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Abstract

Identification of pathogens with pulmonary presentation in patients with hematologic
malignancies may be challenging due to diagnostic difficulty related to the underlying malignancy
and limitations of conventional microbiologic methods. Herein, we present a case series

of three patients with pulmonary consolidations due to Legionella bozemanae necrotizing
pneumonia, Pneumocystis jirovecii pneumonia, and disseminated Scedosporium infection, who
were diagnosed by microbial cell-free DNA next-generation sequencing. We observed that this
new sequencing modality was in agreement with gold-standard diagnostics, posing a potential
solution to the problem of limited capability in diagnosing infections in hematological malignancy
patients.
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INTRODUCTION

Infections are common in patients with hematologic malignancies and recipients of
hematopoietic cell transplant (HCT) due to immune defects related to underlying disease
or treatments. Pulmonary complications occur in up to 70% of patients with hematologic
malignancies and HCT recipients and have been associated with inferior survival.2—

Early and correct identification of causative organisms in infectious diseases is crucial

for determining optimal therapy as well as antimicrobial stewardship. A lack of diagnosis
among HCT recipients with pulmonary complications is associated with worse survival.®
Invasive procedures for tissue sampling are not often feasible in these patients due to
thrombocytopenia or clinical instability. With the recent advent of rapid diagnostics,
improvements have been seen in hospital length of stay, mortality, and healthcare costs.
Rapid diagnostics have been used with particular benefit in patients with sepsis, where
culture-independent identification can lead to more expedient tailoring of the antimicrobial
regimens.’

Application of next-generation sequencing to detect microbial cell-free DNA (mcfDNA)
in plasma has been proposed as an alternative to traditional culture and polymerase-chain
reaction (PCR) methods. This strategy enables accurate and timely pathogen identification
from plasma samples even in cases of deep or difficult to access foci of infection.8

Herein we describe a series of three cases in which the mcfDNA detection method
developed by the Karius test (Karius, Redwood City, CA) was used to provide fast organism
detection in difficult-to-establish infectious diseases scenarios.

CASE ONE

A 31-year-old woman received a T-cell replete nonmyeloablative HCT from a matched
unrelated donor for myelodysplastic syndrome associated with GATA2 deficiency. Several
months prior to transplant she was admitted to the hospital for hypoxemia and was
diagnosed with pulmonary alveolar proteinosis (PAP) via transbronchial lung biopsy.
Concurrent bronchioalveolar lavage (BAL) fluid was only positive for Candida albicans. She
subsequently had multiple readmissions for low-grade fever, cough, and which improved
with whole lung lavage prior to transplant. Her early post-transplant course was complicated
by ongoing cough and recurrent hypoxemia with a new right lower lobe consolidation

seen on computerized tomography (CT). On day 16 (D+16) post-transplant, she underwent
bronchoscopy due to persistent fever while on meropenem and isavuconazole, with BAL
fluid subsequently returning negative for fungi or bacteria by stain and culture. On D+34,
chest CT was repeated due to ongoing hypoxia and showed increased right middle and
lower lobe consolidations along with loculated component of moderate amounts of right
pleural effusion. On D+37, she underwent thoracentesis of right-sided pleural effusions with
stains and pleural fluid cultures also returning negative. On D+49, she had acute respiratory
decompensation with a repeat CT chest revealing necrotizing pneumonia in the right

lower lobe. By that point, she had received multiple broad-spectrum antibiotics. She was
taken for urgent lobectomy on D+50, and antimicrobial coverage was expanded to include
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atypical organisms with the addition of azithromycin. Karius testing was requested on
D+48, resulting in 6,735 DNA molecules per microliter (MPM) of Fluoribacter bozemanae
(Legionella bozemanae) on D+52. Surgical specimens submitted to pathology showed
acute and focally necrotizing pneumonia with acute pleuritis and purulent exudates on the
pleural surface, but no fungal or bacterial organisms were seen even with special stains

for microorganisms including a tissue gram stain and a modified Steiner stain (Figure 1A,
Figure 1B). Specimens submitted to microbiology stained positive for 4+ Gram negative
rods, however these were not able to be grown in culture. Tissue specimens were sent

for broad-range bacterial sequencing (Mayo Clinic Laboratories, Rochester, Minnesota),
returning approximately 4 weeks later with a result of Fluoribacter (Legionelld) bozemanae.
After the Karius test was reported, azithromycin was changed to levofloxacin and she was
discharged from the hospital on D+105 post-transplant.

