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Animal use for experimental work in the UK
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Advantages of developing
non-mammalian animal models

@ Ethically more acceptable

® Experiments are more cost effective

® Less labour intensive

® Can be used at an earlier project stage

® Larger experimental groups can be used providing greater power
® Can capture the complexity of a whole animal system

® Some have immune systems
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Galleria mellonella (waxmoth)
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G. mellonella larvae

® Easy to inject with precise doses
® Incubate at 37°C
® Possess an innate immune system

® Well developed and tested model
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Challenge of G. mellonella larvae

® Dosing via prolegs

® Disease is typically associated with a
colour change

® End points either morbidity or mortality

CFU 106 104 102
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Biofilm challenge models

International Journal of Antimicrobial Agents
Volume 46, Issue 5, November 2015, Pages 538-545

ELSEVIER

Evaluation of antibiotic efficacy against infections
caused by planktonic or biofilm cultures of’
Pseudomonas aeruginosa and Klebsiella pneumoniae

biofilm establishment implantationin larvae
in Galleria mellonella

on bristles via proleg

Gabriel Benthall * &, Rebecca E. Touzel %, Charlotte K. Hind 2, Richard W. Titbal ®, ). Mark Sutton ?, Rachael J.
Thomas %, Matthew E. Wand * & &

Show more

hitps:f/doi.org/10.1016/).ijantimicag.2015.07.014 Get rights and content
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E. faecalis biofilm on bristle bristlis
]

Lara Thieme, Institute of Infectious Diseases and Infection
Control, Jena University Hospital, Germany
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Morbidity and mortality scoring

The G. mellonella Health Index Scoring System

Category Description Score

activity no movement
minimal movement on stimulation
move when stimulated
move without stimulation
cocoon formation no cocoon
partial cocoon
full cocoon
melanisation black larvae
black spots on brown larvae
23 spots on beige larvae
<3 spots on beige larvae
no melanisation

survival dead

alive

Loh, J.M., et al., Galleria mellonella larvae as an infection model for group A streptococcus. Virulence, 2013. 4:
419-28.
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Humans, mice and insects

% of human protein coding genes shared with;

Poultry 60%
pr—
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The G. mellonella immune system

Cellular immunity Pro-PO system

Pro-phenoloxidase Pathogen recognition

(TOLL, IMD, JAK/STAT,
Hemocytes Phenoloxidase JINK)

Antimicrobial peptides

Melanin

Spherulocyte m

Wi

Plasmatocyte Granular cell
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Cellular immunity

Hemocytes Neutrophils

Phagocytosis Lectin-mediated

ROS 02-, H202, NO-

Degranulation Yes

AMPS Peroxynectin, trapsferrm,
lysozyme, defensin

Receptors TLRs, B-1,3-glucan, IL-IR

Transcription factors NFkB, IkB

Cascades IMD, JNK, JAK-STAT

Kinases p38 MAPK, ERK, PKC, PKA

Neutrophil extracellular nets

(NET) NET-like structures present

Lectin-mediated
02-, H202, NO-
Yes

MPO, transferrin, lysozyme,
defensin

TLRs, B-1,3-glucan, IL-IR

NFkB, IkB

IMD, JNK, JAK-STAT

p38 MAPK, ERK, PKC, PKA

NETs present

Browne N, Heelan M, Kavanagh K. Virulence. 2013 4:597-603.
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Immuno-suppression enhances disease severity

Journal of Invertebrate Fathology 98 (2008) 287-292

Contents lists available at ScienceDirect

Journal of Invertebrate Pathology
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Effective immunosuppression with dexamethasone phosphate

in the Galleria mellonella larva infection model resulting Immunosuppressive effect of cyclosporin A on insect humoral immune response

in enhanced virulence of Escherichia coli and Klebsiella

preumoniae

Miquel Perez Torres' - Frances Entwistle’ - Peler J. Conte' D
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Cyclosporin A suppressed humoral immune response of Galleria mellonela larvae. Insects were immu-
rith LPS Pseudomonas aeruginosa and then injected with cyclosporin A Immunosuppressive effects
pressed both, in larvae treated with cyclosporin A at the initial phase of immune response and at
ctor phase of antibacterial immunity. Cyclosporin A moderately decreased lysozyme activity and

