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Growing evidence suggests a close relationship between gut microbiota and infectious
diseases. However, the specific role of gut microbiota in host-pathogen interactions
during aquaculture-related infections remains poorly understood. This study investigated
the diversity and composition of gut microbiota communities in Aeromonas
veronii-infected Lateolabrax maculatus using high-throughput sequencing. The results
revealed significant changes in the structure and composition of L. maculatus gut
microbiota after A. veronii infection. Over time, Bacteroidetes and Firmicutes decreased
significantly, while Proteobacteria increased significantly after A. veronii infection. Most
intestinal bacteria showed a decline in abundance over time, with probiotics (such as
Lactobacillus) experiencing a significant decrease and pathogens (such as Aeromonas)
showing a significant increase. Conversely, no differences were observed in the structure
and composition of gut microbiota between healthy L. maculatus and those infected with
A. veronii after treatment with Lactobacillus plantarum; no changes in relative abundances
of other bacterial phyla or genera except for Aeromonas. Furthermore, intestinal flora’s
structural diversity and composition differed significantly from untreated L. maculatus
infected with A. veronii. These findings suggest alterations in the structure and
composition of gut microbiota following A. veronii infection. L. plantarum can maintain a
dynamic balance within the intestinal flora, reducing the potential risk of pathogen
infections.

INTRODUCTION pacting its sustainable development.> As aquaculture plays
a vital role in global food security, understanding and man-
aging the factors influencing fish health, such as gut micro-
biota dynamics during infections, contribute to ensuring a
stable and secure food supply.

Diseases caused by bacterial infections, such as
Aeromonas. spp, are a major cause of high mortality in
farmed fish. These infections can lead to bacterial hem-
orrhagic septicemia (BHS),® exercise Aeromonas septicemia
(MAS)7 and epidemic ulcer syndrome (EUS).8 Among these
infections, Aeromonas veronii (A. veronii), identified as an
opportunistic pathogen,®10 has demonstrated its ability to

The global population is growing rapidly, leading to an in-
creased demand for food.! Ensuring that food provision is
both safe and sustainable is of paramount importance. Over
the past few decades, aquaculture has emerged as one of
the fastest-growing animal food sources, owing to its rapid
expansion and intensive development. It plays an increas-
ingly important role in the global food supply.2-4 Infectious
diseases caused by viruses, bacteria, and other pathogens
are common occurrences in the aquaculture industry, re-
sulting in substantial economic losses and significantly im-
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infect a diverse range of fish species, such as cyprinid fish,!1
Largemouth bass (Micropterus salmoides),!2 freshwater dark
sleeper (Odontobutis potamophila),!> Nile tilapia (Ore-
ochromis niloticus),!4 and crucian carp (Carassius caras-
sius),1> among others. Recent research has indicated a po-
tential association between A. veronii and alterations in
intestinal flora.16

The gut microbiota comprises various microorganisms,
including probiotics, pathogens, and neutral bacteria.l7.18
These microorganisms play important roles in regulating
the host’s physiology, immunity, and nutrition.19-21 Pre-
vious studies have demonstrated a strong connection be-
tween alterations in intestinal flora and numerous diseases,
including diarrhea, obesity, diabetes, and cancer.22-25 Sev-
eral studies have also revealed that pathogen infections
can alter the composition of fish intestinal microflora.26-28
The intestinal tract may also serve as a potential source
or route for pathogenic infections.2%:30 Simultaneously, Re-
cent research has highlighted the significant role of probi-
otics as alternatives to antibiotics for disease control, which
have shown substantial effects in modulating gut micro-
biota, promoting host growth and metabolism, and inhibit-
ing pathogens.31-33 Lactobacillus plantarum (L. plantarum),
a Gram-positive lactic acid bacterium, has demonstrated its
potential as a probiotic, particularly in suppressing patho-
genic bacteria and regulating host gut microbiota.34 Stud-
ies have shown that including L. plantarum in feed can en-
hance the growth of Nile tilapia and increase resistance
to Aeromonas hydrophila infection.35 In the large yellow
croaker (Larimichthys crocea), L. plantarum has exhibited
significant antimicrobial activity against several aquacul-
ture-related pathogens.3¢ Moreover, bacteriocins produced
by L. plantarum effectively inhibit the growth of Staphylo-
coccus aureus, Listeria monocytogenes and other bacteria.3”
These findings demonstrate the potential of L. plantarum
as a probiotic in aquaculture, offering a viable alternative
to antibiotics for disease prevention and control.

