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The studies that were performed in this thesis aimed to provide evidence for the 

involvement of herpes viruses and neuroinflammation in schizophrenia. The most 

important findings are that PET showed the presence of neuroinflammation and 

active herpes viruses in the brain of psychotic schizophrenic patients. In addition, it 

was found that HSV-1 can influence the relation between the dopaminergic and 

glutamatergic neurotransmission, and that antipsychotics inhibit HSV-1 induced 

neuroinflammation. Herpes viruses and neuroinflammation may thus play an 

important role in schizophrenia and may be responsible for the functional 

disturbances in schizophrenic patients. Further research is, however, necessary to 

further elucidate the role of herpes viruses in schizophrenia.  

Most importantly, it first needs to be confirmed that herpes viruses do play a role in 

schizophrenia. This would mean to find conclusive evidence for the presence of 

viruses in the brain of schizophrenic patients. Although a first attempt was made with 

PET using [18F]-FHBG, this PET tracer was not found to be ideal due to low 

penetration of the blood-brain barrier. As already discussed in chapter 11, improved 

PET tracers for imaging of active herpes viruses would be of great value. It could then 

be determined if active herpes viruses are present in the brain of recent onset 

schizophrenic patients and the activity could be followed longitudinally. In addition, it 

allows for evaluation of treatment response. Other PET tracers have been developed 

for imaging of viral thymidine kinase, of which especially [18F]-FEAU was shown to 

have a higher affinity than [18F]-FHBG [1]. However, [18F]-FEAU also showed low 

penetration of the blood-brain barrier and is therefore not ideal for brain imaging [2]. 

More lipophilic PET tracers for viral thymidine kinase or for other specific 

characteristics of active herpes viruses need to be developed.  

Another approach for finding evidence for the role of herpes viruses in schizophrenia 

is based on anti-viral treatment. It has been shown that treatment of schizophrenic 

patients that were positive for cytomegalovirus, with the anti-viral drug valacyclovir 

improved symptoms [3]. In this approach, the treatment response could also been 

monitored with PET, although not (yet) directly by determining herpes virus activity. 

Since neuroinflammation was found to be present in the schizophrenic brain and 

hypothesized to be caused by herpes viruses, PET imaging of neuroinflammation 

could be used for treatment evaluation. If herpes viruses are responsible for the 

neuroinflammation, anti-viral treatment should hypothetically decrease 

neuroinflammation, which can be imaged with [11C]-PK11195. Based on the results of 

the studies in these thesis, we will perform a study in which schizophrenic patients will 
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be treated with valacyclovir. The treatment response will be monitored with [11C]-

PK11195 PET. 

Although [11C]-PK11195 is well established for imaging of neuroinflammation, it 

showed a low signal-to-noise ratio. This suggests that [11C]-PK11195 is not sensitive 

enough to visualize mild inflammation [4]. As discussed in chapter 2, new PET tracer 

for imaging of neuroinflammation are being developed that are potentially more 

sensitive than [11C]-PK11195. Since neuroinflammation was found to be involved in 

many neurological diseases, PET can play a role in the early detection of these 

diseases, as well as evaluation of treatment. In chapter 4 it was shown that [11C]-

DPA713 is potentially more sensitive and therefore more suitable for imaging of 

neuroinflammation. Interestingly, [18F]-DPA714 was not found to be more sensitive 

than [11C]-PK11195 in the rat model of herpes simplex encephalitis, but was found to 

have a 3-fold higher binding potential in the striatum were neuroinflammation was 

induced by injection of a toxic compound [5]. [18F]-DPA714 is a the only full agonist 

PET tracer for the PBR and agonists are known to usually bind to the receptor in a 

high affinity state. This suggests that the nature of neuroinflammation, which might be 

more acute in the herpes simplex model and chronic in the striatum lesioned model, 

causes different PBR expression. Although little is known about this phenomenon, 

this could lead to development of PET tracers that specifically image different aspects 

of neuroinflammation. These PET tracers could then be used to further evaluate the 

role of herpes viruses and neuroinflammation in schizophrenia. Although many of the 

newly developed PET tracers have shown to be suitable for imaging in rats, the ability 

to detect neuroinflammation in patients remains to be determined.  

