LONG TERM TESTING OF A VLP-BASED VACCINE AGAINST VIRAL NERVOUS NECROSIS IN EUROPEAN SEA BASS Dicentrarchus labrax 
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Introduction
Viral nervous necrosis (VNN) is a devastating disease of European sea bass hatcheries and fish farms in the Mediterranean [1]. Outbreaks often occur in the warm summer months when water temperatures reach ≥25C̊, which is the optimal temperature for the etiological agent, the red-spotted grouper nervous necrosis virus (RGNNV). RGNNV belongs to the genus betanodavirus (also called Nervous Necrosis Virus (NNV)), which is a group of small ichosahedral RNA(+) viruses with a bi-segmented genome of RNA1 and RNA2. The RNA1 encodes the polymerase while the RNA2 encodes the capsid proteins (CP) of the surface structure. NNV can be found globally and a reservoir exist in the wild fish stocks, with virus detected in up to 120 different species, which could potentially be impacted by the disease  [2]. The rising water temperatures of the oceans result in migrations and movement of fish to new habitats which will most likely further increase the prevalence, distribution and disease of NNV [2,3].
Vaccination of farmed fish is a potential way of reducing the VNN outbreaks. For this, safe and efficacious vaccines are needed. During the EU project Targetfish (GA 311993) an innovative virus-like particle (VLP) vaccine against viral nervous necrosis in European sea bass was developed. The CP encoded by the RNA2 of RGNNV was expressed in an eukaryotic expression system (Pichia pastoris). After disruption of cells, CP auto-assembled into VLPs could be obtained. Similar vaccines have previously been shown to induce protection against challenge with NNV a few months post vaccination [4]. However, in relation to use under farming conditions, long-term protection is required and we here tested whether immunity to VNN could still be demonstrated 3 and 7 months post vaccination.
Materials and Methods
1044 European sea bass (average size: 5g) from a commercial breeder with NNV free status were randomly vaccinated by intraperitoneal injection with 50ul of either VLP (40ug/fish), a commercial vaccine or phosphate buffered saline (PBS) (n =348 fish/group). Each group was subcutaneously tagged with colored elastomer to allow mixing of the vaccinated groups. The fish were kept in two 180 L tanks, with an equal number of all groups (174 fish/group/tank) in aereated artificicial saltwater (10‰ salinity) and individual heaters keeping the water temperature at 19C̊ (+/- 1C̊). Monitoring of immunity included examination of the antibody response in ELISA and serum neutralization, as well as survival in experimental NNV challenge ( Figure 1). 
Challenge with RGNNV (283.2009) grown in SSN-1 cells was performed by immersion or by injection (IM) of mixed fish groups kept in replicate aquaria at 22C̊, whereafter the temperature was gradually increased to 25C̊ during the first few days, and kept there for the rest of the experiment (28-32 days). The fish were monitored several times daily and euthanized if clinical signs of VNN were detected, such as spiraling swimming pattern and loss of buoyancy control. Brain was sampled from a number of euthanized/dead fish for re-isolation of virus. 
Results and conclusion
A VLP induced RGNNV specific antibody response was detectable in ELISA at least 8 months post vaccination. Neutralizing antibodies were detected in all analyzed samples from the VLP vaccinated fish in serum neutralization at 3 (n=10/10), 4 (n=9/9) and 6 (n=5/5) months post vaccination (later samples not analyzed at the time of writing) with titers from 1:160 – ≥1:640, the majority (18/24) being ≥1:640.
Survival at 3 and 7 months post vaccination, showed superior survival of the VLP vaccinated fish following both challenge routes at both times (Table 1), supporting the potential of the VLP as an efficacious vaccine against VNN disease in terms of applied perspectives.
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Figure 1: Experimental timeline
Table 1: Survival% after experimental challenge with RGNNV. 
Time post vaccincation
Challenge route
Survival %
RPS (VLP)


VLP
Commercial
PBS

3 months 
Bath challenge
94.1
70.8
80.9
69.1
3 months 
Injection IM
92.7
67.6
54.1
84.1
7 months
Injection IM
90.6
29.1
26.7
87.2
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