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THE ROLE OF MOLECULAR
DIAGNOSTICS IN INFECTIOUS
DISEASE PATHOLOGY: DOs &
DON’Ts FOR GENERAL PRACTICE

Bobbi S. Pritt, MD, MSc
Co-Director, Infectious Diseases Pathology Service




Case #1

* You receive a call from a clinician who wants
the “16S broad range” test on a liver biopsy to
rule out fungal infection. Histopathologic
examination shows only a mild lymphocytic
infiltrate in the portal tracts, and no fungi (or
bacteria).

 Your response is...
* 16S testing will ONLY detect BACTERIA.
* It is not helpful for detection of fungi
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What issues should be discussed here?

* Clinical presentation (why is there a suspicion for
fungal infection)

* Which fungi are suspected?

« Have fungal smears and cultures been
performed?

* |s there any histopathologic evidence of fungal
infection?

Broad range fungal testing is available, but it
has poor positive and negative predictive value
In the absence of detectable fungal elements.




Don’t assume molecular tests are
‘magic bullets’ for pathogen detection

(DO understand the principles behind each of the commonly
used tests)
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Back to Basics
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Broad range testing for pathogens

» Bacteria — 16S ribosomal rRNA gene

* Fungi —
Internal Transcribed Spacer 1 and 2 regions
(ITS1 & ITS2)

28S ribosomal RNA (rRNA) gene
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16S basics

* The 16S ribosomal RNA gene encodes 16S ribosomal
RNA (16S rRNA)

Component of the 30S small subunit of a prokaryotic
ribosome found in nearly all bacteria

Slow rate of evolution

Highly conserved between different species of
bacteria

Good for conducting phylogenetic studies
Contains 9 hypervariable regions (V1-V9)

Allows for species-specific signature sequences
for identifying bacteria.




16S basics, continued

» ~1500 base pairs long

* Whole gene sequencing is expensive, time
consuming, and not practical for FFPE.

* Instead, smaller regions are usually sequenced

* Different regions are better for identifying and
differentiating some bacteria than others.
V3 region is commonly used

« Sequences detected must then be compared to
databases for final identification.
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Limitations of 16S sequencing assays

» Result is only as good as the assay
Extraction method
Gene region(s) targeted
Database used for analysis of results

* There are no FDA-approved tests at this time and a
limited number of CE-marked tests

May be wide variability among tests

Ability to detect/differentiate Mycobacteria spp. may
be limited

* 16S does not replace the need for culture
Example: antimicrobial susceptibility testing




Another important caveat...
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Bacteria are all around us!

Kitchen tabletop Refrigerator door Dish towel

433 6 267 408
bacteria bacteria bacteria
per square inch per square inch per square inch

Kitchen sponge Kitchen floor, in front of sink
134,630 830
bacteria bacteria
per sguare inch per sguare inch
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Bacteria in the laboratory

* Found on:
Skin
Laboratory equipment
Doorknobs
Media/reagents
Even “molecular grade” reagents
» Bottom line: it is nearly impossible to prevent

exogenous bacterial DNA from entering your
testing process
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Target-specific PCR vs. Broad Range
PCR/sequencing

* In general, target-specific PCR is more
sensitive than broad range PCR with
sequencing

* |f pattern of inflammation a specific organism,
the target-specific PCR should be ordered:
Bartonella PCR
Coxiella (Q fever) PCR
Tropheryma whipplei PCR
M. tuberculosis PCR




Our experience with 16S sequencing
for infective endocarditis

Sensitivity is highest when bacteria are seen on histopathology
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Concordant positive cases

Type of m 16S rDNA Microbiology Gram _
Tissue ) PCR/Sequencing stain/Culture Result| Final path result

Pleomorphic, Gram

FFPE Mitral Valve Streptococcus mitis No Culture ordered. variable

FFPE Aortic Valve Cardiobacterium hominis  negative Focal bacilli
Aortic Valve, Cocci within

FFPE prosthetic Streptococcus sanguinis negative macrophages

FFPE Mitral valve Streptococcus bovis group No Culture ordered. GPCs in chains
FFPE Cardiac valve Propionibacterium acnes  No Culture ordered. Gram positive bacilli

GRAM: GPB (MANY),

Staphylococcus
fresh Aortic Tissue Propionibacterium acnes  hominis Gram positive bacilli
fresh Aortic Valve Streptococcus dysgalactiae negative Rare cocci
Streptococcus tigurinus
FFPE Aortic valve (Streptococcus mitis group) negative Cocci in chains
fresh Aortic valve Cardiobacterium hominis  negative Bacilli present
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Concordant Negative Cases

16S rDNA | Microbiology Gram
Type of PCR/ stain/ Culture Final path
Tissue o Sequencing Result result

