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WHAT WILL REPLACE OUR FAILING 
ANTIBIOTICS?



ANTIBIOTIC
• Secondary metabolites produced by microorganisms that 

inhibit or kill a wide spectrum of other microorganisms

• Antibiotics are effective only against bacteria

• They are  ineffective against viruses, & parasites or most true 
fungi

• Disease prevention measures - Proactive

• Eg: Regular monitoring of water, larval tanks for  bacterial 
counts, levels of luminous / other bacteria

• Chemotherapy- Reactive

• Only after finding definite evidence  of bacterial disease 

• Backed up by data on antibiotic sensitivity of causative agent



BACTERIAL RESISTANCE TO ANTIMICROBIAL 
AGENTS 

Use of antibiotics in aquaculture results in 

Prolonged persistence of drugs in products intended for 

human consumption 

Release of drugs/metabolites to aquatic environment.

Prolonged and indiscriminate use causes

Ineffectiveness of the drug due to the development of 

resistance and  tolerance by the bacteria.

Transfer of antibiotic resistance from aquaculture system 

to water borne human pathogens.



When do we consider a microorganism  RESISTANT?

A bacteria can be termed resistant, if it has the ability to

function, survive or persist in the presence of higher conc. of

an antimicrobial agent than the members of the population

from which it emerged (Smith, 1994)

Intrinsic resistance

Expressed by chromosomal genes 

Extrinsic resistance

Acquired, selective pressure exerted on bacteria 

during antibiotic administration 

Results from

Mutation in chromosomal region 

Acquisition of plasmids and transposons



WHY ARE WE LOOKING FOR ALTERNATIVES ? 

Emergence of resistant pathogens

Build up of pathogens

Chemical residues in shrimp meat

Destroys useful microorganisms

Effectivity in seawater - questionable

Chemicals overused to compensate ineffectivity

Environmental deterioration due to residues



• Diseases are  many and our interventions are even more

• Sometimes rational, most often irrational 

• Driven by avaracious individuals for quick & maximum returns

• No end to greed - disease is an outcome.



DISEASE MANAGEMENT MEASURES

• Biofloc- the buzz word today 

• Probiotics , Bioremediators, Bioaugmentors

• Immunostimulants

• Bacteriophages  or phages

• Herbal preparations

• Feed and pond water management most crucial

• Genetic selection  - PL quality, Brood stock quality



Microbiota Modulation



Mode of Action



Probiotics in aquaculture

De Schryver et al., 2012
(In: Infectious disease in 
aquaculture - prevention 
and control. Woodhead 



• Translate ecological understanding into 
clinical practice: “join them” rather than “beat 
them”

Ecological theory  PROMOTE useful MICROBES 
rather than KILL them.

Join them rather than beat them – Peter Schryver







Bacterial replacement therapy:

•In the natural environment, shrimp eggs and        larvae 
survive and develop in an environment that is rich in bacterial 
populations

How do they survive there ?

-eggs are colonised by commensal flora that are antagonistic to 
pathogens

What are probiotics?

• Live microbial feed supplement that improves the  health of the

animals 

• Also act as biocontrol agents:  Pathogen control in the environment 

•Also as bioremediator : sludge and waste degradation treatment



This alteration in definition is because :
•Microbes added to the water body during their intrusion through the 

intestinal tract may survive there 

•The gastrointestinal biota of fish/ shellfish is a reflection of the water 

biota as a large volume of water passes through/ filtered by them 

Most probiotic preparations belong to: 

▪Bacillus spp.

▪ Family vibrionaceae

▪ The pseudomonads 

▪ Lactic acid bacteria

▪ Yeasts

▪ Nitrosomonas

▪ Nitrobacter

▪ Sulphide oxidisers



SUCCESSFUL PROBIOTIC :

• Antagonistic activity to pathogens

• Colonise the gut

• Afford resistance to disease causing agents

• Competitieve exclusion of the pathogen by competing

for nutrients or adhesion sites
• Immunostimulatory activity

How do probiotics work?

