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Learning Objectives

ÅIdentify appropriate molecular testing assays for pathogen(s) 
of interest

ÅInterpret molecular testing results in context of histological 
and clinical findings

ÅDiscuss benefits and limitations of unbiased sequencing assays 



Diagnosis of CNS Infections

ÅClinical history

ÅRadiology

ÅBlood

ÅCSF

ÅBrain tissue

Kanjilal et al. (2019)SeminNeurol.39(3):297-311. 



Neuropathological Evaluation

ÅGross examination
ÅIntraoperative frozen section 

and smear
ÅRoutine H&E
ÅSpecial stains
ÅImmunohistochemistry
ÅIn situ hybridization
ÅElectron microscopy
ÅMolecular testing



Molecular Testing for Infectious Diseases

ÅGeneration of rapid, clinically actionable 
information

ÅExpensive to perform compared to 
conventional microbiology and anatomic 
pathology laboratory testing

ÅSelection of appropriate samples and 
molecular assays is critical to patient care 
and resource utilization

Image Courtesy of CDC PHIL



Selection of Specimen Types

ÅCulture isolate
ïHigh rate of positive testing

ïMay take days to weeks for growth

ÅFresh/frozen tissue/fluid
ïCan be performed immediately; no fixation interference

ïProne to contamination

ÅFormalin-fixed paraffin-embedded (FFPE) tissue
ïCan be screened for organisms/inflammation

ïDecreased sensitivity due to nucleic acid cross-linking



Selection of Molecular Assay

ÅSingle pathogen (e.g. Toxoplasma gondii)
ïHigh sensitivity; automatable with rapid 

turnaround
ïRequires high degree of suspicion to select 

correct test

ÅTargeted panel (e.g. Meningitis/Encephalitis)
ïConserves specimen volume by testing for most 

common pathogens associated with specific 
symptoms
ïLower sensitivity/specificity; will miss unusual 

organisms Rand et al.(2011) J Clin Micro. 49(7)2449-2453



Selection of Molecular Assay

ÅBroad spectrum (e.g. Bacterial 16S rRNAgene 
sequencing)
ïProvides genus and often species identification 

for bacteria or fungus
ïRequires interpretation and limited by 

sequencing databases

ÅUnbiased (e.g. metagenomicnext-generation 
sequencing)
ïDetects any non-human nucleic acids including 

novel pathogens
ïHigh sensitivity results in false positives; more 

expensive  



Case 1

Å32-year-old woman with acute 
myelogenous leukemia; 
neutropenia

ÅPresented with fever, headache, 
photophobia, blurred vision, right 
lower extremity pain

ÅMRI: 2.8 x 1.9 cm ring enhancing 
lesion with moderate vasogenic
edema











Vodopivecet al. (2015) J NeuropatholExpNeurol.74(10):1000-11.



PATHOLOGIC DIAGNOSIS:

A. SPECIMEN DESIGNATED "PARIETAL OCCIPITAL LESION" :

Necroinflammatorydebris (abscess contents) with Gram-positive 
bacilli.  

NOTE: Organisms highlighted by GMS and PAS-D stains. 
Nocardia (mAFB) stain negative.

Culture: Negative
16S rRNA (FFPE): Bacillus cereus species
Bacillusspp. IHC(FFPE):               Positive 



16S rRNA gene sequencing

Å16S rRNA gene (1500 bp) contains multiple conserved and 
hypervariable regions 

ïV1: nucleotides 69-99 sufficient to identify Staphylococcusspp. and 
Streptococcusspp.

ïV2: nucleotides 137-242 sufficient to identify many other species (110+)

ÅTargeting full length gene vs V1/V2 determined by specimen (culture 
isolate, fresh/frozen tissue, FFPE tissue) and sequencing method 
(Sanger vs NGS)



Histological Screening

Solomon et al. (2019) Am J ClinPathol. 152(4):431-437.
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Minimum Number of Organisms

RARE (1+) ORGANISMS
2/3 (66%) positive
1 negative case decalcified

Failed at 1:2 dilution

ABUNDANT (2+) ORGANISMS
31/55 (56%) positive overall

Detected to 1:16 dilution

NO (0) ORGANISMS
0/10 (0%) positive



Environmental Contamination

Common Contaminants
Meiothermussilvanus
Geobacillusjurassicus

Acinetobacter radioresistens
Sphingomonashankookensis

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



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

ÅDiagnostic yield markedly increased by the presence of 
organisms on histological review

ÅSubmit frozen tissue (if saved) or FFPE

ÅOptimal timing usually after routine aerobic cultures are 
finalized (5 days)

Summary ς16S rRNAsequencing



Case 2

Å36-year-old woman with no significant past medical history

ÅPresented with 5 weeks of headaches unresponsive to triptans

ÅLived in Philippines for 6 years during 20s to attend school

ÅMRI: Right frontal duralbased mass, along right frontal 
convexity with associated edema (no images available)











PATHOLOGIC DIAGNOSIS:

A. SPECIMEN DESIGNATED "LEFT FRONTAL BRAIN MASS" :

Necrotizing granulomas containing AFP-positive organisms involving 
dura mater consistent with TUBERCULOUS PACHYMENINGITIS

Note: Acid fast bacilli identified by ZN AFB stain. 
Gram, PAS-D, and MSS stains were negative. 

Culture: Mycobacterium tuberculosis complex 



Mycobacterial Molecular Testing

ï16S rRNAgene

ïSingle copy, highly conserved

ïCan distinguish most Mycobacteriumspp.

ïhsp65

ïShorter sequence (134 bp), less conserved

ïLess susceptible to interference from formalin-fixation 

ïIS6110

ïMulticopygene (70 bp) present in MTB complex

ïIncreased sensitivity compared to non-tuberculous mycobacteria

ïHuman beta-globin(DNA quality indicator)



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

AFB (Ziehl-Neelsen) 
vs Fite-Farcao(mAFB) 
vs Mycobacteria IHC



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

AFB (Ziehl-Neelsen) 
vs Fite-Farcao(mAFB) 
vs Mycobacteria IHC



Mycobacterial Molecular Testing Algorithm 

Organisms on
mAFB/IHC?



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

ÅIdentification of unusual organisms should raise concern 
for environmental contamination

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

ÅOptimal timing after ~1 week to exclude rapid growers

Summary ςMycobacterial Testing



Case 3

Å74-year-old man with chronic 
lymphocytic leukemia (on 
ibrutinib) and AFibpresented 
with impaired speech, nausea/ 
vomiting,and possibleseizures
ÅMRI: irregularly enhancing 2.4 x 

2.5 x 2.9 cm lesion in left frontal 
centrum semiovalewith central 
restricted diffusion and 
surrounding vasogenicedema
ÅAlso found to have lung nodules 

(possiblypost infectious, recent 
history of pneumonia)



Review Virtual Slide
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