 

SALIVA-ASSISTED TRANSMISSION OF PATHOGENS 
 

Ixodes ricinus complex (I. ricinus, I. scapularis, Ixodes pacificus, and Ixodes persulcatus) 

is responsible for the transmission of at least six disease agents (Borrelia burgdorferi sensu 

lato, Anaplasma phagocytophilum, tick-borne encephalitis virus, Powassan virus, Babesia 

microti, and Babesia divergens). Tularemia and Q fever are also transmitted by Ixodes ticks; 

however, the main vectors for these pathogens are Dermacentor and Amblyomma ticks, 

respectively [51]. 

Survival and successful proliferation of tick-borne pathogens is also dependent on their 

ability to exploit the pharmacologic activities of tick salivary molecules. The facilitation of 
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pathogen transmission and multiplication because of the presence of tick saliva in the 

transmission interface is termed saliva-assisted transmission (SAT) [52]. The SAT 

phenomenon has been documented for several tick-borne pathogens including Thogoto virus, 

tick-borne encephalitis virus, Francisella tularensis, and several Borrelia species [53–60]. 

Transmission of other vector-borne organisms such as Leishmania spp. can also be facilitated 

by the salivary secretion of its vector, the sand fly Lutzomyia longipalpis [61]. 

As mentioned above, salivary components of I. ricinus inhibit killing of spirochetes by 

murine macrophages in vitro and negatively influence their phagocytosis [27, 28]. Moreover, 

co-inoculation of B. burgdorferi in combination with SGE into naïve mice allows more 

efficient survival and higher infectivity of the spirochetes, as demonstrated by increased loads 

of spirochetes in various tissues when compared with injection of spirochetes without SGE 

[58, 60]. SG-derived Borreliae show ten times higher infectivity than those derived from the 

gut, indicating an important role for arthropod salivary proteins in the transmission cycle of 

Lyme disease [62]. Finally, the presence of saliva changes the proliferation and distribution of 

the spirochetes in mice, on various tissues (skin, lymph nodes, heart, and urinary bladder) and 

at early time points. This was demonstrated after needle inoculation of the pathogens and 

when comparing three different sources of salivary proteins (SGE, saliva, and co-feeding of 

pathogen-free nymphs in the inoculation area). Accordingly, it has been demonstrated that if 

spirochetes are co-inoculated with SGE/saliva, transmission of Lyme disease agents from 

murine host to I. ricinus ticks is enhanced [63]. 

In theory, any kind of immunomodulatory molecule present in saliva that facilitates tick 

feeding is a candidate SAT factor. For example, it is likely that polarization toward Th2 

immune response, extensively described in the previous section of this chapter, facilitates the 

transmission of pathogens that would otherwise be neutralized by Th1 immunity. Not 

surprisingly, the suppression of IL-4 and IL-5 prior to the feeding of B. burgdorferi-infected 

ticks significantly decreased spirochetal load in the target organs of a Lyme disease-

susceptible host [64]. 

Expression of the first molecularly characterized SAT molecule, Salp15 from 

I. scapularis, is selectively induced in Borrelia-infected tick SGs. Salp15 binds to the 

spirochetal outer surface protein C (OspC) and thus protects bacteria from antibody-mediated 

killing and facilitates their proliferation in target organs [65]. Moreover, the presence of 

Salp15 increases the levels of spirochetes in host skin, joints, and the urinary bladder. When 

salp15 was silenced in ticks by RNA interference, the amounts of spirochetes transmitted to 

mice were significantly reduced [65]. The Salp15 homolog from I. ricinus protects a serum-

sensitive isolate of B. burgdorferi against complement-mediated killing; this is because the 

deposition of membrane attack complex on the spirochetal surface is inhibited by Salp15 [66]. 

Additionally, Salp15 inhibits keratinocyte inflammation induced by Borrelia in vitro via 

down regulation of alarmins, essential mediators that mobilize and activate antigen presenting 

cells [67]. 

A cysteine protease inhibitor derived from I. scapularis SGs, sialostatin L2, dramatically 

affects the feeding success of the tick, most likely by influencing the activity of cathepsins 

involved in host inflammation, tissue remodeling, and angiogenesis [68]. Co-administration 

of Borrelia spirochetes with sialostatin L2 exacerbates skin infections in a murine model, as 

determined by spirochetal load in the skin of infected mouse 4 days after inoculation. 

Sialostatin L2 does not influence spirochetal growth in vitro and, unlike Salp15, the 
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stimulatory effect seems to be not due to direct interaction of the protein with the spirochetes 

[69]. 

 

 

LYME DISEASE AND ANTI-TICK VACCINES 
 

Previous efforts to develop a protective and safe vaccine against Lyme disease were 

based on the classical approach, where immunogenic proteins from Borrelia surface (OspA, 

OspC, DbpA) were used as the vaccination antigens [70–72]. Although these vaccines were 

protective under certain conditions, their general usage is not feasible due to the high 

heterogeneity of the targeted antigens among different Borrelia strains, the insufficient 

efficacy, and the side effects of the vaccines [73–76]. 

Due to immune evasion mechanisms, the spirochetal proteins, expressed on Borrelia 

surface during its life cycle inside the host, are considered as inferior vaccine candidates. 

Efforts have thus been turned to the development of a universal anti-tick vaccine. In contrast 

to acaricides, the anti-tick vaccines based on tick recombinant proteins are environmentally 

safe, may not be risky for human health, and the development of resistance is less likely [77]; 

however, the identification of suitable antigenic targets seems to be the primary limiting 

factor of the whole process. 