Enzymatic secretions 

Competition for nutrients and space

Degradation of organic matter



Vibrios in the environment

Human pathogenic 
Vibrios

Pathogens of aquatic 
animals

V. cholerae

V. parahaemolyticus

V. vulnificus

Vibrio harveyi

Vibrio anguillarum

Alivibrio 

salmonicida

Vibrio penaecida

Vibrio vulnificus

Vibrio owensii

Vibrio harveyi clade includes eleven species: 

V. harveyi, V. alginolyticus, V.parahaemolyticus, V. campbellii, V. rotiferianus, V. 

mytili, V. natriegens, V. azureus, V. sagamiensis, V. owensii, V. jasicida 



• Some pathogenic bacteria occur naturally in coastal waters 

worldwide

• A few  cause disease outbreaks, depending  on specific 

environmental conditions. 

A good example : Vibrio parahaemolyticus

• Autochthonous to estuarine, marine, and coastal environments.

• Occupies a variety of niches 

• Can exist in a free-swimming state or sessile, attached to inert 

and animate surfaces such as suspended particulate matter, 

zooplankton, fish, and shellfish

• Distribution of  V. parahaemolyticus - related to water 

temperature

• Rarely isolated from seawater until the temperature 

rises to 15ºC and higher





Problem in shrimp hatcheries & farms

Causative agent : Vibrios

Autochthonous flora of  coastal waters

Association with crustaceans 

Animals show luminescence

Bacteria also show luminescence

Luminous Bacterial Disease- Harveyi clade



Other diseases caused by bacteria of 
Harveyi clade - AHPND

New shrimp disease – a global threat

Early Mortality Syndrome (EMS) - old name

Acute Hepatopancreatic Necrosis Syndrome

Identified as a member of Harveyi clade related to V.
parahaemolyticus



What are phages ?

- viruses that infect bacteria

- have lytic and lysogenic life cycle

- lytic phages are good candidates for antibacterial   

therapy

- highly specific to one (rarely another) bacterial  species

- nontoxic to animals and plants

EMERGENCE OF PATHOGENIC BACTERIA RESISTANT TO MOST OF 
THE ANTIMICROBIAL AGENTS HAS BECOME A CRITICAL PROBLEM

Phage therapy – the novel approach





Fig.- Bacteriophage life cycle
Source:http://faculty.irsc.edu/FACULTY/TF

ischer/images/bacteriophage life cycle.jpg



Attributes of phages that supports its therapeutic response

The issue

Fate of drug     

molecule

Concentration of 

the drug

Resistance by 

bacteria

Spread of 

bacterial 

resistance

Limitations of antibiotics

Metabolic destruction of 

molecule as it works

High conc is required

Antibiotics become obsolete 

over time

Broad spectrum

Advantages of phages

Exponential growth 

All or none effect

Co-evolve to overcome 

bacterial mutation

Host specific, do not 

cross species boundaries





VP Phage 

A
VP Phage B

VP Phage C

Plaque Assay



Use of phages to control aquatic diseases is 

promising. Why ?

• Both bacteria and phages are in suspension similar  
to the lab conditions 
•Therapeutic phage can have intimate contact with the pathogens 
of  fish, crustacea and molluscs

•Advantages of Phage as a Biocontrol Agent 
•Normal inhabitant of marine environment 
•Specific 
•Once host population disappears, phages also disappear 
•Harmless to other normal flora, do not affect useful bacteria 
associated with larvae, animals or pond
•Therefore, an ecofriendly management measure
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Vol of phage

Time (hr)

1l 10l 100l 1000l Control
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Issues in phage therapy

Standardization of the dose of phage to be applied under  
various environmental variables

• Salinity (ppt) 20, 25 and 30

• Temperature  20°C, 30°C and 37°C

• pH  6, 7 and 8

• Total disssolved solids



• Phage therapy  in Aquaculture –Lysozyme helps 
overcome  phage resistance

• Role of lysozyme on phage activity 
Lysozyme alone
Phage alone  
Lysozyme and phage together

Attachment of bacteriophage particle 

to cell wall of bacteria 

Madigan et al., 1997



Recombinant lysozyme
expressed from black tiger 
shrimp reduced V. harveyi in sea 
water by 3 log units in 1 hour

We surmised that phage penetration might increase in the
presence of our recombinant shrimp lysozyme.

Tyagi et al., 2007

The penetration of phage
DNA inside the bacteria
is promoted by lysozyme
produced by the phage

Madigan et al., 1997



Expression of the recombinant shrimp lysozyme
Tyagi et al., 2007

• Recombinant E. coli grown in 200 ml of 
LB broth until the OD600 was 0.5-0.7

• 1mM concentrations of IPTG added and 
incubated for 4 hr at 37˚C with constant 
agitation at 150 rpm

• Cells harvested by centrifugation at 
11,000 × g for 5 min

• Polyacrylamide gel electrophoresis 
performed 3 D structure of shrimp 

lysozyme



Zone of inhibition on Solid phase assay by phage

alone, lysozyme alone and phage + lysozyme together.



