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Saliva-assisted transmission (SAT) is defined as the property of tick saliva to enhance the transmission and establishment

of tick-borne pathogens. Tick saliva contains multiple biomolecules that act to repress host immune responses,

hemostasis, inflammation, and itchiness. These molecules can be exploited by tick-borne pathogens by increasing their

expression or directly binding. The focus of this entry is in defining the mechanism that tick-borne pathogens use to

subvert tick salivary secretions in their advantage.
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1. Introduction

Ticks transmit a wide variety of pathogens of medical and veterinary importance . Ticks produce a feeding pool in the

skin of their host by cutting with their chelicerae and inserting their hypostome into the dermis . This action produces

significant damage, which along with the long period of tick feeding results in the activation of immune and inflammatory

responses that try to reject this foreign invader. To survive and finish their bloodmeal, ticks inhibit host immunity and

localized hemostasis by injecting a wide array of bioactive molecules. Tick-borne pathogens take advantage of this

dysregulation of immune responses to establish an infection niche within their host in a process termed saliva-assisted

transmission (SAT) . SAT has also been reported in other vector-pathogen systems, such as dengue ; as well as

plant-insect-pathogen systems . Thus, this is a conserve mechanism within arthropod-pathogen systems.

Besides facilitating pathogen transmission, tick saliva appears to also enable the acquisition of tick-borne pathogens. Tick

feeding results in increased numbers of neutrophils at the bite site, which may promote the acquisition of the intracellular

bacterium, Anaplasma phagocytophilum . Likewise, tick saliva appears to promote the chemotaxis of the Lyme

disease pathogen, Borrelia burgdorferi . Pathogens take advantage of specific salivary proteins and can influence their

expression. This topic entry discusses how specific pathogens, B. burgdorferi, A. phagocytophilum, and Tick-borne

encephalitis virus (TBEV), manipulate tick salivary secretions.

2. Subversion of Tick Salivary Components

As mentioned above, ticks have the capacity to delay wound healing, histamine release, and immune responses of their

hosts. The host complement system is a complex of proteins that interact in a sequential cascade that leads to the

opsonization or phagocytosis of foreign bodies, B cell activation, T cell regulation, and the upregulation of the

inflammatory response . Borrelia burgdorferi is especially susceptible to the complement pathway . Thus, it is

not surprising that this pathogen increases the expression of tick salivary proteins involved in the inhibition of the

complement pathway . Similarly, B. burgdorferi subverts tick salivary proteins to escape cellular immune responses by

the host. For example, B. burgdorferi’s OspC outer membrane protein binds to the tick salivary proteins Salp15, which is

known to inhibit T cell and keratinocyte activation . For other examples on this topic, please refer to our review

.

3. Global Manipulation of Tick Sialome by Pathogens

Using genomics, transcriptomics, and proteomics, the different components of the tick saliva have been identified and

termed the tick sialome. The sialome of ticks comprises a cocktail of proteins, mRNAs, and the most recently discovered

miRNAs . Infection with tick-borne pathogens, such as A. phagocytophilum and B. burgdorferi, can result in the

alteration of the expression of particular gene families. For example, A. phagocytophilum influences the expression of

anti-clotting proteins like Salp9, Salp11, and Metis-1 . The expression of two of these genes, Salp11 and Metis-1,

is also manipulated by B. burgdorferi . Additionally, both pathogens appear to alter the expression of cement proteins

and the proline 4-hydroxylase enzyme . The expression of genes encoding anticlotting, cement, and immune
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inhibitors also change during infection with TBEV , although the specific genes may not be the same. This indicates the

targeting of conserved protein groups among tick-borne pathogens, specifically those involved in enhancing the blood flow

and feeding success of ticks to in turn ensure their transmission.

4. Conclusion

Through co-evolution with their vectors, tick-borne pathogens have evolved multiple mechanisms to augment their

chances of successful transmission and establishment, including the hijacking of specific tick salivary components and the

alteration of tick salivary gene expression. Other mechanisms have been identified more recently. The TBEV complex

member Powassan virus, for example, can change the expression of miRNAs in I. scapularis salivary glands . Tick-

borne viruses can also hijack extracellular vesicles from the vector to invade host tissues . Whether other tick

pathogens can manipulate tick salivary miRNAs and extracellular vesicles remains to be determined. Further research

should be focused on elucidating how tick-borne pathogens enhance their transmission by manipulating tick salivary

secretions.
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