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Summary 

Japanese encephalitis virus (JEV) is the leading cause of viral encephalitis in Asia. In humans the disease can cause 

such significant disease that out of the severe ill patients, up to 30% succumb to the infection. Furthermore, neurologic 

sequelae are very frequent and occur in up to 50% of the clinical cases. JEV is usually transmitted by mosquitoes and its 

two most important natural hosts are pigs and water birds. Both of these organisms are of utmost importance in the 

transmission cycle of the virus since a high viremia can be reached that is needed to successfully infect other feeding 

mosquitoes. Observations in pigs show that these animals only experience mild symptoms and that no mortality is 

observed upon infection although still births and abortions in sows and non-suppurative encephalitis in piglets do occur. 

These two findings make the pig a very interesting host to study JEV infections in order to uncover as to why pigs do not 

experience such deleterious events. It has furthermore also been shown that JEV can be found at high viral titers in the 

tonsils of pigs till at least 25 days after infection. This means that the pig represents an important reservoir for JEV. In 

addition, vector-free transmission has been discovered in pigs which might even enhance the spread of the virus in 

intense pig farming areas and subsequently the spread to humans living in these areas. Despite these facts, research 

executed in this host are almost non-existent and this dissertation is the first step into clarifying the events that occur 

following a JEV infection. 

 

In the first part of this study, the general pathogenesis upon intranasal and intradermal inoculation with JEV in 

experimentally infected pigs were compared. A more in depth analysis of the immune response in the central nervous 

system (CNS) was then conducted in these groups. Pathogenesis did not differ much between the different routes of 

inoculation and only a two days shift in virus detection could be observed in the intranasal inoculated pigs compared to 

the intradermal inoculated pigs. Data on JEV viral loads and mRNA expression pointed to the olfactory bulb as being a 

prominent tissue for viral replication and entry upon intranasal inoculation whereas the thalamus and cerebrum were 

found to be more important for viral replication and possible entry upon intradermal inoculation.  

mRNA expression in the thalamus, olfactory bulb, cerebrum and cerebellum revealed that JEV is recognized by resident 

immune cells in the CNS. A first response is seen as an upregulation of OAS1 mRNA although a type I IFN remained 

absent during the early stages of CNS infection. By 7 dpi a noteworthy increase in chemokine mRNA can be observed 

which should lead to the infiltration of immune cells in the inflamed tissue. These infiltrating cells should lead to a strong 

increase of pro-inflammatory mediators. This was however not the case since only a moderate upregulation of TNFα, IL6 
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and IL1α could be observed in the cerebrum and olfactory bulb. In the thalamus an upregulation of IL6 and IL1α even 

remained absent and only a slight upregulation of TNFα could be found. In addition, components to build a functional 

inflammasome were not upregulated. Concomitant with the sharp induction of chemokine mRNA, IFNγ mRNA was also 

found to be strongly induced. Shortly after this peak, viral loads started to reduce and are almost completely cleared from 

the CNS by 21 dpi. Immunohistochemistry analysis showed a significant influx of T cells in the animals with highest viral 

burden in the CNS meaning that the produced IFNγ probably originates from infiltrating T cells. It seems that protection in 

the CNS upon JEV infection is mediated by a combination of a balanced inflammatory response and an adequate antiviral 

response. 

 

In a second part of this research, persistence of JEV in the porcine tonsils is studied in depth. In experimentally infected 

pigs, JEV RNA remains detectable till at least 21 dpi at high viral loads. Titration of homogenized tonsil tissue showed that 

a high amount of infectious virus remained present till at least 21 dpi as well. mRNA expression analysis was used as a first 

step to find an explanation for the sustained high viral titers. In response to viral entry, a rather limited type I IFN immune 

response and OAS1 induction could be observed in the tonsils. Furthermore, no increase in chemokine mRNA expression 

could be observed nor could any increase in inflammatory mediator mRNA be observed. In accordance with the absence of 

chemokine mRNA also type II IFN immune response could be observed. It seems that the combined absence of any innate 

immune response and the absence of IFNγ results in the persistence of JEV in the porcine tonsils. In association with the 

absence of IFNγ mRNA a significant decrease of CD4+CD8+ double-positive T cells could be observed. 

Lastly adaptive immune responses in reaction to a JEV infection were evaluated. A humoral and cellular immune response 

appears to be present early on in the infection. Mainly CD4+CD8+ double positive T cells from the blood reacted to 

stimulation with NS3 antigens by the production of IFNγ and proliferation. This cell subtype also seemed to be significantly 

decreased in the blood of JEV infected pigs by the end of the experiment. Despite the presence of a potent adaptive 

immune response, JEV remains present in the tonsils at high viral titers.  

 


