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INTRODUCTION 

SUMMARY 

Viruses have been around for thousands of years, mastering invasion and evasion 
techniques of their host organisms. With the rapid progression of technology, it is these 
unique characteristics that can now be applied to studying cells and how they function. 
The most notable development is the use of neurotrophic viruses as transneural tracers. 
Transneural tracing traditionally involves the use of compounds that are able to pass 
through synapses in order to visualize connectivity between functional neurons. 
Neurotrophic viruses, specifically α-herpesvirus and rabies virus, have an innate ability to 
infect neurons and transfer between synapses. This property, along with their ability to self-
amplify through replication in neurons, makes these viruses highly advantageous over 
traditional methods of transneural tracing. With the recent advancement of genetic 
engineering, there is great potential to combine genetic modification and viral transneural 
tracing, thus enabling more in-depth studies. This review aims to outline the unique 
characteristics of α-herpesvirus and rabies virus that makes them good candidates for 
transneural tracers and examine the potential that genetic modification can open for 
neuroscience research. 
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Figure 1: Diagram comparing the differences 
between transneural labelling with (A) 
conventional tracers, (B) α-herpesvirus, and (C) 
rabies virus. With conventional tracers only a 
low concentration of tracer is transferred to 
higher order neurons making them difficult to 
visualize. With viral transneural tracers a high 
concentration is maintained through each 
synaptic transfer allowing easy visualization of 
higher order neurons. With α-herpesvirus 
spurious spread is also possible (Ugolini, 2010). 
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Figure 2: α-herpesvirus 
structure. All α-herpesvirus 
have a similar structure 
containing an icosahedral 
capsid, tegument, and 
membrane glycoproteins. 
The glycoprotein (gD) are 
illustrated as spikes on the 
envelope of the virion and 
are the part recognized by 
the host cell’s receptors 
(Tomishima, et al., 2001). 
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STUDYING OREXIN-CONTAINING 
NEURONS USING DUAL TRACING 

WITH ISOGENIC STRAINS OF α-
HERPESVIRUS 

α

Figure 3: Summary of the possible events that can take place after an 
α-herpesvirus enters a neuron. gD is important for the virus to be 
recognized by the host cell upon initial infection. Us9 is responsible 
for determining which pathway the viral particle will follow after 
transcription. gE is essential for triggering virion assembly at the axon 
terminus and synaptic transfer (Mettenleiter, 2003). 
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Figure 4: Design of the double tracing study. The GFP tagged strain of 
pseudorabies virus was injected into the stellate ganglion and the β-gal 
tagged strain was injected into the adrenal gland. The orexin neurons in the 
lateral hypothalamic region of the brain were then imaged to see if any 
contained the colours of both viral strains (Geerling, et al., 2003). 

(A) 

(C) (D) 

(B) 

Figure 5: Images of the labelled orexin neurons in the lateral 
hypothalamic region after PrV was allowed time to replicate 
and transfer from the initial injection sites. (A) shows all 
neurons in the region that were infected with BPrV-GFP. (B) 
shows all neurons in the region that were infected with BPrV-
βgal. (C) shows an image of the lateral hypothalamic region 
with a stain applied to show all orexin-containing neurons. (D) 
is an overlay of all the previous images. The white arrows 
indicate the neurons that exhibit colours from both viral strains 
(Geerling, et al., 2003). 
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Figure 6: Rabies virus 
structure. All rabies 
viruses have a similar 
structure containing a 
neucleocapsid, 
envelope, and 
membrane 
glycoproteins (Schnell, 
et al., 2010). 

Figure 7: Rabies virus glycoprotein is 
recognized by the host cell and then 
enters by receptor mediated 
endocytosis (Schnell, et al., 2010). 
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USE AS A TRANSNEURAL TRACER 

STUDYING A MODEL OF 
SCHIZOPHRENIA USING RABIES 

VIRUS 

Figure 8: Two possible methods of axonal transport for rabies. (A) 
shows the whole virion moving along the axon inside a vesicle. (B) 
shows the early membrane fusion and the neucleocapsid moving 
along the axon on its own. Research more strongly favours the first 
method of transport (Albertini, et al., 2012). 
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Figure 10: Images of the schizophrenia model after the rabies virus 
was allowed time to replicate and synaptically transfer. (A) is from an 
individual without schizophrenia. It shows a high concentration of 
red neurons indicating synaptic connection. (B) is from an individual 
with schizophrenia. It shows a low concentration of red neurons and 
more green neurons indicating very little synaptic connection 
(Brennand, et al., 2011). 

Figure 9: Design of the procedure for creating schizophrenia 
induced pluripotent stem cells (SCZD iPSC). The fibroblasts were 
collected from the schizophrenic patient then transduced with 
transcription factors that define the embryonic stem cell state. The 
cells were then cultured in a specific media and allowed to populate 
for 30 days (Brennand, et al., 2011). 
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TRANSNEURAL TRACERS 
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Figure 11: Graph showing the results of treating 
both control and schizophrenia models with 
loxapine. The vertical axis represents the ratio of 
RFP tagged neurons to GFP tagged neurons in 
each of the images. The solid coloured bar 
represents the negative control, treated with a 
solvent. The stripped bars represent the models 
treated with loxapine. The left, gray bars represent 
the control model. The right, red bars represent 
the schizophrenia model and show the significant 
improvement to neural connectivity after 
treatment. The error bars are standard error 
(Brennand, et al., 2011). 

Figure 12: Image of a single stained neuron and its 
synaptic connections. A genetically modified rabies 
virus expressing envelope protein A and tagged with 
RFP was injected into a slice of brain from a rat and 
allowed to replicate. The target cell was transfected 
with sub-group A avian sarcoma receptor. The image 
was captured six days after initial infection showing 
infection of only the target neuron (Wickersham et al., 
2007). 
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