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Review of laboratory diagnostic tests
for invasive aspergillosis

By John Z. Deng, BS; Diego H. Caceres, BSc, MSc; Jeffrey D. Klausner, MD, MPH

are known to cause aspergillosis, an invasive infection com-

monly observed in people with a weakened immune system.
The most common Aspergillus species causing human disease are A.
fumigatus, A. flavus, A. terreus, and A. niger, which can cause a wide
range of clinical syndromes, such as allergic bronchopulmonary
aspergillosis, aspergilloma, chronic pulmonary aspergillosis, and
invasive aspergillosis. Aspergillus is widespread in the environment
and can colonize the airway, making diagnoses of invasive pulmonary
aspergillosis difficult to differentiate from colonization. Aspergillosis
is one of the most commonly missed diagnoses in ICU patients
based on a systematic review of autopsy studies.' Therefore, being
suspicious of a possible aspergillosis infection and having the ability
to diagnose it with the help of lab tests is critical.

Cases of invasive pulmonary aspergillosis that occur in criti-
cally ill patients with viral pneumonia have been reported recently.?
Influenza-associated pulmonary aspergillosis (IAPA) has been
reported globally with a variety of influenza strains with mortality
rates as high as 57 percent.

Because laboratory diagnostics are critical in the early detec-
tion and management of invasive aspergillosis per guidelines,
it is important for laboratory scientists to be familiar with the
range of diagnostic tests used in clinical practice. Two commonly
used case definitions for invasive aspergillosis — by the European
Organization for Research and Treatment of Cancer/Invasive
Fungal Infections Cooperative Group and the National Institute
of Allergy and Infectious Disease Mycoses Study Group (EORTC/
MSG), as well as the AspICU collaboration —** require mycological
evidence for the diagnosis of invasive aspergillosis. In the EORTC/
MSG definition, Aspergillus-positive culture, galactomannan antigen
detected, or Aspergillus-positive Polymerase Chain Reaction (PCR),
are acceptable mycological evidence when aspergillosis host fac-
tors and clinical features are also present.’ For the AspICU clinical
algorithm, which was developed more for clinical trials than patient
care, an Aspergillus-positive culture is an entry criteria for diagnosing
aspergillosis in addition to clinical symptoms, abnormal radiographic
features, and host factors.*

Aspergillus species, which are common environmental fungi,

Earning CEUs

See test on page 17 or online at www.mlo-online.com
under the CE Tests tab. Passing scores of 70 percent or
higher are eligible for 1 contact hour of PA.C.E. credit.

LEARNING OBJECTIVES
Upon completion of this article, the reader will be able to:

1. Recall aspergillosis causative agents and describe its disease
complications.

2. Discuss classification of diagnosis of Aspergillus disease
based on EORT/MSG and the Asp/CU.

3. Describe all laboratory testing methods for the diagnosis of
Aspergillus disease and their limitations.

4. Discuss the future recommendations for the proper diagnosis
of Aspergillus disease.

8 | MARCH 2021

We will review specimen collection procedures first and then
commonly used tests to detect invasive aspergillosis, such as
conventional diagnostics, immunodiagnostic, molecular tests and
novel laboratory approaches. Lastly, Aspergillus, species antifungal
susceptibility testing will be briefly discussed as well.

Literature review

We conducted a review of published literature including confer-
ences abstracts and full papers to identify studies that investigated
aspergillosis diagnostic test performance. We searched PubMed and
Google Scholar using keywords“aspergillosis,” “diagnostic tests,”
“beta-D-glucan,” “galactomannan,” “lateral flow assay,” “culture,
“histopathology,” “microscopy,” “anti-fungal susceptibility tests,

“polymerase chain reaction,” “next generation sequencing,” and
“volatile organic compounds.” The range of reported sensitivity,
specificity, and reproducibility from reported articles and commer-
cial assay reports were extracted and the Aspergillus diagnostic tests
were classified into three main categories: conventional diagnostics,
immunodiagnostics, and molecular diagnostics. We summarized the
strengths and weaknesses for different tests in each category and
discussed isolate identification and antifungal susceptibility testing.

