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Indian AquacultureIndian Aquaculture Culture systemsCulture systems

 Finfish cultureFinfish culture
Freshwater: CarpsFreshwater: Carps

Natural water bodiesNatural water bodies
DugDug--out Pondsout Ponds

•• Freshwater: Carps, Freshwater: Carps, 
catfish, tilapia, many catfish, tilapia, many 
ornamental fishornamental fish

ExtensiveExtensive
Modified extensiveModified extensive

•• Saltwater: Mullet, sea Saltwater: Mullet, sea 
bass, etcbass, etc

Modified extensiveModified extensive
SemiSemi--intensiveintensive
IntensiveIntensive

 Shellfish culture Shellfish culture 
•• Freshwater:Freshwater:

FlowFlow--through systemsthrough systems
•• Freshwater:   Freshwater:   

MacrobrachiumMacrobrachium spp.spp.
•• Saltwater: Saltwater: 

RecirculatingRecirculating systemssystems
(Rarely)(Rarely)

PenaeusPenaeus spp.spp.
6/26/20186/26/2018 22



Fish may be raised/farmed forFish may be raised/farmed for
 Human consumption (e g carps catfish tilapia)Human consumption (e g carps catfish tilapia) Human consumption (e.g. carps, catfish, tilapia)Human consumption (e.g. carps, catfish, tilapia)
 Restoring native populations in the wild (Ranging)Restoring native populations in the wild (Ranging)
 Stocking for fishing (culture based capture fishery)Stocking for fishing (culture based capture fishery)
 Bait and Aquariums/hobbyBait and Aquariums/hobby

Major freshwater fish species cultured in India

Major and 
minor carps

Exotic carps Catfish Other species

Catla catla, 
L b hit

Cyprinus carpio, 
Ct h d

Clarias batrachus, 
C i i

Oreochromis
biLabeo rohita,  

Cirrhinus
mrigala
L. bata, 
L lb

Ctenopharyngodon
idella, 
Hypophthalmychthys
molitrix, 
A i ti hth bili

C. gariepinus, 
C. macrocephalus
Heteropneustes
fossilis, 
P i

mossambicus, 
O. niloticus, 
Anabas 
testudineus, 
Chit l hit lL. calbasu, 

Puntius
javanicus
Puntius spp., 
t

Aristichthys nobilis,
Mylopharyngodon
piceus, etc

P. pangasius, 
Pangasius sutchi, 
Pangasinodon
hypophthalmus, 
O k bd

Chitala chitala
Channa spp. ,
Piaractus
brachypomus, 
tetc Ompak pabda, 

Sperata gulio
S. tangra, etc

etc
Ornamental fish 
species6/26/20186/26/2018 33



Diseases in AquacultureDiseases in AquacultureDiseases in AquacultureDiseases in Aquaculture

 Carps Carps 
 CatfishCatfish CatfishCatfish
 TilapiaTilapia
 SalmonidsSalmonids
 ShrimpShrimp ShrimpShrimp
 AbaloneAbalone
 OystersOysters
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WhyWhy areare diseasesdiseases importantimportant toto aquaculture?aquaculture?
 19711971:: FlexibacterFlexibacter columnariscolumnaris,, aa bacterium,bacterium, killskills 1414,, ,,

millionmillion wildwild fishfish inin KlamathKlamath LakeLake

 DevelopingDeveloping countriescountries inin AsiaAsia lostlost atat leastleast USUS$$14001400
millionmillion duedue toto diseasesdiseases inin 19901990 alonealonemillionmillion duedue toto diseasesdiseases inin 19901990 alonealone..

 WorldWorld BankBank reportreport:: globalglobal losseslosses duedue toto shrimpshrimp
diseasedisease areare aroundaround USUS$$ 33 thousandthousand millionmillion

 InIn 20102010,, aquacultureaquaculture inin ChinaChina sufferedsuffered productionproduction
losseslosses ofof worthworth USUS$$ 33..33 billionbillion causedcaused byby
diseasesdiseases naturalnatural disastersdisasters pollutionpollution etcetcdiseases,diseases, naturalnatural disasters,disasters, pollution,pollution, etcetc..