Lateolabrax maculatus (L. maculatus) is widely distrib-
uted in East Asia, extending to the border between China
and Vietnam in the south to the southeast coast of South
Korea in the north.38 This species holds significant eco-
nomic importance and has gained prominence as one of
the most promising breeds owing to the rapid growth of
the L. maculatus culture industry.3? However, L. maculatus
is susceptible to Aeromonas disease caused by A. veronii.40
Currently, most research on fish disease resistance mecha-
nisms mainly focuses on physiological and transcriptional
aspects post-infection, with limited exploration of the role
of intestinal microorganisms in disease resistance. There
have been limited studies on the composition and structure
of the intestinal microflora of L. maculatus during bacterial
infection. Additionally, the impact of L. plantarum on the
gut microbiota of L. maculatus remains unexplored. There-
fore, this study aimed to investigate the composition and
differences in the intestinal flora of healthy and A.
veronii-infected L. maculatus, evaluate the microbiota
changes caused by the disease, and assess the effect of L.
plantarum on the gut microbiota of L. maculatus during bac-
terial infection. Based on the previous information, we har-

vested intestinal tissue samples from healthy L. maculatus
at various time points after injection of A. veronii, preceded
by the pretreatment with L. plantarum. This study holds
the potential to provide theoretical insights into enhancing
the prevention and control of bacterial infections and the
development of probiotics within large-scale, high-density,
and intensive cultures of L. maculatus.

MATERIALS AND METHODS
ETHICS STATEMENT

L. maculatus is neither an endangered nor a protected
species, and conducting experiments with this species in
China does not require permission. The animal experiment
was approved by the Animal Ethics Committee of the Chi-
nese Academy of Fishery Sciences (Approval No.
2011AA1004020012).

EXPERIMENTAL ANIMALS, BACTERIAL, AND SAMPLE
COLLECTION

Healthy L. maculatus specimens were sourced from the
Zhuhai Experimental Base of the South China Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences
(Guangzhou, China). Prior to infection, L. maculatus (65 *
3 g) were randomly distributed into two separate culture
buckets (500 L) with 30 fish in each bucket. They were
maintained in aerated freshwater at 29 = 1 °C, with one-
third of the water being replaced daily.

Feeding was stopped 24 h before the start of the experi-
ment. In the bacterial challenge experiment, the entire in-
testinal tissues of three fish were initially extracted from
each of the two culture buckets. Subsequently, the remain-
ing fish in both culture buckets were injected intraperi-
toneally with A. veronii at a dose of 8.5 x 108 CFU/g. The
entire intestinal tissues were collected from L. maculatus at
two distinct time points (24 and 48 h) post-injection (three
biological replicates at each time point). All collected sam-
ples were frozen in liquid nitrogen and stored at -80 °C for
further analysis. The A. veronii colonies utilized in the chal-
lenge tests were preserved in our laboratory. The L. plan-
tarum used in the experiment is a commercially available
strain commonly used as a dietary supplement.

DNA EXTRACTION

Microbial DNA was extracted using the HiPure Soil DNA Kit
or HiPure Stool DNA Kit (Magen, Guangzhou, China) ac-
cording to the instructions of the manufacturer. The V3-V4
region of the 16S rDNA target, part of the ribosomal RNA
gene, was amplified by polymerase chain reaction (PCR) (95
°C for 5 min, followed by 30 cycles at 95 °C for 1 min, 60
°C for 1 min, and 72 °C for 1 min and a final extension
at 72 °C for 7 min) using primers 341F (CCTACGG GNG-
GCWGCAG) and 806R (GGACTACHVGGGTATCTAAT). The
PCR reaction mixture consisted of 50 pL, containing 10 uL
of 5 x Q5@ Reaction Buffer, 10 uL of 5 x Q5@ High GC
Enhancer, 1.5 pL of 2.5 mM deoxynucleotide triphosphates
(dNTPs), 1.5 pL of each primer (10 puM), 0.2 uL of Q5@
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High-Fidelity DNA Polymerase, and 50 ng of template DNA.
All PCR reagents were purchased from New England Bio-
labs (USA). Amplicons were extracted from 2% agarose gels,
purified using the AxyPrep DNA Gel Extraction Kit (Axy-
gen Biosciences, USA) according to the instruction of the
manufacturer, and quantified using the ABI StepOnePlus
Real-Time PCR System (Life Technologies, USA). The pu-
rified amplicons were combined in equimolar proportions
and subjected to paired-end sequenced (PE250) on an Illu-
mina 2500 platform according to standard protocols.

