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Acute hepatopancreatic necrosis disease, which can cause 100% mortality, is one of the main threats 
to farming Litopenaeus vannamei. We identified seven strains of pathogenic bacteria from ponds with 
outbreaks of acute hepatopancreatic necrosis at a L. vannamei farm in Zhuhai, China. Among the 
seven bacteria strains, one strain was isolated from aquaculture water, two strains were isolated from 
hepatopancreas, and the other four strains were isolated from juvenile shrimp. The results of 16S 
rRNA sequencing and biochemical identification showed that all seven pathogenic bacteria were Vibrio 
parahaemolyticus and that they carried the pirA and pirB virulence genes. These bacteria showed 
β-hemolysis with translucent rings, and six serotypes were identified. The regression infection results 
showed that the lethal rates of the three V. parahaemolyticus strains of serotypes O1:KUT and OUT:KUT 
to L. vannamei were significantly higher than those of the other serotypes. The three V. parahaemolyticus 
strains had the same growth characteristics, and they all entered the growth plateau at 4 h after inoculation. 
In addition, the pathogenicity of the three V. parahaemolyticus strains were similar. In the present study, 
V. parahaemolyticus was identified as one of the pathogenic bacteria causing acute hepatopancreatic 
necrosis of L. vannamei, and the O1:KUT and OUT:KUT serotypes may be the main pathogenic strains 
in Zhuhai. These results provided a foundation for the isolation, identification, and pathogenicity study 
of acute hepatopancreatic necrosis of L. vannamei, providing a reference for the prevention and control 
direction of L. vannamei disease.

INTRODUCTION

Vibrio parahaemolyticus, a gram-negative bacterium 
belonging to the genus Vibrio of the Vibrio family, 

is a halophilic opportunistic pathogen (Thompson et al., 
2009). In aquaculture, V. parahaemolyticus is a type of 
pathogenic bacteria that causes great harm by infecting 
various aquaculture species, such as Litopenaeus vannamei 
(Jiao et al., 2020; Muhammad et al., 2017), Penaeus 

*      Corresponding author: zhongy10@haid.com.cn
0030-9923/2023/0001-0001 $ 9.00/0

  
Copyright 2023 by the authors. Licensee Zoological Society of 
Pakistan. 
This article is an open access  article distributed under the terms 
and conditions of the Creative Commons Attribution (CC BY) 
license (https://creativecommons.org/licenses/by/4.0/).

monodon (Ahmmed et al., 2019; Zhao et al., 2020), 
Marsupenaeus japonicus (Elshopakey et al., 2018), 
flounder (Paralichthys olivaceus) (Kim et al., 2016), 
and oysters (Ostrea gigasthunberg) (Elmahdi et al., 
2018). V. parahaemolyticus easily proliferates in high 
temperature, fluctuating water temperature, poor water 
quality, and poor physical conditions, causing disease in 
cultured animals (Zhao et al., 2020). V. parahaemolyticus 
not only causes immense harm to aquaculture varieties 
but also causes human food poisoning. After consuming 
food contaminated by V. parahaemolyticus, the bacteria 
develop a variety of toxins in the human body, leading to 
diarrhea, vomiting, and other food poisoning symptoms, 
thus endangering life in serious cases (Wang et al., 2021).

V. parahaemolyticus is one of the pathogens that cause 
acute hepatopancreatic necrosis of L. vannamei. Diseased 
shrimp have various symptoms, such as empty jejunum, 
empty stomach, white stool, and slow feeding (Tran et al., 
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2013), which endanger the health of cultured L. vannamei. 
Research has shown that V. parahaemolyticus, which causes 
acute hepatopancreatic necrosis disease of L. vannamei, 
contains a 70 kb plasmid (pVA1), encoding ORF50 and 
ORF51, which are homologs of the Photorhabdus insect-
related (Pir) toxins, PirA and PirB (Han et al., 2015a). 
Natural or experimental deletion of PirA and PirB leads 
to elimination of virulence of V. parahaemolyticus (Lee 
et al., 2015; Tinwongger et al., 2016). In addition, when 
L. vannamei are fed with natural PirA and PirB proteins 
extracted from medium or recombinant PirA and PirB 
from Escherichia coli, severe exudation of hepatopancreas 
tubules occurs in shrimp, presenting typical symptoms of 
acute hepatopancreatic necrosis (Sirikharin et al., 2015; 
Zhang et al., 2021), suggesting that PirA and PirB are 
the key virulence factors causing acute hepatopancreatic 
necrosis of L. vannamei. Additional studies have shown that 
pVA1 is a transferable plasmid via the conjugation transfer 
pathway, which is followed by stable inheritance on the 
receptor. Importantly, the plasmid may transfer between 
strains of V. parahaemolyticus as well as between different 
Vibrio species as demonstrated in Vibrio campbellii (Xuan 
et al., 2017). 

In the present study, pathogenic bacteria were 
isolated from L. vannamei farms with outbreaks of acute 
hepatopancreatic necrosis from 2020 to 2021 in Zhuhai, 
China. The species of pathogenic bacteria were identified 
by 16S rRNA sequencing, biochemical characterization, 
hemolysis tests, and serotype identification, and the 
virulence genes of the strains were detected. According to 
the standard of pathogen isolation and identification using 
Koch’s rule, seven strains of V. parahaemolyticus were 
isolated and identified, and they were further tested by 
regression infection to determine the strains with strong 
pathogenicity. Subsequently, the growth characteristics 
of the strains with strong pathogenicity were analyzed. 
Finally, the virulence differences of pathogenic V. 
parahaemolyticus were compared by infecting healthy 
L. vannamei larvae. The present study demonstrated that 
V. parahaemolyticus is one of the pathogenic bacteria 
causing acute hepatopancreatic necrosis in L. vannamei.

MATERIALS AND METHODS

Experimental materials
The diseased shrimp samples and water samples were 

collected from L. vannamei farms in Zhuhai, China. There 
were many white strips of feces in the breeding water 
and feeding platform at ponds with outbreaks of acute 
hepatopancreatic necrosis. The diseased shrimp had the 
following symptoms: poor swimming and feeding ability; 
white and empty intestines; and atrophic and scattered 
stomachs and hepatopancreases. For the infection 

experiment, 1–2 cm healthy L. vannamei were purchased 
from Haixingnong Shrimp Seedling Farm in Zhongshan. 
A 2% proportion of the shrimps was randomly selected 
and sent to Guangdong Huashite Detection Technology 
Co., Ltd. for nucleic acid detection of shrimp acute 
hepatopancreatic necrosis syndrome. The experimental 
shrimps were cultured in a tank containing 45–55 L of 
water with 5‰ mariculture solution at a density of 5 
shrimps/L. The shrimps were fed every day with three 
meals of a Brekk. Su microdiet, which is especially 
designed for post-larvae, and the sewage was aspirated 
prior to feeding. The water was changed once a day.

Tryptic soy broth, lysogeny broth (LB) agar, 
and thiosulfate-citrate-bile salts-sucrose (TCBS) agar 
were purchased from Guangdong Huankai Microbial 
Technology Co., Ltd. Biochemical identification tubes 
for V. parahaemolyticus, Wagatsuma agar base, rabbit red 
blood cells, Voges-Proskauer (V-P) kits, sodium chloride 
polymyxin B broth base (SCPB), polymyxin B, and Vibrio 
chromogenic medium were purchased from Qingdao Hope 
Bio-Technology Co., Ltd. V. parahaemolyticus diagnostic 
serum was purchased from Tianjin Biochip Technology 
Co., Ltd. 2xSuper PCR Mix (with dye) was purchased 
from BGI.

