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Executive Summary  

 

On 9-10 August 2012, an emergency regional consultation on Early Mortality Syndrome (EMS) of shrimp and 

associated pathology described as Acute Hepatopancreatic Necrosis Syndrome (AHPNS) was held in 

Bangkok, Thailand. The consultation brought together over 87 participants including international shrimp 

health experts, national governments in the Asia Pacific region and industry stakeholders to share information 

on this emerging disease, its occurrence, pathology and diagnosis, and to develop a coordinated regional 

response to the issue.  The consultation was organised jointly by NACA and the Australian Government 

Department of Agriculture, Fisheries and Forestry (DAFF). The AHPNS news story and audio recordings of 

19 technical presentations made at the regional Consultation meeting are available on NACA website at the 

following links.  

 

http://www.enaca.org/modules/news/article.php?article_id=1952 

http://www.enaca.org/modules/podcast/programme.php? programme_id=9 

 

EMS or AHPNS? 

 

The generic name EMS has been coined to describe unusually high mortality that can occur commonly within 

the first 30 days of shrimp grow-out due to a variety of pond management and pathogen related factors. In 

addition to pond management problems, various well studied pathogens like WSSV, YHV and vibriosis have 

been commonly linked to EMS. However, due to generic clustering of all potential causes of mortalities 

reported as EMS, this very broad and imprecise case definition provides little diagnostic value and has led to 

lot of confusion. 

 

From 2009, however, a new distinctive pattern of mortalities has become evident in the early stages of grow-

out of both Penaeus vannamei and P. monodon. The syndrome involves mass mortalities of up to 100% 

within 20-30 days after stocking. Affected shrimp consistently showed an abnormal hepatopancreas, which is 

usually shrunken and white and is accompanied by  loose shells, pale overall colouration, slow growth, 

corkscrew swimming behavior and moribund shrimp sinking to die at the bottom of the pond. Examination of 

the histology of the hepatopancreas of affected shrimp revealed massive necrosis of the hepatopancreas.  

Given these specific signs, the name "acute hepatopancreatic necrosis syndrome" has been coined based on 

unique gross pathological lesions seen in the hepatopancreas and to qualify it amongst other potential causes 

of early mortalities. For clarity and to avoid confusion, the disease issue focus of the emergency regional 

consultation will be referred to throughout this document as AHPNS according to the detailed individual 

shrimp case definition described by Prof Don Lightner (see below). 
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Deaths consistent with AHPNS signs were first reported from China and Vietnam in 2010 followed by 

Malaysia in 2011 and Thailand early in 2012. The syndrome has caused substantial economic losses to shrimp 

farmers in the affected countries. The cause is not yet known. 

 

A case definition for AHPNS 

 

Reporting of AHPNS has been confounded by the lack of a clear case definition and by mortality events 

resulting from varied causes being reported broadly as EMS. To assist in accurate reporting of AHPNS 

amongst the background of potential causes of EMS, Prof Don Lightner has proposed the following animal-

level case definition, which was agreed to in general by consultation participants: 

 

Idiopathic 

• No specific disease causing agent (infectious or toxic) has been identified so far. 

Pathology 

• Acute progressive degeneration of the hepatopancreas (HP) from medial to distal with 

 dysfunction of B, F, R and E cells 

• Prominent karyomegaly and necrosis and sloughing of HP tubule epithelial cells 

• At the terminal stage, marked inter- and intra-tubular hemocytic inflammation and development of 

secondary bacterial infections become apparent in association with necrotic and sloughed HP tubule 

cells. 

At the pond level, the following clinical signs could be used for presumptive diagnosis which can be further 

confirmed by histopathology observed at the animal level 

• Often pale to white HP due to pigment loss in the connective tissue capsule  

• Significant atrophy of the HP 

• Often soft shells and guts with discontinuous contents or no contents. 

• Black spots or streaks sometimes visible within the HP 

• HP does not squash easily between the thumb and forefinger 

• Onset of clinical signs and mortality starting as early as 10  days post-stocking  

• Moribund shrimp sink to the pond bottom 

 

Looking for the cause 

 

While the apparent spread of AHPNS to various countries across Southeast Asia suggests that an infectious or 

at least biological agent might be involved, thus far, preliminary transmission trials using tissue filtrates of 

affected shrimp sent for laboratory analysis have failed to demonstrate that the disease is caused by a virus 

and no other infectious agent or toxin has been identified.  AHPNS histopathology is suggestive of toxicity, 
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but testing of feeds from affected farms and two crustaceacides including cypermethrin have similarly failed 

to reproduce the disease. PCR testing has indicated that the disease is not caused by the known viral pathogens 

WSSV, YHV, IMNV or TSV.  While the specific cause(s) of AHPNS remain unknown so far, the possibility 

of an infectious agent and/or toxin cannot be discounted. As such, immediate research investigations need to 

focus on resolving this knowledge void by exploring all possible causes of AHPNS with an open mind. It is 

very important to apply the case definition to all suspected AHPNS detections. It is strongly suggested this 

case definition be considered as essential for all future epidemiological studies, outbreak investigations and 

management, diagnosis and laboratory-based research to discover the cause of AHPNS. The need to 

determine if the cause of AHPNS is infectious is vital as this would have significant implications for 

biosecurity and response actions. A thorough epidemiological approach to outbreak investigation to 

improve knowledge about the disease, including to determine if the cause is infectious is urgently 

warranted. Implementation of precautionary measures to reduce the risk of a possible infectious 

agent spreading in the region (for example restricting movements from affected areas/countries to 

unaffected areas/countries) should be seriously considered.  

 

Preparing for the future 

 

As new diseases have emerged in aquaculture species with regularity, the consultation also discussed 

arrangements to improve response mechanisms to future disease emergencies. One constraint identified is the 

lack of funding for a rapid response capability in the region. At present, obtaining extra-budgetary funding to 

investigate and contain an emergency disease will often require lengthy approval processes that preclude 

funds being made available until the situation has become sufficiently ‘hot’ to persuade administrators to act. 

 

As more options are available to contain a disease during early stages of it emerging, participants indicated a 

need to provide a mechanism for very early investigation and incident identification. Such a rapid response 

mechanism could provide information that could be used for any larger national or regional response (e.g. 

requests for activation of CMC of FAO, development of a TCP).  One additional  possibility proposed was to 

establish a ‘regional emergency aquatic animal disease fund’ and pre-agreed procedures for activating an 

investigation or response coordinated regionally by an independent agency such as NACA.  

 

Government agencies were suggested as likely contributors to such a fund, industry representatives indicated 

they have also invested substantially to research the cause of AHPNS as well as other serious disease issues 

and they were open to the possibility of contributing to such a fund. 
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A. Background  

 

A new/emerging disease of shrimp known as acute hepatopancreatic necrosis syndrome (AHPNS) has been 

reported to be the cause of significant financial losses at farms in China (2009), Vietnam (2010) and Malaysia 

(2011).  Recently, it has been reported in shrimp being farmed in the eastern Gulf of Thailand (Flegel, 2012).  

AHPNS affects both P. monodon and P. vannamei and is characterized by mass mortalities (reaching up to 

100% in some cases) during the first 20-30 days of culture (post-stocking in grow-out ponds). Considering the 

consistent characteristic pathology observed in the hepatopancreas of affected shrimp from each of the 

affected countries, a precise case definition has been provided by Lightner and his group. This case definition 

is being used with slight modifications to assist research being undertaken by other groups, notably Flegel and 

his coworkers, and is a major breakthrough in devising strategies to investigate the etiology of this new 

disease. 

 

Anecdotal information suggests that AHPNS spread patterns may be consistent with an infectious agent. 

However, as yet no potential causative pathogen (if the disease is infectious) has been identified, and possible 

etiologies include toxins (biotic or abiotic), bacteria and viruses.  Irrespective of the cause, the spread of the 

disease and its devastating impacts in the countries affected so far warrants increased disease awareness as 

well as preparedness and contingency planning by other countries in the region potentially at risk. 

 

The NACA Asia Regional Advisory Group on Aquatic Animal Health recognized AHPNS as an emerging 

disease problem in its 10th AGM in 2011 and called for increased surveillance and reporting from the member 

governments in the region (http://www.enaca.org/modules/wfdownloads/singlefile.php?cid=132&lid=1053). 

Considering its potential severity and impact, as a first step, NACA circulated a Disease Advisory on AHPNS 

(Annex 1 EMS Disease Advisory) widely to Competent Authorities (CA) and concerned stakeholders in 18 

member countries. NACA also took up the task of exploring various funding options for convening an 

emergency regional consultation and succeeded in getting support from the Department of Agriculture, 

Fisheries and Forestry (DAFF), Australia for convening a 2 day meeting “Asia Pacific Emergency Regional 

Consultation on EMS/AHPNS” in Bangkok on 9-10 Aug 2012.  

 

NACA and DAFF convened this regional consultation in Bangkok involving global experts, national 

participants representing the Competent Authority and lead research institutions, regional and international 

organizations and private sector, with the purpose of knowledge sharing, information exchange and 

networking to help solve the AHPNS puzzle, prevent its further spread in the region and minimize its impact 

on shrimp farming industries (Annex 2 Prospectus). 
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B. Consultation objectives  

 

The Primary Objectives of the Regional Consultation were to: 

 Bring together global experts, national participants representing the CA and lead research institutions, 

regional and international organizations and the private sector 

 Facilitate  knowledge sharing, information exchange and networking for better understanding and 

dealing with AHPNS 

 Document the current state of knowledge on AHPNS and lessons learned in dealing with disease 

emergencies at the national/regional levels 

 Agree on a regional action plan for dealing with future aquatic disease emergencies in the region 

 

The Specific Objectives included: 

 Provide an overview of the current disease situation and its spread, with emphasis on the threats posed 

to shrimp industries in the region 

 Situation analysis of outbreaks in China, Vietnam, Malaysia and Thailand 

 Identify any similar occurrences in other countries in the region 

 Develop guidance for future surveillance work by providing a field level disease card, case definition 

and outbreak investigation template 

 Develop or plan collaborative research on AHPNS, intra-regionally and internationally, to identify the 

primary causative agent and risk factors and to develop management interventions including 

preventive measures  

 Formulate a regional action plan to improve disease surveillance and reporting, and contingency 

measures to contain and prevent further spread of the disease 

 

C. Participants 

 

Over 87 people attended the 2 day event (Annex 3 List of Participants). This included 17 global experts 

(Australia, Brunei, Canada, China, Spain, Thailand, UK, USA, Vietnam), 40 national participants representing 

the Competent Authority and Lead research institutions (Australia, Bangladesh, Brunei, Cambodia, China, 

Indonesia, India, Myanmar, Malaysia, Nepal, Pakistan, Philippines, Thailand, Sri Lanka, Singapore, 

Vietnam), 10 private sector representatives (Alltech, Bayer, Cargil, CP, Pfizer, Inve, Novus, Pharmaq), 15 

technical officers from regional and international organizations (OIE, FAO, SEAFDEC, MPEDA, WFC, 

NACA) and 7 post graduate research students (Thailand and Vietnam).       
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D. Process 

 

The Regional Consultation was conducted as per the agenda (Annex 4 Agenda). Formal opening welcome 

remarks were provided by Dr Ambekar Eknath, DG of NACA and Dr Ingo Ernst, Director of Aquatic Animal 

Health of DAFF, Australia. Dr CV Mohan provided a brief presentation on workshop background, objectives, 

structure and expected outputs. The consultation was conducted in 3 parts. Technical presentations provided 

latest updates on AHPNS, country presentations shared experiences from the affected countries, four working 

groups had detailed discussions on different themes and reported back to the plenary session which developed 

recommendations and follow up actions.  

