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Objectives

* Understand the principle of
the methods used and their
limitations

* The complexity of
Aspergillus as a target for
detection

e Optimizing the accuracy of
methods




Analysis of a Positive Sample
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Reality or Mirage?

e Surveys of state data
indicatea 10—20 %
failure rate

e  90% of failures are due to
microbial contaminants

 Fungal contamination
(TYMC and Aspergillus)
continue to be the
leading cause of failure
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What Causes (False) Positive Results?

* Laboratory contamination
e Sample workflow
* Analyst technique
* Reagents
* Non-specific amplification
* Cross-reactions

* Detectable but not
culturable




Molecular Detection Using PCR
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National Human Genome Research Institute, Polymerase Chain Reaction. NIH, 2022
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Molecular Detection Using PCR
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https://www.integra-biosciences.com/japan/en/blog/article/qpcr-how-sybrr-green-and-taqmanr-real-time-pcr-assays-work

What makes Detecting
Aspergillus Difficult?

* From the family Aspergillaceae

 >1000 known species (mostly in
Aspergillus and Penicillium
genera)

* Many species are used in food
production (soy sauce, vinegar),
biotechnology (amylase,
cellulase) and drug industries
(cholesterol drugs)




What makes Detecting
Aspergillus Difficult?

Some strains are pathogenic

Inhalation of spores can lead to
multiple diseases

Produce mycotoxins, known
human carcinogens, cause
other disease and lead to
death.




What makes Detecting
Aspergillus Difficult?

* Traditional process for detection
is enrichment followed by PCR.

e Unlike bacteria, mold often grow
in the form of aggregated
mycelium clumps or pellets

Bioenergy Research Group (hawaii.edu)



http://www2.hawaii.edu/~khanal/fungal/fungalfermentation.html
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What makes Detecting
Aspergillus Difficult?

* When molds grow in this
aggregated form, the growth
kinetics become more complex
leading to higher variation in
growth rates

 Studies indicate that doubling
time for fungal pathogens, such
Aspergillus, isaround 2 —4 h
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A.fumigatus GGGT TCCGATTGAGGCCTC TEEETCCACCT COCACCCGTETCTATCGTACCTTGTTGCTT 61
teeer rer rerrrrrrrrr e e rerrrr e e e e e

LR7 GECTTTCGAGTEACECCTC TEEET ~-CACC TCCCACCCE TETCTATCETACCTTGTTECTT 59

o o b A.fumigatus c cg ; ccgegeccg 121
NERRRNARRR NN A
° LR7 CGGECGGEECCCGECCET TTCGACGECC GCCEEGEAGGCCTTGCGCCCCCGELCCCGCGEOCCE 119

cogARGACCCCAACA TGAACGCTET TCTEARRGTATECAGTCTGAGTTGATTATCGTART 181
PEREREREEE et e e b b e b e e r e e e e e e e errrend

A fumigatus

LR7 CCGARGACCCCARCATGARCGCTGT TCTGARARGTATGCAGTCTGAGTTGATTATCGTAAT 179
.
® Assays a re d es I g n ed fo r A fumigatus CAGTTARARCTTTCAACARCGGATC TCTTGGTTCCGECAT CGATGRAAGARCGCAGCGRAAR 241
FEREREERE e e e e et et et et r e et
l . LR7 CAGT TARRACTTTCAACAACGGATC TCTTGGTTCCGGCAT CEATGRAAGAACGCAGCGARR 239
CO n S e rve S e q u e n Ces I I I t a rg et A. fumigatus TGCGATARG TAATGTGAAT TGCAGAATTCAGTGAATCATCGAGTCTTTGRACGCACATTG 301
. (NN N N e N e NN N A RN E Ry
S p e C I e S LR7 TGCGATAAGTAATCT GAAT TGCAGAATTCAGTGAATCATC GAGTCTTTGARCGCACATTE 299
A.fumigatus CECCCCCTEGETATTC CGEEGEECAT GCCTGTCCEAGCGTCATTECTECCCTCARGCACEE 361
(NN N N e N e NN N A RN E Ry
LR7 CGCCCCCTGGTATTCCGGEGGEGECAT GOCTGE TCCGAGCGTCATTGCTEGCCC TCARGCACGE 359
A. fumigatus CTTGTCTET TEGECCCCCG TCCCCC TCTCCCEEEGEACCEGCCCGAARGGCAGCGECGEC 421
conserved highly variable conserved (RN RN RN RN AR RN RN AR RRRRRREN N EEAEN
sequences sequences sequences LR7 CTTGETGETET TGEECCCCCE TCCCOC TCTCC CEGEGEACEEGCCCGARAGGCAGCEGOGEE 419
Strain A e A, fumigatus ACCGCGTCCGGETCCT CGAGCGTATEGEECT TTET CACCTGCTCT GTAGGCCCGECCEECE 481
]
FEREREER e b e e e bbb r r e e e rrrr el
Strain B LR7 ACCGCGTCCGETCCT CEAGCETATGEEEC TTTETCACC TGCTCTGTAGGCCCGECCGECE 479
S I s |
A.fumigatus CCAGCCGACACCCRACTTTATTTTT CTARGGTTGACCTCGGATCAGGTAGGGATACCCGE 541
(R RN N N e AN N A R
LR7 CCAGCCGACACCCAACTTTATTTTT CTARGGTTGACCT CGGATCAGETAGGEGATACCCGC 539
A, fumigatus TGAACTTARGCATATCAATAAGGCGGAGEAR 572
FEEEREEEE e ceeeeeed
LR7 TGAACTTARGCATATCARTARG-CGGAGGAR 569

