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INTRODUCTION

East Java is one of the largest shrimp cultivation centers in Indonesia, after
West Nusa Tenggara. The northern coastal areas of East Java that are known as
the cultivation centers of vannamei shrimp (Litopenaeus vannamei) are Tuban,
Lamongan, Gresik and Banyuwangi. Vannamei shrimp (Litopenaeus vannamei)
as a leading fishery aquaculture commodity supports most of the national shrimp
export volume. Production centers are widely distributed on the north coast of
East Java. Vannamei shrimp have the characteristics of being responsive to feed,
tolerant to high stocking density, and have a relatively short maintenance cycle
(90 - 100 days per cycle) making them suitable for intensive and super intensive
cultivation systems(Afandy et al., 2025)

Upgrading the cultivation system to intensive or superintensive can
increase the risk of disease contamination, if it is not balanced with the
application of biosecurity. This species is quite susceptible to disease. One of the
things to watch out for is the outbreak of Enterocytozoon hepatopenaei (EHP),
an intracellular microsporidia parasite that infects shrimp hepatopancreatic
epithelial cells and causes the condition of hepatopancreatic microsporidiosis (Lu
et al., 2025) . EHP is different from White Spot Syndrome Virus (WSSV) or Acute
Hepatopancreatic Necrosis Disease (AHPND) which causes mass mortality in a
short period of time. EHP generally does not show specific clinical symptoms
and rarely causes immediate death. The real impact of EHP infection is a
slowdown in growth that makes stunted shrimp and harvest size not uniform,
resulting in a longer production cycle. Economic losses are cumulative and often
unrealized in the early stages of shrimp infection vannamei (International
Organization for Standardization, 2018; Ma et al., 2024) .

Shrimp's energy metabolism is disrupted due to increased glycolysis
activity and decreased oxidative phosphorylation, changes in mitochondrial
morphology, and oxidative stress in hepatopancreatic tissue (Ma et al., 2024) (Cao
et al., 2023). EHP infection has been shown to disrupt the balance of the
microbiota, decrease the population of beneficial dominant bacteria, and increase
the colonization of opportunistic pathogenic bacteria such as Vibrio spp. in the
intestine. Disruption of metabolism in the intestine leads to the occurrence of
white feces syndrome(Cao et al., 2025; Liu et al., 2023). EHP transmission can
occur horizontally through water, spore-contaminated feces, cannibalism,
invertebrate vectors (dragonfly nymphs), polycaeta worms, and shellfish that act
as natural reservoirs of parasites in the pond environment (Cao et al., 2025). The
many factors that can transmit EHP make handling parasites complicated.
Control must be carried out comprehensively, starting from seed quality, water
quality management, feed management, equipment sanitation, control of
disease-carrying organisms and the implementation of strict biosecurity.

The prevalence rate of EHP in intensive ponds on the northern coast of East
Java varies depending on the level of biosecurity implementation of each pond.
East Java BKHIT data: the prevalence of EHP in 2025 at the research site is 23.5%.
Similar conditions have also been reported in other intensive shrimp farming
centers in Indonesia, where long-term EHP and white feces disease pressure can
be one of the main determinants of productivity variation between pond plots
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(International Organization for Standardization, 2018; Jongkor et al., 2026) . The
point to note is that EHP is not just a technical or biological problem that can be
solved at the pond plot level, but a risk management problem that touches
productivity, the economic condition of farmers, and the reputation of products
in the market.

Enterprise Risk Management (ERM) provides a systematic framework to
identify, assess, and mitigate operational risks in an integrated manner with
business strategies, as stipulated in the COSO ERM 2017 framework and the
international standard ISO 31000:2018 (International Organization for
Standardization, 2018; Jongkor et al., 2026) . Previous research in the field of
aquaculture has generally discussed EHP from a biomolecular perspective or
analyzed the feasibility of vannamei pond business separately from the disease
aspect (Thitamadee et al., 2016) ; so far, studies that combine the latest EHP
epidemiology with the ERM framework quantitatively in the context of coastal
ponds in East Java are very limited. This gap is the basis for the urgency of the
research.

The objectives of the study are (1) to identify the sources of operational risks
caused by the EHP outbreak on the north coast of East Java; (2) to develop a risk
matrix based on likelihood and severity; (3) to formulate mitigation and
biosecurity strategies that are priorities for farmers based on the highest level of
risk.

