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ABSTRACT 

 

A series of studies were conducted on an emerging disease in farmed penaeid shrimp. This 

disease was first named as Early Mortality Syndrome (EMS) or more descriptively as Acute 

Hepatopancreatic Necrosis Syndrome (AHPNS). As part of the outcome of this research, the 

etiology of EMS/AHPNS was demonstrated.  

 

EMS was first classified as an idiopathic disease because no causative agent had been 

identified. Preliminary studies conducted in Vietnam in 2012 by the University of Arizona 

Aquaculture Pathology Laboratory (UAZ-APL) indicated that EMS is infectious (Tran et al., 

2013). The agent was identified as a unique strain of Vibrio parahaemolyticus. Hence, EMS 

has a bacterial etiology confirmed by satisfying Koch’s Postulates. Further studies focusing on 

the bacterial isolate causing EMS revealed that the agent could produce toxin(s), which is 

responsible for the primary pathology in affected shrimp. Since the causative agent has been 

identified, we propose a new name for EMS as Acute Hepatopancreatic Necrosis Disease 

(AHPND). 

 

Characterizations of the AHPND-causing Vibrio parahaemolyticus 

Biochemical methods and molecular methods were used. Based on these results, various 

diagnostic methods were developed including polymerase chain reaction (PCR) test and 

biochemical tests. 
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Other aspects of the AHPND causing V. parahaemolyticus were also run to determine such as 

antibiogram and the development of resistance mechanism of the bacteria exposed to farm 

conditions with antibiotic medications, pathogenicity, and infection dose of the bacteria, mode 

of infection, mechanisms governing the toxin production, and effects of environmental 

parameters on the invasion of the agent. 

 

Some proposed control measures for AHPND 

Several antibiotic-free approaches were tested to determine viable control methods for 

AHPND. The principle proposed control method is to increase biosecurity. With the PCR 

method that has been developed, potential sources of the pathogen such as post-larvae and 

broodstock can be tested. As more and more insights of the pathogen were explored, the 

behavior of the pathogen was further elucidated. Based on this, control methods such as using 

polyculture with tilapia, probiotics, and bioflocs system were also tested. Several 

improvements in shrimp farming practices that may reduce the outbreak of the disease were 

also proposed. 
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CHAPTER I 
 

GENERAL INTRODUCTION 
 

EARLY MORTALITY SYNDROME/ACUTE HEPATOPACREATIC 
NECROSIS SYNDROME (EMS/AHPNS), HOW IT EMERGED AND 

CHALLENGES IN DIAGNOSIS AND DETERMINATION OF ITS 
ETIOLOGY 

 

Shrimp farming in Asia and the emergence of EMS/AHPNS 

The shrimp farming industry of Southeast Asia constitutes the largest and most productive 

shrimp-farming region in the world. Beginning in about 2009, a new, emerging disease called 

“Early Mortality Syndrome or EMS” (more descriptively called Acute Hepatopancreas 

Necrosis Syndrome or AHPNS) (Lightner et al. 2012) began to cause significant production 

losses in southern China.  By 2010 the range of affected farms in China had expanded, and by 

2010 EMS has emerged in Vietnam and in 2011 it was confirmed in Malaysia.  EMS disease 

reached Thailand in 2012 (Flegel 2012; Leano and Mohan 2012).  EMS disease has caused 

serious losses in the areas affected by the disease, and it has also caused secondary impacts on 

employment, social welfare, and international market presence. 

There is no sufficient data of the actual economic losses due to EMS. However, some 

estimation indicated that Vietnam lost about USD 500 million annually in 2011 (NACA-FAO, 

2011) and 2012 (NACA, 2012). The Department of Animal Health (DAH) of Viet Nam 

reported that the affected area of shrimp farms in the Mekong Delta was about 39,000 ha in 

2011 and 2012 (FAO, 2013).  Losses due to EMS in Malaysia was estimated up to $100 

millon US dollars annually in 2011 and 2012 (FAO, 2013). 
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Figure 1.1: Map of Viet Nam showing the affected four provinces of the Mekong Delta (FAO, 2013). 

According to the Thai Frozen Foods Association, the shrimp production in Thailand in 2013 

will drop 50% of the annual production of 2012 due to EMS. Globally, EMS/AHPNS is 

considered as a global multi-billion US dollar problem, according to Dr. George Chamberlain, 

President of the Global Aquaculture Alliance (FAO, 2013). In Malaysia, the Department of 

Fisheries estimated production losses at USD 0.1 billion in 2011. In terms of impacts on 

global trade, several countries have suspended or banned the importation of live shrimp and/or 

all forms of shrimp product (e.g. Dominican Republic, Ecuador, Mexico, Nicaragua, the 

Philippines, United States of America) from countries affected by EMS in order to protect 
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their domestic shrimp farming industry. In 2013, EMS/AHPNS was confirmed in Mexico by 

the UAZ-APL. Very recently (October 2013), EMS/AHPNS seemed to appear in India (data 

unpublished). This is a clear indication that EMS/AHPNS can spread globally if there are no 

sufficient measures to stop the transportation of the agent from affected shrimp farming 

countries to unaffected ones. 

Developing diagnostics and case definition for EMS/AHPNS 

EMS/AHPNS usually occurs in shrimp ponds within 35 days of stocking the seed (post-

larvae) of both species of Pacific white shrimp (Penaeus vannamei) and black tiger shrimp 

(Penaeus monodon) in newly prepared ponds. The typically EMS-affected ponds are 

characterized by the shrimp suddenly going off-feed and mortalities in a short period of time 

after the first onset of the syndrome (Tran et al., 2013a,b). Upon simple dissection of 

moribund shrimp, the main area showing signs of damage in the gatrointestinal tract is the 

hepatopancreas. The stomachs of infected shrimp are almost always empty and with a whitish 

discoloration; the HP shows marked atrophy with the size reduced to 25-50% of the expected 

size compared to the HP of a normal shrimp at the same size; and the midgut is empty. The HP 

appears firm and is not easy to be squashed. Sometimes, visible melanized black spots can be 

detected inside the HP. Using available PCR methods; the infected shrimp were negative to all 

known infectious diseases (Lightner et al., 2012). 

 

As a classical approach, when a new emerging disease happens in shrimp, histological 

analysis is employed in order to provide general descriptions of the pathology (Bell and 

Lightner, 1988; Lightner et al., 1996). Based on the Davidson’s AFA fixed samples sent from 
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China and Vietnam since 2010, descriptions and case definition for EMS/AHPNS were 

developed by the UAZ-APL (Lightner et al., 2012). 

 

The histological analyses showed some common features among EMS infected shrimp 

including: the only affected organ is the hepatopancreas (HP), no known viral diseases are 

consistently found, no parasites are found in affected HPs. The pathology in the HP is 

characterized by two distinct stages. The early phase of the disease is characterized by the 

dysfunction of the HP cells; the later (terminal phase) is characterized by the massive invasion 

of the bacteria in the HP. In the early phase, the activity of several HP cell types including B-

cells and R-cells appear lower than usual. The epithelial tubule cells become round-up and 

slough into the tubule lumens. The E-cells sometimes have enlarged nuclei (karyomegaly). 

The mitotic activity of E-cells appears minimal. In terminal phase, the main pathology is 

characterized by a marked hemocytic infiltration that occurs inter- and intra-tubular of the HP 

tubules and a massive secondary bacterial infection. 

 

Based on the typical pathology found in EMS infected shrimp, a case definition of 

EMS/AHPNS was developed as follows (Lightner et al., 2012): 

- The syndrome is idiopathic – no specific disease-causing agent has been identified. 

- Pathology is characterized by two phases: 1., Acute phase: acute progressive 

degeneration of HP from medial to distal with dysfunction of B, F, R & E-cells, 

prominent karyomegaly, necrosis, and sloughing of these tubule epithelial cells; and 2., 

Terminal phase: shows marked inter- and intra-tubular hemocytic inflammation and 
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development of secondary bacterial infections that occur in association with necrotic & 

sloughed HP epithelial tubular cells. 

 

 

Figure 1.2: Gross signs of EMS/AHPNS in Penaeus vannamei shrimp: (left) with a normal looking 

midgut, HP, and stomach (arrows from left to right); in contrast, an EMS/AHPNS infected Penaeus 

vannamei (right) with an empty midgut, an atrophied pale HP, and an empty whitish stomach (arrows 

from left to right). 

 

 

 

Figure 1.3: Normal anatomy of a penaeid shrimp in hematoxyline & eosin (H&E) stain histology 

slide. SM: stomach, HP: hepatopancreas, MG: midgut. Photograph courtesty of UAZ-APL. 
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Figure 1.4: Functional cytology of the hepatopancreas of Penaeus semisulcatus (Crustacea: Decapoda) 
during the moulting cycle (Al-Mohana & Nott. 1989). 
 

 

Figure 1.5: Normal histology of a shrimp (P. vannamei ) is HP tubules with normal B: B-cells, F: F-
cells, R: R-cells. The small inset shows distal tips of embryonic tubular epithelial E-cells. H&E stain. 
(Lightner et al., 2012) 
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Figure 1.6: Cross section of HP tubules of an infected shrimp (P. vannamei) showing 
abnormal epithelial cells with marked prominent enlarged nuclei (karyomegaly). H&E stain. 
Lightner et al., 2012. 
 

 

Figure 1.7: Histological section of an infected shrimp (P. monodon) showing massive sloughing 
of HP tubular epithelial cells and hemocytic infiltration in acute phase of EMS/AHPNS. The distal 
tips of a HP tubule are still recognizable. H&E stain. Lightner et al., 2012. 
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Figure 1.8: Secondary bacterial infection of the HP of a P. vannamei shrimp showing positive 
in-situ hybridization (ISH) result (Lightner et al., 2012). 
 

 

Figure 1.9: Terminal phase of the damage is characterized by massive bacterial infection in 
the HP. The histology of a P. vannamei shows a mixed pathology with hemocytic infiltration, 
massive bacterial infection, and sloughing of HP tubular epithelial cells (arrows from top to 
bottom). H&E stain (Lightner et al., 2012). 
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Efforts to determine the cause of EMS/AHPNS 

Initial diagnostic tests to detect all currently known diseases of penaeid shrimp failed to 

demonstrate a consistent pathogen in EMS/AHPNS infected shrimp. Thereby, the syndrome 

was first classified as idiopathic (Lightner et al., 2012). The histological analyses of infected 

shrimp show the “degenerative pathology” in which the main infected organ (shrimp HP) first 

loses its function and then the secondary bacterial infection follows. This pattern of the disease 

suggests that the principle pathology might be generated by a toxin (Lightner et al., 2012). The 

suspected source of toxin may be from the environment or a potential pathogen(s) capable of 

producing a putative toxin. Initial attempts to demonstrate EMS/AHPNS etiology were based 

mainly on these assumptions. Several research institutions have been searching for the 

etiology of EMS/AHPND since 2011. There were three main research institutions and several 

private sector groups working on identifying the cause of EMS/AHPNS since 2011. They 

were: the Research Institute of Aquaculture branch number 2 (RIA2) in Vietnam, the 

University of Mahidol in Thailand, and the University of Arizona in USA. The studies carried 

out by these three institution mainly focused on: 1.) Characterizations of the pathology, 2.) 

Searching for the potential source of toxin(s) causing the main pathology, and 3.) Searching 

for potential infectious agent. 

 

Under point (1), many studies on histology, transmission electron microscopy (TEM), 

bacteriology, and metagenomics were completed. Based on the histopathology work, the case 

definition of the syndrome was developed (Lightner et al., 2012). These investigations helped 

construct the fundamental understanding of the pathology of EMS/AHPNS. They also helped 
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rule out some hypotheses of viral or parasitic diseases. However, these studies could not point 

out the causative agent of the disease. 

 

Under point (2), many studies were focused on searching for potential sources of toxin(s) that 

cause HP dysfunction. Shrimp feeds were tested as a potential source of mycotoxin(s), and 

chemicals used in shrimp ponds were tested for their toxicity. Algae in EMS/AHPNS affected 

ponds were also examined for potential dominant toxic algae population(s). Sediment from 

EMS/AHPNS affected pond was also imported to the UAZ-APL and tested in animal 

challenge models, as well as in chemical analyses for potential toxin(s). However, none of 

these works were able to demonstrate the cause of EMS/AHPNS (Tran et al., 2013a,b). 

 

Under point (3), several attempts were made in order to prove that the syndrome has an 

infectious nature. Initial studies were based on routine infection challenge tests (White et al., 

2002) using frozen infected shrimp to induce the disease in clean stocks. However, several 

initial experiments using this approach were unable demonstrate the infectious nature of 

EMS/AHPNS. As more and more field and laboratory studies have demonstrated that 

EMS/AHPNS could have an infectious nature and very likely to be a bacterial disease, the 

UAZ-APL conducted many challenge models using live and/or fresh (never frozen) infected 

shrimp. The first breakthrough was made when EMS/AHPNS was demonstrated to be 

transmitted in co-habitation and per-os (feeding of infected shrimp fresh carcasses) in 2012. 

