
SafetySafety of nematodes:of nematodes:
Nematodes Nematodes -- BacteriaBacteria

•• SteinernemaSteinernema sppspp. . 
•• HeterorhabditisHeterorhabditis spp. spp. 



SafetySafety of entomopathogenic of entomopathogenic 
nematodesnematodes

•• EPN EPN usedused in plant in plant protectionprotection sincesince 1939 in USA 1939 in USA 
and 1986 in Europe in and 1986 in Europe in ornamenmtalsornamenmtals, , treetree
nurseriesnurseries, , mushroomsmushrooms, , turfturf and and homehome gardensgardens
withoutwithout anyany knownknown detrimentaldetrimental effectseffects

•• EPN EPN posepose muchmuch lessless threatthreat to to thethe environmentenvironment
((includingincluding personell in personell in productionproduction and and applicationapplication) ) 
thanthan chemicalchemical soilsoil insecticidesinsecticides

•• In In mostmost countriescountries indigenousindigenous ((exoticexotic) ) speciesspecies areare
exemptedexempted fromfrom registrationsregistrations ((macromacro--organismsorganisms))



Use of exotic species with reported Use of exotic species with reported 
detrimental effectsdetrimental effects

•• S. S. scapterisciscapterisci in Florida and Georgiain Florida and Georgia
•• S. S. glaseriglaseri in NL and POR in NL and POR 
•• S. S. riobraveriobrave in many parts of the USAin many parts of the USA
•• S. S. carpocapsaecarpocapsae in Germany (1 natural in Germany (1 natural 

record)record)
•• H. H. bacteriophorabacteriophora in almost all parts in DEin almost all parts in DE
•• CommericalCommerical products from USA and Europe products from USA and Europe 

when used in Asia and LAwhen used in Asia and LA



OECD/COST Workshop OECD/COST Workshop 
MalenteMalente, Germany,1995, Germany,1995

Possible risks to human health:Possible risks to human health:

••No risk to general public, remote to No risk to general public, remote to 
production personnel for allergic reaction production personnel for allergic reaction 
and toxicity when contaminants are presentand toxicity when contaminants are present



•1•General biodiversity

•4•Biological “pollution” with new EPN species

•2•Gene transfer from exotic symbiont to other soil bacteria

•1•Contamination of ground water

•2
•0

•Changes in ecosystem balance
• Local temporary suppression of NTOs
• Permanent suppression of NTOs

•2
•0

•Competitive displacement of native EPN in treated fields
• Temporary
• Permanent

•0•Plants

•2
•2
•1
•1
•1
•0

•Invertebr. Predators
•Invertebr. Parasitoids
•Invertebr. Pollinators
•rare or endangered species
•Earthworms
•Others

•0
•2

•Vertebrates Warm blooded
•Vertebrates Cold blooded

•3
•2
•1

•NTOs in the soil
• NTOs in cryptic environments
• NTOs on foilage

•RATING•RISK  ( 0 = no, 1 = remote, 2 = slight, 3 = moderate, 4 = high, 5 = very high risk)



WhatWhat makesmakes EPN EPN exceptionallyexceptionally
safesafe antagonistsantagonists??

•• LimitedLimited hosthost rangerange in nature in nature 
•• NaturalNatural epizooticsepizootics areare rarerare
•• SteinernemaSteinernema a a relativelyrelatively balancedbalanced associationassociation withwith

hostshosts
•• HeterorhabditisHeterorhabditis epizooticsepizootics moremore oftenoften
•• InsectsInsects defencedefence mechanismsmechanisms covercover EPN and EPN and 

bacteriabacteria, , manymany unspecificunspecific cosmopoliticcosmopolitic enemiesenemies
•• LimitedLimited potential for potential for dispersaldispersal
•• NonNon--pathogenicpathogenic for for vertebratesvertebrates



AlperAlper SusurlukSusurluk: Limited potential to establish: : Limited potential to establish: 
H. H. bacteriophorabacteriophora in in ViciaVicia fabafaba

Field bean Winter-Wheat Clover

Tilling after field bean in October 2002, not after Winter Wheat

Persistence of EPNs from June-2002 to July-2004
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PossiblePossible risksrisks to to humanshumans

•• No No toxicitytoxicity, no pathogenicity/, no pathogenicity/infectivityinfectivity reportedreported
•• OnlyOnly detrimentaldetrimental effecteffect reportedreported isis a a remoteremote allergenicallergenic

reactionreaction of of productionproduction personell personell 
•• BiosysBiosys: 75 : 75 peoplepeople workedworked withwith 5 5 speciesspecies for for overover 12  12  

yearsyears; 1 ; 1 casecase of of dermaldermal reactionreaction to to nematodenematode solutionssolutions
•• CSIRO CSIRO AustraliaAustralia workedworked withwith overover 10 EPN 10 EPN speciesspecies; ; oneone

allergicallergic reactionreaction withwith S. S. carpocapsaecarpocapsae in in thethe eyeeye, , personperson
continuedcontinued workingworking for for thethe pastpast 12 12 yearsyears

•• At CAU 4 At CAU 4 peoplepeople exposedexposed to EPN to EPN speciesspecies fromfrom all all overover thethe
worldworld for 10 for 10 yearsyears withoutwithout anyany allergenicallergenic responseresponse

•• At At KoppertKoppert + + ee--nemanema 3 3 speciesspecies, , BeckerUnderwoodBeckerUnderwood 8 8 
speciesspecies in in productionproduction, no , no detrimentaldetrimental effectseffects reportedreported



SignificanceSignificance of of thethe
associatedassociated bacteriabacteria

EPN dauer juveniles (0,8 mm) Symbiotic bacteria (200-2000 cells) inside DL

Users and consumers of nematode-based products hardly
have a chance to get in contact with the symbiotic bacteria

In infected insects, gut bacteria take over after 1 week.

