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The Largemouth bass Rhabdovirus (LMBRaV) is a highly virulent pathogen that results in 
substantial mortality rates and economic losses within the largemouth bass (Micropterus 
salmoides) aquaculture industry. The utilization of medicinal plant extracts has emerged 
as a promising strategy for combating aquatic animal diseases. In this study, we aimed to 
evaluate the anti-LMBRaV properties effects of nine plant-derived compounds utilizing 
EPC cells and largemouth bass. Among them, quercetin demonstrated a notable 
inhibitory effect on LMBRaV replication in EPC, with a reduction of 93.6% at 20 mg/L. 
Quercetin exerts its anti-LMBRaV properties on cells may result from its ability to inhibit 
viral entry, mitigate nuclear damage, and inactivate the virus directly. In vivo experiments 
showed that the preventive protection rate of quercetin against LMBRaV infection in 
largemouth bass reached 57.7%, and decreased LMBRaV viral loads in liver, spleen and 
kidney. Moreover, quercetin appeared to induce the expression of several immune-related 
genes, including interferon (IFN), and major histocompatibility complex 1 (MHC-1), 
myxovirus resistance 1 (MX1), and nuclear factor erythroid 2-related factor 2 (Nrf2), 
suggesting its potential for immunoregulation. Furthermore, quercetin mitigated the 
pathological alterations in the immune organs of largemouth bass infected with LMBRaV. 
In summary, quercetin shows promise as an immunomodulatory agent against LMBRaV 
infections in largemouth bass. 

INTRODUCTION 

The largemouth bass (Micropterus salmoides), or California 
bass, is a freshwater fish native to the Mississippi River 
basin in the USA and has been introduced to many regions 
worldwide.1 Largemouth bass has gained popularity for its 
delicious flesh, rapid growth, and strong adaptability to a 
variety of environments in China.2 Approximately 802,486 
tons of M. salmoides were produced in China in 2022.3 How
ever, the largemouth bass farming sector is increasingly 
vulnerable to disease threats due to the increasing aqua
culture density.4,5 The largemouth bass rhabdovirus (LM
BRaV) has emerged as one of these threats and has threat
ened largemouth bass breeding globally.6,7 LMBRaV is a 
polyhedral virus with a diameter of 120-300 microns, con
sisting primarily of single-molecule linear double-stranded 
DNA viruses with a genome size of 170-200 kb. The major 
capsid protein (MCP), constituting 40%-45% of the virus’s 

total protein content, exhibits highly conserved character
istics useful for distinguishing various ranaviruses.8 Pre
vious studies have shown that some drugs, such as epi
gallocatechin-3-gallate (EGCG) and Saikosaponin C, have 
potential anti-LMBRaV and immunomodulatory activity.9,
10 However, owing to concerns about cost and production 
yield, these drugs have not yet been extensively employed 
in aquaculture. Therefore, it is vital to develop effective 
strategies for managing and controlling LMBRaV. 
Given the immune system’s pivotal role in defending 

aquatic animals against pathogens, enhancing host im
mune function is crucial for preventing disease out
breaks.11 In the innate immune response against viruses, 
type I interferons (IFNs) play a crucial role, while myxovirus 
resistance (Mx) proteins exert direct antiviral effects by 
blocking viral genome replication at an early stage.12 In 
addition, MHC-1 molecules facilitate antigen presentation 
to effector T cells in vertebrates during adaptive immu
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nity.13 Immunomodulators, derived from natural and syn
thetic substances, offer promising avenues for regulating 
host immune function.14 In aquaculture, Chinese herbal 
medicine has long been utilized to modulate immune re
sponses and avert the outbreak of diseases herbal medicine 
has long been utilized to modulate immune responses and 
avert the outbreak of diseases.15 Extensive research shows 
that components isolated from medicinal plants exhibit im
munostimulant, growth-promoting, anti-stress, and dis
ease-resistant effects in aquaculture.16 As an example, di
hydroartemisinin and tetrandrine significantly inhibited 
spring carp viraemia of carp virus by activating innate im
munity and reducing apoptosis.17 Additionally, researchers 
found that coumarin can boost the levels of IFN-related 
genes to counter infectious haematopoietic necrosis virus 
(IHNV) infection.18 In largemouth bass, piperine, Saikos
aponin C and epigallocatechin-3-gallate showed promising 
antiviral and immunomodulatory effects.9,10,19 However, 
the high prices and low yields of these drugs hinder their 
extensive use in largemouth bass farming. Consequently, 
identifying herbal plant components with enhanced effi
cacy and better suited for aquaculture may offer an effective 
strategy to control LMBRaV infection in the future. 
This study focused on the antiviral and immunoregula

