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Learning Objectives

A Identify appropriate molecular testing assays for pathogen(s)
of interest

A Interpret molecular testing results in context of histological
and clinical findings

A Discuss benefits and limitations of unbiased sequencing assay
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Direct pathogen detection
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Kanijilal et al. (2019)SeminNeurol.39(3):297311.




Neuropathological Evaluation

A Gross examination e

A Intraoperative frozen sectiorf. 1
and smear g ey el

A RoutineH&E

A Special stains

A Immunohistochemistry

A In situhybridization

A Electron microscopy

A Molecular testing



Molecular Testing for Infectious Diseases

A Generation of rapid, clinically actionable
iInformation

A Expensive to perform compared to
conventional microbiology and anatomic |
pathology laboratory testing

A Selection of appropriate samples and
molecular assays Is critical to patient care
and resource utilization

Image Courtesy of CDC PHIL
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Selection of Specimen Types

A Culture isolate
I High rate of positive testing
I May take days to weeks for growth

A Fresh/frozen tissue/fluid

i Can be performed immediately; no fixation interferen . 7
i Prone to contamination f@f o

A Formalinfixed paraffinembedded (FFPE) tissue $ ;
I Can be screened for organisms/inflammation -

| Decreased sensitivity due to nucleic acid ctlodgng




Selection of Molecular Assay - e

A Single pathogen (e.goxoplasmayondii EL// [
i High sensitivity; automatable with rapid 1 /
turnaround

I Requires high degree of suspicion to select
correct test

A Targeted panel (e.g. Meningitis/Encephalitis)

I Conserves specimen volume by testing for m
common pathogens associated with specific

Symptoms 2
| Lowet SenSItIVIty/SpeC|f|c|ty will miss UﬂUSU&R det al. (2011)J Clin Microd9(7)24492453
Organlsms andet a in Micr
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Selection of Molecular Assay
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A Broad spectrum (e.g. Bacterial 168\NAgene
seguencing)

I Provides genus and often species identificatiol
for bacteria or fungus

I Requires interpretation and limited by
sequencing databases

A Unbiased (e.gnetagenomimext-generation
sequencing)

I Detects any nofhuman nucleic acids including
novel pathogens

I High sensitivity results in false positives; more
expensive




Case 1

A 32-yearold woman with acute
myelogenous leukemia,
neutropenia

A Presented with fever, headache,
nhotophobia, blurred vision, right
ower extremity pain

A MRI: 2.8 x 1.9 cm ring enhancing
lesion with moderaterasogenic
edema
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Vodopivecet al. (2015)JNeuropatholExpNeurol.74(10):1006€11.
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PATHOLOGIC DIAGNOSIS:
A. SPECIMEN DESIGNATED "PARIETAL OCCIPITAL LESION" :

Necroinflammatorydebris (abscess contents) with Graoositive
bacilli.

NOTE: Organisms highlighted by GMS andPaiains.
Nocardia (nNAFB stain negative.
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Culture: Negative
16S rRNA (FFPE): Bacillus cereuspecies
Bacillusspp.IHC(FFPE):. Positive
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16S rRNA gene sequencing

200 400 600 800 1000 1200 1400

A 16S rRNA gene (1500 bp) contains multiple conserved and
hypervariable regions

I V1. nucleotides 699 sufficient to identifyStaphylococcuspp. and
Streptococcuspp.

I V2. nucleotides 13242 sufficient to identify many other species (110+)

A Targeting full length gene vs V1/V2 determined by specimen (culture

Isolate, fresh/frozen tissue, FFPE tissue) and sequencing met
(Sanger vs NGS)




Histological Screening

Histological Findings
Group No. Gram G

iTable 18
16S Ribosomal RNA Sequencing Results by Histologic Findings

1(n=43) + 4

16S Positive, No. (%)

Histologic Findings Decalcification Antibiotic Treatment Effect
Group No. Gram GMS Al Total Positive Cases Yes No Yes No
=
1 - - - 28/43 (65) 4/11 (36) 24/32 (75) 5/13 (38) 23/30 (77)
2 - + 5/15 (33)° 0/2 (0) 5/13 (38) 2/12 (17) 3/3 (100)
3 - - - 0/10 (0) 0/2 (0) 0/8 (0) — —
4 = = = 0/10 (0) 0/3 (0) 0/7 (0) . —

Al acute inflammation; GMS, Grocott methenamine silver; +, positive; —, negative.
“Includes three cases of Gram-negative bacilli (Cardiobacterium hominis, Haemophilus parainfluenzae, and Streptobacillus moniliformis).

Solomoret al.(2019)Am JClinPathol 152(4):431437.