 

Technical Presentations:  

The following technical presentations were made at the consultation. PPTs provided as annex 5 (Annex 5 

Technical Presentations) 

• Characterization, Distribution, Impacts  and Case Definition by Prof Don Lightner 

• Research Progress on Bacterial and Viral Causes of AHPNS by Prof Tim Flegel 

• Disease Emergence –Why and How? by Prof Peter Walker 

• Novel Methods for “Hunting for Ghost Viruses”  by Dr Jeff Cowley 

• Epidemiology and Risk Factors-What We Know? by Dr Flavio Corsin 

• Is EMS a Management Problem? by Dr Matt Briggs 

• One Month Mortality Syndrome-Revisiting an old story by Dr Celia Pitogo 

• Management of EMS-What Works and What Does Not? by Prof Chalor Limsuwan 

• Disease Preparedness-Theory and Practice. What Have We Learnt? by Dr Ingo Ernst 

 

Country Presentations:  

The following presentations were made by the affected countries (Annex 6 Country Presentations) 

• Experiences from China by National Team 

• Experiences from Vietnam by National Team 

• Experiences from Thailand by National Team 

• Experiences from Malaysia by National Team 

 

Audio recordings of all presentations are available on NACA website at the following links:  

 

http://www.enaca.org/modules/news/article.php?article_id=1952 

http://www.enaca.org/modules/podcast/programme.php 
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Group Discussions:  

Four working group breakout sessions were organized as follows and specific tasks assigned to the groups to 

discuss and report back to the plenary session. Group findings were used to draw up recommendations and 

follow up actions.  

 

Group 1: Current Knowledge, Knowledge Gaps and Research Priorities  

• Team: Dr Don Lightner, Dr Tim Flegel, Dr Huang Jie, Dr Jason Weeks  

Group 2: Detection, Reporting and Surveillance  

• Team:, Dr Flavio Corsin, Dr Ian Gardner, Dr Jeff Cowley,  Dr Celia Pitogo 

Group 3: Biosecurity, Emergency Response and Disease Management  

• Team: Dr Larry Hammell, Dr Matt Briggs, Dr Victoria Alday,  Dr Ed Leano 

Group 4: Regional Disease Response  

• Team: Dr Ingo Ernst,  Dr Brian Davy, Dr Peter Walker, Dr Supranee Chinabut 

 

The summary and outcomes of the technical sessions and group discussions are captured separately in the 

sections below to enhance the quality and usefulness of the outcomes to stakeholders in member governments. 

 

E. Technical Updates on AHPNS 

 

Early Mortality Syndrome (EMS) is used generically to describe unusually high mortality that can occur 

commonly within the first 30 days of shrimp grow-out due to a variety of pond management and pathogen 

related factors. From 2009, however, a new distinctive pattern of mortalities has become evident in the early 

stages of grow-out of both Penaeus vannamei and P. monodon. The syndrome involves mass mortalities of up 

to 100% during the first 20-30 days after stocking. Affected shrimp consistently showed an abnormal 

hepatopancreas, which is usually shrunken and white and is accompanied by loose shells, pale overall 

coloration and moribund shrimp sinking to die at the bottom of the pond. Examination of the histology of the 

hepatopancreas of affected shrimp revealed massive necrosis of the hepatopancreas. Given these specific 

signs, the name "Acute Hepatopancreatic Necrosis Syndrome" has been proposed as a more appropriate term, 

to distinguish this condition from other causes of early mortalities. 

 

Brief History and Spread in the Region 

 

Beginning around 2009, EMS with disease characteristics indicative of AHPNS began to cause significant 

production losses in southern China.  By 2010, the distribution of affected farms in China had expanded, and 

reports of EMS/AHPNS began to emerge from Vietnam.  In 2011, the disease was reported to be in Malaysia 

and in early 2012, also in the eastern Gulf of Thailand.  
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China.  The occurrence of EMS was recorded initially in Hainan in 2009 but was often confused with “covert 

disease” and thus ignored by most farmers.  In 2011, however, disease occurrences became more serious, 

especially at farms with a history of culturing shrimp for >5 years and those closer to the sea using more 

saline water (salinity above 20 ppt) (Panakorn, 2012). Interestingly, reports also suggested that shrimp 

polycultured in freshwater ponds experienced lower mortality levels (however other confounding factors may 

have explained this finding).  During the first half of 2011, about 80% losses in production were reported at 

shrimp farms in Hainan, Guangdong, Fujian and Guangxi. 

 

Vietnam. EMS was first reported to be a serious problem in 2010, but widespread devastation in the Mekong 

Delta (South Vietnam) has occurred since March 2011. The main shrimp production areas affected are the 

provinces of Tien Gang, Ben Tre, Kien Giang, Soc Trang, Bac Lieu and Ca Mau and cover a total shrimp 

pond area of around 98,000 hectares.  In June 2011, unprecedented losses in P. monodon were reported across 

11,000 ha of shrimp farms in Bac Lieu, 6,200 ha in Tra Vinh (where it is estimated that in total, 330 million 

shrimp have died causing a loss of over VND12 billion), and 20,000 ha in Soc Trang (VND1.5 trillion in 

losses) (Mooney, 2012).  As of the first quarter of 2012, the disease is still affecting the Mekong Delta area 

(Tien Gang: 28.5 ha; Tra Vinh: 1,642 ha; Soc Trang: 359 ha, Bac Liue: 98 ha; and Ca Mau: 4,007 ha) as well 

as the south central coast (Binh Dinh: 39 ha; Nin Thuan: 6.2 ha; Ba Ria-Vung Tau: 13 ha).  The shrimp pond 

area affected in 2012 is estimated to be in the order of 39,000 ha (Vietnam Country presentation in this 

report). 

 

Malaysia. EMS was first reported in late 2010 in the east coast of the peninsular state of Johor and 

subsequently in Pahang, Perak and Penang during 2011.  Total production of cultured shrimp were 110,000mt 

in 2010, 75,000 mt in 2011 and 25,000 mt in 2012 (Jan-May) with 90% production contributed by P.vannamei 

(source: Malaysia Shrimp Industry Association). EMS resulted in a significant drop in P. vannamei 

production from 87,000 mt in 2010 to 67,000 mt in 2011 (source: annual Fisheries statistics).  Production up 

to May in 2012 is only 25,000  mt (source: Malaysia shrimp industry association) and worse is expected due 

to EMS being reported in Kedah (May 2012) and Sabah (June 2012).  Ongoing studies suggest links to water 

quality and possible predisposing factors such as paralytic shellfish poison, but these tentative findings require 

additional investigations to confirm their involvement in the syndrome.  

 

Thailand.  So far in 2012, 0.7% total shrimp ponds in Thailand have been affected by EMS, mostly in the 

coastal areas (Rayong, Chantaburi, Trat, Chacheongsao provinces) along the eastern Gulf of Thailand. To 

mitigate impacts, a variety of awareness/communication efforts involving close collaboration among 

government, researchers and the Thai shrimp farmers association at local and national levels are being made.  
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Species affected  

 

AHPNS affects both Penaeus monodon and P. vannamei and there are reports that P. chinensis is also 

affected.  It is characterized by mass and sudden mortalities (reaching up to 100% in some cases) during the 

first 20-30 days of culture (post-stocking in grow-out ponds).  

 

Clinical Signs and Pathology (refer Presentation by Prof Don Lightner) 

 

Clinical signs (field level) include a shrunken and white hepatopancreas, often accompanied by  loose shells, 

pale overall body coloration,  and moribund shrimp sinking to die at the bottom of the pond. The atrophied 

(shrunken) HP of affected shrimp are often pale to white because of pigment loss in the connective tissue of 

the HP sheath or capsule, and black spots or streaks are sometimes visible within the HP due to melanized 

tubules. The HP  does not squash easily between the thumb and forefinger  (i.e., it is more rigid, probably 

because of the large amount of fibrous connective tissue and hemocytes). Disease progression is as follows: 

a) Idiopathic – no specific disease causing agent (infectious or toxic) has been associated with the lesion 

b) Acute progressive degeneration of the hepatopancreas (HP) accompanied initially by a decrease of R, 

B and F-cells followed last by a marked reduction of mitotic activity in E-cells.   

c) Progress of lesion development is proximal-to-distal with dysfunction of R, B, F, and lastly E-cells, 

with affected HP tubule mucosal cells presenting prominent karyomegaly (enlarged nuclei), and 

rounding and sloughing into the HP tubule lumens.    

d) The sloughed HP cells provide a substrate for intense bacterial growth, resulting in massive secondary 

bacterial infection (putative Vibrio spp.) and complete destruction of HP at the terminal phase of the 

disease.   

e) Accompanying the initial sloughing of HP tubule epithelial cells and the development of a secondary 

bacterial infection is intense intertubular hemocytic aggregation and hemocyte encapsulation of 

necrotic HP tubules and melanization of the more proximal portions of HP tubules in some shrimp.   

 

In summary, the following pathological features have been observed consistently in the hepatopancreas of 

affected shrimp from all affected countries 

1. Low activity of B, F and R cells 

2. Low mitotic rate in E cells 

3. Rounding-up and sloughing of HP tubule epithelial cells 

4. Intertubular hemocytic congestion (inflammation) 

5. Proximal- to-distal pattern of lesion spread 

6. Distal end last to be affected 

7. Enlarged nuclei (karyomegally) with prominent nucleoli 
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8. Bacterial infection during advanced/terminal stages of the disease 

9. Bacterial phase appears to be secondary 

10. Identical lesions found in P. vannamei and P. monodon tissue samples 

 

Case Definition (refer Presentation by Prof Don Lightner) 

 

Considering the consistent progressive pathology observed in the HP of juvenile shrimp that die soon after 

pond stocking, this newly emerged disease has been named Acute Hepatopancreatic Necrosis Syndrome 

(AHPNS).  Dr Lightner has proposed the following animal level case definition for AHPNS to clearly 

distinguish it from other causes of EMS and as a base-line for future research on this specific condition.  

• Idiopathic: No specific disease causing agent (infectious or toxic) has been identified. 

• Pathology: Acute progressive degeneration of HP from medial to distal tubule regions with 

dysfunction of B, F, R and E cells; prominent karyomegaly and necrosis and sloughing of these tubule 

epithelial cells. In the terminal stage, marked inter- and intra-tubular hemocytic inflammation and 

development of secondary bacterial infections occur in association with necrotic and sloughed HP 

tubule cells. 

 

At the pond level, the following clinical signs provide a presumptive diagnosis to be confirmed by animal 

level histopathology  

• Often pale to white HP due to pigment loss in the connective tissue capsule. 

