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Abstract

Acute hepatopancreatic necrosis disease (AHPND) or formerly known as early mortality
syndrome (EMS) is an emerging disease that has caused significant economic losses to the
aquaculture industry. The primary causative agent of AHPND is Vibrio parahaemolyticus, a
Gram-negative rod-shaped bacterium that has gained plasmids encoding the fatal binary toxins
Pir A/Pir B that cause rapid death of the infected shrimp. In this review, the current research
studies and information about AHPND in shrimps have been presented. Molecular diagnostic
tools and potential treatments regarding AHPND were also included. This review also includes
relevant findings which may serve as guidelines that can help for further investigation and
studies on AHPND or other shrimp diseases.
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Introduction

Aquaculture industry has a big role in global economy. This provides job opportunities and
revenue to business sectors. Its demand increases throughout the years and is very much
dependent on human consumption. Among the different areas of aquaculture, crustacean
industry has developed rapidly in the past years due to the increase market demands of
crustaceans all over the world (Harlıoğlu and Farhadi 2017). Prawn and shrimp industries
have been considered major revenue generators, and many aquaculturists focus on cultivating
shrimps and prawns as primary protein sources for consumption (Lakshmi et al. 2013). Shrimp
is considered one of the most important commodities that are being traded in terms of market
value. Although there is an increased production of global farmed shrimp, leading producing
countries, particularly Asia, have experienced a decline in production due to shrimp diseases
(Zorriehzahra and Banaederakhshan 2015).

One of the most crucial problems in aquaculture is the occurrence of different diseases
risking the health and production of aquatic animals. Marine animals literally swim in potential
pathogens making them susceptible to viruses, bacteria, fungi, and even protozoans. General
epidemic outbursts induced by viruses, such as Taura syndrome virus (TSV), infectious
hypodermal and hematopoietic virus (IHHNV), white spot syndrome virus (WSSV),
hepatopancreatic parvovirus (HPV), yellow head virus (YHV), and monodon baculovirus
(MBV), brought about 15 billion US dollars of losses to shrimp farmers for the past 15 years
with 80% of such loss attributed to Asia alone (Flegel 2012; Hong et al. 2016). The outbreak
of diseases can significantly reduce the economic growth and cultivation of different aquatic
species. Last 2017, a recent discovery of iridescent virus in China which caused high mortality
and serious diseases in Litopenaeus vannamei has been verified and termed as shrimp
hemocyte iridescent virus (SHIV) (Qiu et al. 2017). In addition to these lists, an infectious
disease called acute hepatopancreatic necrosis disease (AHPND) has emerged with clinical
signs of severe atrophy of the shrimp hepatopancreas and accompanied by unique histopa-
thology at the acute stage of the infection (Tran et al. 2013).

AHPND is formerly known as early mortality syndrome (EMS) for it can cause sudden,
mass mortalities of up to 100% in shrimps that can be observed within 30–35 days of stocking
(de la Peña et al. 2015). This disease shows greater susceptibility in Penaeus monodon (Asian
tiger shrimp) and L. vannamei (whiteleg shrimp) (Tran et al. 2013; Zorriehzahra and
Banaederakhshan 2015). The involvement of these shrimp species leaves devastating eco-
nomics losses that reached about billions of dollars annually since the first outbreak in China
last 2009 and consecutively affected other southeast Asian countries like Vietnam (2010),
Malaysia (2011), Thailand (2012), Philippines (2013), and Mexico (2013) (de la Peña et al.
2015; Nunan et al. 2014; Soto-Rodriguez et al. 2015; Tran et al. 2013). In order to prevent
AHPND disease outbreak, several countries established import bans and strengthened the
import rules and conditions (Kim and Kim 2015). In 2012, the Asia Pacific Emergency
Regional Consultation held a meeting in Thailand in order to address the potential risks and
severity of AHPND, and this was followed by a technical workshop for the following year in
Vietnam (Devadas et al. 2019). In January 2016, AHPNDwas listed in the World Organization
of Animal Health (OIE) so that information can easily be disseminated to its member countries
to avert the disease outbreaks through updates or reports.