CASE TWO

A 60-year-old man received a CD34" cell selected HCT for B-cell acute lymphoblastic
leukemia. His post-transplant course was complicated by grade Il acute graft-versus-host
disease treated with oral budesonide and tacrolimus as well as adenovirus (ADV) and
cytomegalovirus (CMV) viremias. The patient had been experiencing intermittent recurrent
febrile episodes requiring hospitalization for up to 6 months post-HCT. Fevers were not felt
to be attributable to CMV or ADV and did not respond to multiple antibiotic and antiviral
courses. Extensive infectious workups were otherwise negative including positron Emission
Tomography-Computed Tomography (PET-CT). Five months post-transplant the patient
was admitted to our hospital with recurrent febrile episodes. Approximately 10 days into
admission Karius testing was sent due to an ongoing lack of discernible infectious etiologies
which subsequently resulted in 1,520 DNA MPM human adenovirus D and 39 DNA MPM
of Pneumocystis jirovecii. At the time of the Karius result, 2 jirovecii pneumonia (PJP)

was considered an unlikely diagnose due to a lack of compatible imaging or clinical
syndrome, as well as ongoing prophylaxis with pentamidine. Approximately 2 weeks after
the Karius result, the patient was admitted to the hospital with a febrile episode accompanied
by new onset dyspnea. CT chest showed new patchy bilateral ground glass opacities. A
serum (1—3)-B-D-glucan (BDG) was elevated to 479 pg/mL. £ jirovecii PCR from sputum
resulted positive. He underwent bronchoscopy with BAL in which £ jirovecii was also
detected by PCR. Cytologic specimens from the BAL were sent with examination of these
specimens by silver stain showing fungal forms consistent with £ jirovecii. He was started
on PJP treatment with atovaquone and micafungin for possible cystic PJP and defervesced.
Two weeks after that admission, he presented again with fevers with CT chest showing
increasing bilateral ground glass opacities. A lung biopsy was done showing clusters of 2
Jirovecii by Gomori methenamine silver stain with acute lung injury (Figure 2A, Figure 2B).
He was subsequently switched to clindamycin/primaquine (trimethoprim-sulfamethoxazole
was avoided due to concurrent pancytopenia). Because of persistently elevated serum BDG
to >500 pg/ml without alternative explanation, he remained on PJP treatment for a prolonged
duration, without recurrent febrile episodes.
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CASE THREE

A 24-year-old woman was transferred from an outside hospital for the treatment of acute
myeloid leukemia (AML). Her disease was refractory to multiple induction chemotherapy
at an outside hospital and further complicated by an apparent disseminated fungal infection
2 months after AML diagnosis. At outside institution, unidentified hyphal elements were
found on a right upper lobe lung fine needle aspirate biopsy with concerns for invasion
outwardly into the chest wall (Figure 3A, Figure 3B), and non-biopsied lesions in the liver
seen on CT. She was begun on empiric antifungal therapy with liposomal amphotericin B.
Broad-range fungal PCR (ARUP Laboratories, Salt Lake City, Utah) was performed on the
biopsy specimen and resulted approximately 3 weeks after collection with Scedosporium
apiospermum complex. Upon transfer to Memorial Sloan Kettering Cancer Center, CT
chest, abdominal pelvis was performed which showed mass like consolidation in the right
upper lobe and numerous hepatic and splenic lesions. Spine magnetic resonance imaging
(MRI) showed hypertense lesions on T12 and S1 and brain MRI showed a peripherally
enhancing lesion in the right frontal lobe. Multiple blood cultures were negative and
transthoracic echo was negative for vegetation. Serum BDG was elevated to >500 pg/mL.
Her white blood count was <0.1 K/mcL and her platelet was 6000 K/mcL. Due to refractory
thrombocytopenia, a biopsy was not feasible. As there was a concern of septic emboli

in CT abdomen-pelvis and refractory thrombocytopenia, Karius testing was requested
approximately 1 month after the initial biopsy specimen to rule out other etiologies to cause
septic emboli. Results showed 548 DNA MPM of Scedosporium boyadii. Voriconazole and
terbinafine were added for synergy with liposomal amphotericin B.