 GlobalGlobal AquacultureAquaculture AllianceAlliance worldworld surveysurvey
ti t dti t d tt b tb t 2222%% didi ll ii 20012001estimatedestimated atat aboutabout 2222%% diseasedisease lossloss inin 20012001

 TotalTotal lossloss forfor thethe pastpast 1515 yearsyears probablyprobably ininTotalTotal lossloss forfor thethe pastpast 1515 yearsyears probablyprobably inin
excessexcess ofof $$1515 billionbillion
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Available estimates of economic losses due to EUS

CountryCountry YearYear AmountAmountCountryCountry YearYear AmountAmount

Thailand Thailand 
Bangladesh Bangladesh 

19831983--19931993
19881988--19891989

US$ 100 MUS$ 100 M
US$ 4.8 MUS$ 4.8 Mgg

Indonesia Indonesia 
Pakistan Pakistan 
Eastern AustraliaEastern Australia

19801980--19871987
19961996
AnnuallyAnnually

US$ 235 000US$ 235 000
US$ 300 000US$ 300 000
US$ 700 000US$ 700 000Eastern Australia Eastern Australia 

India (Bihar, Orissa and Kerala)India (Bihar, Orissa and Kerala)
Sri LankaSri Lanka

AnnuallyAnnually
19891989--19921992
Up to 1993Up to 1993

US$ 700 000US$ 700 000
US$ 870,000US$ 870,000
US$ 800,000US$ 800,000

Losses of US$ 1.0 million due to disease-induced mortality andLosses of US$ 1.0 million due to disease induced mortality and
impaired growth are incurred annually in Andhra Pradesh.

The total losses due to argulosis in Indian carp culture have beeng p
estimated as Rs. 29,524.40/ha/year.
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1.31% 0.44%

Finfish diseases (n=459)
Bacterial

F l

3.49%
1.53%
1.31%
1.31%

5.66%2.61%
Fungal

Viral

0.44%
3.49%

Parasitic

Genetic disorder

16.12%

Nutritional

Vertebral deformity

62.31%

Skeletal deformity

Neoplasia

2.83%
1.96%

Neoplasia

Envirionmental

PFM SyndromePFM Syndrome

NormalMajor diseasesMajor diseases6/26/20186/26/2018 77



Disease managementDisease management
•• Antibiotics:Antibiotics:

•• UUsedsed inin aquacultureaquaculture pondsponds toto controlcontrol
diseasedisease

 Pond managementPond management
 AquadrugsAquadrugs diseasedisease..

 AntibioticsAntibiotics enterenter thethe waterwater columncolumn andand
areare ingestedingested byby wildwild aquaticaquatic lifelife

 AquadrugsAquadrugs
 ChemotherapyChemotherapy
 AntibiothreapyAntibiothreapy

 DrugDrug residuesresidues exceededexceeded safesafe levelslevels inin
wildwild fishfish aroundaround aquacultureaquaculture netsnets..

 Immunotherapy    Immunotherapy    

 AntibioticAntibiotic usageusage raisesraises thethe riskrisk ofof
bacteriabacteria becomingbecoming MDRMDR

TheThe Un eg lated/Un eg lated/ napp o ednapp o ed d gsd gs TheThe Unregulated/Unregulated/ unapprovedunapproved drugsdrugs
administeredadministered toto aquaculturedaquacultured fishfish posepose aa
potentialpotential humanhuman healthhealth hazardhazard

 TheseThese substancessubstances maymay bebe carcinogenic,carcinogenic,
allergenic,allergenic, and/orand/or maymay causecause antibioticantibiotic
resistanceresistance inin manman
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Approved Drugs for Use in Aquaculture

6/26/20186/26/2018 1010



In India:In India:
Approval on aquadrugs or approved aquadrugs list: Nil 
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MPEDA ‐ Residue Control activities: 

 Testing of samples under NRCP. (LC-MS-MS) 

 Pre‐harvest testing of Aquaculture produce (by ELISA/LC‐MS-MS) 

 Awareness campaigns in farming areas in all the maritime states Awareness campaigns in farming areas in all the maritime states

 Monitoring of farming activities and hatchery operations6/26/20186/26/2018 1212



Current status of AMR surveillanceCurrent status of AMR surveillance
LaboratoryLaboratory--based surveillance (LBS)based surveillance (LBS)
 LaboratoryLaboratory--basedbased datadata withoutwithout linkagelinkage toto

farm/pond/speciesfarm/pond/species informationinformation isis frequentlyfrequently
usedused toto studystudy thethe AMRAMRusedused toto studystudy thethe AMRAMR..