BIOINFORMATICS ANALYSIS

After sequencing, raw reads were filtered using FASTP#!
(version 0.18.0) to obtain high-quality clean reads. Sub-
sequently, clean paired-end reads were merged into raw
tags using FLASH*Z (version 1.2.11) designed for accurate
merging based on overlap analysis. Noisy sequences were
removed to obtain high-quality clean tags using specific
filtering conditions.43 Utilizing the UPARSE pipeline*4 (ver-
sion 9.2.64), the clean tags were clustered into operational
taxonomic units (OTUs) with a similarity threshold of >
97%. All chimeric tags were removed using the UCHIME al-
gorithm.4> Representative sequences for each OTU were se-
lected based on the highest abundance tag sequence. The
representative OTU sequences were classified using a naive
Bayesian model in the RDP classifier®¢ (version 2.2) based
on the SILVA database?’ (version 132), with a confidence
threshold of 0.8. Abundance statistics for each taxonomy
were visualized using Krona%® (version 2.6). Community
composition was visualized using stacked bar plots in R
with the ggplot2 package?? (version 2.2.1), and species
abundance heatmaps were created using the pheatmap
package0 (version 1.0.12) in the R project. Venn diagrams
for group comparisons were generated using the VennDia-
gram package>! (version 1.6.16) in R. Alpha diversity met-
rics, including Chaol, Shannon, Simpson, and Good’s cov-
erage, were computed to assess species richness and
evenness within microbial communities using the vegan
package in QIIME®? (version 1.9.1). including Adonis (PER-
MANOVA) and Anosim tests, were performed using the ve-
gan package in R>3 (version 2.5.3) and plotted in R project
ggplot2 package?® (version 2.2.1). Statistical analysis of
Adonis (also called Permanova) and Anosim test was calcu-
lated in R project Vegan package®3 (version 2.5.3). Diversity
indices and bacterial abundances among different groups
were compared using one-way ANOVA. Statistical signifi-
cance was set at P < 0.05.

RESULTS
SEQUENCES ANALYSES

High-throughput sequencing was used to analyze sample
sequences. After data optimization, 303,793 effective se-
quences were obtained from the 18 intestinal samples of L.
maculate (Table. 1). Based on 97% sequence identity, the ef-
fective sequences were divided into 2,845 OUTs. The num-
ber of OTUs per sample varied, ranging from 161 to 760
(Table 1). Moreover, in the infection groups (V0, V24, and

V48), 69 common OTUs were identified, while in the in-
fection groups after pretreatment with L. plantarum (LVO,
LV24, and LV48), 203 common OTUs were observed (Fig.
1 A and B). There were 51 common OTUs among the six
different small groups (Fig. 1C). The saturation observed
in the Shannon, Simpson, and rank abundance curves sug-
gests that the sequencing depth, abundance, and homo-
geneity adequately capture gut microbiota diversity in the

samples (Fig. 2A-C).