”u ”

”

Specimens for invasive aspergillosis diagnosis

A key step to diagnosing aspergillosis is to select the right sample
specimen for laboratory testing, since a poor-quality specimen can
result in inaccurate laboratory results. While cerebrospinal fluid
(CSF) and urine have been used, serum and lower respiratory tract
specimens (bronchoalveolar lavage, sputum, or tracheal aspirate)
are commonly used for aspergillosis diagnosis.® Since Aspergillus
is commonly found in the environment, there is a possibility of
contamination during the venipuncture. Thus, prior to collecting
blood, it is important to use iodine tincture or chlorhexidine wipes
to decontaminate the blood collection site.” Based on the laboratory
diagnostic system used, the recommended amount of blood should
be collected. Blood can easily be transported at room temperature to
the laboratory without concerns that ambient temperature transport
will affect lab results.’ Since blood is a sterile sample, detection
of Aspergillus would indicate an infection of invasive aspergillo-
sis. Lower respiratory tract samples, however, are susceptible to
contamination, since Aspergillus can colonize the airways or lungs,
with reported frequencies of 36-91 percent, but not cause infection,
especially in patients with chronic lung disease. Thus, the collection
procedure for lower respiratory tract samples is important. It is
recommended that sputum samples be collected in the morning
right after brushing teeth.> All bronchoalveolar lavage specimens
should be collected via bronchoscopy, and all lower respiratory
tract specimens should be collected using a sterile tube. Lower
respiratory tract specimens can be transported to the laboratory
within two hours at room temperature, but if one requires longer
time for transportation, the specimen should be kept at 4°C.° Since
a lower respiratory tract specimen is not sterile, it is difficult to
associate a positive test result with infection and a blood/serum
sample might be needed.®

Conventional Diagnostics
Conventional diagnostics rely on culture and microscopy for
staining and visualization. Direct examination of the respiratory
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specimen under the microscope for Aspergillus is one such example
of conventional diagnostics. Direct examination allows rapid turn-
around times of 2—4 hours.Technique could be improved by staining
the specimen with calcofluor white and 10 percent potassium
hydroxide to provide better sensitivity, since calcofluor white is a
fluorescent dye that binds to the fungal cell wall, and potassium
hydroxide helps visualize the hyphae of the fungus by dissolving
the walls of human epithelial cells.” In addition to the cost for
reagents and a fluorescence microscope, the main downside of
direct examination is the difficulty to distinguish Aspergillus from
other fungi with filamentous elements, which would require an
experienced microscopist (Table 1)

Culture

The most widely available conventional diagnostic for Aspergillus
is fungal culture. Its wide availability stems mainly from a clinical
aspect since a positive Aspergillus fungal culture is useful for
diagnosing invasive aspergillosis. Fungal culture is a relatively
simple technique, and most Aspergillus species grow rapidly in a
fungal culture plate within 48 hours. A variety of solid and liquid
fungal media can be used for growing Aspergillus, such as blood
agar, chocolate agar, brain heart infusion broth, Czapeck agar,
potato dextrose agar, cornmeal agar, and Sabouraud dextrose
agar.” Additionally, antibiotics, such as chloramphenicol and
gentamicin, are added to the fungal culture to prevent bacterial
growth.” Besides antibiotics, protein synthesis inhibitors such as
cycloheximide are occasionally added to inhibit environmental
mold growth; although, this can also inhibit Aspergillus.” Fungal
culture also allows for antifungal susceptibility testing. The draw-
back of fungal culture is that it is difficult to differentiate clinical
colonization from infection and often requires an expert to be able

to determine the species of the fungi.” Books and online articles
that provide useful information on identification of common
Aspergillus species are available (Table 1).

Histopathology

Histopathology, another type of conventional diagnostic, can be
useful to determine whether the fungus is invasive within tissue and
provides relatively quick results within 2-3 days. Most pathology and
laboratory professionals use haemotoxylin and eosin (H&E) staining;
however, studies have reported increased sensitivity when using
Periodic acid-Schiff (PAS) stain and Grocott’s (Gomori) methenamine
silver stain (GMS).? For suspected aspergillosis, experts advise using
H&E counterstaining and either GMS or PAS staining simultane-
ously to avoid delays in reporting results.® Despite histopathology’s
ability to determine invasion, microscopy cannot easily distinguish
Aspergillus from other molds, such as Fusarium, Scedosporium, and
Penicillium.® However, using immunohistochemistry with anti-Asper-
gillus antibody can reduce the difficulty of distinguishing Aspergillus
from Candida, Fusarium, Mucorales, Scedosporium, Paeciliomyces, and
dematiaceous fungi (Table 1).

Immunodiagnostics

Immunodiagnostic assays are used to detect pathogen-specific anti-
gens or antibodies produced against foreign antigens. These tests
are based on the antibody-antigen complex formation. Commonly
used immunodiagnostics are galactomannan and beta-D-glucan
tests, which are antigen tests (Table 2).