Based on this initial result, the UAZ-APL could go further to demonstrate that EMS/AHPNS 

has a bacterial etiology in later works (Tran et al., 2013 a,b). 
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ABSTRACT 

A new emerging disease in shrimp, first reported in 2009, was initially named Early Mortality 

Syndrome (EMS). In 2011, a more descriptive name for the acute phase of the disease was 

proposed as Acute Hepatopancreatic Necrosis Syndrome (AHPNS). Affecting both Pacific 

white shrimp (Penaeus vannamei) and black tiger shrimp (Penaeus monodon), the disease has 

caused significant losses in Southeast Asian shrimp farms. AHPNS was first classified as 

idiopathic because no specific causative agent had been identified. However, since early in 

2013, the Aquaculture Pathology Laboratory at the University of Arizona (UAZ-APL) was 

able to isolate the causative agent of AHPNS in pure culture. Immersion challenge tests were 

employed for infectivity studies, which induced 100% mortality with typical AHPNS 

pathology to experimental shrimp exposed to the pathogenic agent. Subsequent histological 

analyses showed that AHPNS lesions were experimentally induced in the laboratory and were 
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identical to those found in AHPNS infected shrimp samples collected from the endemic areas. 

Bacterial isolation from the experimentally infected shrimp enabled recovery of the same 

bacteria colony type found in field samples. In three separate immersion tests, using the 

recovered isolate from the AHPNS positive shrimp, the same AHPNS pathology was 

reproduced in experimental shrimp with consistent results. Hence, AHPNS has a bacterial 

etiology and Koch’s Postulates have been satisfied in laboratory challenge studies with the 

isolate of the agent. 

 

KEY WORDS: Acute Hepatopancreatic Necrosis Syndrome, AHPNS, Early Mortality 

Syndrome, EMS, Penaeus monodon, Penaeus vannamei, penaeid shrimp. 

Running title: Infectious nature of EMS, Tran et al. 2013. Dis Aquat Org Vol. 105: 45–55, 

2013 doi: 10.3354/dao02621 

 

INTRODUCTION 

The shrimp farming industry of Southeast Asia and China constitutes the largest and most 

productive shrimp farming region in the world. Beginning in about 2009, a new, emerging 

disease called “Early Mortality Syndrome or EMS” (more descriptively called Acute 

Hepatopancreatic Necrosis Syndrome or AHPNS) (Lightner et al. 2012) began to cause 

significant production losses in southern China (NACA-FAO 2011).  By 2010 the range of 

affected farms in China had expanded, and by 2011 AHPNS was confirmed in Vietnam and 

Malaysia (Mooney 2012, Lightner et al. 2012). EMS disease reached Thailand in 2012 (Flegel 

et al. 2012, Leaño & Mohan, 2012) EMS has caused serious production losses in affected 
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areas and it has also impacted employment, social welfare, and international market presence 

(Stentiford et al. 2012, Leaño 2013). 

 
Since its first emergence, the etiology of AHPNS remained unknown.  Initial laboratory 

studies failed to demonstrate an infectious etiology. The pathology of AHPNS is limited to the 

hepatopancreas (HP) and the nature of that pathology suggested that the disease had a toxin-

mediated etiology (Lightner et al. 2012). The gross signs of AHPNS are evident by pond-side 

examination of affected shrimp accompanied by dissection and examination of the 

hepatopancreas. These signs may become apparent as early as 10 days post-stocking in a 

recently prepared pond. Shrimp with early AHPNS will show a pale to white HP due to 

pigment loss in the HP R-cells, as well as atrophy of the HP that may reduce the expected size 

of the organ by 50% or more. In the terminal phase of the disease, black streaks or spots (due 

to melanin deposition from hemocyte activity) appear in the HP. 

 
Following routine histological methods (Lightner,1996), the histopathology of AHPNS 

presents as an acute progressive degeneration of the HP from proximal to distal with 

dysfunction of R, B, F and E-cells. Affected HP tubule epithelial cells often display prominent 

nuclear karyomegaly. Such cells round-up and detach from the affected HP tubules, and 

become necrotic within the HP tubules or in the gut lumen. In the terminal phase of AHPNS, 

the HP shows marked intra- and inter-tubular hemocytic infiltration and development of 

massive secondary bacterial infections that occur in association with the necrotic and sloughed 

HP tubule epithelial cells. Lesions found in infected shrimp of both Pacific white shrimp 

Penaeus vannamei and black tiger shrimp Penaeus monodon are identical (Lightner et al. 

2012). 
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Preliminary studies to determine the cause of AHPNS 

 

Two approaches were initially attempted by the UAZ-APL to determine the etiology of 

AHPNS. These included studies aimed at: 1) finding an environmental toxin as the possible 

cause of the disease and 2) testing for infectious agent(s).  Included among the studies in #1 

(environmental toxins) were water and sediments samples, algae from AHPNS affected ponds, 

feed samples (because of the potential for mycotoxin) from affected farms, and pesticides used 

for killing white-spot syndrome virus (WSSV) vectors. None of these studies were successful 

at reproducing the pathology characteristic of AHPNS (Lightner et al. 2012). 

 

Under point #2 (testing for an infectious agent), several infectivity studies were conducted at 

UAZ-APL using frozen materials collected from affected farms in Vietnam in 2011 and 2012. 

A number of infectivity methods were employed in an effort to reproduce AHPNS lesions in 

experimentally challenged shrimp. The methods included: intramuscular (IM) injections with 

0.45 µm filtered and un-filtered inoculums and per os (feeding experimental shrimp with 

AHPNS-infected shrimp carcasses). None of these studies were found to induce pathology of 

the HP consistent with AHPNS (Lightner et al. 2012). 
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Infectivity studies conducted in Vietnam 

 

Because AHPNS was suspected to be caused by a biological agent, UAZ-APL had concerns 

that the potential infectious agent in frozen materials might have been inactivated by freezing 

and thawing. Another concern was that the infection models, by IM injection conducted at 

UAZ-APL in preliminary studies might not be the most natural route of infection for AHPNS. 

Based on those preliminary studies, the UAZ-APL conducted several on-site studies in an 

AHPNS endemic area in Vietnam during mid and late 2012. Several challenge methods were 

used in which only live or fresh materials (never frozen) from AHPNS affected shrimp were 

tested for pathogenicity. In July 2012, IM injection with filtered and un-filtered AHPNS-

infected shrimp homogenates, reverse gavage (Aranguren, 2010), per os, and co-habitation 

studies were conducted. The results from these studies showed that AHPNS lesions could be 

induced in experimental shrimp in per os and co-habitation studies. These results were 

confirmed by routine histological methods as described by Bell and Lightner (1988) and 

Lightner (1996) at the UAZ-APL (data unpublished). 

 

Histological examination of infected shrimp consistently shows that the AHPNS pathology is 

limited to the HP and that significant bacterial involvement does not appear within the HP 

during the acute phase of AHPNS. Based on the progression of the pathology, and the 

suggested nature of the infection route, as determined by the infectivity studies, we worked on 

the hypothesis that the causative agent(s) may colonize the shrimp digestive tract in the early 

stage of infection and that those bacterial colonies might be able to produce a toxin(s) capable 

of causing HP dysfunction. 
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In December 2012, another on-site study was conducted in Vietnam with the intent to focus on 

bacterial populations found in the stomach and HP of infected shrimp collected in Vietnam 

and not frozen. Two trials with a mixture of bacteria isolated from the stomach and HP of 

AHPNS-infected shrimp were run. With each mixed culture of bacteria, two challenge studies 

were conducted using either bacteria growing on solid media (tryptic soy agar added 2% 

sodium chloride = TSA+) fed to experimental shrimp, or bacteria grown in liquid media 

(tryptic soy broth added 2% sodium chloride = TSB+) for the immersion study. Of these 

treatments, only the immersion treatment with mixed stomach bacteria was found to induce 

AHPNS typical lesions, which were confirmed by histological examination at the UAZ-APL 

(data unpublished). Based on the result that the mixed culture of infected shrimp stomach 

bacteria could induce AHPNS pathology, the same mixed culture was brought back from 

Vietnam for further studies conducted at UAZ-APL. 

 

MATERIALS AND METHODS 

 

Bacterial isolates. In Vietnam, the stomachs from AHPNS-positive shrimp were aseptically 

removed, minced and separately inoculated into flasks containing 30 mL of TSB+ and then the 

flasks were incubated at 28 OC for 18 hr to obtain mixed cultures. The mixed bacterial cultures 

found to induce AHPNS by immersion experiments in Vietnam, were preserved in TSB+ with 

25% added glycerol, frozen in dry-ice and stored at -20 OC prior to being transported frozen 

for experiments at UAZ-APL. Once at the UAZ-APL, the mixed cultures of interest were 

subjected to sub-culture to obtain individual colonies and pure cultures on TSA+ plates. The 
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only mixed bacteria culture used in the experiments at UAZ-APL was designated as mixed 

culture A; and three sub-cultures of mixed culture A, designated as A/1, A/2, and A/3, were 

also tested for their pathogenicity in the experiments. After pure cultures were obtained, 

bacterial identifications were conducted by using API 20NE (bioMerieux) test and 16S rRNA 

sequencing. 

 

Media types. Both solid and liquid media were used for bacterial culture. The solid media 

used were Tryptic Soy AgarTM (Difco) + 2% sodium chloride (TSA+), Marine AgarTM (Difco) 

and TSA+ added 5% sheep blood (Blood Agar) in an attempt to isolate the causative agent of 

AHPNS. The liquid media used to replicate the results from Vietnam was Tryptic Soy BrothTM 

(Bacto) + 2% sodium chloride (TSB+). 

 

Immersion challenge tests procedure. Both liquid and solid media were employed to grow 

the bacterial samples (both mixed and pure bacterial cultures) for inoculum preparation for 

challenge tests. For liquid media, the inoculums were prepared by separately inoculating the 

glycerol preserved bacterial isolates into flasks containing 30 ml of sterile TSB+, and then the 

flasks were placed in the rotary shaker and incubated for 18 hr at 28 OC. After 18 hr of 

incubation, TSB+ solutions were checked using a spectrophotometer at OD600 to determine 

bacterial density. Inoculums grown on solid media were prepared as follows: the glycerol 

preserved isolates were inoculated in TSB+ for 4 hr at 28 OC in the rotary shaker before 

plating onto three different solid media (TSA+, marine agar, and sheep blood agar) and 

incubating for 18 hr at 28 OC. Bacteria grown on solid media were scraped, and then re-

suspended in saline water for immersion experiments. The immersion procedure was carried 
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out by immersing 15 shrimp for 15 min with aeration in a flask containing a solution of 

approximately 150 ml prepared by mixing of either TSB+ broth culture or the bacterial 

suspension obtained from bacteria grown on solid agars with saline water to achieve the 

bacterial density of approximately 2x108 cells/ml. Following the 15 min immersion in the 

bacterial suspension, this same suspension was added directly into an experimental tank 

containing clean artificial seawater (Crystal SeaTM, Marine Enterprises International) to obtain 

an approximate bacterial density of 2x106 cells/ml, and then the immersed animals were 

transferred into the experimental tank. Shrimp in the negative control group were immersed in 

sterile TSB+. 

 

Reverse gavage challenge test procedure. The reverse gavage challenge tests were 

conducted following the method described by Aranguren et al. (2010). The broth media, after 

being inoculated with bacteria and incubated for 18 hr, was centrifuged for 5 min at 6000 rpm. 

The supernatant fluid was filtered through 0.2 µm filter. Food colorant was added to filtered 

supernatant fluid before being delivered to the shrimp. Each experimental shrimp in the 

reverse gavage treatment received two doses of 0.1 ml of the filtered supernatant through the 

anal route on day 0 and day 2. The negative control shrimp received two doses of 0.1 ml of 

sterile TSB+ via reverse gavage on day 0 and day 2 of the experiment. 

 

Indicator animals. Animals used in the experiments were Kona line specific-pathogens free 

(SPF) Pacific white shrimp (Penaeus vannamei) (Lightner et al. 2009, Moss et al. 2012). The 

average weight of the experimental shrimp was from 0.5 to 2 g each. 
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Tank preparation. Depending on the experimental design, either 90 L tanks or small 4 L 

glass jars were used. Each tank or jar was equipped with a submerged biological filter and 

filled with artificial seawater at a salinity of 25 ppt. Water temperature was maintained at 

around 26-28 0C, dissolved oxygen was maintained above 5 ppm, and total ammonia 

concentration was kept below 0.1 ppm. Experimental tank set-up followed the methods 

described by White et al. (2002). 

 

Experiment #1: Immersion study with mixed bacteria isolated from AHPNS positive 

shrimp in Vietnam (mixed culture A). Four 90 L plastic tanks were employed for three 

replications of the immersion treatment with the mixed bacteria isolated from infected shrimp 

stomach (mixed culture A) that previously had been shown to induce AHPNS in shrimp by 

immersion challenge tests conducted in Vietnam. There was one negative control tank. Each 

tank was stocked with 15 SPF P. vannamei. 