tory role of quercetin against LMBRaV infection by assess
ing antiviral stability, the degree of cell nuclear damage, 
and innate immune response experiments. Forthermore, 
we examined the effect of quercetin against LMBRaV in
fection in vivo through survival trials, immune-related gene 
expression, and histopathological observations. These find
ings offer theoretical insights for the development of novel 
antiviral drugs in aquaculture. 

MATERIALS AND METHODS 

CELL, VIRUS, AND FISH 

The epithelioma papulosum cyprini (EPC) cell line was pre
served in our laboratory. LMBRaV was isolated and identi
fied from diseased largemouth bass and subsequently cul
tured in EPC cells until approximately 80% exhibited 
cytopathic effects (CPE). The infected cell culture contain
ing LMBRaV was then subjected to three cycles of freeze-
thawing. After that, virus fluid was gathered and divided 
into cryovials, which were kept for later use at -80°C. The 
TCID50 was determined using the Reed-Muench method. 
Largemouth bass (body weight 7.5 ± 0.5 g) were procured 

from a fish farm in Wuhan, China. After testing, they were 
confirmed to be healthy and free of LMBRaV. Under labo
ratory conditions, the largemouth bass were acclimated for 
14 days in 300 L recirculating aquariums. During acclima
tion, the fish were fed commercial feed (Tongwei, Chengdu, 
China) twice daily. The water temperature was maintained 
at 25°C ± 1°C. PCR analysis utilizing LMBRaV MCP gene 
primers (Table 1) confirmed the absence of LMBRaV in the 
largemouth bass. 

COMPOUNDS CYTOTOXICITY ASSAY 

EPC cells were cultured and seeded in a 96-well plate. M199 
medium containing 5% FBS was used to dilute the stock 
solution to pre-defined concentrations. After 48 hours of 
incubation with the relevant drugs, the old culture media 
were aspirated, followed by the sequential addition of 100 
μL fresh M199 culture medium and 5 μL CCK-8 (Beyotime, 
China) reagents. After 2 hours of incubation in the cell cul
ture incubator, absorbance at 450 nm was measured using a 
microplate reader (ELX-800, China) 

ANTI-LMBRAV ACTIVITIES ASSAY 

EPC cells at a density of 1×105/mL were inoculated into 
a 12-well cell culture plate. When the cells converged to 
a monolayer, the cells were incubated with LMBRaV virus 
suspension at a concentration of 103 TCID50/mL at 25°C for 
2 hours. After the incubation of LMBRaV, the virus solu
tion was recovered, the EPC cells were rinsed with M199 
for 2-3 times, the cell maintenance solution containing nat
ural compounds was added. The diluted compounds solu
tion were then added at the maximum safe concentration, 
and the resulting mixture was incubated at 25°C for 72 
hours. Finally, the cells were digested and harvested, and 
total RNA of each sample was extracted. RT-qPCR was used 
to detected the LMBRaV MCP gene expression in order to 
assess the antiviral efficacy of compounds against LMBRaV. 

CELL NUCLEUS DAMAGE ASSAY 

EPC cells were inoculated in confocal petri dishes and cul
tured for 12-24 h, followed by infection the LMBRaV with 
a titer of 103 TCID50/mL for 2 h at 25°C. Subsequently, re
placed with cell maintenance solution containing quercetin 
(20 mg/L) and incubated for 48 h. The cells were washed 
three times with 0.1 M PBS, fixed for 30 min in 4% 
paraformaldehyde, and then stained with 1 mg/L DAPI, 5 
mg/mL Dil, staining. Fluorescence was observed with a con
focal microscope (Olympus FV3000, Japan). 

