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The coagulation property of hemolymph is one of the characteristic indicators of the 
immune function of crustaceans. This article focuses on the abnormal phenomenon of 
wild Charybdis japonica, where the hemolymph cannot coagulate in the Qinhuangdao Sea 
area. The pathogens were isolated and purified, and three dominant strains, N1, N2, and 
Q1, were obtained. These strains were identified as Vibrio natriegens, V. fortis, and 
Metschnikowia bicuspidata through morphological observation, physiological and 
biochemical experiments, and 16S rDNA or ITS sequence analysis. Subsequently, drug 
sensitivity and probiotic antagonism analyses were performed. Considering the potential 
for cross-species transmission of crustacean pathogens, the isolated pathogens may bring 
potential hazards to Portunus trituberculus, an important aquaculture economic species in 
China. Therefore, artificial infection and histopathological analysis were conducted on P. 
trituberculatus. The results of drug sensitivity and antagonism assays revealed that stain 
V. natriegens exhibited susceptibilities towards antibiotics such as streptomycin and 
norfloxacin, but 10 probiotics had no antagonistic effect on it; strain V. fortis exhibited 
susceptibilities to antibiotics such as tetracycline and chloramphenicol, moreover, strain 
V. fortis showed inhibitory effects on Bacillus velezensis and B. amyloliquefaciens. Strain M. 
bicuspidata exhibited drug susceptibility towards polymyxin B and showed inhibitory 
effects on B. toyonensis, B. velezensis, and B. amyloliquefaciens. The results of artificial 
infection tests using V. natriegens, V. fortis, and M. bicuspidata in P. trituberculatus showed 
cumulative mortality rates of 100%, 75%, and 35%, respectively, after 120 hours of 
infection. The hemolymph of the deceased P. trituberculatus following injection with 
strain V. natriegens or V. fortis exhibited a light blue and did not coagulate normally. 
Conversely, the hemolymph of the deceased crabs following injection with strain M. 
bicuspidata appeared milky white and normal coagulation. Histopathology examination 
demonstrated that strains V. natriegens, V. fortis, and M. bicuspidata can all induce lesions 
in several tissues. This study is the first to isolate V. natriegens and V. fortis from 
crustaceans, and the infection tests on the P. trituberculatus can replicate the symptoms, 
such as hemolymph noncoagulation. Based on these findings, it is speculated that the 
pathogens capable of casing hemolymph noncoagulation syndrome in P. trituberculatus 
may originate from wild C. japonica. The drug resistance and probiotic antagonism test 
results can provide a theoretical basis for precise medication and offer insights into the 
development and application of probiotic preparations targeting the three pathogens. 
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INTRODUCTION 

Charybdis japonica and Portunus trituberculatus belong to 
the family Portunidae and are both economically valuable 
marine crabs.1 They are naturally distributed in the Yellow 
Sea, Bohai Sea, and East China Sea of China. The C. japonica 
is primarily harvested from wild natural resources, while 
the P. trituberculatus is the largest commercially farmed 
marine crab species in China. However, the farming yield 
of P. trituberculatus has been influenced by multiple factors 
such as climate, farming practices, and diseases. 

Hemolymph in crustaceans serves as a primary mediator 
of both cellular and humoral immunity, with coagulation 
properties being indicative of its immune functionality.2,

3 Previous studies have shown that various pathogens, in
cluding rickettsia, bacteria, fungi, and parasites, can cause 
coagulation abnormalities of hemolymph in crustaceans. 
Wang and coworkers4,5 found that rickettsia present in the 
hemolymph of trembling disease-infected E. sinensis could 
replicate the disease, and dissecting the diseased crabs re
vealed slow or absent coagulation of the hemolymph. He 
and coworkers6 discovered that Vibrio anguillarum and V. 
vulnificus could induce coagulation abnormalities and mus
cle opacity or whitening in P. trituberculatus. Yan and 
coworkers7 found that V. parahaemolyticus, V. alginolyticus, 
Pseudomonas aeruginosa, and other bacteria could cause au
totomy of chelipeds and ambulatory legs in P. tritubercula
tus, with symptoms of slow or absent hemolymph coagula
tion and muscle opacity upon dissection. Fungi, including 
Candida oleophila,8 M. bicuspidata,9 and C. lusitaniae,10 