Vibrio parahaemolyticus, the causative agent of AHPND, is a Gram-negative rod-shaped
bacterium that is ubiquitous in nature. AHPND-causing V. parahaemolyticus is detrimental to
shrimps but not to humans. This bacterium produces a thermolabile hemolysin (TLH)
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diagnostic marker negative of both human toxigenic genes: thermostable direct hemolysin
(TDH) and TDH-related hemolysin (TRH) (Wang et al. 2015). The pathogenic bacteria
contain unique extrachromosomal plasmids that are not found in non-pathogenic strains
(Xiao et al. 2017). There are two identified types of AHPND-causing V. parahaemolyticus

bacteria based on geographical variations. Isolated V. parahaemolyticus in Mexico and Central
USA showed a 4243-bp Tn3-like transposon insert at ORF4 which is not present on the Asian
type (isolated from China, Vietnam, and Thailand) (Han et al. 2015d). The transposon-like
insert is unrelated to AHPND and shows no difference on virulence between the two groups
even if it is found on virulence plasmids (Tran et al. 2013). The unique extrachromosomal
plasmid found in pathogenic Vibrio species encodes the genes for AHPND’s main virulence
factors which are Pir A and Pir B toxins (Xiao et al. 2017). Pathogenic effects of AHPND
include atrophication and production of lesions despite detection of low population of bacteria.
A study by Lai et al. (2015) detected the presence of Pir A and Pir B toxins in protein lysates
from the stomach, hepatopancreas, and hemolymph of diseased shrimps. Within 6 h, sloughing
of shrimp hepatopancreas is evident and accompanied by a high concentration of Pir B.
Bacteria were detected in the hepatopancreas 12 h post-infection (hpi) while 18 hpi for Pir
A (Lai et al. 2015). The simultaneous occurrence of sloughing and presence of Pir B in the
hepatopancreas provides evidence that Pir B is enough to cause AHPND infection in shrimps.

Shortly after the discovery of V. parahaemolyticus, metagenomics sequencing was done to
provide insights on the disease mechanism in shrimps and develop diagnostic tools. It was also
found that an AHPND-causing non-V. parahaemolyticus species V. owensii (Liu et al. 2015),
V. campbellii (Ahn et al. 2017; Dong et al. 2017b; Han et al. 2017), and a strain close to
V. harveyi (Kondo et al. 2015) possessed pVA1-like plasmids which implies that these toxin
genes can be transferred to various species of Vibrio (Kondo et al. 2015). It can be hypoth-
esized that these genes are flanked in the plasmid by mobile genetic elements which could be a
transposase-coding sequence that may be potentially involved in horizontal gene transfer (Han
et al. 2015d). The pVA1 plasmid contains two plasmid mobilization genes and a group of
transfer genes for conjugation indicating that the plasmid may be self-transmissible (Lee et al.
2015). Bacterial clades with high degree of similarity at both phenotypic and genotypic levels
have demonstrated gene transfer through recombination events, transposition, conjugation, and
plasmid uptake during infection period. These processes explain the huge possibility of
conversion from non-pathogenic to pathogenic strain and positively enhance the spread of
AHPND (Restrepo et al. 2018). Furthermore, V. parahaemolyticus AHPND strains from
Mexico (13-511/A1 and13-306D/4) were found to be carrying tetB gene coding tetracycline
resistance gene (Han et al. 2015a), and V. campbellii (Vc3S01) from China was found to be
carrying multiple antibiotic resistance genes (Dong et al. 2017a). This results lead to failure of
disease control if traditional methods of disease management and eradication will be employed
for AHPND.

