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 Shrimp farming - a major global
industry with 70% of production in
Asian countries

 Matching with the United Nations
Sustainable Development Goals:

 Biggest threats –
 Disease problems
 Lacking source of good stock and fry
 Aquaculture environment

 The urgency of solving the epidemic problem in
Taiwan's agricultural and fishery industries

 Reduce shrimp farming loss caused
by extreme weather

 Increase shrimp production
potential

 Help meet food demand in a
growing population
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Microbial complexity in a typical host–symbiont–environment system
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Gut Health
 Gut (also called Gastrointestinal or GIT) functionality and health

 Effective function
 important factor in determining animal performance

 Complex mechanisms

 Not only for nutrient absorption
 also related to many physical responses

 Improved understanding in digestive physiology and dietary requirements
 lead to significant gains in productive performance of farmed animals

Celi et al., 2017

Gastrointestinal (gut) health
an increasingly important topic in animal nutrition and health
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Shrimp digestive tract
Stomach

Hepatopancreas

Midgut Hindgut
 Shrimp digestive tract

 Foregut [stomach]
 Hepatopancreas
 Midgut [anterior and posterior caecum]
 Hindgut [posterior caecum to anus]

 Structure of shrimp gut
• Peritrophic membrane

• lies between the lumen and epithelia
• protects the ECs from abrasive particles and pathogens.

• Cuticle layer
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Shrimp digestive tract

Peritrophic membrane (PM), cuticle (Cu), ingested food (IF) (Source: Soonthornchai et al., 2015)

Presence of normal flora in the GI tract of pond-cultured Penaeus monodon
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Microbiome dynamics and health

The health of an animal
highly associated with microbiota
the composition and function of a microbial community inside of the intestinal

system and outside of the body
contribute nutrients and energy to the host
 in the training and development of immune system

A microbiota balance is maintained with
 the host factors and environmental factors

Microbiota
Microbiome

Fassarella M, Blaak EE, Penders J, et al. 
Gut 2021;70:595–605.
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Factors determining gut microbiome stability

 Resilience of the gut microbiome seems to be governed by

Fassarella M, Blaak EE, Penders J, et al. 
Gut 2021;70:595–605.

(A) characteristics of the gut microbiome
play a role in the maintenance of a stable
ecosystem in the gut

(B) host control
contribute to determining which microbes
are able to grow and persist in the gut
environment.

Gut microbes

Gut microbiota
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diversity
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Peristalsis Oxygen
level

Epithelial cells
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Establishing the role of diet in the microbiota–disease axis
 Environmental factors and their influence on the gut microbiota
 the balance of dietary components can lead to

dysbiosis and disease
maintenance of symbiosis and a setting conducive to disease avoidance

Nature Reviews Gastroenterology & Hepatology volume 16, pages86–87 (2019)
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Healthy state

Unstable state

Unhealthy state

Tipping points

Alternative state

Black arrows = perturbation

Color arrows = recovery

Spirals = normal fluctuations

Gut microbiome resilience landscape

Fassarella M, Blaak EE, Penders J, et al. 
Gut 2021;70:595–605.
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Dysbiosis
 Dysbiosis
A loss of beneficial microbes
Expansion of pathobionts
 Loss of diversity

 Effects of dysbiosis
 alter nutrient availability to

stomach bacteria
 impact their metabolic function

Cellular Microbiology, Volume: 16, Issue: 7, Pages: 1024-1033, First published: 05 May 2014, DOI: (10.1111/cmi.12308) 11



Shrimp digestive tract and diseases

Key factors
Microbiota
Stomach metabolism
Biofilm formation
Peritrophic membrane
Cuticle
Immune factors
Epithelial cells
Hepatopancreas
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Acute Hepatopancreatic Necrosis Disease
Acute Hepatopancreatic Necrosis Disease (AHPND)
Clinical signs
Pale HP and empty stomach
Sloughing of HP tubule epithelial cells

 Pathogen – a virulent forms of Vibrio parahaemolyticus (virulent VP)
Carries a specific plasmid
Contains the PirAvp and PirBvp toxin genes (Lee et al., 2015)