Galactomannan
Galactomannan is a cell wall component of Aspergillus.
Immunodiagnostics assays that detect galactomannan antigen have

Conventional Diagnosis

Method Strengths Weaknesses
Direct examination ~Rapid turnaround time around 2-4 hours. ~Inability to distinguish aspergillus from other filamentous fungi’
of specimen using ~Potassium hydroxide: helps visualize hyphal elements.’ ~Reagents cost and fluorescence microscope
microscope, adding ~Calcofluor white — fluorescent dyes that bind to fungal cell walls | ~Expertise of laboratory technician
calcofluor white to with high sensitivity, not specific for aspergillus’ ~ldentification of fungal components: it is harder when calcofluor
immunofluorescence white is not use
microscopy
Histopathology ~Useful to determine tissue invasion of fungus® ~Difficult to distinguish infections by other molds (Fusarium,
~Relatively quick results in a few hours® Scedosporium, Penicillium)?
~Periodic acid-Schiff stain and Gomari methenamine silver (GMS) | ~Normal tissue structures can be confused with yeast when using
stain can increase sensitivity®® GMS stain alone. Co-localize GMS stain with H&E or PAS stain to
~lmmunohistochemistry using anti-Aspergillus antibody can make it easier to visualize.?
improve assay specificity. ~Transversally cut hyphae can appear to be budding.®
Culture ~Allows for susceptibility testing and isolation of species’ ~Insensitive, requires expertise for species determination’
~Simple technique ~Difficulty differentiating infection versus colonization.®
~Aspergillus grows rapidly - within 48 hours®
Isolate identification
Method Strengths Weaknesses
Microscopy ~ldentifies specific fungal species® ~Difficult to identify fungal species accurately based on phenotype

tion of cultures of Aspergillus®

~Books and articles can provide useful information on identifica-

and morphology alone?

~Relies on clinical mycologist expertise, whose numbers are
declining?

~Unable to distinguish cryptic species.

Matrix-assisted
laser desorption/
ionization-Time of
Flight (MALDI-TOF)

~ldentifies specific fungal species rapidly”

~ldentify cryptic species

~Protocol for identification is in the process of improving

~Requires extension of current databases?
~Need of consensus on protein extraction method

Molecular identifica-
tion by sequencing

~ldentifies different fungal species rapidly?'
~Can identify cryptic species
~Can identify markers of resistance

~Limited commerecial kits available?'
~Limited comprehensive reference databases

Table 1. Strengths and Weaknesses of Laboratory Diagnostics for Invasive Aspergillosis.
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been useful for the rapid, early detection of invasive aspergillosis.
Serum and bronchoalveolar lavage fluid have been used as sample
specimens.’ The sensitivity of antigen detection in bronchoalveolar
lavage fluid is higher when compared with serum in patients at
high risk of developing aspergillosis, such as patients with hema-
tological malignancies. Cerebrospinal fluid (CSF) specimens have
been reported as useful specimens for the diagnosis of cerebral
invasive aspergillosis, but the use of these types of samples lack
validation studies.’

Previous studies of galactomannan enzyme immunoassay (EIA)
have reported good sensitivity and specificity. In a meta-analysis
that analyzed twenty-seven studies of patients with immunosup-
pression (hematological malignancy or bone marrow or solid organ
transplant), Pfeiffer and colleagues reported the pooled sensitivity
and specificity of the galactamannan EIA for proven invasive asper-
gillosis cases as 71 percent and 89 percent.’ The pooled sensitivity
was 61 percent and pooled specificity was 93 percent when probable
invasive aspergillosis cases were included.”

A few commercial kits are available for galactomannan EIA, but
only one is well validated and widely available. Despite its ease of
use, galactomannan EIA might not be used in routine clinical care for
several reasons. Clinically, galactomannan EIA has lower sensitivity
in non-neutropenic patients and patients who have already received
antifungal medications." False positive results can also occur due
to recent use of antibiotics — such as amoxicillin/clavulanic acid,
piperacillin-tazobactam, and beta-lactam antibiotics — or other
bacterial or fungal infections, such as with Penicillium, Alternaria,
Paecilomyces, and Histoplama.