have also been identified as causes of coagulation abnor
malities in crustacean hemolymph. Xu et al. Isolated and 
confirmed the pathogenicity of the C. oleophila from the 
milky fluid in the carapace of “milky disease” affected P. 
trituberculatus. Similarly, Xu and coworkers9 found that M. 
bicuspidata could cause “milky disease” in E. sinensis. Wang 
and coworkers11,12 reported that infection with Hemato
dinium sp. in P. trituberculatus resulted in copious fluid dis
charge with a cloudy, noncoagulating appearance. Further
more, mixed infections with multiple pathogens have been 
identified as causes of coagulation abnormalities. Wang and 
coworkers10 found that “milky disease” in P. trituberculatus 
was caused by co-infection with V. alginolyticus and C. lusi
taniae, while Stentiford and coworkers13 identified yeast-
like organisms co-infecting Necora puber and Cancer pagu
rus infected with Hematodinium sp. Although Zhao14 

purified and detected white spot syndrome virus (WSSV) 
from tissues of artificially infected milky disease crabs, the 
disease symptoms were not reproduced in the infected 
crabs. From February to May 2022, we observed a sustained 
occurrence of hemolymph noncoagulation in C. japonica 
captured from the nearshore waters of Qinhuangdao. Al
though similar phenomena have been reported in cultured 
P. trituberculatus4 and cultured Eriocheir sinensis,15 scant 
literature exists regarding such pathologies in C. japonica. 
This study aims to explore the phenomenon of hemolymph 
coagulation abnormalities in C. japonica from a pathogenic 
perspective and identify potential pathogens. 

C. japonica is a common species in nearshore areas, 
while P. trituberculatus is an economically significant aqua
culture species along the coastal regions of China. There 
is a certain degree of commonality in the pathogens af
fecting crustaceans16,17, the larvae of C. japonica, harboring 
pathogens, may enter shrimp and crab aquaculture ponds 
through external seawater sources, potentially leading to 
disease outbreaks of P. trituberculatus. Therefore, we con
ducted infection trials and histopathological analysis on P. 
trituberculatus using dominant bacteria isolated from the 
hemolymph of C. japonica. Additionally, antimicrobial re
sistance and probiotic antagonism assays were performed 
on the isolated pathogens. The results of these experiments 
are expected to contribute to a better understanding of the 
sources and transmission pathways of pathogens causing 
diseases in P. trituberculatus, thereby providing theoreti
cal support for the development of appropriate biosecurity 
measures and targeted disease control strategies. 

MATERIALS AND METHODS 

EXPERIMENTAL ANIMALS AND PROBIOTIC STRAINS 

The C. japonica was captured from the nearshore waters of 
Qinhuangdao, with an average weight of 100g ± 10g. A to
tal of 20 individuals were collected. The crabs exhibited low 
vitality and showed no apparent signs of illness upon vi
sual inspection. Following hemolymph extraction, the he
molymph failed to coagulate under ambient temperature 
conditions. 

The healthy P. trituberculatus was sourced from a crab 
aquaculture facility located in Nanpai River, Huanghua. 80 
of the P. trituberculatus had an average weight of 30g ± 3g, 
and were confirmed negative for specific pathogens through 
testing before being utilized in artificial infection experi
ments. 

Probiotics: Bacillus mucilaginosus, Brevibacillus lat
erosporus, Lactobacillus plantarum, Enterococcus faecalis, B. 
subtilis, B. aryabhattai, and B. amyloliquefaciens were stored 
in the laboratory of the College of Marine Sciences, Hebei 
Agricultural University. B. paramycoides, B. toyonensis, and 
B. velezensis were stored in the laboratory of the Beidaihe 
Experimental Station, North China Sea Fisheries Research 
Institute, Chinese Academy of Fishery Sciences. 

THE MAIN INSTRUMENTS AND REAGENTS 

Microscope (Leica, DM4 B), McFarland Turbidimeter 
(Hangzhou Qiwei Instrument Co., Ltd., WGZ-XT desktop). 
Bacterial genome and yeast genome DNA extraction kits 
were purchased from Tiangen Biotech (Beijing) Co., Ltd., 
Loeffler’s alkaline methylene blue staining solution (0.1%), 
Gram staining solution purchased from Beijing Solarbio 
Technology Co., Ltd., LB liquid medium, 2216E medium, 
PDA medium, MHA medium, and other culture media were 
purchased from Guangdong Huan Kai Microbial Technology 
Co., Ltd., physiological and biochemical identification kits, 
antibiotic susceptibility test paper purchased from 
Hangzhou Tianhe Microbial Reagent Co., Ltd. 
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INITIAL INSPECTION OF DISEASED CRABS 

Referring to the method in Wang’s paper,18 the hemolymph 
from the pericardial cavity of C. japonica was aspirated us
ing sterile syringes and subjected to smear examination un
der a microscope. Gill filaments were extracted and placed 
on slides for examination by immersion in water. The he
patopancreas were squashed by two slides for microscopic 
examination. The specimens were observed to ascertain the 
presence of parasitic or fungal infections. 