LITERATURE REVIEW
Enterocytozoon hepatopenaei (EHP): Pathogenesis and Growth Impacts

Enterocytozoon hepatopenaei (EHP) was identified as an intracellular
microsporidia parasite that infects hepatopancreas tubule epithelial cells
(hepatopancreas) in penaeid shrimp, including Litopenaeus vannamei(Biju et al.,
2016a), (Kmmari et al., 2018). Unlike many other shrimp pathogens, EHP does
not directly cause rapid mass death, but rather triggers a condition known as
Hepatopancreatic Microsporidiosis (HPM)(Nguyen et al., 2023),(Salachan et al,,
2016). At the cellular level, EHP replicates within the cytoplasm of epithelial cells,
specifically in hepatopancreatic B cells, leading to cell desquamas, impaired
nutrient absorption, and severe tissue necrosis (Aranguren Caro et al., 2021;
Nkuba et al., 2021; Tangprasittipap et al., 2013).

The pathogenic mechanism of EHP involves manipulating the host's
metabolism to meet the very high energy needs of the parasite during the
replication stage(Biju et al., 2016; Ma et al., 2024) . EHP infection has been shown
to increase the glycolysis process and the expression of hexokinase genes and
pyruvate kinase, while the oxidative phosphorylation process is significantly
reduced(Li et al., 2025; Ma et al., 2024). These metabolic disorders, along with
alterations in proteomic expression and the composition of the gut microbiota,
result in the host lacking energy for muscle growth and normal physiological
regulation (Cao et al., 2025; He et al., 2026; Srisapoome et al., 2025) .

The most obvious clinical impact is severe slow growth or growth
retardation which often causes shrimp to be inuniform in size within a
population (Aras et al., 2023; Biju et al., 2016a; Marimuthu et al., 2021) . This
retardation is usually only observed significantly after 60 to 90 days of cultivation
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(Salachan et al., 2016) . Other supporting symptoms include a shrinking and pale
hepatopancreas, soft carapace, empty intestine, and lethargy (Nkuba et al., 2021b;
Shirsak Mondal et al., 2023) . With regard to White Feces Syndrome (WFS), the
literature suggests a strong association in which EHP loads are significantly
higher in WFS-affected pools (Aranguren Caro et al., 2021a; Raveendra, Suresh,
et al., 2018) . Important research by (Tangprasittipap et al., 2013) emphasizes that
EHP is not a single cause of WFS, but rather a factor that contributes to the
interaction of complex pathobiomes with pathogenic bacteria such as Vibrio spp
(Babu et al., 2024; Piamsomboon & Han, 2022) .

EHP Transmission and Early Detection Methods

The success of risk management is highly dependent on understanding
pathogen transmission pathways. EHP is transmitted horizontally through fecal-
oral routes, cannibalism, and environmental exposure (Biju et al., 2016; Tang et
al., 2016) . Healthy shrimp can become infected after consuming sick shrimp feces
containing solid spores or through cohabitation (coexistence) in contaminated
pond water(Aranguren Caro et al., 2021; Lépez-Carvallo et al., 2022) . In addition,
EHP spores have the ability to survive in pond bottoms and can be carried by a
variety of mechanical or vector hosts, including polycaetas, mollusks (such as
Mytilopsis leucophaeata), wild crustaceans, and aquatic insects(Desrina et al.,
2020; Mondal et al., 2023; Munkongwongsiri et al., 2022; Venkateswarlu, 2019) .
The use of infected raw natural feed for shrimp broodstock is one of the critical
points for the entry of diseases into the aquaculture supply chain(Nkuba et al.,
2021; Otta et al., 2016) .

Early diagnosis is a challenge due to the non-specific clinical symptoms of
EHP that are difficult to observe with the naked eye in the early stages of
infection(Nkuba et al.,, 2021). DNA-based molecular detection methods are
becoming the primary standard. Polymerase Chain Reaction (PCR) and nested PCR
targeting the 185 rRNA gene or the spore wall protein gene (SWP) are widely
used for routine screening (Biju et al., 2016; Mondal et al., 2023; Wan Sajiri et al.,
2021) . For more in-depth research purposes, Transmission Electron Microscopy
(TEM) and In-Situ Hybridization (ISH) are used to visualize the ultrastructure of
parasites and confirm the presence of parasites in tissues (Kmmari et al., 2018;
Lopez-Carvallo et al., 2022; Shen et al., 2017) .

