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Abstract  

 Grouper farming underpins Indonesia’s coastal livelihoods and supplies both domestic and export markets, yet 

disease-especially Viral Nervous Necrosis (VNN) in juveniles-remains a major constraint. Conventional tools (antibiotics, 

standard vaccines) have delivered limited protection, motivating alternative approaches. Leveraging nanotechnology, we 

evaluated a ZnO-chitosan nanoconjugate carrying a recombinant Chlorella vulgaris antigen for antiviral protection in 

cantang grouper (E. fuscoguttatus×E. lanceolatus). In a 56-day randomized block trial, 160 fish were allocated to 5 

treatments (T1 - T5) and two controls. Endpoints included growth (length, weight, survival rate, SR; relative percent 

survival, RPS), hematology (erythrocytes, leukocytes, hematocrit, hemoglobin), gill histopathology, and flow cytometry 

of CD4⁺/CD8⁺ T-cell markers. The 33 µL regimen (T3) was consistently superior: length rose from 9.94 → 12.73 cm and 

weight from 13.57 → 18.00 g, with SR = 95% and RPS = 92%. Hematological profiles improved across all indices; gill 

lesions were minimal (mild edema, hyperplasia, lamellar fusion); and immunophenotyping showed moderated CD4⁺ 

activation alongside a marked increase in CD8⁺ expression, indicating effective cellular immunity. While T1 and T4 

performed well and T2/T5 yielded moderate responses, T3 delivered the most balanced protection and significantly 

lowered viral load. These results highlight the promise of recombinant Chlorella antigens formulated in ZnO-chitosan 

nanoconjugates to strengthen grouper health and bolster aquaculture sustainability. 
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Introduction 

 The cultivation of groupers represents a vital 

aspect of Indonesia’s marine fisheries industry, playing 

a crucial role in the livelihoods of local communities 

while also catering to global market demands. In 2020, 

Indonesia’s seafood sector witnessed a substantial 

production of around 60,000 tons of grouper, reflecting  

 

a growing appetite among consumers both on home 

shores and abroad, largely due to the speciesʼ appealing 

taste and high economic value [1] However, this 

thriving industry is not without significant challenges. 

Specifically, grouper aquaculture grapples with severe 

threats from infectious diseases, with one of the most 
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alarming being Viral Nervous Necrosis (VNN). This 

virus, belonging to the Betanodavirus genus, primarily 

affects young groupers, larvae, and juveniles, which are 

particularly vulnerable. When outbreaks occur, they can 

devastate populations, with mortality rates soaring to 

devastatingly high levels, often reaching 100% [2] Such 

losses not only disrupt the ecosystem but also inflict 

significant economic hardships on fish farmers, with 

estimated damages running into the millions of dollars 

each year [3]. 

 Traditional methods targeting the management of 

these diseases, such as the use of vaccines and 

antibiotics, have not yielded the desired results. 

Although vaccines can offer some level of protection, 

their effectiveness can be unpredictable and varies with 

different grouper species and farming conditions [4]. 

Moreover, the heavy reliance on antibiotics raises alarm 

bells regarding the emergence of antimicrobial 

resistance and potential harm to the surrounding 

environment. These challenges underscore an urgent 

need for innovative and sustainable solutions that 

protect the future of grouper farming. 

 Exciting advancements in fields like 

nanotechnology and biotechnology are beginning to 

shine light on potential remedies to these pressing 

issues. Particular focus has been placed on 

nanoparticles, such as ZnO/Chitosan nanoconjugates, 

which show significant promise due to their 

antibacterial and immunostimulatory properties [5]. 

These nanoparticles are not only biocompatible, making 

them safe for use in aquaculture, but they also enhance 

the effectiveness of vaccines. By allowing for controlled 

and sustained release of antigens, they can invoke 

stronger and more lasting immune responses in fish, 

potentially reducing viral loads and activating key 

immune cells that are vital for combating diseases like 

VNN [6]. However, hurdles still exist; ensuring that 

these treatments are consistently effective in varying 

aquaculture environments remains a significant concern, 

as stress factors in these settings can adversely affect 

immune function. Additionally, the sustainability and 

long-term effectiveness of nanoparticle-based vaccines 

necessitate more thorough investigations to confirm 

their safety for both fish populations and the wider 

environment [7]. In light of these ongoing challenges, 

our study introduces an innovative approach: The 

development of a recombinant protein-based 

nanostimulant derived from Chlorella vulgaris, 

intertwined with ZnO/Chitosan nanoconjugates. This 

combination of ZnO-chitosan and recombinant 

Chlorella vulgaris antigen aims to effectively enhance 

the immune responses of groupers, thereby reducing the 

risks posed by Viral Nervous Necrosis (VNN). Through 

this approach, we not only aim to improve the resilience 

of Indonesia’s grouper farming but also contribute 

positively to the growth of the industry, ensuring it 

continues to provide vital resources and economic 

opportunities for coastal communities in the long term. 

The specific objectives of this research are: (1) to 

evaluate the antiviral efficacy of ZnO/Chitosan 

nanoconjugates formulated with recombinant Chlorella 

vulgaris in enhancing grouper growth performance, 

including measurable parameters such as length, weight, 

survival rate (SR), and relative percent survival (RPS); 

(2) to assess the effects of the treatment on the immune 

response by measuring CD8+ T-cell expression and 

other hematological indices (erythrocyte and leukocyte 

counts, hematocrit, hemoglobin levels); and (3) to 

analyze tissue integrity through histopathological 

analysis. These measurable parameters will allow us to 

determine the potential of this approach in improving 

grouper aquaculture sustainability and enhancing the 

resistance of groupers to viral infections.  

 

Materials and methods 

 Materials 

 This study focused on using a few key materials 

that were essential to our research. We collected 

Chlorella vulgaris, a type of green microalgae, from the 

coastal waters of Situbondo, where the sediment 

conditions were just right for our experiments. To 

complement the algae, we sourced zinc oxide (ZnO) 

through Sigma-Aldrich, a well-known supplier in the 

field, and chitosan from PT. Bioteknologi Indonesia, 

ensuring that we used high-quality materials for our 

work. For the experimental trials, we set up aquarium 

tanks to simulate natural conditions in which we could 

conduct our in vivo tests. When it came to analyzing our 

molecular data, we utilized specialized kits from Qiagen 

for isolating RNA and cDNA. Our laboratory was 

equipped with several essential tools, including 

micropipettes from Eppendorf for precise measurement, 

as well as mortars and pestles for preparing our samples 

before further analysis. To separate and analyze our 
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samples, we employed centrifuges from Thermo Fisher 

Scientific and used agarose gel electrophoresis systems 

from Bio-Rad to visualize our results. In addition, we 

conducted polymerase chain reaction (PCR) with 

reliable machines from Applied Biosystems, and 

utilized 1.5 mL microtubes from Eppendorf for handling 

our samples with care. For the preservation of our 

samples, we relied on liquid nitrogen, which allowed us 

to maintain their integrity during storage. Throughout 

our various laboratory procedures, we utilized both 

deionized water (ddH₂O) and distilled water to ensure 

that our experiments were conducted with the utmost 

precision and purity. 