 

Experiment #2: Immersion challenge study with individual bacterial isolates growing in 

TSB+ and mixed culture growing on different media. Three pure cultures A/1, A/2, and 

A/3, isolated from mixed culture A, were tested for pathogenicity. All three pure cultures were 

grown in TSB+ for inoculum preparation for immersion challenge tests. In addition, the mixed 

culture A was also grown on three different solid agars, TSA+, marine agar, and sheep blood 

agar, for an additional immersion challenge test. The mixed culture A grown in TSB+ served 

as the positive control and sterile TSB+ was used for negative control in the challenge. This 

experiment was carried out in 4L jars containing 5 experimental shrimp each. Three 

replications were used for each treatment. 



 
 

37 

Experiment #3: Immersion bioassay with bacteria isolated from AHPNS positive 

treatments from Experiment #2. The results obtained from Experiment #2 indicated that 

only one type of colony from the shrimp stomach could cause AHPNS pathology in SPF 

shrimp, and that isolate was A/3. In addition, the same type of colony was also recovered from 

the water from the AHPNS-positive tank in which shrimp were treated with mixed culture A. 

This isolate was named B/1. The purpose of Experiment #3 was to repeat the immersion 

experiment with the pure culture of bacteria re-isolated from the infected shrimp stomach from 

Experiment #2 in order to prove that AHPNS is a true infectious disease (Hasson et al. 1995, 

Lightner 1988), and to complete Koch’s Postulates (Lightner 1988, Saulnier et al. 2000, 

Hasson et al. 2009). In addition, because the results of Experiment #2 indicated that AHPNS 

could not be introduced by immersion treatments with bacteria grown on solid agars, a reverse 

gavage study was conducted using the filtered supernatant fluid from TSB+ that was 

inoculated with A/3. An immersion treatment with the known pathogenic isolate, the mixed 

culture A, served as positive control. Negative control shrimp were treated with sterile TSB+ 

via reverse gavage. This experiment was carried out in 4L jars containing 5 experimental 

shrimp each. Three replications were applied for each treatment. 

 

Observation and samplings. Shrimp were fed twice daily with a pelleted shrimp feed (35% 

protein, Rangen) for 5 days. During the bioassay period, shrimp were checked approximately 

every 6 hr. Dead shrimp were removed from the experimental tanks and frozen at -70 OC. 

When observed, 1 to 2 moribund shrimp were fixed in Davidson’s AFA fixative for histology 

(Bell & Lightner 1988, Lightner 1996).  At termination (5 days), 2-3 shrimp in each tank were 

fixed for histology while some were used for re-isolation of bacterial cultures. 
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Histopathology. All shrimp sampled for histopathology purposes were injected with AFA 

Davidson’s fixative, processed, and stained with hematoxylin and eosin-phloxine (H&E) using 

routine histological methods and hepatopancreas cells types as previously described (Bell & 

Lightner 1988). The histological sections were analyzed by light microscopy for AHPNS/EMS 

lesions in the hepatopancreas. Lesions severity was graded accordingly to the G-grading 

system (Lightner 1996), from G0 for negative to G4 as the highest severity of AHPNS/EMS. 

RESULTS 
 

Experiment #1: Immersion study with mixed bacteria isolated from AHPNS shrimp 

which was prepared in Vietnam 

Shrimp immersed in the bacterial broth containing mixed culture A began to develop AHPNS 

gross signs and the first mortality occurred within 18 hr. Gross signs presented by the 

challenged Penaeus vannamei included an empty gastrointestinal tract, whitish, “milky” 

appearance of the stomach, whitish, atrophied hepatopancreas (HP), lethargy and soft shells 

(Fig. 2.2A & 2.2B). Mass mortalities occurred from 18 hr post-challenge until day 4 when the 

experiment was terminated because cumulative mortalities had reached 100% (Fig. 2.1). 

Upon routine histological examination (Lightner, 1996) using G grading system, negative 

control shrimp HPs appeared normal with normal structure of tubules and epithelial cells (Fig 

2.3A & 2.3B). In contrast, the HPs of shrimp treated with the mixed bacteria culture showed, 

after 48 hr, G2-3 HP tubule cell sloughing, G0-1 B-cells, virtually no R-cells, G0-1 F-cells, 
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some development of nuclear karyomegaly of the HP tubule cells, some hemocytic infiltrates, 

and virtually no bacterial colonization. This was scored as an overall G3-4 AHPNS (Fig. 2.3C 

& 2.3F). After 72 hr of exposure to the agent, AHPNS infected shrimp HPs exhibited G0 

lipids, G0 B, F and R-cells, G3-4 sloughing, G3-4 hemocytic infiltration and bacterial 

colonization and an overall G4 AHPNS/EMS (Fig. 2.3D & 2.3E). 

The result from Experiment#1 indicated that the mixed bacterial culture isolated from 

AHPNS-infected shrimp from Vietnam induced the same AHPNS pathology as described by 

Lightner et al. (2012) in SPF shrimp by immersion challenge. The results of Experiment #1 

reinforced the results of the immersion infectivity study conducted in Vietnam (data 

unpublished) showing that the mixed bacterial culture from the stomach of infected shrimp 

induced AHPNS pathology during the immersion challenge study. 
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Figure 2.1. Mortalities induced in the immersion bioassay using the mixed bacterial culture. 

 

Figure 2.2. Gross signs of AHPNS infected Penaeus vannamei. A and B display a pale, 
atrophied hepatopancreas (HP), and an empty stomach and midgut, which was induced by 
immersion bioassay.  Compare A & B to normal shrimp in the negative control group (C and 
D), which show a normal size HP with dark orange color, and a full stomach and midgut. 

0	  

2	  

4	  

6	  

8	  

10	  

12	  

14	  

16	  

Day	  0	   Day	  1	   Day	  2	   Day	  3	   Day	  4	  

N
um

be
r 

of
 su

rv
iv

in
g 

sh
ri

m
p 

Day post challenge 

Control	  

Immersion	  1	  

Immersion	  II	  

Immersion	  III	  



 
 

41 

Figure 2.3. Histological sections from the immersion bioassay. A,B) Normal shrimp from the 
negative control group showing normal structure. C, D, E, F) Lesions induced by immersion 
treatments with mixed culture A showing: C) Acute phase with no B, F and R-cells, and sloughing 
of hepatopancreas (HP) tubule epithelial cells; D) Early terminal phase: necrotic sloughing HP 
tubule epithelial cells (NC) and the remnants of HP tubules which are surrounded by hemocytic 
infiltration. E) Terminal phase: sloughing cells (arrows) are shown in the HP tubule lumens along 
with significant bacterial colonization (BC). Remnants of HP tubules are surrounded by hemocytic 
infiltrates. F) Affected tubules with no B, F and R-cells, and with some nuclei (arrows) of HP 
tubule epithelial cells are enlarged (karyomegaly). Scale bars= (A, B, D) 100 µm; (C, E) 50 µm; (F) 
30 µm. 
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Experiment #2: Immersion challenge studies with individual bacterial isolates grown in 

TSB+ and mixed culture grown on different media 

 
The resulting AHPNS typical gross-signs and mortalities presented by the challenged P. 

vannamei indicated that the type of media used may affect the mixed culture’s ability to 

induce the pathology in experimental shrimp (Table 2.1, Exp#2). Although the bacterial 

densities in all immersion treatments were adjusted to 2x108 cells/ml, the different media types 

used to grow the bacteria gave different results. The immersion treatment with mixed culture 

A grown in liquid media (TSB+) caused typical AHPNS gross-signs and mortalities in 

experimental shrimp within 18 hr after exposure. Upon histological examination of fixed 

samples, 100% of the samples in the TSB+ treatment were positive for AHPNS pathology at 

high severity grades (G3-4). In contrast, all treatments with the same mixed culture A grown 

on solid media did not induce any AHPNS gross signs until 3 days after exposure, and no 

mortalities were recorded. Only one shrimp exposed to bacteria grown on Marine Agar 

showed some low grade AHPNS gross signs. The histological examination results of the other 

two treatments (TSA+ and sheep blood agar) were negative for AHPNS. 

 

Regarding the treatments with the individual cultures A/1, A/2, and A/3 grown in liquid media 

(TSB+), the results clearly indicated that only one type of colony from the mixed culture could 

replicate the AHPNS pathology in experimental shrimp (Fig. 2.5A & 2.5D).  Only shrimp in 

the treatment with bacterial isolate A/3 group presented gross signs of AHPNS and mortalities. 

In contrast to this result, the P. vannamei in the two other treatments A/1 and A/2, showed no 

signs of AHPNS by subsequent histological examination (Fig. 2.5B & 2.5C). Meanwhile, 
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shrimp in the A/3 group were positive for AHPNS at high severity grades (Fig. 2.5D). Shrimp 

in the A/3 group approached 100% mortality on day 2 of the challenge test; in contrast, no 

mortalities were recorded in both the A/1 and A/2 groups (Fig. 2.4 & Table 2.1). These results 

indicated that in the mixed culture A, there is probably only one type of bacteria capable of 

inducing AHPNS pathology. The results also indicated that liquid media might be required for 

the suspected AHPNS causing bacteria to be able to induce the disease. 

 

Figure 2.4. Mortalities induced in the immersion bioassay using the mixed and pure bacterial 

cultures grown in liquid media. 
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Table 2.1. Summary of immersion Experiment #1, #2 and #3. 

Treatment Media used Number of 
shrimp 

Cumulative 
mortality 

AHPNS 
histology 

Experiment#1     

Mixed culture A TSB+ 45 100% AHPNS positive 
G3-4 

Negative control Sterile TSB+ 15 0% Negative 

Experiment #2     

Mixed culture A   
(positive control TSB+ 15 100% AHPNS positive 

G3-4 

Pure culture A/1 TSB+ 15 0% Negative 

Pure culture A/2 TSB+ 15 0% Negative 

Pure culture A/3 TSB+ 15 100% AHPNS positive 
G3-4 

Mixed culture A  
(TSA+) TSA+ 15 0% Negative 

Mixed culture A 
(Marine Agar) Marine Agar 15 0% Suspected AHPNS 

Mixed culture A 
(Blood Agar) 

Sheep Blood 
Agar 

15 0% Negative 

Negative control Sterile TSB+ 15 0% Negative 

Experiment 3     

Mixed culture A 
(positive control)  

TSB+ 15 100% AHPNS positive 
G3-4 

Pure culture A/3 TSB+ 15 100% AHPNS positive 
G3-4 

Pure culture B/1 TSB+ 15 100% AHPNS positive 
G3-4 

Reverse gavage 
A/3 

Filtered TSB+ 15 100% AHPNS positive 
G3-4 

Negative control Sterile TSB+ 15 0% Negative 
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Figure 2.5. Histological sections from the immersion bioassay showing the AHPNS lesions 
induced by pathogenic bacterial isolates.  A) Affected hepatopancreas (HP) of positive control 
(mixed culture A immersion), showing tubule epithelial cells sloughing (examples marked by 
arrows) and hemocytic infiltration (HI) surrounding remnants of necrotic HP tubules with 
sloughed HP cells in their lumens. B, C) Normal HP tubule structure of A/1&A/2 immersion. 
D) Affected HP of shrimp in A/3 immersion showing acute HP tubule degeneration and 
significant sloughing (SC) of HP tubule epithelial cells; the pathology progresses from 
proximal-to-distal. Scale bars = (A, B, C) 100 µm; (D) 50 µm. 
 

Experiment #3: Immersion bioassay with individual bacteria isolated from AHPNS 

positive treatments of Experiment #2. 

Experiment #2 clearly indicated that only one bacterial isolate (A/3) from mixed culture A 

could induce AHPNS. From shrimp challenged with isolate A/3, we re-isolated the same type 

of colony from an experimentally infected shrimp’s stomach and repeated the immersion 
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experiment using the same method as stated above. Moreover, the same bacterial isolate was 

also recovered from the seawater from the positive control tank of the previous immersion 

study (immersion with mixed culture A). This recovered bacterial isolate was designated as 

B/1. In Experiment #3, we tested both isolates (A/3 and B/1) recovered from Experiment #2 

for pathogenicity. The positive control group was treated with the known, consistently 

pathogenic, mixed bacterial culture A that originated in Vietnam. All isolates were grown in 

liquid media (TSB+) for the challenge study. One additional treatment was also designed to 

test for toxicity of liquid media that had been inoculated with A/3, but had the bacterial cells 

removed by filtration using 0.2 µm filters. The reverse gavage technique (Aranguren 2010) 

was applied to challenge SPF P. vannamei in this treatment. 

 

The results of this experiment confirmed that mixed culture A and A/3 caused AHPNS 

pathology both with typical AHPNS gross-signs and histological changes (Fig. 2.6A & 2.6B). 

