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Abstract
Supplementation of a combination of organic acids and essential oils (Aquavibra™) was evaluated for its effect 
during experimental infection of Vibrio Parahaemolyticus Isolate-XN89 that caused Acute Hepatopancreatic Ne-
crosis Disease (VPAHPND) in white shrimp, Penaeus vannamei as compared to that of an antibiotic. Initially, the in 
vitro Minimum Bactericidal Concentration (MBC) and Minimum Biofilm Inhibitory Concentration (MBIC) of Aqua-
vibra™ against VPAHPND isolate XN89 were determined to be 3.12 mg/ml -1.56 mg/ml and 2 mg/ml, respectively. 
Aquavibra™ exhibited efficient biofilm reduction (85%), which was comparable to that of chloramphenicol (88%). 

feeding period using a diet supplemented with 0.5% of Aquavibra™. The growth and FCR between the Aquavibra™ 
supplemented group, and the control were not significantly different (P>0.05) after the feeding period. The ex-
perimental challenge resulted in 83% mortality in the infected control group. Antibiotic supplementation in feed 
using Trimethoprim-Sulfamethoxazole (Bactrim®) resulted in significant improvement in survival (61.54%), while 
the Aquavibra™ group showed comparable survival rate (60%) at 120 h post-challenge. Histopathological analysis 
revealed hepatopancreatic tissues with normal tubule epithelia in the uninfected group and severe collapsed hepa-
topancreatic tubule epithelia in the infected control group. However, the histopathology of moribund shrimp from 
Aquavibra™ and antibiotic supplemented groups revealed a mix of normal and thin collapsed hepatopancreatic epi-
thelia, indicating less bacterial colonization of pathogens in hepatopancreas. Results from the present study indicate 
that dietary supplementation of Aquavibra™ at 0.5% is promising against AHPND in white shrimp.
Keywords: Shrimp disease, Bacterial infection, Biofilm, Sustainable aquaculture

INTRODUCTION
Bacteria belonging to the genus Vibrio are the most common 
pathogens in shrimp aquaculture worldwide associated with 
diseases such as tail necrosis, loose shell syndrome, running 
mortality syndrome, and red disease in shrimp. Among the 

pathogenic vibrio’s, a strain of V. parahaemolyticus that har-
bours the pVA1 plasmid encoding binary toxins, Parp and 
PirVpB is reported to cause Acute Hepatopancreatic Necrosis 
Disease (AHPND) affecting both the black tiger shrimp, Penae-
us monodon and white shrimp. Prominent symptoms seen in 
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An experimental challenge was conducted in shrimp juveniles with XN89 at 105  CFU/mL (LC50) following a 42-day 
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affected shrimp include an empty gut and an atrophied, pale 
hepatopancreas. Histopathology shows the sloughing of the 
hepatopancreatic tubule epithelial cells and haemolytic infil-
tration. Besides, non-AHPND strains of V. parahaemolyticus 
are implicated in the white gut syndrome that affects P. van-
namei. Isolation and characterization of several Vibrio species 
from the hemolymph of P. vannamei showed the presence of 
antibiotic-resistant genes [1]. 
Essential oils are lipophilic compounds and reported to inhibit 
the growth of various pathogenic bacteria such as Escherichia 
coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus 
vulgaris, and Staphylococcus aurous. The antibacterial activity 
of essential oils and organic acids countering several pathogen-
ic organisms, including Vibrio sp., has been reported. The effect 
of a specific combination of organic acids and essential oils on 
the growth performance and survival of P. vannamei following 
experimental challenge with VPAHPND isolate XN89 was eval-
uated in this study [2].

MATERIALS AND METHODS
Bacterial Strain
The VPAHPND isolate XN89 strain used in the study was ini-
tially isolated from AHPND affected shrimp in 2014. The iso-
lated strain was characterized at National Centre for Genetic 
Engineering and Biotechnology, Thailand and was maintained 
at the Department of Aquaculture and Aquatic Resources Man-
agement, Asian Institute of Technology, Thailand [3]. The bacte-
rial suspension to be used in the challenge study was prepared 
by sub-culturing the XN89 strain in Tryptic Soy Broth (TSB) con-
taining 2% NaCl, followed by incubation at 30°C for 24 h.

Experimental Animals
Penaeus vannamei juveniles with an initial body weight of 3.4 
g ± 0.3 g were maintained in 2000 L capacity tanks. Each tank 
containing aerated brackish water was equipped with a biolog-
ical filter in a closed recirculating culture system. The tempera-
ture, salinity, pH and dissolved oxygen of rearing water were 
maintained at 28°C-30°C, 15 ppt, 7.5-8.0 and ≥ 5.0 mg/l, re-
spectively. Juveniles were fed a commercial crumble feed daily 
at 5% of their body weight [4].

Antimicrobial Agent
A supplement containing organic acids and essential oil (Aqua-
vibra™) was obtained from Kevin Aqua Science™, Chennai, and 
used for the evaluation of their efficacy against the pathogenic 
strain of V. parahaemolyticus XN89.