In addition to the varied clinical performance, another drawback
is the reagent cost and the specialized equipment necessary to
perform the test (Table 2).2

Lastly, Aspergillus lateral flow assays (LFAs) have been
developed as a rapid, point-of-care test to detect an Aspergillus
galactomannan antigen or an Aspergillus specific extracellular
glycoprotein antigen. A primary benefit of LFAs is their low cost,
because LFAs do not require expensive equipment or labora-
tory space. Thus, they can be utilized in low-resource settings
to diagnose invasive aspergillosis. The specimen sample can be

serum or bronchoalveolar lavage fluid. The test sensitivity and
specificity are high, 90 percent and 84 percent respectively.”
Higher sensitivity has been reported in patients with hematologi-
cal malignancies. The assay that uses a monoclonal antibody,
which binds to an Aspergillus specific antigen, does not cross-
react with other antibiotic drugs.” Additionally, LFAs that detect
antigen in serum specimens suggest that the infection is invasive,
an important aspect for determining the clinical significance of
infection.”® However, a limited number of commercial LFA kits
are available. Data on LFAs in clinical use is limited; thus, more
research is needed (Table 2).

Beta-D-glucan

Another type of rapid immunodiagnostics is the beta-D-glucan
assay, which uses serum as the specimen sample. Beta-D-glucan is
another fungal cell wall component; however, the fungal antigen is
not specific to Aspergillus. There is a beta-D-glucan antigen detection
assay kit available for clinical laboratories that is commonly used and
widely available. Using the assay involves creating a standard curve
of beta-D-glucan levels, incubation of the sample and reading the
assay plate. Most have a sensitivity of 93 percent and specificity of 77
percent. In comparison with the galactomannan antigen EIA, the
beta-D-glucan assay has a higher sensitivity and negative predictive
value but a lower specificity." False positives can also result from
exposure to external glucan antigens found on surgical sponges and
gauze, immunoglobulins, albumin, beta-lactam antibiotics, hemo-
dialysis, tubes for sample collection, developing bacterial infections,
and other causes. Besides the low specificity, another limitation of
the beta-D-glucan assay is the cost of performing the test, given the
concern for false-positives and false-negatives (Table 2).

Immune precipitation

Inimmune precipitation, the antibody and antigen diffuse towards
each other in the gel and create a band called a precipitin band.
That process does require less specialized equipment to detect
aspergillosis as compared to microscopy.” However, immune
precipitation is time consuming and may take up to two to three
days to obtain results.'” As more immunodiagnostic assays became

Immunodiagnostic and Bio-markers

Method

Antibody detection
(Precipitin antibodies)

Strengths

~Requires less specialized equipment'

~Higher sensitivity for diagnosis of chronic pulmonary aspergillus'

Weaknesses

~Low sensitivity in immunocompromised patients '
~Time consuming"

Bio-marker:
Enzyme Immunoassay
(EIA) (Galactomannan) | transplantation®

~Useful for early diagnosis of invasive aspergillosis ™

aspergillosis®

~Higher sensitivity for BAL compared to serum in patients with
hematological malignancies, stem cell transplant, and solid organ

~CSF sample can be useful to diagnose cerebral invasive

~Lower sensitivity in patients who received anti-fungal therapy."
~Possible lower sensitivity in non-neutropenic patients'

~Cross reactivity with filamentous fungi, bacteria, and some
antibiotics’

~False negative: 8-10%'

~False positive: 8%'®

status®
~High negative predictive value™

Beta-D-glucan assay

methods.”

~Sensitivity — 93%"
~Specificity — 77%"

~Negative predictive value —98% "

~Sensitivity of 68-74%'° ~Reagent cost and requires specialized equipment™
~Specificity of 88-90%'°
Bio-marker: ~Point-of-care testing™ ~Few commercial kits available'
Lateral Flow Assay ~Rapid test (less than 60 minutes) and low cost.” No expensive ~Limited data about validation on clinical forms different that
(LFA)® equipment or laboratory space needed. invasive disease
~Higher sensitivity in patients with hematological malignancies™
~Able to detect activity that indicates invasion.™
~Sensitivity — 90%"
~Specificity — 84%"
Bio-marker: ~Specimen sample (serum) easy to collect regardless of patient ~Panfungal assay can't distinguish etiological agent'™

~Beta-D-glucan detect aspergillosis earlier than other testing

~False positive after exposure to surgical sponges and gauze for 3-4
days, or products that contains glucans.

~Hemaodialysis, bacterial infections, administration of immuno-
globulins, albumin, and certain antibiotics could result in elevated
Beta-D-glucan levels.