Myriocin Significantly Increases the Mortality of a Non-

Mammalian Model Host during Candida Pathogenesis

Nadja Rodrigues de Melo', Ahmed Abdrahman’, Carolyn Greig?, Krishnendu Mukherjee’,
Catherine Thornton', Norman A. Ratdliffe™*, Andreas Vilcinskas®, Tariq M. Butt™

't bacterial pathogen P. aeruginosa.

ickn 19, 20-033 [ubflin, Poland

anty decreased antibacterial activity peptides against Fscherichia coli. Immunosuppressive effects
sporin A were observed after immunoblotting with antibodies anti-G. mellonella lysozyme. Tricine
GE shown that synthesis of antibacterial peptides of larvae treated with cyclosporin A was consid-
nhibited. Insects of impaired immune response by cyclosporin A action lost protective immunity

@ 2008 Elsevier Inc. All rights reserved.
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Abstract

Candida albicans is a major human pathogen whose treatment is challenging due to antifungal drug toxicity, drug
mmmumdmmﬂmmmmmmmmm ipremtso!d
by i k nent. MYR also has i
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moth (Galleria meflonela) larvae, altematives to mice, were used to establish  MYR suppressed insect immunity and
increased survival of C albicans-infected insects. MYR effects were studied in vivo and in vitro, and compared alone and
combined with those of approved antifungal drugs, fluconazole (FLC) and amphotericin B (AMPH). Insect immune defenses
faded to inhibit C albicans with high mortalties. In insects pretreated with the drug followed by C. abicans inoculation,
MYR:C albicans significantly increased mortality to 93% from 67% with C albicans alone 48 h post-infection whilst
AMPH:C albicans and FLC+C albicans only showed 26% and 0% mortalities, respectively. MYR combinations with other
antfungal drugs in vivo akso enhanced lanvl mortalities, contrasting the synergistic antifungal effect of the MYR+AMPH
‘combination in vitro. MYR treatment influenced immunity and stress management gene expression during C abicans
pathogenesis, modulating transcripts putatively associated with signal transduction/requiation of cytokines, Happa8
kinase/NF-kappaB cascade, G-protein coupled receptor and inflammation. In contrast, al stress management gene
expression was down-regulated in FLC and AMPH pretreated C. albicans -infected insects. Results are discussed with their
implications for dlinical use of MYR to treat sphingolipid-associated disorders.
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@ do not have an adaptive immune system

@ larvae purchased as pet food are variable in
age, size and health status

@ antibiotics and hormones are commonly used

in feedstuffs

@ microbial flora on the surface and within larvae
can result in different results from replicate
experiments
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Disadvantages of Galleria mellonella

[P

Tender, plump and nutritious, Vita-Bugs Live Waxworms are a
great way to provide natural diversity to your pet's dist.
Promotes enhanced immune response, coloration and improved
overall animal health.

Waxworms - Galleria mellonella

Waxworms are the larval stage of the Greater Wax Moth
(Galleria mellonella).

Waxworms for Pet Food

Wasxworms are a widely used food source for both caged and
wild birds, reptiles, amphibians, and small animals such as sugar
gliders and hedgehogs. Waxworms are soft bodied, fat grubs
with small heads. They make an excellent addition to your pets’
diet. Waxworms are about the best food for sick or
malnourished animals, quickly allowing the animal to gain
weight.

One of the best ways to keep animals healthy is to provide a
diverse diet. Waxworms are a fantastic way of providing
nutritional diversity. Animals absolutely love the taste of them.
Waxworms are easily digested and a favorite food source of
many pets and fish.

