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Objectives

1. Discuss appropriate use of molecular
diagnostics on pathology specimens

2. Apply knowledge of molecular assays to
interpret results from direct testing of
pathology specimens



Case 1

* 4 year old child with pre-B cell acute
lymphoblastic leukemia

* Seven months post-chemotherapy, presents
with high fevers

* Not neutropenic



Case 1




Case 1

* Multiple hypodense lesions liver, spleen and
kidney
— Suspected Candida by radiology

* Posaconazole started

* Liver biopsy
— Necrotizing granulomas with neutrophilic abscesses

— GMS and PAS stains on formalin-fixed paraffin-
embedded (FFPE) tissue positive for moderate
numbers of conidia and pseudohyphae

— Fungal and other cultures of biopsy negative



Case 1

Fevers continued
Micafungin added to posaconazole

Repeat CT scan 3 weeks later demonstrated that
lesions were larger

Broad-range fungal PCR from FFPE liver biopsy were
negative

Repeat liver biopsy at this time
Changed to amphotericin B

Fungal smear of abscess fluid in microbiology
laboratory

— Positive for yeast and pseudohyphae









Pseudohypha:
pinched off at
septum




Case 1

Histopathologic diagnosis: “Necrotic lesion with rare
fungal elements (conidia & pseudohyphae). This
appearance is suggestive of Candida.”

Fungal cultures negative

Broad range fungal PCR from FFPE liver biopsy positive
for Candida tropicalis

Treatment implications

— C. tropicalis empirically covered with amphotericin B, also
with fluconazole

— Posaconazole has limited coverage for C. tropicalis

Patient eventually responded to amphotericin B for
treatment of hepatosplenic candidiasis



Utility of Molecular Fungal Assays on
FFPE

Performed in Case 1 because poor response to therapy
and cultures were negative

Molecular assays are most useful when fungal
organisms are seen by histopathology

Presumed threshold number of organisms required for
positive result is unknown
— Second liver biopsy from case 1 had rare organisms but
was positive by sequencing!
— First liver biopsy with moderate organisms seen on
histopathology was negative by sequencing
Review case to choose block for molecular testing with
the largest numbers of organisms and most amount of
inflammation, if applicable



Utility of Molecular Fungal Assays on
FFPE

* Response of fungi to antifungals varies among
groups and genera
— Mucorales are resistant to voriconazole

* Multi-drug resistance commonly seen with

Fusarium and Lomentospora (previously
Scedosporium) prolificans

— In certain patient populations (e.g.,
immunocompromised) or sterile site infections,
clinicians may wish to start double antifungal therapy

* Overlap in histopathologic appearances among
fungi

Schuetz AN, Walsh TJ. Am J Clin Pathol 2015;144:185



Busting Myths

Myths Reality

* Narrow septate * Narrow septate hyphae with or
hyphae with or without acute angle branching -
without acute angle  Aspergillus, Fusarium, Lomentospora
branching = s :
Asperaillus prolificans, Scedosporium

PErg (Pseudallescheria) boydii or other mold

* Presence of .
pseudohyphae = * Presence of pseudohyphae - Candida
Candida or dematiaceous or other mold

* Presence of true * Candida can produce true septate
septate hyphae hyphae

excludes Candida



Busting Myths

Dichotomous
branching 7

Conidial heads
~4a ¢ With conidia
" radiating from
vesicle =
Aspergillus

—

Fusarium grew
on culture
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Neutropenic
patient with skin
lesions

Fungal
sequencing from
FFPE positive for

Fusarium

o il

2 OGN

Skin biopsy, numerous fungal elements — GMS 400x
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Case 2

60 year old male with bicuspid aortic valve

In 2008, staphylococcal endocarditis - aortic
valve replacement

In 2013, progressive valvular cardiomyopathy
with subvalvular abscess = aortic valve
replacement

— No cultures taken; no determined cause of abscess

In 2014, progressive cardiomyopathy and
necrotizing glomerulonephritis (unknown cause)
— cardiac and kidney transplantation



Case 2

* In 2016, echo revealed a mass on mitral valve
leaflet with perforation and severe aortic
regurgitation

* Mitral valve removed and replaced
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Large numbers of bacteria, many of which
are located intracellularly
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Case 2

e Cultures negative

* |nstead of testing mitral valve from 2016
removal, mitral valve from explanted heart
from 2014 was tested

— ...Positive by Coxiella PCR

 Lives in Panama where he owns a marina and
lumbar yard

— Takes care of cows near his home






Minimal chronic inflammation
Special stains negative for microorganisms
Otherwise unremarkable

Mitral Valve from 2014 Explant, H&E, 40x
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Case 2

Q fever antibodies at time of Coxiella PCR

Antibody Titer
Phase | 1gG 1:16,384
Phase Il 1gG 1:8192
Phase | IgM 1:64
Phase Il IgM 1:64

Q fever antibodies 1 year later

Antibody Titer
Phase | 1gG 1:8192
Phase Il IgG 1:8192
Phase | IgM <1:16

Phase Il IgM 1:32



Case 2

 (Q fever at time of 2014 transplant

* Resultant valve perforation and other cardiac disease
* Likely renal disease due to Coxiella as well

* Patient treated with doxycycline long term

e 2016 block with many bacteria not available for further
testing

* Acute & chronic inflammation +/- giant cells is most
commonly associated with Q fever endocarditis

— BUT, Coxiella PCR-proven cardiac cases also showed patterns of
fibrosis & calcification, or only minimal chronic inflammation

— Fibrin ring/ doughnut granuloma seen in liver or bone marrows
is uncommonly seen with Q fever endocarditis