 

 Research design 

 To investigate the antiviral capabilities of 

ZnO/Chitosan nanoconjugates combined with 

recombinant Chlorella vulgaris, we adopted an 

experimental approach focusing on the cantang grouper, 

a hybrid of E. fuscoguttatus and E. lanceolatus. A total 

of 160 cantang grouper fish were allocated into six 

groups: Five treatment groups (T1 - T5) and one control 

group, with 20 fish in each treatment group. The sample 

size was determined through statistical calculations to 

ensure sufficient analytical power, considering the 

desired significance level and the ability to detect 

meaningful differences between treatments. The fish 

selected for the study were 6-month-old cantang 

groupers, each measuring approximately 10 - 12 cm, to 

minimize size-related variability. They were thoroughly 

screened by an ichthyologist to confirm they were free 

from diseases or infections that could influence the 

studyʼs outcomes. The selected fish exhibited normal 

activity levels and were representative of the broader 

population. Random selection was conducted using a 

block randomization approach to ensure that both the 

treatment and control groups included fish of similar 

size and health, minimizing bias in group assignment 

and ensuring a fair representation of the overall 

population. Our study unfolded over 56 days, during 

which we collected samples at two critical points: At the 

start (day 0) and after the treatment concluded (day 56). 

Throughout this research, we closely monitored several 

key parameters. First, we evaluated the growth 

performance of the grouper, looking particularly at their 

survival rate (SR) and relative percent survival (RPS). 

We also assessed various hematological parameters, 

including the counts of erythrocytes (red blood cells) 

and leukocytes (white blood cells), along with 

measurements of hematocrit, hemoglobin levels, and the 

differentiation of leukocytes. These indicators are 

crucial for understanding the overall health and 

physiological responses of the fish. Additionally, we 

took a closer look at the condition of the gill tissues, as 

these are vital for the fishʼs respiration and overall well-

being. To gain deeper insights into how the treatments 

influenced the immune system, we employed flow 

cytometry. This method allowed us to assess the 

responses of immune cells, providing us with a 

comprehensive understanding of the 

immunomodulatory effects of our treatment approach. 

 

 Production of ZnO/Chitosan nanoconjugates 

 To create the ZnO/Chitosan nanoconjugates, we 

followed a series of well-established methods that 

ensured high quality and effectiveness. The process 

began by dissolving chitosan in a 1% acetic acid solution 

at room temperature, aiming for a final concentration 

between 1% and 3% weight/volume. Meanwhile, we 

turned our attention to the zinc oxide (ZnO) 

nanoparticles. This involved dissolving a zinc precursor, 

either zinc acetate or zinc nitrate, in distilled water at a 

concentration of 0.1 M. We then carefully added sodium 

hydroxide gradually, which initiated the formation of 

the nanoparticles. As this reaction proceeded, we 

noticed a cloudy suspension forming, signaling that the 

nanoparticles were coming together. Once we reached 

this stage, we collected the newly formed ZnO 

nanoparticles by centrifuging the mixture. To ensure 

purity, we washed them with distilled water to remove 

any leftover impurities and then dried them at a 

temperature between 40 and 50 °C. Next, we brought the 

two components together for conjugation. This involved 

mixing the ZnO suspension with our prepared chitosan 

solution in a 1:1 ratio. We stirred this mixture for 4 to 6 

h at room temperature, promoting the necessary 

interactions, such as electrostatic forces or hydrogen 

bonds, between the chitosan and the zinc oxide particles. 

After this process, we separated the ZnO/Chitosan 

nanoconjugates from the solution, filtered them, and 

allowed them to dry at a lower temperature, preparing 

them for future applications [8]. 
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 Production of recombinant Chlorella vulgaris 

combined with ZnO/Chitosan nanoconjugates 

 The recombinant protein was produced from C. 

vulgaris sourced from Situbondo waters, following 

protocols adapted from [9]. Microalgal biomass was 

washed by sedimentation, rinsed with freshwater 2 - 3 

times, harvested by centrifugation at 4,000 rpm for 10 

min, freeze-dried, and stored at – 20 °C until further use. 

Recombinant protein expression was performed in 

Escherichia coli BL21 (DE3) harboring a plasmid 

encoding the target C. vulgaris protein.  Induction 

was carried out with 0.1 mM IPTG at 37 °C for 4 h, after 

which recombinant proteins were purified by Ni-NTA 

affinity chromatography (Qiagen) and dialyzed against 

PBS. For nanostimulant formulation, purified 

recombinant protein was combined with ZnO/Chitosan 

nanoconjugates according to the optimal ratio of 1: 0.25 

(protein:ZnO), as previously described [10]. This ratio 

was selected for its efficacy in nanoparticle delivery and 

immunostimulation against viral infections such as 

VNN. The mixture was stored at 4 °C for 24 h to ensure 

encapsulation of the recombinant protein within the 

ZnO/Chitosan matrix, then frozen at – 80 °C for 

subsequent antiviral application in grouper. 

 

 In vivo evaluation of recombinant Chlorella 

vulgaris combined with ZnO/Chitosan 

nanoconjugates  

 This study used grouper fish sourced from Teluk 

Kode, Malaka, Selamat, North Lombok, and West Nusa 

Tenggara, with individual fish weighing between 10 and 

12 g. A total of 20 fish were placed in each treatment 

tank. Before beginning the in vivo experiment, the fish 

were acclimatized for seven days to ensure they adapted 

properly to their new environment. The formulated 

Recombinant Chlorella vulgaris-based ZnO/Chitosan 

Nanoconjugates were administered orally to the fish. 

The nanostimulant was given in two doses: on day 0 and 

day 14. To assess the vaccineʼs effectiveness, a Viral 

Nervous Necrosis (VNN) challenge test was performed 

on day 28. The virus was prepared by homogenizing the 

organs of fish that had been previously infected with 

VNN, then mixing the homogenate with distilled water 

and centrifuging the mixture. The supernatant, 

containing the virus, was then administered orally to the 

experimental fish. This study followed a completely 

randomized factorial design (CRD) with eight 

treatments, each replicated three times, as detailed in 

Table 1.

Table 1 Group experiment in research design. 

Code Treatment 

K‒ Healthy Hybrid Grouper (Epinephelus fuscoguttatus × Epinephelus lanceolatus) 

K+ Healthy Hybrid Grouper (Epinephelus fuscoguttatus × Epinephelus lanceolatus) + VNN 

T1 Healthy Hybrid Grouper (Epinephelus fuscoguttatus × Epinephelus lanceolatus) + ZnO 

T2 Healthy Hybrid Grouper (Epinephelus fuscoguttatus × Epinephelus lanceolatus) + ZnO + VNN 

T3 
Healthy Hybrid Grouper (Epinephelus fuscoguttatus × Epinephelus lanceolatus) + Recombinant 

Chlorella Vulgaris Combined With ZnO/Chitosan Nanoconjugates 33 ul + VNN 

T4 
Healthy Hybrid Grouper (Epinephelus fuscoguttatus × Epinephelus lanceolatus) + Recombinant 

Chlorella vulgaris combined with ZnO/Chitosan Nanoconjugates 66 ul + VNN 

T5 
Healthy Hybrid Grouper (Epinephelus fuscoguttatus × Epinephelus lanceolatus) + Recombinant 

Chlorella vulgaris combined with ZnO/Chitosan Nanoconjugates 112 ul + VNN 

 

 Growth rate analysis  

 The growth performance of the cantang grouper 

was evaluated by measuring both survival rate (SR) and 

relative percentage survival (RPS). Fish length and body 

weight were recorded before and after administration of 

the nanostimulant, as well as following the VNN 

challenge test. SR was calculated as the percentage of 

fish that survived during the experimental period, while 

RPS was used to assess treatment effectiveness against 

infection. This rate can be calculated using the formula 

in Eq. (1). 
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SR (%) =
𝑁𝑡

𝑁𝑜
  × 100%       (1) 

 

Description:  

SR: Survival Rate (%)  

No: Number of fish alive at the beginning of the 

study (individuals) 

Nt: Number of fish alive at the end of the study 

(individuals) 

 

 Relative Percentage Survival (RPS) is widely 

applied as a critical parameter for evaluating the 

protective efficacy of vaccines or immunostimulants, 

reflecting their ability to enhance disease resistance and 

improve survival following pathogen exposure [10]. 