In the context of farm operations, quantitative methods such as real-time
qPCR are essential for assessing pathogen loads and predicting the risk of crop
failure (Aranguren Caro et al., 2021; Chen et al., 2022; Piamsomboon et al., 2019)
. In addition, rapid detection techniques such as Recombinase Polymerase
Amplification (RPA) combined with Lateral Flow Dipstick (LFD) offer a sensitive
point-of-care diagnostic solution (capable of detecting up to 10 coffees/pL) in a
short time (approximately 20 minutes) without the need for complicated
laboratory equipment (Ma et al., 2024; Pang et al., 2022) . The integration of these
detection methods into surveillance protocols helps farmers to conduct early
identification before infection spreads (Mondal et al., 2023; Nkuba et al., 2021) .
Biosecurity Strategy and Risk Management

Biosecurity in shrimp farming is defined as a set of management practices
designed to prevent the introduction, spread, and impact of pathogens in
aquaculture systems (Lightner, 2005; Pali¢ & Scarfe, 2019) . The main mitigation
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steps begin with the exclusion of pathogens through the use of fry (post-larvae)
certified Specific Pathogen Free (SPF)(Afandy et al., 2025; Lightner, 2005;
Venkateswarlu, 2019) . Strict screening of broodstock and fry using PCR is a
mandatory procedure to ensure seeds are free of EHP prior to stocking(K.P. et
al., 2024; Maria Agustina Pardede et al., 2025) .

Comprehensive pond preparation is the next line of defense.
Recommended practices include total draining of the pond bottom, removal of
organic deposits, tillage, and calcification with appropriate doses (70-120 kg/ha)
(Bhowmick & Crumlish, 2017) . Disinfection of pond and water facilities using
chlorine, acid leaching (HCl), or potassium permanganate (KMnO,) spray has
been shown to be effective in inactivating persistent parasitic spores (Gupta et
al., 2004; Sankar et al.,, 2023) . During the cultivation period, water quality
management should be optimized, especially for ammonia and nitrite
parameters that are positively correlated with the prevalence of EHP
infections(Nkuba et al., 2021) .

Operational mitigation strategies include the installation of physical
fencing (such as bird and crab fencing) to prevent the entry of disease vectors, as
well as the implementation of strict sanitation for personnel and equipment
through footbaths and hands (Syah et al., 2025; Venkateswarlu, 2019) . The use of
functional feeds enriched with probiotics or natural ingredients such as garlic can
help boost the host's immune system and mitigate the clinical impact of infection
(Raveendra, Suresh, et al., 2018) . In addition, targeted surveillance with regular
sampling and monitoring of shrimp health every three days is recommended to
detect anomalies at the beginning of the culture cycle (Mondal et al., 2023; Sankar
et al., 2023) .
1S0:31000 Risk Management Framework in Aquaculture

A structured risk management system is indispensable for integrating
various biosecurity strategies into farm operations. The ISO 31000:2018 standard
provides generic but adaptive risk management principles, frameworks, and
processes for various industries, including aquaculture (Aisyah & Dahlia, 2022;
Safitri et al., 2021) . The ISO 31000 process includes five main stages:
communication and consultation, contextualization, risk assessment, risk
treatment, and monitoring and review (Alfatin & Leo, 2019; Putra et al., 2017) .

The risk assessment stage consists of risk identification, risk analysis, and
risk evaluation (Barateiro et al., 2012; Putra et al., 2017) . Risk identification in this
study was carried out through interviews with experts and field observations to
map risk events, such as natural feed contamination or filtration system failure
(Muniesa et al., 2017) . Risk analysis utilizes a 5x5 risk matrix to assess the
relationship between likelihood and severity /impact of each identified risk event
(MiNAZ et al., 2021; Shilova, 2020) .

The risk matrix allows the classification of risks into different levels of
stress, such as Extreme (Red), High (Yellow), Medium (Green), or Low (Blue)
(Dewi & Kitri, 2020; Rosdian et al., 2026) . For example, the risk of EHP
transmission through uncertified brood feed can be classified as high risk that
requires immediate mitigation through a change in feed source (Rosdian et al.,
2026) . Risk evaluation helps management to decide on the most appropriate
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treatment option among four main options: avoid, accept, reduce/mitigate, or
transfer risk (Lizarzaburu & Salquero, 2011) .