• Significant atrophy (shrinkage) of the HP.  

• Often soft shells and guts with discontinuous contents or no contents. 

• Black spots or streaks sometimes visible within the HP. 

• HP does not squash easily between the thumb & forefinger. 

• Onset of clinical signs and mortality starting as early as 10  days post stocking  

• Moribund shrimp sink to the pond bottom. 

 

Primary Cause (refer Presentation by Prof Tim Flegel) 

 

EMS is commonly used to describe unusually high mortality among shrimp within the first 30 days of culture. 

Such mortalities can be caused by various well known pathogens such as WSSV and YHV. This imprecise 

and very broad case definition for high mortality events is thus not particularly useful, and to avoid confusion, 

the newly emerged disease has been named AHPNS based on the specific animal-level case definition 

described by Dr Lightner.  The precise case definition is critical to ensure research progress across various 

institutes and countries are focused on the same disease. 
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While the apparent spread of AHPNS to various countries across Southeast Asia suggests that an infectious or 

at least biological agent might be involved, thus far, preliminary transmission trials using tissue filtrates of 

affected shrimp sent for laboratory analysis have failed to demonstrate that the disease is caused by a virus 

and no other infectious agent or toxin has been identified.  AHPNS histopathology is suggestive of toxicity, 

but testing of feeds from affected farms and two crustaceacides including cypermethrin have similarly failed 

to reproduce the disease. PCR testing has indicated that the disease is not caused by the known viral pathogens 

WSSV, YHV, IMNV or TSV.  While the specific cause(s) of AHPNS remain unknown at yet, the possibility 

of an infectious agent and/or toxin cannot be discounted. As such, immediate research investigations need to 

focus on resolving this knowledge void by exploring all possible causes of AHPNS with an open line of 

investigation. Avenues to explore should include; 

• biotic and abiotic toxins in: 

o Pond water & supply water, soils & sediments, etc. 

o Feed & feed ingredients, probiotics, etc. 

o Old and “new” agricultural pesticides, etc. 

• possible new bacteria: 

o These might be revealed by shotgun sequencing of bacterial rDNA & in situ 

o There is also the possibility of a phage-bacterium partnership(s) 

• possible unknown shrimp viruses that might be revealed by: 

o Challenge tests with filtered and unfiltered tissue extracts to see if a filterable agent is present 

o TEM examination of affected shrimp tissues for the presence of viral particles 

o Shotgun sequencing of “viral extracts” & in situ 

 

Preliminary bacterial shotgun testing by PCR resulted in the identification of bacteria in the order 

Bukholderiales  (genera Ralstonia, Delftia and Pelomonas) and Order Actinomycetales ( genera Leifsonia and 

Rhodococcus).  Next step is to make clones of these bacteria and use for in situ hybridization to test shrimps 

from test and control ponds. Probes specific to these bacteria now needed in situ hybridization confirmation of 

their involvement in causing AHPNS histopathology. 

 

Disease Emergence and Spread (refer Presentation by Dr Peter Walker) 

 

To assist guide approaches to identify the cause of AHPNS, it will useful to consider current knowledge and 

concepts on how new diseases emerge and spread. Disease emergence and subsequent spread often results 

from some disturbance in the ecology of an infectious agent. Potential pathogens are integral components of 

all ecosystems and their existence is perpetuated by them being able to be transmitted efficiently without 

necessarily causing disease. Many pathogens with potential to cause disease commonly infect healthy animals 
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with no pathology or mortality. A disturbance in ecology can upset the natural balance and result in a 

normally innocuous pathogen emerging as a new disease agent.  

 

Aquaculture is an important contributor to socio-economic development in many countries, but intensive 

aquaculture practices often provide ideal environments for emergence and spread of disease because of the 

following reasons. 

• Animals are often cultured in an unnatural environment 

• Animals are often cultured at high stocking densities 

• Animals are often stressed by culture conditions 

• Unregulated trade in live animals occurs commonly 

 

Only through early detection (rapid and accurate diagnosis, effective non-targeted surveillance), rapid 

response (national/international cooperation and information sharing, contingency planning, surge 

capabilities) and prediction and prevention (a more challenging option - but less costly socially, economically 

and environmentally; understanding biological and ecological drivers of pathogen emergence) can we reduce 

or limit the impact of emerging infectious diseases.  

 

Molecular tools for discovering unknown pathogens (refer Presentation by Dr Jeff Cowley) 

 

There are many methods now available for sequence-assisted and sequence-independent virus discovery that 

could be applied to help discover viruses or other pathogens if these are the cause of AHPNS. The selection of 

any particular approach can be guided by what clues become available on the etiological agent of AHPNS 

from epidemiological, histological and any other observational studies. 

 

Molecular approaches to detect and characterize a pathogen rely mostly, but not exclusively, on some means 

of acquiring or enriching (i) the pathogen, from which DNA or RNA can then be extracted, or (ii) the 

pathogen nucleic acid itself. For example, virus particles can be acquired easily by microfiltration through 

0.22 µm or 0.45 µm filters, or by high speed clarification of tissue homogenates followed by differential 

ultracentrifugation through, for example, a sucrose density cushion designed to exclude most organelles and 

other material of host cellular origin. Alternatively, some viruses have either double-stranded (ds)RNA 

genomes or synthesis dsRNA genomic intermediates during replication that can be distinguished from cellular 

RNA. For such viruses, dsRNA can be isolated, for example by gel purification following careful RNase A 

digestion of extracted total RNA, and used as source material for random cDNA synthesis, PCR amplification, 

cloning and sequence analysis. As another alternative, RNA from non-affected and AHPNS-affected shrimp 

could, for example, be randomly amplified by PCR (Differential Display) to identify DNA products unique to 

affected shrimp, and thus possibly derived from a pathogen.  
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Once suspected pathogen cDNA or DNA has been acquired by any method, even if in very low abundance, it 

can be amplified by random PCR methods for either direct sequence analysis or sequence analysis of clones 

containing amplified DNA fragments. Alternatively, very large amounts (>40 µg) of very long (>30 kb) DNA 

can be generated from <10 ng DNA by multiple displacement amplification (MDA) using phi29 DNA 

polymerase (REPLI-g, QIAGEN), which is ideal for amplifying representative DNA sequences of viruses 

with long genomes such as WSSV or herpes viruses. 

 

Once amplified DNA is obtained, depending on its nature, options exist to sequence it using either the Sanger 

dideoxy-sequence terminator methods or any of the several NextGen multi-parallel sequencing platforms (eg. 

GL-Flex 454 pyrosequencing, Illumina, Ion Torrent). Indeed, based on the extraordinary capabilities of these 

NextGen platforms to generate massive amounts of sequence information, simple analysis of DNA or of 

cDNA prepared to total RNA of APHNS-affected shrimp should have the capability to identify pathogen 

genome/mRNA sequences, and with suitable coverage depth, allow de novo assembly of viral/pathogen 

genomes in the absence of available genome information or database searches to look for relationships to 

known pathogen sequence motifs.  

 

Epidemiology and risk factors (refer Presentations by Dr Flavio Corsin and Dr Matthew Briggs) 

 

Systematic robust epidemiological studies of AHPNS have not been conducted so far in any country, though 

considerable amounts of primary and secondary data have been gathered and epidemiological surveys 

conducted to identify potential risk factors. Working case definitions at the pond/farm level were also 

developed to complement the individual shrimp level case definition defined by Prof Don Lightner. Until 

epidemiological approaches are applied systematically to include hatchery, transport, pond, farm and location-

specific data, it will be very difficult to pinpoint and prioritize risk factors for AHPNS. Based on 

circumstantial evidence, AHPNS appears to be associated with either an infectious agent or a (algal) toxin, 

although other "etiologies" cannot be ruled out. Hatchery and farm management processes might also play a 

key role.  

 
Potential risk factors, which need to be reconfirmed  with more robust quality data sets, have been deduced 

from observations that AHPNS outbreaks may be more likely to occur; 

• in more intensive/high density systems 

• with P. monodon compared to P. vannamei  

• at locations closer to the sea with higher water salinity 

• with seed sourced through some supply chains 

• at farms not employing water reservoirs 
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Preliminary data also suggested that AHPNS severity may be greater;  

• at older farms close to the sea 

• at farms with poorly prepared ponds (no sludge removal) & poor management leading to excess 

nutrient pollution 

• at locations with overcrowding of farms, sharing of water sources  

• at farms/locations that overuse chemicals  

• at farms using higher intensification  

• when seed experiences stress during transportation 

•  when poor-quality (bacterially-infected) seed is used (although 54% of Malaysian farmers and many 

in Thailand report faster-growing SPF seed is affected more severely than slower-growing seed) 

• when water salinity at stocking is high and with high and fluctuating temperatures,  

• when seed are overstocked and overfed 

• in ponds with inadequate aeration and evidence of toxic levels of H2S  

 

AHPNS severity appears to be lower at farms;  

• using low salinity (<20 ppt) water 

• inland and thus far from sea, using plastic-lined ponds, using biofloc systems (many, but not all, farms 

using biofloc or semi-biofloc report less problems)  

• using high quality seed,  

• using especially SPF P. monodon 

• that strictly monitor and control early feeding rates  

• using thorough pond and environment disinfection protocols (for both viruses and bacteria) prior to 

stocking, high quality probiotics and specific immune-stimulants 

 

Future epidemiological studies  should consider these factors to validate the observations and associations 

deduced from the rapid and thus preliminary survey. The need for systematic investigation of outbreaks was 

emphasized strongly in the consultation. All unusually high early mortalities of seed should be investigated 

thoroughly and only those that fit the pond-level and animal-level case definitions should be reported as 

AHPNS. Clinical signs (field level) should be observed carefully and be used only for presumptive diagnosis 

until confirmed by evidence of characteristic APHNS histopathology closely fitting the case definition. 

 

Management (refer Presentations by Dr Matthew Briggs and Prof Chalor Limsuwan) 

 

National Level: Assuming that AHPNS has an infectious etiology, the likelihood of AHPNS spreading to 

other countries in the region cannot be discounted. This could be mitigated especially by restrictions on 

movements of live seed and broodstock.  
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Measures suggested to contain AHPNS spread to non-affected countries include;  

• only translocate live shrimp after conducting robust import risk analyses 

• exercise considerable caution if seed and broodstock are introduced from affected countries 

• increase surveillance efforts and study suspected AHPNS-like outbreaks thoroughly 

• build capacity for early detection and rapid accurate diagnosis (especially histology), effective non-

targeted surveillance of AHPNS 

• developing contingency plans with agreed roles and responsibilities to mount a rapid response in the 

event of its occurrence 

• enhance coordination and cooperation at an international level through constitution of a task force 

(e.g. Vietnam, Thailand) to deal with the disease 

 

Farm/pond level:  Since very little is known about AHPNS, including its primary etiology and whether it is 

infectious or not, it is very difficult as yet to recommend scientific management interventions. However, based 

on observations on AHPNS and past experience in dealing with various infectious diseases in shrimp, several 

options can be considered to manage or prevent it from occurring. Importantly, these management options 

remain good-practice recommendations, and their effectiveness has yet to be demonstrated fully.  

