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Background: Antimicrobial Resistance (AMR) is a Global Problem

antimicrobial resistance is spreading globally and soon will lead to higher disease outbreaks in ag industry too
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Background: Multiple Bacteria Can Cause Diseases in Various Aquaculture Species

Vibriosis is caused by multiple Vibrio spp. and impacts many aquaculture species including prawns
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Gram’s Positive
: , ) Fish, shrimps (prawns), lobsters and almost all aquaculture species are
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susceptible to various Vibrio species, particularly in early stages of their life and
«  Streptococcus spp } i ) i
cause huge loss in the aquaculture industry in the event of a disease outbreak

* opportunistic human pathogens



Background: Importance of microbiome in aquaculture
not all bacteria in aquaculture niche are harmful, many improve animal health & productivity
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as such, maintaining a healthy microbiome in aquaculture is of paramount importance
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among many alternatives — bacteriophages are one of the most sought after in the last decade



@ Bacteriophage (phage): natural viruses that kill bacteria
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a virus that infects and replicates within bacteria
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Background: Bacteriophage and its lytic and lysogenic lifestyles

bacteriophages are bacterial viruses that only infect and kill specific bacteria without harming the microbiome

Lytic: infects and always kill the host bacteria \

Lysogenic: does not necessarily kill the host bacteria &
may equip bacteria with toxins (CTX phage in V.
cholerae)



% Background: Bacteriophage and its advantages over antibiotics
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However, a Sighificant challenge of bacteriophage application is its high specificity and rapid
emergence of phage resistant bacteria



% Research aims

To identify Vibrio species that might be pathogen to
aquaculture (prawn)

&

To isolate & characterize truly lytic bacteriophage for
biocontrol of bacterial pathogens in aquaculture
systems
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Bacterial isolation (Vibrio), identification and confirmation with WGS
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@ Phage hunting: Isolation and identification of ‘true’ lytic bacteriophages

Unknown (363)

Unknown (358)
Photobacterium (374)

Vibrio sp. (V359)

V. parahaemolyticus (VP341)
V. parahaemolyticus (VP339)
V. owwesnii (VO362)

V. alginolyticus (VA274)

V. alginolyticus (VA260R1)

V. alginolyticus (VA260)

ISOLATED bacteriophages VIBRIO alginolyticus
against a range of Vibrio and non- one of opportunistic pathogen
Vibrio bacterial species in aquaculture (prawn/oysters)
biobank of > 15 Vibrio phages sucrose fermenter — thus

yellow in TCBS

Transmission electron micrograph of few phage we isolated

Myovirus Podovirus Siphovirus
(Kuravirus)

Phages (n=8) were isolated and purified
against Vibrio alginolyticus
and use for in-vitro killing assays and
antibiofilm analysis



@ Phage killing efficiency and stability across various temperature, pH and salinity
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Our phages has varying killing efficiency
among them two phages (RN7 and RN8 were most effective in
killing the tested bacteria



& Phage killing efficiency and stability across various temperature, pH and salinity
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Our phages were stable in conditions pertinent

to aquaculture (prawn farm)

all our phages were stable across varying temperature, pH and salinity
relevant to prawn farm



@ Anti-biofilm properties of Vibrio phages: Biofilm inhibition and Biofilm eradication

BIOFILM INHIBITION BIOFILM ERADICATION
1. Add bacteria & phage together 1. Grow bacteria only for 48 h
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What this means to a real-world hatchery environment?

*  Biofilm eradication -> Break already formed biofilm (eg inside pipes & tubes) . .
significantly inhibit and eradicate biofilms



@ Why two of our phages are so effective in killing Vibrio?
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& What is bacteriophages with anti-CRISPR are superior to other bacteriophages?
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The cost of phage-resistance: while gaining phage resistance bacteria develops a
defective ‘efflux system’ and as such may become less-virulent
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Ongoing... a rapid Vibrio identification SOP based on dual-culture and development
of in-vivo strategies for on-farm phage-bacteria sensitivity testing (under <2 h)

Step 1 Step 2

Dual culture-based identification of Vibrio Rapid on-farm phage-bacteria susceptibility screening
up to species level to make rational decision of phage sensitivity
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Control
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Dual plate streaking is Simple and inexpensive as A rapid on-farm colorimetric assay (<2 h) to test the sensitivity

TCBS plating is routinely done in farms/hatcheries of phage against target bacteria isolated from the diseased animal



@ Future research direction and technology transfer strategies

MICROBIOME MODULATOR BIO-SANITATION

Direct release in water for hard-to reach
biofilm control

Prophylactic / probiotics to promote healthy
microbiome

BIOCONTROL

POST-HARVEST

Direct release in water (bathing) in
events of disease outbreak

as preservative in ready-to-eat (RTE)
packaging to control spoilage

LOOKING FOR PARTNERS & OPEN FOR COLLABORATIONS...



% Motto and long-term goal

Antibiotics-FREE-Food
from farm to fork

MICROBIOME MODULATOR BIO-SANITATION

Prophylactic / probiotics to promote Direct release in water for hard-to
healthy microbiome reach biofilm control

BIOCONTROL POST-HARVEST

Direct release in water (bathing) in as preservative in ready-to-eat
events of disease outbreak (RTE) packaging to control spoilage

LOOKING FOR PARTNERS & OPEN FOR COLLABORATIONS...
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Global prospects for BAFASAL®

The EU authorisation of BAFASAL® marks an important step towards broader international

EL LT MThe product is already registered in India and Brazil, with regulatory approval processes ongoing

in several other countries.

BAFASAL® is a liquid zootechnical feed additive composed of carefully selected bacteriophages developed
to reduce the presence of Salmonelio Enteritidis in poultry production. It acts selectively, targeting
pathogens while supporting a balanced gut microbicta. Administered via drinking water, it integrates easily

into standard farming practices.

BAFASAL® is gaining recognition as a modern and effective solution for poultry producers, enabling a more
precise, microbiome-friendly approach to flock health management. It can also support strategies aimed at

reducing or optimising the use of antibiotics, aligning with the goals of sustainable animal production.

suye200s - BAFASAL’is a liquid zootechnical feed additive composed of carefully
selected bacteriophages to reduce the presence of Salmonella Enteritidis
in poultry.

- acts selectively, targeting pathogens while supporting a balanced gut
microbiota (microbiome-friendly approach).

- administered via drinking water, it integrates easily into standard farming

This decision has now been formally adopted and published in the Official Journal of the European Union p ra Ctl ces.

(link) on 15 July 2025, and the new Regulation will er‘\ter into force on 5 August 2025. This ?s a _ Support Strategies aimed at reducing or OptImISIng the use Of antibiotiCS,

groundbreaking step for the European poultry sector, paving the way for broader use of feed additives . . . . . .

based on phage technology in everyday farming practice. Bacteriophages, as natural viruses specifically a l|gn | ng W|th the goa l.S Of Susta Ina ble ani mal. pI’Od u Ct|0n .

targeting harmful bacteria, represent a safe, precise, and innovative alternative to traditional methods of _ reduce Sa/mone”a Enter|t|d|s Conta mination When ad ministered Via d rin k|ng

combating bacterial threats in animal production. . .

water or liquid complementary feed

The EU Approves BAFASAL® - First Bacteriophage-
Based Zootechnical Feed Additive for Poultry

Proteon Pharmaceuticals is pleased to confirm that BAFASAL®, its pioneering bacteriophage-based

eed additive, has received full regulatory approval from the European Union for use in poultry.
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