Waxworms for Wild Birds

Live Waxworms will entice insect-eaters to your feeder. We've
taken a tip from our friends in England, who always feed live
waxworms to their garden birds. Plumper than mealworms, live
waxworms appeal to bluebirds, Flickers, woodpeckers, and
others and provide protein, potassium and fat to their diet.

Birds that enjoy this feed: blucbirds, cardinals, flickers, javs,
kinglets, arioles, robins, tanagers, thrushes, titmice, warblers,
waxuings, woodpeckers and others.

Waxworms for Fishing

Large, milky-white waxworms make dynamite bait for trout,
small bass, small channel catfish, whitefish and panfish such as
perch, crappie and bluegill. Some days, panfish will hit nothing
else. Meatier than spikes (maggots), wax worms share the same
creamy-white color.

Waxworms are commonly used for ice fishing or in open water.
Keep them fresh and lively by preventing them from freezing
and change your bait frequently. Tobacco tins kept in an inside
pocket are popular and effective. A tip for targeting bigger fish,
or fishing in murky water is to use waxworms, instead of smaller
baits.

Wasoworm use is not limited to winter fishing. Keep fish
interested during the open water season by using wax worms
effectively. Especially after a weather front, or when heavily
pressured, larger panfish will often respond te these tasty
morsels when they will not respond to worms or minnows.
Because fewer anglers are using waxworms, they are different
from the usual bait that fish are used to seeing in heavily fished
waters.

Shipping Bulk Waxworms

Our Bulk 1000 Count Waxworms are shipped one of two
ways: 1) Without Bedding, or, 2) Packaged in four 250ct cups
with wood shaving bedding. Select packaging method at

L

Bulk Crickets: Vita-Buas 500
Count $27.95

Bulk Giant Meslworms: Vita-
Bugs 1000 Count $40.95

framomidon
Bulk Mealworms: Vita-Bugs 5000
Count $64.95

European Nightcrawlers Bulk By
The Pound $52.95

Bulk Red Wigglers By The Pound
$46.95

Canadian Nightcrawler 500
Count Bulk Flat $164.95
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Sources of larvae

® Research grade larvae (TruLarv™)
® Genetically defined breeding colony
® Age and weight matched
@ Raised without addition of antibiotics or hormones
® Surface decontaminated

® Batch documentation and quality control



Sources of larvae

Pet food grade G. mellonella
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In both studies groups of 10
larvae per test groups were used
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grade larvae or Trularv were
repeated three times
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*Rk% ) < 0,001

Wagley S et al., Virulence. 2018 9:197-207
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® Compare wild type and mutT
mutants of V.
parahaemolyticus

@ Cannot discriminate using pet
food larvae (8 separate
studies)

® Can clearly see the difference
using research grade larvae



Applications

® Infection models to study virulence
® Antimicrobial Drug screening

® Chemical toxicity testing
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Infection models to study virulence



Burkholderia pseudomallel

® Etiological agent of melioidosis

® Estimated global incidence
165,000 cases (42,000 deaths)

® The most frequent cause of
community acquired
septicaemia in N. Thailand

® B. thailandensis is a low-
virulence relative
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Intracellular lifestyles of B. pseudomallei and B.
thailandensis
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Copyright © 2000 Nature Publishing Group
Nature Reviews | Microbiology

Wiersinga WJ et al. Nature Reviews Microbiology 4, 272-282 (April 2006) | doi:10.1038/nrmicro1385
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G. mellonella reveals differences in virulence
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Burkholderia are able to invade hemocytes
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Thomas et al. 2013 Galleria mellonella as a model system to test the pharmacokinetics and efficacy of
antibiotics against Burkholderia pseudomallei. Int. J. Anti. Agents. 41(4): 330-336
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B. pseudomallei treA mutant is attenuated in G.

mellonella and in mice
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Trehalase plays a role in macrophage colonization
and virulence of Burkholderia pseudomallei in
insect and mammalian hosts

Muthita Vanaporn, Mitali Sarkar-Tyson, Andrea Kovacs-Simon, Philip M.