Review papers published on 2015 and 2016 addressed different aspects of AHPND which
covered the outbreak, causes, etiology, target species, gross clinical signs, histopathology,
potential treatments, prevention, and different molecular and biological diagnoses of AHPND
(Hong et al. 2016; Zorriehzahra and Banaederakhshan 2015). These reviews, however, lacked
updated information on the diagnostic techniques necessary to hasten AHPND studies. This
review paper aims to add relevant knowledge and findings by reporting the different strategies
in diagnosing and potential treatments for AHPND. Additional information also includes
recent findings on the disease which can further accelerate discovery of pathogenic mecha-
nisms involved in AHPND and other shrimp disease studies.
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Preliminary and confirmatory tests

In aquaculture studies, diagnosis is very important to prevent further complications and
outbreak of diseases. Preliminary steps involved in preventing the outbreak of a disease are
the isolation and identification of the pathogen then establishing different diagnostic platforms
and tools to identify the agent. Bioassays have been very helpful in identifying the virulence
and pathogenicity of the disease (Thomas and Elkinton 2004). Koch’s postulates are often used
as guides to identify the cause of the disease; therefore, an irrefutable link between the
pathogen and the disease should be properly established (Cambau and Drancourt 2014).
Figure 1 shows the process flow of diagnosing AHPND caused by Vibrio species.

Many studies have been done which used challenge experiments to identify the pathoge-
nicity and virulence of the strain being tested (Table 1) which was detected using polymerase
chain reaction (PCR) and whole genome sequencing of the pathogen.

Clinical signs and histopathology

As a primary diagnostic method, clinical signs of AHPND are used to examine affected
shrimps. These early diagnostic clinical signs must be based on the Network of Aquaculture
Centres in Asia-Pacific (NACA) disease card and OIE fact sheet (Devadas et al. 2019). Many
studies have shown that shrimps affected by AHPND characteristically display a pale and
shrunken hepatopancreas (HP) and gastric and gut emptying. Some changes in its behavior
such as sluggishness, swimming spirally, and reduced feeding were also observed
(Zorriehzahra and Banaederakhshan 2015). These behavioral signs provide presumptive
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Fig. 1 Process flow diagram of detecting and handling of AHPND-infected samples
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inferences on the disease while histological examinations are still the main method for
confirming the infection in shrimps. The main and unique histological features of AHPND
in early to middle stage of the disease are the sloughing and massive rounding of
hepatopancreatic tubule epithelial cells with no detectable causative pathogen (Tran et al.
2013). These features are critical for diagnosis, and it is recommended that 10 or more shrimp
specimens are to be collected and examined from any suspected pond to ensure that at least
one specimen is at this stage of the disease. This is the reasonable approach since at the initial
stages of AHPND, the disease is characterized by medial to distal dysfunction of B (blister-
like), F (fibrillar), and R (resorptive) cells, prominent karyomegaly, and lack of mitotic activity
in E cells (embryonic). The end stages which are described by tremendous secondary
infections may be difficult to evaluate. For instance, the late stages of the disease are
characterized by huge aggregation of hemocytes and emergence of melanized granulomas
and accompanied by infection of many colonies of different bacteria in tubule lumens. These
manifestations in infected shrimps cannot be easily distinguished from serious and other
conventional infections brought by non-AHPND isolates of various bacterial species (Hong
et al. 2016).

Suspected samples such as shrimps, sediments, or feeds must be treated for about 1–2 days
with Davidson’s AFA fixative (Bell and Lightner 1988) for light microscopy examination and
stained with hematoxylin and eosin (Lightner 1996). Besides light microscopy, transmission
electron microscopy (TEM) and scanning electron microscopy (SEM) can be used to examine
samples (Lightner 1996).