EFFECTS OF DIFFERENT TREATMENTS ON LMBRAV 
PROLIFERATION 

Viral binding tests was assessed according to a previously 
established protocol,17 in which the virus binds selectively 
to the cell membrane rather than to internal organelles. A 
total RNA extract of the collected cells was then performed, 
and RT-qPCR was used to detect the expression of LMBRaV 
MCP gene to evaluate the viral binding. 
Pre-treatment of quercetin: EPC cells diluted to a certain 

density were inoculated in 12-well plates. When the EPC 
cells grew to a monolayer, the cells were rinsed with M199 
for 2-3 times. And then the cells were exposed to quercetin 
(20 mg/L) at 25°C for 0, 6, 12, 24, 48, and 72 h. After incu
bation, the old solution was removed, and then inoculated 
with LMBRaV (103 TCID50) at 25°C for 2 h. The viral solu
tion was then recovered and incubated in cell maintenance 
solution for 48 h. The cell samples were collected, and the 
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Table 1. Sequences of primer pairs.     

Gene Primer sequence (5ʹ-3’) 

MCP F: CTCGCCACTTATGACAGCCTTGAC 
R: AACCCACGGGATAATGCTCTTTGAC 

EPC-actin F: GCTATGTGGCTCTTGACTTCGA 
R: CCGTCAGGCAGCTCATAGCT 

MHC-1 F: TCATTGCTGGGGTGTTTGTG 
R: ACTACATCTGGACCTTGGGC 

MX F: TAAAATGGCTGGGGTCGGGG 
R: CATTGCACGGAACGACCACC 

IFN-γ F: AGATCAGAGGCTTTCAAATCCC 
R: CAACATGTGGCTAATCAGCTT 

Nrf2 F: CACCAAAGACAAGCGTAAG 
R: GAAATCATCAACAGGCAGA 

Largemouth bass-actin F: CAGGATGCAGAAGGAGATCACA 
R: CTCCTGCTTGCTGATCCACAT 

total RNA of the samples was extracted, and then the ex
pression of LMBRaV MCP gen was detected by RT-qPCR. 
LMBRaV and quercetin co-incubation assay: LMBRaV 

(103 TCID50) viral solution were co-incubated for 0, 15, 30 
and 60 min at 25°C with 20 mg/L quercetin. After incuba
tion, the treated LMBRaV-quercetin mixture was added to 
12-well plates grown to monolayers of cells, and the cells 
were collected after continuing to incubate the cells for 48 h 
at 25°C. Finally, the cells were digested and harvested, and 
total RNA of each sample was extracted. RT-qPCR was used 
to detected the LMBRaV MCP gene expression. 
Quercetin Post-Processing: LMBRaV (103 TCID50) virus 

solution was added to 12-well plates grown to monolayers 
of cells, incubated at 25°C for 2 h. The virus solution was 
recovered, and cell maintenance solution was added to con
tinue incubation for 12 or 24 h. The old solution was re
moved, and the cells were rinsed twice with M199, and cell 
maintenance solution containing quercetin (20 mg/L) was 
added, and the cell samples were collected after 24 h. The 
total RNA of each sample was extracted. RT-qPCR was used 
to detected the LMBRaV MCP gene expression. 

TOXICITY TESTS OF QUERCETIN IN LARGEMOUTH BASS 

In this research investigation, largemouth bass were ad
ministered varying doses of quercetin (5, 10, 20, 30, 50, and 
70 mg/kg) in order to evaluate potential toxicity. Mortal
ity rates among the largemouth bass were monitored and 
recorded on a daily basis over a period of 15 days. 

THE PROTECTIVE EFFECTS ASSAYS 

In the survival rate assay, a cohort of healthy largemouth 
bass was randomly allocated into three experimental 
groups: PBS + DMSO, LMBRaV + DMSO, and LMBRaV + 
quercetin, with 30 fish per group and 3 replicates. LMBRaV 
+ DMSO and LMBRaV + quercetin groups were intraperi
toneally injected with LMBRaV diluent (103 TCID50, 100 
μL/fish), Control groups received an equivalent volume of 
M199 via intraperitoneal injection. Diets containing 
quercetin (20 mg/kg) or DMSO equivalents were given to 

the fish after a 12-hour infection period. Subsequently, the 
fish were monitored at 24-hour intervals over a period of 10 
days to document mortality. 
The viral load assay was conducted on a cohort of 

healthy largemouth bass, stratified into two experimental 
groups: LMBRaV + DMSO and LMBRaV + quercetin. Speci
mens from each group were subjected to viral load assess
ment at 1, 3, and 5 days after LMBRaV infection. 

