UNIVERSITY OF COPENHAGEN

Faculty of Science

Natural enemies of insect production systems:

where are risks and how can we address the risks?

Jargen Eilenberg

Department of Plant and Environmental Sciences
University of Copenhagen, Denmark

Insectinov,

Romainville, Paris, October 10-12 2017



Outline

« Types of natural enemies and their importance

« A survey of insect diseases in commercial production

« Challenges in closed, semi-open and open production facilities
« Diagnostic, methods and a case study: Zophobas and bacteria
* Probiotics

 Insect diseases, are they harmful to humans

« European collaboration



Diseases in insects produced for food and feed

J. Eilenberg!’, .M. Vlak?2, C. Nielsen-LeRoux?, S. Cappellozza* and A.B. Jensen!

Journal of Insects as Food and Feed, 20135, 1(2): 87-102

Natural enemies in insect production systems

J. Ellenberg!”, 5.N. Gasque' and V.1.D. Ros?

SO m e Of o u r 20 1 5 = 2 0 1 7 Department of Plant and Environmental Scdences, University of Copenhagen, Th orvaldsensvej
° ° ° ° 40, 1871 Frederiksberg C., Denmark; *Laboratory of Virology, Wageningen University & Research,
p u b I I Ca t [ o n S O n t h I S S u bj GCt Droevendaalsesteeg 1, 6708 PB Wageningen, the Metherlands; jei@plenku.dk

In Huis, A. (ed) 2017: Insects as Food and Feed from Production
to Consumption. Wageningen University Press, 201-222.

14

Prevention and Management of Diseases in Terrestrial

Invertebrates
Jorgen Eilenberg and Annette Bruun Jensen

Department of Plant and Environmental Sciences, University of Copenhagen, Frederiksberg. Denmaark

In Hajek, A.E. & Shapiro-Ilan, D. (eds) in press: Ecology of
Invertebrate Diseases, John Wiley and Sons



Natural enemies of red palm weeuvil
Rhynchophorus ferrugineus

Big vertebrate predators; small arthropod predators;
parasitoids; phoretic mites; nematodes; insect
pathogenic fungi, virus, microsporidia, and bacteria.
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Table 10.1. Characteristics of selected main taxa of natural enemies of insects. Generalists: infecting or
predating on hosts from taxonomically unrelated taxa (for example different insect orders).

Specialists: infecting or predating either just one host species or several taxonomically

closely related host species.

Types of natural
enemies in insect

Matural enemy taxa Maode of action Huost
specialization production
S systems
vertebrates (birds, reptiles, mammals) or attacking prey from outside and generalists Eilenberg et al 2017:
invertebrates (insects, spiders and mites) killing them
Parasitoids: !\latural enemigs in
insects mainly from the orders Hymenoptera depositing eggs in host; larvae exploit  specialists Isr;ss(:;;?_;mduc“on
and Diptera, including important superfamilies  the host, which will finally die
Chalcidoidea and Ichneumonidea In Huis, A. (ed):
Mematodes: Insects as food and feed
from phylum Mematoda, important genera are entering insect host via body generalists from production to
Steinernema and Heterorhabditis openings, interaction with bacteria consumption o
Viruses: Wageningen University
from different virus families, important oral uptake by insect host, infection  specialists Press, 201-222.
families include Baculoviridae and Parvoviridae  via gut epithel
[densoviruses)
Bacteria- Insect pathogens
from different bacterial families, important penera  oral uptake by insect host, infection  generalists or
are Bacillus, Serratia and Peendomonas via gut epithel specialists Obligate
Fungi: B
from different fungal phyla, most important infection through host cuticle or peneralists or Facultative
are species from Ascomycota and orally, growth in hemolymph specialists Potential
Entomophthoromycota Specialists
e Generalists
unicellular pathogens, a sister group to fungi, an ~ oral uptake by insect host, infection  specialists

important genus is Nosermo

via gut epithel




Insect virus can be responsible for collapse in production systems

A densovirus (AdDNV) frequently occurs in Acheta domesticus

A. domesticus AADNV caused severe epidemics, with huge losses in production as a
result. Replacement of A. domesticus by Gryllus sigillatus to avoid this virus disease

Replacement of A. domesticus could also be other members from the genus Gry/lus
(Gryllus assimilis and Gryllus bimaculatus) since they seem resistant to AADNV

In the USA, such ‘uncontrolled’ introduction of new production cricket species have
led to concerns

Liu et al (2011) Journal of Virology 85: 10069-10078.