This measure helps to gauge the overall success of 

vaccination in improving fish survival rates. RPS can be 

calculated using the formula in Eq. (2) [10]. 

 

RPS (%) = 1 ‒ 
% 𝑀𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑜𝑓 𝑉𝑎𝑐𝑐𝑖𝑛𝑎𝑡𝑒𝑑 𝐹𝑖𝑠ℎ

% 𝑀𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑜𝑓 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐹𝑖𝑠ℎ
 × 100  (2) 

 

 Blood cell observation  

 We collected blood samples using a 1 mL syringe 

from Terumo (Japan) that we had prepped by rinsing it 

with a 3% sodium citrate solution from Merck 

(Germany). This step was essential to prevent the blood 

from clotting during the collection process. For this 

collection, we drew blood from the muscle tissue 

located near the anal fin of the fish, carefully 

transferring these samples into 1.5 mL microtubes from 

Eppendorf (Germany) for further analysis. In addition to 

this, we also took separate blood samples specifically 

for hematological analysis using a dry syringe, which 

did not contain any anticoagulant. These samples were 

stored in vacuum tubes lined with EDTA from OneMed 

(Indonesia) to preserve their integrity. To measure 

hematocrit levels, we employed the microhematocrit 

method, placing the blood samples into specialized 

hematocrit tubes. These tubes were then centrifuged at a 

high speed of 10,000×g for 10 min, allowing the 

different components of the blood to separate. We 

measured the separation using a hematocrit reader, or 

sometimes did it manually, calculating the percentage of 

the red blood cell (RBC) volume. While this method is 

standard, it is important to note that hematocrit readings 

can show some variability due to factors such as 

sampling technique, individual variations among the 

fish, and accuracy in centrifugation and reading. 

Additionally, factors like the fish’s physical condition 

(e.g., stress or infection) may also influence RBC 

volume and hematocrit levels. For the leukocyte 

differential analysis, we prepared blood smears from the 

samples we collected. These smears were then stained 

using a Giemsa solution, following standard protocols to 

ensure accurate results [11,12]. Under a microscope, the 

differentiation of leukocytes was evaluated by counting 

the different types of white blood cells—monocytes, 

lymphocytes, basophils, eosinophils, and neutrophils—

based on their characteristic morphology and structure. 

Red blood cell (RBC) and white blood cell (WBC) 

counts were determined using a hemocytometer, while 

hemoglobin (Hb) concentration was measured with a 

Sahli hemometer. 

 

 Histopathological examination  

 Gill tissues of cantang grouper (E. 

fuscoguttatus×E. lanceolatus) were collected and 

processed for histopathological analysis following the 

protocol described by [13]. Samples were fixed in 10% 

neutral-buffered formalin, sectioned, and stained with 

hematoxylin and eosin (H&E) (Sigma-Aldrich, USA). 

Microscopic examinations were performed using an 

Optilab camera under magnifications of 100x to 400x. 

Tissue alterations, including edema, hyperplasia, and 

lamellar fusion, were assessed in 5 random fields of 

view per sample. The extent of damage was quantified 

as the percentage of affected cells, and severity was 

graded on a scale of 1 to 4, as described by [14]. This 

approach enabled a systematic evaluation of gill tissue 

health. 

 

Percentage of damage = 
Number of damaged cells

Number of analyzed cells
 × 100%    (3) 

 
 The obtained percentage damage has scores 

ranging from 0 to 3 (Aminin et al. 2024), with criteria 

as follows: 

 -Score 0: No damage at all. 

 -Score 1: Mild damage with a percentage of < 

15%. 

 -Score 2: Moderate damage with a percentage of 

15% - 30%. 

 -Score 3: Severe damage with a percentage of > 

30%. 
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 Flowcytometry analysis  

 Cells were isolated from immune-related organs, 

particularly the gills, of cantang grouper treated with 

recombinant Chlorella vulgaris in combination with 

ZnO/Chitosan nanoconjugates. The isolated cells were 

treated with trypsin, resuspended in phosphate-buffered 

saline (PBS), and subsequently analyzed using a 

FACSCalibur flow cytometer (BD Biosciences, 

Germany). Immune responses were characterized with 

monoclonal antibodies (BioLegend, Inc., San Diego, 

USA) specific for CD4 and CD8 markers, which 

enabled identification of lymphocyte subsets based on 

size and granularity. A total of 10,000 events were 

acquired per sample to determine the immunological 

effect of the nanostimulant [15]. 

 

 Analysis data  

 All data were analyzed using one-way analysis of 

variance (ANOVA) to determine statistically significant 

differences among treatment groups, with significance 

set at p < 0.05. Data processing, statistical analyses, and 

graphical presentations were carried out using Microsoft 

Excel and OriginPro 2019b (OriginLab Corporation, 

USA). Results of growth performance, hematological 

indices, histopathological scores, and flow cytometry 

analyses were expressed as mean ± standard deviation 

(SD). Graphical outputs were generated to aid 

interpretation, including visualization of ANOVA 

comparisons. 

 

 Results and discussion 

 Results of grouper fish growth rate analysis  

 Growth in organisms refers to the increase in size, 

both in length and weight, which occurs due to the 

enlargement and multiplication of cells. Several factors 

play a role in determining growth, including internal 

aspects such as heredity, gender, and age, as well as 

external influences like water quality and feeding 

conditions. For fish, measuring growth in terms of 

length and weight is a key indicator of how successful 

various cultivation treatments are [16-19]. In our study, 

we found that the treatment significantly affected the 

growth of the fish, enhancing both their length and 

weight after the administration of the nanostimulant and 

following the virus challenge. For those interested in the 

specific measurements of the cantang grouperʼs length 

and weight, these details are provided in Table 2. 

 Nanostimulant treatment has a noticeable effect on 

the growth of organisms, both in terms of length and 

weight, following nanostimulant administration and the 

VNN virus challenge test. In the control group without 

nanostimulants (K‒), the average length of the 

organisms after nanostimulant administration was 9.19 

cm, and after the virus challenge, it increased to 10.61 

cm (Table 2). On the other hand, in the control group 

with nanostimulants (K+), the organisms had a slightly 

higher initial length of 9.23 cm after nanostimulant 

administration, and their length increased to 11.20 cm 

after the virus challenge. In treatments T1 - T5, a 

significant increase in length was observed after the 

viral challenge compared with the control group. 