Minimum Number of Organisms

S -
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Qg et

NO (0) ORGANISMS RARE (1+) ORGANISMS  ABUNDANT (2+) ORGANISMS
0/10 (0%) positive 2/3 (66%) positive 31/55 (56%) positive overall

1 negative case decalcified

Failed at 1:2 dilution Detected to 1:16 dilution




Environmental Contamination

33/78 (42%) samples showed
evidence of environmental
contamination (including 9/10
negative controls!)
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Common Contaminants
Meiothermussilvanus
Geobacillugurassicus

Acinetobacteradioresistens
Sphingomonakankookensis
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Summaryc 16SrRNAsequencing

A Useful for detecting bacteria directly from primary
samples including common surgical pathology specimens
(e.g. brain abscess, endocarditis)

A Diagnostic yield markedly increased by the presence of
organisms on histological review

A Submit frozen tissue (if saved) or FFPE
A Optimal timing usually after routine aerobic cultures are

finalized (5 days)




Case 2

A 36-year-old woman with no significant past medical history
A Presented with 5 weeks of headaches unresponsive to triptans
A Lived in Philippines for 6 years during 20s to attend school

A MRI: Right frontatlural based mass, along right frontal
convexity with associated edema (no images available)
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S PATHOLOGIC DIAGNOSIS:

A. SPECIMEN DESIGNATED "LEFT FRONTAL BRAIN MASS" :

Necrotizing granulomas containing Agésitive organisms involving |
dura mater consistent with TUBERCULOUS PACHYMENINGITIS| =

Note: Acid fast bacilli identified by ZN AFB stain.
Gram, PAD, and MSS stains were negative.
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Mycobacterial Molecular Testing

I 16SrRNAgene
I Single copy, highly conserved
I Can distinguish mo#flycobacteriumspp.
I hsp65
I Shorter sequence (1342b), less conserved
I Less susceptible to interference from formafixation
I 1S6110
I Multicopygene (7(p) present in MTB complex
I Increased sensitivity compared to ntuberculous mycobacteria

I Humanbeta-globin(DNA quality indicator)




AFB (ZiehNeelsen)
vs Fite-Farcao(mAFB)
vs Mycobacteria IHC

AFB

mAFB

IHC

Crothers et al. (2021) Am J Clin Pathol. 4;155(1):97-105.
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AFB (ZiehNeelsen)
vs Fite-Farcao(mAFB)
vs Mycobacteria IHC

AFB

Sensitivity Specificity
Characteristic TP, No. FP, No. FN, No. TN, No. Total, No. (95% CI), % (95% CI), %
m
'&E' . Mycobacterial IHC vs 29 25 27 99 180 52 (38-65) 80 (71-86)
¢ culture/PCR
AFB vs culture/PCR 9 8 33 90 140 21 (11-37) 92 (84-96)
mAFB vs culture/PCR 23 15 15 76 129 61 (43-76) 84 (74-90)
Mycobacterial IHC vs 46 12 37 172 267 55 (44-66) 93 (89-96)
| o
f culture/PCR/
o AFB/mAFB
AFB, acid-fast bacilli; CI, confidence interval; FN, false negative; FP, false positive; IHC, immunohistochemistry; mAFB, modified acid-fast bacilli; PCR, polymerase
(I, chain reaction; TM, true negative; TP, true positive.

Crothers et aI (2021) Am J Clin Pathol. 4;155(1):97-105.




Mycobacterial Molecular Testing Algorithm

o : Clinical Necrotizing
rgaglsr?; o No —» | Suspicion |— Ng —»| granulomas
MAFBIH for MTB? or AI?
Yes ““xahhhxifirﬁfﬁfff“”f Yes
Cultures negative No
at 1l week?
Yes No “HRHKR‘

Send FFPE
for PCR
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Summaryc Mycobacterial Testing

A Multi-target sequencing approach can identify MTB and
NTM at low concentrations

A ldentification of unusual organisms should raise concern
for environmental contamination

A Presence of bacilli on mycobacteria IHC, mAFB, or AFB
stains correlates with higher yield

A Optimal timing after ~1 week to exclude rapid growers
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Case 3

A 74-yearold man with chronic
lymphocytic leukemia (on
ibrutinib) andAFibpresented
with impaired speech, nausea/
vomiting,and possibleseizures

A MRI: irregularly enhancing 2.4 x
2.5 x 2.9 cm lesion In left frontal
centrumsemiovalewith central
restricted diffusion and
surroundingvasogeniedema

A Also found to have lung nodules
(possiblypost infectious, recent
history of pneumonia)




Review Virtual Slide

https://pathpresenter.net/#/public/presentation/display?token=00b87721
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