Isolation and purification of bacteria
For diseased adult shrimp, the body surface was 

disinfected with 75% alcohol, placed on a sterile 
disposable petri dish, and transferred to a clean bench. 
The hepatopancreas tissue was removed using sterilized 
scissors and forceps, placed in a 1.5-mL sterile centrifuge 
tube, and homogenized with 500 μL of sterilized phosphate-
buffered saline (PBS) buffer using a grinding rod. For sick 
juvenile shrimp, the body surface was disinfected with 
75% alcohol, washed three times with sterilized PBS 
buffer, and homogenized with 500 μL of sterilized PBS 
buffer. Then, 100 μL of hepatopancreas or shrimp larvae 
homogenate was aspirated and spread on TCBS agar 
plates, which were inverted and cultured at 36±1°C for 24 
h. For the collected aquaculture water, 100 μL of sample 
was plated on TCBS agar plates, which were inverted and 
cultured at 36±1°C for 24 h. After the colonies grew, the 
dominant colonies were selected using an inoculation ring, 
streaked, and inoculated onto a new TCBS plate, which 
was inverted and cultured at 36±1°C for 24 h. The single 
colonies on the plates were picked and numbered, and the 
single colonies were inoculated into 5 mL of tryptic soy 
broth medium containing 1.5% NaCl and incubated at 
36±1°C for 24 h at 180 rpm.

Chromogenic culture of bacteria
To detect the chromogenic characteristics of the 

Y. Zhong et al.



3                                                                                        

Onlin
e F

irs
t A

rtic
le

isolated bacteria, 1 mL of the above bacterial solution was 
added to 9 mL of SCPB broth and incubated for 24 h at 
36±1°C for enrichment. One ring of the bacterial solution 
was taken with a 3-mm inoculation ring, streaked, and 
inoculated onto Vibrio chromogenic culture plates, which 
were incubated at 36±1°C for 24 h. The chromogenic 
plates identified the following strains: V. parahaemolyticus 
showed large blue/green colonies; Vibrio cholerae and 
Vibrio vulnificus showed purplish red colonies; Vibrio 
alginolyticus showed light yellow or beige colonies; and 
most of the other bacteria were inhibited.

Detection of the pirA and pirA virulence genes and 16S 
rRNA gene sequencing analysis

Single colonies on chromogenic plates were inoculated 
into 5 mL of tryptone soy broth medium containing 1.5% 
NaCl and incubated overnight at 36±1°C with shaking at 
180 rpm. Then, 1 mL of the bacterial solution was placed 
into a 1.5-mL centrifuge tube and centrifuged at 12,000 
rpm for 1 min. The supernatant was removed, and the 
precipitate was resuspended using 200 μL of sterilized 
deionized water. The bacterial suspension was lysed in a 
metal bath at 95°C for 10 min and centrifuged at 12,000 
rpm for 2 min. The supernatant was collected, and the 
genome quality was determined using a Nanodrop 2000. 
The extracted genome was stored at –20°C. 

For the detection of the pirA virulence 
gene, the following primers were used: pirA-F, 
5’-ATGAGTAACAATATAAAA-3’; and pirA-R, 
5’-GTGGTAATAGATTGTACA-3’ (Nakamura et al., 
2019). The polymerase chain reaction (PCR) system 
contained 12.5 μL of 2xSuper PCR Mix (with dye), 1.5 
μL of forward primer, 1.5 μL of reverse primer, and 1.0 μL 
of DNA template, and the total volume was adjusted to 25 
μL with PCR grade water. The PCR thermocycler program 
was as follows: 98°C for 5 min; 35 cycles of 98°C for 10 s, 
48°C for 30 s, and 72°C for 40 s; and 72°C for 10 min. The 
primers for the detection of the pirB virulence gene were as 
follows: pirB-F, 5’-TGATGAAGTGATGGGTGCTC-3’; 
and pirB-R, 5’-TGTAAGCGCCGTTTAACTCA-3’ (Han 
et al., 2015b). The PCR system contained 12.5 μL of 
2xSuper PCR Mix (with dye), 1.5 μL of forward primer, 
1.5 μL of reverse primer, and 1.0 μL of DNA template, and 
the total volume was adjusted to 25 μL with PCR grade 
water. The PCR thermocycler program was as follows: 
94°C for 5 min; 30 cycles of 94°C for 30 s, 59°C for 30 s, 
and 72°C for 40 s; and 72°C for 10 min.

The extracted genome was subjected to 16S rRNA 
gene sequencing analysis using the following primers: 27F, 
5’-AGAGTTTGATCCTGGTCAGAACGAACGCT-3’; 
and 1492R, 5’-TACGGCTACCTTGTTACGACT-
TCACCCC-3’. The PCR system contained 25 μL of 2xSu-

per PCR Mix (with dye), 1.5 μL of forward primer, 1.5 μL 
of reverse primer, and 2.0 μL of DNA template, and the 
total volume was adjusted to 50 μL with PCR grade water. 
The PCR thermocycler program was as follows: 94°C for 
5 min; 30 cycles of 94°C for 30 s, 60°C for 30 s, and 72°C 
for 1.5 min; and 72°C for 10 min. The PCR products were 
sent to BGI for sequencing. The phylogenetic tree of the 
seven Vibrio strains was constructed based on 16S rRNA 
sequencing to analyze phylogeny.

Biochemical characterization
At least three single colonies were selected from 

each chromogenic culture plate, streaked, and inoculated 
onto tryptone soy agar plates, which were inverted and 
incubated for 24 h at 33°C. The purified colonies were 
inoculated into 3% sodium chloride mannitol, 3% sodium 
chloride lysine decarboxylase, 3% sodium chloride amino 
acid decarboxylase control, 3% sodium chloride V-P 
semisolid, 3% sodium chloride β-D-galactoside (ONPG), 
sucrose, hydrogen sulfide, and glucose decomposition gas 
production biochemical tubes for detection according to 
the manufacturer’s instructions. The results were assessed 
according to the instructions of the biochemical tube. The 
identification was repeated three times.

Kanagawa test
The isolated V. parahaemolyticus strains were tested 

for the presence of specific hemolysin by the Kanagawa 
test. The tested strains grown for 18 h on 3% NaCl tryptic 
soy agar plates were seeded with an inoculation ring onto 
Wagatsuma agar base plates. The plates were divided into 
four zones, and three to four bacteria were seeded on each 
plate. The bacteria were incubated for 20 to 48 h at 36±1°C. 
A positive result was β-hemolysis with a translucent ring 
around the colony, and the circle of hemolysis was well 
demarcated and 2–4 mm in size.

Identification of serotypes
Colonies were streaked onto LB agar plates containing 

3% NaCl and incubated for 24 h at 35°C for subsequent 
assays. For K-antigen detection, 15–20 μL of test serum 
was added dropwise onto a glass slide. Colonies on the LB 
agar plates were picked and added to the test serum, and 
agglutination was observed within 1 min. For O-antigen 
detection, colonies on LB agar plates were washed off 
with 3% NaCl solution containing 5% glycerol using a 
disposable coating rod. After washing three times with 
3% NaCl solution containing 5% glycerol, the bacterial 
solution was sterilized at 121°C for 1 h. The precipitate 
was collected by centrifugation at 4500 rpm for 15 min, 
and the precipitate was dissolved with 3% NaCl solution 
containing 5% glycerol and washed three times. Finally, 
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the precipitate was resuspended using the same volume 
of 3% NaCl solution containing 5% glycerol before 
sterilization. The agglutination phenomenon was observed 
within 1 min by adding 15 μL of detection serum to the 
slide followed by adding 5 μL of the sample to be tested.