THE PREVENTATIVE EFFECTS ASSAYS 

Fish were divided into three experimental groups: PBS + 
DMSO, LMBRaV + DMSO, and LMBRaV + quercetin, to as
sess whether quercetin prevented LMBRaV infection. For a 
period of five days, diets containing quercetin (20 mg/kg) 
or DMSO equivalents were given to the fish. Following this, 
LMBRaV (105 × TCID50/mL) was administered to the virus-
infected groups, while M199 in a similar volume was ad
ministered to the control groups. In addition to the sur
vival rate, fish tissues were obtained at 1, 3, and 5 days 
after LMBRaV infection for the evaluation of immune-re
lated gene expression, the assessment of histopathology, 
and the analysis of viral load. 

HISTOPATHOLOGICAL EXAMINATION 

Three fish are processed after they have been infected with 
the LMBRaV for five days. The liver, spleen, and kidney 
are removed and fixed in 4% paraformaldehyde. The sam
ples are then embedded in paraffin, sectioned, and stained 
with haematoxylin and eosin. Morphological changes in the 
liver, spleen and kidney are observed under the microscope. 

STATISTICAL ANALYSIS 

The statistical analyses were performed using GraphPad 
Prism 8. A one-way ANOVA was used to evaluate the differ
ences between groups. The differences were deemed statis
tically significant if the p-value was less than 0.05. 
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Figure 1. Inhibition of LMBRaV MCP gen expression by        
nine natural compounds. Each value is represented as         
the mean ± SD.     

RESULTS 

ANTIVIRAL ACTIVITIES OF NATURAL COMPOUNDS 

The inhibitory effects of nine compounds on LMBRaV were 
evaluated (Figure 1). Quercetin demonstrated the most po
tent anti-LMBRaV activity, suppressing LMBRaV-MCP gene 
expression by more than 93.6%. Consequently, we suggest 
prioritizing research on quercetin’s effectiveness against 
LMBRaV. 

ANTIVIRAL ACTIVITY OF QUERCETIN IN VITRO 

According to the cytotoxicity studies of quercetin, 20 mg/L 
of quercetin did not do significant harm to EPC cells for 
the duration of the experiment (Figure 2A). The most ef
fective antiviral response was observed at 20 mg/L, where 
quercetin inhibited LMBRaV MCP gene expression dose-
dependently (Figure 2B). The morphology of EPC cells in
fected with LMBRaV resembled fragmented fishing nets. 
However, quercetin significantly reduced the CPE phenom
enon caused by LMBRaV infection (Figure 2C). 

EFFECT OF QUERCETIN ON LMBRAV-INDUCED NUCLEAR 
DAMAGE 

The cells were stained using DAPI/Dil staining solution to 
observe the nuclear damage caused by LMBRaV and the ef
fect of quercetin treatment on the nucleus, and the results 
are shown in Figure 3. The results demonstrated that LM
BRaV infection led to substantial nuclear damage in EPC 
cells. Treatment with quercetin resulted in decreased LM
BRaV-induced nuclear fragmentation. This indicates that 
quercetin can protect the nucleus from damage and has a 
good anti-LMBRAV effect. 

EFFECTS OF QUERCETIN ON VIRAL INFECTIVITY 

The results of the particle adsorption assay showed that 
quercetin effectively inhibits the adsorption of LMBRaV on 
EPC cells (Figure 4A). The results of LMBRaV proliferation 
in cells after quercetin pre-treatment of EPC are shown in 

Figure 4D. When quercetin was incubated for 12, 24, 48 
and 72 h and then infected with LMBRaV was able to sig
nificantly reduce the virus proliferation in EPC cells. Fig
ure 4E depicts an experimental investigation into the po
tential influence of quercetin on LMBRaV toxicity in M199. 
The subsequent Figure 4F illustrates that quercetin had a 
direct killing effect on LMBRaV, and quercetin had the best 
direct inactivation effect on the virus when the LMBRaV - 
quercetin was co-incubated for 60 min, and the intracel
lular LMBRaV MCP gene expression decreased by 93.89%. 
Another experiment detailed in Figure 4G examined the 
impact of quercetin post-treatment on LMBRaV replica
tion. Notably, Figure 4H showed that quercetin still had sig
nificant antiviral activity 12 h after LMBRaV infection of 
EPC cells. Compared with the control group, the LMBRaV 
MCP gene expression within EPC decreased by 51.14% after 
quercetin treatment, respectively. However, when LMBRaV 
infected EPC cells for 24 h, the cells treated with quercetin 
had no anti-LMBRaV effect. 