Ireland, Pornpan Pumirat, Sunee Korbsrisate, Richard W. Titball & Aaron
Butt
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Figure 6. Virulence of B. pseudomallei wild type or AtreA mutant
in G. mellonella larvae or in mice. (A) Groups of 10 G. mellonella
larvae were challenged with 10° CFU of B. pseudomallei K96243
or the AtreA mutant. Values represent the mean from 3 indepen-
dent experiments. Error bars show SEM. * = p < 0.05 following
2 way Anova, Sidak's multiple comparisons test. (B) Groups of
6 BALB/c mice challenged via i.p. route with 3.4 x 10* CFU of
B. pseudomallei K96243 (solid line) or 6.7 x 10* CFU of the AtreA
mutant (dotted line).



G. mellonella bacterial infection models reported

Acinetobacter baumannii
Acinetobacter indicus
Acinetobacter nosocomialis
Acinetobacter pittii
Actinobacillus pleuropneumoniae
Bacillus anthracis

Bacillus cereus

Brucella melitensis

Brucella suis

Burkholderia ambifaria
Burkholderia cepacia complex
Burkholderia cenocepacia
Burkholderia mallei
Burkholderia multivorans
Burkholderia pseudomallei
Campylobacter jejuni

Clostridium difficile
Cronobacter sakazakii
Coxiella burnettii
Enterobacter cloacae
Enterococcus faecalis
Enterococcus faecium
Escherichia coli
Escherichia coli EXPEC
Escherichia coli UPEC

(Peleg et al. 2009a; Hornsey and Wareham 2011)

(Klotz et al. 2017)

(Chusri et al. 2014)

(Chusri et al. 2014)

(Pereira et al. 2015)

(Blower et al. 2017)

(Salamitou et al. 2000; Fedhila et al. 2006)
(Sprynski et al. 2014)

(Sprynski et al. 2014)
(Vial et al. 2010)

(Seed and Dennis 2008; Tegos et al. 2012)
(Uehlinger et al. 2009; Schwager et al. 2013)
(Schell et al. 2008)

(Silva et al. 2011; Schmerk and Valvano 2013)
(Schell et al. 2008; Wand et al. 2011)
(Champion et al. 2010b; Askoura and Stintzi
2017)

(Nale et al. 2016)

(Abbasifar et al. 2014)

(Norville et al. 2014; Martinez et al. 2016)
(Betts et al. 2014a)

(Gaspar et al. 2009)

(Lebreton et al. 2011)

(Dudziak and Jozwik 1969)

(Dudziak and Jozwik 1969; Nathan 2014

(Alghoribi et al. 2014)

Notable exception; Neisseria
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Escherichia coli EPEC
Escherichia coli EAEG
Escherichia coli EHEC
Francisella philomiragia
Francisella tularensis
Helicobacter pylori
Klebsiella pneumoniae
Legionella pneumophila
Listeria monocytogenes
Proteus mirabilis
Pseudomonas aeruginosa
Salmonella enterica Typhimurium
Serratia marcescens
Shigella sonnei

Staphylococcus aureus (including MRSA)

Stenotrophomonas maltophilia
Streptococcus mutans
Streptococcus pneumoniae
Streptococcus pyogenes
Streptococcus suis

Group A streptococci

Vibrio anguillarum

Vibrio cholera

Yersinia entercolitica
Yersinia pestis

Yersinia pseudotuberculosis

(Leuko and Raivio 2012; Younas et al. 2016)
(Jonsson et al. 2016)

(Morgan et al. 2014)

(Propst et al. 2016)

(Aperis et al. 2007)
(Giannouli et al. 2014)

(Insua et al. 2013; Benthall et al. 2015)

(Harding et al. 2012; Harding et al. 2013)
(Mukherjee et al. 2010; Browne and Kavanagh 2013)
(Howery et al. 2016)

(Kropinski and Chadwick 1975; Jander et al. 2000)

(Kurstak and Vega 1968; Viegas et al. 2013)
(Chadwick et al. 1990; Gruber et al. 2015)