Szelei at al (2011) Journal of Invertebrate Pathology 106: 394-399.
Weissmann et al (2012) Zootaxa 3504: 67-88.

Ballenger 2014 https://entomologytoday.org/tag/gryllus-locorojo/
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Table 10,3, Insect virusesinfecting crickets,

Virus name

Acheta domestcus
dersovirg { AdDV)!

Cricket iridow irus { CrIV e

Cricket paralyss virus
(Criv)

G, bimaculatms nod v iros
IGENY)

A, domesticus v lvovirus
(AdVV V)

A, domesticus mind
ambiddensowirus Cad bA TDV)

Virus family [ genome)

Parvovirldae (ssDNA)

Tridoviridae (dsDMNA)

Delstrowiridae (=B BNAY

Nudhiridae (dsDMA)

Urassigned (m=DMA)

Parvanridae (D MA)

Cricket hostspecies

A, domesticus
Crrylfoti s sigillatis
Gryllus locorajo

A, domesticus
Crryllii 5 carmpes iris
Crryllees bimaculatus
Cer il s as sinnlis
Crrylles texensis

Teleogr vl s oceanicus

Teleogrylies commodus

A, domesticus

;. camype gris
G, bdmeculaties
T, oce andcuis

T, commod s
A, dosmes Hews
G, asgimiliz

A, dowres ol s

Susceplible stages

last nymphal stage,
v achilts

v phs and adults

early- o mid-indar
iy mphs

yrnphs (et hal ),
adults (chronic)

unknown

unknown

Pathobiology

retamded grow, anorexh,
ke tharg v fiolknwed by
paralysation, inally
death

reduced fecund ity and
life span, apathy and
disorimtation, death

paralysiz follwed by
death

reduced grow,
uneoording bed and

lethargic behaviour,
firally death

unknown

unknown

References

Meymrdier e al (1977}
Styer and Harman (1991 );
Szeled gt al, (2011);
Welssman et al. (2002)

Kleesples et al, (1999);
Tust and Essbaner (2000 );
Jakaob et al, (2002);
Adamo etal. (20004)

Reinganuwm ef al. (1970, 1981);
Mor rissey and Edwards (1977];
Scattiet al (1981)

Huger (1985);
Wang and Jehle {2009)

Plam etal, (2013a,5)

Plam etal, (2013¢)

I Ciificial species mme Orthopt eran ambldenzovirus §iwwwictronl ine.org ),

 Official species mme Invertebmat e iridescent virus & (IIV-8) (www.ictvonl ine.org ).

Eilenberg et al 2017: Natural enemies in insect production systems. In
Huis, A. (ed):Insects as food and feed from production to consumption
Wageningen University Press, 201-222.



o? UNIVERSITY OF COPENHAGEN

First international survey on insect diseases in insects produced for food and feed

All information will be kept fully confidential with no references to companies or research teams, only anonymous
summary tables will be used for the Wageningen conference May 2014 and possibly in a later publication

1) Insect species produced (Latin and English name)

The 2014/2015 Survey

2) Symptoms on host
» First systematic attempt to collect
3) Effect on population of insects in the production (add an X) |nf0rmat|0n abOUt InSGCt d|SeaseS |n
Severe reduction |:| Some reduction |:| No observed effect |:| prOd UCtlon SyStemS for fOOd and feed
4) How was the disease diagnosed (add an X) ° A one page questlonnary Sent tO
By yourself |:| By an insect pathologist |:| It was not diagnosed |:| CompanleS and OtherS WhO m'ght have
information
5) Name (species or genus or group) of diagnosed insect pathogen (add an X)
* Approx 30 responses
Virus |:| Bacteria I:I Fungi I:I Microsporidia |:| Other |:|
NAME (if KNOWN) ettt et e e s b en e
6) Which actions were taken? If needed add several X

Cleaning (soap etc) |:| Sterilization |:| Quarantine |:| New breeding stock I:I
Notes about action and effect and if problem re-occurred

Jorgen Eilenberg (jei@plen.ku.dk) & Annette Bruun Jensen (abj@plen.ku.dk)

University of Copenhagen, Denmark 2014




Selected results from survey

Acheta domesticus Bacterium sp.
Acheta domesticus Metarhizium sp and Beauveria

bassiana
Acheta domesticus Cricket paralysis virus CrPV

Gryllus bimaculatus Gryllus bimaculatus iridovirus

Beauveria bassiana

Zophobas morio Pseudomonas sp
e

Hermetia illucens Unknown (Bacterium?)