 

Some of the generic management options suggested include; 

• avoiding high risk practices (live feeds; co-cultivation) 

• implementing pathogen exclusion practices (seed selection; pond environment considerations) 

• employ stress reduction practices (good culture management systems) 

• employ disease containment practices 

• employ responsible trading practices 

 
Some of the suggested shrimp health management practices that may be beneficial but have no proven or 

specific benefit for managing AHPNS include; 

• Stocking with older seeds 

• Use of only good and healthy post larvae at PL 10 or older 

• Stocking with only healthy post larvae (e.g., check condition of the HP) from reliable hatcheries that 

use only approved probiotics  

• Use of seeds from known sources since these present lower risk than those from nursery/middlemen 

• Implementation of better management practices with a focus on pond preparation  

• Use of approved quality immunostimulants 

• Restriction of live shrimp movements  

• Use of biofloc technology 

• Disinfection of disease ponds as quickly as possible 
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• Implementation of surveillance, monitoring and proper reporting of all outbreaks 

• Decrease in the stocking density (SD) to <100/m2 

• Increase in caution regarding the use of probiotics 

• Use of appropriate water management  to eliminate pathogens and their carriers 

• Avoidance of  probiotic over use during the first month post-stocking  

• Maintaining pond water pH at 8.0+ 0.2 

• Maintaining alkalinity at not lower than 100 mg/L (ppm) 

• Maintaining DO at 4.0 mg/L at all times  

• Maintaining consistent water color (phytoplankton)  

 

There was considerable discussion and debate on the role of probiotics in AHPNS. It is widely believed that 

the use of probiotics is totally uncontrolled among shrimp farms. It was considered that the possibility of use 

of low quality, unapproved probiotics having a role in EMS/AHPNS could not be discounted. In view of this, 

caution was urged while using probiotics in shrimp ponds.  

 

Preparedness and Response (refer to Presentation by Dr Ingo Ernst) 

 

An aquatic animal disease incident would constitute an emergency if it could have significant impacts—either 

economic [production or trade], environmental or human health—and immediate response action might be 

needed to mitigate impacts and return industry to normal production and trade. Given the severe production 

impacts of AHPNS, its occurrence in a new country or region could be considered an emergency. 

 

Should a disease emergency occur, the possible response actions would depend on the nature of the disease 

incident, for example: whether the disease occurred in closed or open systems, its distribution (e.g. restricted 

or widespread), existing knowledge on the disease (e.g. epidemiology), available tools (e.g. diagnostics), 

potential consequences, cost-benefit of response and technical feasibility. Each emergency response will 

differ, but basic response options include containment, eradication, and mitigation and management. Early 

responses provide more opportunities for effective response (e.g. eradication) and would usually deliver the 

highest return on investment in response activities. Activities that prevent a disease from entering a country or 

region are likely to provide the highest return on investment.  

 

Where a disease becomes widespread in a country the opportunities for effective response become limited and 

mitigation and management of the disease impacts at an enterprise level may be the only way of managing the 

disease. Mitigation and management is likely to be the least cost-effective response option. 
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For countries where AHPNS occurs in a restricted distribution there may be opportunities to contain the 

disease (assuming it has an infectious etiology) to reduce its spread and limit impacts. For countries where 

AHPNS has not occurred the most cost-effective measures are likely to be those that prevent the entry of the 

disease—should it have an infectious etiology.   

 

Emergency responses can be described by several response phases including disease freedom, alert, incident 

investigation, response and recovery. Each phase requires the activation of resources and processes to enable 

effective response actions. Some basic principles of an emergency response include: 

• Prevent - program of risk reduction measures 

• Detect  - rapid detection and identification of the disease 

• Contain - early implementation of control measures to prevent spread of the disease 

• Investigate - rapid definition of the nature and extent of the outbreak 

• Decide  - decision on an appropriate response objective and plan 

• Respond - marshal personnel and resources to implement the response plan 

• Recover - undertake activities to return to production and trade 

 

F. Group Discussion Findings  

 

The issues identified by the groups and their recommendations were as follows: 

1. Current Knowledge, Knowledge Gaps and Research Priorities 

Group 1 sought to summarize the current state of knowledge on AHPNS, identify knowledge gaps and 

recommend research priorities, and to identify possible research networks and teams: 

• Development of an information sheet summarising the gross signs of AHPNS was required as a 

priority to aid pond-side presumptive diagnosis. The gross signs of AHPNS were summarised as: 

o Often pale to white HP due to pigment loss in the connective tissue capsule. 

o Significant atrophy (shrinkage) of the HP. 

o Often soft shells and guts with discontinuous contents or no contents. 

o Black spots or streaks sometimes visible within the hepatopancreas. 

o Hepatopancreas does not squash easily between thumb and forefinger. 

o Onset of clinical signs and mortality starting as early as 10 days post stocking. 

o Moribund shrimp sink to the bottom. 

• The case definition for AHPNS proposed by Prof Lightner was generally agreed on: 

o Idiopathic – no specific disease causing agent (infectious or toxic) has been identified. 

o Pathology: Acute progressive degeneration of the hepatopancreas from medial to distal region 

with dysfunction of B, F, R & E-cells, prominent karyomegaly and necrosis and sloughing of 
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these tubule epithelial cells. Terminal stage shows marked inter- and intra-tubular hemocytic 

inflammation and development of secondary bacterial infections that occur in association with 

necrotic and sloughed HP tubule cells. 

• The immediate research priority was to identify the cause of AHPNS: 

o A robust challenge study is required to determine if AHPNS is transmissible and to fulfil 

Koch’s-River’s  postulates (for example using non-frozen material by the oral route or by 

reverse gavage using filtered and unfiltered homogenates and by using water/sediment 

exposure. 

o Cohabitation challenge should be considered using affected shrimp cohabitated with non-

affected SPF shrimp 

o Examination of cohabiting pond decapod species to determine if any other species are 

affected or can act as carriers. 

o If evidence of transmission is found and the pathogen remains elusive, consider using 

molecular tools such as pyrosequencing, subtractive hybridisation libraries and computational 

subtraction to search for genome sequences of cryptic pathogens. 

• A thorough and robust epidemiological study is a priority that needs to consider a range of parameters 

including abiotic, edaphic and climatic, etc. 

o Fit available data retrospectively and make a predictive model based on data to date? Farm 

infectivity rates etc. 

o Develop a risk model based on existing information? 

• The toxico-pathology should be investigated (biotic and abiotic toxins should be considered) 

• As a lower priority, investigate moulting frequency and possible factors disrupting moulting due to 

damage to the hepatopancreas and hence soft and loose shells. 

• Investigate the possibility of immune-deficiencies using genetic markers. 

• Overall, a more forensic approach to the investigation of AHPNS is required, using a chain-of-

evidence approach to separate facts from fiction. 

• Countries could consider combining available resources for investigating AHPNS to avoid duplication 

of effort. A joint program would help create consensus on the best scientific approaches, develop the 

best team drawing on experts from different countries, and facilitate coordination of remedial or 

regulatory action, inspections etc across jurisdictions. Such a program could be coordinated by NACA 

or a similar regional mechanism, and overseen by an international steering committee. 

• NACA is well placed to act as a clearing house for information, communication of R&D outcomes or 

establishing a community dialogue hub for researchers to share experience on AHPNS, for example 

through email listserve, wikis, social media, the web etc. 

• Recommend to investigate the possibility of convening a biannual meeting for researchers to share 

experiences and research outputs on AHPNS. 



23 
 

• Recommend that NACA lobby to establish a joint/community funding pool shared between countries 

to address common objectives and facilitate exchange of histology slides and other materials between 

researchers. 

• Important to begin to responding to AHPNS now based on the limited information that is available, 

rather than to wait for more information to come to light. 

2. Detection, reporting and surveillance 

Group 2 considered issues relating to the detection, reporting and surveillance for AHPNS: 

• Surveillance needs to consider the capacity, desire (may be related to the availability of 

compensation) and resources available in a country, as well as the perceived level of threat. 

• Surveillance needs to consider the capacity, desire (may be related to the availability of 

compensation) and resources available in a country, as well as the perceived level of threat. 

• Criteria for identifying a suspected AHPNS outbreak at the pond / farm level were proposed: 

o Known affected country/area (highly specific criteria are desirable) 

 >10 dead shrimp/day (or expressed as a percentage of shrimp in the pond) 

 <30days (but later can change) 

 Gross signs (hepatopancreas white/small and resists compression) 

o Country/ area not known to be affected (highly sensitive criteria are desirable). 

 >2 dead shrimp/day 

 <40days (but later can change) 

 Gross signs (hepatopancreas white/small and difficult to squeeze) 

o Pond (confirmed): at least one positive shrimp meeting the case definition proposed by Dr 

Lightner 

o Farm (confirmed): at least one confirmed positive pond 

• When collecting data about an affected pond or farm, data should also be collected from unaffected 

‘control’ ponds or farms without “unusual” mortalities where possible for comparison. 

• Recommend developing a sampling kit for the benefit of government officers, including 

guidance/photographs on selection of ponds and collection of samples. The kit should include 

standardized data collection sheets to ensure that required information is collected, including data on 

likely risk factors. The kit should include access to fixatives such as Davidson’s (ideally) or formalin. 

• Recommend developing an information kit (flyer etc) for farmers including guidance on gross signs 

and control measures. 

• Develop a national/international list of reference laboratories that have the capacity to diagnose 

AHPNS, and web sharing mechanism for pathology and reference slides. 
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• Encourage affected countries to provide reports and epidemiological information to existing  

regional/international reporting mechanism (eg. OIE or NACA QAAD program) including 

information on changes in the distribution or behavior of the disease.  

3. Biosecurity, emergency response and disease management 

Group 3 considered issues related to biosecurity, emergency response and disease management, including: 

• Necessary measures to reduce the risk of AHPNS spreading (if considered an infectious aetiology). 

• Guidance on response actions in the event of new detections of AHPNS affected (including outbreak 

investigation). 

• Measures to manage the impact of AHPNS in endemic areas. 

Measures to reduce the risk of AHPNS spreading: 

• Control transboundary movement of live shrimp particularly from affected areas to unaffected areas. 

• Zoning of affected countries and restriction of movement from affected areas to unaffected areas, 

creation of a buffer zone to be monitored, tracking of live shrimp moved from affected areas within a 

specified time (1-2 months?) and followed up by surveillance. 

• There is a concern on the importation of commodity shrimp for reprocessing from affected areas into 

free areas 

• Treatment of outbreak ponds before the release of the water. 

• Implementation of adequate biosecurity at harvest and post-harvest in affected countries/areas 

including harvest, effluent and solid waste from processing plants. 

• Capacity building of national reference laboratories for AHPNS diagnosis (also service labs if 

available). 

While information is required to make some of these decisions, waiting for ‘enough’ information may be too 

late. Better to start reacting now. Specific areas of research required to support control measures are: 

• Transmission trials at pond level. 

• Study of possible pond-related trigger factors (toxins?). 

• Identification of possible sources: Broodstock and postlarvae, possible carriers including wild aquatic 

animals, plants and phytoplankton etc. 

• Risk factors (eg. soil versus lined ponds, fresh water versus sea water etc). 

