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Uncommon fungi can cause opportunistic infections and are often unidentifiable using phenotypicmethods. Mo-
lecular techniques, like DNA sequencing, may permit species-level identification but results may be challenging
to interpret. To determine the clinical impact of molecular identification in this setting, we performed a retro-
spective review of fungal isolates referred for molecular identification. Seventy-five distinct fungal species
were identified from 93 referred isolates, 31 (41%) of which are not known to be human pathogens. DNA se-
quencing prompted change in anti-infective therapy in only 3 (3.5%) cases but significantly delayed culture turn-
around time (40± 31 vs. 30 ± 13 days, P b 0.001). Patient immune status and concurrent histologic or serologic
testing significantly correlated with the proportion of pathogenic isolates recovered and patients treated (χ2,
P b 0.05). Molecular identification of uncommon fungal isolates should be limited to specialized clinical settings
such as patients with immunosuppression and/or concurrent positive histology or fungal serology.
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1. Introduction

Opportunistic fungal pathogens are an emerging medical concern,
especially in immunocompromised patients. Infections with these or-
ganisms, especially invasive infections, can have high mortality rates
(Brown et al., 2012). In the setting of invasive fungal infection, early, ac-
curate, and precise information from diagnostic testing can be critical
for appropriate and effective treatment. Although direct from specimen
biomarkers andmolecularmethods are important diagnostic tools, phe-
notypic or molecular-based identification from pure culture growth re-
mains the gold standard for pathogen identification in the setting of
fungal infection. Phenotypic methods are not useful for identification
of fungal isolates recovered in culture that fail to produce reproductive
structures. In addition, there are numerous morphologic mimics and
in some circumstances the level of resolution of reporting may be lim-
ited to family or genuswhen based exclusive onmorphologic identifica-
tion. In these instances, molecular methods, such as amplification and
sequencing of taxonomically informative DNA target regions, can be
used for identification (Pounder et al., 2007). However, these methods
are not available in all clinical laboratory settings, and referring this ad-
ditional analysis increases the time to reporting and the cost of testing.
Data on the clinical impact of sequenced-based identification of fungi, espe-
cially nonsporulating and/or infrequently encountered species, are scarce.
Several studies from reference mycology laboratories found that a majority
(~70%) of nonsporulating molds identified using molecular methods from
a variety of specimen types (tissue, respiratory specimens and blood) were
associatedwithplantsor soil andhadnoknownassociationwithhumandis-
ease (Pounder et al., 2007; Razak et al., 2015). More recently, studies eval-
uating the clinical significance of identifying nonsporulating molds in
respiratory specimens of patients with hematological malignancy or
bronchopulmonary disorders found high rates of asymptomatic coloniza-
tion (67% and41%, respectively) (Garcia-Hermoso et al., 2015; Singh et al.,
2013). These studies indicate the potential opportunity to optimize the
utilization of molecular identification in the diagnosis of fungal infection.

In this retrospective study, we evaluate the clinical context in which
molecular identification of an unusual or nonsporulatingmoldwas pur-
sued in the Barnes-Jewish Hospital clinical microbiology laboratory and
our objective was to characterize the impact of molecular identification
of fungal isolates on clinical care.

This study was presented in part at the ASMMicrobe 2018 Meeting,
on June 10th, 2018 in Atlanta, GA (poster #312).

2. Methods

2.1. Human studies approval

This studywas approvedby theHumanResearch ProtectionOffice of
Washington University in Saint Louis School of Medicine Institutional
Review Board (IRB) ID: 201708171.
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2.2. Laboratory methods

This is a retrospective analysis of all isolates recovered from clinical
specimens submitted to the Barnes-Jewish Hospital Microbiology Labo-
ratory (St. Louis,MO) between2013 and 2017. Specimens submitted for
mycology culture were processed according to laboratory standard op-
erating procedures for each specimen type. In general, filamentous
fungi were sub-cultured to Sabouraud Dextrose, Potato Dextrose and/
or Inhibitory Mold agars and slide cultures mounted for macroscopic
and microscopic characterization from tape and/or tease preparations.
Yeasts were identified with biochemical characterization using the API
20C AUX (bioMérieux; Durham, NC) and/or Bruker BioTyper MALDI-
TOF MS (Bruker, Billerica, MA) as previously described (Pence et al.,
2014). Isolates unable to be identified using phenotypic methods and/or
MALDI-TOF MS were referred to a reference laboratory for DNA-
sequencing per medical director review during laboratory plate rounds
or upon physician request. Isolates were referred to the University of
Texas Health Center at San Antonio (San Antonio, TX) orMayo Clinic Lab-
oratories (Rochester, MN) and identified by a combination of phenotypic
and molecular methods including DNA sequencing of ITS, D1/D2 and/or
other targets per standard procedures of the reference laboratory.