NN ll it iit i NoNo regularregular monitoringmonitoring

 LBSLBS approachapproach doesdoes notnot provideprovide informationinformation
onon thethe extentextent ofof thethe problemproblem inin thethe
populationpopulation andand isis notnot promotedpromoted inin GLASSGLASSpopulationpopulation andand isis notnot promotedpromoted inin GLASSGLASS..
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Clinical and Laboratory Standards Institute
Aquaculture Guidelines for In-vitro Antibiotic 

Susceptibility Testing

Clinical and Laboratory Standards Institute

Susceptibility Testing

 Disk diffusion testing
 MIC testing
 Interpreting test results

6/26/20186/26/2018 1414



 GlobalGlobal surveillancesurveillance programmesprogrammes thatthat monitormonitor GlobalGlobal surveillancesurveillance programmesprogrammes thatthat monitormonitor
resistanceresistance inin specificspecific bacterialbacterial pathogens,pathogens, suchsuch asas
MycobacteriumMycobacterium tuberculosistuberculosis andand NeisseriaNeisseria gonorrhoeaegonorrhoeae,,
hh bb ii ll ffhavehave beenbeen inin placeplace forfor manymany yearsyears..

 InternationalInternational standardsstandards onon AMRAMR surveillancesurveillance andand InternationalInternational standardsstandards onon AMRAMR surveillancesurveillance andand
monitoringmonitoring programmesprogrammes existexist forfor somesome aspectsaspects ofof
animalanimal healthhealth..

 StandardsStandards acrossacross thethe medical,medical, veterinary,veterinary, agriculturalagricultural
andand environmentalenvironmental sectorssectors areare notnot harmonizedharmonized exceptexceptandand environmentalenvironmental sectorssectors areare notnot harmonized,harmonized, exceptexcept
forfor foodfood--borneborne andand zoonoticzoonotic bacteriabacteria..
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Priority specimens and pathogens for surveillance of AMRPriority specimens and pathogens for surveillance of AMR
 Human Samples:Human Samples: Blood urineBlood urine faecesfaeces Urethral andUrethral and Human Samples:Human Samples: Blood, urine, Blood, urine, faecesfaeces, Urethral and , Urethral and 

cervical swabs cervical swabs 
 WHO list: Critical priority (3), high priority (6) and medium priority  (3) WHO list: Critical priority (3), high priority (6) and medium priority  (3) 
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Target bacteriaTarget bacteria
 FoodFood--borneborne bacteriabacteria::
 Salmonella,Salmonella, CampylobacterCampylobacter
 EE.. coli,coli, EnterococcusEnterococcus sppspp..

OtherOther bacteriabacteria:: StaphylococcusStaphylococcus ClostridiumClostridium OtherOther bacteriabacteria:: Staphylococcus,Staphylococcus, ClostridiumClostridium

 FishFish--borne bacteria: Nilborne bacteria: Nil FishFish borne bacteria: Nilborne bacteria: Nil
 Those associated with aquaculture: Those associated with aquaculture: 
 Marine fish: Marine fish: VibrioVibrio spp.  spp.  pppp
 Freshwater fish: ????Freshwater fish: ????
 ElementsElements ofof aa programmeprogramme ofof IntegratedIntegrated

illill ff AMRAMR ii fi hfi h bb b t ib t isurveillancesurveillance ofof AMRAMR inin fishfish--borneborne bacteriabacteria

 TheThe programmeprogramme should contain the elements as outlinedshould contain the elements as outlined The The programmeprogramme should contain the elements as outlined should contain the elements as outlined 
in Integrated surveillance of AMR in in Integrated surveillance of AMR in foodbornefoodborne bacteria: bacteria: 
Application of a one health approach (WHO, 2017)Application of a one health approach (WHO, 2017)6/26/20186/26/2018 1717



Priority specimens and pathogens for Priority specimens and pathogens for 
surveillance of AMR for fish:surveillance of AMR for fish: NilNilsurveillance of AMR for fish:         surveillance of AMR for fish:         NilNil