• Economic impact of the disease, to help raise awareness of the need to address AHPNS and invest in 

research and control measures by all stakeholders. 

Development of an AHPNS awareness program was suggested to: 
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• Disseminate findings of scientifically reliable research studies undertaken by institutes/private 

companies. 

• Involve the private sector including farmer associations and corporations. 

• Disseminate concern on probiotic use (quality and quantity) and forestall a possible jump into the 

alternative of antibiotic use, which is unlikely to provide a solution. 

• Disseminate information on the economic impact of the disease. 

Establishment of an international task force to coordinate and direct efforts was suggested to consolidate 

information on AHPNS across countries (globally FAO, regionally NACA). Confidentiality would have to be 

assured for the task force to function, and the group should also seek to gather information from local 

producers, as the main source of primary data. 

4. National / regional disease response 

Group 4 addressed issues relating to a coordinated national and regional/international response to AHPNS. 

The group sought to: 

• Document lessons learned in dealing with emergencies at the national and regional level, including 

lessons learned in: 

o Moving the decision making scale from local to national responses. 

o Governance and decision making around high profile economic / trade issues. 

• Recommend priorities for strengthening national and regional responses (e.g. access to expertise, 

resources, emergency funds). 

• Discuss existing mechanisms and the role of regional and international organisations and past 

experiences. 

 

Overall it was felt that capabilities and arrangements for responding to disease emergencies across the 

region had improved considerably in recent years. The apparent containment of IMNV to Indonesia 

suggests that national biosecurity arrangements are stronger than they once were. 

The key lessons learned were as follows: 

• Greater emphasis should be placed on improving preventative measures, as this is the most cost-

effective point to deal with AHPNS 

• Vietnamese experience with AHPNS suggests that it is important to activate a national response group 

as early as possible. In the Vietnamese example, a task force is responsible for: 

o Facilitating communication and cooperation across ministries and provinces. 

o Preparing situation reports. 

o Coordinating research across institutes. 

o Determining research priorities and budgetary requirements. 
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• While there has been investment of resources by governments and IGOs, the reaction has been too 

slow and some actions, such as outbreak investigation, might not have been undertaken in the best 

way. 

• The development of a pond or farm level case definition is key to surveillance and monitoring 

programs. However, the case definition needs to be based on a sufficient number of cases. 

• Thorough investigation of outbreaks is important and requires an appropriate approach supported by 

appropriate skill sets such as epidemiology. Skills requirements may change over time as the 

investigation evolves. 

o The development of documents providing guidance on investigation procedures would be 

useful, particularly where non-specialists are involved. 

• Rapid access to resources is required to support timely deployment of investigation or response teams. 

o OIE and FAO already provide resources in some circumstances. 

o FAO can assist rapidly, but requires a formal approach to be made by national governments. 

NACA could approach FAO on behalf of member governments with their approval. 

• Development of a regional response fund could encourage regional communication and cooperation at 

a senior level, and perhaps provide motivation to report disease issues earlier. 

o There is a need to support countries that do not have resources necessary to address a disease 

emergency. 

o A fund would need adequate governance mechanisms without restricting the ability to 

allocate resources quickly. 

• There are some issues with coordination within countries, and it is important to engage with the 

correct contact points and ensure effective communication with IGOs. 

• Availability of expertise in aquatic animal health is a concern, particularly with regards to 

histopathology and epidemiology. There is a need for succession planning as many available experts 

are close to retirement, and a need to provide training on an ongoing basis to maintain capacity. 

• Reporting of disease through the current QAAD system is working and participation is improving. 

However there is sometimes a reluctance at the level of industry and government to share information, 

which can result in significant delays in responding to new diseases and slow recognition of disease 

severity. 

o There seems to be a gap between on-farm events and national/regional reporting. 

• Accelerating the speed of information sharing would be beneficial, as information flow and 

recognition of disease severity takes time. 

• The preparation of disease advisory cards as per IMNV and AHPNS examples is beneficial, but cards 

need to be circulated faster and more widely. 

• NACA may be well placed to solicit information (e.g. pro forma situation reports) to support 

investigation of disease emergencies. 
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G. Workshop conclusions, recommendations and way forward  

 

Case Definition: Development of a shrimp-level case definition for AHPNS by Prof Lightner is a 

breakthrough that will help direct and progress future research on this distinctive disease as opposed to other 

varied causes of early mortalities often seen in poorly managed farms. It is strongly suggested this case 

definition be considered as essential for all future epidemiological studies, outbreak investigations and 

management, diagnosis and laboratory-based research to discover the cause of AHPNS. 

 

Presumptive Diagnosis: Gross clinical signs of AHPNS have been more or less consistent and it is suggested 

that they be used at the farm/pond level for presumptive diagnosis for confirmation of animal-level case 

definition histopathology. It was recommended that NACA develop a disease card with case definitions and 

appropriate pictures and disseminate this widely across member countries to increase awareness and support 

surveillance efforts.  

 

Harmonization: Rigorous use of the animal-level and pond-level case definitions would enable direct 

comparison of data across AHPNS-affected countries, and also help to better describe new suspect cases in 

AHPNS-affected countries and unaffected countries potentially at risk.  

 

Diagnosis: AHPNS pathology, in particular the progression of lesions from proximal to distal regions of the 

hepatopancreas in the absence of pathogens  is suggestive of a toxic etiology, while the nature of its spread is 

suggestive of infectious etiology. At this stage, the primary cause is unknown, and the possibility of an 

infectious agent and/or toxin cannot be discounted. In view of this, research efforts should focus on all 

possible causes of AHPNS and on confirmation through robust challenge studies.  

 
Epidemiology and Risk Factors: The consultation recognized that robust epidemiological studies have not 

been conducted so far in any country, even though a considerable amount of primary and secondary data have 

been gathered and preliminary epidemiological methods applied to identify potential risk factors. The 

consultation strongly recommended that a regionally-coordinated (e.g. by NACA, OIE Collaborating Centre 

ERAAD) epidemiological study be undertaken to better understand risk factors and disease spread so as to 

develop predictive models. 

 

Capacity Building: The consultation recognized that the availability of all-round expertise (e.g. Prof Don 

Lightner and Prof Tim Flegel) to deal with emerging disease situations in the region will decrease as senior 

people retire. The need for succession planning and developing necessary skill sets  and expertise to respond 

to disease emergencies should be taken up on high priority and NACA has agreed to continue a process of 

consultation with experts as part of a wider updating review of present and future capacities to provide 

appropriate responses as suggested by the Consultation. At the national and regional levels, expertise in 



28 
 

shrimp disease outbreak investigation, epidemiology and histopathology should be further developed and 

strengthened.  

 

Local, National and Regional Response mechanisms and increased effort in capturing lessons learned: 

e.g. Better Organized and Coordinated Research: It was agreed in the workshop discussions based on  the 

approaches taken by different AHPNS affected countries that it is becoming clear that each country and often 

separate responsible organizations in each country  are developing responses and spending separate budgets 

on identifying key  issues and there is limited information exchange and coordination both within and 

amongst affected countries. More effective pooling,  particularly of human and financial resources within 

countries and regionally through   mechanisms for both national and regional coordination can be improved 

and making more effective use of regional bodies such as NACA could result in  more cost effective outputs 

and outcomes. Such  approaches could also create wider  consensus based thinking incorporating the  best 

scientific approach to follow and the more effective  team  delivery mechanisms. For example, oversight 

could be provided by regional/international experts via more broadly based steering Committee approaches. 

Overall deliverables could be monitored and knowledge generated more effectively and shared amongst all 

members. 

 

Knowledge Sharing and Communication: Communication and information sharing was recognized as very 

important constraint in terms of more effective responses  to new/emerging diseases.   It was suggested that 

NACA orchestrate a community dialogue hub for AHPNS for all researchers to share experiences (web-based, 

List-serve, Wiki, Facebook etc.), seek to host biannual meetings for researchers and other key stakeholders to 

share experiences and research outputs, as well as providing a platform for simple steps such as promoting the 

wider exchange of key research materials and exchange of histopathology slides. 

 

Regional Emergency Fund: Considering the importance of ready access to funds to rapidly respond to 

disease emergencies, it was suggested that NACA and its partners seek to develop  a community emergency 

fund mechanism that can be accessed by all member countries in the face of an aquatic animal disease 

emergency. Such funds could be used for fielding a rapid emergency mission to affected countries, 

commission a systematic outbreak investigation and for developing project/funding proposals to address the 

emergency. NACA Asia Regional Advisory Group on aquatic animal health and the NACA Governing 

Council could provide the overseeing and monitoring role for operation of such an emergency fund.  
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Early Mortality Syndrome (EMS)/Acute Hepatopancreatic Necrosis Syndrome (AHPNS): 

An emerging threat in the Asian shrimp industry 
 

Eduardo M. Leaño and C.V. Mohan 

NACA, Bangkok, Thailand 

 

The Asia-Pacific region, being the top producer of aquaculture products in the world, is continuously 

beset by emerging aquatic animal disease problems causing high mortalities and economic losses among 

small farmers as well as commercial producers.  Over the last couple of decades, several diseases (e.g. 

luminous vibriosis, white spot syndrome, yellowhead disease, Taura syndrome) have caused significant 

devastation in the shrimp aquaculture of the region, causing the collapse of some industries (e.g. Penaeus 

monodon).  Recently, a new/emerging disease known as early mortality syndrome (EMS) in shrimp (also 

termed acute hepatopancreatic necrosis syndrome or AHPNS) has been reported to cause significant losses 

among shrimp farmers in China (2009), Vietnam (2010) and Malaysia (2011).  It was also reported to affect 

shrimp in the eastern Gulf of Thailand (Flegel, 2012).   

The disease affects both P. monodon and P. vannamei and is characterized by mass mortalities 

(reaching up to 100% in some cases) during the first 20-30 days of culture (post-stocking in grow-out 

ponds).  Clinical signs observed include slow growth, corkscrew swimming, loose shells, as well as pale 

coloration.  Affected shrimp also consistently show an abnormal hepatopancreas (shrunken, small, swollen 

or discouloured). The primary pathogen (considering the disease is infectious) has not been identified, 

while the presence of some microbes including Vibrio, microsporidians and nematode has been observed 

in some samples.  Lightner et al. (2012) described the pathological and etiological details of this disease.  

Histological examination showed that the effects of EMS in both P. monodon and P. vannamei appear to be 

limited to the hepatopancreas (HP) and show the following pathology: 

1) Lack of mitotic activity in generative E cells of the HP; 

2) Dysfunction of central hepatopancreatic B, F and R cells; 

3) Prominent karyomegaly and massive sloughing of central HP tubule epithelial cells; 

4) Terminal stages including massive intertubular hemocytic aggregation followed by secondary 

bacterial infections. 

Similar histopathological results were obtained by Prachumwat et al. (2012) on Thai samples of P. 

vannamei collected from Chantaburi and Rayong provinces in late 2011 and early 2012 (Figure 1).  The 

progressive dysfunction of the HP results from lesions that reflect degeneration and dysfunction of the 

tubule epithelial cells that progress from proximal to distal ends of HP tubules.  This degenerative 

pathology of HP is highly suggestive of a toxic etiology, but anecdotal information suggests that disease 

spread patterns may be consistent with an infectious agent.   