Determination of Minimum Bactericidal Con-
centration (MBC)
The MBC of Aquavibra™ against V. parahaemolyticus XN89 was 
determined by the broth dilution method followed by dot as-
say. Five percentage test solution was prepared by dissolving 
2.5 g of product in 50 ml of 50% Dimethyl Sulfoxide (DMSO). 
Sterile Zobell marine broth (100 µl) was then added to all the 
wells of a 96-well microliter plate, followed by 100 µl of test 
solution added to the first well, and subsequently, two-fold 
serial dilutions were made in a concentration range between 
25 mg/ml and 0.012 mg/ml. Similarly, in the antibiotic group, 
chloramphenicol (Sigma-C0378-25G) was prepared in sterile 

saline and added in a concentration range between 0.5 mg/
ml to 0.001 mg/ml [5]. The cell density of V  parahaemolyt-
icus XN89 was adjusted (OD600 nm=0.5) using sterile Zobell 
marine broth. One hundred microliters of V. parahaemolyticus 
was added to all the wells. Media control (sterile broth alone), 
Vibrio control (broth+V. parahaemolyticus XN89), and DMSO 
control (50% DMSO+broth) were maintained in different wells 
followed  by  incubation  of  the  plates  at  37°C  for 16 h. After 
incubation, 3 µl of culture from each well was dotted on the 
HI chrome vibrio agar plate to confirm the inhibition of Vibrio 
growth. The complete inhibition of Vibrio growth in Hichrome 
vibrio agar plate indicated the MBC. The experiments were car-
ried out in triplicates [6].

Determination of Minimal Biofilm Inhibitory 
Concentration (MBIC)
An improved crystal violet method was used to estimate the 
MBIC of Aquavibra™. A five-percentage stock solution was pre-
pared, as mentioned above. Test solutions were prepared from 
the stock by diluting with pre-autoclaved marine broth. A nar-
row range of concentrations were prepared, from 20 mg/ml to 
2 mg/ml. In a 96-well microliter plate, 100 µL of test solutions 
were added into the respective wells, and V. Parahaemolyti-
cus XN89 at the appropriate cell density (OD600 nm=0.5) was 
added into all the wells. Vibrio control (broth+V. parahaemolyt-
icus), media control (broth alone), and antibiotic control (chlor-
amphenicol at 1 mg/ml+V. parahaemolyticus) were maintained 
in separate wells. After the incubation of plates at 37°C for 24 
h, sterile deionized water was used to wash the planktonic cells 
three times gently. The plates held in an inverted position were 
patted dry with a piece of paper towel. After drying, 100 µl of 
0.2% crystal violet stain was added to each well and incubated 
at 37°C for 15 min [7-10]. Any non-adherent stain was removed 
by washing with sterile deionized water followed by air-drying 
of the plates. The plates were incubated for 30 min at room 
temperature, and OD590 was measured after solubilizing the 
adherent dye using glacial acetic acid and ethanol (80:20) (v/v). 
The BIC value with a maximum inhibition of biofilm was then 
quantified according to the following formula.

 
The experiments were carried out in triplicates.

Experimental Design for LC50
The effective lethal concentration (LC50) of V. parahaemolyt-
icus XN89 against P. vannamei was identified by studying the 
survival of shrimp in different Vibrio concentrations. Thirty 
shrimp were maintained in each experimental challenge tanks 
in duplicates and acclimatized for 30 h before the challenge. 
A commercial feed without any supplements was fed to the 
shrimp during this period 11. The different final concentrations 

CFU/ml) of V. parahaemolyticus XN89 were prepared based on 
the OD at 600 nm and total plate count. Mortality pattern was 
observed for five days of post-immersion challenge, and the 
LC50 value was calculated [11].

Growth Study
The feeding trial consisted of a control group, with no test prod-

(102 CFU/ml, 103  CFU/ml, 104  CFU/ml, 105  CFU/ml  and 106  
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uct and a treatment group, supplemented with Aquavibra™ at 
recommended dose (0.5% inclusion in the feed). Commercial 
crumble feed was used to prepare experimental diets with the 
aid of binders. Five grams of Aquavibra™ was added to 140 ml 
of 0.5% carboxymethylcellulose for the preparation of a binder 
solution. Subsequently, the binder solution was added into a 
mixer containing 1 kg of feed and mixed for 5 min at 100 rpm 
[12].  After completion of mixing, the prepared feed was dried 
in an oven at 50°C for 15 min and stored in sealed plastic bags 
under refrigeration at 4°C. 
The shrimp were transferred from SPF stock to glass tanks (150 
L capacity) equipped with biological filter and aerated brackish 
water in a closed recirculating culture system. After acclimati-
zation, a total of 30 shrimp were stocked in each tank. All the 
experimental groups were in triplicates, and shrimp were fed 
at 7% of their body weight in all the groups. The feeding times 
were maintained at 6:00 a.m., 10:00 a.m., 2:00 p.m. and 6:00 
p.m. with commercial crumble feed [13-15]. The body weight 
and feed intake were measured, and Feed Conversion Ratio 
(FCR) was calculated for 42 days.