(Mahmoud et al. 2016)

(Peleg et al. 2009b; Boakes et al. 2016)
(Nicoletti et al. 2011; Betts et al. 2014b)
(Abranches et al. 2011; Bitoun et al. 2012)
(Evans and Rozen 2012; Loh et al. 2013)
(Olsen et al. 2011)

(Velikova et al. 2016)

(Olsen et al. 2011; Loh et al. 2013)
(McMillan et al. 2015)

(Nuidate et al. 2016)

(Fuchs et al. 2008)

(Erickson et al. 2011; Ford et al. 2014)

(Champion et al. 2009; Strong et al. 2011)
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Aspergillus fumigatus
Candida albicans

Candida auris

Candida dubliniensis
Candida glabrata

Candida kefyr

Candida krusei

Candida lusitaniae

Candida novergensis
Candida parapsilosis complex
Candida tropicalis
Cryptococcus deneoformans
Cryptococcus gattii
Cryptococcus neoformans
Paracoccidioides brasiliensis
Paracoccidioides lutzii
Scedosporium boydii
Scedosporium aurantiacum
Sporothrix brasiliensis
Sporothrix schenckii
Trichosporon asahii
Trichosporon asteroids
Trichosporon inkin

G. mellonella fungal infection models reported

(Jackson, Higgins et al. 2009, Geissel, Penka et al. 2017)
(Cotter, Doyle et al. 2000, Brennan, Thomas et al. 2002)
(Borman, Szekely et al. 2016)

(Junqueira, Fuchs et al. 2011)

(Junqueira, Fuchs et al. 2011, Borghi, Andreoni et al. 2014)
(Junqueira, Fuchs et al. 2011)

(Junqueira, Fuchs et al. 2011)

(Junqueira, Fuchs et al. 2011)

(Junqueira, Fuchs et al. 2011)

(Gago, Garcia-Rodas et al. 2014, Souza, Fuchs et al. 2015)
(Mesa-Arango, Forastiero et al. 2013, Moralez, Perini et al. 2016)
(Gago, Serrano et al. 2017)

(Firacative, Duan et al. 2014)

(Mylonakis, Moreno et al. 2005)

(de Lacorte Singulani, Scorzoni et al. 2016)

(de Lacorte Singulani, Scorzoni et al. 2016)
(Rollin-Pinheiro, de Meirelles et al. 2017)

(Rollin-Pinheiro, de Meirelles et al. 2017)

(Clavijo-Giraldo, Matinez-Alvarez et al. 2016)
(Clavijo-Giraldo, Matinez-Alvarez et al. 2016)

(Marine, Bom et al. 2015)

(Marine, Bom et al. 2015)

(Marine, Bom et al. 2015)

Notable exception; Pneumoncystis murina



Antimicrobial drug screening



Antibiotic resistance of B. pseudomallel

® Resistant to many antibiotics
® many penicillins

macrolides

aminoglycosides

early cephalosporins

polymyxins

rifamycins

®©® ®©® ®©® ©@ @®

® Usually treated with
@ ceftazidime
® (doxycline)
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Can clinically relevant antibiotics rescue G.
mellonella?

Antibiotic Sensitive/Resistant Lipid Soluble Hypothesis for
activity in vivo

ceftazidime (120mg/kg) Sensitive Yes Yes
doxycycline (80mg/kg) Sensitive Yes Yes
kanamycin (15mg/kg) Sensitive No No
gentamycin (3mg/kg) Resistant No No
ciprofloxacin (20mg/kg) Sensitive Yes Yes
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G. mellonella predicts the efficacy of clinically relevant

antimicrobials

% Survival at 24 hpi
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Antibiotic

y 4

Challenge with 10* CFU of
Burkholderia
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Dose with antibiotic,
scaled from human dose