In China, the occurrence of EMS in 2009 was initially ignored by most farmers.  But in 2011, 

outbreaks became more serious especially in farms with culture history of more than 5 years and those 

closer to the sea using very saline water of 20 (Panakorn, 2012).  Shrimp farming in Hainan, Guangdong, 

Fujian and Guangxi suffered during the first half of 2011 with almost 80% losses 
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In Vietnam, the disease has been observed since 2010 but the most widespread devastation due to 

EMS has only been reported since March 2011 in the Mekong Delta (South Vietnam).  It affects the main 

shrimp production areas of Tien Gang, Ben Tre, Kien Giang, Soc Trang, Bac Lieu and Ca Mau provinces with 

a total shrimp pond area of around 98,000 hectares.  In June 2011, unprecedented losses in P. monodon 

were reported in 11,000 ha of shrimp farms in Bac Lieu, 6,200 ha in Tra Vinh (total of 330 million shrimp 

have died causing a loss of over VND12 billion), and 20,000 ha in Soc Trang (causing VND1.5 trillion in 

losses) (Mooney, 2012). 

 In Malaysia, EMS was first reported in mid-2010 in the east coast of peninsular states of Pahang and 

Johor.  The outbreaks of EMS resulted in the significant drop in P. vannamei production, from 70,000 mt in 

2010 to 40,000 mt in 2011.  Production for 2012 (up to May) is only 30,000 mt and worse is expected to 

come as unconfirmed reports on EMS outbreaks in the states of Sabah and Sarawak came in April 2012.   

So far no potential causative pathogen has been found and possible etiologies include toxins (biotic 

or abiotic), bacteria and viruses (NACA-FAO 2011).   Nonetheless, the spread of the disease and its 

devastating effect in the shrimp industry of the countries affected so far, will require proper contingency 

planning in other countries in the region, especially in P. vannamei culture which is commonly cultivated at 

present in many Southeast Asian countries.  Added to this is the standing threat of infections myonecrosis 

(IMN) on P. vannamei culture, which is now somehow contained within Indonesia. Rumors of disease 

outbreaks caused by IMNV from other countries in Asia have so far been false (Senapin et al., 2011).  With 

Vietnam suffering the greatest loss due to EMS outbreak, the Food and Agriculture Organization of the 

United Nations (FAO) undertook an emergency mission in 2011 to assess the disease situation in the 

country, in collaboration with national as well as international shrimp health experts.  As a follow-up on 

this emergency mission, FAO also developed a national TCP on emergency assistance to control the spread 

of this shrimp disease. Implementation of the national TCP in Vietnam has commenced in April 2012.  

 Identifying the primary cause of the disease is necessary, but while this information is still not yet 

available, increased disease awareness and preparedness should be implemented by every shrimp-

producing country in the region.  Considering the great economic loss that EMS will cause in the region’s 

shrimp industry, ways of preventing the spread and/or occurrence of this disease should be formulated by 

Figure 1.  Histopathology of Penaeus vannamei hepatopancreas from Thailand 

affected by EMS/AHPNS.  Photos courtesy of T.W. Flegel. 
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concerned experts, officials and other regulatory bodies.  Farmers, on the other hand, should also properly 

cooperate with the concerned agencies by promptly reporting any suspected mortalities among cultured 

shrimp that appear to be similar to the clinical description of EMS/AHPNS.  It is important that histological 

examination be carried out to confirm that suspected occurrences fit the AHPNS case definition devised by 

Dr. Lightner.  

The purpose of this short communication is to inform all NACA members of the emerging threat 

and request respective Competent Authorities (CA) and concerned stakeholders to increase surveillance 

and reporting efforts. Only through surveillance, early response, contingency planning and disease 

preparedness, can countries minimize the impact of the impending threat.  NACA Secretariat will approach 

the CA of the four member governments currently affected by EMS to put up a multi-disciplinary team of 

experts to understand more about the disease and develop contingency measures to prevent its further 

spread in the region.  

NACA will greatly appreciate receiving any relevant information pertaining to EMS/AHPNS from all 

member countries in the region.  Information can be sent by e-mail to the authors at eduardo@enaca.org 

and mohan@enaca.org.  
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Prospectus 
Rationale 

The Asia-Pacific region, being the top producer of aquaculture products in the world, is 

continuously beset by emerging aquatic animal disease problems causing high mortalities and 

economic losses among small farmers as well as commercial producers.  Recently, a new/emerging 

disease known as early mortality syndrome (EMS) in shrimp (also termed acute hepatopancreatic 

necrosis syndrome or AHPNS) has been reported to cause significant losses among shrimp farmers 

in China (2009), Vietnam (2010) and Malaysia (2011).  It was also reported to affect shrimp in the 

eastern Gulf of Thailand (Flegel, 2012)
1
.  Outbreaks in Vietnam and Malaysia have caused severe 

economic losses and significantly lowered annual shrimp production.  

The disease affects both P. monodon and P. vannamei and is characterized by mass mortalities 

(reaching up to 100% in some cases) during the first 20-30 days of culture (post-stocking in grow-

out ponds).  Clinical signs observed include slow growth, corkscrew swimming, loose shells, as well 

as pale coloration.  Affected shrimp also consistently show an abnormal hepatopancreas (shrunken, 

small, swollen or discolored). The primary pathogen (considering the disease is infectious) has not 

been identified, while the presence of some microbes including Vibrio, microsporidians and 

nematode has been observed in some samples.  Lightner et al. (2012)
2
 described the pathological 

and etiological details of this disease.  Histological examination showed that the effects of EMS in 

both P. monodon and P. vannamei appear to be limited to the hepatopancreas (HP) and show the 

following pathology: 

1) Lack of mitotic activity in generative E cells of the HP; 

2) Dysfunction of central hepatopancreatic B, F and R cells; 

                                                             
1
 Flegel, T.W. 2012.  Historic emergence, impact and current status of shrimp pathogens in Asia.  Journal of Invertebrate 

Pathology  110:166-173. 
2
 Lightner, DV, Redman, RM, Pantoja, CR, Noble, BI, Tran, L. 2012.  Early mortality syndrome affects shrimp in Asia.  

Global Aquaculture Advocate, January/February 2012:40. 
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3) Prominent karyomegaly and massive sloughing of central HP tubule epithelial cells; 

4) Terminal stages including massive intertubular hemocytic aggregation followed by 

secondary bacterial infections. 

So far no potential causative pathogen has been found and possible etiologies include toxins (biotic 

or abiotic), bacteria and viruses (NACA-FAO 2011)
3
.   Nonetheless, the spread of the disease and its 

devastating effect in the shrimp industry of the countries affected so far, will require proper 

contingency planning in other countries in the region, especially in P. vannamei culture which is 

commonly cultivated at present in many Southeast Asian countries.  Added to this is the standing 

threat of infections myonecrosis (IMN) on P. vannamei culture, which is now somehow contained 

within Indonesia. Rumors of disease outbreaks caused by IMNV from other countries in Asia have 

so far been false (Senapin et al., 2011)
4
.   

 Identifying the primary cause of the disease is necessary, but while this information is not yet 

available, increased disease awareness and preparedness should be implemented by every shrimp-

producing country in the region.  Considering the great economic loss that EMS will cause in the 

region’s shrimp industry, ways of preventing the spread and/or occurrence of this disease should 

be formulated by concerned experts, officials and other regulatory bodies.  Farmers, on the other 

hand, should also properly cooperate with the concerned agencies by promptly reporting any 

suspected mortalities among cultured shrimp that appear to be similar to the clinical description of 

EMS/AHPNS.  It is important that histological examination be carried out to confirm that suspected 

occurrences fit the AHPNS case definition devised by Dr. Lightner.  

Considering the seriousness of this emerging shrimp disease, NACA and DAFF are convening this 

regional consultation involving global experts, national participants representing the Competent 

Authority and lead research institutions, regional and international organizations and private sector 

with the following objectives.  
 

Objectives 

This regional consultation will: 

a) Provide an overview of the current disease and its spread, with emphasis on the threat that it 

poses in the shrimp industry of the region; 

b) Assess the economic effects of the disease: outbreaks in China, Vietnam, Malaysia and 

Thailand; 

c) Identify any similar occurrences in other countries in the region; 

d) Develop a field level disease card and case definition as easy reference in monitoring the 

occurrence of the disease; 

e) Formulate a regional action plan – improved disease surveillance and reporting, and 

contingency measures to contain and prevent further spread of the disease; 

f) Develop or plan collaborative research on EMS/AHPNS, inter-regionally and internationally, to 

identify the primary causative agent, develop preventive measures, etc.;  and, 

g) Formulate other regulatory measures for overall management of the disease. 

                                                             
3
 NACA-FAO 2011.  Quarterly Aquatic Animal Disease report (Asia and Pacific Region), 2011/2, April-June 2011.  NACA, 

Bangkok, Thailand. 
4
 Senapin, S., Phiwsaiya, K., Gangnonngiw, W., Flegel, T.W.  2011.  False rumours of disease outbreaks caused by 

infectious myonecrosis virus (IMNV) in the whiteleg shrimp in Asia. Journal of Negative Results in BioMedicine. 10: 10 
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Participants 

Participants will be representatives from shrimp producing countries of the region including: 

• NACA member countries 

• ASEAN member countries 

• Private sector 

International and regional experts, including OIE experts, will be invited to make presentations and 

facilitate series of discussions pertaining to the disease.  

 

Process 

The workshop will include detailed lecture on the description of the new disease including gross 

signs, histopathological characteristics, production losses, suspected pathogens/causative agent, 

etc.   An open discussion will follow the lecture so that the participants will have more insights on 

the importance of the disease.  This will be followed by presentations on disease outbreak cases in 

China, Vietnam, Malaysia and Thailand.  Similar cases observed in other countries (if any) will then 

be tackled in the discussion/forum. 

 

Group discussions on various key issues will be facilitated by experts to develop recommendations 

and follow up actions. A disease card will be developed for wider dissemination as first-hand 

reference for the disease.   Formulation of important regulations to contain and prevent the spread 

of the disease will be of high importance.  Finally, collaborative research will be planned to pin 

point the primary causative agent of the disease, which is necessary for the development of 

prevention and control measures. 

 

Expected Outputs 
At the end of the two-day workshop, the following outputs are envisaged: 

• Increased awareness on EMS/AHPNS; 

• Field level Disease Card and case definition for EMS/AHPNS developed for publication and 

dissemination to shrimp-producing sectors in the region; 

• Development of a template for outbreak investigation 

• Regional action plan on emergency response and contingency planning developed; 

• Surveillance, monitoring and reporting of EMS/AHPNS outbreaks improved; 

• Collaborative research to identify the primary causative agent and development of 

preventive and control measures planned/developed. 