2.3. Laboratory and electronic medical record review

Laboratory records from April 2013 to July 2017were reviewed to iden-
tify fungal isolates referred to a reference laboratory for sequence-based
identification. For each referred isolate, a case report formwas used to cap-
ture laboratory data relevant to culture work-up including the date of first
observation, macroscopic and microscopic morphology and reason for
sequence-based identification. The electronic health record of patients
with referred isolates was also reviewed to capture the patient reason for
visit, diagnoses, comorbidities and additional relevant laboratory testing
performed as part of clinical care including histology and fungal serologic
screening. A complete annotation of the clinical and laboratory data for
each patient with referred testing is listed in Supplementary Table 1. To
compare the turnaround time of cultures with isolates referred for
sequence-based identification to cultures with isolates identified using
routine methods, the laboratory information system (Cerner Millennium)
was queried for allmycology cultures submitted to the Barnes-JewishHos-
pital Microbiology laboratory from January 1, 2016 to December 31, 2016.
The data set was filtered to remove test patients, proficiency specimens,
and canceled and/or credited tests. Date and time of culture start, final re-
ports and final culture report were recorded. Culture turnaround time, de-
fined as time from culture start to final report, was determined.

2.4. Classification of isolates by pathogenic potential

Isolates identified using molecular methods were classified as
‘Established pathogen’, ‘Putative pathogen’ or ‘Not established human
pathogen’ according to review of the following clinical mycology refer-
ence texts: Medically Important Fungi: A Guide to Identification
(Larone, 2011) and the Manual of Clinical Microbiology, 11th edition
(Jorgensen et al., 2015). For organisms not included in the aforemen-
tioned texts, a PubMed search of the organism name was performed.
If no cases of human infection were reported, the isolate was classified
as ‘Not an established human pathogen’.

2.5. Classification of patients by antifungal treatment

The electronic medical records of patients from whom sequenced
isolates were recovered were reviewed to determine antifungal treat-
ment. Patients who were on antifungal prophylaxis prior to collection
of mycology culture and had no changes to antifungal regimen after
phenotypic culture report or post-molecular identification were classi-
fied as having received ‘Prophylactic’ treatment. Patients for whom
antifungal therapy was initiated and/or modified when a fungal isolate
was initially reported, prior to phenotypic or molecular identification,
were classified as having received ‘Empiric’ treatment. Patients
whose antifungal treatment was initiated or who were treated em-
pirically but therapy was later modified, post-molecular identifica-
tion were classified as ‘Molecular identification guided’ treatment.
Patients for whom antifungal treatment was not initiated or who
were lost to follow-up were classified as ‘Not treated’ and ‘Unable
to obtain’, respectively.

2.6. Classification of specimens/sources

Isolates were grouped by specimen source. Specimens fromwhich a
positive culture would be suggestive of invasive diseases included
blood, cerebral spinal fluid (CSF), surgically-collected tissues and sterile
body fluids and bronchoscopy specimens. Specimens likely to be con-
taminated with non-pathogenic microorganisms included miscella-
neous or superficial wounds, abscesses, drainage, nails and sputum.

2.7. Statistical analysis

Chi-squared test was used to compare the proportion of organisms
grouped by stated variables. All statistical analyses were performed
with R v.3.4.3 and RStudio v.1.1.453.

3. Results

3.1. Summary of sequenced isolates

Review of laboratory records from 2013 to 2017 identified 93 fungal
isolates from 86 unique patients thatwere referred to an outside labora-
tory for sequence-based identification. The sequenced isolates were
from patients with a median age of 57 years (range 6 to 87 years). At
the time of specimen collection, the clinical services caring for the pa-
tients with referred isolates included pulmonary (30%), surgery (9.7%),
hematology-oncology (7.5%), and dermatology (7.5%). Isolates were re-
coveredmost frequently from respiratory (44%), blood (19%) or cerebral
spinal fluid (12%) specimens but also from wounds (10%) or miscella-
neous specimens (15%).

3.2. Identification of unusual yeasts and molds

From 93 sequenced isolates, 75 unique taxa were identified
(Table 1). Eighty-five (91%) isolates were definitively identified to
the genus-level or beyond. Candida spp. (10, 10.8%), Pseudozyma spp.
(6, 6.4%), Fusarium spp. (5, 5.4%), Scedosporium spp. (5, 5.4%), Coprinellus
spp. (4, 4.3%), and Trichophyton spp. (3, 3.2%) were among the more
common isolates identified. Overall, 33 (35%) of isolates were classified
as established human pathogens, 23 (25%) as putative pathogens, and
37 (40%) were not established human pathogens.