Regression test
The experimental shrimps were randomly divided 

into seven experimental groups and one control group, 
with three replicates in each group and 50 shrimps in each 
replicate. Two replicates were used to count the number of 
deaths and calculate the cumulative mortality rate, and the 
other replicate was used to isolate and identify pathogenic 
bacteria as well as observe the symptoms of diseased 
shrimp. Each group of 50 shrimps was kept in a small tank 
containing 10 L of water for 7 days before the experiment, 
and the water temperature, salinity, and water quality were 
continuously monitored.

Single colonies from TCBS plates were picked, 
inoculated into tryptic soy broth medium containing 
1.5% NaCl, and incubated overnight at 33°C at 180 rpm. 
Overnight cultures were inoculated at a percentage of 
2% into 200 mL of tryptic soy broth medium containing 
1.5% NaCl, and they were incubated at 33°C for 4 h at 
180 rpm. Three tubes containing 1 mL of bacterial solution 
were aspirated from each strain, and after 10-fold gradient 
dilution with sterile PBS, 100 μL of the dilution was used 
to smear TCBS plates for a viable count. The counting 
method referred to the total number of colonies as 
described in GB 4789.2-2016 (National Standard for Food 
Safety Microbiological Inspection of Food). The bacterial 
solution was centrifuged at 7000 rpm for 15 min, and 
the precipitate was washed three times with sterile PBS 
before being resuspended for use. The bacterial solution 
was diluted to 1.0×106 cfu/mL using aquaculture water, 
and 50 shrimps in each replicate group were immersed in 
1 L of 1.0x106 cfu/mL of bacterial solution for 2 h. After 
immersion, the total volume was adjusted to 10 L with 
water. The number of remaining shrimps was counted 
for 10 days, and the symptoms of infected shrimp were 
observed for 10 days. The diseased shrimp with obvious 
symptoms were collected, washed with sterile PBS, 
homogenized in 500 μL sterilized PBS buffer, and spread 
on TCBS plates. The dominant colonies were selected and 
separated. A single colony was selected, placed in a 1.5-
mL centrifuge tube containing 50 μL of sterile water, and 
lysed using a metal bath at 95℃ for 10 min. The 16S rRNA 
gene of each colony was amplified as described above, and 
the PCR products were sent to BGI for sequencing.

Growth curves of the strains
To compare the growth characteristics of V.p.25, 

V.p.27, and V.p.29, the growth curves were determined. 

Single colonies from TCBS plates were picked, inoculated 
into 5 mL of tryptic soy broth containing 1.5% NaCl, and 
incubated overnight at 33°C at 180 rpm. The bacterial 
solution was then inoculated into 250 mL of tryptic soy 
broth containing 1.5% NaCl with 2% inoculum. A 3-mL 
bacterial solution was taken at 0, 1, 2, 3, 4, 5, 6, 7, 8, 
and 10 h after inoculation. The optical density value at 
600 nm (OD600) of the sample was measured, and each 
sample was assayed in triplicate. The OD600 values of the 
bacterial solution were maintained in the range of 0.2 to 
0.8, and the samples were measured again after diluting 
with tryptic soy broth containing 1.5% NaCl when the 
values exceeded this range. Finally, growth curves were 
plotted based on the incubation time and OD600 values of 
the bacterial solution.

Pathogenicity analysis of V. parahaemolyticus
To compare the pathogenicity of V.p.25, V.p.27, 

and V.p.29, shrimps were challenged with different 
concentrations of each bacterium. In total, 250 shrimps 
were used for each strain, which were randomly divided 
into 5 groups with 50 shrimp in each group, and another 
50 shrimps served as the control group, resulting in a total 
of 800 shrimps. Each group of 50 shrimps was kept in a 
tank containing 10 L of water for 7 days, and the water 
temperature, salinity, and water quality were continuously 
monitored.

V.p.25, V.p.27, and V.p.29 were cultured and counted 
as above. The bacterial concentration was diluted to 1.0×108 

cfu/mL, 1.0×107 cfu/mL, 1.0×106 cfu/mL, 1.0×105 cfu/
mL, and 1.0×104 cfu/mL using 5‰ prepared mariculture 
solution, and each group of 50 shrimps was immersed in 1 L 
of bacterial solution with the above concentrations for 2 h. 
After immersing the shrimps, the total volume was adjusted 
to 10 L with water. The number of remaining shrimps was 
counted for 10 days. The median lethal concentration was 
calculated by Koch’s method as described in GB15193.3-
2003 (acute toxicity experiments) using the following 
formulas: M=XK-I(∑p-0.5) and LD50=log-1M. According 
to the median lethal concentration, the pathogenicity of 
V.p.25, V.p.27, and V.p.29 was compared.

RESULTS

Isolation and sequencing identification of pathogenic 
bacteria

From 2020 to 2021, a total of seven dominant Vibrio 
strains (numbered as V.p.20, V.p.24, V.p.25, V.p.26, V.p.27, 
V.p.28, and V.p.29) were isolated from the aquaculture 
ponds of L. vannamei in Zhuhai, China. The information of 
seven Vibrio strains is shown in Table I. V.p.20 was isolated 
from the aquaculture water, while V.p.24 and V.p.25 were 
isolated from the hepatopancreas of adult shrimp. In 
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addition, V.p.26, V.p.27, V.p.28, and V.p.29 were isolated 
from homogenized whole juvenile shrimp. All seven Vibrio 
strains appeared green on TCBS plates. The following 
16S rRNA gene sequencing results were obtained: V.p.20, 
V.p.25, and V.p.26 were identified as V. parahaemolyticus; 
V.p.24 was identified as V. parahaemolyticus or Vibrio 
alginolyticus; V.p.27 was identified as Vibrio cyaneus 
or Vibrio alginolyticus; and V.p.29 was identified as V. 
parahaemolyticus or Vibrio alginolyticus (Table I). The 
phylogenetic tree of the seven Vibrio strains based on 16S 
rRNA sequencing showed that the seven Vibrio strains 
have high homology (Fig. 1). PCR analysis showed that 
all seven Vibrio strains carried the pirA and pirB virulence 
genes, which showed a single target band at 283 bp (Fig. 
2A) and 392 bp (Fig. 2B), respectively. According to the 
color on TCBS plates and 16S rRNA gene sequencing 
alignment results, these seven strains were predominately 
identified as V. parahaemolyticus.

Chromogenic culture of bacteria
The seven suspected V. parahaemolyticus strains 

(V.p.20, V.p.24, V.p.25, V.p.26, V.p.27, V.p.28, and V.p.29) 
were tested by Vibrio chromogenic plates. V.p.20, V.p.24, 
and V.p.28 appeared dark green (Fig. 3A, B, F), and V.p.26 
appeared as blue-green (Fig. 3D). In addition, V.p.25, 
V.p.27, and V.p.29 appeared light green (Fig. 3C, E, G), and 
the inoculated Vibrio alginolyticus was distinctly off-white 
(Fig. 3H). All seven pathogenic bacteria were consistent 
with the chromogenic results of V. parahaemolyticus, and 
each plate showed a single colony without miscellaneous 
bacteria. The results of the three repeated tests were 
consistent.

Biochemical characterization
Biochemical indicators of V.p.20, V.p.24, V.p.25, 

V.p.26, V.p.27, V.p.28, and V.p.29, including oxidase, 
kinetic test, halophilic, mannitol, lysine decarboxylase, V-P 

test, ONPG, sucrose, glucose, lactose, and hydrogen sulfide, 
were identified using biochemical identification tubes.