Tenebrio molitor

Increased mortality, red
appearance

Some mortality in population

Collapse of cricket
population, the virus seems to
spread globally

swollen abdomen, strikingly
sluggish, mortality close to
100%

Some mortality in population

Increased mortality, recurrent
problem

Dead adult flies with spores,
epidemic

Elongated and rounded
mature larvae, moving slowly,
then dying

Production insect Symptoms Action

Cleaning of cages

Quarantine, new breeding
stock

Switching to new breeding
stock or even new cricket
species

Occurs occasionally

Cleaning, removal of dead
larvae, quarantine

Removal of dead larvae

Cleaning, removal of dead
flies, quarantine

Quarantine

Eilenberg et al, 2015, plus updates



Closed production facilities

A) Closed production facilities for lesser mealworm (Alphitobius diaperinus). Larvae are
reared in plastic boxes on separate shelves. The Netherlands.

B) Automatic separation of 7enebrio molitorlarvae from substrate. The Netherlands.

C) Closed production facilities for black soldier fly (Hermetia illucens). Larvae are
reared in plastic boxes stacked at several meters height. South Africa.

Predators are of little significance.
Insect pathogen transmission within facility likely to occur.

Transmission of insect pathogens between facility and environment (via food,
substrate, garbage) to some extent possible

Injuries caused by cannibalism or by physical handling likely to occur

Eilenberg & Jensen, book chapter in press  Photo credits. A, B: Proti-Farm, The Netherlands. C: Agri-Protein, South Africa.



Semi-open production facilities

D), E) Semi-open production facilities for house cricket (Acheta domesticus) and black cricket Gry/lus bimaculatus.
New cohorts are started in the different sections at time intervals. Thailand.

Predators (small and large) can be significant.

Transmission of insect pathogens within facility likely to occur. Transmission of insect pathogens between
facility and environment (via air, insects, food, substrate, garbage) possible/likely to occur

Eilenberg & Jensen, book chapter in press

Photo credits: Afton Halloran, Univ. Copenhagen, Denmark.



Outdoor production facilities

K) Outdoor hives for honeybee (Apis mellifera) in almond plantation L
with low biological diversity. California, USA. L) Outdoor hives for /4, &
with medium biological diversity. Denmark. M) Outdoor hives for 4=
with high biological diversity. Tanzania. X

N) Outdoor production/foraging of Mopane moth
Gonimbrasia belina, Zimbabwe

Predators and also parasitoids can be important

Transmission of insect pathogens within facility (hives, cells, trees) possible/likely to occur

Transmission of insect pathogens between facility and environment likely to occur (air, leaves, flowers, insects)

Eilenberg & Jensen, book chapter in press

Photo credits: Annette Bruun Jensen, Univ. Copenhagen, Denmark. http://www.nydailynews.com/life-style/eats/zimbabwe-favorite-snack-mopane-worms-article-1.1247669
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A typical situation:

What is wrong with my 7enebrio
molitorin culture ?

Some get discolored, some die

Is it an insect disease or some
saprophytic microorganisms?

Any action needed?

Photo credits: E. Erin Morris, Univ. Copenhagen
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Diagnosis needed

Bacterium, unknown species

Fungus (Beauveria sp.) infected

Nematode (Steinermena feltiae)
infected

Uninfected

Photo credits: E. Erin Morris, Univ. Copenhagen
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A case: Commercial product, Giant mealworms (Zophobas morio)

- Recurrent problem: 2011-2012
- Weekly losses:10-20% weekly

PhD student

. . . ’ ; Gabriela Maciel-
- Current cleaning: potassium hydroxide & sodium hypochlorite vergara

- Washing: 30-40°C, disinfectant addition in last rinsing

- Early symptoms are detected in 4-6 weeks old larvae

Photo credits: Gabriela Maciel-Vergara
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+ Initial diagnosis and observations:

» Cessation of feeding — curving body

* Larval cannibalism on diseased individuals

* Abnormal pupation and adult development (deformed wings & elytra)

» Dead insects — bad odour and melanization to some extent since first day after death
* No color changes besides melanization (gut disruption)

« Bacilli-like cells growth in hemocoel

» Further characterization: pathogenicity, biochemistry, molecular
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alive insects “curving” larvae melanization:48 hrs after dead

Photo credits: Gabriela Maciel-Vergara
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Information sheet for customer/industry