• the major factor to damage the shrimp hepatopancreas

Virulent VP initially 
colonizes the stomach
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Flood AHPND

0913 0915 0917 0919 0921 0923 0925 0927

Hepatopancreas

Whole body
Gut

Stomach

1/5 4/5

Pir detection
NGS

Shrimp size:~3 cm

Sampling strategy for microbiome dynamic research
★Shrimp stocking day in outdoor grow-out pond



★Pond seawater samples were distinctly
separated from the bacterial
communities of shrimp

 Low correction between the microbiota of shrimp stomach and pond seawater

 Microbiota profiles between AHPND-affected and healthy shrimp were different

Microbiome similarity

AHPND-affected 
shrimp

Healthy shrimp



Bacterial species richness in some shrimp stomachs declined 
after heavy rain and during the development of AHPND Infection. 

Other shrimp stayed in healthy balance. 

A lower bacterial richness in 
Group D2 shrimp

After water flood, microbial diversity 
suddenly shifted in pirvp+ shrimp

Group C = pirvp- shrimp
Group D1 = Early pirvp+ shrimp
Group D2 = Late pirvp+ shrimp

Microbial diversity in shrimp and pond water



Vibrio-related consensus interactions in 
the pirvp- and pirvp+ stomach communities

An important hub  
-- the Weissella OTU33 of Lactobacillales
-- inhibit Vibrio OTUs

Important hubs  
-- Vibrio OTUs  (1668, 1713, and 8)

Pirvp- shrimp Pirvp+ shrimp



A potential probiotic to suppress the AHPND outbreak

Fassarella M, Blaak EE, Penders J, et al. 
Gut 2021;70:595–605.



Dysbiosis in AHPND-affected shrimp

Bacteria metabolism
in shrimp stomach

Host metabolism
[shrimp stomach]



Metabolic change in AHPND-affected stomach



Metabolic change in AHPND-affected stomach

The top 3 changed metabolic pathways
1. Biosynthesis of unsaturated fatty acids
2. Primary bile acid biosynthesis
3. Fatty acid biosynthesis



Gene-to-gene network of AHPND pathogenesis

S02 > 5HP-P S02 < 5HP-PFPKM

A red line:  a positive correlation between two genes 
A green line: a negative correlation between two genes
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AHPND pathogenesis is associated with
increased bile acids

AHPND infection
Bile acid amount
in stomach

Lower bile acids
the number of  
AHPND-causing bacteria



Bile acids induce biofilm formation in
AHPND‐causing V. parahaemolyticus

Bile acids

Biofilm formation

Primary bile acid metabolites –
taurocholate (a taurine-conjugated form of the primary bile acid)

Taurocholate

Biofilm formation



Bacterial biofilm in the gastrointestinal tract
 What about biofilm
 microbial aggregates on surfaces
 The biofilm lifestyle influences metabolic behaviour of the microbiota
 Polymicrobial biofilms naturally grow throughout the gastrointestinal tract
 both at the epithelial surface and in the lumen as mucin-attached and food particle-attached colonies.

 Abnormal biofilm features
associated with gastrointestinal diseases
characterization of biofilm alterations and cause-to-effect studies are warranted to

elucidate their role in pathophysiology.

Koo et al., 2017; Motta et al., 2021
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Taurocholate also increases the number of planktonic AHPND-
causing Vibrio parahaemolyticus 

Higher concentrations of taurocholate 
a positive effect on the number of planktonic AHPND-causing V. parahaemolyticus.

Taurocholate
Biofilm formation
Planktonic Vibrio.