 Austin and Austin (2012) Listed >110 bacterial Austin and Austin (2012) Listed >110 bacterial 
pathogens of fishpathogens of fishp gp g

 Level of containment: Not clear Level of containment: Not clear 
 Ranking of pathogens: NilRanking of pathogens: Nil

CLSICLSI O iO i R hR h St d di iSt d di i CLSICLSI -- OngoingOngoing ResearchResearch:: StandardizingStandardizing
methodsmethods andand criteriacriteria forfor interpretinginterpreting testtest resultsresults forfor
fastidiousfastidious bacterialbacterial pathogenspathogens ofof fishfish includingincluding::p gp g gg
-- FlavobacteriumFlavobacterium columnarecolumnare//psychrophilumpsychrophilum
-- StreptococcusStreptococcus spp. (including spp. (including S. S. phocaephocae))
-- VibrioVibrio sppspp..
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Bacterial pathogens transmissible to human beings through contact Bacterial pathogens transmissible to human beings through contact 
with fish living in the wild and fish in aquacultureswith fish living in the wild and fish in aquacultureswith fish living in the wild and fish in aquacultures with fish living in the wild and fish in aquacultures 

 Mycobacterium Mycobacterium spp.spp. Streptococcus Streptococcus iniaeiniae
 PhotobacteriumPhotobacterium damselaedamselae VibrioVibrio alginolyticusalginolyticus
 VibrioVibrio vulnificusvulnificus ErysipelothrixErysipelothrix rhusiopathiaerhusiopathiae VibrioVibrio vulnificusvulnificus ErysipelothrixErysipelothrix rhusiopathiaerhusiopathiae

FoodborneFoodborne pathogens associated with fish and fish productspathogens associated with fish and fish products
 VibrioVibrio parahaemolyticusparahaemolyticus and otherand other vibriosvibrios VibrioVibrio choleraecholerae VibrioVibrio parahaemolyticusparahaemolyticus and other and other vibriosvibrios VibrioVibrio choleraecholerae
 Escherichia coli                                               Escherichia coli                                               AeromonasAeromonas spp. spp. 
 Salmonella Salmonella spp.                                              spp.                                              Staphylococcus Staphylococcus aureusaureus
 ListeriaListeria monocytogenesmonocytogenes ClostridiumClostridium botulinumbotulinum ListeriaListeria monocytogenesmonocytogenes Clostridium Clostridium botulinumbotulinum
 Clostridium Clostridium perfringensperfringens Campylobacter Campylobacter jejunijejuni (rare)(rare)

Other significant bacterial speciesOther significant bacterial speciesOther significant bacterial species Other significant bacterial species 
 DelftiaDelftia acidovoransacidovorans EdwardsiellaEdwardsiella tardatarda
 LegionellaLegionella pneumophilapneumophila PlesiomonasPlesiomonas shigelloidesshigelloides
 ShigellaShigella sppspp ShigellaShigella spp.spp.

6/26/20186/26/2018 1919



Human bacterial pathogens indigenous to 
fish
Clostridium botulimum Vibrio parahaemolyticus
V. cholerae V. vulnificus,,
Other Vibrio spp.                                Listeria monocytogenes
A. hydrophila Other Aeromonas spp.
Plesiomonas shigelloides

PathogenPathogen––antimicrobial combinations on antimicrobial combinations on 
hi h G SS ill h dhi h G SS ill h d ililwhich GLASS will gather data:    which GLASS will gather data:    NilNil

Antibiotics: Antibiotics: 
O tet lineO tet line/ tet line/ tet lineOxytetracyclineOxytetracycline/ tetracycline, / tetracycline, 
SulfadimethoxineSulfadimethoxine and and OrmetoprimOrmetoprim, , 
FlorfenicolFlorfenicol****FlorfenicolFlorfenicol   
EnrofloxacinEnrofloxacin* * 6/26/20186/26/2018 2020



Antibiotic use in IndiaAntibiotic use in India

 InIn 20102010,, IndiaIndia waswas thethe world’sworld’s largestlargest consumerconsumer ofof antibioticsantibiotics forfor humanhuman
healthhealth atat 1212..99 xx 101099 unitsunits ((1010..77 unitsunits perper person)person)..