In addition, the recovered isolate B/1 from seawater of Experiment #2 (which had an identical 

colony morphology as the A/3 isolate), also induced typical AHPNS pathology as was seen by 

both gross signs and histology (Fig. 2.6C). Interestingly, the reverse gavage treatment also 

caused AHPNS gross-signs as well as histological changes at the microscopic level, 

characterized by acute HP cell sloughing and inter- and intra-tubular hemocytic infiltration 

(Fig. 2.6D). Shrimp treated on two consecutive days by reverse gavage with 0.2 µm-filtered 

supernatant from TSB+ (media was inoculated with A/3 and incubated for 18 hr at 28 ºC) 

showed typical AHPNS pathology. 
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In general, experimental shrimp subjected to immersion treatment with pure cultures (A/1, and 

B/1) showed acute progression of AHPNS, characterized by rapid development of typical 

gross-signs. Mortality in treatments with pure cultures of bacteria happened after 18 hr of 

exposure and approached 100% after 48 hr of exposure. Mortality in the treatment with the 

mixed culture A was slower than with the treatments with pure cultures. Similarly, shrimp in 

the reverse gavage treatment tended to survive longer than those subjected to the bacterial 

immersion treatments (Fig. 2.7). However, the AHPNS histological lesions in reverse gavage 

treatments were very similar to those exhibited in shrimp from the treatments with immersion 

of bacterial suspensions (Fig. 2.6D). These results indicate that only one type of bacterial 

colony is responsible for causing AHPNS pathology in laboratory conditions, and that a 

filterable toxin is responsible for the observed pathology to the HP. 
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Figure 2.6. Histological sections from the immersion and reverse gavage bioassays showing 
AHPNS lesions. A) Mixed culture A immersion treatment. The arrows point to examples of 
hepatopancreas (HP) tubule epithelial cells sloughing into the HP tubule lumens. Significant 
bacterial colonization (BC) also can be observed within of remnants of HP tubules. B) Pure 
culture A/3 immersion treatment: no B or R-cells are apparent. HP tubule epithelial cells are 
shown sloughing (SC) into the HP tubule lumens. C) Pure culture B/1 immersion treatment. 
No B or R-cells are apparent. The arrows point to examples of acute cell sloughing of HP 
tubule epithelial cells. D) Reverse gavage treatment: shown are necrotic and sloughed HP 
tubule epithelial cells (NC) and marked hemocytic infiltration among HP tubules. Scale bars = 
(A, B, C, D) 50 µm. 
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Figure 2.7. Mortalities induced in the immersion and reverse gavage bioassays using the mixed and 

pure bacterial cultures grown in liquid media. 

 

Bacterial identification 

The only bacterial isolate (pure cultures A/3) from the mixed culture that showed 

pathogenicity in this study was identified as Vibrio parahaemolyticus using API 20NETM 

Biomerieux and 16S rRNA sequencing. The result show that the AHPND causing bacterial 

isolates were closely related to Vibrio parahaemolyticus clone Vp16 16S ribosomal RNA 

gene, with 99% identity (accession number AF388387.1).The detailed taxonomy of the 

bacterial species that causes AHPNS will be reported in a subsequent paper (Nunan et al. in 

preparation). 
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DISCUSSION 

  

Based on the nature of AHPNS pathology, a series of infectivity studies were designed to 

identify the source and mode of infection. The on-site studies in Vietnam took advantage of 

the location in an AHPNS affected region to conduct several studies using fresh, never frozen 

samples of P. vannamei and P. monodon exhibiting gross signs of AHPNS. Subsequent 

histological examination determined the positive AHPNS status for the inoculums that were 

prepared from locally obtained AHPNS-positive shrimp. The on-site studies indicated that 

AHPNS could not be transmitted through intramuscular injection challenges, while per os and 

co-habitation studies confirmed that AHPNS was an infectious disease. 

 

Histopathology studies indicated that in the early phase of the disease, the only affected organ 

is the HP.  HP malfunction is characterized by tubule epithelial cells sloughing into the HP 

tubule lumens well before there is any indication of a causative agent (e.g. a causative 

bacteria). This was the impetus for focusing on the stomachs of AHPNS-positive shrimp as a 

probable source of the causative agent or toxin of AHPNS, and efforts were made to culture 

aseptically excised stomachs from affected P. monodon. 

 

The initial infectivity studies conducted in Vietnam, using a mixture of bacteria isolated from 

AHPNS-positive stomachs and grown in liquid media, were found to produce AHPNS 

pathology in SPF shrimp via an immersion challenge test. This result was a strong indication 

that AHPNS is caused by a cultivable, infectious agent that could be found in infected 
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shrimp’s stomachs. Furthermore, these studies using the bacterial agent of AHPNS satisfied 

the four points of Koch’s Postulates (Lightner 1988, Saulnier et al. 2000, Hasson et al. 2009). 

The reasons why bacteria grown on solid media did not cause AHPHS were not determined. 

However, cell to cell signaling in broth culture, as opposed to lack of space for this activity 

among bacteria grown on solid media, may be an area for future studies. 

 

The results from this research also indicated that the bacteria-free supernatant of the broth 

media could induce AHPNS pathology in the reverse gavage experiment. This evidence 

strongly suggests that AHPNS lesions are caused by bacterial toxin(s) as was suggested in a 

previous paper on AHPNS pathology (Lightner et al. 2012). The reasons why bacteria grown 

on solid media did not cause AHPNS were not determined. However, cell to cell signaling in 

broth culture, as opposed to lack of space for this activity among bacteria grown on solid 

media, may be an area for future studies. 

 

Future work will focus on characterizing the agent of AHPNS using traditional biochemical 

methods as well as 16S rRNA sequencing (Nunan et al. in preparation), development of 

diagnostic methods, possibly using PCR to detect the toxin producing gene of the agent, and 

on developing methods that may be useful at managing AHPNS in affected countries. 
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ABSTRACT 

EMS/AHPND is currently the most significant disease in shrimp farms in Vietnam, Thailand, 

Malaysia, China, and there is a great risk that it may spread to other shrimp farming countries. 

The disease usually happens in shrimp ponds within 45 days of stocking of the shrimp post-

larvae. EMS/AHPND was demonstrated to have a bacterial etiology in early 2013. An 

investigation was conducted in an EMS/AHPND affected area in Soc Trang province of 

Vietnam in July of 2013. A total of 39 farmers whose farms have experienced EMS/AHPND 

outbreaks since 2010 were interviewed. A total of 12 bacterial mixed bacterial isolates were 

collected at EMS/AHPND affected shrimp farms for further laboratory analyses at the 

Aquaculture Pathology Laboratory at the University of Arizona (UAZ-APL), USA. The 
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farmers’ interviews have shown that antibiotics were applied to reduce losses due to 

EMS/AHPND in shrimp farms since 2012. Among several antibiotics that were being used in 

shrimp farms, Oxytetracycline® is the most common due to its affordable price and market 

availability. Farmers’ observations have shown that the routine use of antibiotics have quickly 

lost their effectiveness since antibiotics were first launched for use in shrimp ponds to cure 

EMS/AHPND in 2012. Through laboratory work conducted at UAZ-APL it was possible 

separate EMS/AHPND-causing bacteria (pathogenic) from non-EMS/AHPND-causing Vibrio 

parahaemolyticus (non-pathogenic). Subsequent antibiotic sensitivity tests of Vibrio 

parahaemolyticus bacterial isolates isolated from EMS/AHPND infected shrimp in Vietnam in 

2011 and 2012 of UAZ-APL’s collection and V. parahaemolyticus isolates obtained from this 

investigation have shown that 100% of non-pathogenic V. parahaemolyticus isolates and 

85.7% of pathogenic bacterial isolates of 2013 were resistant to Oxytetracycline®. 

Meanwhile, 100% isolates of both pathogenic and non-pathogenic V. parahaemolyticus 

isolated in 2011 and 2012 were sensitive to Oxytetracycline®. This is a strong indication that 

Vibrio parahaemolyticus causing EMS/AHPNS has developed resistance to Oxytetracycline® 

in a relatively short period of time. The experiments also revealed that isolates of non-

pathogenic V. parahaemolyticus obtained from EMS/AHPND-infected shrimp were also 

resistant to Oxytetracycline®, posing a concern of transferring of antibiotic resistance via 

mobile genetic elements among other bacterial strains. 
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INTRODUCTION 

 

EMS/AHPND is a serious disease that has been affecting Vietnam since 2010. The area of the 

Mekong Delta of Vietnam, Soc Trang and Bac Lieu provinces in particular, have been hit 

severely by EMS/AHPNS since the disease was confirmed in Vietnam in 2010 (Flegel, 2012; 

Mooney, 2012; NACA 2011, 2012; Leano and Mohan, 2012; Lightner et al., 2012; FAO, 

2013; Stentiford et al., 2012). Antibiotic medication in shrimp feed has been widely used since 

2012. After the bacterial etiology of EMS/AHPNS (the syndrome was later renamed as Acute 

Hepatopancreatic Necrosis Disease – AHPND) was confirmed by researchers at the University 

of Arizona in March 2013 (Tran et al., 2013a,b), the use of antibiotics has been increasing 

uncontrollably. Many farmers reported that antibiotics had been effective in the previous 

crops. However, the same antibiotics may not be effective any longer, even being applied at 

much higher doses. This is an indication that AHPND-causing bacterial strains have 

developed resistance to antibiotics rapidly and that the current use antibiotics in medicated 

feeds may no longer be effective. Even worse because without choices, farmers and 

irresponsible pharmaceutical distributors may introduce un-approved antibiotics into shrimp 

ponds. The consequences of these actions may be even worse, since the risk of banned 

antibiotic residues in shrimp commodity products can become an important trade issue. 

Another problem with the antibiotic misuse in the Mekong Delta is that of in-effective 

antibiotic delivery. Antibiotics are usually mixed with water and then topcoated onto feed 

pellet and fed to shrimp directly. Some antibiotics are extremely water-soluble; thereby 

antibiotics may already have leached out before being ingested by shrimp. Even more 
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dangerously, some pharmaceutical companies recommend shrimp farmers to apply antibiotics 

directly into ponds. This practice is ineffective and it has not proven to be effective in shrimp 

grow out pond; in contrast, the low concentration of antibiotics in the pond water may promote 

antibiotic resistance to develop (FAO/OIE/WHO, 2006). 

 

The objectives of this investigation were centered on the history, practices of antibiotic use, 

effectiveness of antibiotic application based on shrimp farmers opinions, samples collections, 

and antibiotic sensitivity tests that were carried out at the Laboratory of Aquaculture 

Pathology at the University of Arizona (UAZ-APL). 

MATERIALS AND METHODS 

 

Farmer interviews were carried out in Soc Trang province, the area that has been affected by 

AHPND since 2010. Farmers chosen for the investigation were facing EMS/AHPNS 

outbreaks at the time of investigation, or having experienced with EMS/AHPNS and which 

have been using antibiotics since 2012. A total of 39 prepared questionnaires were provided to 

investigators for the farmer interviews. A total of 12 mixed bacterial samples were collected 

for further investigation carried out at UAZ-APL. Parallel samples fixed in Davidson’s AFA 

(Lightner et al, 1996) were also collected to evaluate the AHPND status of shrimp samples 

(Lightner et al., 2012). Mixed cultures of bacterial isolates were screened using an 

experimental PCR method (Nunan et al., 2013, unpublished) and sub-cultured for the pure 

cultures of EMS causing bacteria. The bacterial identifications were carried out using API-

20NE (BioMerieux) strips and pathogenicity of bacterial isolates were tested by routine 
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immersion challenge test (Tran et al., 2013). Antibiogram work was carried out using Kirby-

Bauer disk diffusion methods (Bauer et al., 1966). This assay was carried out according to the 

CLSI (2009) guidelines with Escherichia coli ATCC 25922 was used as the control. 

 

RESULTS AND DISCUSSION 

 

Shrimp farms’ design and operation 

The area of Soc Trang is considered to be the first intensive shrimp farming area in Vietnam 

since the 1990s. Most farmers who were interviewed, have been farming shrimp since the 

1990s and early 2000s. As calculated from 39 farms with a total area of 165.42 ha, each farm 

has an average size of 4.47 ha with an average of 6.2 ponds. The farmers in this investigation 

were doing intensive (36/39 farms) and semi-intensive (3/39 farms) shrimp farming growing 

black tiger shrimp Penaeus monodon (16/39 farms) and Pacific white shrimp Penaeus 

vannamei (23/39 farms) at the time of investigation. Intensive shrimp farming is the shrimp 

farming technology that allows the shrimp ponds to stock more than 20 shrimp/m2; in contrast, 

semi-intensive farms stock shrimp at 10-20 shrimp/m2. Stocking density for black tiger shrimp 

ranges from 10-40 shrimp/m2; whereas, Pacific white shrimp are stocked at 40-100 shrimp/m2. 