Table 2 Strengths and Weaknesses of Laboratory Diagnostics for Invasive Aspergillosis.
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readily available, galactomannan and beta-D-glucan tests became
more favored over the precipitin test. Immunodiagnostic assays
that rely on antibody (Ab) testing are good for immunocompetent
patients. However, inimmunocompromised patients, those antibody
assays are less sensitive due to inadequate antibody production in
response to the infection. In these situations, an antigen detection
assay has better analytical performance.

Molecular diagnostics

The most commonly used molecular diagnostic is polymerase
chain reaction, which provides rapid detection of Aspergillus species
using bronchoalveolar fluid and serum as specimen samples, with
bronchoalveolar fluid having a higher risk of false positive results,
because it is not sterile. The drawback of PCR tests for Aspergillus is
the lack of standardized protocols across different laboratories, the
difficulty with preparing samples, and the false positive frequency
when using non-sterile samples.” Studies have reported higher
sensitivity when multi-copy gene targets are used and when whole
blood instead of serum is used.'® However, whole blood is more
difficult to process for PCR, and data is limited on its higher sen-
sitivity.” Typically, PCR target genes include 18S rRNA, 28s rRNA,
mtDNA, and internal transcribed spacer (ITS)."> ¢ Additionally,
more advanced equipment, such as automated processors, can
reduce performance variability compared to manual processing,
but this advanced equipment costs more and requires more complex
laboratory infrastructure than other types of diagnostics (Table 3).
In a meta-analysis of 16 studies that included adult and children
with hematological malignancy or hemopoietic stem-cell trans-
plant, Mengoli and colleagues showed that the pooled sensitivity
and specificity for one PCR-positive test was 88 percent and 75
percent, which was useful enough to exclude invasive aspergil-
losis.! However, they concluded that two PCR-positive tests were
necessary to confirm an invasive aspergillosis diagnosis based on
the pooled sensitivity and specificity for two PCR-positive tests of
75 percent and 87 percent respectively.’ As of 2016, the Infectious
Disease Society of America does not recommend Aspergillus PCR
for clinical use, because experts do not agree on the utility of PCR
in clinical diagnosis. Few commercial assays are validated, and
there is a lack of standardization in Aspergillus PCR methods."”

A less commonly used specimen for molecular diagnostics is
formalin fixed paraffin embedded (FFPE) tissue. Molecular testing
of FFPE samples is possible using nine polymorphic short tandem
repeat loci as well as detection of genes described previously in
the PCR testing section above.”* DNA is extracted from FFPE lung
biopsies by lysing cells and purified through affinity chromatogra-
phy.”® After DNA extraction, genotyping was done using PCR. Azole
susceptibility could be tested by identifying CYP51A mutations such
as TR34, L98H,Y121F, and T289A." Studies have reported that this
method is capable of detecting Aspergillus in FFPE samples 41-94
percent of the time (Table 3).®

Next generation sequencing
An infrequently used molecular test due to its high costs is next
generation sequencing, which can provide rapid and highly accurate
results for diagnosing invasive aspergillosis.” Some studies have
reported that next generation sequencing is able to detect Aspergillus
when other assays cannot.” Differentiating invasive aspergillosis
from colonization is clinically important, as missing the diagnoses
can result in delayed treatment and consequently death.” In con-
trast, Aspergillus colonization in the airway is relatively common,
and overtreatment may be deleterious to the patient.”” The main
weakness of next generation sequencing, however, is the lack of a
comprehensive reference genome sequence database (Table 3).2°
Recently, detection of Aspergillus metabolites has been developed
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using gas liquid chromatography/mass spectroscopy.The premise
is that gas liquid chromatography/mass spectroscopy can detect
volatile organic compounds, which are produced by Aspergillus, in the
breath.? Itis a fast and painless test with reported sensitivities of 94
percent and specificity of 93 percent.” However, additional research
is needed to uncover new Aspergillus metabolite signatures and to
determine its effectiveness for diagnosing invasive aspergillosis.”*

Isolate identification

In addition to detecting Aspergillus, it is important to identify the
species of the fungus.There are a few methods developed for isolate
identification, such as microscopy, matrix-assisted laser desorption/
ionization-time of flight (MALDI-TOF), and PCR with sequencing.
Although microscopy can identify the genus and species of fungi, it
is difficult to reliably characterize the species based on morphology
alone, and it relies heavily on a mycologist’s expertise.” Another
downside of microscopy is that it is unable to distinguish cryptic
species of Aspergillus, which are defined as species that are morpho-
logically indistinguishable. MALDI-TOF and genetic sequencing
can overcome that challenge and identify cryptic species. However,
both lack a comprehensive reference database for identification.”
Internal transcribed spacer sequencing has limited commercial kits
available for isolate identification; whereas, MALDI-TOF has an
established extraction protocol for commercial equipment (Table 1).