Ali, F. et al. (2021). Isolation and identification of Aspergilli causing Banana fruit rot. Open
Journal of Chemistry. 4.8-18.10.30538/psrp-0jc2021.0019.




What makes Detecting
Aspergillus Difficult?
* Multiple clades have evolved

from a single ancestor

e Genetic similarity between
species is conserved

e Reclassification occurs
frequently.
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Steenwyk et al. A Robust Phylogenomic Time Tree for Bictechndogically and Medically
Important Fungi in the Genrera Aspergillus and Penicillium. mBio (10)2019



https://doi.org/10.1128/mBio.00925-19

Determining Cross Reactivity

ADAC SMPRE 2019.001

Standard Method Performance Requirements
{SMPRs?) for Detection of Aspergillus in Cannabis
and Cannabis Products

Intended Use: Consensus-Based Reference Method

1 Purpose

AOAC SMPRs descibe the
performance charcteristics to be used during
method. The evalistion may be an on-site verifl

wm  recommended

thee evaluation of a

mamfacturers, and academic institutions. AOAC SMPRs are used
by AOAC expert review panels in thesr evaluation of validati
stidy data for methods being considered for Performance Tes
Methods™ or AOAC Official Methods of Aualisis™ and can be
used a5 aceeptance crileria for verification af user lsboratories.
[Refer 1o Appendix F: Guidelines for Standard Method
Performance Requirements, Oficial Methods of Analysis of AOAC
ANTERNATIONAL {2019) 21st Ed.. AOAC INTERNATIONAL,
Rockville, MD, USA]

2 Apphicabitity

it methods used to detect Aspe
n

=

niger,
s tereus)

! ery
i (plants oners) andor camnabs
infissed edibles, ar infused nonedibles). Candidate methods may
e validated for specific matrices, categoeies or broader claims, See
“Table | for mairix/category claim aceeptance criteri

3 Analytieal Technique

Any analytical technique that meets the method performance
sequirements is acceptable
4 Definitions

Filamentous, cosmopolitan, snd  ubiquitous
s typically of 19 em
in saze (select species produce 0,31 cm coloaies). Colonies are

powdery in texsure and color varies based on species. Reverse
color is typically uncolored ta pale yellow. Growdh is typical ae
20-34°C. Aspergilles fumigatus is thermotolerant and can grow i1 3
tensperature range of 010 S0°C. For all species, hyphae are septate
and hyaline The comsdiopbores ori
Iocated on the supparting hyphae and terminate in 3 vesicle st the
apex. Vesicle s the typical formation for the genus Asperg:
merphology and color of the canidiophore vary from one species
%o another. Covering the surface of the vesicle entirely (“radiste’
head) or partially only af the upper surface (“columnar™ head) are
the flask-shaped phialides, w
%o the vesiche divectly or are biseriate and attached to
& sprtng cell mtul- e the phislides s he o i
2-5 pm in dismeter) forming radial chais. Other microscopic
stretuees include sclerotia
cells are of key importance in sdentification of some Aspe
species. Cleistothecium is & round, closed strucnme encle

e from the basal foot cell

The

are ither umiseriate and ariached

¢ vesicle via

istothecis, aleuriconidia, and Hulle

the asci which cary the ascospares. The asci are spread 1o the
surrounding when the cleistothecium bursis. Cleistotheciom s
produced dusing the sexual reproduction stage of some Aspergi
idium is a type of conidium produced by Iy

cell. These remnants form annular

e sterile cell bearing a small
it is associated with the sexial

fills at its bose. Hulle cell is o

Uun)‘wmog'\ Vb L,.,dr) ML McAdam,
Richier. 8 8. (Eds) ASM Press, Washington, DC.
.‘U. 2131