Insect Disease
Diagnosis

Zophobas morio

A basicrisl apemt (Pacadamon scrapinena ) wa feand i Be e pathapen aftoing i Jevhdm meric
e, congrmed By mulscadar aralyais (T00% mawhl A Bricf oworions of diferonst ackmis reavarch
Bmod hypoftord smad B smanm ff S faeme i e prefustoe o praceisd, @ owel moae
rezsmmendntion iz rrnentimed S zsttiopen e othr mposd me mevtoned xash ot azsion
of fhe pattoges w2 pare sutir s fhr Eashomiosl i fimt weee sovdusid o semmiomeniy
characiization of fie rahopen ASSi : ot e rage o B B whe
[T ity im sty il et o,

Insect Disease
Diagnosis
Zophotas meTic

IMaolecular Analysis — Final diagnose

A e maltme of S prdege bslaied fom Ldna Smd
Izrvae i acid 2nd Exedl sultere waa e te mtas DA
AmpESzaten wan Sems wang = prmea 17F o S0
fom dc 165 ANA gew i beoms. The roda sho
blasing the agomes cbumined comfroed with = 100%
meeh, e poowc of @ bacemi

Facts about
Fss=udomonas
asruginasa

wse

+  Semicih semois oy
Errmmzgmzorand

rergimsaz 22 e prehmge rowpemabie i mo ity derema,
immding mmxan, 24l meel sng diserden 2od Smally, demthaa
2 czmamemes of 2 gemeral Bastmemi

2 Hypotheses for me pathogen to be
presentin the production

Enfisgensm srigin At smz i dming the pradusion
Smz famm comfifom wash om mmpma or smlssee
bamidiny e dam i eve wewded pepakifon or BH Temy
cemrad dadias) remchiz wie ke foe the sspbeb immans
wymm sk get evoroome by Froadoromar st G
Frome) i diz g of fie krvee Wetkmdmmeme matem
ity g

Exsgencm origin ezt somes vepenblo e @ Rl
vy yeey larvach moamed mehmnaion Eom meaen
el (G Samad Sfiifuh e the basem b
e o7 Zovash ol

Overall sanitation process:

» Disinfection protocol
« Diversity in disinfecting agents
» Disposition of discarded infected material

1nil t=mperatara” (Vg
&¥ays, 200)

*  Haa bom inclated
szl i e

* Hibememedom
Ao aemazath
wliresem mshemand
weaz medh iy
Fafmpms mamls

13

Temramimince widhin Sz osbesy B Fappem dum s somibalam b ool vt pet s bgh
e cibacimiz by mpeing S ek v

5 Hinfts of how to prevent/ovoid boctericl diseqses in lorge scale insect
proguction

1 Swmimen przmen yuamd rasis it s Sme amd -

- Esaming St waing wets mepesters o st lom ke 600 O St m waabing & 3 bbby
advaakl optem

- Zoaking of wava e 12 mEn s cderne adeden | 300 prm) Versubim stedd che bo
Gymimm

- Testimg vavimm Sxmising spe (@hes EL ropalaSon sk | wsrh 23 wepmonidinnd was
EDTA fsome dimmizsimt prodush commin sbmsdy S smpoomd - E omumier E385) or

* Sem: guowtioms abost the Sminfocion and produstion procsm ar drawn atths and of this Tepert

4 Methodology
4.1 Eclation of the pathagen

helstien waa fomc by Samestng larvas o SHmmt sage =i Ssh 2nd plaing o Fets Destmac
Agar (PDA) 2nf Mostmimt Agar (4] (Fig L2k Heome g 2o et ssmimet plat=d o
Tix prodomimant sEccerganam fove S0%) waa S mocdsicd in ekt beedh (g 18] and
Tamaimred sim g e vish ke cyeEEEaion.

ip 1) Sumal e in FTAC H) AU S i D0A; 4) qud FUS CUISEM T DuSant S

Photo credits: Gabriela Maciel-Vergara
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What are probiotics?

Defined in 1965 as "Growth promoting factors produced by
microorganisms.” (Lilly and Stillwell 1965).

In 2001, the FAO/WHO referred to them as “Live microorganisms
which when administered in adequate amounts confer a health

benefit to the host”
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Mealworms and bacteria

Screening and Identification

16/10/2017

« Dissection of mealworm guts (focus on gut flora)
* Culture on selective media for Lactic Acid Bacteria, ie.