Antifungal susceptibility testing (AFST)

An important aspect of Aspergillus testing is AFST due to its clinical
relevance, especially since resistance to commonly used antifungal
medications in Aspergillus fumigatus has been increasing.” There
are two types of resistance: intrinsic resistance, which is resistance
that is natural and innate part of the fungus that emerges when the
species emerges, and acquired resistance, which is resistance after
exposure to antifungal medications." Resistant strains of Aspergillus
mean certain antifungals are not effective and use of these antifun-
gals may result in unfavorable clinical outcomes. Azole-resistant
Aspergillus, particularly Aspergillus fumigatus, have been reported
with increasing frequencies ranging from 1-15 percent, depending
on the country due to a mutation of the CYP51A, which is an azole
target.”” However, there are methods for detecting azole-resistant
Aspergillus by looking for markers, such as TR,,/L98H and TR/
Y121F/T289A." Additionally, other mutations for the CYP51A gene,
such as G54R/W/E, M2201/K/V, P216L, F332K, and G448S have been
reported.”

AFST is a slow and technically demanding process that requires
growing the fungal specimen in culture with discs of varying
concentration of the antifungal substance. The most common
antifungal medications tested for susceptibility are amphotericin B,
anidulafungin, caspofungin, micafungin, isavuconazole, posacon-
azole, itraconazole and voriconazole. Broth dilution is another
method used to measure the minimum inhibitory concentration of
antifungal drugs and determine susceptibility. The broth dilution
AFST method has been standardized by the Clinical and Laboratory
Standards Institute (CLSI), which has a single breakpoint and
epidemiologic cutoff values, and the European Committee
on Antimicrobial Susceptibility Testing (EUCAST), which has
breakpoints and epidemiologic cutoff values. Commercial kits
are also available and compare how well Aspergillus grows on the
commercial growth agar with no antifungal agent, itraconazole,
voriconazole, and posaconazole. However, susceptibility in vitro
does not always predict how Aspergillus will respond to antifungal
treatment clinically (Table 3).

Recently published studies have been utilizing MALDI-TOF MS
to type and test for antifungal susceptibility for Aspergilli.”* A few
studies have looked at using MALDI-TOF MS for A. fumigatus and
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Molecular testing
Method Strengths Weaknesses

Polymerase chain ~Rapid and early detection™ ~Difficulty with sample preparations™
reaction ~High sensitivity with multi-copy gene targets™ ~False positives on BAL samples is 10-25%'°

~More advance equipment, such as automated processors, can ~Low positive predictive value on BAL samples'

reduce performance variability compared to manual processing. ~Needs complex laboratory infrastructure

~Whole blood is more complex in processing than serum or plasma.

Next generation ~Rapid results and high accuracy® ~Current high costs, but could change in the future®
sequencing ~Able to detect Aspergillus when other clinical assays are ~Current lack of comprehensive reference genome sequence
(microbiome) negative? database?
Metabolites: ~Detects volatile organic compounds in breath?! ~Additional research is needed to discover more metabolite
Gas liquid Chro- ~Sensiviity - 94%?' signatures?
matography/ Mass ~Specificity - 95%? ~More research is needed to determine usefulness for diagnosis
spectroscopy ~Fast and painless test” and monitoring Invasive Aspergillus”

Antifungal susceptibility testing

Strengths

Weaknesses

Antifungal susceptibil-

ity testing to give

~Can help guide clinicians on which antifungal medications

~Slow process

~Susceptibility in vitro testing does not always associate with
response to antifungal therapy in vivo

~Lack of microbiological susceptibility breakpoint in most of the
Aspergillus species

~Limited commercial kits for antifungal susceptibility testing
~Aspergillus resistance is an emerging problem

Table 3 Strengths and Weaknesses of Laboratory Diagnostics for Invasive Aspergillosis.

A. lentulus to provide quicker results for antifungal susceptibil-
ity.®The assay developed by Sanguinetti and Posteraro involves
incubating the fungi with serial antifungal concentrations for 15
hours before analysis with MALDI-TOF, which allowed them
to measure the minimal profile change correlation index, an
alternative to the minimum inhibitory concentration.” Future
directions in using MALDI-TOF MS for AFST involves reducing
the time needed to obtain results and testing the accuracy of
the method.