Experimental Design for the Immersion Chal-
lenge 
The trial comprised of four groups, including an uninfected 
control, an infected control, positive control, and Aquavibra™ 
supplemented group as treatment. The first three groups had 
shrimp from the control group in the growth study Bactrim® 
(Trimethoprim/sulfamethoxazole, Roche) was used in the pos-
itive control group at a dose of 30 mg/kg of feed. The antibi-
otic was supplemented through the feed for five days before 
the challenge. For the preparation of antibiotic feed, 480 mg 
of Bactrim® was dissolved in 40 ml of DMSO. From this stock 
solution, 2.5 ml was mixed in 140 ml of 0.5% carboxymethyl-
cellulose for the preparation of a binder solution [Lightner DV, 
and subsequently, the binder solution was mixed with the feed 
and stored in sealed plastic bags at 4°C. The shrimp were trans  -
ferred from the tanks for growth study to the challenge tanks, 
each with a capacity of 20 L, in duplicates [16]. In each tank, 15 
shrimp were stocked and acclimatized for 40 h. After comple-
tion of the acclimatization period, shrimp were immersed at 

V. parahaemolyticus XN89 sus-
pension, while sterilized seawater replaced the bacterial sus-
pension in the uninfected group. The mortality rate of shrimp 
was recorded every 3 h up to 120 h of post-immersion. The im-
mersion challenge study was repeated with the same groups of 
shrimp to confirm the results; however, after a shorter duration 
of supplementation. The shrimp were fed with respective sup-
plement feed for seven days and then they were transferred to 
challenge tanks each of 20 L capacity, at a stocking density of 
15 shrimp per tank and three replicates per group. The shrimp 
mortality rate was recorded at every 3 h up to 96 h post-immer-
sion. The moribund and survived shrimp were used for histo-
pathology analysis at 96 h post-immersion challenge [17-20].

Statistical Analysis
Data were analysed by Analysis of Variance (ANOVA) using 
Graph Pad Prism version 6.01. Statements of statistical signif-
icance are declared when P<0.05. The lethal dose (LC50) was 
determined by probit analysis at 72 h post-immersion [21-25].

RESULTS
MBC and MBIC
The MBC and MBIC values of Aquavibra™ are given in Table 1. MBC 
of 3.12 mg/ml-1.56 mg/ml was observed against V. parahaemolyt-
icus XN89 at the concentration of 1 × 104.5. MBIC concentration 
of 2 mg/ml and biofilm reduction of 85% observed for Aquavibra™ 
was comparable to those of the antibiotic group, which were 1 
mg/ml and 88%, respectively (Table 1).
Table 1: The in vitro MBC and MBIC of tested compounds. Note: MB-
C=Minimum Bactericidal Concentration; MBIC=Minimum Biofilm Inhibi-
tory Concentration

MBC (mg/
ml)

MBIC 
(mg/ml)

Reduction of biofilm 
%

(at respective MBIC)
Aquavibra™ 3.12-1.56 2 85

Chloramphenicol 0.003-0.002 1 88

LC 50 of V. parahaemolyticus XN89
The mortality of shrimps began 6 h post-immersion, and the 
higher dose of V. parahaemolyticus -
sulted in 100% mortality at 48 h [26,27]. The mortality gradu-
ally increased in mid dosage groups, and the LC50 value for the 
experimental animals against the V. parahaemolyticus XN89 

(Figure 1).

Growth Study
Feeding the juvenile shrimp with Aquavibra™ at 0.5% level had 
no significant (P>0.05) influence on their growth and FCR com-
pared to the control group. The total body weight gain of the 
Aquavibra™ treatment and control in 42 days of the trial were 
7.42 g ± 0.99 g and 7.39 g ± 1.58 g, while the FCR obtained were 
0.87 and 0.96, respectively. However, the survival of the exper-
imental shrimp was low, both in control (43%), and Aquavibra™ 
treatment (44%), possibly due to the cannibalism particularly 
associated with shrimp moulting since no substrates were used 
in the tanks (Figure 2).

Figure 1: Survival of P. vannamei (n=30) exposed to five concentrations of 
V. parahaemolyticus XN89 in the LC50 study. Note: ( ) 1.00E+02; ( ) 
1.00E+03; ( ) 1.00E+04; ( ) 1.00E+05; ( ) 1.00E+06.

Figure 2: Total body weight gain of experimental P. vannamei after 42 days 
feeding period. Data represented as mean ± SD; n=3 (30 shrimp in each 
replicate): (P >0.05)

 XN89 (1 × 106  CFU/ml) re

isolate was determined to be 1 × 105 CFU/ ml based on probit 
analysis 

the LC50 dose (105  CFU/ml) of 
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Experimental challenge with V. parahaemolyticus XN89: The 
experimental challenge resulted in 83% mortality in the in-
fected group at 120 h post-challenge. Histological examina-
tion of moribund shrimp from infected control showed severe 
collapsed hepatopancreatic tubule epithelia, one of the char-
acteristics of AHPND (Figure 3-B). The uninfected group im-
mersed with sterile seawater showed normal hepatopancreat-
ic tissues with normal tubule epithelia. The supplementation of 
Aquavibra™ at 0.5% inclusion, resulted in a better survival rate 
(60%) than the infected control (16.67%), and was comparable 
to that of the positive control group (61.54%). The repetition of 
the same experiment was performed, and a similar trend was 
observed [28-30]. A significantly higher (P<0.05) survival rate 
of 93% was observed in the Aquavibra™ supplemented group 
after 96 h, post-challenge while 100% survival was observed in 
the positive control group. The histology of moribund shrimp 
from both groups revealed a mix of normal and thin collapsed 
hepatopancreatic epithelia (Figures 3 to 5).  

