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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

ANTIBIOTICS USE IN A REAL 
WORLD

Niewiadomska et  al. (2019)

30 % 
consumed 

by 
humans

70 % consumed by farmed animals



Background: Multiple Bacteria Can Cause Diseases in Various Aquaculture Species
Vibriosis is caused by multiple Vibrio spp. and impacts many aquaculture species including prawns

Fish, shrimps (prawns), lobsters and almost all aquaculture species are 
susceptible to various Vibrio species, particularly in early stages of their life and 
cause huge loss in the aquaculture industry in the event of a disease outbreak

• Vibrio parahaemolyticus* 
• Vibrio alginolyticus* 
• Vibrio harveyi 
• Vibrio campbellii
• Vibrio owensii
• Vibrio fluvialis*

• Vibrio mimicus 
• Vibrio vulnificus* 
• Vibrio anguillarum
• Vibrio rotiferianus
• Vibrio splendidus 

• Renibacterium salmoninarum

• Streptococcus spp

• Vibrio spp

• Aeromonas hydrophila / salmonicida

• Edwardsiella ictalurid / tarda

• Pseudomonas fluorescence 

• Flavobacterium columnare

• Tenacibaculum spp

• Piscirickettsia salmonis

• Francisella noatunensis

• Yersinia ruckeri

* opportunistic human pathogens

Gram’s Negative

Gram’s Positive



Background: Importance of microbiome in aquaculture
not all bacteria in aquaculture niche are harmful, many improve animal health & productivity

as such, maintaining a healthy microbiome in aquaculture is of paramount importance

&

among many alternatives – bacteriophages are one of the most sought after in the last decade 



Bacteriophage (phage): natural viruses that kill bacteria 
bacteriophages are bacterial viruses that only infect and kill specific bacteria without harming the microbiome

Size = 24-200 nm

/bækˈtɪərioʊfeɪdʒ/

a virus that infects and replicates within bacteria

derived from Ancient Greek φαγεῖν (phagein) 'to devour' and bacteria.

https://en.wikipedia.org/wiki/Help:IPA/English
https://en.wikipedia.org/wiki/Virus
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Ancient_Greek_language
https://en.wiktionary.org/wiki/%CF%86%CE%B1%CE%B3%CE%B5%E1%BF%96%CE%BD#Ancient_Greek


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

KILLS ALL BACTERIA
all bacteria have phages against them

 
HIGH SPECIFICITY

phages are highly specific to their host
 

MINIMAL IMPACT TO MICROBIOME
kills the target bacteria, leaving other microbiome unscathed

 
LOW TOXICITY

does not infect other human, animal or plant cells
 

NOVEL MODE OF ACTIONS
each phage has distinct mode of action

 
LOW DOSE 

phages are self-proliferative when host is present
 

TARGETS BIO-FILMS
has better anti-biofilm penetration than chemicals

 
ANTIBIOTIC & CHEMICAL FREE

can replace antibiotic or chemical treatment
 

EASILY DISCOVERABLE
easily discoverable compared to antibiotics

However, a significant 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  



Bacterial isolation (Vibrio), identification and confirmation with WGS
             

                           

                  

                     

                 

                        

                      

                 

                  

                              

                           

                   

                         

                                   

                                

                               

                                           

                  

                              

                        

                         

Prediction

Confirmation via sequencing

TCBS
color

CAV
color

Vibrio species

V. Alginolyticus / other

V. cholerae / natrigens

V. harveyi 

V. owensii

V. parahaemolyticus /campbellii

V. parahaemolyticus 

V. vulnificus

hsp60 gene amplicon sequencing

Based on these two-selective 
media, farmers will be able to 

identify most of the problematic 
Vibrio species in the farm

TCBS

CAV



Phage hunting: Isolation and identification of ‘true’ lytic bacteriophages 

VIBRIO alginolyticus
one of opportunistic pathogen 
in aquaculture (prawn/oysters)

sucrose fermenter – thus 
yellow in TCBS 

ISOLATED bacteriophages
against a range of Vibrio and non-

Vibrio bacterial species

biobank of > 15 Vibrio phages 

Myovirus Podovirus 
(Kuravirus)

Siphovirus

Phages (n=8) were isolated and purified
against Vibrio alginolyticus 

and use for in-vitro killing assays and 
antibiofilm analysis 

Transmission electron micrograph of few phage we isolated



Phage killing efficiency and stability across various temperature, pH and salinity 

Our phages has varying killing efficiency
among them two phages (RN7 and RN8 were most effective in 

killing the tested bacteria

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

Bacteria only

Bacteria + phage 
(inefficient killing)

Bacteria + phage 
(moderate killing)

Bacteria + phage 
(efficient killing)



Phage killing efficiency and stability across various temperature, pH and salinity 

Our phages has varying killing efficiency
among them two phages (RN7 and RN8 were most effective in 

killing the tested bacteria

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

Bacteria only
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Bacteria + phage 
(efficient killing)



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

What this means to a real-world hatchery environment? 