ISOLATION AND PURIFICATION OF BACTERIAL STRAINS 

Hemolymph extracted from C. japonica was streaked onto 
2216E agar plates and PDA agar plates. Following incuba
tion at 30°C for 24 hours, prominent single colonies were 
selected for successive rounds of sub-culturing and purifi
cation, performed twice, to obtain pure cultures. 

MORPHOLOGICAL CHARACTERISTICS OBSERVATION 

The morphological characteristics of purified colonies were 
observed and recorded. Gram staining was performed on 
single colonies grown on 2216E agar plates, while methyl
ene blue staining was conducted on single colonies grown 
on PDA agar plates. 

MOLECULAR BIOLOGICAL IDENTIFICATION 

The total DNA of isolated strains was extracted using bac
terial genomic DNA extraction kits or yeast genomic DNA 
extraction kits. Subsequently, the sequencing of bacterial 
16S rDNA and fungal ITS sequences was outsourced to San
gon Biotech (Shanghai) Co., Ltd. The obtained sequences 
were compared for homology with the GenBank database. 
Based on the alignment results, sequences corresponding 
to strains with higher homology were selected, and a phy
logenetic tree was constructed using the Neighbor-Joining 
(N-J) method implemented in MEGA7.0. 

PHYSIOLOGICAL AND BIOCHEMICAL CHARACTERISTICS 
IDENTIFICATION 

The purified strains were separately inoculated into phys
iological and biochemical identification tubes for the de
termination of physiological and biochemical indices. Ref
erence was made to the “Manual of Common Bacterial 
Systematic Identification” and the “Manual of Characteris
tics and Identification of Yeasts”19 for preliminary identifi
cation of the isolated strains. 

DRUG SUSCEPTIBILITY TESTS 

Disk diffusion tests were employed for antimicrobial sus
ceptibility testing. A volume of 100 µL of pathogenic bac
terial suspension with a concentration of 108 CFU/mL was 
spread onto the surface of Mueller-Hinton agar (MHA) 
plates. After air-drying at room temperature for 3 minutes, 
30 kinds of antimicrobial disks were placed onto the plates, 
with blank disks serving as negative controls. Each kind of 
antimicrobial disk was tested in triplicate, and the plates 

were incubated at a constant temperature of 30°C in an in
verted position for 16 to 18 hours. The diameters of the 
inhibition zones were measured and averaged. The inter
pretation of the inhibition zone diameters was conducted 
according to the standard provided by Hangzhou Microbial 
Reagent Company’s “Interpretation Criteria for Antimicro
bial Susceptibility Testing by Disk Diffusion Method” to de
termine the drug sensitivity of the pathogenic strains. 

DETERMINATION OF THE ANTAGONISTIC EFFECT OF 
PROBIOTICS ON THE ISOLATED BACTERIA 

The probiotic information including species, sources/
strains, culture medium and culture temperature are given 
in Table 1 . Ten probiotics were individually inoculated to 
reach the logarithmic growth phase. The bacterial cultures 
were then harvested and washed with 0.85% NaCl solution. 
Subsequently, the bacterial suspensions were adjusted to a 
density of 0.5 McFarland standard (approximately 1.5×108 

CFU/mL) and further diluted to concentrations of 108, 107, 
and 106 CFU/mL using the same method. Similarly, patho
genic bacterial cultures were adjusted to a concentration of 
108 CFU/mL using the aforementioned procedure for subse
quent experiments.20 

The agar dilution tests21 were employed to conduct an
timicrobial susceptibility testing. A volume of 100 µL of 
pathogenic bacterial suspension with a concentration of 
108 CFU/mL was evenly spread onto nutrient agar (NA) 
plates. After air-drying at room temperature for 3 minutes, 
sterile agar punchers (6 mm) were used to create wells with 
a minimum spacing of 2 cm between each well. Subse
quently, 100 µL of probiotic suspension was added to each 
well. Three replicate wells were prepared for each concen
tration of probiotics. The plates were then incubated at 
30°C for 18 hours in an upright position. The diameters of 
the inhibition zones were measured, and the average diam
eter was calculated. 