— Multinucleated giant cells are good clue of Q fever endocarditis

Jang YR et al. Medicine 2018;97:34



Utility of Molecular Bacterial Assays on
FFPE

* Performed in Case 2 because no etiology had
oeen found despite continued cardiac

oroblems

* Molecular assays useful when bacteria are
seen by histopathology

 More rapid than cultures, especially
mycobacterial cultures

— Turnaround time of fungal cultures (excluding
Candida) can also be long

27



Utility of Molecular Bacterial Assays on
FFPE

Suspected Usual histopathologic appearance in the
pathogen heart

Coxiella burnetii  Giant cells with lymphocytes

Tropheryma Infiltration of foamy macrophages
whipplei
Bartonella spp. Non-specific fibrosis, granulation tissue,

endothelial proliferation, variable
inflammation; necrotizing granulomas

Mycobacteria Granulomatous inflammation; may be Gram-
positive or Gram ‘invisible’

28



Pathogen-specific PCR vs. Broad Range
Bacterial PCR + Sequencing

* Pathogen-specific PCR

— E.g. Tropheryma whipplei, Coxiella burnetii,
Bartonella henselae

— Requires knowing what you are looking for
— Expensive if multiple assays are ordered
— Higher sensitivity than broad range bacterial PCR

* Broad range bacterial PCR plus sequencing

— Helpful if differential is broad based on
histopathologic pattern of inflammatory response



Case 3

76 year old male with aortic valve replacement and
ascending aorta aneurysm repair with graft in 2016

In 2018, developed mediastinal abscess around graft

Biopsy showed moderate acute inflammation around
aorta
— No identifiable organisms via Gram, GMS and PAS-D

Culture from broth was positive for Staphylococcus
epidermidis, 1/5 operative specimens

Is S. epidermidis significant if only growing from 1/5
specimens?

Broad range bacterial PCR + sequencing positive for S.
epidermidis



Case 4

21 year old female with history of bicuspid
aortic valve with culture-proven Streptococcus
salivarius endocarditis in 2013 status post
aortic and pulmonic valve replacement

Prosthetic pulmonic conduit graft placed in
2018

Fevers, suspected conduit infection

Conduit removed but no cultures taken since
no evidence of infection during surgery




Minimal acute inflammation with fibrosis

Graft Explant, H&E, 400x
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Case 4

* Broad range bacterial PCR from explanted
prosthetic valve homograft positive for
Streptococcus spp.

 There are many different Streptococcus spp.

— This could be the same Streptococcus spp. as prior
2013 episode, but it is most likely a different

species
* Patient was treated with appropriate
antimicrobials



Molecular Testing of FFPE Cardiac
Tissue

* Higher sensitivity of broad range bacterial 16S
rDNA PCR + sequencing on cardiac tissue as
compared to heart valve culture or blood
culture for detection of bacteria

* Positive cultures in only 6-26% of infectious
endocarditis cases

* Broad-range bacterial (16S) testing is positive
in 33-90% of infectious endocarditis cases



Blood cultures’

)

Blood cultures'

Infective il

Endocarditis - - ,

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

1 of valve performed » BART / Bartonella Antibody Panel, IgG and IgM, Serum

Algorithm for e
. . L » WHIPB / Tropheryma whipplei, Molecular Detection, PCR, Blood®
Diagnosis \- -
g » PATHC / Pathology

Consultation®
POSITIVE : NEGATIVE* g

If surgical excision If surgical excision of valve performed,

Mayo Clinic/

: of valve performed erform the following on the valve®
Mayo Medical : ? -
La b O rato res » PATHC / Pathology | » PATHC / Pathology Consultation’
Consultation® » Retain tissue for molecular testing®
Consider:

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

Directed testing based on histopathology findings

https://www.mayomedicallaboratories.com/it-
mmfiles/Infectious Endocarditis Diagnostic Testing for Identification of Microbiological Etiology.pdf 37




Directed testing based on histopathology findings

Acute inflammation
+microorganisms

» BRBPS / Broad Range Bacterial

PCR and Sequencing
POSITIVE NEGATIVE

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

If clinical history and/
or histopathologic
appearance is
suggestive of a
particular pathogen,
may perform target-
specific PCR before
attempting broad
range bacterial PCR
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Directed testing based on histopathology findings

Chronic inflammation with
macrophage predominance

v

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

STOP

» BRBPS / Broad Range Bacterial
PCR and Sequencing

» GBRP / 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

39



Directed testing based on histopathology findings

If sufficient valvular tissue is available
after sampling for histopathological and
molecular (microorganism-specific and
broad range) testing, consider culture and
Gram stain. Due to the low sensitivity and
specificity of culture, molecular testing
should be prioritized over culture.

No evidence of inflammation
Or microorganisms

Consider noninfectious
etiologies

Our laboratory offers a “send and hold” testing option that can be
ordered by the clinical team. Tissue is held refrigerated for 7 days
so that molecular testing can be ordered based on the

histopathologic impression.
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Summary of Infectious Diseases
Molecular Testing on FFPE

* Helpful if:

— No cultures are taken and re-biopsy is not feasible, especially post-
mortem

— Non-cultivatable organism
— Antimicrobial therapy may have led to negative culture

— Detection has implication on treatment (e.g., broad differential of
septate hyphal mold), especially in immunocompromised host

— Rapid result for mycobacteria can guide empirical therapy until
organism is cultured

* |ncreased yield when:
— Organisms seen with special stains

* Molecular tests on heart valves may be helpful even if organisms
are not seen for suspected cases of Coxiella endocarditis



Conclusions

Target-specific PCRs are generally more sensitive
than broad range PCRs

nterpret molecular results in context of
nistopathologic findings (special stains and
natterns of inflammation) and clinical history

Work with clinicians and microbiologists to
appropriately utilize tests

Outcome studies are needed on utility of
molecular testing on FFPE, including cost studies