3.3. Isolates with a preliminary identification based on morphology or
biochemical testing were more likely to be established pathogens

Of the 93 isolates referred for sequence-based identification, 33 (35%)
were preliminarily reported to the genus or family-level using pheno-
typic methods of identification, of which 16 (48.5%) were classified as
established pathogens (Fig. 1 and Table 1). Preliminary reports based
on phenotypic or unconfirmed MALDI-TOF results demonstrated 94%
(31/33) ‘categorical agreement’, which was defined as agreement to
the genus or family-level between preliminary and final molecular iden-
tification. For the remaining 60 (64%) isolates, phenotypic-based identi-
ficationmethods failed to provide an identification; thus, no preliminary
report beyond ‘yeast or mold to be identified’ was issued prior to final
molecular identification. Of these 31/60 (52%) were not established
human pathogens. Isolates with preliminary identification were more



Table 1
Identification of fungi referred for sequence-based identification.

Final organism identification† Morphology-based preliminary identification‡ Specimen n Pathogenic potential⁎

Acremonium roseolum Mold to be identified Bronchial washing 1 Not established human
pathogen

Aspergillus calidoustus Aspergillus spp. not A. fumigatus or A. flavus Biopsy, arm, left 1 Established pathogen
Aurantiporus fissilis Mold to be identified Bronchial washing 2 Not established human

pathogen
Aureobasidium pullans var pullans Mold to be identified Nail, foot, right 1 Established pathogen
Blastobotrys raffinosifermentans Yeast to be identified Sputum 2 Putative pathogen
Bulleromyces albus Yeast to be identified Blood 1 Not established human

pathogen
Candida blankii Yeast to be identified Bronchial washing 2 Not established human

pathogen
Candida fermentati (Meyerozyma caribbica) Candida spp. resembling C. guilliermondii/ Candida sp. Portacath/blood 2 Established pathogen
Candida metapsilosis Yeast to be identified Blood 1 Established pathogen
Candida nivariensis Yeast to be identified Miscellaneous 1 Established pathogen
Candida orthopsilosis Candida spp. resembling C. orthopsilosis Abdominal fluid, Jackson-Pratt 1 Established pathogen
Candida pararugosa Candida spp. resembling C. pararugosa Bronchial washing/Blood 2 Established pathogen
Candida phangngensis Yeast to be identified Sputum 1 Putative pathogen
Chaetomium subaffine Chaetomium spp. Miscellaneous, sputum 1 Putative pathogen
Chrysosporium minutisporum Mold to be identified Bronchial washing 1 Not established human

pathogen
Closest identity to Hypoxylon submonticulosum Mold to be identified Bronchial washing 1 Not established human

pathogen
Closest identity to Fomitopsis meliae Mold to be identified Bronchial washing 1 Not established human

pathogen
Closest identity to Pseudozyma aphidis Yeast resembling Ustilago Blood 1 Established pathogen
Coprinella radians/ Coprinellus aff. Radians/
Coprinellus radians (n = 2)

Mold to be identified Bronchial washing 4 Not established human
pathogen

Cryptococcus albidus Cryptococcus spp. not C. neoformans Wound 1 Putative pathogen
Cryptococcus uniguttulatus Cryptococcus uniguttulatus, presumptive identification to

be confirmed
CSF 1 Putative pathogen

Durkmei churashimaensis (Pseudozyma) Yeast, further identification upon request Wound, maxillary 1 Putative pathogen
Exophiala (Wangiella) dermatitidis Mold to be identified/mold resembling Exophiala spp. Sputum 2 Established pathogen
Fusarium dimerum Fusarium spp. Cornea, eye left 1 Established pathogen
Fusarium falciforme Fusarium spp. Abscess, right foot/ Aspirate, sinus 2 Established pathogen
Fusarium solani complex 3 + 4bb Mold to be identified Organism, arm, left 1 Established pathogen
Fusarium solani species complex seq type 1x or 18x Fusarium spp. Biopsy, arm, right 1 Established pathogen
Histoplasma capsulatum Mold to be identified Tissue, left knee 1 Established pathogen
Inonotus andersonii Mold to be identified Bronchial washing 1 Not established human

pathogen
Irpex lacteus Mold to be identified Bronchial washing 1 Putative pathogen
Isolate appears to be Conidiobolus spp. by
morphology.