Shrimp digestive tract and diseases

 In case of AHPND
Microbiota
Stomach metabolism
Biofilm formation
Peritrophic membrane
Cuticle
Epithelial cells
Hepatopancreas

Vibrio colonization, distribution and migration 
27



Peritrophic membrane and Cuticle layer

Peritrophic membrane (PM), cuticle (Cu), ingested food (IF) (Source: Soonthornchai et al., 2015)

Presence of a normal flora in the GI tract of pond-cultured Penaeus monodon

 Peritrophic membrane
 chitin, proteoglycans, and protein [mainly peritrophin; PT]
 Protects the epithelium from ingested bacteria

 Cuticle layer
 a physical barrier to an invading pathogen
 but also important as a mediator of bacterial colonization 28



The role of shrimp stomach structure in AHPND 
pathogenesis

Peritrophic membrane
Peritrophin (PT)

Cuticle layer
 DD9A/B
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 Cuticle layer: DD9A/B

 Stomach

Tissue: Stm
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Tissue: Hep
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 Hepatopancreas

When cuticle layer is disrupted, 
it facilitates the migration of AHPND-causing bacteria from stomach to hepatopancreases

The involvement of gut structure in the colonization 
and the migration of AHPND-causing bacteria
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cuticle 

Lumen 

Peritrophic
membrane

5HP

Bile acids

31



 The use of probiotics

A practical way to promote animal health and 
prevent disease

 Shrimp feed to promote shrimp gut
health

Reduce the risk of disease outbreak

 Breeding program

Genetics shape the gut microbiome

Healthy
Shrimp feed

Our publications 
Microbiota

Bile acids

Taurocholate

2017
2020

2021

DD9A/B

2021

Rho pathway

2018

AHPND Review

2020
Back to aquaculture and raising healthy shrimp

32

http://www.iconarchive.com/show/medical-icons-by-icons-land/Body-DNA-icon.html


S1b

Labrenzia strain #8
Muricauda strain #50
Arenibacter strain #61
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Bio-agent 1
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+
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Changes in microbial communities in stomachs of whiteleg
shrimp after shrimp had been fed 0~0.8% of their mean 
weight in alginate beads containing S1b+all every day for 10 
days or 20 days.
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Does  the  oral  administration  of  0.8%  S1b+all encapsulated with 
co-culture prevent  Vp infection? 

S1b  culture
800 mL

Condensed  
cell suspension

Co-culture Alginate bead 
encapsulation

Feeding 
(10, 20 d)

Virulent Vp strain

Challenge
test

#8, #50 & #61 
(8 x 106 CFU) 
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RPS 18.1%

RPS 15.0%

10 d 20 d

Feeding shrimp with 0.8% alginate bead for 10 or 20 day provides similar 
protection against Vp infection

(S1b+all)



Does  the  immersion also prevent Vp infection? 

S1b  culture
800 mL

Co-culture Immersing (2 weeks) 
(Adding 0~100 mL co-culture/30L/d)

Virulent Vp strain

Challenge
test

#8, #50 & #61 
(8 x 106 CFU) 
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    0 (C)   10 (C)
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RPS 33.2%

Applying a small dose of the S1b+all (10
mL/30L tank water) every day offered the optimal 
protection against Vp infection.

(S1b+all)



Microbiota

Diet

Immunity

Genetics

Digestion & 
absorption

Physical 
barrier Gut

Health

Healthy
Shrimp feed
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國立成功大學
前瞻蝦類養殖國際研發中心
International Center for the Scientific 
Development of Shrimp Aquaculture

ICDSA

Director：Prof. Han-Ching Wang
Principal Investigator：Prof. Chu-Fang Lo

International Center for the Scientific 
Development of Shrimp Aquaculture



Nucleus Breeding Center (NBC)
at Tainan

A shrimp multiplication center 
at Hualien 

Shrimp genome biology laboratory
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Breakthrough of the technology 

溫度：
產卵前：28°C
產卵後：32°C

水質：
經由0.1μm孔徑
過濾的無菌海
水
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International Center for the Scientific 
Development of Shrimp Aquaculture

ICDSA
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10 shrimp viruses free 42
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國立成功大學
前瞻蝦類養殖國際研發中心
International Center for the Scientific 
Development of Shrimp Aquaculture

ICDSA
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Our OA AHPND Review
[ Free to download]

2020

Our OA WSSV Review
[ Free to download]

2021
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