When new PET tracers for herpes viruses and neuroinflammation have been shown 

to be useful in human studies, the role of herpes viruses and neuroinflammation in 

schizophrenia could be established. These tracers could, however, also been used to 

determine the role of herpes viruses and neuroinflammation in other diseases. Herpes 

viruses have also been implicated in Alzheimer‟s disease [6], in which 

neuroinflammation was also found to play an important role. While many neurological 

and neurodegenerative disease have been shown to be associated with 

neuroinflammation, its role is psychiatric diseases has received much less attention. 

Besides schizophrenia, neuroinflammation may also been present in, for example, 

patients with depression or bipolar disorder. If neuroinflammation will also be found 

to be involved in these psychiatric disorders, this may lead to more understanding and 

improved treatment.  
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As mentioned before, it is of great importance to develop new PET tracers in order to 

provide evidence for the role of herpes viruses and also neuroinflammation in 

schizophrenia. If it can be shown that herpes viruses do indeed play a role in the 

etiology of schizophrenia, there are many questions that remain to be answered, like 

„Are all cases of schizophrenia caused by herpes viruses?‟, „Are other viruses or 

infectious agents also involved?‟, „Why do herpes viruses not cause schizophrenia in 

all infected individuals?‟ and „What is the mechanism behind viral infection and the 

symptoms seen?‟. While the first question is probably the easiest to answer, because it 

only requires screening of schizophrenic patients, it can initially complicate the search 

for evidence for the role of herpes viruses. While the involvement of other infectious 

agents need to be proven first, it is possible that infectious agents in general cause 

schizophrenia and not one agent in particular. Because herpes viruses are present in 

the majority of individuals in the human population, theoretically all individuals 

should develop schizophrenia when herpes viruses are shown to be involved in its 

etiology. A genetic predisposition may explain why not all infected individuals develop 

schizophrenia. Indeed, it has been shown that an association between genetic 

polymorphisms and herpes viruses increased the risk for schizophrenia [7].  

In order to answer the last question that was proposed, animal studies are great 

importance. When infecting rats or mice with herpes viruses, the consequences on 

brain function can directly be measured. With this approach, it was shown in chapter 

6 that HSV-1 infection in rats could influence dopaminergic and glutamatergic 

neurotransmission, as well as the expression of P-gp (chapter 8). In these studies the 

rats had a severe HSV-1 encephalitis which complicated the longitudinal follow-up 

due to death of the rats. Although in this model the effects of HSV-1 on brain 

function could well be studied, the infection does not compare to the mild HSV-1 

infection that was proposed in schizophrenia. In addition, severe encephalitis does not 

occur in schizophrenic patients. Infection with less HSV-1 could lead to longer 

survival and the establishment of latency, better mimicking the human situation. Brain 

function, as well as behavioral function and treatment effects could then be studied 

longitudinally.  

In conclusion, herpes viruses are proposed to play an important role in the etiology of 

schizophrenia and could be responsible for the functional changes found in the 

schizophrenic brain. Schizophrenia is, however, a complex disease and we are still far 

from finding the exact etiology or even a cure. PET can play an important role in 

finding evidence for the involvement of herpes viruses as well as in defining the role 
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of neuroinflammation in schizophrenia. We have taken a first step in using PET in 

order to determine the presence of active herpes viruses in schizophrenic patients. 

The development of PET tracers with improved image properties is, however, 

needed. When in the future the role of herpes viruses in schizophrenia can be proven 

with absolute certainty, this can greatly improve the treatment outcome for 

schizophrenic patients.  
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