Mold resembling Conidiobolus/Basidobolus Bronchial washing 1 Putative pathogen

Kodamaea ohmeri Yeast to be identified Bronchial washing 1 Established pathogen
Lodderomyces elongisporus Yeast to be identified Blood 1 Established pathogen
Lomentospora (Scedosporium) prolificans Scedosporium spp. Bronchial washing 2 Established pathogen
Malassezia spp. Yeast to be identified Wound, ear 1 Established pathogen
Medicopsis (Pyrenochaeta) romeroi Mold to be identified Tissue thumb, right/ Biopsy thumb. Right 2 Putative pathogen
Microascus (Scopularopsis) gracilis Mold to be identified Bronchial washing 1 Established pathogen
Moesziomyces aphidis/ Pseudozyma aphidis Yeast to be identified/ Yeast resembling Pseudozyma spp. Blood 2 Putative pathogen
Closest identity to Coniochaeta ligniaria Mold to be identified Wound, deep 1 Not established human

pathogen
Nigrospora oryzae Mold to be identified Wound, scalp 1 Not established human

pathogen
Not Prototheca spp. appears to be a Cyanobacteria
spp. (algae)

Resembling Cyanobacteria Wounds, foot, left 1 Putative pathogen

Nothophoma quercina Mold to be identified Bronchoalveolar lavage 1 Not established human
pathogen

Paecilomyces variotti Mold to be identified Drainage, ethmoid 1 Putative pathogen
Penicillium aurantiacum Mold to be identified Bronchial washing 1 Not established human

pathogen
Penicillium citrinum Penicillium spp. Tissue, knee left 1 Not established human

pathogen
Penicillum spp. Mold resembling Penicillium spp. Bronchial washing 1 Not established human

pathogen
Pestalotiopsis samarangensis Mold to be identified Nail, toe left third 1 Not established human

pathogen
Phaeosphaeria musae Mold to be identified Bronchial washing 1 Not established human

pathogen
Phanerochaete chrysorhiza Mold to be identified Blood 1 Not established human

pathogen
Phlebia subseriales Mold to be identified Blood 1 Not established human

pathogen
Phlebia tremellosa Mold to be identified Blood 1 Not established human

pathogen

(continued on next page)
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Table 1 (continued)

Final organism identification† Morphology-based preliminary identification‡ Specimen n Pathogenic potential⁎

Pichia terricola Yeast resembling Candida spp. Blood, Antecubital, left 1 Putative pathogen
Poitrasia circinans Zygomyces# to be identified Bronchial washing 1 Not established human

pathogen
Psathyrella condolleana Mold to be identified Bronchial washing 1 Not established human

pathogen
Pseudozyma spp. Resembling Ustilago Blood/ Biopsy, back 2 Putative pathogen
Purpureocillium lilacinum Mold to be identified Aspirate, arm right 1 Established pathogen
Sporisorium sp. Order Ustilaginales Yeast to be identified Tissue, knee left 1 Not established human

pathogen
Rasamsonia aegroticola Paecilomyces spp. to be identified Bronchoalveolar lavage 1 Putative pathogen
Resembling Chaetomium spp. Mold to be identified Wound, scalp 1 Putative pathogen
Resembling Leiotrametes lactinea Mold to be identified Bronchial washing 1 Not established human

pathogen
Rhinocladiella spp. Mold to be identified Tissue, lung 1 Established pathogen
Rhizopus microsporus Zygomyces# to be identified Bronchial brushing 1 Established pathogen
Rigidoporus pouzarii Mold to be identified Bronchial washing 1 Not established human

pathogen
Rigidoporus spp. Mold to be identified Bronchial washing/ Miscellaneous,

Bronchoalveolar lavage
2 Not established human

pathogen
Scedosporium apiospermum Mold to be identified Wound, sphenoid 1 Established pathogen
Scedosporium aurantiacum Mold to be identified Bronchoalveolar lavage 1 Established pathogen
Scedosporium species (Pseudallescheria boydii) Scedosporium spp. Pleural fluid, left 1 Established pathogen
Schizophyllum radiatum Mold to be identified Blood 2 Putative pathogen
Stereum rugosum Mold to be identified Blood 1 Not established human

pathogen
Talaromyces (Penicillium) atroroseus Penicillium spp. Bronchial washing 1 Not established human

pathogen
Talaromyces purpurogenus Penicillium spp. Miscellaneous, sputum 1 Not established human

pathogen
Tilletiopsis washintonensis Mold to be identified Biopsy, Forearm, left 1 Not established human

pathogen
Trametes versicolor Mold resembling Arthrographis spp. Blood 1 Not established human

pathogen
Trichophyton rubrum (n = 2)/ Trichophyton
rubrum complex

Non-sporulating mold no further identification/ Mold to
be identified (n = 2)

Wound/ Scraping, back/ Biopsy, face 3 Established pathogen

Trichosporon mycotoxinivorans Trichosporon spp. Bronchial washing 1 Established pathogen

† Organism identification of referred isolated byDNA-sequencing performed at the Fungus Testing laboratory at theUniversity of TexasHealth Science Center (SanAntonio, TX) orMayo
Clinic Laboratory (Rochester, MN).