DISCUSSION
Vibrios are opportunistic pathogens occupying the natural 

habitats of marine environments and aquaculture systems of 
shrimp. Infection by Vibrio, causing Acute Hepatopancreatic 
Necrosis Disease (AHPND) had a devastating impact on shrimp 
aquaculture worldwide. The initial steps of disease pathogen-
esis involve adsorption of pathogen and biofilm formation. 
Several Vibrio spp. are known to secrete the chitinase enzyme 
to degrade the chitin in the exoskeleton. Subsequently, the 
pathogen colonizes heavily in the chitin lining, including stom-
ach resulting in biofilm formation and release of toxins. Toxins 
cause necrosis in the hepatopancreas leading to secondary in-
fections and mortality [31]. Biofilm formation is highly relat-
ed to bacterial intercellular communication mechanism called 
Quorum Sensing (QS), which plays an essential role in pathoge-
nicity, drug resistance and gene regulations. In general antibi-
otics, chemotherapeutics and disinfectants are used in aquatic 
systems to control and treat Vibrio infections. However, the 
prevalence of antibiotic resistance among the bacterial strains 
is a significant drawback of an extensive application of antibi-
otics against Vibrio infections. This is evident by the resistance 
reported in the case of several antibiotics such as ampicillin, 
ciprofloxacin, cephazolin, streptomycin, cefotaxime, and cefu-
roxime sodium against specific isolates of V. parahaemolyticus. 
Thus, alternate strategies are needed for treatment or reduc-
tion of bacterial biofilms [32].
Antimicrobial activity of organic acids or their salts and essen-
tial oils are reported against several pathogens, including Vib-
rio species. In general, organic acids in the dissociated form can 
penetrate freely into the bacterial cell membranes and dissoci-
ate within the cytoplasm into anions and H+. A reduction in the 
intracellular pH and disruptions in the cytoplasmic membrane, 
metabolic enzymes, genetic materials, and protein synthesis, 
are the other impacts of organic acids. Besides, the bacterial 
cell consumes ATP to transport a net surplus of H+ out of cells 
leading to the depletion of ATP levels thus losing the ability to 
maintain pH homeostasis [33]. The in vitro anti-Vibrio activity 
of Aquavibra™ against V. parahaemolyticus XN89 revealed in 
the present study indicates the potential effective inhibition of 
pathogen by a relatively low concentration of Aquavibra™ at 
<3.12 mg/ml.
Essential oils are reported to inhibit ATPase and the enzymes 
involved in cytokine interactions and to disrupt the cell mem-
brane. Extracts of several plants and their active compounds 
were found to effectively prevent the development of bacterial 
biofilm and the planktonic cells. Essential oils have emerging 
microbial diseases-controlling potential due to the broad spec-
trum of antimicrobial substances such as terpenoids and phen-
ylpropanoids. In this study, a specific combination of organic 
acids and essential oils (Aquavibra™) was found to effectively 
inhibit the biofilm formation by V. parahaemolyticus XN89 with 
comparable efficacy with the antibiotic group. Similar results 
were reported in a phenolic monoterpenoid, carvacrol which 
showed a reduction in biofilm and the QS related gene expres-
sion of different pathogens [34]. 
The histology of infected shrimp followed by immersion chal-
lenge revealed massive collapsed hepatopancreatic tubule 
epithelia and a cumulative mortality rate of 83% by 120 h 
post-challenge, indicating active Vibrio infection. In general, 
the pathognomonic lesions of AHPND featured massive slough-
ing of tubule epithelial cells of the hepatopancreas of infected 

Figure 3: Photomicrographs of the shrimp hepatopancreas tissue-uninfect-
ed control a) infected control; b) antibiotic control; c) and Aquavibra™ at 
0.5%;  d) after 96 h post-challenge

Figure 4: Survival rate (%) after the bacterial challenge of shrimp using V. 
parahaemolyticus
represented as means where n=30)

Figure 5: SSurvival rate (%) after the bacterial challenge of shrimp using 
V. parahaemolyticus
represented as means where n=3 (15 shrimp in each replicate) (P<0.05)

 XN89 isolate for 120 h at 105 CFU/ ml. (All values are 

 XN89 isolate for 96 h at 105 CFU/ml. All values are 
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shrimp. However, low bacterial challenge doses or low level of 
the binary toxins PirVpAB caused collapsed hepatopancreatic 
epithelia as observed in the present study [35-40]. The histo-
pathology of the Aquavibra™ supplemented group revealed a 
mix of normal and thin collapsed hepatopancreatic epithelia, 
suggesting lower colonization of pathogen and consequently 
fewer toxins released in hepatopancreas. Also, the survival rate 
of the Aquavibra™ supplemented group was comparable to 
the antibiotic group. The results are in aligned with previous 
studies on photobiotic compounds against AHPND infections 
[41,42]. Phytochemical compounds exhibit potent antimicrobi-
al activity against several pathogens, including Vibrio species. 
Dietary supplementation of a blend of natural herbs showed 
significant improvement in survival of shrimp against V. para-
haemolyticus infection. Recent studies showed that Vibrio in-
fection affects trace element homeostasis, antioxidant function 
and induces inflammation response in P. vannamei. The effec-
tiveness of Aquavibra™ observed in the current study might 
also involve the antioxidant and anti-inflammatory activity of 
essential oils which could be further investigated.