Polymerase chain reaction and loop-meditated isothermal amplification methods

The use of PCR as a diagnostic tool in detecting pathogens has been used for many
pathological studies and can be utilized also in examining AHPND-suspected samples. PCR
primers target specific DNA sequences present in samples to detect AHPND. This diagnostic
tool can also identify pathogenic V. parahaemolyticus–causing AHPND gathered in several
locations (Han et al. 2015b). The use of AHPND primer set 1 (AP1) and AHPND primer set 2
(AP2) which target the DNA sequences of AHPND was the first PCR diagnostic tool used in
2013 (Flegel and Lo 2014a). In 2014, Flegel and Lo (2014b) used three sets of AHPND
primers (AP1, AP2, and AP3) but a false positive result from AP2 was found due to the
plasmid mutation lacking the toxin gene. Among the three AHPND primer sets (AP1, AP2,
and AP3), AP3 demonstrated the highest sensitivity and best specificity (Flegel 2014). In

Table 1 Challenge and detection methods used in AHPND

Shrimp species Method of infection Detection method Reference

SPF Peneus vannamei Reverse gavage
Immersion

Histopathology Tran et al. (2013)

SPF Peneus vannamei Intramuscular injection
Immersion

Histopathology
PCR

Joshi et al. (2014)

SPF Peneus vannamei Per os
Immersion

Histopathology
PCR

Nunan et al. (2014)

Peneus vannamei Immersion Histopathology
PCR

Soto-Rodriguez et al. (2015)

Peneus vannamei Immersion Histopathology
PCR

Dabu et al. (2017)
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addition, TUMSAT-Vp3 primer was used by Tinwongger et al. (2014) targeting the AHPND
DNA sequences. An improved nested PCR method (AP4) showed higher sensitivity and does
not need pre-enrichment culture before extraction of DNA (Dangtip et al. 2015), but using
AP4 can amplify Pir A and Pir B genes in V. parahaemolyticus and can only detect AHPND
strains containing these two genes. Among the recent PCR methods, using AP3 primer which
targets the Pir A V. parahaemolyticus is considered the most promising tool for detecting
AHPND as it exhibited high sensitivity and specificity (Soto-Rodriguez et al. 2015). Thus, the
use of AP3 primers which can detect Pir A gene and duplex PCR method to detect Pir A and
Pir B genes are the most recommended confirmatory tests for AHPND detection (Table 2).
Further comparative studies are still needed to verify the specificity and sensitivity of these
methods.

ATn3-like transposon element around 4243 bp which is responsible for the secretion of Pir
A- and Pir B-like binary toxins was found only in AHPND strains in Mexico and other
countries in Central America but not in Southeast Asian strains isolated from Thailand, China,
and Vietnam (Han et al. 2015b). Thus, Han et al. (2015b) developed a PCR method to detect
these differences in these isolates. Moreover, a quantitative PCR method (qPCR) was devel-
oped by Han et al. (2015c) to quantify the virulence and detect AHPND with specificity and
high sensitivity. Another reliable and convenient method for detection is loop-meditated
isothermal amplification (LAMP) which generates results that can be easily interpreted suitable
for detecting the early onset of AHPND (Kongrueng et al. 2015) (Table 3). Additionally, recent
studies were able to develop an on-site detection method for V. parahaemolyticus AHPND
(Arunrut et al. 2016; Koiwai et al. 2016; Kongrueng et al. 2015). Moreover, a method using
PCR-DNA chromatography along with multiplex PCR was used to identify AHPND, hypo-
dermal and hepatopancreatic necrosis infections, enterocytozoon hepatopenaei, and white spot
disease concurrently (Koiwai et al. 2018).