‡ Preliminary-identification using phenotypic methods or unconfirmed MALDI-TOF (for yeasts only) reported by Barnes-Jewish Hospital (Saint Louis, MO).
⁎ Pathogen status for each isolate was categorized as established pathogen, putative pathogen or Not established human pathogen according to review of medical mycology texts and

published literature as described in the methods.
# Current taxonomical designation is Mucoromycete.
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often identified as established pathogens compared to isolates with no
preliminary identification (48.5% vs. 28.3%, P = 0.01).

We evaluated if isolates referred for sequencing were more likely to
be identified as established pathogens when recovered from speci-
mens/sources fromwhich growth ofmicroorganisms is suggestive of in-
vasive disease vs. vs. specimens likely to be contaminated with various
microorganisms. Of the 68 (73%) isolates recovered from specimens
suggestive of invasive disease (blood, cerebral spinal fluid, tissue/
Fig. 1. Sequenced isolates stratified by pathogenic potential and preliminary reporting of
sequenced isolates. The frequency of isolates with or without morphology-based
preliminary identification that were categorized as known human pathogens (black
bars), putative pathogens (gray bars), or not known to be human pathogens (white
bars) is plotted. The proportion of isolates classified as pathogenic was significantly
different between isolates with preliminary identification versus isolates without
preliminary identification (χ2, P = 0.01).
biopsy, bronchialwashing, bronchiolar lavage, bronchial brush, and cor-
nea), 21 (31%)were classified as established pathogens, 14 (21%) classi-
fied as putative pathogens and 33 (48%) were classified as not
established human pathogens. Among, the 25 (27%) isolates from likely
contaminated specimens (wounds, drainage, fluid, aspirates, sputum,
skin scrapings, and nails), 12 (48%), 9 (36%), and 4 (16%) isolates were
classified as established, putative or not known human pathogens,
respectively.

3.4. Sequencing-based identification rarely impacts anti-fungal therapy

To determine the clinical impact of molecular sequencing-based
identification, changes in treatment upon result reporting were evalu-
ated. Treatment information could not be obtained for 5/86 (5.8%) pa-
tients. Overall, 38/86 (44%) patients were not treated with antifungal
therapy, while 40/86 (46%) patients were either empirically treated or
on antifungal prophylaxis. Antifungal treatment was modified as a re-
sult of molecular identification for only 3 (3.5%) of patients. All three pa-
tients who received molecular-identification guided treatment had
fungal isolates that had morphology-based preliminary reports
prompting empiric treatment; however, in 2/3 cases, thefinalmolecular
identification was cited as the reason for discontinuing antifungal treat-
ment. Interestingly, the pathogenic status of isolates recovered frompa-
tients who were treated empirically differed significantly from that of
patients who were not treated (χ2, P = 0.01). Among patients who
were treated empirically, 19/38 (50%) isolates were identified as
established pathogens, while 10/40 (25%) isolates recovered from
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patients who were not treated were established pathogens. When
grouped by specimen source, there was no difference in the proportion
of patients treated (χ2, P N 0.05). Forty (40, 59%) of the isolates from
specimens suggestive of invasive infection were from patients who re-
ceived some antifungal treatment (prophylaxis, empiric and molecular
identification-guided), while 8 (32%) of patients with isolates from
likely contaminated specimens were treated.

3.5. Concurrent histology and/or fungal serology is associated with
pathogenic status of isolates recovered and patient treatment

Diagnosis of a fungal infection is guided by a combination of culture
results, histopathologic exam of tissue, and fungal serology. In this co-
hort, 46/86 (53%) patients had histology ordered on relevant tissue
specimens within 30 days of specimen collection, of which 8/46 (17%)
were positive for fungal organisms. Statistically significant differences
in the proportion of pathogenic isolateswere detected between patients
with positive histology, negative histology or no relevant histology test-
ing: patients with negative histology had the highest rates of isolates
that were not established human pathogens (Fig. 2A;χ2, P b 0.001). Ad-
ditionally, there were significant differences in patient treatment based
on the results of histopathologic review of the specimens (positive, neg-
ative or no relevant histology testing) (Fig. 2B; χ2, P= 0.01) indicating
that isolates recovered from patients with specimens also positive for
fungal infection on histology were more likely to be considered signifi-
cant by the treating clinician. Twenty-four (28%) patients had serologic
testing for Cryptococcus, Aspergillus galactomannan or Histoplasma or-
dered within 30 days of specimen collection, of which 3/24 (12.5%)
were positive. However, there was no difference in the pathogen distri-
bution of isolates recovered from patients with positive serology, nega-
tive serology or no serologic testing (Fig. 2C;χ2, P=0.8); though, 2/3 of
the patients with appropriate positive serologic testing harbored iso-
lates later identified as established pathogens. Patient treatment was,
however, found to differ significantly between patients with positive,
negative of no fungal serologic testing (Fig. 2D; χ2, P = 0.04). While
Fig. 2. Concurrent histopathology and fungal serology are associated with pathogenic status o
isolates and treatment (B, D) of patients with concurrent histology (A, B) and fungal serology
patients with positive histology, negative histology or no histology ordered (χ2, P b 0.001).
histology or no histology ordered (χ2, P = 0.01). C) No difference in the proportion of pa
serologic testing ordered (χ2, P = 0.8). D) Treatment differed significantly between patients w
all patients with positive serologic testing were treated empirically, 5/
21 (23.8%) patients with negative serology and 33/63 (52.4%) patients
with no serologic testing ordered were not treated.