CONCLUSION
In conclusion, the results of this study demonstrated the effec-
tiveness of a specific combination of organic acids and essen-
tial oil (Aquavibra™) to improve survival during infection with 
pathogenic VPAHPND. The application of antibiotics is restrict-
ed in shrimp aquaculture as it affects the sustainability of the 
production and marketing process. The organic acids and es-
sential oil blends are promising and economical alternatives to 
replace antibiotics. The recommended inclusion level of Aqua-
vibra™ is 0.5% in shrimp feed. Further studies are required to 
evaluate Aquavibra™ for its potential to enhance both the im-
munity and the gut microbiome in white shrimp. 

DECLARATIONS
Funding 
This study was supported by an Institutional Research Grant 
at the Asian Institute of Technology (project number SERD-
1278/058) funded by Kemin Industries, South Asia.

Conflicts of Interest 
This study was funded by a research grant from Kemin Indus-
tries, South Asia to Asian Institute of Technology, aimed to test 
the efficacy of a product to treat bacterial infection in white 
shrimp. However, this funding posed no constraint in adhering 
to research ethics and following the Journal guidelines in the 
preparation of this manuscript.

Ethics Approval
The authors followed all the applicable international, national, 
and/or institutional guidelines for the care and use of animals 
in this study.

Consent to Participate 
All the authors consented to participate in this research and 
publication of the manuscript.

Consent for Publication 
All the authors consent to publish this manuscript in the Jour-
nal, Aquaculture International.

Availability of Data and Material 
The supporting data are available and can be provided based 
on a reasonable request.

Code Availability 
Not applicable

Author Contribution
Krishna R. Salin, Rajalekshmi Mukkalil, and Harikumar Sampath 
conceptualized this study; Amara Yakupitiyage., Saengchan 
Senapin, Ha Thanh Dong, and Krishna R. Salin were involved 
in the research design and data analysis; Harikumar Sampath 
wrote the first draft of the manuscript, and all authors com-
mented on previous versions of the manuscript. All authors 
read and approved the final manuscript.

REFERENCES
1. Asfour HZ (2018) Anti-quorum sensing natural compounds. 

J Microsc Ultrastruct. 6:1-10.
2. 

sistance profile and biofilm formation ability of Vibrio par-
ahaemolyticus isolated from mussel front  microbiol. 10.

3. Bondad-Reantaso M, Arthur J (2018) FAO technical assis-
tance efforts to deal with Acute Hepatopancreatic Necro-
sis Disease (AHPND) of cultured shrimp. 1-14.

4. Burt SA, Ojo-Fakunle VTA, Woertman J, Veldhuizen EJA 
(2014) The natural antimicrobial carvacrol inhibits quorum 
sensing in chromobacterium violaceum and reduces bac-
terial biofilm formation at sub-lethal concentrations. Plos 
One.

5. Cherrington CA, Hinton M, Mead GC, Chopra I (1991) Or-
ganic acids: Chemistry, antibacterial activity and practical 
applications. In: Rose AH, Tempest DW (eds). Advan Mi-
crob Phy.  32:87-108.

6. Chouhan S, Sharma K, Guleria S (2017) Antimicrobial ac-
tivity of some essential oils-present status and future per-
spectives medicines (Basel, Switzerland) 4. 

7. Costa RA, Araújo RL, Souza OV, Vieira RH (2015) Antibi-
otic-resistant vibrios in farmed shrimp. Biomed Res Int. 
2015:505914.

8. Dang LT, Nguyen HT, Hoang HH, Lai HNT, Nguyen HT (2019) 
Efficacy of rose myrtle rhodomyrtus tomentosa seed ex-
tract against acute hepatopancreatic necrosis disease in 
pacific whiteleg shrimp penaeus vannamei. J Aquatic Anim 
Health. 31:311-319.

9. Dhifi W, Bellili S, Jazi S, Bahloul N, Mnif W (2016) Essential 
oils’ chemical characterization and investigation of some 
biological activities: A critical review medicine. 3.

10. Gopal S, Otta SK, Kumar S, Karunasagar I, Nishibuchi M, 
et al. (2005) The occurrence of Vibrio species in tropical 
shrimp culture environments; implications for food safety. 
Inter J  Food Microbio. 102:151-159.

11. Gracia-Valenzuela M, Vergara-Jiménez M, María-Elena B-F, 
Cabrera Chavez F (2014) Antimicrobial effect of dietary 
oregano essential oil against Vibrio bacteria in shrimps. Ar-
chiv Bio Sci. 66:1367.

Ashrafudoulla M, Mizan MFR, Park H, Byun K-H, Lee N, et
al. (2019) Genetic relationship, virulence factors, drug re-

https://www.frontiersin.org/articles/10.3389/fmicb.2019.00513/full
https://www.frontiersin.org/articles/10.3389/fmicb.2019.00513/full
https://www.frontiersin.org/articles/10.3389/fmicb.2019.00513/full
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0093414
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0093414
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0093414
doi:https://doi.org/10.1016/S0065-2911(08)60006-5
doi:https://doi.org/10.1016/S0065-2911(08)60006-5
doi:https://doi.org/10.1016/S0065-2911(08)60006-5
doi:10.3390/medicines4030058
doi:10.3390/medicines4030058
doi:10.3390/medicines4030058
doi:10.1155/2015/505914
doi:10.1155/2015/505914
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1002/aah.10080
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1002/aah.10080
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1002/aah.10080
https://www.mdpi.com/2305-6320/3/4/25doi:10.3390/medicines3040025
https://www.mdpi.com/2305-6320/3/4/25doi:10.3390/medicines3040025
https://www.mdpi.com/2305-6320/3/4/25doi:10.3390/medicines3040025
doi:10.1016/j.ijfoodmicro.2004.12.011
doi:10.1016/j.ijfoodmicro.2004.12.011
https://www.readcube.com/articles/10.2298/abs1404367g
https://www.readcube.com/articles/10.2298/abs1404367g


Page 6
Sampath H, et al.