ARTIFICIAL INFECTION TEST AND HISTOPATHOLOGICAL 
OBSERVATION 

After a 7-day acclimation period, 80 healthy P. tritubercula
tus, with an average weight of 30g ± 3g, exhibiting smooth 
body surfaces and robust vitality, were selected for artificial 
infection. The test groups and injection conditions were 
shown in Table 2 . The crabs were divided into four groups 
(three tests and one negative control), each consisting of 20 
individuals. The experiment was conducted in a 200 L fiber
glass tank with continuous aeration. For the test groups, a 
volume of 100 µL of pathogenic bacterial suspension with 
a concentration of 1×108 CFU/mL22 was injected into the 
muscle of each crab using a syringe. The control group re
ceived an equal volume of 0.85% NaCl solution by injection. 
Throughout the infection trial, the water temperature re
mained at 22°C, with a constant flow-through circulation 
system and no feeding. Crab behavior and mortality rates 
were observed and recorded every 24 hours. Hemolymph 
from moribund crabs were collected for pathogen reiso
lation. The experiment lasted for 120 hours. Additionally, 
gill filaments, hepatopancreas, chelae, and muscle tissues 
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Table 1. Probiotic information   

Probiotics Source/strain Culture Medium Cultivation Conditions 

B. mucilaginosus CICC 21699 

LB 30°C, 200 rpm, shaken for 12-18 hours 

B. laterosporus CICC 22321 

B. haynesii Pelodiscus sinensis/S15* 

E. faecalis P. sinensis/PL27* 

B. subtilis CICC 10732 

B. paramycoides Channa argus/C02* 

B. aryabhattai CICC 24574 

B. toyonensis Cynoglossus semilaevis/S4* 

B. velezensis Micropterus salmoides/G09* 

B. amyloliquefaciens CICC 10026 

* Strain code used in the laboratory of Beidaihe central experiment station 

Table 2. Groups and injection conditions     

Groups Types of suspension injected 
Volume of the 

injected suspension 
Number of 

injected Crabs 

Control 0.85% NaCl 100 μL 20 

Test 1 1×108 CFU/mL N1 in 0.85% NaCl 100 μL 20 

Test 2 1×108 CFU/mL N2 in 0.85% NaCl 100 μL 20 

Test 3 1×108 CFU/mL Q1 in 0.85% NaCl 100 μL 20 

were fixed in 4% paraformaldehyde, sectioned, stained with 
hematoxylin and eosin (HE), and observed under a micro
scope. 

RESULTS 

SYMPTOMS AND INITIAL EXAMINATION OF CRAB 
DISEASE 

Wild-caught C. japonica exhibited poor activity, but did not 
show obvious external signs of disease. Upon dissection 
of the dorsal carapace, gill, hepatopancreas, and cardiac 
stomach tissues appeared normal in color. Hemolymph ex
tracted from the pericardial cavity displayed a transparent 
bluish-green hue and failed to coagulate normally at room 
temperature. Examination under an optical microscope re
vealed an extremely low count of blood cells, with no evi
dence of blood flukes, microsporidia, or other parasitic or
ganisms, as well as the absence of fungal hyphae or bodies 
(Figure 1 ). 

ISOLATION, PURIFICATION, AND STAINING OF 
PATHOGENS 

Under sterile conditions, hemolymph from diseased crabs 
was streaked onto 2216E agar plates and PDA plates. Two 
dominant bacterial strains were isolated from the 2216E 
plates and named N1 and N2, while one dominant bacterial 
strain was isolated from the PDA plates and named Q1. 
Colonies of strain N1 exhibited round, smooth morphology 
with well-defined edges, a raised center, semi-trans

parency, and a pale yellow color, characteristic of Gram-
negative bacilli as observed in Gram staining. Colonies of 
strain N2 appeared round, milky white, and opaque, also 
exhibiting Gram-negative bacilli morphology. Colonies of 
strain Q1 displayed smooth edges, slight elevation in the 
center, and a white color, with observation after Loeffler’s 
methylene blue staining revealing varied sizes and mor
phologies indicative of budding reproduction (Figure 2 ). 

MOLECULAR BIOLOGY IDENTIFICATION 

The obtained 16S rDNA sequences of the pathogenic bacte
ria N1 and N2, as well as the ITS gene sequence of Q1, were 
submitted to the GenBank database for sequence align
ment. The results revealed that the pathogenic bacteria N1 
(PQ_434666.1) shared 99.86% sequence identity with V. na
triegens (NR_117890.1), N2 (PQ_434665.1) shared 99.37% 
sequence identity with V. fortis (NR_025575.1), and Q1 
(PQ_481983.1) shared 99.64% sequence identity with M. bi
cuspidata (NG_065596.1). The Neighbor-Joining (N-J) phy
logenetic tree constructed using MEGA7.0 showed that N1 
and N2 belong to the Vibrio genus. N1 was most closely re
lated to V. natriegens, forming a distinct branch, while N2 
was most closely related to V. fortis, also forming a separate 
branch. Q1 clustered with M. bicuspidata, forming a distinct 
branch (Figure 3   ＆  Figure 4 ). 
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Figure 1. Initial examination of diseased     C. japonica . a. appearance of diseased crab. b. diseased crab without           
carapace. c. hemolymph of diseased crab. d. hemolymph smear.          