The integration of literature findings on transmission routes (such as
infected polycaetas) and EHP pathogenesis (such as growth loss) provides an
objective database for scoring on the risk matrix (Mondal et al., 2023; Raveendra,
Hari Babu, et al., 2018) . With this risk-based approach, biosecurity strategies are
no longer applied randomly, but are focused on the critical points that have the
most significant impact on the sustainability of vannamei shrimp farming in
regions such as East Java (Lestariadi et al., 2018; Scarfe & Pali¢, 2020) .

METHODOLOGY

The research was conducted on vannamei shrimp ponds on the north
coast of East Java, namely Gresik, Lamongan and Tuban. The three districts are
vannamei shrimp centers in East Java. The main sampling location was ponds
that had been found to have consistent non-uniform growth symptoms and
indicated EHP infection. Primary data was collected by conducting field
observations, interviews with fisheries extension workers, pond owners and
technicians. Respondents were selected from two main groups directly involved
in shrimp farming, namely farmers and employees of the regional fisheries office.
The selection used the purposive sampling method. Risk identification was
obtained from interviews with 15 farmers and 3 fisheries extension workers. The
selection of respondents was based on criteria such as shrimp farming experience
for at least 5 years, active management of shrimp ponds, willingness to provide
information on disease occurrences, cultivation practices, and the application of
biosecurity. Fisheries extension workers are staff of the district fisheries office
who are responsible for aquaculture in the research area, and fisheries extension
workers who regularly interact with farmers and have a deep understanding of
the conditions of the research site. Respondents represent the actual population.

Interviews with respondents were conducted based on questionnaires
that had been prepared. The questionnaire contained age, cultivation period,
farmers' perception of risks, incidence of disease attacks, competence

technicians, cultivation methods, application of biosecurity, waste
management and other socio-economic. Government agency reports, cultivation
technical guidelines, ISO 31000:2018 risk management standards, framework
Enterprise Risk Management (COSO ERM)(Ahmad & Teo, 2024, Commission,
2017), and various scientific publications that discuss the epidemiology,
transmission, detection, and control of EHP are used as additional secondary
data to support the writing.

Risk Analysis Approach

Risk analysis was carried out using five stages: (1) risk identification; (2)
risk assessment analysis with an ordinal scale of 1-5 for the chance of occurrence
(L) and impact level (S);

(3) preparation of a 5 x 5 risk matrix to determine the risk level (Low,
Medium, High, Very High) based on the results of the multiplication of L x S
visualized in the risk map (Risk Map); (4) Preparation of risk priorities by
considering the results of the calculation of risk levels and several aspects that
are considered necessary (5) formulation of priority mitigation strategies,
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following the standard stages of risk management that are commonly used in
other industrial sectors and are beginning to be adapted in the aquaculture sector
(International Organization for Standardization, 2018; Jongkor et al., 2026).

The opportunity assessment (L) was determined based on the results of
interviews with farmers and information from fisheries extension workers.
Respondents were asked to fill out a questionnaire and score the risk source. The
determination of the level of incidence opportunity was divided into 5 scales: (1)
very low (<1 time in 5 years); (2) rare (1-2 times in 5 years); (3) moderate (1-2
times in 3 years); (4) high ( < 2 times a year); (5) very high (> 2 times a year).
Respondents also assessed the impact caused by these risk sources on the
potential for EHP attacks and the success of shrimp farming they worked. The
grouping of impacts was also divided into 5 scales: (1) Very low, not intrusive;
(2) Low, minor disturbance, easy to overcome; (3) Moderate, begin to interfere
with the cultivation process; (4) High: hinders the achievement of targets; (5)
Very high, causing great losses, the spread of diseases, or damage to the
reputation of the organization.