J MR, & Pfaller, MA. (2009) €
Churchill Livingstone, New York, NY, USA,

RT. & Larone, D.H. (2018) Larones

i, th Ed, ASM

i \Llhud submitted  for  validation
10AC INTERNATIONAL Me
lation of Micrabiological Methods for Fo
Si Oficial Methods af Analysis of AQAC
INTERNATIONAL (2019) 21st Ed., AOAC INTERNATIONAL,
Rockville, MD, USA]
e mehoe confirmed resu

s Commi

Final result obtained fora

test portion after cultural confirmation of  candidate method.
dote method prevumprive  result —Preliminary result

portion. produced by following & candidate metbod's

Gerus ef flow

ing plants within the Canmabinacene
mily that commoaly contsin S-tetrshydrocannabinl (THC),
cannshidiol (CBD), and athe ids and terpenses. Cannahis
ancludes, but is not limited 1o THC and high-CBD cultivars,

wabis concentrates —Exiracts (primarily composed of
cannabinoids andior terpenes) manufuctured through the extraction
and concentration of compounds derived from the canmabis plant
or flower. Final products can be many forms, including oils, wax,

I

Food and drinks containing extracts
abis andor connabis msterisls (Category 1)

hles —Products containing extracts of
canasbis andior cansbis materials intended 1o be applied to the
or any part thereof. Final produets can be many forms,
creams, ointments, cosmel cxapeutic. pads

c flirwer.—Cieneral terms for the structural arsd
umadulterated parts of the cannabis plant | Category [).
nabis prodiscts, —Products (edible, and noacdible) extracted
sed with conspounds derived from the caumabis plant,
1o, CBD and THC

olving pure nostangel strains, which are
shall be not detected or enumerated
2 ool See Table 4 far 3 list of recommerded
nontarget sirains. [Appersi J: AOAC INTERNATIONAL Methads
tion: of Microbiological Methods
ool and Emvironmental Surfaces, Offieial Methods of
lysis af AQAC INTERNATIONAL (2019) 21st Ed, AOAC
INTERNATIONAL, Rockville, MD, USA]
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Table 4. Aspergilius exclusivity panel®

Organism

Reference ID
(where applicable)

Acinetobacter baumanii

Alternia alternata

Aspergillus aculeatus

Aspergillus alabamensis

Aspergillus brasiliensis Varga et al.
Aspergillus caesiellus

Aspergillus carbonarius

Aspergillus carneus

Aspergillus clavatus

Aspergillus deflectus

Aspergillus fijiensis Varga et al.
Aspergillus fischeri

Aspergillus glaucus

Aspergillus janponicus

Aspergillus nidulans

Aspergillus oryzae (Ahlburg) Cohn
Aspergillus parasiticus Speare
Aspergillus pseudoterreus Peterson et al.
Aspergillus steynii

Aspergillus tamarii

Aspergillus tubingensis (Schober) Mosseray
Aspergillus tubingensis (Schober) Mosseray
Aspergillus ustus

Aspergillus versicolor

ATCC 9642°

ATCC 20611°

ATCC 10124~
ATCC 15517"
ATCC 10020

ATCC 1004°
ATCC 10550°




Determining Cross -

1 Acinetobacter baumanii ATCC 19606 Urine - -
° ® 2 Alternia alternata ATCC 6663 Nat Available - -
3 Aspergillus aculeatus ATCC 24147 Nat Avzilable - -

" - Wireless radio
‘ a ( : I V I 4 Aspergillus frasiensis ATCC 9642 equipment, New South Wales, Australia - -
5 Aspergillus casiellus ATCC 42693 Dried chilies, New Guinea - -
6 Aspergillus carbonarius ATCC MYA-4641 Grape berry, Brindis, Apulia, Italy - -
7 Aspergillus clavatus ATCC 1007 Nat Available - -
a8 Aspergillus deflectus ATCC 62502 Wheat, China - -
g Aspergillus fijiensis ATCC 20611 Nat Available - -
o Aspergillus niveo-glaucus ATCC 10075 Nat Available - -
1 AspoigHermpen ATCC 16873 Sail, Panama =