PROTECTIVE EFFECTS OF QUERCETIN ON LMBRAV-
INFECTED FISH 

In our in vivo experiments, we evaluated the potential tox
icity of quercetin by observing clinical manifestations. 
Specifically, quercetin doses above 50 mg/kg resulted in 
slower swimming speed and reduced food intake for large
mouth bass. 
The results of quercetin’s protective effect on large

mouth bass infected with LMBRaV are shown in Figure 5. 
The largemouth bass infected with LMBRaV exhibited a cu
mulative mortality rate of 100% after 8 days post-infec
tion. Conversely, the quercetin-treated groups maintained 
an 80% survival rate at 5 days after infection, with a final 
survival rate of 40% at the conclusion of the experiment. 
The results of RT-qPCR assay showed that the relative ex
pression levels of LMBRaV MCP gen in the liver, spleen 
and kidney of largemouth bass in the quercetin feeding 
group decreased significantly at 1, 3 and 5 d, suggesting 
that quercetin has a good therapeutic effect on LMBRaV in
fection in largemouth bass. 

THE PREVENTIVE EFFICACY OF QUERCETIN AGAINST 
LMBRAV INFECTION 

Upon observing the effective treatment of quercetin on LM
BRaV-infected largemouth bass, we delved into the in
hibitory impact of quercetin pretreatment on LMBRaV in
fection. 
The cumulative mortality rate of largemouth bass in the 

LMBRaV-infected group was 100% at 7 days after infection. 
Specifically, treatment with quercetin improved the sur
vival rate of largemouth bass by 57.7%. Meanwhile, the rel
ative expression of LMBRaV MCP gen in the liver, spleen 
and kidney of largemouth bass in the quercetin treatment 
group decreased significantly at 1, 3 and 5 d. 
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EXPRESSION OF IMMUNE RELATED GENES 

To investigate the potential antiviral mechanism of 
quercetin in largemouth bass, we analyzed the expression 
of immune related genes. Our findings revealed a signif
icant up-regulation in the expression levels of key genes, 
such as IFN-γ, Mx1, MHC-1, and nuclear factor erythroid 
2-related factor 2 (Nrf2), in LMBRaV-quercetin group (Fig
ure 7). The up-regulation of Mx1, MHC-1, and Nrf2 expres
sion levels was observed on days 3 and 5 following treat
ment with LMBRaV-quercetin. Particularly noteworthy was 
the significant increase in expression levels on day 5, with 
factors of 2.8, 3.3, and 3.7 observed in the liver. Similar 
trends were also observed in the spleen and kidney. 

HISTOPATHOLOGICAL OBSERVATION 

The effects of quercetin on histopathological alterations 
in immune organs of largemouth bass infected with LM
BRaV were illustrated in Figure 8. In the group infected 
with LMBRaV, liver cells displayed pronounced necrosis, 
spleens showed marked vacuolization with blurred demar
cation between red and white areas, and kidney tissues ex
hibited severe necrosis. Conversely, in the group treated 
with quercetin, no significant variance was observed com
pared to the control group, suggesting the potential of 
quercetin to alleviate LMBRaV-induced pathological harm 
to immune organs. 

Figure 2. Anti-LMBRaV of quercetin in vitro. (A) Effect of quercetin at different concentrations on cell viability.                
Data is presented as mean ± SD. (B) Anti-LMBRaV dose response curve of quercetin was generated in EPC cells                    
using six concentration points. (C) The effects of quercetin on the morphology upon infection by LMBRaV. *p <                   
0.05.  

