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ABSTRACT

Introduction: Aspergillosis is a type of fungal infection or a type of mold that can cause serious respiratory illnesses in people
especially those with weakened immune systems. Timely diagnosis and treatment of Aspergillus infections is critical to prevent-
ing potentially life-threatening complications. It can be difficult to diagnose, as it often mimics other diseases. Cytopathology
and microbiology lab techniques can be used to help diagnose aspergillosis; Histopathology, PCR and biochemistry are also
important.

Aims: To compare the most effective laboratory diagnostic techniques to detect the Aspergillus in body.

Methods: This systematic review searched for studies that evaluated the use of cytopathology and microbiology and other lab
techniques in the diagnosis of aspergillosis. Studies were identified through searches of Google Scholar, MEDLINE, EMBASE,
and the Cochrane Library.

Results: Cytopathology and microbiology lab techniques can both be helpful in diagnosing aspergillosis. Cytopathology and
histopathology are both highly accurate, but results may take longer to obtain than with other tests. Microbiology is useful for
diagnosing infections, but it may not be as accurate as cytopathology or histopathology. Poly Chain Reaction (PCR) is very ac-
curate, but it is also expensive and results may take some time to obtain. Biochemistry can be useful for diagnosing metabolic
disorders, but it is not as accurate as other tests.

Conclusion: There is no one “best” way to detect Aspergillus, and the best approach may vary depending on the particular pa-
tient and situation. In general, a combination of two or more tests may be needed to accurately diagnose aspergillosis. The most
important factor/guideline in choosing which tests to use is whether they will provide information that can help guide treatment
decisions. Nevertheless, with all factors considered the PCR is the best test because it is highly sensitive and specific; able to
detect even low levels of Aspergillus.
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INTRODUCTION meningitis. The most common symptom of aspergillosis

is a cough, which may be followed by pains in the chest,

Aspergillus is a genus of filamentous fungi that includes wheezing and shortness of breath.’ Other symptoms are fe-
some of the most common opportunistic pathogens. It is  yer weight loss, and fatigue. If left untreated, aspergillosis
a type of mold that can be found in soil, plants, and de-  ¢an cause serious problems and even death. The cause of
caying organic matter. It is a common cause of respiratory  Agpergillus infection is inhalation of the spores of the fun-
infections, and majorly causes infections in individuals gus. The spores are particularly small and can be easily in-
with weak immune systems. ' Signs and symptoms of As- ha]ed into the lungs where they begin to grow.’ People with
pergillus infection include coughing, wheezing, and diffi-  yeak immune systems are at increased risk for Aspergillus

culty breathing. The fungus can also cause fever and chest  jpfection because their bodies are not able to fight off the
pain. In people with weakened immune systems, the fungus  jnfection as effectively.

can cause more serious infections, such as pneumonia or
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Aspergillosis is diagnosed using a combination of medical
history, physical examination, imaging tests, and laboratory
tests. Cytopathology and microbiology lab tests can be used
to confirm the diagnosis. The ability to rapidly and accurate-
ly identify Aspergillus species is critical for both diagnosis
and treatment. This review discusses the role of cytopatholo-
gy and microbiology lab techniques in Aspergillus diagnosis,
with a focus on recent advances. Cytopathology is the study
of changes in cells caused by disease. It can be used to detect
abnormal cells in tissues or organs, including those caused
by Aspergillus infection. Other laboratory techniques, for in-
stance PCR and DNA sequencing, are also important tools
for diagnosing Aspergillus infections. Cytopathology can be
used to detect the presence of Aspergillus in fluid samples.*¢
Microbiology labs can identify Aspergillus by its appear-
ance, growth pattern, and biochemical properties.

Recent advances in technology have improved the accuracy
and speed of Aspergillus diagnosis. For example, real-time
PCR assays can rapidly detect small numbers of Aspergil-
lus DNA molecules in clinical samples. Newer generation
sequencing platforms allow for rapid identification of even
rarer genetic variants associated with disease resistance or
susceptibility.® The use of cytopathology and microbiology
lab techniques has greatly improved our ability to diagnose
Aspergillus infections. However, there is still room for im-
provement. For example, better methods are needed to dis-
tinguish between different species of Aspergillus. In addi-
tion, more research is needed to determine the best way to
use these techniques in patients with nonspecific symptoms.’
Treatment for aspergillosis depends on the seriousness of the
infection and the patient’s overall health. In some cases, an-
tifungal medication may be sufficient to treat the infection.*
However, people with more severe infections may require
surgery to remove the affected tissue. People with weakened
immune systems may need long-term antifungal therapy to
prevent recurrence of the infection.

AIM

The aim of this systematic review is to examine the diagnos-
tic accuracy/appropriateness of cytopathology and microbi-
ology tests for the diagnosis of Aspergillus, and to determine
the best laboratory test and the fastest to diagnose Aspergil-
lus. The systematic review also compared and discussed this
techniques vis-a-vis other available methods.