Figure 2. Morphology of Colonies and cells. a-b. pathogenic bacteria strain N1. c-d. pathogenic bacteria strain               
N2. e-f. pathogenic yeast strain Q1.       

IDENTIFICATION OF PHYSIOLOGICAL AND 
BIOCHEMICAL CHARACTERISTICS 

Pathogenic bacterium N1 was found to utilize sucrose, 
mannitol, and salicylic acid (glycoside), but not lysine, argi
nine, or ornithine. Conversely, the pathogenic bacterium 
N2 utilized lysine, arginine, and ornithine, but not amino 
acids or Citrate (Simon’s). Pathogenic bacterium Q1 uti
lized sucrose, sorbitol, and trehalose, while unable to uti
lize arabinose, rhamnose, or melibiose. The physiological 
and biochemical characteristics of N1 and N2 were consis
tent with those of V. natriegens and V. fortis, respectively, as 
described in the Bergey’s Manual of Systematics of Archaea 
and Bacteria. The characteristics of Q1 were in accordance 
with those of M. bicuspidata as outlined in the Handbook of 
Yeast: Characteristics and Identification. 

Based on the morphological characteristics of the 
strains, molecular biology identification results, and phys

iological and biochemical characteristics, the pathogenic 
bacteria N1, N2, and Q1 isolated from the anomalous he
molymph of C. japonica were identified as V. natriegens, V. 
fortis, and M. bicuspidata, respectively (Table 3   ＆  Table 4 ). 

DRUG SENSITIVITY TEST RESULTS 

According to the interpretive criteria for the zone diameters 
of antimicrobial susceptibility testing disks outlined in the 
clinical and laboratory standards institute guidelines, sen
sitivity testing was conducted for 30 antimicrobial agents 
against isolated strains N1, N2, and Q1. The inhibition zone 
diameters were measured and recorded, and the mean val
ues were calculated. N1 and N2 exhibited sensitivity to an
tibiotics such as flomoxef and kanamycin (19-21 agents), 
while showing resistance to the remaining antibiotics. Q1 
displayed sensitivity only to polymyxin B and exhibited re
sistance to the other 29 antimicrobial agents (Table 5 ). 
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Figure 3. Joint phylogenetic tree of strains N1 and N2 based on the 16S rDNA sequences               

Figure 4. Phylogenetic tree of yeast strain Q1 based on ITS sequences           

PROBIOTIC SCREENING 

Three isolated bacterial strains were subjected to antago
nistic assays against 10 probiotic strains including B. mu
cilaginosus, L. plantarum, and B. subtilis. None of the 10 
probiotic strains exhibited antagonistic effects against N1. 
B. velezensis, B. amyloliquefaciens, B. paramycoides, and B. 
toyonensis showed certain antagonistic activity against N2, 
with inhibition zone diameters decreasing as the probiotic 

concentration decreased. Six probiotic strains including B. 
velezensis, B. amyloliquefaciens, and B. mucilaginosus exhib
ited some degree of antagonism against Q1. Among them, 
B. amyloliquefaciens at a concentration of 107 CFU/mL 
showed the strongest antagonistic effect, with an average 
inhibition zone diameter of 23.6 mm, followed by B. amy
loliquefaciens at a concentration of 108 CFU/mL, with an 
average inhibition zone diameter of 23.2 mm. B. mucilagi
nosus, B. laterosporus, and B. subtilis only exhibited inhibi
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Table 3. Results of physiological and biochemical      
characteristics of strains N1 and N2       

Items 
Results* 

N1 N2 

Amino acid (blank) - - 

Lysine - + 

Arginine - + 

Ornithine - + 

Sucrose + + 

Mannitol + + 

Salicylic acid (glycoside) + + 

6% sodium chloride peptone water + + 

Citrate (Simon's) - - 

* + : Positive; - : Negative 

Table 4. Results of physiological and biochemical      
characteristics of strain Q1     

Items Results* 

Sucrose + 

Xylitol - 

Loose three sugars + 

Mushroom candy + 

Maltose + 

Ara sugar - 

Wei maltose - 

Raffinose - 

Inositol - 

N-acetylglucamine - 

Lactose + 

Cellobiose + 

Galactose - 

Sorbitol + 

Control of sugar-free broth - 

* + : Positive; - : Negative 

tion at a concentration of 108 CFU/mL, with average inhi
bition zone diameters of 11.3 mm, 21.1 mm, and 14.5 mm, 
respectively (Table 6 ). 