DISCUSSION 

M. salmoides has been widely utilized in global commercial 
aquaculture.20 The largemouth bass aquaculture industry 
faces significant challenges, particularly from viral diseases 
such as LMBRaV, necessitating urgent attention. Currently, 
there is a lack of effective drugs to control LMBRaV infec
tion in largemouth bass.8,19 Therefore, developing a effec
tive method to resist LMBRaV is crucial. Natural plants and 
their bioactive compounds have been extensively studied 
for their potential in treating viral diseases.9,21 Previous re
search has demonstrated the promise of identifying anti-
LMBRaV compounds from natural sources.9,19 This study 
examined the anti-LMBRaV activity of nine natural prod
ucts. The findings indicate that quercetin possesses pre
viously unreported anti-LMBRaV properties. Quercetin 
showed significantly inhibited LMBRaV MCP gene expres
sion in EPC cells, maintained the normal morphology of 
EPC cells, and exhibited concentration-dependent antiviral 
effects. Notably, at a concentration of 20 mg/L, quercetin 
demonstrated the highest inhibition rate against LMBRaV, 
reaching 93.6%. Quercetin is an environmentally friendly 
natural flavonoid compound that is widely found in apples, 
onions, tea, and red wine.22 According to previous reports, 
quercetin can inhibit the growth of Aeromonas hydrophila,23 

suppress Grouper Iridovirus infection,24 and has inhibitory 
effects on White Spot Syndrome Virus in crayfish25 and 
genotype II Grass Carp Reovirus in Gobiocypris rarus.26 

Apoptosis are frequently observed consequences of viral 
infections, involves a series of intricate molecular mecha
nisms and signaling pathways, yet targeted antiviral med
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Figure 3. Protective effect of quercetin on LMBRaV-induced nuclear damage in EPC cells.            

Figure 4. Effects of different treatments of quercetin on LMBRaV proliferation. (A and B) The virus adsorption                
experiment and the effect of quercetin on the adsorption of LMBRaV with EPC cells. (C and D) The pre-treatment                    
experiment and the results of LMBRaV MCP gen expression in EPC cells infected with LMBRaV after quercetin                  
pre-treatment. (E and F) The co-incubation experiment and the effect of quercetin direct killing the LMBRaV. (G                  
and H) The post-treatment experiment and the effect of quercetin post-treatment on LMBRaV MCP gen                
expression in EPC cells. **    p  < 0.01, *  p< 0.05.   

ications have been shown to alleviate these effects.27 Stud
ies have demonstrated that LMBRaV infection induced 
typical apoptosis in EPC cells through intrinsic and ex
trinsic pathways.28 The present investigation reveals that 

quercetin provises significant protection against the mor
phological and nuclear fragmentation induced by LMBRaV 
infection in EPC cells, thereby blocking host cell cytopathic 
effects and cell death induced by LMBRaV. 
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Figure 5. Therapeutic impact of quercetin on largemouth bass infected with LMBRaV. (A) Flow chart of               
herapeutic experiment. B: The survival rate of largemouth bass infected with LMBRaV. (C-E) The relative                
expression of LMBRaV MCP gene in the liver, spleen and kidney of LMBRaV-infected largemouth bass. Each                 
value is mean ± SD. *     p  < 0.05, **  p  < 0.01.   

Figure 6. The preventative effect of quercetin on largemouth bass infected with LMBRaV. (A) Flow chart of                
preventative experiment. B: The survival rate of LMBRaV-infected largemouth bass. (C-E) The relative expression               
of LMBRaV MCP gene in the liver, spleen and kidney of LMBRaV-infected largemouth bass. Each value is mean ±                    
SD. ** p  < 0.01.   

Virus infection begins by attaching to the surface of a 
host cell, penetrating the cell, releasing genetic material, 
and replicating their genome.7,29,30 Antiviral medications 

predominantly impede or eliminate viruses through three 
principal mechanisms31,32: direct interaction resulting in 
viral destruction, interference with viral attachment to host 
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Figure 7. Quercetin upregulates the expression of immune related genes expression. Data are expressed as mean               
± SD. *  p  < 0.05,** p  < 0.01.   