Fig. 1. The phylogenetic tree of the seven isolated 
Vibrio strains was constructed using MEGA 7. Multiple 
sequences use the muscle alignment algorithm with 
default parameters, the phylogenetic tree was built use the 
Neighbor joining method. The Bootstrap method was set 
to 1000, and other parameters were defaulted.

Table I. Information on pathogen isolation of Litopenaeus vannamei in Zhuhai.

Numbered Virulence 
genes

Species name Year Site of separation 16S rRNA gene sequencing

V.p.20 pirA/pirB Litopenaeus vannamei 2020 Aquaculture water Vibrio. parahaemolyticus

V.p.24 pirA/pirB Litopenaeus vannamei 2020 Hepatopancreas Vibrio. parahaemolyticus or Vibrio alginolyticus

V.p.25 pirA/pirB Litopenaeus vannamei 2020 Hepatopancreas Vibrio. parahaemolyticus

V.p.26 pirA/pirB Litopenaeus vannamei 2021 Juvenile shrimp Vibrio. parahaemolyticus

V.p.27 pirA/pirB Litopenaeus vannamei 2021 Juvenile shrimp Vibrio cyaneus or Vibrio alginolyticus

V.p.28 pirA/pirB Litopenaeus vannamei 2021 Juvenile shrimp Vibrio. parahaemolyticus

V.p.29 pirA/pirB Litopenaeus vannamei 2021 Juvenile shrimp Vibrio. Parahaemolyticus or Vibrio alginolyticus
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Table II. Biochemical characterization of seven Vibrio parahaemolyticus.

Index Reference standard V.p.20 V.p.24 V.p.25 V.p.26 V.p.27 V.p.28 V.p.29
Oxidase + + + + + + + +
Kinetic test + + + + + + + +
Halophilic 0% and 10% NaCl showed no or weak growth, 

6% and 8% NaCl showed vigorous growth
0% and 10% NaCl showed no growth, 6% and 8% NaCl 
showed vigorous growth

Sucrose − − − − − − − −
ONPG + + + + + + + +
Mannitol + + + + + + + +
Glucose decomposition 
gas production

− − − − − − − −

Lactose − − − − − − − −
Hydrogen sulfide − − − − − − − −
Lysine decarboxylase + + + + + + + +
V-P test − − − − − − − −
β-D-galactoside − − − − + − − −

Notes: + represents positive, - represents negative. The reference basis is GB4789.7-2013 (National Standard for Food Microbiological Examination of 
Vibrio. parahaemolyticus).

Fig. 2. PCR amplification results of the pirA and pirB 
virulence genes of the seven pathogenic bacteria. A, The 
amplification result of the pirA virulence gene. Lane M 
represents the DNA electrophoresis marker, and lanes 
1-7 are V.p.20, V.p.24, V.p.25, V.p.26, V.p.27, V.p.28, and 
V.p.29, respectively. B, The amplification result of pirB 
virulence gene. Lane M represents the DNA electrophoresis 
marker, and lanes 1-7 are V.p.20, V.p.24, V.p.25, V.p.26, 
V.p.27, V.p.28, and V.p.29, respectively.

Fig. 3. Chromogenic culture of the strains. A-G represent 
V.p.20, V.p.24, V.p.25, V.p.26, V.p.27, V.p.28, and V.p.29, 
respectively. The seven Vibrio strains presented green 
or blue-green color on the plates. H represents Vibrio 
alginolyticus and presented an off-white color on the plate.

The results of each index were compared with the indicators 
of V. parahaemolyticus described in GB4789.7-2013 
(National Standard for Food Microbiological Examination 
of V. parahaemolyticus). Except for the abnormal and 
positive ONPG index of V.p.26, the other strains and 
indexes were consistent with the biochemical indexes of V. 
parahaemolyticus in the standard (Table II). The results of 
the two repeated tests of the above biochemical indicators 
were consistent.

Results of the Kanagawa test
The fresh V.p.20, V.p.24, V.p.25, V.p.26, V.p.27, 

V.p.28, and V.p.29 strains cultured overnight on TCBS 
plates were seeded on Wagatsuma agar base plates and 
cultured for 48 h at 35°C. After being cultured for 24 h, 
the peripheral colors of the colonies of the seven strains 
became lighter, and hemolytic rings gradually appeared 
(Fig. 4A, B). At 48 h of culture, obvious hemolytic rings 
were observed around all seven strains. The hemolytic 
rings were transparent and well-demarcated (Fig. 4C, 
D), consistent with typical β-hemolytic rings of V. 
parahaemolyticus. The size of β-hemolytic rings was 1–3 
mm (Fig. 4E). These results suggested that all seven strains 
carrying the pirA and pirB virulence genes were hemolytic 
and pathogenic strains.

Serotypes of the seven V. parahaemolyticus strains
We next evaluated the serotypes of the seven V. 

parahaemolyticus strains. Compared to the control lacking 
a testing sample, the V.p.20, V.p.24, V.p.26, and V.p.28
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Table III. Results of serotype detection of seven Vibrio parahaemolyticus.

Strains K antigen multivalent 
antiserum

K antigen monovalent 
antiserum

O antigen multivalent 
antiserum

O antigen monovalent 
antiserum

Serotype

V.p.20 Multivalent antiserum 4 K25 Agglutination O1 O1: K25

V.p.24 Multivalent antiserum 5 K33 O1 O1: K33

V.p.25 No agglutination − No agglutination OUT: KUT

V.p.26 Multivalent antiserum 5 K36 O1 O1: K36

V.p.27 No agglutination − O1 O1: KUT

V.p.28 Multivalent antiserum 9 K68 O1 O1: K68

V.p.29 No agglutination − O1 O1: KUT

Fig. 4. Hemolytic detection of the strains. A and B, The 
seven Vibrio strains were inoculated on Wagatsuma agar 
base plates for 24 h. C and D, The seven Vibrio strains 
were inoculated on Wagatsuma agar base plates for 48 h, 
all seven strains were hemolytic as obvious β-hemolytic 
rings appeared on the Wagatsuma agar base plates. E: Size 
of the seven strains’ β-hemolytic rings at 48h.

strains resulted in obvious agglutination particles after 
reaction with the test serum for 1 min. The following 
serotypes were identified: the serotype of V.p.20 was 
O1:K25; the serotype of V.p.24 was O1:K33; the serotype 
of V.p.26 was O1:K36; and the serotype of V.p.28 was 
O1:K68. The O antigen multivalent antiserum of V.p.25 had 
agglutination particles, but the monovalent antiserum did 
not show obvious agglutination within 1 min. Because the 
K antigen multivalent serum did not detect agglutination, 
the serotype of V.p.25 was OUT:KUT (OUT represents 
O untypeable and KUT represents K untypeable). V.p.27 
and V.p.29 showed agglutination at approximately 1 min 
after reaction with monovalent O1 sera, and agglutination 
was not detected using the K antigen multivalent serum. 
Thus, the serotype of V.p.27 and V.p.29 was O1:KUT. 
The results of serotype testing are summarized in Table 
III, and the serotype identification was consistent after two 
repeated testing.