Table 1. Likelihood Scale and Impact of Risk Assessment

Score  Categories Description of Impact Description
Likelihood
causing huge losses,

5 Very High (>2 times a year Spread of disease, or
reputational damage
organization.

4 Height <2xayear hinders the achievement of
targets

3 Medium 1-2x in 3 years Starting to interfere with the
cultivation process

2 Low 1-2x1in 5 years minor disturbances, easy to
overcome

1 Very Low (<1xin 5 years Unobtrusive

Table 2. Risk Level Classification Matrix Based on Score Range (Likelihood x

Severity)
Score Range 1-4 5-9 10-16 17 -25
Level Low Medium Height Very High
Classification
RESEARCH RESULT

Identify Operational Risks

The results of the search obtained fifteen main sources of operational risk
associated with EHP outbreaks in vannamei shrimp farming. These risks are
grouped into eight categories: biological, ecological, operational, human
resources, detection, economics, reputation, and regulation (Table 3). Biological
categories - especially the quality of fry that are not certified specific pathogen
free/ specific pathogen resistant (SPF/SPR) and carrier/vector media that can
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transmit EHP (worms, dragonflies, molluscs), source of disease-contaminated
water is further a source of risk with the highest combination of opportunity
and impact, in line with the findings that EHP has a wide range of natural roles
in the pond environment. The high biological and ecological risk score is not
only due to the biological nature of EHP, but also the lack of awareness of
farmers on the importance of implementing biosecurity. Waste disposed of
does not go through treatment first even though it is indicated to be positive
for EHP. The majority of ponds do not have sewage treatment plants.

Table 3. Identification and Assessment of Operational Risks Related to EHP
Outbreaks in Vannamei Shrimp Farming

Risk
YesCategories Sources of Risk L S Level Status
Value

1 Biological = The use of fry thatis not SPF/SPR 45 20 Very
certified, has the potential to carry High
EHP spores [9]

2 Biological  Carrier media that can transmit EHP 44 16 Height
is around ponds (worms,
dragontflies, mollusks)

3 Environment Disease-contaminated water sources 44 16 Height

4 Environment Disposal of wastewater 44 16 Height
contaminated with diseases that
have not gone through treatment
first

5 Environment Accumulation of organic matter and 33 9 Medium
feed residues at the bottom of the
pond [9]

6 Environment Extreme water quality fluctuations 33 9 Medium
due to weather conditions

7 Operational High stocking density without 34 12 Height
adequate management support

8 Operational Buildup of organic matter and 33 9 Medium
increased ammonia in water due
to overfeeding

9 HR Farmers' minimal knowledge 23 6 Medium
related to the prevention and
handling of EHP

10 Detection  Lack of monitoring in the 35 15  Height
form of routine PCR tests
on fry and water sources

11 Economy  Decrease in selling value due to size 43 12 Height
inconsistency

12 Economy  Limited farmers' capital in fulfilling 34 12 Height
the implementation of biosecurity
and quality fry
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Risk
YesCategories Sources of Risk L S Level Status
Value
13 Reputation Price rejection/reduction by the 23 6 Medium
buyer due to the inconsistency of
size
14 Regulation Gaps in biosecurity standards 24 8 Medium
required by fisheries authorities
(Kumar et al., 2024)
15 Regulation Hatchery not yet CKIB certified 42 8  Medium

Note: L = odds (likelihood, scale 1-5), S = impact (severity, scale 1-5)

Risk Matrix

The results of the multiplication of L and S values are mapped intoa 5 x 5
risk matrix to determine the priority level of handling. The risk of
contamination of non-SPF fry, the risk of horizontal transmission through water
and other carrier/vector media around the pond, and the application of weak
biosecurity in the majority of ponds are in the very high and high quadrants, so
they must be a top priority in the allocation of control resources. Medium
category risks such as the accumulation of pond basic organic matter or
technician competence should not be ignored and need to be mitigated or
controlled. This pattern is consistent with

ERM principles related to the priority of the controlled risk. Risks with
high chance and high impact at the same time (upper right quadrant of the
matrix) must be intervened first compared to high single-value risks on only
one axis (Jongkor et al., 2026) . The source of biological risk of EHP outbreaks is
systemic: EHP spores enter through fry or vectors, their spread within the pond
plot is rapid through fecal-oral routes and cannibalism, resulting in a very
narrow intervention time (Cao et al., 2025) . Risk mapping in the likelihood-impact
matrix is visualized in two dimensions of the assessment and presented in the
Risk Map. This mapping is intended to make it easier to create risk clusters to
determine control priorities.
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Impact (Severity)
3