 TheThe nextnext largestlargest consumersconsumers werewere ChinaChina atat 1010..00 xx101099 unitsunits andand thethe USUS atat
66..88 xx101099 unitsunits ((2222..00 unitsunits perper person)person)..

7676%% ff thth llll ii ii l b ll b l tibi titibi ti titi b tb t 7676%% ofof thethe overalloverall increaseincrease inin globalglobal antibioticantibiotic consumptionconsumption betweenbetween
20002000 andand 20102010 waswas attributableattributable toto BRICSBRICS countries,countries, ii..ee..,, Brazil,Brazil, Russia,Russia,
India,India, China,China, andand SouthSouth AfricaAfrica..

 AmpicillinAmpicillin andand coco--trimoxazoletrimoxazole useuse isis decliningdeclining inin India,India, whilewhile quinolonequinolone
consumptionconsumption isis highhigh andand increasingincreasing inin IndiaIndia..

 TheThe scalescale--upup inin antibioticantibiotic useuse inin IndiaIndia hashas beenbeen enabledenabled byby rapidrapid
economiceconomic growthgrowth andand risingrising incomes,incomes, whichwhich havehave notnot translatedtranslated intointo
improvementsimprovements inin water,water, sanitation,sanitation, andand publicpublic healthhealth
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This network will focus on 
(i) diarrhea (e.g., Shigella, Vibrio
cholerae), 

(ii) enteric fever (e.g., Salmonella
Typhi, S. Paratyphi), 

(iii) sepsis caused by Entero-
bacteriaceae (e.g., E. coli, Klebsiella
pneumoniae), 

(iv) other Gram-negative organisms 
(e.g., Pseudomonas aeruginosa, 
Acinectobacter baumannii),

h h bli h d
(v) Gram-positive bacteria (e.g., MRSA 
and vancomycin-resistant 
enterococci [VRE]), 

The ICMR has established a
National Programme on AMR
surveillance in ten laboratories
based at academic centers and

(vi) fungal infections (e.g., Candida
spp.), and 

( ii) i t th

based at academic centers and
covering priority pathogens
identified by the World Health
Organization (vii) respiratory pathogens 

(e.g., Streptococcus pneumoniae).
6/26/20186/26/2018 2222
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ICAR: All India Network Project on ICAR: All India Network Project on 
FISH HEALTH:FISH HEALTH:

Thematic area I: Thematic area I: 

FISH HEALTH: FISH HEALTH: (July 2015(July 2015--MarchMarch 2020) 2020) –– 10 centers 10 centers 

 ClassificationClassification andand categorisationcategorisation ofof aquacultureaquaculture drugs/drugs/ chemicalschemicals andand
settingsetting standardsstandards

Aquaculture medicines and therapeuticsAquaculture medicines and therapeutics

settingsetting standardsstandards

•• QuestionnaireQuestionnaire basedbased collectioncollection ofof informationinformation onon thethe medicines/drugsmedicines/drugs andand
testingtesting kitskits usedused inin aquacultureaquaculture

 AddressingAddressing thethe foodfood safetysafety concernsconcerns ofof aquacultureaquaculture drugsdrugs

•• EvaluationEvaluation ofof efficiencyefficiency (dose(dose andand schedule)schedule) ofof activeactive ingredientsingredients
•• DeterminationDetermination ofof biosafetybiosafety ofof OTCOTC andand withdrawalwithdrawal periodperiodDeterminationDetermination ofof biosafetybiosafety ofof OTCOTC andand withdrawalwithdrawal periodperiod
•• ResiduesResidues inin aquacultureaquaculture sedimentssediments andand waterwater

 DrugDrug:: OTCOTC againstagainst AeromonasAeromonas hydrophilahydrophila andand AA.. caviaecaviae infectioninfection inin
tilapiatilapiatilapiatilapia
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ThematicThematic areaarea IIII:: StrategiesStrategies forfor diseasedisease
preventionprevention includingincluding biosecuritybiosecurity andand quarantinequarantine
 Popularizing Popularizing biosecuritybiosecurity protocols and BMPsprotocols and BMPs