Regression test
A 1.0×106 cfu/mL bacterial solution was used to 

infect 1–2 cm healthy L. vannamei. During the regression 
infection test, the water temperature was 22–24°C, the 
salinity was 4–5‰, the ammonia nitrogen level was 
0.2–0.6 mg/L, the nitrite level was 0.001–0.05 mg/L, 
and the pH was stable at 8. The water temperature, water 
quality, and salinity during the experiment were within 
the suitable growth range for shrimp seedlings. On day 2 
postinfection, morbidity and death began to appear in each 
group. On day 3 postinfection, the death number increased 
significantly, while on day 5 postinfection, the death 
number increased continuously. Mortality on day 5 was 
49% for V.p.20, 39% for V.p.24, 77% for V.p.25, 37% for 
V.p.26, 65% for V.p.27, 41% for V.p.28, 80% for V.p.29, 
and 7% for the control group. On day 8 postinfection, the 
mortality rates gradually stabilized in each group, and the 
cumulative mortality rates of V.p.25, V.p.27, and V.p.29 
were significantly higher than that of the control and other 
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experimental groups (Fig. 5). The following symptoms 
were observed in the diseased shrimp: The intestinal tract 
of the diseased shrimp was transparent and free of contents; 
and the tails of some shrimp showed black carbonization; 
the stomach and liver were yellow; and the hepatopancreas 
was diffuse and red-brown with black spots on the body 
surface. The dominant bacteria isolated from the infected 
shrimp were identified as V. parahaemolyticus.

Fig. 5. Cumulative mortality curve of V. parahaemolyticus 
regression infection. The abscissa represents the days 
post immersion challenge, and the ordinate represents the 
cumulative mortality. The mortality rates of V.p.25, V.p.27, 
and V.p.29 were significantly higher than those of V.p.20, 
V.p.24, V.p.26, and V.p.28. The mortality rates of V.p.20, 
V.p.24, V.p.26, and V.p.28 were higher than those of the 
control group during the regression infection experiment.

Analysis of growth characteristics
The growth curves of V.p.25, V.p.27, and V.p.29 

indicated that there was a lag period of approximately 
1 h after inoculation followed by a rapid growth phase. 
According to the growth curves, the three strains of V. 
parahaemolyticus were in the logarithmic growth phase 
from 1 to 4 h after inoculation, and the growth rate slowed 
down and entered the plateau phase after 4 h (Fig. 6).

Fig. 6. Growth curves of V.p.25, V.p.27, and V.p.29. The 
three strains of V. parahaemolyticus reached the growth 
plateau at 4 h after inoculation. Error bars represent SD of 
three independent detected OD600 values of one sample.

Comparison of pathogenicity of strains
During the immersion infection experiment, the 

water temperature was 25–26°C, the salinity was 4%–5%, 
the ammonia nitrogen level was 0.2–0.4 mg/L, the nitrite 
level was 0.001–0.05 mg/L, the pH was stable at 8, and the 
water quality index was within the suitable growth range 
of shrimp seedlings. On day 2 postinfection, the shrimp in 
the high concentration immersion groups of 1.0×108 cfu/
mL and 1.0×107 cfu/mL appeared sick and dead, and the 
diseased shrimp had empty stomachs, empty jejunums, and 
diffuse hepatopancreases, which were consistent with the 
typical symptoms of V. parahaemolyticus infection. Higher 
concentrations of immersion resulted in faster morbidity 
and mortality of shrimp. The cumulative mortality of the 
1.0×108 cfu/mL and 1.0×107 cfu/mL immersion groups 
reached 100% and 80% on day 3 postinfection, respectively, 
and both reached 100% on day 5 postinfection. The 
mortality of each immersion group was stabilized after day 
5 postinfection (Fig. 7). The median lethal concentrations of 
V.p.25, V.p.27, and V.p.29 were 1.10×104 cfu/mL, 1.15×104 
cfu/mL, and 1.10×104 cfu/mL, respectively.

Fig. 7. Pathogenicity evaluation of V.p.25, V.p.27, and V.p.29. A, Cumulative mortality curve for V.p.25. B, Cumulative mortality 
curve for V.p.27. C, Cumulative mortality curve for V.p.29.



9                                                                                        

Onlin
e F

irs
t A

rtic
le

Isolation, Identification, and Pathogenicity of Pathogens from Litopenaeus vannamei 9

DISCUSSION

Pathogenic bacteria were isolated from the diseased 
ponds of L. vannamei farms from 2020 to 2021 in 
Zhuhai, China, and the dominant bacteria were all V. 
parahaemolyticus, indicating that V. parahaemolyticus 
may be one of the main pathogenic Vibrio species of 
shrimp in Zhuhai. Thus, it is necessary to continuously 
monitor the content changes of V. parahaemolyticus in 
water and shrimp during the culture of L. vannamei.

TCBS agar medium is often used for the isolation and 
identification of Vibrio. Vibrio generally shows blue-green, 
yellow, and black on this agar plate. The color of different 
Vibrio species is mainly determined by the pH of the plate 
(Pfeffer and Oliver, 2003). Some Vibrio species ferment 
sucrose in the medium to produce lactic acid, resulting 
in a decrease in pH, which makes the colony appear 
yellow. Some Vibrio species may not be able to ferment 
sucrose to produce acid, resulting in the colonies and their 
surroundings to appear the color of the plate itself. Some 
strains can produce hydrogen sulfide, which reacts with 
iron ions in the medium to produce iron sulfide, resulting 
in black colonies (Kobayashi et al., 1963; Nicholls et 
al., 1976). All seven Vibrio strains isolated in the present 
study showed a blue-green color on TCBS plates, and 
16S rRNA sequencing showed that the strains were V. 
parahaemolyticus, Vibrio cyaneus, or Vibrio alginolyticus. 
Because Vibrio alginolyticus appears yellow on TCBS 
plates, the seven strains were either V. parahaemolyticus 
or Vibrio cyaneus. Furthermore, the seven strains appeared 
green on the chromogenic plate, which suggested that the 
isolated strains may be V. parahaemolyticus.

To further identify the species of the seven Vibrio 
strains, their biochemical characteristics were identified 
(Ciufecu et al., 1976; Xie et al., 2021). Except for the ONPG 
positive test for V.p.26, all other strains and indicators 
met the detection standards for V. parahaemolyticus. 
The principle of the biochemical detection of ONPG is 
that some bacteria have galactosidase, which hydrolyzes 
o-nitrophenol β-D-galactoside, and release yellow 
o-nitrophenol (Buelow, 1964; Ladero et al., 2001). The 
presence or absence of β-galactosidase is determined by a 
yellow reaction per unit time. In the present study, 16S rRNA 
sequencing showed that V.p.26 was V. parahaemolyticus, 
suggesting that there was a mutation in the galactosidase 
gene in the V.p.26 strain, which led to the ONPG positive 
test result. However, this speculation needs to be confirmed 
by further gene sequencing and additional studies. 
Moreover, it is necessary to follow up with related studies 
on the abnormal ONPG index of V. parahaemolyticus 
and monitor the changes in pathogenicity, infectivity, and 
prevalence of V.p.26 in shrimp.

Hemolysin is the extracellular product of V. 
parahaemolyticus, and it is also an important virulence 
factor of V. parahaemolyticus. The direct hemolytic factors 
of V. parahaemolyticus are thermostable direct hemolysin 
and thermostable direct hemolysin-related hemolysin 
(Okuda et al., 1997; Robert-Pillot et al., 2004). In addition, 
there are thermolabile hemolysin (Vazquez-Morado et al., 
2021). Thermostable direct hemolysin has cytotoxicity, 
enterotoxicity, and erythrocyte lytic activity, and it does not 
lose its biological activity even when heated at 100°C for 
10 min. Thermostable direct hemolysin produces a specific 
β-hemolysis phenomenon on Wagatsuma agar base plates, 
namely the Kanagawa phenomenon (Miyamoto et al., 
1969; Wagatsuma, 1968). Thermostable direct hemolysin-
related hemolysin has intestinal toxicity and is sensitive 
to heat, and it loses its activity after 10 min above 60°C. 
Thermostable direct hemolysin-related hemolysin does 
not produce hemolysis circles on Wagatsuma agar base 
plates, but it does produce obvious hemolysis circles on 
ordinary blood plates (Kishishita, 1992). In the present 
study, all seven strains of V. parahaemolyticus had positive 
Kanagawa tests and formed obvious β-hemolytic rings on 
the Wagatsuma agar base plates, indicating that the seven 
strains of V. parahaemolyticus contained thermostable 
direct hemolysin and had certain pathogenicity to humans 
(Miyamoto et al., 1969).