FFPE Aortic valve negative negative Nno orgs seen

FFPE Heart valve, nos negative negative Nno orgs seen
mitral valve sewing

FFPE ring negative negative No orgs seen

FFPE Cardiac tissue negative negative No orgs seen
Aortic homograft

FFPE wall negative negative No orgs seen

FFPE Aortic root abscess negative No cultures ordered.  no orgs seen

FFPE Graft tissue negative negative No orgs seen

FFPE Mitral valve negative No Culture ordered.  no orgs seen
Peri-aortic root

fresh tissue negative negative No orgs seen

fresh Heart valve, nos negative negative Nno orgs seen
Tricuspid aortic

fresh valve negative negative No orgs seen
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Sequence Negative Cases where bacteria
were seen by histopathology

Microbiology
Gram
Type of 16S rDNA stain/Culture
Tissue 0 PCR/Sequencing Result Final path result
Bacilli;
Mitral valve, somewhat
FFPE prosthetic negative negative striped
Abdominal No Culture  lancet-shaped
FFPE aorta negative ordered. diplococci
fresh Aortic valve negative negative GPCs
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One positive detected by sequencing and
culture in the absence of detectable
bacteria

Type of & 16S rDNA Microbiology Gram _
Tissue 5 PCR/Sequencing | stain/Culture Result Final path result

Staphylococcus no orgs seen; acute
fresh  Heart Valve epidermidis Negative™* inflammation present

**originally thought to be a contaminant; grew from broth only
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Infective Endocarditis:

Diagnostic Testing for Identification of Microbiological

Blood cultures’

POSITIVE NEGATIVE
¥

If surgical excision

of valve performed

Consider:

= PATHC / Pathology
Consultation®

Y
If surgical excision
of valve performed

Y
= PATHC / Pathology
Gonsultation®

4
¥

= QFP / Q Fever Antibody, IgG and IgM, Serum?
= BART / Bartonella Antibody Panel, IgG and IgM, Serum

= WHIPB / Tropheryma whipplei, Molecular Detection, PCR, Blood®

NEGATIVE*
4
If surgical excision of valve performed,
perform the following on the valve®

L |

s PATHC / Pathology Consultation®

= Retain tissue for molecular testing®

Consider:

= Bagterial Culture, Asrobic and Anaerobic with
Antimicrobial Susceptibilities’

= GRAM / Gram Stain’

Directed testing based on histopathology findings

Acute inflammation
+microorganisms

= BRBPS / Broad Range Bacterial
PCR and Sequencing

[posmve | [ERIE
i

= CBRP / Coxiella burnetii (Q fever),
Molecular Detection, PCR

= BARRP / Bartonella, Molecular
Detection, PCR

= TWRP / Tropheryma whipplei,
Molecular Detection, PCR

= Consider other microorganism-
specific PCR such as MHRP /
Mycoplasma hominis, Molecular
Detection, PCR
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Chronic inflammation with
macrophage predominance

No evidence of inflammation
or microorganisms

 J

Consider noninfectious
eticlogies

= PAS-D histopathology stain®
= TWRP / Tropheryma whipplei,
Molecular Detection, PCR

]

= BRBPS / Broad Range Bacterial
PCR and Sequencing

= CBRP / Coxiella burnetii [Q fever),
Molecular Detection, PCR

= BARRP / Bartonella, Molecular
Detection, PCR

= Consider other microorganism-
specific PCR such as MHRP /
Mycoplasma hominis, Molecular
Detection, PCR

https://www.mayomedicallaboratories.com/it-
mmfiles/Infectious Endocarditis_Diagnostic_Testing_for_ldentification_of Microbiological Etiology.pdf

Etiology

i'ij Clickable PDF
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Blood cultures’

{ POSITIVE |— NEGATIVE

.,I.-._:‘

If surgical excision = QFP / Q Fever Antibody, IgG and IgM, Serum?

of valve performed = BART / Bartonella Antibody Panel, IgG and IgM, Serum
' Consider:

¥ s WHIPB / Tropheryma whipplei, Molecular Detection, PCR, Blood?

v

= PATHC / Pathology

Consultation®
it — posimve —L— e -

If surgical excision If surgical excision of valve performed,

of valve performed perform the following on the valve®
".'\.{:-k"' | \
= PATHC / Pathology = PATHC / Pathology Consultation®
Consultation’ = Retain tissue for molecular testing®
Consider:

= Bacterial Culture, Aerobic and Anaerobic with
Antimicrobial Susceptibilities”
= GRAM / Gram Stain”

Directed testing based on histopathology findings
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Acute inflammation
+microorganisms

» BRBPS / Broad Range Bacterial
PCR and Sequencing

NEGATIVE

POSITIVE

STOP

» CBRP / Coxiella burnetii (Q fever),
Molecular Detection, PCR

» BARRP / Bartonella, Molecular
Detection, PCR

» TWRP / Tropheryma whipplei,
Molecular Detection, PCR

= Consider other microorganism-
specific PCR such as MHRP /
Mycoplasma hominis, Molecular
Detection, PCR
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Directed testing based on histopathology findings

Chronic inflammation with
macrophage predominance

No evidence of inflammation
Oor microorganisms

» PAS-D histopathology stain®
s TWRP / Tropheryma whipplei,
Molecular Detection, PCR

POSITIVE

STOP

Consider noninfectious
etiologies

NEGATIVE

= BRBPS / Broad Range Bacterial
PCR and Sequencing

» CBRP / Coxiella burnetii (Q fever),
Molecular Detection, PCR

» BARRP / Bartonella, Molecular
Detection, PCR

= Consider other microorganism-
specific PCR such as MHRP /
Mycoplasma hominis, Molecular
Detection, PCR
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Main points from this case

* The pathologist should know the basic
strengths and limitations of broad-range testing,
including which assays detect which types of
organisms.