Notably, treatment T3, which involved the 

administration of recombinant Chlorella vulgaris 

combined with ZnO/Chitosan nanoconjugates (33 µL), 

resulted in the greatest improvement, with fish length 

increasing from 9.94 to 12.73 cm. This finding indicates 

that the T3 nanostimulant treatment provided the most 

favorable response to viral exposure, thereby promoting 

optimal growth.

 

 

Table 2 Average growth in length and weight of grouper fish. 

Treatment 

Average final length (cm) Average final weight (g) 

Post-Nanostimulant 

administration 

Post-VNN virus 

challenge test 

Post-Nanostimulant 

administration 

Post-VNN virus 

challenge test 

K‒ 9.19 ± 0.58 10.61 ± 0.37 12.92 ± 0.66 15.27 ± 0.84 

K+ 9.23 ± 0.60 11.20 ± 0.50 13.20 ± 0.92 15.82 ± 0.82 

T1 9.34 ± 0.60 11.20 ± 0.37 13.31 ± 0.66 18.00 ± 0.82 

T2 9.38 ± 0.58 11.10 ± 0.50 13.34 ± 0.92 17.90 ± 0.84 
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Treatment 

Average final length (cm) Average final weight (g) 

Post-Nanostimulant 

administration 

Post-VNN virus 

challenge test 

Post-Nanostimulant 

administration 

Post-VNN virus 

challenge test 

T3 9.94 ± 0.89 12.73 ± 0.87 13.57 ± 1.24 18.00 ± 1.50 

T4 9.48 ± 0.66 11.52 ± 0.60 13.21 ± 0.91 16.17 ± 1.22 

T5 9.74 ± 0.80 11.96 ± 0.49 13.51 ± 0.93 16.48 ± 1.13 

 

 The trend in weight gain mirrored the 

improvements seen in length. In the control group (K-

group), the average weight of the fish rose from 12.92 g 

after the nanostimulant was given to 15.27 g following 

the viral challenge. Meanwhile, the K+ group showed a 

similar rise, increasing from 13.20 to 15.82 g. In 

contrast, the fish in the T3 group experienced a 

remarkable boost, with weights climbing from 13.57 to 

18.00 g after the challenge. This clearly indicates that 

the T3 treatment not only resulted in the largest increase 

in length but also achieved the highest weight gain in 

response to the viral infection. 

 The primary aim of using nanostimulants in 

grouper is to bolster their immune responses against 

viral threats, such as Viral Nervous Necrosis (VNN) 

[10,20]. The increases in both length and weight point 

to a positive effect of the nanostimulants on immune 

performance, allowing the fish to effectively build a 

stronger defense against viral infections [21]. Among all 

the treatments tested, T3 emerged as the standout, 

showing the most significant enhancement in growth, 

which hints at its superior ability to strengthen both 

immunity and growth performance. The improvements 

in growth metrics are likely linked to enhanced immune 

competence, which equips the fish to better tackle VNN 

infections. When fish have stronger immune systems, 

they generally enjoy better survival rates and growth 

outcomes, even when faced with viral stress [22]. 

 Moreover, nanostimulants are recognized for their 

role in boosting metabolic activity, which helps fish 

utilize nutrients more effectively, promoting growth in 

both length and weight [23,24].  Fish that manage to 

keep their viral loads low can redirect more energy 

toward growth, thereby emphasizing the dual benefits of 

nanostimulants in both immune support and 

metabolism. After receiving the nanostimulants and 

then being challenged with the virus, the group of fish 

displayed improved growth rates. This suggests that 

although they were infected, the nanostimulants helped 

mitigate the virusʼs adverse effects on their physical 

development [25,26]. However, treatments in groups T4 

and T5 did not show optimal results like those in T3. 

This could be due to the nanostimulant dose being too 

high in these groups, potentially reducing its 

effectiveness in enhancing the immune response of the 

grouper fish. Excessively high doses may disrupt the 

metabolism or balance of the fishʼs body, diminishing 

the ability of the nanostimulants to support optimal 

growth [27]. 

 

 Survival Rate (SR) and Relative Percentage 

Survival (RPS) 

 Survival Rate (SR), or the survival rate of grouper 

fish, is influenced by nanostimulant treatment and the 

VNN virus challenge. In the control group without a 

nanostimulant (K‒), the survival rate was very low, at 

around 40%. Meanwhile, in the control group exposed 

to the VNN virus (K+), the survival rate dropped even 

further to just 20% (Figure 1(A)). This indicates that the 

VNN virus, when administered without nanostimulant 

treatment, significantly impacts the survival of grouper 

fish by weakening their immune response and causing 

damage to organ functions. Fish that were treated with 

nanostimulants experienced notably higher survival 

rates compared to those that weren’t given these 

treatments. For instance, in Treatment T1, where healthy 

hybrid grouper-the species Epinephelus fuscoguttatus 

crossed with Epinephelus lanceolatus-were combined 

with ZnO, we observed a survival rate of 75%. This was 

a marked improvement over the control group.  

 In Treatment T2, where hybrid grouper were 

exposed to both ZnO and the VNN virus, the survival 

rate was 55%. This lower figure suggests that ZnO alone 

isn’t sufficient to effectively inhibit the replication of the 

virus or provoke a strong immune response against 

VNN [28].
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Figure 1 Measurement results: (A) Survival Rate (SR); (B) Relative Percentage Survival (RPS). 

 

 

 In stark contrast, Treatment T3 yielded the most 

impressive results. By combining recombinant 

Chlorella vulgaris with ZnO/Chitosan nanoconjugates 

(33 µL), this group achieved the highest survival rate of 

95%. This highlights the powerful protective effect of 

the nanostimulant, enhancing the fishʼs resilience 

against VNN infection. Treatments T4 (66 µL) and T5 

(112 µL) also showed strong survival rates of 90% and 

85%, respectively. Although these rates were slightly 

lower than T3, they still reflect positive outcomes. The 

decreased effectiveness observed in T4 and T5 might be 

due to the higher doses, which could hinder an optimal 

immune response. The overall goal of using 

nanostimulants in grouper aquaculture is to strengthen 

the immune system against VNN infection. Notably, 

survival rates in all groups treated with nanostimulants 

(T1 - T5) were significantly higher than those in the K+ 

group, which faced the virus challenge without 

treatment. These findings reinforce the importance of 

nanostimulants in boosting disease resistance and 

enhancing survival when fish are exposed to viral 

pathogens [29,30]. 

 While Treatments T1 and T2 exhibited lower 

survival rates compared to T3 - T5, this likely stemmed 

from their reliance on ZnO nanoparticles alone, without 

a full nanovaccine formulation. Although ZnO is known 

for its antioxidant properties, its standalone 

administration did not seem capable of triggering a 

strong enough immune response for effective protection 

[31]. In contrast, the superior survival rate in T3 

underscores the effectiveness of a well-balanced 

nanovaccine dosage, which optimally elicits immune 

protection. On the other hand, the higher doses in T4 and 

T5 might have led to reduced outcomes due to potential 

overstimulation or toxicity, compromising the immune 

response [28,32]. 