ANALYSIS OF THE DIVERSITY OF THE INTESTINAL
MICROBIAL COMMUNITY

To assess the alpha diversity of gut microbial communities
in various treatment groups and time points, Chaol, Shan-
non, and Good’s coverage indices were used. The Good’s
coverage estimates across all samples ranged from 99.74%
t0 99.96%, indicating exceptional coverage (Table 2). Figure
3A presents the mean value of the Chaol index, which was
significantly higher in the VO group than in the V24 (p <
0.01) and V48 groups (p < 0.01), indicating a significant dif-
ference in intestinal flora abundance between the VO group
and the other two groups. Similarly, the mean Chao 1 in-
dex was significantly higher in the LV24 group than in the
V24 group (p < 0.01), indicating a significant difference in
gut microbe abundance between these two groups. Further-
more, the mean Chaol index was significantly higher in the
LV48 group than in the V48 group (p < 0.01). Addition-
ally, the mean Shannon’s index was significantly higher in
the VO group than in the V24 and V48 groups (p < 0.05).
This indicated a significant difference in the homogeneity
of the gut microbes between the VO group and the other
two groups. The Shannon index was significantly lower in
the V24 group than in the LV24 group (p < 0.05). A sim-
ilar significant difference was observed in the V48 group
compared with the LV48 group (p < 0.05) (Fig. 3B). How-
ever, the LV24 and LV48 groups showed large dispersion,
and PcoA indicated a significant difference in the gut mi-
crobiota composition across all six groups (Adonis, R2 =
0.569, p < 0.001), with a 53.39% distance in PCol. Notably,
the LV24 and LV48 groups formed a cluster in PCol, the
V24 and V48 groups clustered together in PCol, and the VO
group clustered with the LVO group (Fig. 4A-B).

COMPOSITION ANALYSIS OF THE GUT MICROBIOTA
COMMUNITY STRUCTURE AT THE PHYLUM LEVEL IN
DIFFERENT GROUPS

The gut microbiota community structures of the different
treatments were evaluated at the phylum level based on
the sampling time. Among the 27 bacterial phyla identified,
with a few unclassified OTUs, the dominant phyla in the
gut microbiota of the VO group (healthy fish) were Fir-
micutes (58.98%), Bacteroidetes (18.35%), Proteobacteria
(9.92%), and Actinobacteria (5.72%) (Fig. 5A). The relative
abundance of Proteobacteria increased significantly at 24 h
(p < 0.01), whereas the relative abundances of Firmicutes
(p < 0.001) and Bacteroidetes (p < 0.001) decreased sig-
nificantly (Fig. 6A-C). In the L. plantarum pretreatment
group, the dominant phyla in the gut microbiota of the
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Table 1. Sequencing data for each sample

Sample Raw Reads Effective Tags OTUs
V-0-1 130356 105749 595
V-0-2 133764 110239 636
V-0-3 123406 103373 621
V-24-1 136024 117026 174
V-24-2 124077 110901 208
V-24-3 122762 118196 349
V-48-1 129952 114606 193
V-48-2 123784 111114 283
V-48-3 132044 113303 161
Lv-0-1 121079 99948 687
LV-0-2 137628 111702 605
LV-0-3 127880 104945 638
LVv-24-1 136533 113588 624
LV-24-2 122326 99922 591
LV-24-3 122861 107341 682
LVv-48-1 129016 124583 392
LVv-48-2 124858 87536 559
LV-48-3 125198 101232 760
A B C
Vo V24 LvO Lv24 V24
101
3
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280
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Figure 1. Venn diagrams depicting the composition of operational taxonomic units (OTUs).

A: Venn diagrams comparing the V0, V24, and V48 groups; B: Venn diagrams comparing the LV0, LV24, and LV48 groups; C: Venn diagrams comparing the six different groups. VO
represents untreated healthy fish, V24 represents 24 h after A. veronii infection, V48 represents 48 h after A. veronii infection; LVO represents healthy fish with L. plantarum pretreat-
ment, LV24 represents fish 24 h after A. veronii infection under L. plantarum pretreatment, and LV48 represents fish 48 h after A.veronii infection under L. plantarum pretreatment.

LVO group (healthy fish) were Firmicutes (55.61%), Bac-
teroidetes (19.84%), Proteobacteria (12.31%), and Acti-
nobacteria (6.43%) (Fig. 5A). These were similar to the com-
position of the VO group; however, their relative
abundances differed. The relative abundances of Pro-
teobacteria, Firmicutes, and Bacteroidetes remained stable
over time; however, a notable contrast was observed in the
untreated diseased fish. Specifically, the untreated diseased
fish displayed a higher relative abundance of Proteobacte-
ria, while the relative abundances of Firmicutes (p < 0.001)
and Bacteroidetes (p < 0.01) were significantly lower com-

pared with those in the diseased fish in L. plantarum pre-
treatment group (Fig. 6A-C).