Lactobacillus and Bifidobacterium.

 Identification to species level and candidate selection

Characterization

» Inhibition ability (antimicrobial activity)
* Colonization potential

Formulation and In-vivo studies

« Delivery of probiotic bacteria
« Storage stability
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European collaboration INSECTPATH’

Develop a European service for diagnosis of insect pathogens, other micro-
organisms and non-infectious diseases in production facilities of insects for food
and feed (7enebrio, Atheta etc) and foraged insects (Formica etc)

Collaboration with research teams on insect production, insect pathology, food
microbiology, animal husbandry, insect ethics and welfare, in Europe and
elsewhere

Collaboration with companies; network activities (for example via COST Actions);
Joint research (national, Nordic, EU); Teaching (PhD level, MSc level)

Collaboration with EAAS (European Federation of Animal Science). New study
commission 2016 about insects.

Collaboration with similar services outside EU. Dept. Entomol. at Mississippi State
Univ.,, USA has an Insect Pathology Service running for decades, offering basic
diagnosis of insect diseases. (http://www.irc.entomology.msstate.edu/service/)
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Foraging, a case: Insects as intermediate host for vertebrate parasites

Formica ants are intermediate hosts of a fluke, lancet liver fluke
(Dicrocoelium dendriticum)

Cercanae become
metacercanae after @
being eaten by an ant,

BAFE Bl A FEQPLE"

hittp:ferww. dpd. cde.gowidpdx

A

Cercariae are releasad from Host becomes infected by

the snail via the respiratory ingestion of infected ants.
pore ina slhme ball.

a snail intermediate

)
&

— h - - I:-._. / A
Miracidia €) s Sporocysts (2] Embryonated eqggs are
== Cercariae @ shad in the feces. A = Infective Stage
A = Diagnostic Stage

Photo credits: Joanna Malagocka, Univ. Copenhagen



Foraging, a case: Insects as intermediate host for vertebrate parasites

1) Dicrocoelium dendriticum (Phylum Platyhelminthes) fulfills the
criterions for being regarded as an insect pathogen. For example, it
manipulates the behaviour of infected ants

2) Studies on D. dendriticum may be undertaken from veterinary
parasitology, food safety or insect pathology perspective

3) D. dendriticum metacercariae in host ants Formica polyctena are killed
after exposure to different treatments of ants: freezing, boiling and
ethanol. as. Jensen, J. Malagocka, B.L. Fredensborg, J . Eilenberg in prep for submission in September

4) Advice: do not eat Formica ants raw, and be very cautious when
eating other insects raw



Harmful microorganisms as potential insect pathogens

Insects harbour many microorganisms. The microbial community in 7. molitor larvae
included Propionibacterium, Haemophilius, Staphylococcus and Clostridium. For L.
migratoria genera Weissella, Lactococcus and Yersinia were common (Stoops et al 2015).
Some of these microorganisms may act as potential insect pathogens, for example
Staphylocoocus aureus infection in 7. molitor, Dorling et al (2015).

Human pathogens may be carried by insects, although they do not seem to be insect
pathogens. Listeria innocua did not colonize the gut of 7. molitor, while it survived inside
the gut upon freeze-drying (Vidal, 2015).

7. molitor has been shown to kill the human pathogen S. aureus within 30 min (Haine et
al (2008).

Is there a possibility that more microorganisms are ‘potential insect pathogens’

Dorling et al Developmental and Comparative Immunology (2014) 10.1016/j.dci.2014.08.010
(Stoops et al 2016) Food Microbiology 53: 122-127
Rosalia Flores Vidal, MSc thesis 2015: Survival of Listeria innocua inside Tenebrio molitor larvae's guts, University of Copenhagen

Haine et al (2008) Science 322: 1257-1259



Conclusions

 Insects in production systems have many natural enemies: predators,
parasitoids, nematodes, fungi, bacteria, virus, microsporidia and more

« Transmission of insect diseases depends on production species and
type of production facilities

- Diagnostic methods need further development
 Direct collaboration with industry to be strengthened
* Probitics may prove a new way to prevent insect diseases

« Joint European initiatives are being developed
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Danish project partners
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http://plen.ku.dk/english/research/organismal biology/insect pathology/insects-as-future-food-and-feed/

KU PLEN Staff on diseases in insects as food and feed: Annette Bruun Jensen,
Antoine Lecocq, Gabriela V. de Maciel, Luna Santacoloma, Jgrgen Eilenberg
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