Volume 13 • Issue 09   •  86

12. He W, Rahimnejad S, Wang L, Song K, Lu K, et al. (2017) 
Effects of organic acids and essential oils blend on growth, 
gut microbiota, immune response and disease resistance of 
Pacific white shrimp (Litopenaeus vannamei) against Vibrio 
parahaemolyticus. Fish Shellfish Immuno. 70:164-173.

13. Hong XP, Xu D, Zhuo Y, Liu HQ, Lu LQ (2016) Identification 
and pathogenicity of Vibrio parahaemolyticus isolates and 
immune responses of Penaeus (Litopenaeus) vannamei 
(Boone). J Fish Dis. 39:1085-1097.

14. Inouye S, Takizawa T, Yamaguchi H (2001) Antibacterial ac-
tivity of essential oils and their major constituents against 
respiratory tract pathogens by gaseous contact. J Antimi-
crob Chemotherap. 47:565-573.

15. Jha R (2017) Efficacy of natural herbal formulation against 
Acute Hepatopancreatic Necrosis Disease (AHPND) causing 
Vibrio parahaemolyticus in Penaeus vannamei. Veter Med 
Open J. 2:1-6.

16. Jiao L, Dai T, Zhong S, Jin M, Sun P, et al. (2020) Vibrio 
parahaemolyticus infection influenced trace element ho-
meostasis, impaired antioxidant function, and induced in-
flammation response in Litopenaeus Vannamei. Bio Trace 
Element Res.

17. Joshi J (2014) Variation in Vibrio parahaemolyticus isolates 
from a single Thai shrimp farm experiencing an outbreak of 
Acute Hepatopancreatic Necrosis Disease (AHPND). Aquac. 
428-429:297-302.

18. Kang CH (2017) Characterization of Vibrio parahaemolyti-
cus isolated from oysters in Korea: Resistance to various an-
tibiotics and prevalence of virulence genes. Marine Pollut 
Bull. 118:261-266.

19. Khimmakthong U, Sukkarun P (2017) The spread of Vibrio 
parahaemolyticus in tissues of the Pacific white shrimp Li-
topenaeus vannamei analyzed by PCR and histopathology. 
Microb Pathogen. 113:107-112.

20. Kongchum P, Chimtong S, Chareansak N, Subprasert P 
(2016) Effect of green tea extract on Vibrio parahaemolyt-
icus inhibition in pacific white shrimp (Litopenaeus vanna-
mei) postlarvae. Ag Ag Sci Pro. 11:117-124.

21. Kumar R, Ng TH, Wang HC (2020) Acute hepatopancreatic 
necrosis disease in penaeid shrimp. Rev Aqua.

22. Lai HC (2015) Pathogenesis of Acute Hepatopancreatic Ne-
crosis Disease (AHPND) in shrimp. Fish Shellfish Immunol. 
47:1006-1014.

23. Lee CT (2015) The opportunistic marine pathogen Vibrio 
parahaemolyticus becomes virulent by acquiring a plasmid 
that expresses a deadly toxin. Proceed Nat Acad Sci United 
States Am. 112:10798-10803.

24. Lightner DV, Redman RM (1998) Shrimp diseases and cur-
rent diagnostic methods. Aquaculture. 164:201-220.

25. Loka J, Janakiram P, Rokkam M (2006) Characterization 
of Vibrio spp. associated with diseased shrimp from cul-
ture ponds of Andhra Pradesh (India). J World Aquac Soc. 
37:523-532.

26. Miller MB, Bassler BL (2001) Quorum sensing in bacteria. 
Annual Rev Microb. 55:165-199..

27. Mine S, Boopathy R (2011) Effect of organic acids on shrimp 
pathogen, Vibrio harveyi. Curr Microb. 63:1-7.

28. Nagpure NS, Srivastava R, Kumar R, Kushwaha B, Srivastava 
SK, et al. (2015) Assessment of genotoxic and mutagenic 
potential of hexavalent chromium in the freshwater fish 
Labeo rohita (Hamilton, 1822). Drug Chem Toxic. 38:9-15.

29. Nazzaro F, Fratianni F, de Martino L, Coppola R, de Feo V 
(2013) Effect of essential oils on pathogenic bacteria. Phar-
maceutic. 6:1451-1474.

30. Ng WK, Lim CL, Romano N, Kua BC (2017) Dietary short-
chain organic acids enhanced resistance to bacterial infec-
tion and hepatopancreatic structural integrity of the giant 
freshwater prawn, Macrobrachium rosenbergii. Inter Aqua 
Res. 9:293-302.

31. Nunan L, Lightner D, Pantoja C, Gomez-Jimenez S (2014) 
Detection of Acute Hepatopancreatic Necrosis Disease 
(AHPND) in Mexico. Dis  Aqua Organ. 111:81-86.