PATHOGENICITY ANALYSIS OF THE PATHOGEN ON THE 
P. TRITUBERCULATUS 

The isolated bacterial strains N1, N2, and Q1 were each 
inoculated into healthy P. trituberculatus via intramuscular 
injection. Signs of mortality were observed in all exper
imental groups within 24 hours, and by the end of the 
120-hour trial period, cumulative mortality rates for the 
N1, N2, and Q1 experimental groups reached 100%, 75%, 
and 35%, respectively, as summarized in Table 7 . Upon in
jection with N1 or N2, the moribund crabs exhibited no ap
parent symptoms other than non-coagulated hemolymph. 
In contrast, those injected with Q1 showed milky white he

molymph with signs of coagulation; however, there was no 
accumulation of milk-like fluid in the cephalothorax cav
ity. Bacterial isolation from the hemolymph of artificially 
infected crabs yielded strains morphologically and sizably 
identical to those isolated from naturally infected crabs, 
namely strains N1, N2, and Q1, with consistent cultural 
characteristics (Figure 5 ). 

Following infection with strain N1, vacuolar degenera
tion and desquamation of hepatopancreatic epithelial cells 
were evident; partial disappearance of gill filaments, and 
lamellae along with swelling of epithelial cells were ob
served in some areas of the gills; however, the muscle tissue 
appeared normal. Upon infection with strain N2, vacuolar 
degeneration of hepatopancreatic epithelial cells and in
filtration of inflammatory cells into the interstitial spaces 
of the hepatopancreatic tubules were observed; notable is
chemia of the gills with partial lamellar rupture was ev
ident; inflammatory cell aggregation was observed in the 
interstitial spaces of the cheliped muscles. Infection with 
strain Q1 resulted in increased inflammatory cell infiltra
tion and extensive necrosis in the hepatopancreas; notable 
ischemia of the gills, along with partial lamellar rupture; 
however, the muscle tissue appeared normal (Figure 6 ). 

DISCUSSION 

PATHOGENS AND DISEASES 

Following the thorough examination of morphological 
characteristics, molecular biological identification, and 
physiological and biochemical properties, this study suc
cessfully isolated three pathogenic strains from the he
molymph of wild-diseased C. japonica: V. natriegens and V. 
fortis, and M. bicuspidata. Prior to this study, there have 
been no reports associating V. natriegens and V. fortis with 
coagulation disorders in crab hemolymph. Wang and 
coworkers23 reported that V. natriegens and V. harveyi could 
induce red-leg disease in Fenneropenaeus chinensis, leading 
to mortality. Li and coworkers24 found that a certain ex
tracellular toxin produced by V. natriegens could result in 
mortality in clams and peacock fish. Chang and coworkers25 

confirmed that V. fortis was a pathogenic bacterium affect
ing the sea urchin Strongylocentrotus intermedius, causing 
symptoms such as purple-red spots on the shell and clot
ting in internal tissues. Additionally, V. fortis has been im
plicated in disease outbreaks in rainbow trout and can lead 
to a mortality rate of up to 100% in early larvae of Artemia 
salina.26 The infection experiments conducted in this study 
revealed that both V. natriegens and V. fortis can induce co
agulation disorders in the hemolymph of P. trituberculatus, 
with a pale blue color consistent with the original sam
ple collected. Moreover, they exhibit relatively high mor
tality rates, with V. natriegens resulting in 100% mortal
ity within 120 hours and V. fortis causing 75% mortality. 
Certain pathogens may demonstrate increased virulence at 
higher concentrations. By selecting the highest bacterial 
liquid concentration for infection experiments, the patho
genicity of the pathogens on the animal model under ex
treme conditions can be evaluated, thereby gaining deeper 
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Table 5. Results of drug sensitivity of strains N1, N2, and Q1           