•• AwarenessAwareness programs/meetingsprograms/meetings onon BMPsBMPs inin aquacultureaquaculture

pp gg yy qq

•• AwarenessAwareness programs/meetingsprograms/meetings onon BMPsBMPs inin aquacultureaquaculture
•• TrainingTraining programsprograms forfor stakeholdersstakeholders onon principlesprinciples andand

practicepractice ofof BMPsBMPs
Ad i iAd i i tt t k h ldt k h ld ii i li l ll•• AdvisoriesAdvisories toto stakeholdersstakeholders inin regionalregional languageslanguages

ThematicThematic areaarea IIIIII:: EconomicEconomic lossloss assessmentassessment ofof
aquaticaquatic animalanimal diseasesdiseasesaquaticaquatic animalanimal diseasesdiseases
AssessmentAssessment ofof economiceconomic impactimpact ofof majormajor aquacultureaquaculture diseasesdiseases

National Surveillance National Surveillance ProgrammeProgramme on on 
Aquatic Animal Diseases: Aquatic Animal Diseases: 

20132013-- 2018: 32 centers 2018: 32 centers 
6/26/20186/26/2018 2424



revalence of diseases/ abnormalities in freshwater food fish inP          WB revalence of diseases/ abnormalities in freshwater food fish inP          WB 

Aeromoniasis Ergasilus infestation Mixed bacterial infection
Anoxia Flavobacteriosis Mixed parasitic infection

Argulosis Flectobacillosis Myxoboliasis

Bacillus infection Eye disease Nematode infestation

Bacterial gill disease Fin and tail rot Nutritional deficiencyBacterial gill disease Fin and tail rot Nutritional deficiency

Black gill disease  Fish opercula deformity syndrome Pacu fry mortality syndrome

Cauliflower disease Genetic disorder Pancreatitis

Citrobacter freundii infection Gill disease/rot/necrosis Pseudomoniasis
Chilodenella infestation Gyrodactylosis Ruptured intestine syndrome

Chryseobacterium infection Haemorrhagic blister Scoliosis

Columnaris Haemorrhagic septicaemia Skeletal deformity

Corynebacterium infection Hepatitis Spinning disease

Cutaneous haemorrhage Ich disease Stenotrophomonas maltophilia
infection

Dactylogyrus infestation Ichthyoboda infestation StreptococcosisDactylogyrus infestation Ichthyoboda infestation Streptococcosis

Dermatitis Kidney myxoboliasis Thelohanellosis
Dropsy Lactobacillosis Trematode infestation
Edwardsiellosis Leech infestation Trichodina infestation
Egg disease Lernaeasis Tumour / Neoplasia
Enterobacteriaceae infection Lordosis Ulcer
Epizootic ulcerative syndrome Microcystis intoxication6/26/20186/26/2018 2525



Antibiotic susceptibility of bacterial strains (n=45/66) Antibiotic susceptibility of bacterial strains (n=45/66) 
from diseased tilapia and shrimpfrom diseased tilapia and shrimpfrom diseased tilapia and shrimpfrom diseased tilapia and shrimp

Antibiotics, µg/disc Tilapia: Number of strains 
[Motile aeromonads] (n=45)

Shrimp: Number of strains 
[Vibrios] (n=66)

Susceptible Resistant Susceptible Resistant

Amoxyclav, 30 9 36 1 65

Chloramphenicol,  30 34 11 64 2

Ciprofloxacin 5 15 30 39 27Ciprofloxacin, 5 15 30 39 27

Clindamycin, 2  2 43 0 66

Co-trimoxazole, 25 28 17 57 9

Erythromycin, 15 0 45 1 65

Gatifloxacin, 5  29 16 44 22

Gentamycin, 10 14 31 30 36

Nitrofurantoin, 300 12 33 32 34

Oxytetracycline, 30 32 13 55 11

Sulphafurazole   300 36 9 59 7Sulphafurazole,  300 36 9 59 7

Vancomycin, 30 0 45 0 666/26/20186/26/2018 2626



Antimicrobial use and salmon/trout production, Antimicrobial use and salmon/trout production, 
Norway, after introduction of Norway, after introduction of vaccination, 1994vaccination, 1994yy

Source: FAO/OIE/WHO Expert consultation on antimicrobial use in aquaculture and antimicrobial resistance, 2006
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Antibiotics usage in Chilean salmon farms
during 2015 = 660 g/ton salmon producedduring 2015 = 660 g/ton salmon produced
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Th kTh k Thank you Thank you 

6/26/20186/26/2018 2929