The seven strains of V. parahaemolyticus were 
identified as six serotypes. Among these serotypes, 
O1:K25 and O1:KUT are the main serotypes that have 
caused multiple outbreaks of enteritis after 1996 (Li et 
al., 2018; Preeprem et al., 2019). O1:K36 was reported 
in foodborne V. parahaemolyticus isolates in Southeastern 
China from 2009 to 2017 (Chen et al., 2016, 2020; Li et 
al., 2015). O1:K68 is consistent with the serotype of the 
clinically isolated V. parahaemolyticus strain BAA-241 
in the American Type Culture Collection (Ramamurthy et 
al., 2000). The pathogenicity to humans of the above V. 
parahaemolyticus serotypes isolated from L. vannamei was 
uncertain, but it is necessary to take protective measures in 
breeding production. In the present study, we found that the 
three V. parahaemolyticus strains with serotype O1:KUT 
or OUT:KUT were significantly more virulent to 1 cm L. 
vannamei than the other serotypes; 100% mortality was 
achieved after the immersion challenge after 2 to 3 days, 
and the median lethal concentrations of the two serotypes 
were almost the same, indicating that the pathogenicity of 
the three strains were similar. V. parahaemolyticus with 
serotype O1:KUT has been detected in L. vannamei and 
Penaeus nipponense, and it shows a strong ability to acutely 
infect animals (Jia, 2017). Moreover, the V.p.26 strain 
with the abnormal ONPG biochemical identification index 
(serotype O1:K36) did not show strong pathogenicity or 
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mortality. These results suggested that V. parahaemolyticus 
with serotype O1:KUT or OUT:KUT might be the main 
epidemic strains of L. vannamei in Zhuhai, China. Thus, 
it is necessary to continuously monitor the serotypes of V. 
parahaemolyticus in L. vannamei culture in Zhuhai.

CONCLUSION

In conclusion, we isolated seven bacterial strains 
from L. vannamei with acute hepatopancreatic necrosis 
disease in Zhuhai, China. The bacterial isolates were 
identified as V. parahaemolyticus based on morphological, 
biochemical characteristics, hemolysis, and molecular 
identification with 16S rRNA sequencing. The seven 
V. parahaemolyticus strains carried the pirA and pirB 
virulence genes, which cause acute hepatopancreatic 
necrosis disease, and they were identified as six serotypes. 
Three V. parahaemolyticus strains with serotype O1:KUT 
or OUT:KUT showed higher pathogenicity than the other 
serotypes, which had similar median lethal concentrations 
and showed the same growth characteristics. We 
suggested that V. parahaemolyticus strains with serotype 
O1:KUT or OUT:KUT might be the main epidemic 
strains that cause acute hepatopancreatic necrosis disease 
of cultured L. vannamei in Zhuhai, China. The present 
study laid a foundation for the isolation, identification, 
and pathogenicity study of V. parahaemolyticus in L. 
vannamei, thereby providing a reference for the prevention 
and control of Vibrio diseases.

Funding
This study was supported by the Project funded by 

China Postdoctoral Science Foundation (2022M720843).

IRB approval
This study was approved by the IRB at Guangdong 

Haid Group. The operation and management of animal 
experiments carried out in the study are in line with the 
Articles of Association of Experimental Animal Ethics 
Committee of Guangdong Haid Group (permit number: 
HD-221110-1).

Ethical statement
All animial experiments were performed under 

anesthesia, and every effort was made to minimize 
suffering.

Statement of conflict of interest
The authors have declared no conflict of interest.

REFERENCES

Ahmmed, S., Khan, M.A., Eshik, M.M.E., Punom, 
N.J., Islam, A. and Rahman, M.S., 2019. Genomic 
and evolutionary features of two AHPND 
positive Vibrio parahaemolyticus strains isolated 
from shrimp (Penaeus monodon) of south-west 
Bangladesh. BMC Microbiol., 19: 270. https://doi.
org/10.1186/s12866-019-1655-8

Buelow, P., 1964. The ONPG test in diagnostic 
bacteriology. 1. Methodological investigation. 
Acta. Pathol. Microbiol. Scand., 60: 376-386. 
https://doi.org/10.1111/apm.1964.60.3.376

Chen, X., Zhu, Q., Liu, Y., Wang, R., Xie, H., Chen, J., 
Cheng, Y., Zhang, H., Cao, L. and Chen, Y., 2020. 
Pathogenic characteristics of and variation in Vibrio 
parahaemolyticus isolated from acute diarrhoeal 
patients in southeastern China from 2013 to 2017. 
Infect. Drug. Resist., 13: 1307-1318. https://doi.
org/10.2147/IDR.S234186

Chen, Y., Chen, X., Yu, F., Wu, M., Wang, R., Zheng, S., 
Han, D., Yang, Q., Kong, H., Zhou, F., Zhu, J., Yao, 
H., Zhou, W. and Li, L., 2016. Serology, virulence, 
antimicrobial susceptibility and molecular 
characteristics of clinical Vibrio parahaemolyticus 
strains circulating in southeastern China from 2009 
to 2013. Clin. Microbiol. Infect., 22: 258.e9-16. 
https://doi.org/10.1016/j.cmi.2015.11.003

Ciufecu, C., Năcescu, N. and Florescu, D., 1976. 
Morphological, cultural and biochemical 
characteristics of Vibrio parahaemolyticus, isolated 
in Romania from acute gastro-enteritis. Zentralbl. 
Bakteriol. Orig. A, 234: 212-218.

Elmahdi, S., Parveen, S., Ossai, S., DaSilva, L.V., 
Jahncke, M., Bowers, J. and Jacobs, J., 2018. Vibrio 
parahaemolyticus and Vibrio vulnificus recovered 
from oysters during an oyster relay study. Appl. 
environ. Microbiol., 84: e01790-17. https://doi.
org/10.1128/AEM.01790-17

Elshopakey, G.E., Risha, E.F., Abdalla, O.A., Okamura, 
Y., Hanh, V.D., Ibuki, M., Sudhakaran, R. and 
Itami, T., 2018. Enhancement of immune response 
and resistance against Vibrio parahaemolyticus 
in kuruma shrimp (Marsupenaeus japonicus) by 
dietary supplementation of β-1,4-mannobiose. 
Fish Shellfish Immunol., 74: 26-34. https://doi.
org/10.1016/j.fsi.2017.12.036

Han, J.E., Mohney, L.L., Tang, K., Pantoja, C.R. 
and Lightner, D.V., 2015a. Plasmid mediated 
tetracycline resistance of Vibrio parahaemolyticus 
associated with acute hepatopancreatic necrosis 
disease (AHPND) in shrimps. Aquacult. Rep., 2: 
17-21. https://doi.org/10.1016/j.aqrep.2015.04.003