Biological sensors/biosensors

Biosensor is another emerging diagnostic tool that can be used to detect pathogens. It produces a
quantifiable signal that is directly proportional to the sample being analyze (pathogen, biological/
cellular substance, or toxin) (Oluwaseun et al. 2018). The use of biosensors nowadays for
diagnosing diseases has been growing fast. Its detection can be based on chemical responses,
electrical signals, or optical signals generated through the interaction of protein or nucleic acid
components. Biosensors are grouped and classified according to its transducingmechanismwhich
can be grouped into optical (Pires et al. 2014), electrochemical (Ahmed et al. 2014), mechanical
(Cheng et al. 2012), and electrical (Luo and Davis 2013). It can also be grouped according to the
mechanism of the receptors used wherein it can be affinity or catalytic biosensors. Detection of
disease-related proteins requires to be specific, sensitive, and cost-effective. Many biosensors
have been developed for the detection of specific molecules, and each has its own specificity and
component. A biosensor is an analytical device that corporates a sensing element and an electrical
transducer to measure a biological event using electrical output. Biosensors include polymer
supports in its setup and these supports are often solid type. The polymer can be hydrophilic or
hydrophobic depending onwhat type of receptor is being immobilized on its surface. For instance,
an electrochemical immunosensor using methylene blue immobilized graphene oxide was used
for detecting WSSV in shrimp and crab samples (Natarajan et al. 2017). The advantage of this
method is that it provides electrochemical immunosensing of WSSV from tissues. Another
biosensor utilizing the electronic properties of DNA derived from DNA Schottky diodes was
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used to detect viruses and bacteria from different shrimp samples (Rizan et al. 2018). This method
can be a basis for non-laboratory diagnosis and pathological studies. Until now, no biosensor has
been established for AHPND detection. DNA-based biosensor shows a promising tool in
diagnosing AHPND, but more studies are needed to develop immunosensing strategies for
AHPND diagnosis.

Environmental DNA

Environmental DNA (eDNA) is an important tool in ecological studies which helps in biodiver-
sity monitoring and detection of invasive species (Barnes et al. 2014; Goldberg et al. 2016). Since
organisms interact with each other, DNA is shed and its detection and quantification in marine
ecosystems are being used (Ficetola et al. 2008). eDNA is widely used since early detection of the
pathogen can prevent further use of animal samples; however, this tool has not been developed for
AHPND detection and further studies are required to establish this diagnostic tool in preventing
AHPND disease outbreak.

Potential treatments and therapies

Phage therapy

The administration of antibiotics in aquaculture is the most commonly used method to treat
outbreaks caused by Vibrio species; however, antibiotic resistance is a major concern along with
the possible spread of the drug in the environment. The use of lytic phages termed as phage/
bacteriophage therapy is a promising method for prevention and treatment of vibriosis in
aquaculture (Kalatzis et al. 2018). The phage therapy was first introduced in Japan against
Lactococcus garvieae (Nakai et al. 1999). Since then, it has been a great subject in the scientific
community (Defoirdt et al. 2011; Oliveira et al. 2012; Richards 2014). Some studies have been
conducted using phage to treat different causative agents of vibriosis (Table 4). To evaluate the
effectiveness of this method, Lomelí-Ortega and Martínez-Díaz (2014) found that administration
of lytic phages A3S and Vp1 6 h post-infection was found to be effective in reducing themortality
of L. vannamei caused by V. parahaemolyticus. Administration of lytic phages more than 6 hpi
hindered the mortality and disease progression (Lomelí-Ortega and Martínez-Díaz 2014). This
study however was done under gnotobiotic conditions, so further studies are needed to establish a
model to examine the different external factors such as water quality and amount of organic matter
on the phage therapy efficiency. Recently, a phage experimental therapy in P. vannamei showed
significant protection and survival against V. parahaemolyticusAHPND challenge tests (Jun et al.
2018). Since AHPND disease progression has been rapidly occurring, correct timing or frequent
administration of phage treatment may be the necessary approach for the treatment. Thus, more
studies are needed to establish correct models of phage therapy treatment on AHPND disease
progression and find the most optimum dosage and schedule for treatment.

Probiotics

Maintaining the biological balance among algae and bacteria in ponds and the gastrointestinal
tract of shrimps is one of the ways to reduce the effects of AHPND infection (Aguilera-Rivera
et al. 2014; Zorriehzahra and Banaederakhshan 2015). These microenvironments contribute in