Likelihood

M Medium

Low High Ml Very High

Figure 1. Map of the Risk of EHP Outbreak in Vannamei Shrimp Cultivation on

the North Coast of East Java

R1 risk (use of non-SPF fry) is included in the extreme / very high
category, 7 risks are in the high category (water sources contaminated with
diseases, carrier media that can transmit EHP (worms, dragonflies, mollusks),
disposal of water waste contaminated with diseases that do not go through
treatment first, high stocking density without adequate management support,
lack of monitoring in the form of routine PCR tests, decrease in selling value
due to size disparities, limited farmers' capital in fulfilling the
implementation of biosecurity and quality fry). The remaining 7 risks are in
the medium category. Control priorities are determined from the results of the
risk analysis presented in the risk map. The results of the analysis show 4
priority risks that must be controlled immediately. (Table 4).

Table 4. Risk of EHP Outbreak Priority in Vannamei Shrimp Cultivation

Risk
Categories  Sources of Risk L S Level Status Mitigation/Control
Value
The use of fry that is SPF/SPR certification
Biological =~ not SPF/SPR 4 5 20 Very on all fry supplies
certified, has the High accompanied by
potential to carry independent PCR tests
EHP spores before stocking
Carrier/ vector installing a  water
media that can treatment plant in the
Biological  transmit EHP are 4 4 16 Height form of filters or UV

around ponds
(worms, dragonflies,
mollusks)

rays before use and
installing facilities to
prevent the entry of
vectors to reduce the
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Risk
Categories  Sources of Risk L S Level Status Mitigation/Control
Value
chance of  spores
entering from external
vectors

Environment Disease-contaminated 4 16  Height Reservoir creation and

water sources water
treatment/ filtration
before use
Disposal of The  creation  of
Environment wastewater 4 16 Height integrated WWTP in
contaminated with cultivation  centers
diseases that have not and increasing
gone through farmers' awareness of
treatment first the importance of

waste management

DISCUSSION
Biological Mechanisms Underlying High Risk of EHP

The high level of risk in the biological category is due to the unique
pathogenesis characteristics of EHP. EHP spores are about 1 micrometer in size
and colonize the cytoplasm of hepatopancreatic cells, increasing the number of
mitochondria, but their morphology is compacted, and increasing the expression
of hexokinase and pyruvate kinase genes related to energy metabolism(Eissa et
al., 2026). Shrimp experience dwarfism and growth failure due to impaired
energy metabolism. Most farmers say that EHP attacks cause an increase in
production cycles. The final impact is decreased productivity, high operational
costs, and sometimes even greater losses when compared to the consequences of
mass deaths.

At the intestinal microbiome level, recent metagenomic studies in shrimp
with different degrees of infection (normal, mild, moderate, severe) show that
the increase in the severity of EHP infection is in line with the condition of the
intestinal microbiota imbalance and the emergence of discriminating bacterial
species related to virulence factors (Lu et al., 2025) . These findings reinforce the
reason why the risk of EHP in Table 3 is considered to be closely related to
secondary risks such as the emergence of white feces syndrome due to
opportunistic Vibrio spp. proliferation(Jongkor et al., 2026) . The results of
interviews with farmers are similar to the theory that EHP control cannot be
separated from the simultaneous management of gut microbiota health and
water quality. Information from the field: the discovery of a case of white feces
syndrome in ponds infected with EHP.

The challenge of early detection also increases the risk of the detection
system in Table 3 because the clinical symptoms of EHP are vague and appear to
be evident in the variation in shrimp size at harvest. A synergistic diagnostic
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approach that combines conventional parasitology, histopathology, and
molecular detection (loop-mediated isothermal amplification/LAMP and
PCR/qPCR) has proven to be more accurate compared to a single method in
identifying infections in the early stages (Lu et al., 2025) . The East Java Animal,
Fish, and Plant Quarantine Center as a competent authority in the control of
quarantine fish diseases has carried out activities to prevent the spread of these
diseases through Quarantine Fish Disease Spread Area Monitoring Activities and
the Establishment of a Fish Disease Emergency Response Task Force. However,
in its implementation, there are still several technical, operational, and external
obstacles. The breadth of the monitoring area that must be reached, the high
mobility of fishery commodities causes the need for monitoring to be more
complex.