Phage isolates with respective host bacteria and source

Phages Host bacteriaa Source

Vf V. fischeri Shrimp farm water

Va V. alginolyticus Shrimp hatchery water

Vh V. harveyi Shrimp hatchery water

Vp V. parahaemolyticus Oysters

Vv V. vulnificus Oysters

aBacterial isolates from our own culture collection



Zones of clearing due to phage isolate 

from V. parahaemolyticus

Plaques formed by V. parahaemolyticus phage 

on soft agar



No change in titer of phage at low storage temperatures 

Only at  30  and 370C , reduction  in titer  observed. 

Results  demonstrate  promise for transport and field application

Titre values of phage at different storage temperatures
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APPLICATION

• As prophylactic to prevent build up of   vibrio

pathogens in hatcheries.

• To treat luminous bacterial disease in   

hatcheries and ponds.

• To treat broodstock, eggs, nauplii by dipping

in phage

• To tackle  biofilm formation by vibrios



Phytochemicals as antimicrobials-mode of 
action and their effectiveness 



Name of Plant/product Immunostimulatory activity 

on fish 

Sources

Immunostimulant effect 

of Spirulina

Atlantic salmon, Channel 

catfish, Tilapia.

Gildberg et al., 1996

Duncan and Klesius, 

1996; Park and 

Jeong,1996

Immunostimulant effect 

of Ocimum sanctum leaf 

extract Azadirachta

indica, Piper betle, 

Crossandra

infundibuliformis

Sodium benzoate 

preserved extracts

Enhanced antibody response 

to A. hydrophila.

Increase in antibody 

response and increase in

neutrophil activity in 

Oreochromis mossambicus

Enhanced neutrophil activity 

in Tilapia.

Dinakaran, 2001

Dinakaran, 2001

Venkatalakshmi and

Dinakaran Michael, 2001

Acetone extract of 

Phyllanthus niruri, 

Ocimum sanctum and 

Acalypha indica

Enhanced the antiSRBC

antibody response in Tilapia

Hemapriya, 1997

Herbal applications in aquaculture



Name of Plant/product Immunostimulatory activity on fish Sources

Catheranthus roseus , 

Calotropis

gigantea and Datura 

stromoneum

Immunostimulatory effect on 

Cyprinus carpio

Kiran Kumar, 2001

Aqueous extract of 

neem 

Enhance immune response of

Balb-c mice to sheep red blood 

cells.

Nirjo and Kofi-

Tsekpo, 1999

Leaf extract of neem Higher IgM and IgG levels along 

with increased titer of 

antiovalbumin antibody.

Ray et al., 1996

Neem oil Activate cell-mediated immune 

mechanisms to elicit an enhanced 

response to subsequent mitogenic

or antigenic challenge.

Upadhyay et al., 

1993

Achyranthes aspera Stimulates immunity and increases 

resistance to infection in Indian 

major carps.

Chakrabarti, R. and

Y.V. Rao (2006).

Herbal applications in aquaculture



Name of Plant/product Immunostimulatory activity on fish Sources

Holy basil, Tulsi Ocimum

sanctum

Enhanced immunostimulatory

action in Rohu fish Labeo rohita.

Das et al ., 

2013
Chinese herbs 

(Astragalus radix and 

Scutellaria radix)

non-specific immune response of 

tilapia, Oreochromis niloticus

(feeding period of 3 weeks)

Yin et al., 2006

aqueous extracts of 

mistletoe (Viscum

album), nettle (Urtica

dioica), and ginger 

(Zingiber officinale)

rainbow trout (Oncorhynchus

mykiss)

Dügenci et al., 

2003

water and hexane 

soluble fractions of the 

Indian medicinal plant, 

Solanum trilobatum

nonspecific immune mechanisms 

and disease resistance in 

Oreochromis mossambicus

Divyagnanesw

ari et al., 2007

Aloe vera crude extract Indian common carp (Cyprinus

carpio)

Alishahi et al., 

2010

Herbal applications in aquaculture



• Novel antipathogenic compounds with anti-Quorum
Sensing (anti-QS) property as an alternate to antibiotics to
prevent aquatic diseases caused by antibiotic resistant
bacterial pathogens.