Diagnosis difficult despite range of testing options
The wide variety of laboratory diagnostics tests available to detect
Aspergillus species provides information about the Aspergillus
infection, such as genus and species, invasion into other tissues,
and susceptibility to antifungals. Conventional diagnostics allow
us to visualize and diagnose aspergillosis through microscopes,
fungal culture, and staining techniques, but takes valuable
time to provide results back to the clinician, which would delay
treatment. On the other hand, immunodiagnostics — such as
galactomannan and beta-D-glucan detection, and novel lateral
flow assays — provide rapid results through the detection of
biomarkers. Newer developments in molecular diagnostics —
such as PCR, MALDI-TOF MS and volatile organic compound
detection diagnostics — could provide rapid, accurate tests but
will require further research and expansion of current reference
databases for Aspergillus.

Studies have found that a combination of diagnostic assays
- such as PCR with culture, PCR with beta-D-glucan, PCR with
galactomannan, galactomannan with beta-D-glucan - have pro-
vided better diagnostic accuracy.?** For example, when the lateral
flow assay that detects an Aspergillus-specific antigen is combined
with PCR, sensitivity of greater than 94 percent and specificity of
greater than 86 percent are reported.” Galactomannan and PCR
tests are reported to have high rates of agreement between the
two assays (greater than 94 percent) in patients with hematologic
malignancies, solid tumor malignancies, stem cell transplants, and
primary or hereditary immunodeficiencies.”® Therefore, experts
suggest a combination of galactomannan and PCR for diagnosis of
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invasive aspergillosis in patients with hematologic malignancies,
solid organ transplant, and stem cell transplants. However, a limita-
tion is that the combination of immunodiagnostics and molecular
testing do not confirm a proven invasive aspergillosis case, since
that requires a tissue biopsy and histological techniques. Perhaps
immunodiagnostic and molecular tests could be incorporated in
future guidelines for confirming an aspergillosis diagnosis.

Despite the diagnostic tools at our disposal to detect aspergil-
losis, the clinical diagnosis of aspergillosis is still difficult and
often relies on clinical guidelines, such as the EORTC/MSG and
AspICU diagnostic criteria.>*The EORTC/MSG guidelines were
created for the classical immunocompromised host for aspergil-
losis with classifications as proven, probable, and possible with
probable based on three categories: (1) host risk factors such
as neutropenia, hematologic malignancy, or allogenic stem cell
transplant, (2) clinical features such as halo, crescent, or cavitary
sign on chest CT, and (3) mycological evidence from fungal culture,
galactomannan test, or Aspergillus PCR.3

Classical cases of invasive aspergillosis are common in an
immunocompromised host, since aspergillosis is an opportunistic
fungus. However, more recent studies have reported aspergil-
losis in immunocompetent patients, some of whom might be
critically ill with influenza.? These patients would typically not
meet the classical EORTC/MSG criteria and do not typically
display angioinvasion, which is a common level of invasion in an
immunocompromised host.

The AspICU diagnostic criteria was developed for patients in the
ICU without classic risk factors for aspergillosis. The criteria are (1)
a positive Aspergillus culture, (2) clinical signs and symptoms such
as dyspnea, hemoptysis, or pleuritic chest pain, (3) abnormal chest
radiographic imaging, and (4) host risk factors that include high
glucocorticoid treatment (>20mg prednisone equivalent).*

The need for increased awareness and education surrounding
the diagnosis of invasive aspergillosis is critical. Finally, laboratory
testing, especially for the detection of biomarkers and DNA, plays
an important role in the control of Aspergillus outbreaks in hospi-
tals, which have been seen due to contaminated water, ventilation
systems, medicines and medical devices.
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Our review had several limitations. One is that this was not
a systematic literature review, and we did not attempt to include
every reported diagnostic, but only those used in common clini-
cal microbiology practice. Second, we did not perform a pooled
analysis of the sensitivity, specificity, and reproducibility for the
different diagnostic tests, and instead reported a range of values
that were available.