3.6. Patient immune status is not associated with pathogenic status of
recovered isolates but affects patient treatment

Given the risk of devastating disease in immunocompromised pa-
tients, potential fungal infections are closely monitored in this patient
population.We therefore sought to determine the pathogenic potential
and clinical significance of sequence-based identification of uncommon
fungi in immunocompromised patients. Greater than half (49/86; 57%)
of the patients included in this study had an immunocompromising
condition including immune-modulating genetic disorders (2, 4.1%),
autoimmune disease (7, 14%), hematologic malignancy and/or stem-
cell transplant (10, 20%), or solid organ transplant (30, 61%). There
was no difference in the proportion of patients with isolates identified
as established pathogens between groups (χ2, P = 0.2, Fig. 3A).
However, there was a significant difference in the proportion of treated
patients by immune status (χ2, P = 0.004). While all patients with
hematologic malignancy and/or HSCT received empiric or molecular-
identification guided treatment, nearly half of patients with solid-
organ transplant, other immune-compromising conditions or immuno-
competent were not treated (43%, 56%, and 54%, respectively).

3.7. Impact of sequencing-based identification on culture turnaround time

To determine the impact of sequence-based identification on culture
turnaround timewe reviewed the turnaround time of all mycology cul-
tures performed in 2016. In 2016, the laboratory performed 8644 my-
cology cultures, of which 7043 (81%) were negative for fungi. Of the
1601 cultures positive for fungus, yeasts were reported in 1249 (78%)
cultures and mold in 352 (22%). Nonsporulating molds represented
22/1601 (1.4%) positive mycology cultures. The average (± 2SD) turn-
around time to final report for all positive mycology cultures was 29.5
f recovered isolates and patient treatment. The pathogenic potential (A, C) of recovered
(C, D) are plotted. A) The proportion of pathogenic isolates differed significantly between
B) Treatment differed significantly between patients with positive histology, negative
thogenic isolates was observed between patients with positive, negative or no fungal
ith positive serology, negative serology or no serology ordered (χ2, P = 0.04).



Fig. 3. Patient immune status is associated with likelihood of treatment but not with
pathogenic status of recovered isolates. Patients were grouped by immune status and
the pathogenic status of recovered isolates and patient treatment are plotted. A) The
number of patients with isolates identified as established pathogens (black bars),
putative pathogens (gray bars) or not an established human pathogen (white bars) is
shown. There was no difference in the proportion of pathogens between patients
grouped by immune status (χ2, P = 0.2). B). Number of patients who received no
treatment (white bars), prophylaxis (light gray bars), empiric (dark gray bars), or
molecular identification-guided therapy (black bars) are shown. Treatment information
could not be obtained for 5 patients (data not shown). Patient treatment varied
significantly between patients of different immune status (χ2, P = 0.004).
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(± 6.2) days (Table 2). The turnaround time to final report of cultures
with recovery of only yeast was 31.3 (± 8.9) days and 26.7 (± 20.3)
days for mold. In comparison, the average (± 2SD) turnaround time
for isolates referred for DNA sequencing was significantly longer at
40 (± 31) days (Student's t-test, P= b0.001). On average, final reports
were received 15 (±10)days fromdate of isolate referral and 26 (±18)
days from first observation in culture.