As Pacific white shrimp farming requires higher investment compared to black tiger shrimp 

ponds, farmers tend to stock Pacific white shrimp at higher density. Most shrimp farms have a 

reservoir that is not used for growing shrimp but instead it is used for water storage, 

sedimentation, and disinfection prior to filling the grow out ponds. 
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The total reservoir surface area of the 39 farms was 26 ha, which is 15.71 % of total shrimp 

farms’ water surface. All shrimp farms obtained post-larvae from outside hatcheries. Only 

commercial pelleted feed was used in shrimp ponds. Depending on its stocking density, each 

pond was equipped with 2-6 paddle wheels powered by electric motors. 

 

Outbreak of AHPND and farmers’ approaches to control disease 

AHPND was first reported in Vietnam in 2010 and confirmed in 2011 (Lightner et al., 2012). 

However, evidence of AHPND occurrence in the area was noted as early as 2009 based on 

farmers observations (8/39). When AHPND first emerged in 2009, no farmers knew what it 

was and hence did not report the cases to the officials. In 2010, AHPND occured in 39/39 

farms at variable severities. In 2011 and 2012, AHPND occured at its highest severity in the 

area with 100% (39/39) farms suffering the disease. In 2012, farmers started to abandon their 

ponds, 9/39 farmers completely abandoned all of their shrimp farming operations in late 2012. 

In 2013, after the etiology of the disease was determined (Tran et al., 2013a), farmers began to 

stock their ponds with more awareness that the disease was bacterial. Several actions were 

taken including: better pond preparation and disinfection, proper area dedicated for treating 

water and reservoir, reducing stocking density, polyculture and crop rotation with tilapia and 

seabass, promoting better micro flora in the shrimp ponds by using probiotics, applying 

molasses in the shrimp ponds to control the environment, and using antibiotics. 

 

There were some routine practices commonly to intensive shrimp farming that were 

being applied by almost all fof the armers at the time of investigation. Almost all of the 

farmers (38/39) interviewed said they were using a combination of beta-glucan, Vitamin C, 
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and probiotics supplementation mixed in the shrimp diet in order to enhance the shrimp 

immunity. All farmers (39/39) used disinfectants to treat the water prior to stocking. However, 

there was no farm designed with a reservoir for water treatment and storage before discharging 

into the adjacent rivers/canals. This might be a problem because when AHPND hits the shrimp 

ponds, farmers may not disinfect the affected pond water and/or retain the water until the 

pathogen is eliminated but instead they would discharge the untreated water directly into the 

canals or the rivers, causing the rapid spread of the disease to adjacent farms. 

 

Among 39 farmers interviewed, 30/39 said that antibiotics have been routinely used in their 

farms since late 2012, 9/30 farmers said antibiotics have not been used in their farms. Among 

the types of antibiotics used in shrimp farms, Oxytetracycline® (OTC) was the most common 

(27/30 farms), followed by Enrofloxacin (4/30), Ampicillin (3/30), and Sulfadiazine (1/30). 

Antibiotics other than OTC were commonly used in combination with OTC such as 

Enrofloxacin (3/30 farms) and Ampicillin (3/30 farms). 
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Table 3.1: Farmers’ assessment of AHPND control measures 

 

Control/preventive 

measures 

Farmers’ assessment on control measures* 

Significantly 

improved 

Improved Not improved 

Antibiotics 2/30 16/30 12/30 

Tilapia in reservoir  5/5 0/5 0/5 

Tilapia in shrimp 

ponds 

8/11 2/11 1/11 

Use water from 

seabass pond 

2/2 0/2 0/2 

* Grading for Farmers’ assessment on the effectiveness of control measures: 

“Significantly improved”: no AHPND found in shrimp ponds applied the control measure. 

“Improved”: AHPND still happened but the prevalence appeared less frequent than usual. 

“Not improved”: AHPND did happen in ponds applied the control measure as usual. 

Laboratory analyses of samples collected from affected ponds. 

During the interview, shrimp farms that were being affected by AHPND were subjected to 

sample collection. Moribund shrimp showing AHPND signs as described by Lightner et al. 

(2012) were selected for sampling. A mixture of bacteria from each AHPND affected 

moribund shrimp’s stomach was collected from each sampled shrimp and grown in Trypticase 

Soy Broth plus 2% of sodium chloride (TSB+) for 24 hr at 28 oC before being preserved in 

25% glycerol at -20 oC prior to shipping to the UAZ-APL for further analyses. A set of 

parallel AFA’s Davidson fixed shrimp was also collected from each sampled shrimp pond for 

confirmation of AHPND using histological analysis at UAZ-APL. 
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Figure 3.1: Gross signs of AHPND shrimp. Field sample of AHPND affected shrimp 
collected during the investigation (left) and experimentally induced AHPND shrimp (right) 
using bacteria isolated from the field sampled shrimp. Noted that both shrimp have empty 
stomach, atrophied hepatopancreas and empty midgut (arrows left to right). 
 

A total of 12 samples of bacterial mixed cultures were brought to UAZ-APL. Each mixed 

culture was subjected to a polymerase chain reaction (PCR) screening using an experimental 

PCR method that was being developed at UAZ-APL (Nunan et al., 2013, unpublished), and 

for the isolation of individual bacterial colonies in pure sub-cultures. Suspected AHPND-

causing bacterial colonies of V. parahaemolyticus were characterized by means of biochemical 

test using API 20 NE test strips, and bio-assay to confirm the ability of the bacterial isolates to 

cause AHPND using routine immersion challenge test as described by Tran et al. (2013a). A 

total of 7 individual AHPND bacterial isolates were obtained from the set of mixed culture 

collections. Bacterial isolates obtained from this investigation that had identical bio-chemical 

characteristics as of the previously demonstrated AHPND-causing bacteria (Tran et al. 2013a) 

were subjected to routine immersion test to confirm their pathogenicity. 
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Figure 3.2: PCR screening for AHPND bacteria in mixed bacterial cultures using an 
experimental PCR method being developed at UAZ-APL. M: KB ladder marker, 1-12: 12 
mixed cultures, A/3: positive control. 
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Table 3.2: Comparison of biochemical characteristics of AHPND-causing and Non-

AHPND bacterial isolates found in AHPND affected shrimp. 

Tests AHPND-causing V. 
parahaemolyticus 

Non-AHPND causing V. 
parahaemolyticus 

 Nitrate reduction 
NO3  => NO2 

 

 
+ 
 

 
+ 
 

Indole + + 
Glucose fermentation - + 
Arginine dihydrolase - - 
Urease - - 
Aesculin hydrolysis - - 
Gelatin liquefaction + +/- 
Β-Galactosidase  + + 
Assimilation of  
D-Glucose 
L-Arabinose 
D-Mannose 
D-Mannitol 
N-Acetyl-glucosamine 
Maltose 
D-Gluconate 
Caprate 
Adipate 
L-Malate 
Citrate 
Phenyl acetate 
Oxidase 

 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
- 
- 
+ 
- 
- 
+ 

 
+ 

+/- 
+ 
+ 
+ 
+ 
+ 
- 
- 
+ 
- 
- 
+ 

 

Using 16S rRNA sequencing, it was found that the AHPND causing bacterial isolates were 

closely related to Vibrio parahaemolyticus clone Vp16 16S ribosomal RNA gene, with 99% 

identity (accession number AF388387.1). 

 
The AHPND-causing isolates which were obtained from this investigation were identified as 

Vibrio parahaemolyticus. Other representative non-AHPND-causing V. parahaemolyticus 

were also obtained and used as reference isolates for the antibiotic sensitivity tests. 
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Each pure AHPND-causing V. parahaemolyticus isolate was individually cultured on Tryptic 

Soy Agar plus 2% Sodium Chloride (TSA+) for 24 hr before being harvested and subjected to 

sensitivity tests against several antibiotics using the Kirby-Bauer disk diffusion method (Bauer 

et al., 1966). Parallel antibiotic sensitivity tests were also conducted using AHPND-causing V. 

parahaemolyticus isolated or recovered from samples collected in 2011 and 2012. 

Table 3.3: Antibiogram results of non-AHPND V. parahaemolyticus found in AHPND 

affected shrimp in from 2011 to 2013. Data shown as clearance zone in diameter (mm) and 

S: sensitive; I: intermediate; R: resistant. 

Antibiotics Non-pathogenic isolates of 

2011&2012 

Non-pathogenic 

isolates of 2013 

A/1 A/2 297B 320/1-1 320/8 

Ampicillin 10mcg 0  R  0  R  0  R  0  R  8  R 

Chloramphenicol 30mcg 21 S  31  S  30  S  31  S  36  S 

Erythromycin 15mcg 32  S  18  I  17  I  19  S  28  S 

Nalidicic acid 30 mcg 28  S  23  S  26  S  29  S 26  S 

Nitrofurantonin300 mcg 23  S  19  S  19  S  23  S  26  S 

Oxolinic acid 2 mcg 23   S  14  S  21  S  21  S  21  S 

Oxytetracyclin 30 mcg 21  S 23  S  21  S  0  R  0  R 

Streptomycin 10 mcg 13  I  10  R  11  R  13  I  12  I 

*SxT (23.75+1.25) mcg 26   S  0  R  21  S  22 S    25  S 

Florfenicol 30 mcg 30 S  30  S  28 S  29 S   32 S 

*: Romet 30: mixture of Sulfadimethoxine 23.75 mcg and Ormetoprim 1.25 mcg. 
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Figure 3.3: Antibiogram results of non-AHPND V. parahaemolyticus isolates. Data shown as 
percentage of isolates sensitive to the tested antibiotics. 
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Table 3.4: Antibiogram results of AHPND causing Vibrio parahaemolyticus isolates 

found in AHPND affected shrimp in 2011 and 2012. Data shown as clearance zone 

diameter (mm) and S: sensitive; I: intermediate; R: resistant. 

 

Antibiotics Pathogenic isolates of 2013 

13028A/3 13088B/1 13155D 1335G 

Ampicillin 10mcg 0  R  0  R  0  R  0  R 

Chloramphenicol 30mcg 30  S  32  S  32  S  33  S 

Erythromycin 15mcg 19  S  19  S  21  S  22  S 

Nalidicic acid 30 mcg 26  S  29  S  30  S  32  S 

Nitrofurantonin 300 mcg 21  S  24  S  23  S  25  S 

Oxolinic acid 2 mcg 24  S  25  S  26  S  27  S 

Oxytetracyclin 30 mcg 25  S  26  S  25  S  26  S 

Streptomycin 10 mcg 11  R  11  R  13  I  13  I 

*SxT (23.75+1.25) mcg 22  S  24  S  23  S  25  S 

Florfenicol 30 mcg 32 S  34 S  30 S  32 S 

*: Romet 30: mixture of Sulfadimethoxine 23.75 mcg and Ormetoprim 1.25 mcg. 
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Table 3.5: Antibiogram results of AHPND causing V. parahaemolyticus isolates found in 

AHPND affected shrimp in 2013 

Antibiotics Pathogenic isolates of 2013 

320/ 

1-2 

320/2

-1 

320-

/2-2 

320/3 320/4-

1 

320/7 D/4 

Ampicillin 10mcg 11 ** 0 ** 0 ** 0 ** 7 ** 8 ** 9 ** 

Chloramphenicol 30mcg 31  32  29  32  31  31  33  

Erythromycin 15mcg 19  19  19  19  19  19  19  

Nalidicic acid 30 mcg 29  23  23  25  26  24  28  

Nitrofurantonin300 mcg 23  22  20  22  22  23  25  

Oxolinic acid 2 mcg 21  17  17  19  18  17  22  

Oxytetracyclin 30 mcg 0 ** 0** 0**  22  0 ** 0 ** 0 ** 

Streptomycin 10 mcg 13 * 11 ** 11 ** 10 ** 9 ** 8 ** 12 * 

***SxT (23.75+1.25) mcg 22  24  26  24  22  21  28  

Florfenicol 30 mcg 29 24 27 30 29 29 33 

*: Intermediate; **: resistant; blank: sensitive 

***: Romet 30: mixture of Sulfadimethoxine 23.75 mcg and Ormetoprim 1.25 mcg. 
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Figure 3.4: Antibiotic sensitivities of AHPND V. parahaemolyticus isolates. 

Antibiogram results 

Non-pathogenic Vibrio parahaemolyticus 

Several non-pathogenic V. parahaemolyticus isolates were obtained from samples of AHPND 

affected shrimp sampled from 2011 to 2013. Antibiotic sensitivity tests were also performed 
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parahaemolyticus was based on the assumption that the non-pathogenic bacteria found in 

AHPND affected shrimp have also been exposed to antibiotics through medicated feeds and 

may also have developed resistance. 