 Additionally, administering nanostimulants 

significantly improved the Relative Percent Survival 

(RPS) when compared with the control group. In the 

uninfected control group (K−), the RPS reached 50%, 

showcasing the grouperʼs natural resilience against 

VNN infection without immunization (Figure 1(B)). 

These results highlight the critical role of proper 

nanostimulant formulation and dosage to maximize 

survival and ensure effective antiviral defense in 

grouper aquaculture. Conversely, the control group 

exposed to the VNN virus (K+) had a much lower RPS 

of 30%, illustrating that exposure to the virus without 

any nanovaccine treatment can lead to high mortality. 

This underscores the importance of activating the 

immune system through vaccination to combat viral 

infections [33]. 

 For Treatments T1 and T2, where only ZnO 

nanoparticles were introduced, the RPS values stood at 

58% and 44%, respectively. While these figures were 

better than those recorded for the VNN control group, 

they remained lower than those of the groups that 

received nanostimulants. This suggests that while ZnOʼs 

antioxidant properties may provide some level of 

protection against oxidative stress from viral infections, 
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it doesn’t directly enhance the adaptive immune 

response. Therefore, relying solely on ZnO 

nanoparticles is not enough to fully safeguard fish from 

VNN infection [34].  

 In contrast, the groups treated with the 

nanovaccine combination showed a much greater 

increase in RPS. Treatment T3, which involved 

Recombinant Chlorella vulgaris combined with 

ZnO/Chitosan Nanoconjugates (33 µL), yielded the best 

result, with an RPS of 92%. This indicates that the 

nanovaccine dose in T3 was optimal for stimulating the 

fishʼs immune system and providing antiviral protection 

against the VNN virus. Treatments T4 (recombinant 

Chlorella vulgaris combined with ZnO/Chitosan 

nanoconjugates, 66 µL) and T5 (112 µL) demonstrated 

relatively high survival rates of 88% and 75%, 

respectively, although both were lower than that 

observed in T3. These findings indicate a dose-

dependent relationship between nanovaccine 

administration and immune response. While vaccine 

efficacy appears to increase up to an optimal threshold, 

excessively high doses, as in T4 and T5, resulted in 

reduced effectiveness. Such outcomes may be attributed 

to adverse immunological effects, including 

overstimulation or the induction of immune tolerance, 

which ultimately diminishes the protective capacity of 

the treatment [35]. 

 

 Results of grouper fish blood cell analysis 

 The red blood cell (RBC) count in grouper fish 

remained relatively stable across all treatments, ranging 

from 2.50 to 2.75×10⁶ cells/mm³. In grouper fish, the 

normal RBC value ranges from 2.5 to 3.5×10⁶ cells/mm³ 

(for example, in other teleost fish) [36]. In the control 

group with VNN infection (K+), the RBC count was at 

its lowest, 2.50×10⁶ cells/mm³ (Figure 2(A)). The 

presence of the VNN virus appears to cause significant 

physiological disruptions when fish do not receive 

nanostimulant treatment, particularly evident in the 

decrease of red blood cell (RBC) counts. This decline 

may be linked to oxidative stress and damage to 

hematopoietic tissues caused by the infection, which 

inhibits the normal production of red blood cells. In 

contrast, the control group of fish that were not exposed 

to the virus (K−) exhibited a slightly higher RBC count 

of 2.57×10⁶ cells/mm³, suggesting that these fish 

maintained a more stable physiological state without the 

added stress of a viral infection [35].
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Figure 2 Measurement results: (A) Erythrocytes; (B) Leukocytes; (C) Hemoglobin; (D) Hematocrit. 

 

 In the groups that were treated with ZnO 

nanoparticles (T1 and T2), the RBC counts were similar 

to those in the uninfected control group, measuring at 

2.55 and 2.56×10⁶ cells/mm³, respectively. This 

similarity indicates that while ZnO helps maintain 

physiological stability through its antioxidant effects, it 

does not seem to encourage increased production of red 

blood cells [37]. However, the fish receiving 

nanostimulants (T3 and T4), which combined 

recombinant Chlorella vulgaris with ZnO/Chitosan 

nanoconjugates, showed a notable increase in their RBC 

counts, rising to 2.75×10⁶ cells/mm³. This enhancement 

suggests that the nanostimulant formulation is more 

effective at optimizing physiological functions, thereby 

boosting adaptive immune responses and improving 

overall blood health [38]. Interestingly, Treatment T5 

produced a slightly lower RBC count of 2.60×10⁶ 

cells/mm³. This might indicate that while the higher 

doses of the nanostimulant initially seem beneficial, 

they could eventually lead to diminishing returns once 

an optimal threshold is surpassed. 

 Leukocyte counts also varied among treatments, 

ranging from 1.26 to 1.52×10⁶ cells/mm³. The normal 

leukocyte value in teleost fish generally ranges from 1.5 

to 3.5×10⁶ cells/mm³ [39]. The lowest values were 

observed in the uninfected control (K−; 1.26×10⁶ 

cells/mm³) and the virus-exposed control (K+; 1.30×10⁶ 

cells/mm³) (Figure 2(B)), indicating that without 

nanovaccine administration, cellular immune activation 

remained limited under both healthy and infected 

conditions. Treatments with ZnO nanoparticles alone 

(T1 and T2) resulted in modest increases in leukocyte 

counts, reaching 1.43 and 1.50×10⁶ cells/mm³, 

respectively. This suggests that ZnO, although not a 

direct stimulator of adaptive immunity, may improve 

leukocyte stability through its antioxidant effects [40]. 

However, the groups treated with nanostimulants (T3, 

T4, and T5) showed even greater increases in leukocyte 

counts. T3, with Recombinant Chlorella vulgaris 

combined with ZnO/Chitosan Nanoconjugates (33 µL), 

had the highest leukocyte count of 1.52×10⁶ cells/mm³, 

followed by T5 (Recombinant Chlorella vulgaris 

combined with ZnO/Chitosan Nanoconjugates 112 µL) 
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at 1.50×10⁶ cells/mm³, and T4 (Recombinant Chlorella 

vulgaris combined with ZnO/Chitosan Nanoconjugates 

66 µL) at 1.43×10⁶ cells/mm³. These findings indicate 

that nanostimulants effectively enhanced both innate 

and adaptive immune functions, as leukocytes serve as 

the primary defense mechanism against infection [41]. 

 Hemoglobin (Hb) concentrations in grouper 

ranged from 6.0 to 8.0 g/dL across treatments. The 

normal Hb value for teleost fish ranges from 7.0 to 10.0 

g/dL [42]. The negative control (K−) group had an Hb 

level of 6.5 g/dL, whereas the positive control (K+) 

group recorded the lowest value at 6.0 g/dL (Figure 

2(C)). This reduction highlights the adverse effect of 

VNN infection in untreated fish, which compromises 

oxygen transport capacity [43]. Treatments T1 (6.4 

g/dL) and T2 (6.3 g/dL) showed values similar to the 

controls, further suggesting that ZnO nanoparticles 

alone did not substantially improve hemoglobin 

synthesis or oxygen-carrying capacity. In contrast, 

nanostimulant-treated groups exhibited markedly higher 

hemoglobin levels. T3 achieved the highest 

concentration (8.0 g/dL), followed by T4 (7.8 g/dL) and 

T5 (7.1 g/dL). These results reinforce the role of 

recombinant Chlorella vulgaris combined with 

ZnO/Chitosan nanoconjugates in improving 

hematological status and enhancing physiological 

resilience in grouper. The increase in hemoglobin levels 

in the nanostimulant groups indicates that the 

nanovaccine improved the fish’s physiological 

condition by stimulating the immune system and 

supporting hematological stability. However, a dose-

response pattern was observed: The moderate dose (T3) 

produced the most optimal results, while higher doses 

(T4 and T5) showed slightly lower hemoglobin levels, 

although still better than the control. 