 

Information Dissemination 
Workshop outputs will be circulated to national stakeholders, regional and international 

organizations and made available on NACA website for free download 
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CARGILL  

 

Dan Fegan 

Regional Technical Manager 

18th Fl., Tower 3, Sindhorn Building 

Wittayu Rd., Lumpini 

Bangkok 10330, Thailand 

 

Tel No: +66 84 874 8066 

Fax No: +66 2 263 2950 

Email: Daniel_Fegan@cargill.com 

CP  

Robins McIntosh 

Senior Vice President 

Charoen Pokphand Food (Public) CO.,LTD 

313 CP Tower 1, 27th floor Silom Road Silom 

Bangrak Bangkok 10500 

 

Tel No: +662 625 8250-1 

Fax No: +662 638 2254 

Email: robmc101@yahoo.com 
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Tel No: +662 960 0200 ext.402 

Fax No: +662 960 0361 

Email: y.dumrongphol@inveaquaculture.com 

 

Olivier Decamp 

Product Manager Health 

INVE Aquaculture 

471 Bond Street 

Tambon Bangpood, Amphur Pakkred 

11120 Nonthaburi 

 

Tel No: +66 84 874 8085 
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 ASIA PACIFIC EMERGENCY REGIONAL CONSULTATION ON 

SHRIMP EARLY MORTALITY SYNDROME (EMS)/ 

ACUTE HEPATOPANCREATIC NECROSIS SYNDROME (AHPNS)  

 

9-10 August 2012 

Bangkok, Thailand 

                                                                Provisional Agenda 

 

8 August 2012  - Arrival of Participants 

Day 1: Thursday, 9 August, 2012 

0830-0900h Registration  

0900-0915h Formal Opening Session 

• Opening Welcome Remarks by Dr Ambekar Eknath, DG, NACA  

• Opening Welcome Remarks by Dr Ingo Ernst, DAFF, Australia 

 

0915-1000h Background, Objectives, Structure and Expected Outputs by Dr CV Mohan 

(NACA) and Dr Ingo Ernst (DAFF) 

Introduction of Participants 

Announcements and Local Logistics 

Group Photo 

 

1000-1030h: Coffee Break 

 Moderators: Dr Ingo Ernst and Dr CV Mohan   

1030-1050h Characterization, Distribution, Impacts  and Case Definition  

By Prof Don Lightner 

 

1050-1110h Research Progress on Bacterial and Viral Causes of AHPNS 

By Prof Tim Flegel 

 

1110-1130h Q&A Session  

1130-1150h Disease Emergence –Why and How? 

Prof Peter Walker  

 

1150-1210h Novel Methods for “Hunting for Ghost Viruses”  

by Dr Jeff Cowley 

 

1210-1230h Q&A Session  

1230-1330h: Lunch Break 

1330-1350h Epidemiology and Risk Factors-What We Know? 

By Dr Flavio Corsin 

 

1350-1410h Is EMS a Management Problem? 

By Dr Matt Briggs 

 

1410-1430 Q&A Session  

1430-1450h Experiences from Vietnam by National Team  
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1450-1510h Experiences from China by National Team  

1510-1530h Q&A Session  

1530-1600h: Coffee Break 

1600-1620h Experiences from Thailand by National Team  

1620-1640h Experiences from Malaysia by National Team  

1640-1700h Q&A Session  

1700-1730h Experiences from Other Countries (if any)  

1730-1800h General Discussions and Wrap Up for the day  

1830-2000h WORKSHOP DINNER  

Day 2: 10 August, 2012 

 Moderators: Dr Jeff Cowley  and Dr Ed Leano   

0900-0920h One Month Mortality Syndrome-Revisiting an old story  

by Dr Celia Pitogo 

 

0920-0940h Management of EMS-What Works and What Does Not? 

By Prof Chalor Limsuwan 

 

0940-1000h Disease Preparedness-Theory and Practice. What Have We Learnt? 

 By Dr Ingo Ernst 

 

1000-1020h Q&A Session  

1020-1030h Group Discussion Themes and Expected Outputs 

By Dr Ingo Ernst and Dr CV Mohan 

 

1030-1045h: Coffee Break 

1045-1300h Group 1: Current Knowledge, Knowledge Gaps and Research Priorities  

Team: Dr Don Lightner, Dr Tim Flegel, Dr Huang Jie, Dr Jason Weeks  

 

Group  2: Detection, Reporting and Surveillance  

Team:, Dr Flavio Corsin, Dr Ian Gardner, Dr Jeff Cowley,  Dr Celia Pitogo 

 

Group 3: Biosecurity, Emergency Response and Disease Management  

Team: Dr Larry Hammell, Dr Matt Briggs, Dr Victoria Alday,  Dr Ed Leano 

 

Group 4: Regional Disease Response  

Team: Dr Ingo Ernst,  Dr Brian Davy, Dr Peter Walker, Dr Supranee Chinabut 

 

 

1300-1400h: Lunch Break 

 Moderator: Dr Supranee Chinabut and Dr Peter Walker  

1400-1530h Presentations of Group Findings  and Discussions  

1530-1600h: Coffee Break 

 Moderators:  Dr Ambekar Eknath,  Dr Ingo Ernst,  Dr Tim Flegel, Dr Don 

Lightner 

 

1600-1700h Plenary Discussions, Recommendations and Follow up Actions  

1700-1730h Closing Formalities 

• Closing Remarks by Dr Ingo Ernst, DAFF, Australia 

• Closing Remarks by Dr Ambekar Eknath, DG, NACA 

 

11 August,  2012 – Departure of Participants 
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Al-Mohana & Nott. 1989. Functional cytology of the hepatopancreas of Penaeus semisulcatus (Crustacea: Decapoda) 
during the moulting cycle. Marine Biology (101) 535-544.
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GAV

5’-AAGCTTTTTTTTTTTG-3’

5’-AAGCTTCTTTCTACCC-3’

Uses special primers to synthesise cDNA from RNA and second-strand DNA 
from this cDNA dsDNA

Uni-P-N6 5’-GCCGGAGCTCTGCAGAATTCNNNNNG-3’
5’-GCCGGAGCTCTGCAGAATTCNNNNNA-3’
5’-GCCGGAGCTCTGCAGAATTCNNNNNT-3’
5’-GCCGGAGCTCTGCAGAATTCNNNNNC-3’

Uni-P-T14A 5’-GCCGGAGCTCTGCAGAATTCTTTTTTTTTTTTTTTA-3’
Uni-P-T14G 5’-GCCGGAGCTCTGCAGAATTCTTTTTTTTTTTTTTTG-3’
Uni-P-T14C 5’-GCCGGAGCTCTGCAGAATTCTTTTTTTTTTTTTTTC-3’

Amplify random-sized PCR products using a single Universal primer

Uni-P 5’-GCCGGAGCTCTGCAGAATTC-3’

M              - - +     +     M
healthy  diseased

RNase A 
digestion 

M            +     +                    M

dsRNA in total RNA - lymphoid organ GAV-infected shrimp

23.1 -

9.4 -

2.3 -
2.0 -

kbp
HindIII
DNA

dsRNA

6.6 -

4.4 -

dsRNA

23.1

9.4

6.6

4.4

2.3
2.0

0.6

1

2

4

6

12
22 kb

5.8 kb
5.2 kb

kb DNA     M

- 1.0 kb

- 0.5 kb



G27 G9G55 P62 G52G3.2G5 G24

G53 G43 G4P64 G8G10.2G3P95 P93 P68

G17.9G32P3/59P87

G9.3 P17 G36 P18/20P58/4P88P96

P8/9P58/59 P22/17*

G19 G7.1 P66 G34 G12 G1P94 P69P89/57 G4.3

105 2015 kb0

3’
5’

ORF 1a ORF 1b
1 2 3 4

3CLP

Pol MIB Hel Motif1 Motif3

4 7



M     1      2      3      4      5      6      7 

>30 kb in length

1 kb

12 kb

40-50% 40-50% TX100



Region AbHV-Tas1 AbHV-Tas2 AbHV-Vic OsHV-1

TRL / IRL 5,871 5,968 5,873 7,584
TRS / IRS 12,103 11,333 11,876 9,774
UL 100,361 99,204 102,249 167,843
US 79,965 76,084 78,650 3,370
IRL-X-IRS - - - 1,510

Total = 216,273 209,897 215,337 207,439

|     |     |     |     |     |     |     |     |     |     |     |     |     |     |     |     |     |     |     |     |    | |
1                   50                  100                 150                  200 kbp

TRL TRSIRLIRS USUL

5,872 106,233
112,104

124,225
216,273

100,361 79,965
204,174

Sequences not present in AbHV-Tas2

Tas1

Tas2

Vic

UL US



kb      M        - RNase S400

~9 kb dsRNA or DNA ?

4 -

6 -
8 -

10 -

1 -

9.4 kb -
6.6 kb - 9.4 kb -

6.6 kb -

0.6% LMP-agarose gel 0.6% agarose gel
λ λ λ λ Hind III   DNase I       - λ λ λ λ Hind III         -

DNA (~7.5 kb)

DNA (~11 kb)

23.1 kb -

1.0 -

2.0 -

3.0 -

kb      M         1 μl        5 μl

0.3 -

mplified DNA cloned and sequenced 5’-RACE used to determine the 5’-terminal sequence
of the MoV M mRNA

MoV (+)mRNA 5’-ACACAAAGAC.. 
(-)gRNA 3’-UGUGUUUCUG..

||||||||||
Phlebovirus 3’-UGUGUUUCUG..
Tenuivirus 3’-UGUGUUUCAG..

Nairovirus 3’-AGAGUUUCUG..
Bunyavirus 3’-UCAUCACAU...
Hantavirus 3’-AUCAUCAUCUG.
Tospovirus 3’-UCUCGUUAG...

Absolute conservation of the terminal 10 nucleotides of MoV 
M RNA with the Uukuniemi virus ITR consensus sequence



Single-primer RT-PCR to amplify full-length 
genomic RNA segments of MoV

A primer containing a 3’ sequence with 10 nt complementary to the 
3’-terminus of the MoV M gRNA was used to amplify the expected 
L, M and S RNA segments

This primer used in conjunction with L RNA segment primers
to amplify regions extending to the 3’- and 5’-termini of the L RNA

5’-GCCGGAGCTCTGCAGAATTCACACAAAGAC-3’
||||||||||

(-)gRNA 3’-UGUGUUUCUGCCAUGU-----UGGCCAGAAACACA-5’

(+)mRNA    5’-ACACAAAGACGGUACA-----ACCGGUCUUUGUGU-3’
||||||||||

3’-CAGAAAGACACTTAAGACGTCTCGAGGCCG-5’

Single-primer RT-PCR products - MoV RNA segments 

3 -
2 -

1 -

kb M        1         2

2.9 kb    M RNA

1.4 kb   S2 RNA

Inverted terminal repeat (ITR) sequences in the 
4 (-) gRNA segments of MoV

L (L)     3’-UGUGUUUCUGCCCACAAGUAUC-UAUUAGAUCA---UUUGAGACUAAAU
|||||||||||||||| || |  ||||||||     |||||

5’-ACACAAAGACGGGUGUGUGCACUAUAAUCUACUUAAAGACUAGCUACCC

M (G1/G2) 3’-UGUGUUUCUG-CCGCGUAUGACUUC-CAUUAACUAGAGACUGAAUCAAC
|||||||||| |||||     |||| |||||   ||||

5’-ACACAAAGACCGGCGC-----GAAGUGUGAUAACUCUCAAUGGAAUCA

S1 (N)    3’-UGUGUUUCUG-CUCCUUGAU-UCUCAGACUAGUUUGGAAAGA
|||||||||| |||||||   |||||     ||||||

5’-ACACAAAGACCGAGGAACAACAGAGA-----UAAGCCGACAUAAA

S2 (NSs?) 3’-UGUGUUUCUG-CCAUGUAACCAAUUUGUGCAACGACGUAAUUUUGAUUA
|||||||||| ||||||  | |||||||       

5’-ACACAAAGACCGGUACA--GAUUAAAUAACCCCCACCCAAUUCCU

Complete sequences of the 4 RNA genome segments 
of MoV 

|      |      |      |      |      |      |      | 
1                2               3               4               5                6               7 kb

L

G1/G2

N

NSs ?