Figure 8. The effects of quercetin on histopathological changes induced by LMBRaV infection in immune organs.               
(A) Normal liver tissue; (B) LMBRaV infection induced hepatocyte necrosis (arrow); (C) Liver from quercetin-              
treated group; (D) Normal spleen tissue; (E) LMBRaV infection induced spleen tissue vacuolization (arrow); (F)                
Spleen from quercetin-treated group; (G) Normal kidney tissue; (H) LMBRaV infection induced necrosis (arrow);               
(I) Spleen from quercetin-treated group.      

cells, or inhibition of viral replication. Additionally, an
tiviral agents can attenuate host cell damage during viral 
infection by modulating host cell adherence and endocy
tosis.17 Several natural small molecules have been found 

to inhibit viral infections by blocking the entry of viruses 
into host cells.19,33 Tetrandrine has been shown to decrease 
SVCV infection by interfering with viral internalization.17 

Quercetin inhibits Hsp70-mediated obstruction of Bovine 
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Viral Diarrhea Virus infection and replication in the initial 
stages of infection.34 Small-molecule antiviral coumarin 
derivatives sourced from diverse plant species have demon
strated efficacy in disrupting multiple stages of the viral 
life cycle, including binding, internalization, and post-en
try transport.31,35 This study demonstrates the significant 
reduction of LMBRaV infectivity by quercetin, as well as its 
inhibitory effects on infection through imposing LMBRaV 
entry into host cells. Additionally, virus-quercetin co-incu
bation experiments demonstrated quercetin’s direct viruci
dal effects. These results also reveal that quercetin inhibits 
LMBRaV through multiple pathways. 
In vivo experiments showed that the preventive protec

tion rate of quercetin against LMBRaV infection in large
mouth bass was 57.7% and the therapeutic protection rate 
was 40%. This results indicated that quercetin had better 
preventive effect than therapeutic effect on LMBRaV in
fection in largemouth bass. Additionally, quercetin demon
strated a significant reduction in viral load. Previous stud
ies have reported that saikosaponin C can increase the 
survival rate of largemouth bass infected with LMBRaV by 
83.3%.10 Under laboratory artificial infection conditions, 
the anti-LMBRaV effect of saikosaponin C is better than 
that of quercetin. However, its effectiveness in natural 
aquaculture settings still requires further verification. 
Drugs may exert antiviral effects by interfering with viral 
replication or activating host immunity.36 Immunostimu
lants have the ability to enhance both nonspecific and spe
cific defense mechanisms in fish, thereby enhancing their 
immune competence and resistance to diseases.17 Emerg
ing evidence indicates that natural small molecules have 
the potential to enhance various immune responses, in
cluding activating the immune pathway, promoting anti
body production, and activating the lysosomal system.37,
38 Prior research has demonstrated that artemisinin could 
against SVCV infection by upregulating immune-related 
genes such as type I IFN (IFN1), IFN-stimulated gene prod
uct 15 (ISG15), Mx1, and viperin.39 Studies have also shown 
that coumarin can inhibit pathogen infection by increasing 
the expression of antimicrobial peptide-related genes.40 In 
the present investigation, the administration of quercetin 
in largemouth bass resulted in a notable upregulation of 
immune-related genes, such as IFN-γ, MHC-1, and Mx1. 
Nrf2 is involved in activating a series of genes related to 
cell protection and antioxidant enzymes. In addition, Nrf2 
plays a key role in the regulation of inflammatory response 
in the initial stage of viral infection.41 The present study 
found that quercetin upregulated the expression of Nrf2, 
indicating that quercetin may enhance the host’s immune 
response by promoting the expression of immune related 
genes. These results indicated that quercetin could be used 
as an immunostimulant to prevent and treat viral diseases 
in aquaculture. Histopathological analysis demonstrated 
that LMBRaV can induce significant tissue damage in im
mune organs of largemouth bass, while quercetin has the 
ability to mitigate this pathological damage caused by LM
BRaV. It is worth noting that in natural aquaculture set
tings, factors such as the aquatic environment, temperature 
fluctuations, the types and quantities of pathogens, and 

human interventions can all affect the immune response of 
largemouth bass, thereby influencing the efficacy of antivi
ral drugs. 
In conclusion, this study demonstrates the efficacy of 

quercetin in inhibiting LMBRaV replication both in vitro 
and in vivo. Moreover, quercetin maintains cellular mor
phology, reduces LMBRaV-induced nuclear damage, and in
activate the virus directly. In addition, quercetin enhanced 
the innate immune response of largemouth bass, indicating 
its promise as an immune stimulant to prevent disease out
breaks in largemouth bass farming. 
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