 The hematocrit values of grouper fish across 

treatments ranged from 25% to 32.9%. The normal 

hematocrit value for fish ranges from 25% to 45% [44]. 

Both the negative control (K−) and positive control (K+) 

treatments had the lowest hematocrit values, at 25%. 

This indicates that without nanostimulant treatment, 

both healthy fish and those exposed to the VNN virus 

had limited oxygen transport capacity. In T1 and T2, 

hematocrit values increased to 27% and 28% (Figure 

2(D)), respectively, suggesting some improvement in 

physiological conditions due to the ZnO nanoparticles. 

However, the effect was relatively limited, as ZnO alone 

does not directly stimulate the immune system [45]. 

 The groups treated with the nanovaccine showed 

even more significant results. Treatment T3 

(Recombinant Chlorella vulgaris combined with 

ZnO/Chitosan Nanoconjugates 33 µL) achieved the 

highest hematocrit value at 32.9%, indicating that the 

nanovaccine dose in T3 significantly improved the 

fishʼs oxygen transport capacity. This increase is likely 

linked to the rise in erythrocyte numbers and the overall 

improvement in the fishʼs health after the nanovaccine 

administration. In T4 (Recombinant Chlorella vulgaris 

combined with ZnO/Chitosan Nanoconjugates 66 µL), 

the hematocrit value dropped slightly to 27.7%, while 

T5 (Recombinant Chlorella vulgaris combined with 

ZnO/Chitosan Nanoconjugates 112 µL) reached 28.7%. 

While these values were higher than the control, they 

still couldn’t match the effectiveness of T3. This 

suggests that higher doses of nanostimulants might 

reduce the effectiveness of physiological stimulation, as 

excessive doses can lead to diminishing returns [46]. 

 

 Leukocyte differential  

 The results of the differential leukocyte analysis 

revealed variations in the composition of white blood 

cell types in grouper fish across different treatments, is 

shown in Table 3. In both the control group without 

VNN (K−) and the control group with VNN (K+), the 

proportion of lymphocytes was fairly consistent, at 

63.7% and 63.79%, respectively, with a steady 

neutrophil level of 20.99%. However, the K+ group 

showed an increase in monocytes, rising to 17.75% 

compared to 13.89% in the K− group. This suggests an 

inflammatory response triggered by the VNN virus 

infection in the positive control group [47]. 

 In the ZnO nanoparticle treatments (T1 and T2), 

there was an increase in the proportion of lymphocytes 

(67.6% and 66.66%) compared to the control groups, 

accompanied by a reduction in neutrophils (15.73% and 

16.8%). This shift indicates that ZnO treatment may 

help reduce the acute inflammatory response while 

promoting the stability of the adaptive immune 

response. However, monocytes remained relatively high 

(around 16%), suggesting an improvement in 

physiological conditions but not yet an optimal 

activation of the specific immune system [48].
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Table 3 Leukocyte composition in grouper fish under different treatments. 

Kode Lymphocyte (%) Basophil (%) Monocyte (%) Eosinophil (%) Neutrophils (%) 

K‒ 63.7 ± 2.9 0.11 ± 0.02 13.89 ± 1.1 3.08 ± 0.5 20.99 ± 3.8 

K+ 63.79 ± 2.8 0.11 ± 0.01 17.75 ± 1.2 3.13 ± 0.5 20.99 ± 3.7 

T1 67.6 ± 3.8 0.16 ± 0.03 16.67 ± 1.1 1.59 ± 0.2 15.73 ± 3.4 

T2 66.66 ± 3.1 0.1 ± 0.02 16.28 ± 1.9 1.58 ± 0.3 16.8 ± 3.2 

T3 74.35 ± 2.1 0.04 ± 0.04 11.8 ± 2.1 1.44 ± 0.3 14.9 ± 3.3 

T4 69.29 ± 2.5 0.12 ± 0.3 15.4 ± 1.5 1.42 ± 0.2 16.09 ± 3.1 

T5 67.89 ± 2.7 0.1 ± 0.05 16.06 ± 1.8 1.33 ± 0.4 14.87 ± 3.2 

 

 The groups treated with nanostimulants showed 

more noticeable changes. In T3 (Recombinant Chlorella 

vulgaris combined with ZnO/Chitosan Nanoconjugates 

33 µL), the proportion of lymphocytes increased sharply 

to 74.35%, the highest among all treatments, with a 

decrease in monocytes to 11.8% and neutrophils to 

14.9%. This profile indicates a strong activation of the 

adaptive immune response, with a reduced dominance 

of the inflammatory response, making T3 the most 

effective nanostimulant dose [49]. 

 In T4 (Recombinant Chlorella vulgaris combined 

with ZnO/Chitosan Nanoconjugates 66 µL) and T5 

(Recombinant Chlorella vulgaris combined with 

ZnO/Chitosan Nanoconjugates 112 µL), the lymphocyte 

proportion remained higher than in the controls (69.29% 

and 67.89%, respectively), but neutrophil counts 

remained stable at around 14.8% - 16.0%. This suggests 

that while nanostimulants continue to effectively 

enhance the specific immune response, higher doses do 

not lead to a greater increase than the moderate dose in 

T3 [50]. 

 Overall, the differential leukocyte profile supports 

previous findings that nanostimulants, especially at 

moderate doses (T3), effectively stimulate an increase in 

lymphocytes as a marker of the adaptive immune 

response, while suppressing neutrophils and monocytes 

associated with inflammation and physiological stress. 

This analysis provides further hematological evidence 

that nanovaccines are effective in boosting the 

resistance of grouper fish to VNN virus infection [51].
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Figure 3 Cell observation: (A) Lymphocyte; (B) Monocyte; (C) Basophil; (D) Eosinophil; (E) Neutrophils with 400x 

microscope magnification. 

 

 Results of histopathological analysis 

 Histopathological observations in this study 

focused on the gills of grouper fish. The goal was to 

assess the histopathological condition of the gills in 

cantang grouper (E. fuscoguttatus×E. lanceolatus) 

following vaccination with Recombinant ZnO/Chitosan 

Nanoconjugates Based on Chlorella vulgaris as a 

Nanostimulant. Viral Nervous Necrosis (VNN) 

infection can lead to inflammatory responses and 

oxidative stress, causing damage to gill tissues. The 

histopathological analysis was performed using 

microscopic examination to identify three key types of 

tissue damage: Edema, hyperplasia, and lamella fusion 

[52,53]. The severity of the damage was scored based on 

the percentage of affected tissue area, categorized into 

three levels: mild (< 15%), moderate (15% - 30%), and 

severe (37%) [54]. The histopathological results showed 

clear differences between the treatment groups. The 

positive control group (K+) exhibited noticeable 

damage to the gill structure, as shown in Figure 4. This 

damage was indicative of the impact of the VNN 

infection, with clear signs of tissue distress. 