Antibiotics 
Dose/
μg 

N1 N2 Q1 

Diameter of 
bacteriostatic 
zone/mm 

Sensitivity* 
Diameter of 
bacteriostatic 
zone/mm 

Sensitivity* 
Diameter of 
bacteriostatic 
zone/mm 

Sensitivity* 

Negative control 0 0.0 R 0.0 R 0.0 R 

Doxycycline 30 18.2 S 29.1 S 0.0 R 

Minocycline 30 18.8 S 29.2 S 14.5 I 

Tetracycline 30 18.2 I 27.2 S 0.0 R 

Azithromycin 15 22.4 S 30.5 S 0.0 R 

Erythromycin 15 20.0 I 22.6 I 0.0 R 

Levofloxacin 5 26.2 S 28.2 S 0.0 R 

Norfloxacin 10 27.1 S 32.2 S 0.0 R 

Chloramphenicol 30 28.6 S 34.7 S 0.0 R 

Clindamycin 2 12.5 R 24.4 S 20.5 I 

Florfenicol 30 27.8 S 36.1 S 0.0 R 

Trimethoprim 25 13.8 R 29.0 I 0.0 R 

Lincomycin 2 0.0 R 0.0 R 0.0 R 

PolymyxinB 
300 
IU 

13.1 S 18.7 S 19.3 S 

Ciprofloxacin 5 28.8 S 34.4 S 0.0 R 

Streptomycin 10 16.5 S 13.3 I 0.0 R 

Kanamycin 30 14.5 I 15.9 I 0.0 R 

Amikacin 30 17.1 S 17.0 S 0.0 R 

Gentamicin 10 17.7 S 16.6 S 0.0 R 

Imipenem 10 22.5 S 32.5 S 0.0 R 

Ampicillin 10 21.5 S 30.3 S 0.0 R 

Piperacillin 100 31.0 S 35.0 S 0.0 R 

Penicillin 10 U 17.6 R 27.4 I 0.0 R 

Oxacillin 1 0.0 R 0.0 R 0.0 R 

Ceftazidime 30 24.2 S 28.1 S 0.0 R 

Cefperazone 75 26.9 S 36.4 S 0.0 R 

Cefazolin 30 18.1 S 25.7 S 0.0 R 

Cephalexin 30 13.1 R 17.4 I 0.0 R 

Cefuroxime 30 19.1 I 35.9 S 0.0 R 

Ceftriaxone 30 30.3 S 36.8 S 0.0 R 

Vancomycin 30 0.0 R 9.0 R 0.0 R 

* S: sensitive; I: intermediate sensitive; R: resistance 

insights into their pathological mechanisms. Selecting the 
highest bacterial liquid concentration ensures the observa
tion of significant infection effects within a relatively short 
period, thereby enhancing the reliability of experimental 
results. Ma and coworkers27 found that M. bicuspidata can 
cause “milk disease” in P. trituberculatus and E. sinensis, 
characterized by whitening and easy shedding of the walk
ing legs of infected crabs, the presence of white milky fluid 
in the cephalothorax, and generalized muscle edema with 
reduced plumpness. In contrast, the results of this exper
iment showed that the isolated Candida ortholacerationis 
can lead to a milky appearance in the hemolymph of C. 
japonica but did not result in coagulation disorders, and 
there were no typical symptoms of milk-like fluid accumu
lation in the cephalothoracic cavity observed in “milk dis
ease”. 

THE SIGNIFICANCE OF DRUG RESISTANCE ANALYSIS 
AND PROBIOTIC SCREENING FOR PRODUCTION 
GUIDANCE 

The antimicrobial susceptibility analysis of the isolated V. 
natriegens in this study exhibited results similar to those 
obtained by Li and coworkers24 from the isolation of V. na
triegens from the hepatopancreas of Crassostrea rivularis at 
a culture farm in Wenzhou, China. However, significant dif
ferences were observed in the sensitivity to antimicrobial 
agents such as compound trimethoprim, amikacin, and ery
thromycin. Previous research has indicated that differences 
in antimicrobial susceptibility among strains of the same 
species from different sources may be attributed to regional 
variations, laboratory culture conditions, and antibiotic us
age practices.28 Nevertheless, there was a paucity of reports 
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Table 6. Statistics of antagonistic test data between probiotics and the strains N1, N2, and Q1 respectively                

Probiotic strains Concentration /(CFU/mL) 
Diameter of bacteriostatic circle/mm 

N1 N2 Q1 

B. mucilaginosus 106 0.0 0.0 0.0 

107 0.0 0.0 0.0 

108 0.0 0.0 11.3 

B. laterosporus 106 0.0 0.0 0.0 

107 0.0 0.0 0.0 

108 0.0 0.0 21.1 

L. plantarum 106 0.0 0.0 0.0 

107 0.0 0.0 0.0 

108 0.0 0.0 0.0 

E. faecalis 106 0.0 0.0 0.0 

107 0.0 0.0 0.0 

108 0.0 0.0 0.0 

B. subtilis 106 0.0 0.0 0.0 

107 0.0 0.0 0.0 

108 0.0 0.0 14.5 

B. paramycoides 106 0.0 0.0 0.0 

107 0.0 14.5 0.0 

108 0.0 0.0 0.0 

B. Aryabhattai 106 0.0 0.0 0.0 

107 0.0 0.0 0.0 

108 0.0 0.0 0.0 

B. toyonensis 106 0.0 15.2 15.0 

107 0.0 13.0 16.1 

108 0.0 0.0 14.3 

B. velezensis 106 0.0 17.0 17.3 

107 0.0 17.3 22.7 

108 0.0 18.1 22.8 

B. amyloliquefaciens 106 0.0 14.6 18.4 

107 0.0 14.9 23.6 

108 0.0 15.2 23.2 

Table 7. Mortality rates of the     P. trituberculatus   after artificial infection tests     