57                                                                                          93

94                                     172

6319 nt

2987 nt

72        266-744
1079-1557 nt

80             99

1364 nt

L polymerase 2051 aa (233 kDa)

G1/G2 glycoprotein 906 aa (99.2 kDa)

N nucleocapsid protein 246 aa (27.4 kDa)

NSs (?) protein 394 aa (45.6 kDa)

L

M

S1

S2



EMS Epidemiology & 
Risk Factors: what do 

we know?

Flavio Corsin
Vietnam Manager &

Asia-Pacific Aquaculture Manager

Why is IDH involved?

• The Sustainable Trade Initiative (IDH)
– convenes and co-invests with the private sector to 

achieve sustainable production
– Funded by the Dutch (and Danish) governments
– We can spend only if private sector spends
– Work on 12-16 sectors including aquaculture ( 8M €)
– Aquaculture: focus on pangasius, shrimp and tilapia
– Shrimp disease major challenge to sustainability

• EMS recognised as a major challenge!

Source of information

• FAO/OIE CMC-AH mission: 11-19 July 2011 (VN)
– Questionnaires/interviews (17 farmers)

• case-control approach
– Participatory epidemiology (other 17 farmers)

• FAO supported analysis of DAH survey (VN)
– Questionnaire/interviews (20,584 farmers; 29 

key shrimp farming provinces)
– Descriptive analysis
– Statistical analysis

• Mixed sources (Regional)
• Note: not “proper” epi investigations

EMS: characteristics

• Mass & sudden mortality (>10/day)
– About 1 month after stocking

• Abnormal HP (shrunken, white, swollen)
• Apparently spreading
• Outbreaks 4-5 days apart (direct transmission?)

Case definition

• Don Lightner: animal-level case definition

• Pond-level case definition
– Mortality (mass, eg >10/day)
– Abnormal HP
– Time after stocking?

Risk factors?

General
• Intensive systems risk
• Larger farms risk (of course)
• Inland districts & lower salinity risk
• Having a reservoir risk
• Not all farms affected in 2010 experienced EMS in 2011

Pond preparation
• Saponin risk
• Longer drying time risk
• Ploughing risk
• Use more lime risk



Risk factors?

Stocking
• Monodon more susceptible. Vannamei also affected
• Stocking later & older seed risk
• Source of seed may play a role. Seed from “known 

sources” as opposed to nursery/middlemen risk

No association with insecticide use

Other “non-biological” associations
• Testing water, using “certified” seed, sharing equipment, 

using vitamins/antibiotics… risk

Careful about bias!

If it is a pathogen, where from?

• Sudden appearance in 2010
• Conditions changed?

– No major/unusual weather event
– No recorded/detectable change in farming 

practice
• Possibly associated with an introduction

Conclusions & recommendations

• Likely infectious
• Can be controlled
• Seed appear to be important (pathogen 

introduction?)
• Need a properly designed epi investigation

– NACA to coordinate?
– ERAAAD to support?

www.idhsustainabletrade.com

corsin@idhsustainabletrade.com
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1 13 23 33 43 53

Days of Culture
1 13 23 33 43 53

Days of Culture

TPC
PVC
LBC

Vibrio harveyi in the environment                 
<101 cfu/ml

Increase in number

Build up in the hepatopancreas

Chronic 
Infection

Focal necrosis in the 
hepatopancreas

Recovery; 
slow growth

Mortality

Severe melanization, fibrosis, 
granuloma formation

Acute 
Infection

Massive inflammatory 
response

Mortality
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Country Estimated 
number of 
hatcheries 

Estimated 
number of 

farms

Thailand 1,000 25,000

China 1,500 8,000

Indonesia 400 60,000

India 200 100,000

Bangladesh 45 32,000

Vietnam 900 8,000

Taiwan 200 2,500

Philippines 90 2,000

Malaysia 60 800

Australia 12 35

Sri Lanka 40 800

Japan 100 135

Total 4,547 239,270
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Dr. Jie Huang
Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences

Around 2009, a disease called “covert 
mortality” was noticed in some ponds 
farming L. vannamei in the southern coast 
of China.
The characteristic difference of the 
“convert mortality” from WSD is the 
diseased shrimp do not appear near the 
shallow or swim near the surface.

The disease was normally found around 30 days post stocking.
The death course happened slowly and daily. The final survival in 
ponds is above 20%—40%.
The diseased shrimp show whitish or cloudy in the muscle of the 
abdomen. The HP may atrophy but the color is normal dark.
The diseased shrimp do not appear near the shallow or swim near 
the surface. No or Rare birds appear on the diseased ponds.
Improvement of the water quality can remit the disease.
No known virulent virus was detected in the diseased shrimp.
Bioassay with the disease materials does not repeat the same 
results.
The disease has relationship with stocking density.
Biological control with fish cocultivation has no effect.
The “convert mortality” may be caused by multi facts, including 
stocking density, water and pond condition, and bacterial infection, 
etc.



After 2010, a disease called “early 
mortality” was noticed in Hainan.
The disease characterizes with rapid and 
early mortality and yellow color HP.

The disease can outbreak as early as 7 days post stocking.
The diseased shrimp do not appear near the shallow or swim near 
the surface. Some diseased shrimp can jump out the surface. No or 
Rare birds appear on the diseased ponds.
The disease outbreaks rapidly and mortality can reach to 100% in 
2—3 days.
The disease usually outbreaks after weather change or with high 
growing blue green algae. But the pond has no premonition before 
the disease.
The diseased shrimp appear with empty gut and stomach, yellow or 
discolored or small HP,  swelling midgut, and slightly reddish skin.
The known high virulent viruses, such as WSSV, TSV, and IMNV 
was not detected. Some virulent Vibrio spp. can be isolated from the 
diseased shrimp, but bioassays with the bacteria did not duplicate 
the disease features.

11% total ponds diseased
4% polyculture ponds diseased
15% single culture ponds diseased

The Special Fund for Agro-scientific 
Research in the Public Interest

Research and demonstration of the rapid 
diagnosis and biological control technology for 
the viral diseases in farmed shrimp (Grant: 
201103034).

China Agriculture Research System
The tasks for diseases control scientists in the 
Farmed Shrimp Research System (Grant: 
CARS-47).

Cytoplasmic inclusions and pyknotic nuclei were found in 
the cells of lymphoid organ, hemocytes, and connective 
tissue.
Infiltration of large numbers of hemocytes with the 
cytoplasmic inclusions was found in the HP and near HP 
midgut. The HP tubules destruction.
Bacterial infection follows the degeneration in 
hepatopancreas and near HP midgut.
Gills and other tissues show no significant change during 
the infection suggests diseased shrimp do not suffer 
anoxia.







Prescripts of T-E staining solution
Trypan blue 0.6g
Eosin Y 0.2g
Phenol 0.5g
NaCl 0.5g
Glycerol 20  mL
Water 80  mL

Protocol of staining
Place a piece of lesion tissue on a slide and mince with a 
scalpel;
Add 1–2 drops of the T-E staining solution to the minced 
tissue, mix and allow to stain for 3–5 min;
Lay a cover glass over the stained tissue and cover with 
several pieces of absorbent paper. Use a thumb to squash 
the mince into a single layer of cells.

Samples were tested by PCR or LAMP for at least 15 
pathogens, including WSSV, IHHNV, HPV, MBV, IMNV, TSV, 
YHV, GAV, PvNV, MrNV, MrDV, NHP, and Spiroplasma, etc.
Positive results for some viruses obtained in some samples. 
No virus was always positive in all diseased samples. Further 
analysis is now on-going for confirmation.
Vibrio parahaemolyticus, V. alginolyticus, Pseudoalteromonas
sp., Photobacterium damselae, V. harveyi, and other V. spp. 
were isolated from the samples. Challenge with V. 
parahaemolyticus proved the existence of virulence.
Bioassay showed both filtered and unfiltered homogenate 
from diseased F. chinensis could cause 100% mortality in 8 
days post challenge. The unfiltered homogenate caused more 
rapid mortality.

The tissues were homogenized and centrifuged to 
precipitate possible virus particles.
The supposed virus preparation was digested with 
DNase and RNase to remove host nucleic acid.
Inactive the DNase and RNase and extract the viral 
Random primer with AA at 3’-end was used to amplify 
possible virus nucleic acid.
The amplified products were cloned and sequenced.
Hundreds of sequences were obtained and analyzed 
by BLAST.
16 sequences are now selected for further preparing 
tests by in situ hybridization with slides of the shrimp 
tissues.

Supposed virus infection in the immune 
system of shrimp results immune 
turbulence.

The shrimp died due to the infectious 
immune turbulence followed by acute HP 
destruction and secondary infection of 
bacteria.
The further confirmation research to prove 
the hypothesis are on-going.



Biological control technology by polyculture
Freshwater: carp, catfish, snakehead, turtle, etc.
Seawater: grouper, fugu, red fish, etc.

Disease-resistant probiotics feeding
Collection of probiotics from gut of health shrimp.
Selection of the disease-resistant enhancement ability 
of the probiotics.
Addition of the probiotics into shrimp feed.

Microorganism enhanced biofloc technology
Selection of microorganisms with special function.
Functional enhance the biofloc technology with the 
selected microorganism.

Rapid diagnostic kit for on-site use.
Disease surveillance

Egg or postlarva quarantine.
Polyculture technology.

Probiotics for feed and environment use.
Microorganism enhanced biofloc 
technology.
Combination of technologies.
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Total production of cultivated shrimps in Malaysia during year 
2005 to 2010.

Date Location

1 Dec 2010 Johor

2 March 2011 Pahang

3 *April 2011 Perak

Received 
official 

report on 
EMS

Sept.2011 AQ 
division 
in DoF
HQ

4 Dec 2011 Penang

5 May 2012 Kedah

June 2012 Sabah



Reference labs 
outside country 

Case received from Farmer/hatchery operator

National Fish Health Research Center (NaFisH)

Site Investigation Receiving Case

Sampling  History

Laboratory analysis (Level I, II & III)

FORMS/ID Case

Bacteriology
Lab.

Parasitology & 
Histopathology Lab.

Virology 
Lab.

Compilation of the case history & results

Others Lab. 
(e.g: EM)

Final report 

8. Methodology Approaches & Results

Total production of cultivated L.vannamei in affected state in 
Malaysia during year 2010, 2011 & 2012(Jan –May)
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