Han, J.E., Tang, K.F., Tran, L.H. and Lightner, D.V., 

https://doi.org/10.1186/s12866-019-1655-8
https://doi.org/10.1186/s12866-019-1655-8
https://doi.org/10.1111/apm.1964.60.3.376
https://doi.org/10.2147/IDR.S234186
https://doi.org/10.2147/IDR.S234186
https://doi.org/10.1016/j.cmi.2015.11.003
https://doi.org/10.1128/AEM.01790-17
https://doi.org/10.1128/AEM.01790-17
https://doi.org/10.1016/j.fsi.2017.12.036
https://doi.org/10.1016/j.fsi.2017.12.036
https://doi.org/10.1016/j.aqrep.2015.04.003


11                                                                                        

Onlin
e F

irs
t A

rtic
le

2015b. Photorhabdus insect-related (Pir) toxin-like 
genes in a plasmid of Vibrio parahaemolyticus, the 
causative agent of acute hepatopancreatic necrosis 
disease (AHPND) of shrimp. Dis. Aquat. Organ., 
113: 33-40. https://doi.org/10.3354/dao02830

Jia, D., 2017. Characterization and pathogenicity 
analysis of Vibrio parahaemolyticus isolated from 
penaeid shrimps in China. PhD thesis, Shanghai 
Ocean University, Shanghai, China.

Jiao, L.F., Dai, T.M., Zhong, S.Q., Jin, M., Sun, P. 
and Zhou, Q.C., 2020. Vibrio parahaemolyticus 
infection impaired intestinal barrier function and 
nutrient absorption in Litopenaeus vannamei. 
Fish Shellfish Immunol., 99: 184-189. https://doi.
org/10.1016/j.fsi.2020.02.009

Kim, S., Chung, H.Y., Lee, D.H., Lim, J.G., Kim, S.K., 
Ku, H.J., Kim, Y.T., Kim, H., Ryu, S., Lee, J.H. 
and Choi, S.H., 2016. Complete genome sequence 
of Vibrio parahaemolyticus strain FORC_008, a 
foodborne pathogen from a flounder fish in South 
Korea. Pathog. Dis., 74: ftw044. https://doi.
org/10.1093/femspd/ftw044

Kishishita, M., 1992. Sequence variation in the 
thermostable direct hemolysin-related hemolysin 
(trh) gene of Vibrio parahaemolyticus. Appl. 
environ. Microbiol., 58: 2449-2457. https://doi.
org/10.1128/aem.58.8.2449-2457.1992

Kobayashi, T., Enomoto, S., Sakazaki, R. and Kuwahara, 
S., 1963. A new selective isolation medium for the 
vibrio group; on a modified nakanishi’s medium 
(TCBS agar medium). Nihon. Saikingaku. Zasshi. 
Jpn. J. Bact., 18: 387. https://doi.org/10.3412/
jsb.18.387

Ladero, M., Santos, A., Garcı́A, J. and Garcı́A-Ochoa, 
F., 2001. Activity over lactose and ONPG of 
a genetically engineered β-galactosidase from 
Escherichia coli in solution and immobilized: 
Kinetic modelling. Enzyme. Microb. Tech., 
29: 181-193. https://doi.org/10.1016/S0141-
0229(01)00366-0

Lee, C., Chen, I., Yang, Y., Ko, T., Huang, Y., Huang, 
J., Huang, M., Lin, S., Chen, C. and Lin, S., 
2015. The opportunistic marine pathogen Vibrio 
parahaemolyticus becomes virulent by acquiring a 
plasmid that expresses a deadly toxin. Proc. natl. 
Acad. Sci. USA, 112: 10798-10803. https://doi.
org/10.1073/pnas.1503129112

Li, B., Tan, H., Ke, B., He, D., Ke, C. and Zhang, Y., 
2015. Etiologic characteristics of food-borne Vibrio 
parahaemolyticus strains isolated in Guangdong, 
2014. Chin. J. Epidemiol., 36: 1283-1287.

Li, P., Xin, W., Xia, S., Luo, Y., Chen, Z., Jin, D., Gao, 

S., Yang, H., Ji, B., Wang, H., Yan, Y., Kang, L. and 
Wang, J., 2018. MALDI-TOF mass spectrometry-
based serotyping of V. parahaemolyticus isolated 
from the Zhejiang province of China. BMC 
Microbiol., 18: 185. https://doi.org/10.1186/
s12866-018-1328-z

Miyamoto, Y., Kato, T., Obara, Y., Akiyama, S. and 
Yamai, S., 1969. In vitro hemolytic characteristic of 
Vibrio parahaemolyticus: Its close correlation with 
human pathogenicity. J. Bact., 100: 1147. https://
doi.org/10.1128/jb.100.2.1147-1149.1969

Muhammad, F., Zhi-Feng, Z., Ming-Yu, S. and Shafi, M., 
2017. cDNA cloning and expression of cyclophilin 
A (LvCypA) in white leg shrimp, Litopenaeus 
vannamei. Pakistan J. Zool., 49: 935-941. https://
doi.org/10.17582/journal.pjz/2017.49.3.935.941

Nakamura, R., Pedrosa-Gerasmio, I.R., Alenton, 
R.R.R., Nozaki, R., Kondo, H. and Hirono, I., 
2019. Anti-PirA-like toxin immunoglobulin (IgY) 
in feeds passively immunizes shrimp against acute 
hepatopancreatic necrosis disease. J. Fish Dis., 42: 
1125-1132. https://doi.org/10.1111/jfd.13024

Nicholls, K.M., Lee, J.V. and Donovan, T.J., 1976. An 
evaluation of commercial thiosulphate citrate bile 
salt sucrose agar (TCBS). J. appl. Bact., 41: 265-
269. https://doi.org/10.1111/j.1365-2672.1976.
tb00629.x

Okuda, J., Ishibashi, M., Abbott, S.L., Janda, J.M. and 
Nishibuchi, M., 1997. Analysis of the thermostable 
direct hemolysin (tdh) gene and the tdh-related 
hemolysin (trh) genes in urease-positive strains 
of Vibrio parahaemolyticus isolated on the west 
coast of the United States. J. clin. Microbiol., 35: 
1965-1971. https://doi.org/10.1128/jcm.35.8.1965-
1971.1997

Pfeffer, C. and Oliver, J.D., 2003. A comparison of 
thiosulphate-citrate-bile salts-sucrose (TCBS) 
agar and thiosulphate-chloride-iodide (TCI) agar 
for the isolation of Vibrio species from estuarine 
environments. Lett. appl. Microbiol., 36: 150-151. 
https://doi.org/10.1046/j.1472-765X.2003.01280.x

Preeprem, S., Singkhamanan, K., Nishibuchi, M., 
Vuddhakul, V. and Mittraparp-Arthorn, P., 2019. 
Multiplex multilocus variable-number tandem-
repeat analysis for typing of pandemic Vibrio 
parahaemolyticus O1: KUT isolates. Foodb. 
Pathog. Dis. 16: 104-113. https://doi.org/10.1089/
fpd.2018.2505

Ramamurthy, A., Nishibuchi, M., Yamasaki, S., Takeda, 
Y. and Nair, G.B., 2000. Molecular evidence of 
clonal Vibrio parahaemolyticus pandemic strains. 
Emerg. Infect. Dis., 6: 631-631. https://doi.