 

Regarding the antibiogram results when comparing isolates obtained in 2012 (3 isolates) 

versus isolates obtained in 2013; the antibiotic sensitivities of the two groups in general appear 

to be quite similar (Table 3.3). However, a significant difference is that all isolates from 2013 

were completely resistant to Oxytetracycline® (i.e no clear zone was measured on the test 

plates). In contrast, all non-AHPND V. parahaemolyticus obtained in samples from 2012 were 

sensitive to Oxytetracycline® (Table 3.3). This observation is relevant to the interview results 

showing that OTC was the most commonly used antibiotics intended to prevent and/or cure 

AHPND. This result also indicates that bacteria with long-term exposure to OTC may have 

favored the development of resistance to this antibiotic. One thing in common is that all 

isolates from 2011 to 2013 were not sensitive to Ampicillin® and Streptomycin®, indicating 

that these drugs may not be effective against V. parahaemolyticus in general. However, the 

interview showed that 3/30 farmers used Ampicillin, indicating that antibiotic sensitivity test 

is important for choosing a potentially effective antibiotic. 

 

AHPND causing Vibrio parahaemolyticus 

A total of 4 AHPND causing V. parahaemolyticus isolates were obtained from samples of 

2011 and 2012 and 7 isolates obtained from the 2013 samples were tested for their 

antibiograms (Table 3.4 and 3.5). Similarly to the antibiogram results of non-pathogenic 

isolates (Table 3.3), the antibiogram results of pathogenic isolates from 2012 and 2013 
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showed very high percentage of resistance to Ampicillin® and Streptomycin®. This reinforces 

the assumption that those two drugs are not effective against AHPND causing bacteria and 

very likely other shrimp diseases associated with V. parahaemolyticus.  The most significant 

finding of this work was that although all isolates of 2011 and 2012 (4/4) were sensitive to 

OTC (Table 3.4), 6/7 AHPND causing V. parahaemolyticus isolates were completely resistant 

to OTC. This is a very strong indication that the routine use of OTC as a measure to control 

AHPND in endemic areas has resulted in the emergence of bacterial isolates resistant to this 

antibiotic. Some reports (FAO/OIE/WHO, 2006) indicated that OTC may lose its biological 

activities in seawater quickly because its molecules can bind to Ca2+ and Mg2+. This result may 

explain why the farmers interviewed showed that only 2/30 farmers said antibiotics confer 

significant effectiveness. This indicates that the use of antibiotics in not likely to be considered 

as an ultimate solution for AHPND. Additionally, Enrofloxacin® is not supposed to be used in 

aquaculture in Vietnam according to the Government regulations of antibiotic use in 

aquaculture. However, in this investigation, 4/30 farms were using Enrofloxacin®. This 

indicates that when farmers realize that the Government approved antibiotics are no longer 

effective, they look for other un-approved antibiotics as a “no-choice” decision to save their 

crops. This again reinforces the earlier conclusion that effective antibiotic-free approaches 

should be proposed in advance in order to reduce the use of un-approved antibiotics and the 

risk of antibiotic residue in shrimp products from AHPND affected countries. 
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Other observations 

One encouraging finding of this investigation was that 8/11 farmers said they achieved great 

improvement when they applied polyculture technology intended to reduce AHPND. In 

addition, 5/5 farmers said that AHPND did not occur after they applied the “green water 

technology” in which tilapia was put in the reservoir to induce an algae bloom in the water 

prior to filling the shrimp ponds. Similarly, in activities related to tilapia “green water 

technology”, two farmers used water from seabass ponds to fill their shrimp ponds and they 

did not see AHPND occur in their shrimp ponds. These observations suggest that by 

manipulating the micro flora in shrimp ponds, favoring a balanced native biota, it might be 

possible to reduce the risk of an AHPND outbreak. Polyculture is indeed an environmentally 

friendly approach; thereby more research should focus on explaining how polyculture may 

help reduce the risk of AHPND. 
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APPENDIX 
SAMPLE QUESTIONNAIRE  

FIELD FARMERS INTERVIEW QUESTIONNAIRE 
 

Contact: Loc Tran Huu, University of Arizona and NongLam University  
Email: thuuloc@email.arizona.edu; Cellphone: 0913210290 

 

General information  
 
Farm owner: …………………………………………………………………………………….. 
Address: ………………………………………………………………………………………… 
Contact: …………………………………………………………………………………………. 
…………………………………………………………………………………………………… 
Farm overview 
 
Number of ponds: 
………………………………………………………………………………………………….. 
Total area (square meter- hectare): 
………………………………………………………………………………………………….. 
Farming intensity (intensive or semi-intensive, P. vannamei/P.monodon, stocking density, 
source of post-larvae): 
…………………………………………………………………………………..………………
…………………………………………………………………..………………………………
………………………………………………………………………………………………….. 
Pond design (paddle wheels, lining of pond bottom-dike): 
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
………………………………………………………………………………………………….. 
Reservoir area: …………………………………………………………………………………. 
Years of operation: …………………………………………………………………………….. 
Technical aspects 
 
When did you first see AHPND? ………………………………………………………………. 
…………………………………………………………………..………………………………
…………………………………………………………………………………………………..
………………………………………………………………………………………………….. 
How has the disease progressed since then? (as much detailed as possible): 
…………………………………………………………………………………..………………
…………………………………………………………………..………………………………
…………………………………………………………………………………………………..
…………………………………………………………………..………………………………
………………………………………………………………………………………………….. 
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Shrimp farming technology 
 
Pond preparation (please describe as detailed as possible) 
…………………………………………………………………………………..……………….
…………………………………………………………………..……………………………….
……………………………………………………………………………………………………
…………………………………………………………………………………..……………….
…………………………………………………………………..………………………………. 
Have you ever used antibiotics as a control for AHPND? ……………………………………… 
When? …………………………………………………………………………………………... 
Technique of antibiotic delivery? ………………………………………………………………. 
Names of antibiotics? …………………………………………………………………………… 
Does antibiotics medication help reduce/cure AHPND? 
…………………………………………………………………………………..………………..
…………………………………………………………………..………………………………..
.…………………………………………………………………………………………………...
…..…………………………………………………………………..……………………………
…..………………………………………………………………………………………………. 
In addition to antibiotics, do you use other chemicals, feed additives, and probiotics (in feed 
and in pond)? ……………………………………………………………………………………. 
Do they work? …………………………………………………………………………………... 
…………………………………………………………………………………..………………..
…………………………………………………………………..………………………………..
………………………………………………………………………………………………….. 
Please give us your opinion based on your own farm experience on the effectiveness of:  
1. Antibiotics. …………………………………………………………………………………. 
2. Feed additives. ……………………………………………………………………………… 
3. Chemicals used in pond intended to reduced AHPND. …………………………………….. 
…………………………………………………………………………………..………………
…………………………………………………………………..………………………………
…………………………………………………………………………………………………..
…………………………………………………………………..………………………………
………………………………………………………………………………………………….. 
Do you have any special techniques (polyculture, crop rotation, special technique of pond 
preparation and special practices during the grow out cycle) intended to prevent and/or control 
AHPND? 
…………………………………………………………………………………..………………
……………………………………………………………………..……………………………
…..……………………………………………………………………………………………… 
…………………………………………………………………………………..………………
……………………………………………………………………..……………………………
…..……………………………………………………………………………………………… 
…………………………………………………………………………………..………………
……………………………………………………………………..…………………………… 
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CHAPTER IV 
 

EFFECTS OF TILAPIA IN CONTROLLING THE ACUTE 
HEPATOPANCREATIC NECROSIS DISEASE (AHPND) 

 
Loc H. Tran1,2*, Kevin M. Fitzsimmons2, and Donald V. Lightner1 

*: Corresponding author: thuuloc@email.arizona.edu, School of Animal and Comparative 
Biomedical Sciences, The University of Arizona, USA 

1: School of Animal and Comparative Biomedical Sciences, The University of Arizona, USA 

2: Department of Soil, Water and Environmental Sciences, The University of Arizona, USA  

ABSTRACT 

A laboratory study was conducted at the University of Arizona to determine the effects of 

tilapia at controlling the infection and mortality in Pacific white shrimp (Penaeus vannamei) 

due to pathogenic Vibrio parahaemolyticus strain causing the Acute Hepatopancreatic 

Necrosis Disease (AHPND). In this study, 200L fiberglass tanks were filled with 170L water 

and used to test 5 treatments including: A.) Negative control with tanks prepared without 

tilapia for 14 days prior to stocking of shrimp (treatment A), B.) Tanks prepared for 2 weeks 

with tilapia (Oreochromis niloticus) and then tilapia were removed prior to stocking of the 

shrimp and then followed by an AHPND challenge test for 10 days by one time adding the 

bacterial suspension of a Vibrio parahaemolyticus strain capable of causing AHPND to 

achieve a bacterial density of 3.105 cells/ml in tank water (treatment B), C.) Tanks prepared 

for 14 days with tilapia and then the tilapia were put into a suspended cage inside each tank 

prior to stocking of shrimp and then followed by an AHPND challenge test (treatment C), D.) 

Tanks prepared for 2 weeks without tilapia prior to stocking of the shrimp and then followed 

by an AHPND challenge test (treatment D), and E.) Positive control with tanks using clear 

saline water at 20 ppt prepared one day prior to stocking of shrimp and then followed by a 

AHPND challenge test (treatment E). 
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After 14 days of tank preparations with the main purpose of inducing algal bloom and 

maintaining a balanced biotic community mimicking field practice in shrimp farming, the 

bacterial counts revealed that the bacterial density was not significantly different among 

treatments A, B, C, and D. However, the 14 days of tank preparation helped induce bacterial 

communities in water of treatments A, B, C, and D that were 3 log higher than the positive 

control with clear saline water (treatment E). 

 

Ten days after adding of the bacterial suspension into the tank water in the challenge tests 

(except for negative control tanks), the survival rates were significantly different among 

treatments. Survival rates of treatments A, B, C, D, and E were 97.78%, 91.11%, 6.67%, 

20.00%, and 0.00%, respectively. The survival rate in negative control (treatment A) was 

97.78%, indicating that the experimental conditions were suitable for the survivability of 

shrimp. Meanwhile, the survival rate in the positive control (treatment E) was 0% after 3 days 

of exposure to the bacteria in the challenge test, showing a very high pathogenicity of the 

bacterial strain used in this study. Survival rate of treatment B was significantly higher than of 

the treatments C, D, and E. Although the AHPND bacteria were later isolated from water and 

shrimp in all treatments challenged with AHPND bacteria, the histological analyses showed 

that the infection rates and severities of the pathology in different treatments also 

corresponded to the survival rates. The bacteria count in water samples showed a significant 

drop in bacterial densities in treatments B, C, and D compared to the bacterial density added 

by the challenged test. In contrast, bacterial density in the tank water of the positive control 

using clear saline water showed a marked bloom of AHPND bacteria after being added into 

the tanks. This result indicates that the native biota communities in water can interact with the 
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AHPND bacteria and the infection caused by this strain of bacteria. This study has proven and 

also suggested that some good practices that could promote a healthy and balanced biota 

community in water of shrimp ponds such as using tilapia in reservoir of shrimp farm to 

induce healthy algal and beneficial bacterial bloom in water prior to filling the pond would 

confer beneficial effects in controlling the AHPND disease. 

INTRODUCTION 

The University of Arizona Aquaculture Pathology Laboratory (UAZ-APL) has determined 

that the cause of the mass mortalities named Early Mortality Syndrome or Acute 

Hepatopancreatic Necrosis Syndrome (EMS/AHPNS) is due to the presence of a pathogenic 

Vibrio parahaemolyticus bacterial strain (Tran et al., 2013a,b). Because the causative agent of 

EMS/AHPNS has been demonstrated, EMS/AHPNS is now called Acute Hepatopancreatic 

Necrosis Disease (AHPND) (FAO, 2013). 

 

Even before the discovery of the agent of AHPND, antibiotics were widely used in shrimp 

ponds in Vietnam, as well as in other Southeast Asian countries. However, more and more 

evidence has shown that the bacteria quickly become resistant to antibiotics. Moreover, 

because shrimp production is mainly for international trade, the concern of antibiotic residue 

may lead to the creation of trade barriers against shrimp exported from Southeast Asia. That is 

why antibiotic-free approaches in controlling AHPND should be promoted. Several anecdotal 

reports indicate that some antibiotic-free approaches such as polyculture and biofloc systems 

can reduce the risk of the disease outbreak. Polyculture with tilapia has been known to confer 

some beneficial effects in controlling luminescent bacteria (Vibrio harveyi) affecting shrimp 
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(Gilda et al., 2005). Since V. parahaemolyticus is closely related to V. harveyi, the polyculture 

with tilapia may confer similar effects against this bacterial species. Farm trials conducted in 

AHPND endemic areas of Vietnam have shown a better survivability of shrimp grown in 

polyculture systems (Tran et al., 2013a). However, lab experiments with controlled 

environment and standardized challenge model are needed to determine the effectiveness of 

this approach. 

This research was intended to answer these questions: 

- Does the presence of tilapia in a shrimp production reduce shrimp mortality due to 

AHPND, infection by V. parahaemolyticus, and/or control of AHPND-causing 

bacteria? 

- Does the use of water pre-conditioned by tilapia or by fertilizers reduce shrimp 

mortality due to AHPND, infection of AHPND, and/or control of AHPND-causing 

bacteria? 

