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Abstract

Viral Nervous Necrosis (VNN) infection in grouper can reduce survival and affect growth. This research 
explores the potential of ZnO/Chitosan–Chlorella vulgaris nanovaccines in enhancing immune protection and 
growth in hybrid grouper (Epinephelus sp.) infected with VNN. The research used an experiment with two 
controls (K−, K+) and five treatment doses (T1–T5). The nanovaccine is administered twice: on days 0 and 14. 
The VNN challenge is given on day 28, with observations up to day 56. The parameters measured include 
hematology, leukocyte differential, growth hormone, cytokines, testosterone, and estradiol. Treatment with a 
dose of 33 µL (T3) showed the best results, with a Survival Rate of 95% and Relative Percent Survival of 92%. 
These results correlated with increased growth; T3 showed a final length of 12.76 cm and a weight of 18.03 
g, which was higher than the positive control group (K+). Hematological measurements showed an increase 
in erythrocyte count at T3 to 2.78 x 106 cells/μL, with the highest hemoglobin level at 8 g/dL. Leukocytes at 
T3 increased to 1.52 x 103 cells/μL, indicating a better immune response. The levels of GnRH (49,296 pg/mL), 
GH (71,937 pg/mL), and IGF (417,915 pg/mL) in T3 showed a positive effect of the nanovaccine on growth. 
IL-6 expression decreased and IL-10 increased at T3, indicating effective inflammatory modulation. This study 
shows that ZnO/Chitosan–C. vulgaris nanovaccine is effective in improving survival, growth, and modulating 
the immune response in VNN-infected grouper.
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