Future efforts on aspergillosis diagnostics are focused on devel-
oping rapid, highly sensitive, and highly specific tests, such as
lateral flow assays and volatile organic compound detection tests.
Additionally, research is moving towards finding the best clinical
algorithm for the diagnosis of aspergillosis, given the complexity
of the different disease states.
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All of the following Aspergillus species cause
human disease but

A. A. fumigatus

B. A. clavatus

C. A. terreus

D. A. niger

Diagnosis of invasive aspergillosis is difficult
to distinguish from colonization of Aspergillus,
because it is widespread in the environment and
can colonize the

A. skin
B. airway

C. hair
D. eyes

The European Organization for Research and
Treatment of Cancer/Invasive Fungal Infections
Cooperative Group and the National Institute of
Allergy and Infectious Disease Mycoses Study
Group (EORT/MSG) has the same invasive
aspergillosis diagnostic recommendations that
the AspICU.

A. True B. False

The literature review that was conducted
classified Aspergillus diagnostics into the
following category(ies):

A.immunodiagnostics

B. conventional diagnostics

C. molecular diagnostics

D. all of the above

The two most common specimens that are used
for diagnosing Aspergillus infections are
A. CSF and serum
B. serum and lower respiratory tract
specimens
C. urine and CSF
D. lower respiratory tract specimens and
urine

Lower respiratory tract specimens should be
collected after brushing teeth in the morning,
because Aspergillus can colonize the airways

but not cause infections in to__ percent
of patients.

A.12;52 C.36;91

B. 24;89 D.52; 91

Direct microscopic examination allows for a
___ to __ hour turnaround time but is difficult
to distinguish Aspergillus form other fungi

10.

1.

12.

13.

14.

CONTINUING EDUCATION TEST

Review of laboratory diagnostic tests for invasive aspergillosis
MARCH 2021 [This form may be photocopied. It is no longer valid for CEUs after September 30, 2022]

Passing scores of 70 percent or higher are eligible for 1 contact hour of PA.C.E. credit.

TEST O_UESTIONS Circles must be filled in, or test will not be graded. Shade circles like this: . Not like this: X

Culture for Aspergillus identification is most
widely available and does not have any limiting
factors.

A. True B. False

Histopathology diagnostics cannot determine
Aspergillus from other molds, such as
A. Fusarium, Penicillium and Alternaria
B. Scedosporum, Penicillium and
Cladosporium
C. Penicillium, Alternaria and Cladosproium
D. Fusarium, Scedoporium and Penicillium

Which enzyme immunoassay uses serum
or bronchial lavage, shows varied clinical
performance, is expensive and requires the use
of specialized equipment?

A. Beta-D-glucan

B. Galactomannan

C.PCR

D. none of the above

Which immunoassay is a point-of-care assay to
detect galactomannan, is low in cost and does
not require expensive equipment?

A.Beta-D glucan

B. Galactomannan EIA

C. Galactomannan LFA

D. PCR

Beta-D-Glucan test methods and immune
precipitation do not show quality test
performance characteristics, showing either
low sensitivity, low specificity or both.

A. True B. False

The Infectious Disease Society of America does
not recommend Aspergillus PCR for clinical use,
because

A.there is lack of standardization

B. experts do not agree on the utility of the

test for clinical diagnosis
C. few commercial assays are validated
D. all of the above

Which molecular test is high in cost and
has a limited database of reference genome
sequences, but has a rapid turnaround time
and is highly accurate for diagnosis of invasive
aspergillosis?

A.PCR

B. Next generation sequencing

C. Isolate identification

D. Microarray

15.

16.

17.

18.

19.

20.

The main limitation of the MALDI-TOF for
identifying Apergillus species is:
A. relies heavily on a mycologist’s expertise
B. its unable to distinguish cryptic species
of Aspergillus
C.itlacks a comprehensive database for
identification
D.itlacks a quick turnaround time

Aspergillus susceptibility testing is important
to include, because developing resistance
from medication is increasing in infections
with

A. A. fumigatus

B. A. niger

C. A. terreus

D. A. flavus

The main limitation(s) for use of the MALDI-TOF
in antifungal susceptibility testing includes
A.long turnaround time
B. low testing accuracy
C.bothAand B
D. none of the above

Studies are showing that the combination of
have provided better

diagnostic accuracy.
A.immunodiagnostic and molecular tests
B molecular tests and conventional tests
C.immunodiagnostic and conventional
tests
D. none of the above

Aspergillus outbreaks that have occurred in
hospital settings are due to

A. medicines and medical devices

B. ventilation systems

C. contaminated water

D. all of the above

The future of quality aspergillosis diagnostics
includes finding the best algorithms of
combined tests, while using highly sensitive
and highly specific test methods.

A. True B. False
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