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No Disclaimers



Molecular diagnostics
for infectious disease

When traditional (i.e. culture,
special stains) diagnostics:

* Aren’t fast enough
 Can’t grow the organism

e (Can’t reach a specific diagnosis
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* Weren’t performed

* Aren’t sensitive enough

Public Domain, commons.wikimedia.org/w/index.php?curid=1866671



Utopian molecular
diagnostics

Dictionary

Enter a word, e.g. "pie"

u-to-pi-an
/yoo'topéan/ <)

S DE LA NAVIGA
SIECLE DE
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COLLECTION 476

adjective

1. modeled on or aiming for a state in which everything is perfect; idealistic.
synonyms: idealistic, visionary, romantic, starry-eyed, fanciful, unrealistic, pie-in-the-sky; ideal,
perfect, paradisal, heavenly, idyllic, blissful, Elysian; /iterary Arcadian
"a utopian vision of world peace”

Public Domain, commons.wikimedia.org/w/index.php?curid=1866671



The utopian molecular test

Fast turn-a
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Goal

What molecular microbiology test
should | order?

Sometimes it’s tests plural



What's the clinical question and
what do | have to work with?

. Clinical differential

(including non-infectious)?

. How fast do we need the result?

. What studies have already been done

or could be ordered?
Know what’s hard to culture or requires special media

. Consult prior to procedure or incidental finding?



Pre-analytical: .
How much sample?

Fluids: centrifuged (more is typically better)
Representative tissue: 30 — 50 mg» 200pL elution »SuL/rxn
What if | only have a one-core biopsy?

Bone:
Bead-based lysis: efficient, but releases calcium (inhibitory)

EDTA decal: ©
Strong acids: ®



Pre-analytical: To fix or not to fix

Why you should send fresh
* Formalin inhibits PCR
* Formalin causes strand breakage and base changes

* DNA damage is time dependent
(longer time in formalin = decreased amplification)

Why you should send the block

* Fixing allows pathologist selection of block to
maximize pre-test probability

* May improve utilization, but also delays result
* Increases risk of contamination

PMID 25421801, 20392915




Better PCR amplification from
fresh tissue

Distribution of B-globin Ct values

Fresh
015 = tissue

Fresh tissue

has lower Cts = 0.10
Better DNA
amplification 005 -
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Yet, FFPE samples may have a higher positivity
rate due to pathologist selection

Fungal PCRs performed on sinus samples
 FFPE: 42% positive (n=77)

* Fresh: 29% positive (n=258)

*Unpaired samples. p = 0.0507



But, additional handling of blocks

increases risk of contamination

(PCR true positive, biologic false positive)
— S )

Malassezia sp. detected by
broad-range fungal assay (all positive cases)
— 6.2% of non-FFPE cases

P<0.051 " 17.9% of FFPE cases

Contamination risk: block < curls < unstained slides
Send the block!

medibiztv.com



The pre-analytical contributions to
the utopian molecular test

Tissue & time permitting:
Consider adjacent sections
— Freeze tissue (for PCR)

— FFPE (histopath)

Based on clinical need, prioritize testing to:
* Maximize sensitivity

* Minimize turn-around time (TAT)

* Minimize contamination
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General bins of molecular tests for
infectious disease pathology

Species-specific PCR with specific probe
Species-specific PCR with sequencing
Broad-range PCR with Sanger sequencing

Species-specific reverse-transcriptase PCR
with probe

Broad-range PCR with NGS
Metagenomic NGS
Whole genome sequencing



Give me the fastest test!
Species-specific PCR with specific probe

~ Denatured
- phase
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Species-specific PCR with specific probe

Pros Cons

1. Fewest steps (fast) 1. Only detects

2. High sensitivity targeted organism
3. Can detect organism of 2. May not be able to

interest in background of

other DNA

(microbial or human)

Relatively cheap (S)

differentiate similar
organisms without
sequencing

PCR/probe-only
Legionella species

Legionella speci
road-range 16e>§

PCR negative
PCR/probe + sequence

Legionella pneumophila
Legionella micdadei




| see bacteria (or hyphae or AFB)!