The level of collaboration of all stakeholders, both the central government,
local governments, fisheries extension workers, laboratories, farmers, and
stakeholders affects the effectiveness of control. The awareness of farmers to
report diseases early and the lack of uniformity of laboratory testing facilities also
add to the obstacles to disease control. Farmers tend to hide information about
outbreaks, not conducting tracing because of the deaths of farmed shrimp. This
is the basis for recommendations that pond business units on the north coast of
East Java allocate a routine budget for molecular testing on fry and reservoir
water samples, not only when symptoms are already visible in the field.
Operational Implications and Mitigation Strategies

Based on the risk levels in Table 1 and Table 3, this study has formulated
three layers of mitigation strategies that are in line with the principles of risk-
based biosecurity):

a. Mitigation at sources of risk is very high and high. Business units are
advised to require SPF/SPR certification on all fry supplies accompanied by
independent PCR tests before stocking, install water treatment plants in the form
of filters or UV rays before use to reduce the chance of spores entering from
external vectors, and implement layered biosecurity zoning that restricts the
movement of equipment, and inter-plot personnel without disinfection
procedures, wastewater treatment before discharging into public waters.(Eissa et
al., 2026) . The government needs to consider the creation of integrated WWTP
in cultivation centers and increasing farmers' awareness of the importance of
waste management.

b. Mitigation at moderate risk. Management of pond bottom organic matter
can be carried out through periodic pond bottom discharge programs and
regular probiotic applications to suppress the accumulation of organic waste and
maintain water quality stability. Probiotic applications and pond bottom
discharge have been proven to be effective in intensive ponds in Indonesia.
Capacity building of technicians through EHP early symptom recognition
training is also recommended to accelerate response in the field. Local
governments, especially fisheries extension workers, as parties who are in direct
contact with farmers, are expected to play a more active role in increasing the
competence/understanding of farmers about early detection, control, and
handling of EHP attacks.
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c. Sustainable risk monitoring and management, clear coastal spatial
planning and coordination with local governments. Integrated waste treatment
plants need to be built in cultivation areas to minimize the spread of disease from
ponds that have been contaminated with EHP. Farmers are advised to establish
a system of recording average daily growth indicators periodically as an early
warning signal against potential performance degradation due to EHP, so that
intervention decisions, including partial early harvest if necessary, can be taken
before losses increase (International Organization for Standardization, 2018) .
The effectiveness of the mitigation strategy can only be proven after it is actually
implemented in the field. If the mitigation strategy is implemented consistently,
the risk at high and very high levels can shift to medium or low levels in the next
few production cycles. This improvement is ultimately not only a matter of
reducing losses in ponds, but also concerns ensuring food safety and uniformity
of the quality of vannamei shrimp products from the north coast of East Java.

CONCLUSIONS AND RECOMMENDATIONS

a) Risk analysis using the Enterprise Risk Management approach proved that
the outbreak of Enterocytozoon hepatopenaei (EHP) in vannamei shrimp
cultivation on the north coast of East Java gave rise to fifteen risk sources.

b) The compiled risk matrix shows that two risk sources stand out and must
be the main priority for control: contamination of non-SPF/SPR fry,
horizontal transmission through water and carrier vectors/media around
the pond; both are at very high and high risk levels.

c) Four steps must be prioritized: molecular certification and testing of fry,
water quality management accompanied by biosecurity zoning, improving
the competence of field technicians, and an early monitoring system based
on growth indicators. These steps must be carried out jointly by farmers,
central and regional governments, fisheries extension workers, and
stakeholders according to their roles.

ADVANCED RESEARCH

To build upon the identified Enterprise Risk Management framework for
EHP outbreaks, future research should transition toward dynamic risk modeling
by integrating machine learning algorithms and Bayesian networks to predict
real-time transmission risks across coastal shrimp farming landscapes. Empirical
studies are urgently needed to evaluate the field efficacy and economic viability
of advanced molecular diagnostic tools, such as CRISPR-based point-of-care
assays, for rapid non-SPF fry screening at the hatchery-farm interface.
Furthermore, epidemiological investigations should explore EHP spore viability,
environmental persistence, and horizontal transmission pathways involving
local aquatic carriers and sediment dynamics under fluctuating water quality
parameters. Finally, expanding this framework through multi-region
longitudinal studies will validate standardized mitigation protocols, establish
cost-effective biosecurity thresholds, and enhance overall resilience in
sustainable vannamei aquaculture management.
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