Quorum Sensing
Cell density dependent signalling system in bacteria that controls the expression of 

various genes

Importance of studying QS 
system:

• QS governs:

– Bioluminescence 

– Biofilm formation

– Virulence factors production

– Sporulation 

– Antibiotic  production

– Cell spreading

– Competence

– Production of exotoxins & 
lytic enzymes

Chromobacterium 

violaceum
Vibrio harveyi



Virulence Bioluminescence

Motility Pigment 

production

Biofilms

Factors controlled by 

QS



QS in Vibrio harveyi

Bioluminescence in V. harveyi

QS controlled phenomena in aquatic 
bacterial pathogens

❖ Bioluminescence, protease and chitinase production in 

Vibrio harveyi

❖ Exoproteases and exotoxin production in 

Aeromonas hydrophila

❖ Serine metalloprotease and pigment production in 

V. anguillarum

❖ Biofilm formation in  V. harveyi, V. anguillarum, 

V. vulnificus and A. hydrophila

3-hydroxy-C4-HSL

Furanosyl  borate diester

Signalling molecules in V. harveyi



Anti-QS compounds from various 
natural resources

Delisea pulchra Brominated furanone

Marine micro algae

L-Canavanine

Cuminum cyminum

Medicinal plants

Edible spices

Medicago sativa

Methyl eugenol

Marine bacteria

Bacillus pumilus

4- Phenyl butanoic acid

http://jb.asm.org/content/vol187/issue24/images/large/zjb0240552850001.jpeg
http://www.sciencephoto.com/image/12401/large/B2201862-Bacillus_pumilus,_SEM-SPL.jpg
http://products.prataporganics.com/wp-content/uploads/2011/02/4-phenylbutyric-acid.png




(Impact Factor: 1.395)



Cyanobacteria
• Cyanobacteria (also known as blue–green algae) are highly diverse prokaryotic

Gram negative organisms and well known for their potential bioactive
compounds with various medicinal properties.

Ref: Cyanobacteria: an emerging source for drug discovery,  Singh et al., (2011), The Journal of   

Antibiotics 64, 401–412

Anti-QS compounds from cyanobacteria

Tumonoic acid from marine cyanobacterium Blennothrix

cantharidosmum against V. harveyi – Clark et al., (2008) J

Nat Prod 71:1530–1537.

Malyngolide from the cyanobacterium Lyngbya majuscula

against P. aeruginosa – Dobretsov et al., (2010) Environ

Microbiol Rep 6:739–744.

Lyngbyoic acid from a marine cyanobacterium against P.

aeruginosa – Kwan et al., (2011) Mol Biosyst. 7:1205-16.

6.61%,

2.50%,

7.18%,

7.18%, 

1.30%, 

7.18%, 

8.22%,

No activity Anti-protozoal
Anti-bacterial Anti-viral

Cytotoxic Ptotease inhibitor
Ca ion channel inhibitor



Marine Cyanobacterial Morphological Diversity



Cyanobacteria Compound/Activity Reference

Microcystis

aeruginosa
Microviridin Toxin BE-4, Siatoxin /

Antibiotic, anticancer

Armente and Carmichael, 

1996; Domingos et al. 1999; 

Shi et al., 1999

Synechocystis

trididemni

Didemnin / Anticancer, antiviral Rinehart et al., 1981; Chun et 

al., 1986

Hyella caespitosa Carazostatin / Antifungal Cardellina et al., 1979

Phromidium

ectocarpii

Hierridin, 2, 4-dimethoxy-6-

heptadecyl-phenol /

Antiplasmodial, antibiotic

Murakami et al., 1991

Lyngbya majuscula Sulfolipid amide (bromo, chlor 

and pyrrole) fatty acid (chloro 

sulfo thiazoline) lipopeptides /

Anti HIV, anticancer, Antifungal, 

antimicrobial

Gerwick et al., 1994; Luesch

et al. 2000; Mynderse et al., 

1988; Mitchell et al., 2000; 

Milligan et al., 2000

Scytonema

pseudohofmanni

Scytophycine / Antifungal, 

Antiviral

Srivastava et al., 1998, 1999

Hormothomnion

enteromorphoides

Hormothomnin / Cytotoxic, 

antibiotic

Gerwick, 1990

Calothrix sp Calothrixin / Antimalarial, 

anticancer

Issa, 1999





THANK  YOU