» |deally, broad-range testing on FFPE should be
directed by the pathologist, in collaboration with
the clinical team and microbiologists, based on
the tissue histopathology findings
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Case #2

* 60 yo with a history of chronic lymphocytic
leukemia/small lymphocytic lymphoma
(CLL/SLL)

* He had involvement of the axillary lymph nodes

* Bone marrow biopsy showed 70% marrow
involvement with CLL/SLL

« CT scan of the abdomen and pelvis showed
extensive hepatosplenic lesions and
abdominopelvic lymphadenopathy

* A liver biopsy was performed




Extensive
necrotizing
granulomatous
inflammation
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Stains were negtiv fo
microorganisms: AFB,
GM, PS-,Gram



Case #2, continued

* Infection was not suspected, and so cultures
were not sent
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Differential diagnosis for necrotizing
granulomatous inflammation

Mycobacterium species

Endemic fungi (e.g. Histoplasma, Blastomyces)
Brucella species

Bartonella species

Coxiella burnettii (Q fever)

Tropheryma whipplei (Whipple disease)
Actinomyces species (Actinomycosis)
Nocardia species (Nocardiosis)

Viral infections

Non-infectious causes (e.g. sarcoidosis, granulomatosis
with polyangiitis, idiopathic granulomatous hepatitis)




Case #2, Continued

 The following tests were ordered on the
formalin-fixed paraffin-embedded tissue (FFPE)
section:

M. tuberculosis PCR

Broad range bacterial (16S) PCR with
sequencing
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M. TB PCR result: Negative

* 16S result: Pseudomonas
sp., hot Pseudomonas
aeruginosa

Water and environmental
organisms

Unexpected ...
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Case #2 — Further investigation

* Liver biopsies are collected in minimum
essential medium (MEM)

* Liguid medium

 Earle's salts and sodium bicarbonate, glutamine
supplements

« Sterile-filtered
* NOT DNA free
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Case History

 Treatment was not given for the Pseudomonas
sp. (considered to be a contaminant)
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Additional testing:

Assays Performed on Patient’s
FFPE Biopsy

M. TB PCR Negative
Coxiella PCR Negative
Cocciodioides PCR Negative
Tropheryma whipplei PCR Negative

« Repeat biopsy attempted but not successful

- Started on prednisone for idiopathic
granulomatous hepatitis which was successful
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False Positive Results from Broad Range
Assays

* Use of tissues collected in a non-sterile fashion,
or into a container/medium that contains
microbial DNA
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Bacteria are all around us!

Kitchen tabletop Refrigerator door Dish towel

433 6 267 408
bacteria bacteria bacteria
per square inch per square inch per square inch

Kitchen sponge Kitchen floor, in front of sink
134,630 830
bacteria bacteria
per sguare inch per sguare inch
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Don’t assume that tissue processes
are DNA free — even if they are sterile

DO be familiar with ways that exogenous DNA can be
iIntroduced into the tissue!




rom Tissue to Slide
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In the grossing room
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Tissue Processing

Steps:

Ethanol dehydration e
Get rid of excess formalin

Replace fluid with liquid paraffin
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Cassette
with

tissue
embedded

in paraffin
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Paraffin ribbon is made

I‘“ﬂu.’-s»m
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Getting paraffin section onto slide
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Sead/
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Hardened paraffin block with tissue
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Hematoxylin and eosin
Automated stainer

MAYO
CLINIC

Y



MAYO
CLINIC

¢y

What can be done to minimize risk for
exogenous DNA contamination?

* Collect tissue in a sterile fashion and place in a

sterile container. Ideally, submit directly to the
molecular lab, withOUT medium.

* In the grossing lab, separate tissue for
molecular testing in a sterile fashion

» Separate tissue processes whenever possible

* ‘Face off’ the block before getting a section for
molecular testing

 Use a fresh microtome blade and water bath for
tissue sections submitted for molecular testing
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What can be done to minimize risk for
exogenous DNA contamination?

* In the molecular lab: optimize processes to
minimize exogenous DNA

Choose reagents with the least amount of
exogenous DNA

Continue gamma radiation of reagents if
necessary
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Main points from this case

« Our use of broad range assays means that we
can detect more microbial DNA than ever
before.

 Unfortunately microbial DNA is all around us,
and can easily enter our tissue and molecular
processes.

« Pathologists must be aware of the potential for
contamination and work with clinicians to
interpret results of molecular testing in the
context of the patient and histopathology
findings.
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