DISCUSSION

Herein, we report three cases in which the Karius test was used as an adjunct to gold-
standard diagnostic histopathologic and/or microbiological techniques. In case one, Karius
was done first and was concordant with bacterial PCR showing Legionella bozemanae
performed on resected lung tissue. In the second case, Karius was also done first and was
concordant with later histological evaluation of resected lung tissue showing Pneumocystis
Jirovecii. In the third case, lung biopsy was performed first showing Scedosporium
apiospermum complex by PCR, later confirmed by the Karius test.

The first case highlights the difficulty of diagnosis of atypical pathogen and limitations of
conventional microbiologic methods. Cultures from the resected lung failed to grow and
organisms were not seen in the lung tissue histologically even with special stains, while
bacterial PCR of the lung tissue was positive for legionella; however, the result was not
available for weeks as a result of reference laboratory workflow. Atypical and fastidious
organisms represent unique diagnostic challenges in infectious disease. Organisms such
as Legionella species are exemplary to the extent that they often require invasive means
to obtain samples, require special culture media to grow, and do not have timely growth
even under optimal conditions.® Attempts to overcome the challenge of such organisms
have included broad-range PCR detection methods; however, while such methods may
supplement or occasionally replace culture for diagnosis, they often are even less timely
and typically detect bacteria, whereas mcfDNA can detect a broad range of microorganisms
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including bacteria, DNA viruses, and fungi. Automated PCR based panels have been shown
to provide expedient results, with the drawback that such panels have a narrow and limited
range of organisms they detect and are also limited by the types of specimens on which
they can be run.® Additionally, extrapulmonary Legionellosis has been documented in the
hematologic malignancy population,1% which compounds diagnostic difficulty since the
BCYE agar needed to grow Legionella species is not routinely used in extrapulmonary
specimens.

The second case demonstrates that mcfDNA test can be used for early identification of
organisms in the investigation of fever of unknown origin. Interestingly, 2. jirovecii was
detected by the Karius in the patient’s blood prior to the development of overt pulmonary
consolidations and before the lung biopsy confirmed the diagnosis pathologically. Moreover,
mcfDNA also has the potential to guide the preemptive treatment approach. The preemptive
approach is widely adapted for cytomegalovirus viremia where a relationship has been
established between viral load and mortality.11 There has been demonstration of utilization
of Karis for preemptive detection of pathogens causing bloodstream infection in the
pediatric oncology patients.12 Further studies are needed for the utility of the mcfDNA
sequencing for preemptive therapy.

The third case demonstrates that the Karius test detected Scedosporium even after weeks of
prolonged use of antifungal treatment. Invasive fungal infections pose significant morbidities
and mortalities in patients with hematologic malignancies. Tissue sampling for deep-seated
fungal infections may not be feasible due to clinical conditions and thrombocytopenia.

The sensitivities of conventional diagnostic methods decreased after the prolonged use of
antifungal agents.1® Noninvasive diagnostic workups such as galactomannan and BDG lack
sensitivities and specificities and do not detect all fungal pathogens.14

Our case series suggests that mcfDNA diagnostic techniques such as the Karius test can
be very useful in patients with hematologic malignancies who cannot safely undergo
invasive diagnostic procedures, or for whom the diagnostic yield of conventional cultures
is suboptimal. A clinical trial (NCT04047719) is currently underway to evaluate the added
diagnostic utility of the Karius test in immunocompromised patients with pneumonia and
will inform the optimal use of the test in this patient population.
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1A -
This bronchiole is massively infiltrated by neutrophils within the lumen and chronic
inflammatory cells in the bronchiolar wall. (Hematoxylin and eosin X 10)
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1B -
The airway lumen is filled mostly with neutrophils and the bronchiolar wall shows mostly
chronic inflammatory cells. (Hematoxylin and eosin X 40)
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2A -
The lung shows diffuse thickening of alveolar walls with loose connective tissue and focally
alveolar spaces are filled with an eosinophilic exudate. (Hematoxylin and eosin X 20)
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2B -

This GMS stain shows numerous round to oval shaped fungal organisms consistent with
Pneumocystis jirovecii. These organisms were most conspicuous in alveolar filled with the
eosinophilic exudate seen in in Figure 2A. (Gomori methenamine silver X 80)
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3A -
Histologic assessment of fungal angioinvasion. (Hematoxylin and eosin X 200).
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3B-.
This GMS stain shows abundant fungal hyphae in lung parenchyma and whin bold vessels.
(Gomori methenamine silver X 200)
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