• Biofilm inhibition ->  Stop bacteria from forming biofilm (slimes ) in the system 

• Biofilm eradication ->  Break already formed biofilm (eg inside pipes & tubes) 

Our Vibrio phages, particularly RN7 and RN8 were able to 

significantly inhibit and eradicate biofilms 

BIOFILM INHIBITION
1. Add bacteria & phage together
2.  Grow for 48 h 
3. Measured the biofilm 

BIOFILM ERADICATION
1. Grow bacteria only for 48 h 
2. Treated the biofilm with phage
3. Measure the biofilm



Why two of our phages are so effective in killing Vibrio? 

Seven of our phages were free from any known toxins, 
AMR genes and lysogenic module, meaning they are 

safe to be used as therapeutics

The ones with most potent bactericidal and antibiofilm 
activity armed with 8 tRNA and 1 anti-CRISPR (Acr) 

proteins which possibly enhanced their antibacterial 
and antibiofilm activity 



What is bacteriophages with anti-CRISPR are superior to other bacteriophages? 

Phages with anti-CRISPR (Acr) protein have 

better immunity against bacterial CRISPR as 

such more lytic and useful 

Phage without Acr protein

Phage with Acr protein



The cost of phage-resistance: while gaining phage resistance bacteria develops a 
defective ‘efflux system’ and as such may become less-virulent 

Vibrio alginolyticus (VA260) gained phage resistance by translocating prophage from 

secondary Chr2 to primary Chr1 in genes responsible for ‘efflux pumps’ (genes 

responsible for antimicrobial resistance) 

⏀Va260-JW1

PacBio HiFi 
Sequencing



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
Dual culture-based identification of Vibrio 

up to species level  

Step 2
Rapid on-farm phage-bacteria susceptibility screening 

to make rational decision of phage sensitivity 

Dual plate streaking is simple and inexpensive as 

TCBS plating is routinely done in farms/hatcheries

Control

Phage A

Phage B

A rapid on-farm colorimetric assay (<2 h) to test the sensitivity 

of phage against target bacteria isolated from the diseased animal   



Future research direction and technology transfer strategies

MICROBIOME MODULATOR

Prophylactic / probiotics to promote healthy 
microbiome

POST-HARVEST 

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

BIOCONTROL

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

BIO-SANITATION

Direct release in water for hard-to reach 
biofilm control 

LOOKING FOR PARTNERS & OPEN FOR COLLABORATIONS…



Motto and long-term goal

MICROBIOME MODULATOR

Prophylactic / probiotics to promote 
healthy microbiome

POST-HARVEST 

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

BIOCONTROL

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

BIO-SANITATION

Direct release in water for hard-to 
reach biofilm control 

LOOKING FOR PARTNERS & OPEN FOR COLLABORATIONS…

Antibiotics-FREE-Food
from farm to fork 



INDUSTRY and UNIVERSITY PARTNERS

Tony Charles | Australian Prawn Farm (APF)

Chris and Fiona | Adelaide Microscopy, The University of Adelaide

Oliver Bibari | University of Tasmania

CSIRO Family and Friends

James W. Wynne  
Senior Research Scientist

CSIRO

Richard S. Taylor 
Senior Experimental Scientist

CSIRO

PROJECT aquaPHAGE TEAM

A C K N O W L E D G E M E N T S

Roshan Nepal
CERC Postdoctoral Fellow

Agriculture & Food (Livestock & Aquaculture)
Roshan.Nepal@csiro.au 
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Antimicrobial 
resistance

Phage 
sensitive

Phage 
resistance

Antimicrobial 
sensitive



- 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 
practices.

- support strategies aimed at reducing or optimising the use of antibiotics, 
aligning with the goals of sustainable animal production.

- reduce Salmonella Enteritidis contamination when administered via drinking 
water or liquid complementary feed
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