MATERIALS AND METHODS 

 

Experimental design 

Fifteen 200L fiberglass tank filled with 170 of tap water and equipped with an air diffuser 

were employed. Five treatments were designed with three replications for each treatment. 

These treatments were: 

- Treatment A (negative control): three tanks were used for 14 days without tilapia 

prior to stocking with 15 Penaeus vannamei shrimp at average size of 3 grams in each 

tank. 
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- Treatment B: three tanks were used with 3 tilapia (Oreochromis niloticus) with a 

mean weight of 33±4 grams each, for 14 days, and then tilapia were removed prior to 

stocking of 15 shrimp in each tank and then followed by an AHPND challenge test on 

day 15 for a period of 10 days. 

- Treatment C: three tanks were prepared for 14 days with tilapia (Oreochromis 

niloticus) weighing at 33±4 grams each, and then tilapia were put in a suspended cage 

installed in each tank in the same day of stocking of shrimp 15 shrimp in each tank and 

followed by an AHPND challenged test on day 15 for a period of 10 days. 

- Treatment D: three tanks were used without tilapia for 14 days prior to stocking of 15 

shrimp in each tank and then followed by an AHPND challenge test on day 15 for a 

period of 10 days. 

- Treatment E (positive control): three tanks were prepared for one day only by mixing 

clear tap water with crystal marine salt prior to stocking of 15 shrimp in each tank and 

then followed by an AHPND challenge test on day 15 for a period of 10 days. 

 

Tank preparation 

Twelve tanks of treatments A, B, C, and D were filled with 170L of tap water on day 0. Each 

tank of these treatments received 1L of water as a stock of algae from a tilapia tank of a 

recirculation system at the Environmental Research Laboratory, University of Arizona. This 

water stock has two dominant algal genera of Scenedesmus and Pediastrum at the densities of 

14,000 cells/ml and 32,000 cells/ml, respectively. 
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Tanks with treatments B and C were also stocked with three tilapia at an average weight of 

33±4 grams. On day 0 through day 7, Marine crystal salt (Crystal SeaTM, Marine Enterprises 

International) were added daily in 9 tanks to increase the salinity at the rate of 3 ppt/day to the 

desired salinity of approximately 20 ppt on day 7. Pelleted fish feed with 35% protein was 

added daily at the rate of 2 grams/tank to each tank with the intent as beeing tilapia feed or 

fertilizer to enhance an algal bloom. On day 14, tilapia in three tanks of treatment B were 

removed. Meanwhile, after 14 days of tank preparation, three tilapia in each tank of treatment 

C were put in a suspended cage installed inside each tank. 

 

Regarding the tanks of treatment E, on day 13, each tank was filled with tap water and mixed 

with crystal salt for one day only prior to stocking of shrimp on day 14 and the followed by an 

AHPND challenge test for 10 days. After the tank preparation steps were done by day 14, each 

tank was stock with fifteen Kona line Specific Pathogen Free (SPF) (Pruder et al., 1995) 

shrimp at an average weight of 3 grams for acclimation one day prior to the challenge test on 

day 15. 

 

Challenge test 

On day 15, the shrimp in tanks of treatment B, C, D, and E were challenged by an AHPND-

causing Vibrio parahaemolyticus strain (strain UAZ-APL 13-028 A/3) (Tran et al., 2013a). A 

direct immersion method was employed by adding bacterial broth culture inoculated with the 

UAZ-APL 13-028 A/3 strain. The bacterial broth culture was prepared by inoculating the 

frozen glycerol (25% v/v) preserved bacteria in the Trypticase Soy Broth (DifcoTM) added 

with 2% of Sodium Chloride (TSB+) and incubated at 28o C for 18 hr in a shaker incubator. 
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After 18 hr of incubation, the TSB+ solution was checked using a spectrophotometer 

(BioPhotometer) at OD600 to determine bacterial density. Bacterial broth culture was added 

directly into each tank of treatments B, C, D, and E to achieve a bacterial density of the UAZ-

APL 13-028 A/3 of approximately 3x105 cells/ml in the water of each tank. Challenged shrimp 

were kept in tanks for 10 days for observation and sampling. 

 

Observation and sampling 

Water from each tank was sampled on day 14 (before the challenge test) and at termination of 

the experiment on day 25. The water samples were analyzed for algal identification and 

quantification using a hemacytometer (Bright-Line), bacterial quantification (using total plate 

count with bacteria grown on Trypticase Soy Agar added 2% sodium chloride – TSA+ 

DifcoTM), bacteria differentiation using Thiosulfate-citrate-bile salts-sucrose agar (TCBS 

DifcoTM) and bacterial identification using API 20NETM Biomerieux. 

 

The shrimp were fed twice a day but the fish were not fed, and mortalities were recorded daily 

during the challenge test. Up to 2 moribund shrimp from each tank were fixed in AFA’s 

Davidson fixative for histological examination (Bell and Lightner, 1988). One moribund 

shrimp in each challenged treatment group was used for bacterial isolation and identification 

(Tran et al., 2013a). At termination (day 10 of challenge test), 2 shrimp from each tank were 

fixed for histological examination (Bell and Lightner, 1988). All shrimp sampled for 

histopathology purposes were injected with AFA Davidson’s fixative, processed, and stained 

with hematoxylin and eosin-phloxine (H&E) using routine histological methods (Bell & 

Lightner 1988). The histological sections were analyzed by light microscopy for AHPND 
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lesions in the hepatopancreas. Lesion severity was graded accordingly to the G-grading system 

(Lightner, 1996), from G0 for negative to G4 as the highest severity of AHPND. 

 

During the challenge test, temperature, dissolved oxygen, and pH in each tank were recorded 

daily. Un-ionized ammonia nitrogen and nitrite were measured every 3 days. 

 

Statistical analysis 

Data was analyzed by using Analysis of Variance (ANOVA) and Duncan’s multiple range test 

with significance factor of 0.05 using IBM SPSS Statistics 11.5 and presented as mean ± 

standard deviation (sd). 
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RESULTS 

 

Environmental conditions 

Water quality parameters were recorded during the challenge test (day 15 through day 25) and 

presented as below. 

Table 4.1: Water quality parameters during the challenge test. 
 
Parameters  Treatment 

A 

Treatment 

B 

Treatment 

C 

Treatment 

D 

Treatment 

E 

D.O (ppm) 4.52-6.28 4.41-6.43 4.26-6.31 4.47-6.32 4.61-5.82 

pH range  8.26-8.57 8.32-8.67 8.37-8.74 8.29-8.66 7.32-7.56 

Unionized NH3 (ppm) <0.1  <0.1  <0.1  <0.1  <0.1 

NO2- (ppm) <0.25  <0.25  <0.25  <0.25  <0.25 

Temperature 

Salinity (ppt)  

23.23.1-27.4   

20.20.2 ± 1.5 

23.3-27.4 

21.2 ± 1.2 

23.3-27.5 

20.6 ± 2.6 

23.2-27.3 

20.3 ± 1.5 

23.6-27.1 

20.5 ± 1.6 

 

 
In general, all water quality parameters in this study (Table 4.1) were in acceptable range for 

survival of Penaeus vannamei (Holthuis, 1980). pH in treatment E appears significantly lower 

than other treatments, probably due to lack of algae and aging. For similar reasons, the 

dissolved oxygen range in treatment E was narrower compared to other treatments. Algae are 

known to produce oxygen via photosynthesis and can change the water pH via utilization of 

carbon dioxide in water. According to Akazawa et al., (2013), pH can be a trigger factor for 

the infection and mortality caused by the agent of AHPND. In addition, his study suggests that 

pH ranging from 8.5-8.8 will trigger AHPND; in contrast, the infection regresses at pH around 

7. According to this conclusion, the pH range in treatment E apparently should not support the 

AHPND infection. 
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Table 4.2: Heterotrophic plate count (HPC) on TSA+, yellow colony count (YC) and green 
colony count (GC) on TCBS of water samples collected on day 14 and day 25. 
 

Bacterial 

count  

(CFU/ml) 

Treatment  

A 

Treatment 

B 

Treatment 

C 

Treatment 

D 

Treatment 

E 

HPC day 14 26933 

±2709
ab

 

38000 

±12315
ab

 

40033 

±13000
b
 

24333 

±5513
a
 

Not 

detected 

YC day 14  13133 

±7684
a
 

17133 

±21573
a
 

27666 

±19295
a
 

7813 

±8962
a
 

Not 

detected 

GC day 14  5100 

±2475
a
 

25933 

±36660
a
 

8433 

±5335
a
 

223 

±66
a
 

Not 

detected 

HPC day 25  47066 

±32696
ab

 

29333 

±12595
a
 

99333 

±47920
b
 

95666 

±43500
b
 

5283333± 

786678
c
 

YC day 25  25993 

±18058
a
 

10620 

±7340
a
 

14693 

±20260
a
 

9566 

±9765
a
 

Not 

detected 

GC day 25 5866 

±7956
a
 

8320 

±3840
a
 

73500 

±41947
b

 

59533 

±16070
b

 

3199666 

±1577975c 
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Table 4.3: Biochemical characterizations of AHPND Vibrio parahaemolyticus used in 
challenge test and isolated from AHPND challenged tanks; non-AHPND V. parahaemolyticus 
and V. cholera isolated from tank water before the challenge test. 
 

Biochemical test 

 

Non-AHPND 

Vibrio 

parahaemolyticus 

Vibrio cholera AHPND V. 

parahaemolyticus 

 

No. (-)ve  

reaction 

No.(+)ve 

reaction 

No.(-)ve 

reaction 

No.(+)ve 

reaction 

No.(-)ve 

reaction 
No.(+)ve 

reaction 

Gram 4 0 4 0 6 0 

NO3  => NO2 0 4 0 4 0 6 

Oxidase 0 4 0 4 0 6 

Indole 0 4 0 4 0 6 

Glucose fermentation 0 4 0 4 0 6 

Arginine dihydrolase 4 0 4 0 6 0 

Urease 4 0 4 0 6 0 

Aesculin hydrolysis 4 0 4 0 6 0 

Gelatin liquefaction 0 4 0 4 0 6 

Β-Galactosidase  0 4 0 4 0 6 

Assimilation of  

 

D-Glucose 0 4 0 4 0 6 

L-Arabinose 0 4 4 0 0 6 

D-Mannose 0 4 4 0 0 6 

D-Mannitol 0 4 0 4 0 6 
N-Acetyl-glucosamine 0 4 0 4 0 6 

Maltose 0 4 0 4 0 6 

D-Gluconate 0 4 0 4 0 6 

Caprate 4 0 4 0 6 0 

Adipate 4 0 4 0 6 0 

L-Malate 0 4 0 4 0 6 

Citrate 4 0 0 4 6 0 

Phenyl acetate 4 0 4 0 6 0 

API profile index 7074744 7074705 3077744 
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Heterotrophic plate count (HPC) and algae enumeration 

Heterotrophic plate count 

Water samples were taken for heterotrophic plate count (HPC) using TSA+ plates on day 14 

(before the challenge test) and on day 25 (after the challenge test) (Table 4.2). After 14 days of 

tank preparation with the main purpose of establishing a natural biota system, the results 

showed that the total HPC in Treatments A, B, C, D were 3 logs higher compared to treatment 

E (not detected) indicating that the 14 days of tank preparation step had produced a significant 

number of bacteria in tank water. Moreover, HPC of treatment C was significantly higher than 

that of Treatment D. However, the bacterial count of both yellow and green colonies on TCBS 

agar did not reveal any significant difference among groups. Dominant yellow and green 

colonies on both TCBS agar were subsequently characterized by using API 20 NE strips. The 

results of biochemical characterizations showed that the most dominant green colonies on 

TCBS are Vibrio parahaemolyticus and the yellow colonies are Vibrio cholera. Subsequent 

characterization showed that the V. parahaemolyticus isolated from tank water prior to 

challenge test did not biochemically match the AHPND-causing V. parahaemolyticus (Table 

4.3). The V. cholera isolate obtained from tank water was negative for the cholera toxin (CTX) 

genetic element (Chow, 2001), which is responsible for the pathogenicity in some V. cholera 

strains. 

 

Heterotrophic plate count (HPC) results of water samples collected on day 25 (day 10 of 

AHPND challenge) showed significant differences among treatments (Table 4.3). HPC of 

treatment B was significantly lower than of treatment C and D. Although to the tanks of 

treatments B, C, D, and E an approximate amount of bacterial suspension was added to 
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achieve a bacterial density of V. parahaemolyticus of 3.105 cells/ml on day 15 (day 0 of 

challenge). The HPC of tanks of treatment B, C, and D sampled on day 25 showed a marked 

drop of bacterial density compared to the bacteria added on day 0 of challenge. Particularly, 

the HPC of treatment group B showed a significant drop of almost one Log compared to the 

initial V. parahaemolyticus added. In contrast, tanks of treatment E (positive control) showed a 

significant increase of bacterial density of almost one log compared to bacteria added in the 

challenge test. These results indicated that the indigenous biota communities induced during 

the tank preparation step might have reduced the density of pathogenic V. parahaemolyticus. 