The top 20 bacterial genera in each group are shown
in the abundance heatmap (Fig. 5B). The results from Fig.
5B and C indicate that the dominant flora in both healthy
fish and those treated with L. plantarum were the same, al-
though the relative abundances differed. Over time, apart
from a few bacterial genera (mostly pathogenic bacteria),
the relative abundance of bacterial genera in the untreated
diseased fish significantly decreased than that in healthy
fish. Most of the bacterial genera in the untreated diseased
fish exhibited a downward trend; however, the overall
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Figure 2. Feasibility analysis of sequencing data.
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Rarefaction curves of Shannon(A), Simpson(B), and the rank abundance curve (C) were used to evaluate the sequencing depth, abundance, and homogeneity for each sample; each
curve indicates a sample. VO represents untreated healthy fish, V24 represents fish 24 h after A. veronii infection; V48 represents fish 48 h after A. veronii infection; LVO represents
healthy fish with L. plantarum pretreatment, LV24 represents fish 24 h after A. veronii infection under L. plantarum pretreatment, and LV48 represents fish 48 h after A. veronii infec-

tion under L. plantarum pretreatment.

Table 2. Alpha diversity indices of gut microbiota in each group

Group Chao 1 Shannon Goods coverage
VO 819.6748 6.294777 0.997923542
V24 260.8141 2266413 0.999530325
V48 224.686 2.212665 0.999601221
LvVO 879.8382 6.374039 0.997751128
Lv24 944.9923 6.006303 0.997559568
Lv48 908.4409 4979198 0.997446116
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Figure 3. Comparative analysis of the alpha diversity indices of gut microbiota in different groups.

Alpha diversity of the gut microbiota was assessed using Chaol (A) and Shannon (B). Statistical significance is denoted by *, p < 0.05; **, p < 0.01. VO represents untreated healthy
fish, V24 represents fish 24 h after A. veronii infection; V48 represents fish 48 h after A. veronii infection; LVO represents healthy fish with L. plantarum pretreatment, LV24 represents
fish 24 h after A. veronii infection under L. plantarum pretreatment, and LV48 represents fish 48 h after A. veronii infection under L. plantarum pretreatment.

downward trend was lower than that in the diseased fish af-
ter L. plantarum treatment. Among them, the relative abun-
dance of Aeromonas significantly increased at 24 h (p <
0.001) and decreased at 48 h (p < 0.01) in both untreated in-
fected fish and L. plantarum-treated fish. The relative abun-
dance of Aeromonas was significantly lower in the LV48
group than in the V48 group (p < 0.001) (Fig. 6D). For Vib-
rio, the relative abundance increased significantly over time
in untreated infected fish (p < 0.05) compared with healthy
fish, however, there was no significant change in infected

fish treated with L. plantarum (Fig. 6E). Regarding Acine-
tobacter, the relative abundance in untreated diseased fish
increased significantly increased at 24 h (p < 0.001) and
decreased at 48 h (p < 0.001), while that of Acinetobacter
in diseased fish treated with L. plantarum showed no sig-
nificant change (Fig. 6F). The relative abundance of Lacto-
bacillus and Bifidobacterium in untreated diseased fish sig-
nificantly decreased over time than that in healthy fish (p
< 0.05), but there was no significant difference in the rel-
ative abundance of Lactobacillus and Bifidobacterium in L.
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Figure 4. Comparative analysis of beta diversity indices of gut microbiota in different groups.

A: PCoA analysis of enteric microbes in different groups. B: Adonis (permanova) test in different groups. VO represents untreated healthy fish, V24 represents fish 24 h after A. veronii
infection; V48 represents fish 48 h after A. veronii infection; LVO represents healthy fish with L. plantarum pretreatment, LV24 represents fish 24 h after A. veronii infection under L.
plantarum pretreatment, and LV48 represents fish 48 h after A. veronii infection under L. plantarum pretreatment.
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Figure 5. Relative abundance of the gut microbial composition of different groups.