4. Discussion

The incorporation of molecular strategies for identification of un-
common or sterile fungal isolates recovered in culture has the potential
to impact clinical care. However, the results of this testing may be chal-
lenging to interpret. Our objective was to understand the significance of
the fungal isolates recovered from clinical specimens that were referred
for sequencing, and identify clinical situations where these results were
most likely to yield clinically actionable information. We observed that
nearly half – 42% – of sequenced isolates were not established human
pathogens and sequence- based identification prompted changes in an-
tifungal treatment in only 3.5% of patients. Thus, molecular identifica-
tion in this setting had limited impact on therapeutic decision making.
Table 2
Summary of mycology cultures performed at the Barnes-Jewish Hospital Microbiology
laboratory January 2016–December 2016.

n (%) Average turnaround time in days (± 2SD)

Total 8644 (100) 29.5 ± 6.2
Negative 7043 (81) 29.3 ± 3.0
Positive for fungus 1601 (19) 30.3 ± 13.0
Yeast 1249 (14) 31.3 ± 8.9
Mold 352 (4.1) 26.7 ± 20.3
Sequence-based identification methods are particularly useful for
identification of nonsporulating fungi. Pounder and colleagues reported
that 92% of a subset of nonsporulating clinical fungal isolates from a
large reference laboratorywas successfully identified usingDNA sequenc-
ing (Pounder et al., 2007). However, only 33% of the sequenced isolates
were identified as established or potential pathogens. Similarly, a survey
of fungal isolates recovered from clinical specimens submitted to a refer-
ence laboratory in Malaysia, reported that 26/28 (93%) of nonsporulating
isolates recovered from blood cultures were successfully identified via
DNA-sequencing, of which only 9 (35%) were identified as established
or potential pathogens. Although these studies highlight the ability of
DNA-sequencing to identify nonsporulating molds, they illustrate that
the majority of fungal isolates identified by molecular methods are envi-
ronmental fungi of unknown pathogenicity in humans. In the absence of
additional clinical data, the significance of these isolates and the impact of
sequence-based identification in these settings are unclear.

In a review of nearly 5000 respiratory specimens from patients with
chronic respiratory disease, Singh and colleagues successfully identified
to species-level 94.2% nonsporulating fungal isolates using DNA se-
quencing and assessed their clinical significance (Singh et al., 2013).
Of their nonsporulating isolates sequenced, Schizophyllum commune
and Ceriporia lacerata were the predominant species identified,
representing 52% and 21% of sequenced isolates, respectively. Both spe-
cies have been reported to be opportunistic pathogens previously
(Chowdhary et al., 2013). Interestingly, Singh and colleagues report
that in 59% of cases with available clinical data, the nonsporulating iso-
lates identified by DNA sequencing were found to be colonizers. Addi-
tionally, 45% of patients with diagnoses of fungal pneumonia did not
receive antifungal therapy (Singh et al., 2013).

Here, we reviewed clinical data associated with isolates referred for
sequence-based identification and report that molecular identification
did not change patientmanagement inmost cases (91%). Thiswas likely
due to guidance by a preliminary morphology-based identification, the
results of histology or serologic testing, or appropriate use of empiric
therapy. Similar to the report from Singh and colleagues, we also
found that 40% of fungal isolates that required sequencing for identifica-
tion were not established human pathogens. Our study was not re-
stricted to respiratory specimens of patients with chronic respiratory
ailments, whichmay account for the 75 unique taxa thatwere identified
in our study compared to only 7 taxonomical groups reported by Singh
and colleagues (Singh et al., 2013).

We also report that certain parameters such as patient immune sta-
tus were significant predictors of recovery of isolates later identified as
established human pathogens. This is consistentwith current guidelines
for defining invasive fungal infections in immunocompromised patients
established by the Invasive Fungal Infections Cooperative Group (IFICG)
and theMycoses Study Group (MSG) (Ascioglu et al., 2002) that include
histopathologic exam and fungal serology in addition to culture results,
clinical presentation and patient immune status in proven, probable and
possible definitions of invasive fungal infection. It was not unexpected
that patient treatment differed significantly between patients grouped
by immune status given the aggressive surveillance and management
of fungal infections in immunocompromised patients.

Interestingly, in a prospective study of fungal cultures from respira-
tory specimens of European patients with hematologicmalignancies, all
(22/22) of the nonsporulating isolates later identified via sequencing
were deemed clinically significant by treating physicians blinded to
thefinalmolecular identification (Garcia-Hermoso et al., 2015).While an-
tifungal treatment and clinical outcomes were not evaluated, the authors
argue that most nonsporulatingmolds recovered from this immunocom-
promised patient population likely represented transient asymptomatic
colonization (Garcia-Hermoso et al., 2015). Given the delayed time to re-
sult and the likelihoodof recovering clinicallymeaningful results, our data
suggest that sequence-based molecular identification of unusual or
nonsporulatingmolds should not be performed routinely, but rather lim-
ited to isolates recovered immunocompromised patients and/or patients
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with positive histology and fungal serology. Outside of these instances,
clinical mycology laboratories may consider appending interpretative
comments to cultures with growth of an uncommon or nonsporulating
molds such as: “This isolate is an uncommon or nonsporulating fungi
that is not likely associated with human infection. Contact the laboratory
for additional testing if clinical suspicion is high that this isolate is clini-
cally significant”.