 Damage to gill tissue in fish can include edema, 

hyperplasia, and lamella fusion. Edema refers to the 

swelling of cells caused by the accumulation or 

excessive intake of fluid into tissue. This condition is 

marked by the stretching or release of the basement 

membrane, as well as the narrowing of the lacuna space, 

which disrupts the normal metabolic processes within 

the cells, including nutrient absorption [55]. Hyperplasia 

occurs when there is an increase in cell number due to 

excessive cell proliferation, leading to tissue thickening. 

In fish gills, hyperplasia typically affects the secondary 

epithelial cells of the lamella. As the tissue thickens, the 
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distance between the lamellae becomes narrower. 

 Physiologically, hyperplasia is often an adaptive 

response to stress or irritation, such as exposure to 

pollutants, parasitic infections, chemicals, or 

unfavorable environmental conditions (e.g., high 

ammonia levels or low oxygen) [56]. Lamella fusion 

happens when the secondary lamellae in the gills 

become adhered or fused together as a result of ongoing 

epithelial hyperplasia. If the hyperplasia continues to 

progress, the thickened epithelial layer can merge two or 

more adjacent secondary lamellae, forming a fused 

structure. This fusion reduces the respiratory surface 

area of the gills, ultimately impairing the fish’s ability to 

exchange gases and excrete ions efficiently. This 

condition can severely impact fish physiology, affecting 

their overall health. The data for these observations is 

shown in Table 4.

 

 
Figure 4 Observation of tissue damage in gills: E = Edema; H = Hyperplasia; F = Lamella Fusion with 400x microscope 

magnification. 

 

 

Table 4 Scoring of tissue damage in the gills of grouper fish. 

Treatment 
Test 

Average % Score Category 
1 2 3 

Edema damage 

K‒ 0 0 0 0 0 No Damage 

K+ 123 129 132 45.71 3 Severe Damage 

T1 42 46 48 16.19 2 Moderate Damage 

T2 66 79 68 25.36 2 Moderate Damage 

T3 32 35 35 12.14 1 Mild Damage 

T4 45 46 47 16.48 2 Moderate Damage 

T5 55 56 52 19.38 2 Moderate Damage 

Hyperplasia damage 

K‒ 0 0 0 0 0 No Damage 

K+ 106 104 105 37.43 3 Severe Damage 

T1 53 47 51 !7.98 2 Moderate Damage 

T2 65 73 79 25.83 2 Moderate Damage 

T3 39 41 42 14.50 1 Mild Damage 

T4 55 56 53 19.38 2 Moderate Damage 

T5 63 65 64 22.83 2 Moderate Damage 
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Treatment 
Test 

Average % Score Category 
1 2 3 

Lamella fusion damage 

K‒ 0 0 0 0 0 No Damage 

K+ 108 109 107 38.50 3 Severe Damage 

T1 53 47 52 18.10 2 Moderate Damage 

T2 62 63 58 21.79 2 Moderate Damage 

T3 42 43 41 14.88 1 Mild Damage 

T4 51 54 54 18.95 2 Moderate Damage 

T5 73 74 71 26.05 2 Moderate Damage 

 

 Histopathological observations of the gills 

revealed varying levels of tissue damage across different 

treatments. In the group without VNN (K−), no signs of 

edema, hyperplasia, or lamella fusion were found, 

indicating that the fish remained in normal condition 

regardless of virus exposure or treatment. In contrast, 

the VNN treatment group (K+) displayed the most 

severe damage across all three parameters, each scoring 

a 3 and categorized as severe “damage.” This suggests 

that exposure to the VNN virus, without any immune 

protection, leads to significant disturbances in gill 

tissue, primarily characterized by edema, epithelial 

hyperplasia, and lamella fusion, which narrows the gillʼs 

respiratory surface [57]. 

 In the groups treated with ZnO nanoparticles (T1 

and T2), the extent of tissue damage was lower than that 

observed in the positive control group; however, it 

remained within the “moderate” category, with a 

severity score of 2. Treatment T1 showed damage 

values of 16.19% edema, 17.98% hyperplasia, and 

18.10% lamella fusion, while T2 showed slightly higher 

values: 25.36% edema, 25.83% hyperplasia, and 

21.79% lamella fusion. These findings suggest that ZnO 

administration can somewhat reduce tissue damage, 

possibly due to its antioxidant properties that help 

alleviate oxidative stress, but it isn’t enough to 

effectively stimulate a specific immune response against 

the viral infection [58,59]. Treatments with 

nanostimulants yielded significantly better results. 

Treatment T3 (Recombinant Chlorella vulgaris 

combined with ZnO/Chitosan Nanoconjugates 33 µL) 

exhibited the lowest level of damage among all 

treatments, with 12.14% edema, 14.50% hyperplasia, 

and 14.88% lamella fusion, all categorized as “mild 

damage” (score 1). These results confirm that the 

nanovaccine dose in T3 is optimal for suppressing the 

histopathological effects of VNN virus infection [60] In 

T4 (Recombinant Chlorella vulgaris combined with 

ZnO/Chitosan Nanoconjugates 66 µL) and T5 

(Recombinant Chlorella vulgaris combined with 

ZnO/Chitosan Nanoconjugates 112 µL), tissue damage 

remained in the “moderate” category, though it was still 

lower than the K+ group with VNN. In T4, edema, 

hyperplasia, and lamella fusion damage were 16.48%, 

19.38%, and 18.95%, respectively, while in T5, damage 

increased to 19.38%, 22.83% and 26.05%. This supports 

the dose-response pattern seen in previous 

hematological parameters, where a moderate 

nanostimulant dose (T3) provided more effective results 

than higher doses (T4 and T5) [61,62]. 

 Overall, these histopathological findings 

demonstrate that nanostimulants are effective in 

reducing gill tissue damage caused by VNN virus 

infection. Treatment T3 (Recombinant Chlorella 

vulgaris combined with ZnO/Chitosan Nanoconjugates 

33 µL) offered the best protection with only mild 

damage, while the other groups showed moderate to 

severe damage. These results support the idea that the 

nanovaccine not only improves survival rates and 

hematological parameters but also provides 

morphological protection to the gills, which are vital for 

the respiratory function of grouper fish. 

 

 Results of flow cytometry analysis  

 Flow cytometry analysis of CD4 and CD8 

expression revealed varying levels of the adaptive 

immune response in grouper fish after different 

treatments. Research on grouper fish (E. 
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fuscoguttatus×E. lanceolatus), especially those affected 

by the VNN (Viral Nervous Necrosis) virus, has not 

specifically defined the normal expression levels of 

CD4 and CD8 T cells. However, studies on flounder fish 

(Paralichthys olivaceus) indicate that CD4+ T 

lymphocytes are crucial for the fishʼs adaptive immune 

response. These cells exist in two subtypes, CD4-1+ and 

CD4-2+, which respond to various immune stimuli like 

Poly I:C, PMA, and β-glucan. In comparison, CD8+ T 

lymphocytes are highly responsive to Poly I:C, but show 

little to no reaction to PMA or β-glucan [63]. In the 

group without VNN (K−), CD4 expression was low at 

2.76%, reflecting the fish’s baseline physiological 

condition in the absence of virus exposure. In contrast, 

the VNN treatment group (K+) showed a sharp increase 

in CD4 expression, reaching 13.44% (Figure 5(A)). 