Isolation, Identification, and Pathogenicity of Pathogens from Litopenaeus vannamei 11

https://doi.org/10.3354/dao02830
https://doi.org/10.1016/j.fsi.2020.02.009
https://doi.org/10.1016/j.fsi.2020.02.009
https://doi.org/10.1093/femspd/ftw044
https://doi.org/10.1093/femspd/ftw044
https://doi.org/10.1128/aem.58.8.2449-2457.1992
https://doi.org/10.1128/aem.58.8.2449-2457.1992
https://doi.org/10.3412/jsb.18.387
https://doi.org/10.3412/jsb.18.387
https://doi.org/10.1016/S0141-0229(01)00366-0
https://doi.org/10.1016/S0141-0229(01)00366-0
https://doi.org/10.1073/pnas.1503129112
https://doi.org/10.1073/pnas.1503129112
https://doi.org/10.1186/s12866-018-1328-z
https://doi.org/10.1186/s12866-018-1328-z
https://doi.org/10.1128/jb.100.2.1147-1149.1969
https://doi.org/10.1128/jb.100.2.1147-1149.1969
https://doi.org/10.17582/journal.pjz/2017.49.3.935.941
https://doi.org/10.17582/journal.pjz/2017.49.3.935.941
https://doi.org/10.1111/jfd.13024
https://doi.org/10.1111/j.1365-2672.1976.tb00629.x
https://doi.org/10.1111/j.1365-2672.1976.tb00629.x
https://doi.org/10.1128/jcm.35.8.1965-1971.1997
https://doi.org/10.1128/jcm.35.8.1965-1971.1997
https://doi.org/10.1046/j.1472-765X.2003.01280.x
https://doi.org/10.1089/fpd.2018.2505
https://doi.org/10.1089/fpd.2018.2505
https://doi.org/10.3201/eid0606.000612


12                                                                                        

Onlin
e F

irs
t A

rtic
le

org/10.3201/eid0606.000612
Robert-Pillot, A., Guénolé, A., Lesne, J., Delesmont, R., 

Fournier, J.M. and Quilici, M.L., 2004. Occurrence 
of the tdh and trh genes in Vibrio parahaemolyticus 
isolates from waters and raw shellfish collected in 
two French coastal areas and from seafood imported 
into France. Int. J. Fd. Microbiol., 91: 319-325. 
https://doi.org/10.1016/j.ijfoodmicro.2003.07.006

Sirikharin, R., Taengchaiyaphum, S., Sanguanrut, 
P., Chi, T.D., Mavichak, R., Proespraiwong, P., 
Nuangsaeng, B., Thitamadee, S., Flegel, T.W. 
and Sritunyalucksana, K., 2015. Characterization 
and PCR etection of binary, Pir-Like toxins from 
Vibrio parahaemolyticus isolates that cause acute 
hepatopancreatic necrosis disease (AHPND) in 
Shrimp. PLoS One, 10: e0126987. https://doi.
org/10.1371/journal.pone.0126987

Thompson, C.C., Vicente, A.C., Souza, R.C., 
Vasconcelos, A.T., Vesth, T., Alves, N., Jr., Ussery, 
D.W., Iida, T. and Thompson, F.L., 2009. Genomic 
taxonomy of Vibrios. BMC Evol. Biol., 9: 258. 
https://doi.org/10.1186/1471-2148-9-258

Tinwongger, S., Nochiri, Y., Thawonsuwan, J., Nozaki, 
R., Kondo, H., Awasthi, S.P., Hinenoya, A., 
Yamasaki, S. and Hirono, I., 2016. Virulence of 
acute hepatopancreatic necrosis disease PirAB-
like relies on secreted proteins not on gene copy 
number. J. appl. Microbiol., 121: 1755-1765. 
https://doi.org/10.1111/jam.13256

Tran, L., Nunan, L., Redman, R.M., Mohney, L.L., 
Pantoja, C.R., Fitzsimmons, K. and Lightner, D.V., 
2013. Determination of the infectious nature of the 
agent of acute hepatopancreatic necrosis syndrome 
affecting penaeid shrimp. Dis. Aquat. Organ., 105: 
45-55. https://doi.org/10.3354/dao02621

Vazquez-Morado, L.E., Robles-Zepeda, R.E., 
Ochoa-Leyva, A., Arvizu-Flores, A.A., Garibay-
Escobar, A., Castillo-Yañez, F. and Lopez-Zavala, 
A.A., 2021. Biochemical characterization and 
inhibition of thermolabile hemolysin from Vibrio 

parahaemolyticus by phenolic compounds. PeerJ., 
9: e10506. https://doi.org/10.7717/peerj.10506

Wagatsuma, S., 1968. A medium for the test of the 
hemolytic activity of Vibrio parahaemolyticus. 
Media. Circle., 13: 159-161. https://doi.
org/10.3354/dao03587

Wang, L.P., Zhou, S.X., Wang, X., Lu, Q.B., Shi, L.S., 
Ren, X., Zhang, H.Y., Wang, Y.F., Lin, S.H., Zhang, 
C.H., Geng, M.J., Zhang, X.A., Li, J., Zhao, S.W., 
Yi, Z.G., Chen, X., Yang, Z.S., Meng, L., Wang, 
X.H., Liu, Y.L., Cui, A.L., Lai, S.J., Liu, M.Y., Zhu, 
Y.L., Xu, W.B., Chen, Y., Wu, J.G., Yuan, Z.H., Li, 
M.F., Huang, L.Y., Li, Z.J., Liu, W., Fang, L.Q., 
Jing, H.Q., Hay, S.I., Gao, G.F. and Yang, W.Z., 
2021. Etiological, epidemiological, and clinical 
features of acute diarrhea in China. Nat. Commun., 
12: 2464.

Xie, J., Mei, H., Jin, S., Bu, L., Wang, X., Wang, C., 
Zhao, Q., Ma, R. and Zhou, S., 2021. Outbreak of 
vibriosis associated with Vibrio parahaemolyticus 
in the mud crab Scylla paramamosain cultured in 
China. Dis. Aquat. Organ., 144: 187-196.

Xuan, D., Dexi, B., Hailiang, W., Peizhuo, Z., Guosi, X., 
Xiaoyuan, W., Qian, Y., Yanping, Z., Mengmeng, 
C. and Chengcheng, G., 2017. pirABvp-bearing 
Vibrio parahaemolyticus and Vibrio campbellii 
pathogens isolated from the same AHPND-affected 
pond possess highly similar pathogenic plasmids. 
Front. Microbiol., 8: 1859.

Zhang, D., Bader, T.J., Lange, M.D., Shoemaker, C.A. 
and Beck, B.H., 2021. Toxicity of recombinant PirA 
and PirB derived from Vibrio parahaemolyticus in 
shrimp. Microb. Pathog., 155: 104886. https://doi.
org/10.1016/j.micpath.2021.104886

Zhao, C., Fana, S. and Qiua, L., 2020. Dynamic changes 
in bacteria and water quality and their relationship 
with survival rate during Penaeus monodon larva 
culture. Pakistan J. Zool., 52: 2415-2418. https://
doi.org/10.17582/journal.pjz/20180613140606

Y. Zhong et al.

https://doi.org/10.3201/eid0606.000612
https://doi.org/10.1016/j.ijfoodmicro.2003.07.006
https://doi.org/10.1371/journal.pone.0126987
https://doi.org/10.1371/journal.pone.0126987
https://doi.org/10.1186/1471-2148-9-258
https://doi.org/10.1111/jam.13256
https://doi.org/10.3354/dao02621
https://doi.org/10.7717/peerj.10506
https://doi.org/10.3354/dao03587
https://doi.org/10.3354/dao03587
https://doi.org/10.1016/j.micpath.2021.104886
https://doi.org/10.1016/j.micpath.2021.104886
https://doi.org/10.17582/journal.pjz/20180613140606
https://doi.org/10.17582/journal.pjz/20180613140606