Broad-range PCR with Sanger sequencing

1. Primers target conserved regions of chromosome
2. Amply DNA
3. Sanger sequence to identify organism
4. Assays generally designed for organism groups
(fungi, bacteria, AFB, etc.)
Bacteria: Fungi:

16S rDNA 28S rDNA, ITS1, ITS2

AFB:
16S rDNA, rpoB, hsp65
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PCR product is sequenced by Sanger
method & chromatographs reviewed
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Public and internal databases queried with patient
sequences to determine species of organism

blastl2tree
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If simple database search is ambiguous,
a phylogenetic tree may help determine clade
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Schizosaccharomyces pombe

C. dubliniensis

— C. tropicalis
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C. albicans SIS

- C. parapsilosis

Debaryomyces hansenii

— Kluyveromyces waltii

——— Ashbya gossypii

C. glabrata
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Saccharomyces cerevisiae

Modified from PMC

4629792 yiuyveromyces lactis



Pros

Broad-range PCR with Sanger sequencing

1.

Fantastic to efficiently target a
large group of organisms

Can detect organism of
interest in background of
human DNA

Moderate cost (SS)

Incidental findings (e.g. fungal
assay detecting parasite)

Cons
1. Broad-range,
NOT universal
2. Not all [bacteria] can be
detected with same primer
set (primer mismatches)
3. Same set of primers can’t
always tell closely related
organisms apart
(e.g. Enterobacteriaceae)
4. Not great for mixed

templates



Broad-range PCR with Sanger sequencing

Pros Cons
1. Assay-dependent sensitivity 1. Assay-dependent
(>3-log range) sensitivity (>3-log range)
b =¥ — 1% round PCR . :
Nested PCR or increasing # of cycles
’ e Can increase the sensitivity
27d round PCR * Increase risk of amplifying
(nested) pre-analytic contaminants
¥  We perform for broad-range fungal
Final product assay only if certain QC criteria are met
Reagent contamination from manufacturer: ) .
Cladosporium, Phoma, Nectria, Aureobasidum » Don’t report if only
detected by nested PCR

Handling of blocks:
Malassezia spp.



End-user NiNt for questions about
Broad-range assays

* Don’t ask what these assays can detect
(they can detect organisms not previously described)

* Ask your performing lab if they’ve ever detected your
organism of interest

And/Or
* Ask what they know they’ve never detected



Can you detect....?
Organism |

Staphylococcus aureus Yes
Borrelia burgdorferi Yes
Leptospira spp.
Chlamydia spp.

Legionella pneumophila

Burkholderia cenocepacia

Tinea solium



Can you detect....?
Organism |

Staphylococcus aureus Yes
Borrelia burgdorferi Yes
Leptospira spp. Never detected
Chlamydia spp. Never detected

Legionella pneumophila

Burkholderia cenocepacia

Tinea solium



Can you detect....?
Organism |

Staphylococcus aureus Yes

Borrelia burgdorferi Yes

Leptospira spp. Never detected

Chlamydia spp. Never detected

Legionella pneumophila Yes, but species-specific would

be ~100x more sensitive
Burkholderia cenocepacia

Tinea solium



Can you detect....?
Organism |

Staphylococcus aureus Yes

Borrelia burgdorferi Yes

Leptospira spp. Never detected

Chlamydia spp. Never detected

Legionella pneumophila Yes, but species-specific would

be ~100x more sensitive

Burkholderia cenocepacia Yes, but broad-range 16S can
only call Burkholderia cepacia
complex. Need recA to
differentiate within complex.

Tinea solium



Can you detect....?
Organism |

Staphylococcus aureus Yes

Borrelia burgdorferi Yes

Leptospira spp. Never detected

Chlamydia spp. Never detected

Legionella pneumophila Yes, but species-specific would

be ~100x more sensitive

Burkholderia cenocepacia Yes, but broad-range 16S can
only call Burkholderia cepacia
complex. Need recA to
differentiate within complex.

Tinea solium Yes, incidental finding,
Recommend confirmatory assay



Next generation sequencing (NGS)

* Massively parallel sequencing
* Lots of short redundant reads
* Assemble each sequence variant

* Match each read to a database entry
* Interpret what you have
* Exclude contaminants



Polymicrobial cellular samples

16S PCR with next generation sequencing (NGS) —

: EO
Multiple bands i
A A N .
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Pros

16S amplification -> NGS

1.