Timing of antibiotic dosing affects outcome

Ceftazidime

Percent survival
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Antibiotic clearance from G. mellonella hemolymph

ceftazidime (120 mg/kg) imipenem (50 mg/kg);
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doxycycline ciprofloxacin (20 mg/kg)
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Antibiotics were administered to the larvae at doses scaled from the human dose on a weight basis and the concentration
of antibiotic in haemolymph determined. Graph shows median and each replicate.
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Antibiotic pharmacokinetics in humans and in G. mellonella

Human

Antibiotic Dose Dose Cmax AUC Half life
(mg/kg/day) (ug/ml) (h*ug/mL)  (hours)

Ceftazidime 120 6 g day!tiv 89.6 1496 11.89

Ciprofloxacin 20 750 mgdaylpo 4.3 31.6 4

Doxycycline 3.3 200 mgdaylpo 2.6-5.9 40-123 13-25

G. mellonella

Antibiotic Cmax AUC Half life
(ug/ml) (h*ug/mL) (hours)
Ceftazidime 134.18 2047.85 8.15
Ciprofloxacin 26.98 522.25 10.42
Doxycycline 80.48 299.59 17.04
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Existing antimicrobials tested in G. mellonella

drug class drug

ANTIBACTERIAL
Penicillins Piperacillin

Meropenem

Ampicillin
Doripenem
Imipenem
Penicillin
cefotaxime
Ceftazidime
Amikacin
Gentamicin
Kanamycin
Streptomycin
colistin

Cephalosporins

Aminoglycosides

Polymyxins

Glycylcylines
Rifamycins
Tetracyclines

Tigecycline
Rifampicin
Doxycycline
Tetracycline
Vancomycin
Ciprofloxacin
Levofloxacin

Glycopeptides
Fluoroquinolones

Lipopeptide Daptomycin

Macrolide Azithromycin

ANTIFUNGAL

Triazoles Fluconazole
Voriconazole

Polyenes amphotericin B

Pyrimidine analogues
Lipopeptide

Flucytosine
Caspofungin

UNIVERSITY OF
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pathogen

P. aeruginosa
P. aeruginosa, Acinetobacter baumannii

E. faecium

Acinetobacter baumannii

. pseudomallei

. aureus (MSSA & MRSA)

. aeruginosa, Acinetobacter baumannii
. pseudomallei

. aeruginosa

. faecium, Acinetobacter baumannii

. pseudomallei

. tularensis

Stenotrophomonas maltophilia, Acinetobacter baumannii

MWMTUVW®WTUWOVW

Stenotrophomonas maltophilia

Stenotrophomonas maltophilia

Coxiella burnettii, B. pseudomallei

Acinetobacter baumannii

S. aureus (MSSA & MRSA), Acinetobacter baumannii
B. pseudomallei, F. tularensis

P. aeruginosa, F. tularensis

S. aureus (MSSA & MRSA)

F. tularensis

C. albicans, C. tropicalis, Trichosporon asahii, Trichosporon asteroides and

Trichosporon inkin

C. tropicalis, C. krusei, Trichosporon asahii, Trichosporon asteroides and

Trichosporon inkin

C. albicans, C. tropicalis, C. krusei, Aspergillus terreus, Cryptococcus
neoformans

C. albicans, Cryptococcus neoformans

C. krusei, C. tropicalis

reference

(Hill et al. 2014; Krezdorn et al. 2014; Adamson et al. 2015)
(Peleg et al. 2009; Hill et al. 2014; Krezdorn et al. 2014; Adamson
et al. 2015)

(Chibebe Junior et al. 2013)

(O'Hara et al. 2013)

(Thomas et al. 2013)

(Desbhois and Coote 2011)

(Peleg et al. 2009; Hill et al. 2014; Krezdorn et al. 2014)
(Thomas et al. 2013)

(Hill et al. 2014; Krezdorn et al. 2014)

(Peleg et al. 2009; Chibebe Junior et al. 2013)

(Thomas et al. 2013)

(Aperis et al. 2007)

(Hornsey and Wareham 2011; O'Hara et al. 2013; Betts et al. 2014;
Hill et al. 2014)

(Betts et al. 2014)

(Betts et al. 2014)