32. O’Toole G (2011) Microtiter dish biofilm formation assay. J 
Visual Exper. 47.

33. Park J-W, Wendt M, Heo GJ (2016) Antimicrobial activity of 
essential oil of Eucalyptus globulus against fish pathogenic 
bacteria. Lab Anim Res. 32:87-90.

34. Phiwsaiya K (2017) A Natural Vibrio parahaemolyticus Δpi-
rA (Vp) pirB (Vp+) Mutant Kills Shrimp but Produces neither 
Pir (Vp) toxins nor acute hepatopancreatic necrosis disease 
lesions. Appl  Enviro Microbio. 83.

35. Phuoc LH, Thanh NC, Nauwynck H, Pensaert M, Alday-Sanz 
V, et al. (2009) Effect of dose and challenge routes of Vibrio 
spp. on co-infection with white spot syndrome virus in Pe-
naeus vannamei. Aquaculture.

36. Sirikharin R, Taengchaiyaphum S, Sanguanrut P, Chi TD, Ma-
vichak R, et al. (2015) Characterization and PCR detection 
of binary, Pir-like toxins from Vibrio parahaemolyticus iso-
lates that cause Acute Hepatopancreatic Necrosis Disease 
(AHPND) in shrimp. PloS One. 10(5):0126987.

37. Snoussi M, Dehmani A, Noumi E, Flamini G, Papetti A (2016) 
Chemical composition and antibiofilm activity of Petroseli-
num crispum and Ocimum basilicum essential oils against 
Vibrio spp. Strains Microb pathogene. 90:13-21.

38. Soowannayan C Boonmee S,  Puckcharoen S,  Anatam-
sombat T,   Yatip P,  et al. (2019) Ginger and its component 
shogaol inhibit Vibrio biofilm formation in vitro and oral-
ly protect shrimp against acute hepatopancreatic necrosis 
disease. Aqua. 504:139-147.

39. Suginta W, Robertson PA, Austin B, Fry SC, Fothergill-Gilm-
ore LA (2000) Chitinases from Vibrio: Activity screening and 
purification of chiA from Vibrio carchariae. J Appl Microb. 
89:76-84.

40. Thiruvarangan M, Kumar T, Rajan A (2014) Prognosis of bio-
film formation of Vibrio bacteria on shrimps and diagnosis 
of vibriosis. World J Pharma Res.

41. Tran L, Nunan L, Redman RM, Mohney LL, Pantoja CR, et al. 
(2013) Determination of the infectious nature of the agent 
of acute hepatopancreatic necrosis syndrome affecting pe-
naeid shrimp. Dis Aqua Organ. 105:45-55.

42. Wang H, Wan X, Xie G, Dong X, Wang X, et al. (2020) In-
sights into the histopathology and microbiome of Pacific 
white shrimp, Penaeus vannamei, suffering from white fe-
ces syndrome.  Aqua.  527:735447.