Deconvolute polymicrobial
samples

In theory, more sensitive than
16S PCR -> Sanger

Relative abundance
(may help interpretation of
contamination)

Comprehensively assesses
bacterial presence (may allow
antimicrobial de-escalation)

Cons

1. Slower than Sanger

2. More expensive (SSS) than
Sanger (labor & reagents)

3. More complex to interpret



| got nothing.

Metagenomics

* Sequence all the DNA in the sample
* Sequence all the RNA in the sample

* [|gnore the human DNA/RNA
* Piece together the rest



Metagenomics (aka pan-pathogen)

Pros

1. Good for infectious agents not
detected by traditional
diagnostics
(culture or molecular)

2. Good for viruses, especially
without specific assays
(no other “broad-range
viral assay”)

3. Good for bacteria that aren’t
detected by 16S primers

4. Good for parasites

Cons

1.

A I

Currently only available for
pauci-cellular CSF

Slowest
Most expensive (SSSS)
Most complex to interpret

Not necessarily more
sensitive



Summary

* Molecular addresses many limitations of traditional
methods, but there is no single perfect assay

e Culture, serology, antigen tests, histopathology
still needed

* Species-specific PCR with specific probe
Sensitive, fast, cheapest, narrow-range

* Broad-range PCR with Sanger sequencing
Good work-horse assays when there’s a broad differential

* Broad-range PCR with NGS
Polymicrobial samples

* Metagenomic NGS
Good when no other applicable assay



Thank you!

andrewbb@uw.edu
(Personal)
or

molmicdx@uw.edu
(General UW Molecular queries)

depts.washington.edu/molmicdx

UNIVERSITY OF WASHINGTON DEPARTMENT OF LABORATORY MEDICINE

Molecular Diagnosis Microbiology Section |V}



Abdominal fluid 16S NGS

Reads % of total reads % identity to database entry
Table V&ganisms identified/by 165 rRNA deep sequencing
¥ »
Rea‘és Per cent of total reads* Per cent identity Assignment
91897 34.09 99.03-100.0 Actinotignum schaalii
202293 30.53 99.01-100.0 Bacteria of family Enterobacteriaceaet
38800 10.8 97.22-100.0 Peptoniphilus species related to Peptoniphilus indolicus
35435 7.89 99.01-100.0 Staphylococcus aureus
23612 5.84 99.02-100.0 Campylobacter ureolyticus
16970 4.72 99.08-100.0 Helcococcus kunzii
12852 3.58 99.04-100.0 Finegoldia magna
4738 1.27 97.03-99.34 Anaerococcus species

*Percentage of total reads corrected for abundance of rRNA sequences; only organisms with abundances >1 % are shown.
tThe 165 rRNA V1-V2 region does not permit reliable species-level classifications within the family Enterobacteriaceae.

PMID 29026619



Abdominal fluid 16S NGS

Culture only grew Enterobacter & MRSA

#1 Actinotignum schaalii

Table 1. Organisms identified by 165 rRNA deep sequencing

Reads Per cent of total reads* Per cent identity \ Assignment
91897 34.09 99.03-100.0 Actinotignum schaalii
202293 30.53 99.01-100.0 Bacteria of family Enterobacteriaceaet

38800 10.8 97.22-100.0 Peptoniphilus species related to Peptoniphilus indolicus
35435 7.89 99.01-100.0 Staphylococcus aureus

23612 5.84 99.02-100.0 Campylobacter ureolyticus

16970 4.72 99.08-100. Helcococcus kunzii

12852 3.58 Finegoldia magnia

4738 1.27 Anaerococcus species

*Percentage of total reads corrected for abundance of rRNA séquences; only organisms with abundances >1 % gre shown.

tThe 165 rRNA V1-V2 region does not permit reliable spécies-level classifications within the family Enterobacterjaceae.

#2 Bacteria of the family Enterobacteriaceae

#3 Staphylococcus aureus

PMID 29026619