A: Top 10 dominant phylum of the L. maculatus enteric microbiota composition, with the remaining phyla combined into the category “Others”; B: Top 20 primary genera of the L.
maculatus enteric microbiota composition, with the remaining genera merged into the category “Others”; C: Heatmap illustrating the top 20 most abundant bacterial genera of bac-
terial genus level in each group. Bacterial genera and groups were clustered using the average algorithm, and the color blocks represent the relative abundance of each genus. VO rep-
resents untreated healthy fish, V24 represents fish 24 h after A. veronii infection; V48 represents fish 48 h after A. veronii infection; LVO represents healthy fish with L. plantarum pre-
treatment, LV24 represents fish 24 h after A. veronii infection under L. plantarum pretreatment, and LV48 represents fish 48 h after A. veronii infection under L. plantarum
pretreatment.

plantarum-treated diseased fish (Fig. 6G and H). The rela- different from those in L. plantarum-treated diseased fish (p
tive abundances of Vibrio, Acinetobacter, Lactobacillus, and < 0.05) (Fig. 6E-H).
Bifidobacterium in untreated diseased fish were significantly
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Figure 6. Differences in intestinal bacteria abundance were evaluated among each group.

A-C: Variations in phylum abundance among different groups; D—H: Disparities in genus abundance among each group. VO represents untreated healthy fish, V24 represents fish 24
h after A. veronii infection; V48 represents fish 48 h after A. veronii infection; LVO represents healthy fish with L. plantarum pretreatment, LV24 represents fish 24 h after A. veronii in-
fection under L. plantarum pretreatment, and LV48 represents fish 48 h after A. veronii infection under L. plantarum pretreatment. The results were evaluated using one-way ANOVA.
All data are presented as mean * SD. Statistical significance is denoted by *P<0.05, **P<0.01, ***P<0.001.

DISCUSSION

Aeromonas spp. have consistently posed significant threats
in aquaculture, causing infectious diseases that result in
significant economic losses globally.>4 In recent years, the
role of the gut microbiota in host disease resistance has
become a frontier of research. Many studies have demon-
strated the connection between various diseases and alter-
ations in the intestinal microflora.3255.56 The gut micro-
biota plays a crucial role in preventing and treating diseases
by regulating the intestinal barrier and environment,
thereby reducing the invasion and colonization of
pathogens. Given the growing threat posed by infectious
pathogen invasion in the fish culture industry, it is essen-
tial to explore the relationship between pathogen invasion
and the diversity of the intestinal flora. Such exploration is
vital for understanding how intestinal microorganisms af-
fect host health and for developing effective measures to
prevent or treat diseases. Moreover, probiotics have been

demonstrated to stimulate host growth and development,
boost host immunity, and potentially replace antibiotics.5”
Using high-throughput sequencing, this study compared
and analyzed the diversity and dynamic changes in the in-
testinal flora of L. maculatus infected with A. veronii and L.
maculatus infected with A. veronii after pretreatment with L.
plantarum. This study aimed to investigate the effects of A.
veronii infection on the intestinal flora of L. maculatus and
the modulation of the intestinal flora of L. maculatus by L.
plantarum.

The Chao 1 index, Shannon index, and PCoA analyses
revealed distinct patterns in this study. The untreated in-
fected group exhibited a significant decrease in diversity
over time. In contrast, the diversity of the infected group
with L. plantarum pretreatment remained relatively stable
over time, and the difference in diversity between the two
groups was significant. These findings suggest that A.
veronii infection reduces the abundance and evenness of
microbial diversity in L. maculatus, while L. plantarum con-
tributes to the preservation of microbial diversity. Previous
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research has indicated that a higher diversity of gut mi-
crobes is advantageous for maintaining dynamic intestinal
balance and function.58