Generally, there are two distinct types of vaccine antigens. The so-called "exposed tick 

antigens" are salivary-secreted proteins or tick cement components. They come into direct 

contact with host immune mechanisms; hence, immunity against an exposed antigen is 

enhanced by repeated tick infestations [78]. Immunization with the I. scapularis serpin Iris, 

which is declared as a component of saliva and interacts with both host immunity and 

hemostasis, established a significant protective immunity against tick infestation of rabbits, 

resulting in 30% tick mortality, diminution of weight gain, and prolongation of blood feeding 

time [79]. 

Notably, sialostatin L2, a cystatin with anti-inflammatory properties, has been termed a 

silent antigen. Although the protein is found in the tick–host interface, it is not recognized by 

humoral immunity after repeated tick infestations, possibly due to its function or the amount 

of its secretion; however, when sialostatin L2 is used as a vaccine antigen in guinea pigs, 

impaired tick feeding was observed [80]. 

In contrast to exposed antigens, the so-called "concealed antigens" are derived from tick 

tissues, most often from tick gut wall, ovaries, or tick fat body. If a concealed antigen is 

tightly connected with a physiologic function, its reaction with antibodies produced due to the 

host vaccination leads to tick poisoning, and the surviving ticks have impaired ability to molt 

and reproduce. However, concealed antigens do not stimulate host immunity during tick 

feeding, and thus host immunization has to be frequently repeated [81]. Currently, the only 

anti-tick vaccine commercially available is derived from Bm86, a midgut membrane-bound 

protein of Boophilus (Rhipicephalus) microplus [82]. 

A promising candidate for the development of an efficient anti-tick vaccine is ferritin 2, 

which is expressed in the tick gut tissue and it is required for iron transport to the ovaries and 

SGs. Immunization of rabbits and cattle with the ferritin 2 protein dramatically impaired the 

ability of ticks to feed and reproduce, most likely due to a resulting imbalance in iron 

metabolism [83]. 
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Another tested principle for development of transmission-blocking vaccines is 

immunization of the host with an arthropod vector molecule that the microbe exploits during 

infection of the mammalian host. Passive as well as active immunization with Salp15 

significantly protected mice from B. burgdorferi infection due to an increased clearance of 

Salp15-coated bacteria by phagocytes [84]. 

Development of vaccines against the so-called "dual antigens" is a relatively new strategy 

in the field, targeting both exposed antigens in the tick saliva and concealed antigenic 

epitopes in the tick midgut. This dual action stimulates a specific protective immune response 

that is boosted by natural infestations. At the same time, the host antibodies ingested with the 

blood meal react with antigenic epitopes on tick gut cells, leading to the rupture of the midgut 

[85]. A cement protein 64P derived from R. appendiculatus has been proposed as a candidate 

transmission-blocking vaccine antigen with dual function [86]. 

Another proposed step in anti-tick vaccine development could be the combination of 

different vaccine antigens composed of both Borrelia and tick antigens that act synergistically 

[87]. Using antigen orthologs for control of multiple arthropod vectors has been also proposed 

for the development of an effective vaccine [88]. For example, a tick-protective antigen, 

subolesin, has been recognized as a regulatory protein involved in the control of multiple 

cellular signaling pathways and innate immune response genes in ticks [89]. Targeting 

subolesin by RNAi or vaccination resulted in degeneration of tick gut, SGs, and reproductive 

tissues. Moreover, tick survival, weight, and oviposition were significantly reduced [90]. As a 

consequence, subolesin knock-down also affects Anaplasma marginale and Anaplasma 

phagocytophilum infection and acquisition by ticks [91]. Because RNAi in engorged tick 

females results subolesin-knockdown larvae, this technique, in combination with subolesin 

vaccination, is proposed as an efficient method for the control of tick infestations on cattle 

[92, 93]. Furthermore, subolesin is highly conserved across vector species and is thus 

promising for the development of a universal vaccine that will control arthropod infestations 

and the reduction of pathogen transmission [94]. 

 

 

TICK-DERIVED MOLECULES IN THE TREATMENT  

OF HUMAN DISEASES 
 

The immunomodulatory properties of tick salivary molecules can be further exploited for 

the treatment of immunity-related diseases. Several tick-derived molecules have been 

successfully tested against human disorders, mainly in animal models of human diseases. A 

histamine-binding protein from R. appendiculatus was tested as a treatment of allergic 

conjunctivitis in mice [95]. A complement C5 inhibitor from the soft tick O. moubata was 

successful in preventing experimental autoimmune myasthenia gravis [96], and sialostatin L 

from the hard tick I. scapularis significantly prevented disease symptoms in a mouse model 

of multiple sclerosis, i.e., experimental autoimmune encephalomyelitis [38]. Two tick-derived 

proteins were successfully used in the prevention of experimental allergic asthma. These were 

a histamine-binding protein from R. appendiculatus [97] and Salp15, the immunomodulatory 

protein from I. scapularis [98]. Both proteins reduced airway hyper-responsiveness, 

pulmonary eosinophilia, and mucus hypersecretion. 
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CONCLUSION 
 

Ticks are one of the most common vectors of pathogens of high importance in human and 

veterinary medicine, as well as in agriculture. Novel information about the tripartite 

interaction of ticks with hosts and tick-borne pathogens can be essential for the development 

of new methods to prevent the harmful consequences of tick bites. Comprehension of the 

events within the triangle of interactions between ticks, their vertebrate hosts, and tick-borne 

pathogens, explained and characterized in this chapter, combined with the description of their 

biochemical and physiological properties and the understanding of the mechanism of 

modulation of host immunity by the salivary proteins and its subsequent role in the 

transmission of tick-borne pathogens would help in devising a sound control strategy against 

tick infestations and tick-borne diseases. Because new drugs for the treatment of human 

diseases are constantly in demand, tick proteins can be used for the development of new 

treatment strategies. 
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