(Thomas et al. 2013; Norville et al. 2014)

(Peleg et al. 2009)

(Desbois and Coote 2011; O'Hara et al. 2013; Yang et al. 2015)
(Aperis et al. 2007; Thomas et al. 2013)

(Aperis et al. 2007; Hill et al. 2014; Adamson et al. 2015)
(Desbois and Coote 2011)

(Ahmad et al. 2010)

(Forastiero et al. 2013; Li et al. 2013; Mesa-Arango et al. 2013;
Marine et al. 2015)

(Forastiero et al. 2013; Mesa-Arango et al. 2013; Scorzoni et al.
2013; Marine et al. 2015)

(Mylonakis et al. 2005; Forastiero et al. 2013; Li et al. 2013; Mesa-
Arango et al. 2013; Scorzoni et al. 2013; Blatzer et al. 2015)
(Mylonakis et al. 2005; Li et al. 2013)

(Mesa-Arango et al. 2013; Scorzoni et al. 2013)



Testing new therapeutics

® Combinations antibiotics (Betts et al. 2014)(Krezdorn
et al. 2014) (Hornsey and Wareham 2011; Hornsey et
al. 2013; O'Hara et al. 2013)

® Combinations of antifungals (Mylonakis et al. 2005) .

® Combinations of existing and novel drugs (Adamson
et al. 2015) (Blatzer et al. 2015) (Farha et al. 2013)

@ Bacteriophages (Seed and Dennis 2009), or
antibiotics and bacteriophages (Kamal and Dennis
2015)

® Novel drugs (Antunes et al. 2012; Ross-Gillespie et al.

2014)(Koch et al. 2014) (Brackman et al. 2011)
(McKenney et al. 2012)(Bastidas et al. 2012) (Mil-

Homens et al. 2012) (Rowan et al. 2009; Browne et al.

2014) (Vu and Gelli 2010) (Cowen et al. 2009)
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Antimicrobial peptides (Gibreel and Upton 2013)(Dean et al.
2011) (Brown et al. 2008)

Antimicrobial peptides (Gibreel and Upton 2013)(Dean et al.
2011) (Brown et al. 2008)

Plant derived antimicrobials (Favre-Godal et al. 2014)

Antimicrobial photodynamic therapy for (Chibebe Junior et
al. 2013)

Drug delivery systems (Deacon et al. 2015)(Coughlan et al.
2010)

Reports that immunosuppressive drugs, such as myrocin,
enhance the susceptibility of G. mellonella to infection with
Candida albicans and this may allow new opportunities for
the testing of antimicrobials in a clinically relevant model (de
Melo et al. 2013). Similarly, immunosuppression with
cyclospron A reduced resistance of G. mellonella to
infection with P. aeruginosa (Fiolka 2008)



High throughput screening of novel antimicrobials

80

% Survival at 24 hpi

Antibiotic

Thomas et al. 2013 Galleria mellonella as a model system to test the pharmacokinetics and efficacy of antibiotics against
Burkholderia pseudomallei. Int. J. Anti. Agents. 41(4): 330-336
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Bottle neck in discovery of lead compounds

00000

— — 338358 -
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Actinomycete HPLC purification of toxicity screen in efficacy in mice
candidates cell culture

collection
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Rapid lead selection pipeline

Acti nomycete Crude extract efficacy Crude extract toxicity HPLC purification Efficacy and

. screen in Galleria screen in Galleria of candidates toxicity in mice
collection
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The future



Tools to genetically engineer
larvae

N 4
| 4 '\

Technologies to enable high
throughput screening

UNIVERSITY OF

EXETER

nnouncements

EUKARYOTES

L]

Genome Sequence of Galleria mellonella (Greater Wax

Moth)
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Summary

Galleria mellonella larvae are susceptible to infection by a range of
bacterial and fungal pathogens

The model can reflect differences in the virulence of different
strains / mutants (in humans)

The model can be used to screen antimicrobial drugs for efficacy

Cost effective, ethical, high throughput
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