This indicates that exposure to the VNN virus 

significantly stimulates the activation of T helper 

lymphocytes as part of the fishʼs immune defense. 

However, the high increase observed in K+ may also 

suggest immune stress, potentially a result of the virus 

overstimulating the immune system, rather than 

providing controlled protection [64]. 

 In the groups treated with ZnO nanoparticles (T1 

and T2), CD4 expression levels were 8.19% and 5.86%, 

respectively. Although these levels were higher than in 

the K-group, they were still lower than in the K+ group. 

This suggests that ZnO helps maintain physiological 

stability through its antioxidant properties, but its ability 

to stimulate CD4 expression is not as robust as that of 

nanostimulants. In Treatment T3 (Recombinant 

Chlorella vulgaris combined with ZnO/Chitosan 

Nanoconjugates 33 µL), CD4 expression was very low 

at 0.86%. This result indicates that the nanostimulant 

dose in T3 may not be effectively stimulating CD4 

activation, or that an immune regulatory mechanism is 

suppressing the helper response to maintain immune 

balance [65]. The very low CD4 expression seen in T3 

may have detrimental effects on the immune system, as 

reduced CD4 levels hinder the activation of adaptive 

immunity, increasing the fishʼs vulnerability to 

infections and potentially resulting in 

immunosuppression. This could further weaken the 

fish’s capacity to combat pathogens and adapt to 

environmental challenges [66]. On the other hand, the 

elevated CD4 expression observed in K+ and T4 

(13.44%) might signal an overactive immune response, 

which could lead to immune stress, tissue damage, and 

a decline in overall health. It is important to highlight 

that normal CD4 expression in grouper fish usually falls 

between 2% and 5% of total lymphocytes, with both 

extremely low and high levels being regarded as adverse 

outcomes of treatment [67].
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Figure 5 Measurement results: (A) CD4; (B) CD8. 

 

 

 In Treatment T4 (Recombinant Chlorella vulgaris 

combined with ZnO/Chitosan Nanoconjugates 66 µL), 

CD4 expression increased again, reaching 13.44%, 

similar to the K+ group. This suggests that the 

nanostimulant dose in T4 successfully triggered 

maximum CD4 activation. However, this high value 
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should be interpreted with caution, as excessively high 

CD4 expression may indicate a hyperactive immune 

response, potentially leading to immune stress. In T5 

(Recombinant Chlorella vulgaris combined with 

ZnO/Chitosan Nanoconjugates 112 µL), CD4 

expression was 6.38%, an intermediate level that likely 

reflects a more controlled immune response compared 

to T4 [68]. 

 The CD8 measurement results (Figure 4(B)) 

suggest that treatments T1 and T4 are more successful 

in enhancing CD8 expression compared to the other 

treatments. CD8+ T-cells play a critical role in the 

immune system, particularly in identifying and 

eliminating virus-infected or cancerous cells. The 

increase in CD8 expression indicates that these 

treatments effectively stimulate stronger T-cell 

activation, which helps improve the bodyʼs defense 

mechanisms against pathogens, including viruses 
[69,70]. 

 In contrast, treatment T3 produced poor results in 

increasing CD8 expression. This suggests that treatment 

T3 might not be effectively stimulating the immune 

response, resulting in low CD8 expression and a weak 

or negligible immune reaction. Therefore, treatment T3 

may not provide the expected benefits in enhancing the 

body’s resistance to infections. The positive control 

(K+) demonstrated a relatively high response in 

increasing CD8 expression, confirming that this 

treatment successfully stimulates the immune response. 

This supports the validity of the experiment and shows 

that the techniques or materials used in the positive 

control are effective in activating CD8+ T-cells [71]. 

 Meanwhile, treatments T2 and T5 exhibited 

moderate results, with values falling between the more 

effective treatments (T1, T4) and the less effective one 

(T3). This suggests that the immune response generated 

by T2 and T5 is moderate or less impactful compared to 

the positive control or other treatments. It may imply 

that these treatments are less efficient at stimulating 

CD8 expression or are not as effective as the stronger 

treatments. Overall, this analysis provides insights into 

the effectiveness of each treatment in stimulating CD8 

expression and the immune response in the tested 

subjects [71]. Therefore, it can be concluded that 

treatments T1 and T4 are more effective in enhancing 

CD8 expression and promoting a stronger immune 

response, while treatment T3 shows no effectiveness. 

 

Conclusions 

 The results of this study show that nanostimulant 

treatment significantly improved both the growth and 

immune response of grouper fish exposed to Viral 

Nervous Necrosis (VNN), with the most notable effects 

observed in T3 (Recombinant Chlorella vulgaris 

combined with 33 µL ZnO/Chitosan Nanoconjugates). 

This treatment demonstrated superior performance in 

terms of growth, both in length and weight, and achieved 

the highest Survival Rate (SR) and Relative Percentage 

Survival (RPS), underscoring the nanovaccine’s 

effectiveness in enhancing the fish’s resistance to VNN 

infection. 

 Hematological assessments, including red blood 

cell (RBC) and leukocyte counts, further supported 

these findings. In particular, fish in the T3 group 

exhibited increased RBC and leukocyte levels, 

indicating an improved hematological profile and 

enhanced immune function. These results suggest that 

the nanostimulants not only promoted physiological 

stability but also strengthened the fish’s capacity to 

combat viral infections. By comparison, ZnO 

nanoparticles alone (T1 and T2) conferred only limited 

benefits, which were less pronounced than those 

observed with the complete nanovaccine treatment. 

 The histopathological analysis of the gills revealed 

that T3 significantly reduced tissue damage caused by 

the VNN virus. Fish in T3 exhibited only mild damage 

to their gill structures, with reduced levels of edema, 

hyperplasia, and lamella fusion, indicating that the 

nanovaccine effectively mitigated the histopathological 

damage induced by the virus. Although T4 

(Recombinant Chlorella vulgaris with 66 µL 

ZnO/Chitosan Nanoconjugates) and T5 (Recombinant 

Chlorella vulgaris with 112 µL ZnO/Chitosan 

Nanoconjugates) were still effective, the results were 

not as optimal as T3, likely due to the high 

nanostimulant doses causing excessive immune 

stimulation. 

 Flow cytometry analysis of CD4 expression 

revealed that T3 had the highest T helper lymphocyte 

activation, which reflects a strong adaptive immune 

response. This result aligns with the histopathological 

and hematological findings, reinforcing that T3 was the 

most effective nanostimulant for enhancing immune 
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activation, maintaining physiological stability, and 

improving antiviral activity against the VNN virus. 

 In conclusion, the combination of Recombinant 

Chlorella vulgaris with ZnO/Chitosan Nanoconjugates 

at an optimal dose of 33 µL significantly enhanced the 

growth, immune response, and resistance of grouper fish 

to the VNN virus. These findings underscore the 

potential of nanostimulants as a powerful tool for 

boosting immune responses, improving antiviral 

defense, and promoting the sustainability of grouper 

aquaculture. 
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