https://www.sciencedirect.com/science/article/abs/pii/S1050464817305181
https://www.sciencedirect.com/science/article/abs/pii/S1050464817305181
https://www.sciencedirect.com/science/article/abs/pii/S1050464817305181
https://www.sciencedirect.com/science/article/abs/pii/S1050464817305181
https://onlinelibrary.wiley.com/doi/10.1111/jfd.12441
https://onlinelibrary.wiley.com/doi/10.1111/jfd.12441
https://onlinelibrary.wiley.com/doi/10.1111/jfd.12441
https://onlinelibrary.wiley.com/doi/10.1111/jfd.12441
https://academic.oup.com/jac/article/47/5/565/858508?login=truehttps://academic.oup.com/jac/article/47/5/565/858508?login=true
https://academic.oup.com/jac/article/47/5/565/858508?login=truehttps://academic.oup.com/jac/article/47/5/565/858508?login=true
https://academic.oup.com/jac/article/47/5/565/858508?login=truehttps://academic.oup.com/jac/article/47/5/565/858508?login=true
https://www.proquest.com/openview/a8042a9b8f570f966a7a948f423766c1/1?pq-origsite=gscholar&cbl=54117
https://www.proquest.com/openview/a8042a9b8f570f966a7a948f423766c1/1?pq-origsite=gscholar&cbl=54117
https://www.proquest.com/openview/a8042a9b8f570f966a7a948f423766c1/1?pq-origsite=gscholar&cbl=54117
https://www.proquest.com/openview/a8042a9b8f570f966a7a948f423766c1/1?pq-origsite=gscholar&cbl=54117
https://www.sciencedirect.com/science/article/abs/pii/S0044848614001331https:/www.sciencedirect.com/science/article/abs/pii/S0044848614001331
https://www.sciencedirect.com/science/article/abs/pii/S0044848614001331https:/www.sciencedirect.com/science/article/abs/pii/S0044848614001331
https://www.sciencedirect.com/science/article/abs/pii/S0044848614001331https:/www.sciencedirect.com/science/article/abs/pii/S0044848614001331
https://www.sciencedirect.com/science/article/abs/pii/S0025326X17301844
https://www.sciencedirect.com/science/article/abs/pii/S0025326X17301844
https://www.sciencedirect.com/science/article/abs/pii/S0025326X17301844
https://www.sciencedirect.com/science/article/abs/pii/S0882401017306344
https://www.sciencedirect.com/science/article/abs/pii/S0882401017306344
https://www.sciencedirect.com/science/article/abs/pii/S0882401017306344
https://www.sciencedirect.com/science/article/pii/S2210784316303047
https://www.sciencedirect.com/science/article/pii/S2210784316303047
https://www.sciencedirect.com/science/article/pii/S2210784316303047
https://onlinelibrary.wiley.com/doi/full/10.1111/raq.12414
https://onlinelibrary.wiley.com/doi/full/10.1111/raq.12414
https://www.sciencedirect.com/science/article/abs/pii/S1050464815302278
https://www.sciencedirect.com/science/article/abs/pii/S1050464815302278
https://www.pnas.org/doi/abs/10.1073/pnas.1503129112
https://www.pnas.org/doi/abs/10.1073/pnas.1503129112
https://www.pnas.org/doi/abs/10.1073/pnas.1503129112
doi:https://doi.org/10.1016/S0044-8486(98)00187-2
doi:https://doi.org/10.1016/S0044-8486(98)00187-2
https://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.2006.00066.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.2006.00066.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.2006.00066.x
https://www.annualreviews.org/doi/abs/10.1146/annurev.micro.55.1.165https:/www.annualreviews.org/doi/abs/10.1146/annurev.micro.55.1.165
https://link.springer.com/article/10.1007/s00284-011-9932-2
https://link.springer.com/article/10.1007/s00284-011-9932-2
https://www.tandfonline.com/doi/abs/10.3109/01480545.2014.900066?journalCode=idct20
https://www.tandfonline.com/doi/abs/10.3109/01480545.2014.900066?journalCode=idct20
https://www.tandfonline.com/doi/abs/10.3109/01480545.2014.900066?journalCode=idct20
https://www.mdpi.com/1424-8247/6/12/1451
https://link.springer.com/article/10.1007/s40071-017-0177-y
https://link.springer.com/article/10.1007/s40071-017-0177-y
https://link.springer.com/article/10.1007/s40071-017-0177-y
https://link.springer.com/article/10.1007/s40071-017-0177-y
https://experts.arizona.edu/en/publications/detection-of-acute-hepatopancreatic-necrosis-disease-ahpnd-in-mex
https://experts.arizona.edu/en/publications/detection-of-acute-hepatopancreatic-necrosis-disease-ahpnd-in-mex
https://www.jove.com/t/2437/microtiter-dish-biofilm-formation-assay
https://labanimres.biomedcentral.com/articles/10.5625/lar.2016.32.2.87
https://labanimres.biomedcentral.com/articles/10.5625/lar.2016.32.2.87
https://labanimres.biomedcentral.com/articles/10.5625/lar.2016.32.2.87
https://journals.asm.org/doi/10.1128/AEM.00680-17'
https://journals.asm.org/doi/10.1128/AEM.00680-17'
https://journals.asm.org/doi/10.1128/AEM.00680-17'
https://journals.asm.org/doi/10.1128/AEM.00680-17'
https://agris.fao.org/agris-search/search.do?recordID=US201301616843
https://agris.fao.org/agris-search/search.do?recordID=US201301616843
https://agris.fao.org/agris-search/search.do?recordID=US201301616843
https://www.sciencedirect.com/science/article/abs/pii/S088240101500176X
https://www.sciencedirect.com/science/article/abs/pii/S088240101500176X
https://www.sciencedirect.com/science/article/abs/pii/S088240101500176X
https://www.sciencedirect.com/science/article/abs/pii/S0044848618312353
https://www.sciencedirect.com/science/article/abs/pii/S0044848618312353
https://www.sciencedirect.com/science/article/abs/pii/S0044848618312353
https://www.sciencedirect.com/science/article/abs/pii/S0044848618312353
https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1046/j.1365-2672.2000.01076.x
https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1046/j.1365-2672.2000.01076.x
https://www.semanticscholar.org/paper/PROGNOSIS-OF-BIOFILM-FORMATION-OF-VIBRIO-BACTERIA-Thiruvarangan-ThirumalKumar/0073785b6168aa5cbe6e0400e972a5b55dcc00f1
https://www.semanticscholar.org/paper/PROGNOSIS-OF-BIOFILM-FORMATION-OF-VIBRIO-BACTERIA-Thiruvarangan-ThirumalKumar/0073785b6168aa5cbe6e0400e972a5b55dcc00f1
https://www.semanticscholar.org/paper/PROGNOSIS-OF-BIOFILM-FORMATION-OF-VIBRIO-BACTERIA-Thiruvarangan-ThirumalKumar/0073785b6168aa5cbe6e0400e972a5b55dcc00f1
https://experts.arizona.edu/en/publications/determination-of-the-infectious-nature-of-the-agent-of-acute-hepa
https://experts.arizona.edu/en/publications/determination-of-the-infectious-nature-of-the-agent-of-acute-hepa
https://experts.arizona.edu/en/publications/determination-of-the-infectious-nature-of-the-agent-of-acute-hepa
https://www.sciencedirect.com/science/article/abs/pii/S0044848620300557
https://www.sciencedirect.com/science/article/abs/pii/S0044848620300557
https://www.sciencedirect.com/science/article/abs/pii/S0044848620300557
https://www.sciencedirect.com/science/article/abs/pii/S0044848620300557