Aquaculture International (2020) 28:169–185178



numerous important functions like direct and indirect immune response and digestion of nutrients
(Harris 1993; Hooper et al. 2002; Li et al. 2008). The use of probiotics to inhibit certain bacterial
infections in shrimps has been effective and has enhanced water quality for aquaculture purposes
(Bernal et al. 2017; Kumar et al. 2013). Probiotic treatments such as the use of Lactobacillus
casei, Rhodopseudomonas palustris, and Saccharomyces cerevisiae showed varying shrimp
survival against AHPND with S. cerevisiae exhibiting the highest shrimp survival while main-
taining themicrobial flora in the shrimp gastrointestinal tract (Pinoargote et al. 2018). It is not very
clear whether the actual probiotics or their natural products actually inhibit certain pathogenic
microbes like Vibrio in aquaculture ponds. Purple non-sulfur bacteria (PNSB) are ubiquitous in
the aquatic environment and are commonly found in shrimp farmswhere they have been shown to
improve the growth of other marine organisms in culture (Chumpol et al. 2017a, b; Shapawi et al.
2012). Currently, there is still very little information of anti-Vibrio compounds produced by
PNSB. Some bioactive compounds however have been documented and biosynthetically pro-
duced byRhodobacter spihaeroides againstV. fischeri andV. harveyi (Chandrasekaran andAshok
Kumar 2011). Lactic acid bacteria (LAB) have been reported to have immunomodulatory
functions and have been introduced in L. vannamei (Chomwong et al. 2018). Lactobacillus
plantarum strain SGLAB01 and the Lactococcus lactis strain SGLAB02 which were isolated
from the gut of the shrimp displayed antimicrobial activity and provided protection in shrimps
against AHPND infection (Chomwong et al. 2018). The above findings can be used to further
improve the probiotic techniques and the use of L. plantarum and L. lactis as feed supplements
which can provide protection against AHPND without compromising the host’s immune re-
sponse. A recent study showed that probiotic bacteria CDA22 and CDM8 which were isolated
from the hindgut of P. vannamei were found to exhibit a promising biocontrol agent against
AHPND (Wang et al. 2018). For instance, CDA22 and CD8 can diminish the number of copies of
Pir A gene responsible for the virulence ofV. parahaemolyticus (Wang et al. 2018).WhenCDA22
and CD8 were combined, however, no protective effect was observed. Studies on the molecular
mechanisms involved in competition or antagonism may be needed to provide a suitable
explanation for these observations. Currently, very limited data are available on the synergistic
effects of different probiotics in the protection of shrimps in aquaculture. Future research studies
focusing on molecular analyses of metabolic pathways and functional genes can provide deeper
understanding on the significance of diversity of microbial ecosystems in the environment and in
the general health of marine animals. It is therefore vital to identify the microorganisms respon-
sible for improving the aquaculture environment and health of the shrimps and analyze the
connection among these microorganisms and their host.

Immune priming

Invertebrates, including shrimps, are believed to lack true lymphocytes and advanced humoral
immune responses. They rely primarily on their innate or non-specific immunity as their primary
and only protection against pathogens. Unlike vertebrates that have immune memory that easily
recognizes specific pathogens by antigens and produces effector and memory cells through clonal
expansion, the survival of non-adaptive invertebrates against microbial pathogens with generation
times of just a few minutes was in question under the theory of modern evolution. Recently,
studies about improved immunity of invertebrates after application of vaccine support possible
existence of adaptive immunity (Lin et al. 2013; Netea et al. 2016).

Immune priming is a two-step vaccination technique wherein pathogens are introduced into
the host’s system followed by a secondary vaccination or the infection of the same pathogen. In
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crustaceans, immune priming in L. vannamei resulted in a high phagocytic activity againstWSSV
after introduction of recombinant viral protein from WSSV within spores of Bacillus subtilis
(Pope et al. 2011). Immunity of P. monodon against vibriosis using prior vaccination with
formalin-killed Vibrio showed longer day post-delivery survival (Chou et al. 2011). Improved
immunity against bacterial pathogens was also observed on both post-larvae and larger juveniles
of L. vannamei. Larger juveniles exposed to formalin-inactivated V. harveyi have boosted natural
antibacterial activity by selective increase in phagocytosis and percentage of hemocytes (Pope
et al. 2011). In shrimps, higher resistance or tolerance to pathogen from which the antigen was
originally derived has been exhibited, suggesting that protection by immune priming is specific
only to the type and strain of pathogen used during primary vaccination. Immune specificity
responds more readily to native or natural pathogens that commonly infect the host. Its lack of
response to other pathogens presents a lower number of immune receptors as compared with
jawed vertebrates with millions of antibodies. Immune priming is then considered to be neither
universal nor specific but rather a selective immunity.