Symbiotic bacteria never isolated from soil samples.



EffectEffect to to NonNon--TargetTarget
OrganismsOrganisms (NTO)(NTO)

•• InvestigationsInvestigations couldcould onlyonly identifyidentify remoteremote, , 
temporarytemporary effectseffects on NTO, on NTO, includingincluding
predatorspredators, in , in soilsoil and and crypticcryptic environmentsenvironments
and on and on parasitoidsparasitoids of of targettarget organismsorganisms

•• Reports on Reports on thethe effecteffect on on vertebratesvertebrates
((tadpodstadpods) ) werewere not not reproduciblereproducible underunder
natural natural environmentenvironment conditionsconditions

•• CompetitiveCompetitive displacementdisplacement of native EPN of native EPN 
speciesspecies possiblepossible ((temporarytemporary))



EffectEffect on NTO on NTO 
BathonBathon et al.et al., 1996, 1996

•• Release of Release of H. H. megidismegidis and and S. S. feltiaefeltiae on on 
100m100m²² plotsplots in in beechbeech forestforest, , edgeedge of of pinepine
forestforest, , oldold orchardorchard, and , and wheatwheat fieldfield

•• 3 3 yearyear studystudy, 1 , 1 Ph.DPh.D., 2 ., 2 studentsstudents
•• 400.000 400.000 specimensspecimens werewere collectedcollected
•• NTO NTO effecteffect was was temporarytemporary, , spatiallyspatially

restrictedrestricted and and effectedeffected onlyonly partpart of of thethe
affectedaffected populationspopulations
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Reports of Reports of Photorhabdus Photorhabdus 
luminescensluminescens infectinginfecting humanshumans

•• BetweenBetween 1977 and 1989 1977 and 1989 sixsix isolatesisolates in USA in USA 
•• UntilUntil 1999 1999 fourfour isolationsisolations fromfrom AustraliaAustralia
•• InfectionsInfections associatedassociated withwith skinskin lesionslesions
•• SomeSome patientspatients reportedreported spiderspider bitesbites
•• InfectionsInfections oftenoften in in associationassociation withwith otherother human human 

pathogenspathogens (e.g. (e.g. StaphylococcusStaphylococcus aureusaureus))
•• BactericemiaBactericemia reportedreported fromfrom 4 of 4 of thethe 10 10 casescases
•• All All isolatesisolates respondedresponded to to treatmentstreatments withwith antibioticsantibiotics
•• No No casecase of of infectioninfection withwith symbioticsymbiotic PhotorhabdusPhotorhabdus oror

XenorhabdusXenorhabdus reportedreported



Reports of Reports of Photorhabdus Photorhabdus 
luminescensluminescens infectinginfecting humanshumans

•• US US strainsstrains recentlyrecently describeddescribed as as P. P. asymbioticaasymbiotica
•• AustralianAustralian strainsstrains areare moremore closelyclosely relatedrelated to to P. P. 

asymbioticaasymbiotica thanthan to to thethe nematodenematode--symbioticsymbiotic strainsstrains
•• 16S 16S rDNArDNA sequencingsequencing suggestsuggest thatthat AustralianAustralian

strainsstrains shouldshould bebe classifiedclassified as as newnew speciesspecies
((AkhurstAkhurst, pers. , pers. commcomm.).)

•• MolecularMolecular phylogenyphylogeny indicatesindicates thatthat symbioticsymbiotic and and 
asymbioticasymbiotic speciesspecies areare muchmuch lessless relatedrelated thanthan
BacillusBacillus thuringiensisthuringiensis withwith thethe clinicalclinical B. B. anthracisanthracis



RiskRisk assessmentassessment for for Photorhabdus Photorhabdus 
luminescensluminescens necessarynecessary??

•• TheThe riskrisk for for infectioninfection withwith symbioticsymbiotic bacteriabacteria cancan bebe
consideredconsidered to to bebe lowlow consideringconsidering thethe experienceexperience fromfrom
productionproduction plantsplants (3 in USA, 1 AUS, 8 EU)(3 in USA, 1 AUS, 8 EU)

•• An An analysisanalysis of of P.l.P.l. genes has genes has shownshown thatthat manymany
pathogenicity genes pathogenicity genes describeddescribed fromfrom human human pathogenspathogens
areare also also foundfound in in P.l. P.l. ((FfrenchFfrench--ConstantConstant et al.et al. 2000)2000)

•• Growth Growth underunder continuouscontinuous cultureculture conditionsconditions has has shownshown
thatthat P.l.P.l. ((H. H. indicaindica) ) cancan adaptadapt to 39to 39°°C and C and onlyonly at 40at 40°°C C 
growth was growth was inhibitedinhibited (Ehlers (Ehlers et al.et al. 2000)2000)

•• P.l.P.l. fromfrom H. H. indicaindica usedused in in transgenictransgenic maizemaize (Dow, US)(Dow, US)
•• SafetySafety teststests shouldshould bebe conducedconduced beforebefore a a newnew speciesspecies

isis usedused commerciallycommercially in order to in order to protectprotect personellpersonell


