
Studies on the survival dynamics of tick-borne viruses in the hard tick Haemaphysalis 
longicornis and the effects of tick antimicrobial peptides on viral replication 

Ticks are important vectors of disease-causing microorganisms, rickettsiae, spirochaetes, 
protozoa and viruses affecting humans, livestock, wild and companion animals. Among the 
important pathogens that ticks transmit, viruses form a major constituency of the transmitted 
pathogens and remain to be a big threat to both human and animal populations as they can produce 
diseases with high morbidity and mortality. Although the role of ticks in the transmission of viruses 
has been known for over a century, the diversity of tick-borne viruses has been less thoroughly 
studied than that of mosquito-borne viruses. Even until now, detection of new pathogenic viruses 
are still being reported and known viruses continuously spread to new geographical locations.

as carriers of several pathogenic microorganisms, ticks need broad spectrum innate 
immunity mechanisms that will allow them to maintain the pathogens and commensal microbes 
without impairing their viability and further development; however, our understanding of the 
tick-virus interaction still remains at an early stage. Here, I studied the survival dynamics of 
tick-borne viruses in the hard tick Haemaphysalis longicornis and the effects of tick antimicrobial 
peptides in viral replication  

In Chapter 1, I presented evidences which showed that H. longicornis can be efficiently 
infected with Langat virus (LGTV) through anal pore microinjection. One of the most important 
determinants of vector competence is the susceptibility of midgut cells to virus infection and in this 

The virus also remained 
detectable for at least 120 days post-inoculation of the virus. More importantly, infected ticks can 
effectively transmit LGTV to a susceptible host. However, demonstration of LGTV transmission 
through co-feeding between an infected adult and immature naïve ticks are needed to demonstrate 
the possible mechanism on how LGTV can circulate in the tick population, especially that no 
transovarial transmission was observed in the study using anal pore microinjection.  

In Chapter 2, I demonstrated that H. longicornis is a competent vector or possibly the main 
tick carrier of the Thogoto virus (THOV) recently isolated in Japan as shown by the successful 
transfer of the virus to mice. I also observed that the virus inoculated via anal pore 
microinjection, readily transfers from the midgut to the salivary gland during feeding to 



facilitate the transmission of the virus to the host. The current study also managed to establish 
that naïve nymphs can be infected by THOV through natural routes of infections, particularly via 
co-feeding the naïve nymphs with an infected adult. However, additional studies are needed to 
identify which animals potentially serve as the reservoir host of the virus and to elucidate animal 
susceptibility and the geographic distribution of THOV infections in Japan.  

In Chapter 3, I established the extracellular virucidal activity of longicin P4 against LGTV 
in vitro, and to our knowledge, this is the first report of an antiviral activity of a native or synthetic 
antimicrobial peptide derived from H. longicornis. However, co-incubation of the peptide with an 
adenovirus failed to reduce infectivity and virus yield as compared with the control group. 
Moreover, no significant difference in mortality and virus titer in general was observed on both 
longicin gene-silenced and Luc dsRNA-injected ticks subsequently challenged with LGTV, 
suggesting that the role of the endogenous tick longicin in the antiviral defense of H. longicornis
still remains to be demonstrated. Nonetheless, logicin P4 can be a potential therapeutic agent for 
tick-borne pathogens. 
 In Chapter 4, I characterized the recently identified HEdefensin gene from the hemolymph 
EST database of H. longicornis. The predicted amino acid sequence of HEdefensin showed 
the conserved cysteine residues normally found in arthropod defensins and was shown to 
have high amino acid sequence identity with some known tick defensins using BLAST 
analysis. The co-incubation of the LGTV with HEdefensin peptide at 37°C for 2 hours produced a 
99.2% foci reduction and a five-fold lower virus yield as compared to cells infected with a 
medium-treated virus. HEdefensin peptide has no antiviral activity against a 
non-enveloped virus and HEdefensin gene silencing showed no significant effect on tick mortality 
and virus titer after LGTV challenge. Nevertheless, the significant extracellular antiviral activity of 
the peptide against LGTV in vitro offers a new potential therapeutic agent for tick-borne pathogens, 
particularly flaviviruses. 

Taken altogether, the results in this dissertation indicate that H. longicornis is a 
competent vector of LGTV and the most likely vector of the Japanese isolate THOV. 
Moreover, the results of the evaluation of the antiviral activity of longicin and HEdefensin 
peptides elucidated the possible role of antimicrobial peptides in the innate antiviral 
immunity of ticks. The novel methods and evidences in my studies provided additional 
information to our current understanding of tick-virus interaction and will hopefully 
provide new control strategies against ticks and alternative therapeutic agents against 
tick-borne viruses.