Further research studies are focusing on developing a vaccine against V. parahaemolyticus–
causing AHPND. Since shrimps lack an adaptive immune system, a passive immunity could
possibly protect shrimps from vibriosis by oral administration with specific egg yolk powders
(IgY), and in vitro results showed that it can inhibit V. parahaemolyticus and V. harveyi (Gao et al.
2016a). Related studies have done this type of passive immunization which demonstrated that the
specific IgY effectively inhibited the growth of V. parahaemolyticus and provided passive
immunity to shrimps (Gao et al. 2016b; Hu et al. 2019). Recently, V. parahaemolyticus was
attenuated by a gene knockout of LpxD gene responsible for the virulence of the bacteria and
provided significant amount of protection in shrimps against challenge (Tsai et al. 2019). This
method can be used to attenuate a virulent bacterium that may be employed as a live attenuated
vaccine against V. parahaemolyticus. Since toxins A and B of V. parahaemolyticus can cause
AHPND, monoclonal antibodies against toxins A and B were generated, and these monoclonal
antibodies can be utilized to detect the toxins using dot blotting (Wangman et al. 2017). Although
the generated monoclonal antibodies were proven effective in detecting toxins A and B and as a
therapeutic agent, they are not yet proven effective as a treatment/therapeutic agent against
AHPND.

As of now, there are no commercial shrimp vaccines available against AHPND. But many
studies tried to utilize the V. parahaemolyticus antigens to develop a vaccine against this
pathogenic bacterium (Peng et al. 2016, 2018). Some studies used anti-Pir A-like toxin IgY in
feeds and exhibited passive immunization against AHPND (Nakamura et al. 2019). This method
of adding anti-Pir A-IgYin feeds could be a potent prophylactic means against AHPND infection.
The weakness or shortcoming that needs to be addressed is the vaccine development against
V. parahaemolyticus. Vaccine progress against AHPND is a major issue since further studies to
understand the underlying mechanisms and pathogenesis of the disease are needed to better
understand the disease. Receptors, toxins, or genes responsible for the virulence of the disease
combined with current knowledge and techniques currently available could make vaccine studies
accelerate and further the AHPND studies.

Conclusions

Since the outbreak of AHPND in China back in 2009, control measures began and has been
implemented to control and eradicate the disease. Many molecular diagnostic tools have been
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developed and implemented to reduce the effects of AHPND outbreak. Some of them have the
potential to be used on-site to help the farmers diagnose AHPND, but the bigger issue remains
on how do we prevent and treat AHPND. Several studies tackling on the development of
therapeutic agents have the potential to control the disease and possibly prevent disease
outbreaks. Since shrimps lack an adaptive immune response critical to combat infectious
diseases like AHPND, further studies must be done to investigate the shrimp’s immune
responses and the underlying mechanisms. These would be essential in developing vaccines
and treatments against AHPND and other shrimp diseases. Concerning AHPND, the Pir A-
and Pir B-like receptors need to be investigated further, as interaction mechanisms with the
host organisms along with the pathogenesis could be proven useful for AHPND prevention
studies. Understanding the underlying mechanism of the disease and pathogenicity is crucial in
preventing and eradicating AHPND. All experimentations regarding AHPND must follow
laboratory safety and biosecurity protocols in order to ensure the safety of its people and
prevent the spread of infectious substances to the environment related to AHPND. Considering
AHPND as a recent emerging disease, biosurveillance, treatment, diagnostics, and manage-
ment of this disease are great dilemmas faced by many.
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