Groups Injected Strains 
Numbers of deaths 

Mortality rate (%) 
24 h 48 h 72 h 96 h 120 h 

Control Only 0.85% NaCl 0 0 0 0 0 0 

Test 1 N1 6 4 7 0 3 100 

Test 2 N2 3 2 8 0 2 75 

Test 3 Q1 0 1 4 0 2 35 

on the antimicrobial susceptibility analysis of V. fortis and 
M. bicuspidata. The resistance results of the three patho
genic strains revealed that ciprofloxacin and kanamycin ex
hibited the strongest inhibitory effects against V. natriegens 
and V. fortis, while polymyxin B displayed good inhibitory 
effects against all three pathogenic strains. These findings 
would contribute to the in-depth study of the pathogenic 

mechanism, and would help to develop rapid and accurate 
treatment strategies of the three isolated strains. Otherwise 
in this study, 18 drugs prohibited in aquaculture, including 
Minocycline、Azithromycin、Erythromycin、Lev
ofloxacin、Norfloxacin、Chloramphenicol、Clin
damycin、Trimethoprim、PolymyxinB、Ciprofloxacin、
Penicillin、Ceftazidime、Cefperazone、Cefazolin、
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Figure 5. Crabs and hemolymph of the      P. trituberculatus   after artificial infection. a-b. crab and hemolymph after         
infection with strain N1, c-d. crab and hemolymph after infection with strain N2, e-f. crab and hemolymph after                   
infection with strain Q1, g-h. blank control crab and its hemolymph ( scale bar = 2cm )                  

Cephalexin、Cefuroxime、Ceftriaxone and Vancomycin，
were used to test the inhibitory effect of the isolated 
pathogens, and 14 of them had antibacterial effects on N1, 
N2 or Q1. Therefor the results would remind that the super
vision of these drugs should be strengthen in practical pro
duction settings. 

In the effort to reduce antibiotic usage, the use of pro
biotics to antagonize pathogens is a promising approach 
which deserves further exploring. Streptococcus agalactiae 
is a significant pathogen in the intensive culture of tilapia. 
Studies have shown that two strains of Bacillus isolated 
from Nile tilapia exhibit significant inhibitory effects 
against it.29 Lactic acid bacteria isolated from benthic or
ganisms not only produce hydrolytic enzymes and sec
ondary metabolites but also effectively reduce the number 
of V. parahaemolyticus, a common pathogen in aquacul
ture.30 In this study, B. velezensis and B. amyloliquefaciens 
at concentrations above 106 CFU/mL exhibited antagonistic 
effects against V. fortis and M. bicuspidata, while 10 strains 
of probiotics showed no antagonistic effects against V. na
triegens. Further expansion of the range of probiotic selec
tion is needed. This result also suggests that the work of se
lecting probiotics with antagonistic effects against aquatic 
pathogens in aquaculture needs to be further strengthened. 

CONCLUSION 

In summary, this study represents the first isolation of V. 
natriegens, V. fortis, and M. bicuspidata from diseased C. 
japonica. Moreover, all three pathogenic strains demon
strated pathogenicity towards P. trituberculatus. These find
ings contribute to a better understanding of the sources and 
transmission pathways of pathogens in cultured P. trituber

culatus, facilitating the development of appropriate biose
curity measures. The investigation into the drug resistance 
of these three pathogens and the antagonistic effects of 
probiotics provides theoretical support for the precise pre
vention and control of aquatic animal diseases caused by 
these pathogens, as well as for the development of related 
biological products. 
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Figure 6. Histopathological analysis of    P. trituberculatus   infected with strains N1, N2 and Q1 respectively. a-d          
showing the histopathological changes infected with strain N1: a. Hepatopancreas ( ➝ showing the vacuoles            ➝    
epithelial cells on the hepatic duct, ⇉showing the drop epithelial cells), b-c. Gills ( ➝ showing the phenomenon       ⇉         ➝    
of disappearance of gill septums, ⇉showing the swelling of gill filament epithelial cell ), d. Chelate foot muscle:      ⇉              
normal; e-h showing the histopathological changes infected with strain N2: e. Hepatopancreas (➝ showing the             ➝   
vacuoles epithelial cells on the hepatic duct, ⇉ showing the phenomenon of disappearance of gill septums ), f-g.        ⇉           
Gills ( ➝ showing gill filaments without blood cells, ⇉ showing the breaks of gill septums), h. Chelate foot   ➝       ⇉          
muscle (➝ showing an accumulation of inflammatory cells in the interfascicular space); i～l showing the  ➝              
histopathological changes infected with strain Q1: i. Hepatopancreas ( ➝showing necrosis ), j-k. Gills ( ➝          ➝       ➝ 
showing the aggregation of inflammatory cell ), l. Chelate foot muscle: normal ( scale bar = 100 μm )                    
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