Significance of the Study

Aspergillus is a genus of fungi that includes several hundred
species. Some of these species are pathogens that can cause a
wide spectrum of infections in humans, based on the underly-
ing immune conditions of the host. Aspergillosis is one of the
most common causes of death in severely immunocompro-
mised patients, with a mortality rate of 50% in neutropenic

individuals and 90% in hematopoietic stem cell transplanta-
tion (HSCT) recipients.” The significance of this study lies
in its ability to offer a comprehensive overview of the latest
cytopathology and microbiology techniques that can be used
for the diagnosis of aspergillosis. This will help clinicians to
make more informed decisions about which diagnostic tests
to use in individual cases. In addition, this study highlights
the importance of using multiple diagnostic modalities when
investigating patients with possible aspergillosis, as no single
test is completely reliable.

Methodology

Data sources: All data sources used in this systematic review
were identified through a comprehensive search of Google
Scholar, MEDLINE, EMBASE, and the Cochrane Library
databases. The keywords used for the search were “Asper
gillus””’cytopathology””’microbiology”, ’histopathology”,
“PCR”, Biochemistry, Differential Diagnosis.

9999

Searches and extraction: The searches were conducted, and
data were extracted independently by two reviewers. A third
reviewer was consulted for discrepancies. Abstracts and full-
text articles were reviewed to determine whether studies
met inclusion criteria. References of included studies were
searched for additional eligible studies.

Inclusion and exclusion criteria: Publications that met all
three inclusion criteria were included in the final analysis.
Inclusion criteria for studies were (1) investigations of the
Aspergillus genus, (2) use of cytopathology or microbiology
laboratory techniques in the diagnosis of aspergillosis, (3)
use of histopathology, PCR or biochemistry laboratory tech-
niques in the diagnosis of aspergillosis (4) English language
and (5). The author focused more on studies published in the
last 10 years but also used older sources as they provided
stronger foundation. Exclusion criteria were (1) reviews,
case reports, editorials, or letters to the editor; (2) non-Eng-
lish language; and (3) duplicate publications.

Cytopathology

Fine Needle Aspiration Cytology (FNAC) and Cytology
Description

Needle aspiration cytology (FNAC) is a minimally invasive
procedure utilized to obtain cells from lesions or masses
for diagnostic purposes. It is used to investigate the cause
of lumps or masses. This procedure involves the removal of
cells from the mass using a needle and syringe.® The cells are
then examined under a microscope to determine if they are
cancerous or not. FNAC is generally safe and well tolerated
by patients. There is a small risk of bleeding, infection, and
pain associated with the procedure.’ The presence of Asper-
gillus fungi can be detected in the cytopathology specimens
obtained from FNAC procedures.
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Cytology description is the process of classifying cells ac-
cording to their appearance. Cytology description for di-
agnosis of aspergillosis can vary depending on the stage of
disease present. Early stages of aspergillosis may only show
nonspecific inflammation on FNAC, while later stages may
show more specific features such as fungal hyphae or spher-
ules.” Aspergillosis can also cause necrosis and cavitation of
tissue, which can be seen on FNAC as well. Previous studies
have shown that FNAC is an accurate method for diagnosing
Aspergillus infection.!? Cytology is not the best way to detect
aspergillus since there are a lot of (differential diagnoses)
that look like Aspergillus under the microscope.

Differential Diagnosis

Mucormycosis

Mucormycosis and aspergillosis are both fungal infections
that can be difficult to differentiate microscopically. Both
types of fungi produce hyphae, which are long, thread-like
structures that branch out at right angles.!! Mucormycosis
typically produces broader hyphae than aspergillosis, and
both types of fungi are well stained by standard H&E stains.
However, there are some key distinctions involving these two
types of fungi. Mucormycosis is less common than aspergil-
losis and only affects immunocompromised hosts, such as
diabetics. In contrast, aspergillosis can affect anyone.!> Ad-
ditionally, mucormycosis typically produces blackish-brown
lesions on the skin or mucous membranes, whereas aspergil-
losis produces white or yellowish lesions. Under the micro-
scope, both types of fungi appear similar. However, there are
some subtle differences in their appearance.

Aspergillosis typically produces septate hyphae (hyphae
with cross walls), whereas mucormycosis does not. Addi-
tionally, aspergillosis often produces spores within its hy-
phae (a process known as sporulation), whereas mucormy-
cosis does not."* Aspergillosis is caused by a fungus called
Aspergillus, which typically appears as septate hyphae with
conidiophores bearing clusters of spherical spores. In con-
trast, mucormycosis is caused by fungi in the Mucorales
order, which appear as non-septate hyphae with no spores.
Under the microscope, aspergillosis looks like branching
tree while mucormycosis looks like a tangled mass. Asper-
gillosis appears as round, white spores that are clustered to-
gether, while mucormycosis appears as black hyphae that are
branching and thread-like. In other words, under the micro-
scope, aspergillosis looks like small, round spores that are
arranged in chains.!*!* Mucormycosis, on the other hand, ap-
pears as large, angular spores that are often solitary.