12 Aspergillus nidulans ATCC 38163 Nat Available

13 Aspergillus aryzae ATCC 10124 Nat Available

14 Aspergillus porasiticus Speare ATCC 15517 Nat Available

15 Aspergillus pseudoterreus ATCC 10020 Nat Available
15 e i ATCC 1005 tomato =
. . 17 Aspergillus tubingensis ATCC 1004 Nat Avzilable - -
conserved highly variable conserved 18 Aspergillus tubingensis ATCC 10550 Not Available . .
sequences sequences sequences 19 Aspergillus ustus ATCC 1041 Culture contzsinment, USA - -
20 Aspergillus versicolar ATCC 11730 Cellophane gas mask, India - -
Strain A 1 Botrytis cinerea Persoon ATCC 11542 Azalea flowers, Washington, D.C. - -
| ] 2 Candida albicans ATCC 10231 Man with bronchamycasis - -
. 23 Cryptococcus laurentil ATCC 18803 Palm wine, malaffou, Congo - -
Strain B b2 Cryptococcus neoformans ATCC 208821 Patient with Hodgkin's disease, New York - -
_—_ 25 Fusarium profiferatum ATCC 76097 Raw cotton, North Carclina - -
% Fusoriam axysporu JrrT— Celery, Apium gm{ec#j;;var dulce, California, i i
7 Fusarium solani ATCC 52628 Cardamom fruit pod, Elettaria cardamomum, : :

Guatemala
28 Mucor circinefloides ATCC 38592 NfA - -
29 Mucor hiemalis ATCC 28935 Soil in spruce forest, Germany - -
30 Penicillium chrysogenum ATCC 18476 Cheese?, USSR - -
= [ ATCC 11708 Selected from Wis. 48-701, after N-mustard : :
exposure

32 Penicillium venetum ATCC 16025 Hyacinthus sp. Bulb, England - -
33 Pseudomonas geruginosa ATCC 35554 Nat Available - -
34 Rhizopus stolonifer ATCC 14037 Nat Available - -
35 Yarrowia lipolytica ATCC 20390 MNonsporulating diplaid - -

SATCC = American Type Culture Collection, Manassas, VA; (+) = positive, (-) = negative; © Cross reacts with A. flovus; # Cross reacts with A, terrew:

AOAC PTM Validated Method Database September 25, 2000 (aoac.org)



https://members.aoac.org/AOAC_Docs/RI/22PTM/22C_082102_MedGenAspergillus_ver2.pdf
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Enrichment Media and Supplements

» Specialized
enrichment media

* Selective
supplements

* Neutralization of
product inhibitors




* Chemical

* X-Ray

* Gaseous

* Gamma

* Radio/Photonic
* Microwave

e UV Light
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Extracellular DNA Removal

Enriched sample Heat to 37°C for 15-30 min Sample ready for
DNA extraction with the
free DNA removed

“ ;;f% ’

iQ-Check Free DNA Removal Solution for Food, Water, and Environmental Samples | Bio-Rad



https://www.bio-rad.com/en-us/applications-technologies/iq-check-free-dna-removal-solution-for-food-water-environmental-samples?ID=QB3E9ZSCUMB7

Live cell
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e Streamlined extraction .

Primer

* Melt curve analysis v m—

2,5

Rn

* NTC “ R
. 05f=—— . A @
* Hydrolysis probes =




Microbiologics Blog, 2016.

success-veasts-and-molds/



https://blog.microbiologics.com/methods-for-growth-success-yeasts-and-molds/
https://www.reddit.com/r/labrats/comments/iqgaic/one_of_our_yeast_and_mold_plates_on_pda_i_just/
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Verifying Positive Results

* Reanalysis on a different
assay isn’t accurate

e Retain testsare not directly
comparable

* Enhanced solutions (NGS)
are available

9780321776082.pdf (unr.edu.ar)



https://www.fbioyf.unr.edu.ar/evirtual/pluginfile.php/108402/mod_resource/content/1/Cap%205%20Brock.pdf
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Thankyoul!!!

Patrick Bird

Patrick.bird@biomerieux.com



mailto:Patrick.bird@biomerieux.com