We were surprised to have identified several well-established path-
ogens via sequencing that could not be identified using phenotypic
methods, such as Histoplasma capsulatum recovered from left knee tis-
sue from an 87-year-old man with a failed knee arthroplasty infected
with methicillin-resistant Staphylococcus aureus (MRSA). This case
highlights the potential power of DNA sequencing-based identification
in establishing otherwise challenging diagnoses. As we look to the fu-
ture, it is possible that sequenced-based identification of nonsporulating
or uncommonly recovered isolates can help clarify the clinical signifi-
cance of previously under-recognized pathogens (for example, as has
been the case with the emerging pathogen Candida auris).

As is demonstrated previously in the literature and in the current
study, the limited impact of sequence-based fungal identification on an-
tifungal therapymay be due to the delayed time to result. Though some
of the delay is due to the inherently slow-growing nature of fungal or-
ganisms, in our experience, molecular identification took on average
15 days from culture referral and 26 days from first observation of
growth to final molecular result, significantly delaying mean turn-
around time of positive mycology cultures from 30 to 40 days. It is pos-
sible that the delay in culture referral from first observation in culture of
approximately 11 daysmay represent time spent attempting to identify
the isolate using routine phenotypic methods that were ultimately un-
successful. Systematically referring isolates with high likelihood of clin-
ical significance (immune-compromised patients, patientswith positive
histology and/or serology) for DNA sequencing can help to reduce turn-
around time to molecular result leading to more timely diagnosis and
treatment as appropriate.

Another factor impacting the lack of apparent impact of molecular
identification on antifungal therapy is the limited number of currently
available antifungal agents. Among the three classes of antifungal
agents with broad spectrum activity (echinocandins, azoles, and poly-
enes), azoles and/or polyenes are often used to treat serious fungal in-
fections with filamentous molds empirically. In the absence of
susceptibility data and recognized interpretive criteria, antifungal ther-
apy is often empiric. Thus, molecular identification may not have re-
sulted in further treatment modifications in many cases due to most
patients already being on appropriate therapy prior to the availability
of molecular results. It is possible that immediate referral of fungal iso-
lates for sequencing from immunocompromised patients or patients
with positive histology or fungal serology would reduce the time to di-
agnosis and appropriate antimicrobial therapy.

In some instances, species-specific identification of certain fungi
such as Fusarium spp., can direct therapy as certain species are
associated with specific antifungal resistance profiles (Azor et al.,
2007; Taj-Aldeen et al., 2016). As such additional species-level identifi-
cation obtained via DNA sequencing may be required for optimal ther-
apy. In our cohort, molecular identification was requested for 4
isolates initially identified as Fusarium spp. using phenotypic methods.
Interestingly, molecular identification resulted in no additional change
in antifungal therapy for 3 (75%) of these isolates; treatment informa-
tion could not be obtained for 1 isolate that was referred to our labora-
tory from an outside hospital.

Our study has several limitations. First, this was a retrospective
study. Patient outcomes were not evaluated, confounding our ability
to assess the true clinical significance of the fungal isolates. In addition,
only a small number of isolates were referred for sequencing during the
review period reflecting the rarity of recovering nonsporulating isolates
in clinical specimens. However, a major strength of this study is the use
of real world data encountered during routine clinical care. Another
major strength of this study is inclusion of comprehensive laboratory
data (including serology and histology) and its potential impact on
patient care. Finally, our study included isolates recovered from invasive
andnon-invasive clinical specimens, a variety of patient populations, and
yielded a diverse set of isolates identified via sequencing representing 75
unique fungal taxa.

Overall, our findings indicate that careful consideration should be
given as to whether sequencing should be performed on uncommon
or nonsporulating clinical fungal isolates. DNA sequencing clearly repre-
sents a powerful tool for resolving diagnostically challenging cases.
However the significant delays in time to result and the limited impact
on patient care suggest that the clinical utility of sequencing-based
identification of fungal isolates is highest when performed on isolates
recovered from immunocompromised patients or in patients with
high clinical suspicion of fungal infection often indicated by positive his-
tology or serology. Immediate referral of isolates from such patients
may streamline timely diagnosis and effective antimicrobial therapy.
Optimized utilization of DNA sequencing for fungal isolate identification
can facilitate not only diagnostic stewardship but also improve clinical
and laboratory workflows.
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.diagmicrobio.2019.114945.
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