In contrast, the absence of a biota community in the tanks of treatment E led to a significant 

increase of bacterial density, suggesting that without competition with other microorganisms 

in water, the pathogenic V. parahaemolyticus strain can increas its number in the 20ppt water 

of this experiment. 

 

In addition, enumeration of the green colonies on TCBS of water samples of different 

treatments has also shown significant differences among treatments. The total number of green 

colonies in treatment C and D were significantly higher than treatment A and B. The total 

number of green colonies on TCBS of water sampled from treatment E (negative) control was 

considerably higher than of all other treatments by approximately 3 logs. Because the AHPND 

V. parahemolyticus colonies are green on TCBS (Tran et al., 2013a) due to its lacking of 

sucrose utilization, the significant differences of total number of green colonies among 

treatments suggested that the treatment factors have had some impacts on the AHPND bacteria 

added into tanks during the challenge test. Total number of yellow colonies on TCBS of water 

samples of treatment A, B, C, and D was not statistically different among treatment. However, 
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no yellow colonies were detected from the water samples of treatment E (positive control) 

suggesting the AHPND bacteria introduced has outcompeted yellow colony forming bacteria 

on TCBS. Further characterization of the dominant green colony morphology on TCBS 

revealed that they were all V. parahaemolyticus with identical biochemical characteristics of 

the pathogenic AHPND V. parahaemolyticus initially added in the challenge test.  

 
Table 4.4: Density and communities’ structure of algae in water of different treatments. 

Algae count Treatment  

A 

Treatment 

B 

Treatment 

C 

Treatment 

D 

Treatment 

E 

Algal density 

day 14 
488533 

±215372
a
 

1277333 

±345516
a
 

1040666 

±994304
a
 

524000 

±271381
a
 

N/A 

Genera Navicula (20%) , 

Pediastrum (40%) 

Chlorella (40%) 

Navicula (30%), 

Chlorella (70%) 

Chlorella (70%), 

Navicula (30%) 

Chlorella (40%), 

Navicula (20%), 

Oscillatoria (30%) 

Coscinodiscus 

(10%) 

N/A 

Algal density 

on day 25 

425333 

±102104
a
 

1313333 

±229298
a
 

7920000 

±807547
b

 

853333 

±174865
a
 

N/A 

Genera Navicula (30%) , 

Oscillatoria 

(20%) , 

Coscinodiscus 

(10%), Chlorella 

(30%), 

Pediastrium 

(10%) 

Navicula (40%), 

Chlorella (60%) 

Chlorella (95%), 

Navicula (5%) 

Chlorella (40%), 

Navicula (30%), 

Oscillatoria 

(30%) 

N/A 
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Algae enumeration 

After the 14 days of the tank preparation steps, the average algal density in all treatment was 

relatively high, ranging from approximately 4.9x105 cells/ml to 1.3x106 cells/ml (Table 4.4). 

Treatments B & C with tilapia seemed to have higher algal density compared to treatments 

A&D. However, statistical analysis did not show significant difference among treatments. 

Although initially all tanks were stocked with a “green water” with two dominant algae groups 

including Scenedesmus spp. and Pediastrum spp., the algal communities of water sampled 

during the challenge test of different treatments showed some variations (Table 4.4). In 

addition, Scenedesmus were not found in all treatment during the challenge test. 

 

Tanks in treatments with tilapia (treatment B&C) had two dominant groups of algae including 

Chlorella and Navicula. In addition to these two algal genera, Oscillatoria was also found in 

treatments A&C; Cocinodiscus was found in treatment D. 

 

After another 10 days of the challenge test (day 25), the algae density of treatment C (with 

tilapia in cage during challenge test) was significantly higher than that of treatment A, B, and 

D. The genus Chlorella was dominant in tanks of this treatment, accounting for approximately 

of 95% of total algal cells. 

 

Survivability of shrimp in the AHPND challenge test 

Because AHPND was proven to be effectively transmitted via oral route (Tran et al., 2013a), 

we used a modified immersion method in which an AHPND bacterial suspension of the 

pathogenic strain of V. parahaemolyticus was added directly into shrimp tanks. This challenge 
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method is believed to allow the indigenous biota in water to interact with the pathogenic 

bacteria. The infection route in this method of challenge may also mimic what happens in 

AHPND affected shrimp ponds. The treatment E (positive control group) tanks appeared to be 

infected and suffered a rapid mortality (Figure 4.1). The first gross signs of AHPND and 

mortality happened within 24 hrs of exposure to the pathogen. After only three days of 

exposure, mortality in all three tanks of treatment E approached 100%, showing very high 

pathogenicity of the pathogen used in this challenge test. In contrast, other treatments with 14 

days of tank preparation and algae growth appeared to have delayed mortality (treatments B, 

C, D). However, after 10 days of exposure, survival rates of treatment C and D were 6.67% 

and 20%, which were significantly lower than treatment B (91.11%) and treatment A –

negative control (97.78%). Moribund shrimp of treatments C and D showed typical signs of 

AHPND including empty stomach and midgut, and a pale atrophied hepatopancreas as 

described by Lightner et al., 2012 (Figure 4.2). 
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Figure 4. 1: Survivability of shrimp in different treatments post-exposure to the AHPND 
Vibrio parahaemolyticus. 
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Figure. 4.2: Gross signs of shrimp 10 days post-exposure to pathogenic Vibrio 
parahaemolyticus of treatments A, D, C, B (left to right). Animal A1, A2, C2, B1, and B2 
show normal stomachs, hepatopancreas and midguts (arrows from top to bottom). Meanwhile, 
animals D1, D2, and C1 show signs of AHPND infection including: empty stomach, pale 
hepatopancreas, and empty midgut. 
 

  



 
 

95 

Histological analyses 

After the shrimp have been exposed to the pathogenic Vibrio parahaemolyticus, moribund 

shrimp in each treatment showed gross signs of EMS (Lightner et al., 2012, Tran et al., 2013a) 

were fixed in AFA’s Davidson fixative and then sectioned and stained with hematoxyline and 

eosin (H&E) and described by Lightner et el., 1996. Shrimp surviving after 10 days of 

challenge in each treatment were also sampled for histological examination. Hepatopancreas, 

the target organ for AHPND, was examined for pathology as described by Lightner et al., 

2012. 

 

The histological analyses showed that the shrimp in the negative control group showed normal 

hepatopancreas structure (Bell and Lightner, 1988); meanwhile, the histological sections of 

shrimp of positive control group (treatment E) showed an acute phase AHPND characterized 

by diffuse sloughing of tubular epithelial cells and followed by heavy hemocytic infiltration 

within and among HP tubules. The severity of pathology in samples of treatment E was graded 

as G4 in the grading system. In addition, B-cells and R-cells were not present. All these 

lesions have satisfied the case definition of AHPND disease (Lightner et al., 2012). Histology 

slides of samples of treatments C&D also showed different phases of AHPND pathology as 

described by Lightner et al., 2012 (Fig. 4.3&4.4). The acute phase of AHPND in treatment 

C&D is characterized by a very acute sloughing of the tubular epithelial cells. In addition, the 

activities of B-cells and R-cells appeared minimal. As the disease progressed, the terminal 

phase was also detected in samples of treatments. The terminal phase in the histology slides 

was characterized by a secondary bacterial infection colonizing the areas of necrotic sloughed 

epithelial cells in the tubular lumens. The hemocytes were also heavily infiltrated inter- and 
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intra-tubularly of the HP tubules. Lesions found in samples of treatments C&D were graded at 

G3-4. The histological analyses of slides from treatment B did not show the AHPND 

pathology as of treatment C, D, and E. In general, the histological analyses showed that the 

severities of lesions in samples of different treatments appeared to correspond with the 

survival rates as shown in the Fig. 4.1. In short, the highest mortalities and severity grades 

were found in treatment C, D, and E. In contrast, lowest mortalities were recorded in treatment 

A and B. No AHPND lesions were found in treatment A and B. One thing discovered in this 

study was that the negative control tanks (treatment E) had pH range during the AHPND 

challenge from 7.32-7.56 (Table 1) which was significantly lower than that of the initial 20ppt 

water after mixing tap water with salt (pH= 8.66) and other treatment groups of A, B, C, and D 

(pH= 8.26-8.66). In addition, the treament E had the  lowest survival rate (0%) and also had 

significantly lower pH than that of treatment A, B, C, and D. Nonetheless, the heterotrophic 

plate count (HPC) of treatment E was 2 logs higher than of the other treatments and 1 log 

higher than of the initial bacterial density that resulted from AHPND challenge experiment, 

suggesting the AHPND V. parahaemolyticus could replicate in clear saline water that 

appeared to be a factor causing a pH decrease in the tank water. This observation has led to a 

conclusion that appears to be contrary to Akazawa et al., 2013 observation which stated that 

high pH triggers the AHPND in shrimp. 
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Figure. 4.3: Histological sections from the AHPND immersion challenge test. Pictures A1 & 
A2 show normal histology of shrimp in negative control (treatment group A). In contrast, 
pictures E1 & E2 show an acute phase of AHPND pathology characterized by acute sloughing 
of tubular epithelial cells (SC) and massive hemocytic infiltration (HI). H&E stain. Scale bars 
(E1 & E2) = 100 µm, (A1 & A2) = 200 µm. 
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Figure. 4.4. Histological sections from an AHPND immersion challenge test. Pictures B1 & 
B2 show histology of shrimp in treatment group B. Photo B1 shows a normal histology; 
meanwhile, photo B2 shows a low grade of epithelial cells sloughing (arrow). Pictures C1 & 
C2 of treatment group C and D1 & D2 of treatment group D show different typical AHPND 
pathology characterized by a very acute sloughing of tubular epithelial cells (SC) of picture C1 
and massive hemocytic infiltration (HI) and bacterial colonization (BC). H&E stain. Scale bars 
(D2) = 50 µm, (C1, C2, and D1) = 100 µm, (B1 & B2) = 200 µm 
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DISCUSSION 

 

Vibriosis diseases induced by luminescent bacteria have caused some serious problems in 

shrimp farming. Some farming practices that took advantage of the “green water technology” 

in which the green water was induced by tilapia could mitigate the luminescent vibriosis 

caused by Vibrio harveyi in Penaeus monodon (NPPMCI, 2000; Paclibare et al., 2002). 

Further works on elucidating the mode of action of the “green water” technology have 

discovered that certain indigenous bacterial strains and algae in the “green water” that had the 

ability to inhibit the growth of V. harveyi (Gilda et al., 2005; Cruz et al. 2008) explaining the 

mode of action of the “green water” technology or polyculture technology. 

 

This current study is the first step in demonstrating that the indigenous biota induced by tilapia 

or by tank preparation steps could lower the number of AHPND bacteria in water, thus 

conferring delayed mortalities in challenged shrimp. However, an over bloom of algae could 

produce unexpected effects probably due to the eutrophication and nutrient availability from 

dead algae that could benefit the AHPND bacteria. In addition, without competition of the 

indigenous biota, the AHPND V. parahaemolyticus could replicate in water to a certain 

density that reaches the infection density. These findings helped explain an observation (data 

unpublished) showing that AHPND usually happens in ponds that either do not have algae, or 

in which an excessive bloom of algae has occured or one that recently had an algae crash. 

 

Further studies on identifying specific bacterial strains and algal strains that can inhibit the 

growth or infection caused by AHPND V. parahaemolyticus will be needed.  
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GENERAL CONCLUSION 

 
AHPND has been the greatest concern to the global shrimp industry since 2009. This 

disease has been determined as an infectious disease with a bacterial etiology by researchers at 

the University of Arizona. AHPND bacterium is an extremely pathogenic agent to shrimp, can 

be transmitted very effectively, can survive and replicate in the water environment (without a 

host), can be transmitted from one country to the other, can be carried by shrimp and maybe 

by other organisms, quickly develop resistance to antibiotics, causing pandemic in Asia and 

some part of the Americas. Thereby, AHPND bacterium is truly an effective infectious agent. 

At the moment, AHPND is still spreading globally and can bring down the whole shrimp 

industry of a country. It is a really big fear to countries that have shrimp farming.  

Where the bacterium came from is still mysterious. No one knows why an extremely 

common bacterium became incredibly infectious and pathogenic to shrimp. Whether or not 

this pathogenic bacterium is pathogenic to other aquatic species such as bivalves and other 

crustaceans is still a big concern. AHPND is a single disease that can alter the global shrimp 

supply and prices. Consumers around the world are dealing with commodity shrimp with a 

price almost doubled than it used to be. 

Thanks to science, AHPND is no longer an idiopathic disease. This means we have 

made an unknown disease become a known disease. In addition, the works on 

characterizations of the agent have created some tools for us to detect the agent, making 

biosecurity in shrimp farms and hatcheries become possible. Finally, as more and more 

characterizations of the agent and its behaviors have been discovered, we are now having 

some ideas for controlling this disease or minimizing the risk of this disease outbreak. 