Maintaining the “microbial balance” in the intestinal
tract is vital to health. When analyzing the gut microbiota
composition in L. maculatus, Firmicutes, Bacteroidetes, and
Proteobacteria emerged as the dominant phyla, aligning
with previous findings on fish intestinal flora.>® Proteobac-
teria constituted the largest phylum in infected fish, en-
compassing well-studied pathogens and indicating dysbio-
sis in the gut microbiota.6%-61 The increase in the relative
abundance of Proteobacteria may contribute to the devel-
opment of inflammatory bowel disease.%2 These findings
show that a higher Proteobacteria abundance heightens the
susceptibility of fish to pathogenic infections. Additionally,
Bacteroidetes was also a dominant phylum in the intestinal
flora of healthy fish. Studies have shown that Bacteroides
is related to the intestinal immune response,®364 and a
higher abundance of Bacteroidetes helps to improve host
immunity and contributes to the dynamic balance of gut
microbiota.®5 In our study, compared with healthy fish, in-
fected fish exhibited an increase in Proteobacteria abun-
dance and a decrease in Bacteroidetes abundance over time.
This suggests an imbalance in the intestinal flora of A.
veronii-infected L. maculatus. In contrast, diseased fish
treated with L. plantarum showed a lower abundance of Pro-
teobacteria and a higher abundance of Bacteroidetes than
those in untreated diseased fish. This indicates that L. plan-
tarum treatment is beneficial in reducing infection risk and
maintaining intestinal flora balance.

At the genus level, A. veronii infection increased the
abundance of some pathogenic bacteria and reduced the
abundance of many beneficial bacteria compared to healthy
fish. This disturbance in intestinal flora’s environmental
balance may reduce the intestinal tract’s resistance to path-
ogenic bacteria. In contrast, fish pretreated with L. plan-
tarum exhibited a more stable intestinal flora, highlighting
the role of L. plantarum in preserving microbial diversity
during prevention and antibacterial treatment. Compara-
tively, untreated diseased fish displayed higher Aeromonas,
Vibrio, and Acinetobacter levels and lower Lactobacillus and
Bifidobacterium levels. While the Aeromonas content was
higher in diseased fish with L. plantarum pretreatment than
in healthy fish, there were no significant changes in Vibrio,
Acinetobacter, Lactobacillus, and Bifidobacterium. Addition-
ally, the Vibrio, Acinetobacter, Lactobacillus, and Bifidobac-
terium levels in untreated diseased fish were lower than
those in diseased fish with L. plantarum pretreatment.
Changes in Aeromonas may directly result from A. veronii
infection, as indicated by a similar study.®® Additionally,
Vibrio, an opportunistic pathogen prevalent in freshwater
and seawater, is a leading cause of Vibrio disease in aqua-
culture,®7 presenting symptoms such as fish septicemia and
gastroenteritis, among other symptoms.®8 Acinetobacter,
identified as a fish pathogen, poses a new threat to the
aquaculture industry, leading to severe septicemia out-
breaks in fish farms.%® An imbalance in the intestinal mi-
crobial structure may have caused the increase in relative
abundance of Vibrio and Acinetobacter. Lactobacillus and Bi-

fidobacterium are probiotic bacteria. Lactobacillus promotes
host growth and reproduction, improve immunity, and dis-
ease resistance,’0-72 while Bifidobacterium induces better
growth of trout seedlings and increase digestion and nutri-
tional utilization.”3 In addition, CpG oligodeoxynucleotides
(ODNSs) from Bifidobacterium may serve as immunostimu-
latory modulators of the immune response.”# LAB combi-
nations (Lactobacillus and Bifidobacterium) can improve the
host’s growth performance and intestinal health and re-
duce the risk of pathogenic infections.”> Therefore, it is
speculated that A. veronii infects the intestine and sup-
presses some beneficial bacteria, such as Lactobacillus and
Bifidobacterium. This suppression could create an environ-
ment where Aeromonas and other pathogenic bacteria oc-
cupy more niches, ultimately disrupting the balance of in-
testinal flora. Treatment with L. plantarum helps maintain
the dynamic balance of intestinal flora and potentially pro-
tects sea bass.

In conclusion, this study investigates the composition
and differences in the gut microbiota of healthy and A.
veronii-infected L. maculatus to assess the microbial alter-
ations caused by the infection and evaluate the influence
of L. plantarum during the bacterial infection process. The
findings indicate that A. veronii infection disrupts the gut
microbiota equilibrium in L. maculatus. L. plantarum may
stabilize the gut microbiota, thereby providing protection
against A. veronii infection. These results offer theoretical
support for developing strategies to prevent bacterial infec-
tions and promote the use of probiotics in the intensive,
high-density aquaculture of L. maculatus.
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