Pseudallescheria Boydii

The diagnosis of P. boydii infection is often difficult due to
its variable presentation and lack of reliable diagnostic tests.
It is often difficult to distinguish from Aspergillus species by

histomorphology alone, and culture is required for definite
identification.'® This review identified a study that compared
the histopathologic features of P. boydii and A. fumigatus.
This study showed that P. boydii can exhibit a wide range
of morphologies, including hyphal, pseudohyphal, and yeast
forms, while A. fumigatus typically only shows hyphal
forms.!” P. boydii also typically produces larger spores than
A. fumigatus. Several studies have examined the utilization
of immunohistochemistry (IHC) for the detection of P. boy-
dii antigens in tissue samples.

IHC has been shown to be more sensitive than fungal cul-
ture for the detection of this fungus, but it is not specific for
P. boydii and can also cross-react with other fungi such as
Candida species. PCR assays specific for P. boydii have also
been developed and validated. These assays are highly sensi-
tive and specific for this fungus, making them useful tools
for diagnosis. Overall, the review showed that P. boydii can
be difficult to distinguish from A. fumigatus by histomor-
phology alone. Culture and molecular methods such as PCR
are required for definitive diagnosis.!” IHC can be useful for
the detection of this fungus, but it is not specific.

In conclusion, Aspergillosis and Pseudallescheria boydii
can both look quite similar under the microscope, making
it hard to tell them apart. However, there are some key dif-
ferences that can help with diagnosis. Aspergillosis tends to
have more septate hyphae, while Pseudallescheria boydii has
more branched hyphae. Additionally, Aspergillosis often has
conidiophores that are tipped with vesicles filled with co-
nidia, while Pseudallescheria boydii typically does not.'®!”
Additionally, Aspergillosis typically has smaller conidia
than Pseudallescheria boydii. In other words, Pseudallesche-
ria boydii is often characterized by long, branching hyphae
that produce round spores. Aspergillosis, on the other hand,
typically produces cylindrical spores. In addition, Pseu-
dallescheria boydii often forms small clusters of hyphae,
while Aspergillosis typically results in larger clumps.!” Fi-
nally, Pseudallescheria boydii tends to be more aggressive
and can cause serious illness in immunocompromised pa-
tients, while Aspergillosis is generally less severe.

Fusarium spp

Differential diagnosis of Aspergillus and Fusarium infections
can be difficult, as both fungi share similar histomorphol-
ogy. Culture is required for definite identification. Previous
studies have shown that cytopathology can be important in
the differential diagnosis of Aspergillus and Fusarium in-
fections. In a study by Chidambaram et al., Aspergillus and
Fusarium species were successfully differentiated based on
morphological features on cytologic specimens.'® In an-
other study by Vento et al, Fusarium spp. was found to be
the most common mold isolated from fine-needle aspiration
biopsies of pulmonary nodules, while Aspergillus spp. was
more commonly isolated from bronchoalveolar lavage speci-
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mens."” The use of culture-based methods is essential for the
definitive identification of Aspergillus and Fusarium species.
However, these methods can be time-consuming and may
not always yield positive results, but PCR was found to be a
more rapid and sensitive method for their detection.'®?° This
systematic review demonstrates that cytopathology is a
useful tool for the differential diagnosis of Aspergillus and
Fusarium infections. However, culture-based methods are
still necessary for definitive identification.”” PCR may be a
more rapid and sensitive technique for the detection of these
fungi in clinical specimens.

When looking at Aspergillosis and Fusarium under the mi-
croscope, there are both similarities and differences. Both
fungi have hyphae that are septate, meaning they have cross-
walls dividing the hyphae into compartments and both types
of fungi produce spores on the tips of their hyphae. In other
words, they are both filamentous fungi with septate hyphae
(i.e., cross-walls dividing each cell).!* However, the hyphae
of Aspergillosis are thinner than those of Fusarium. In ad-
dition, the spores of Aspergillosis are smaller and more nu-
merous than the spores of Fusarium. Moreover, the spores of
Aspergillosis are borne on specialized structures called con-
idiophores, while the spores of Fusarium are borne on simple
hyphae. Nevertheless, the spores of Aspergillosis are usually
oval shaped, while the spores of Fusarium spp. are more
round." In other words, Aspergillus has conidiophores (spe-
cialized structures for producing spores) that branch off at
right angles from the main hypha, while Fusarium does not;
also, Aspergillus spores tend to be more spherical than those
of Fusarium (which are more often oval or bean-shaped).!3%

Positive stains & Negative stains’

Positive stains for Aspergillus are usually found in patients
with active pulmonary aspergillosis. The most common stain
used to detect Aspergillus is the Grocott’s methenamine sil-
ver (GMS) stain. This stain can be performed on both fresh
and frozen tissue samples. A positive GMS stain will reveal
septate hyphae that are 5-10 microns in diameter.?! Negative
stains for Aspergillus are useful for ruling out the diagnosis
of aspergillosis in patients with negative GMS stains. The
most common negative stains used to detect Aspergillus are
the calcofluor white (CFW) stain and the Uroplakin III (UP-
IIT) stain.?! These stains can be performed on both fresh and
frozen tissue samples. A negative CFW or UPIII stain will
not reveal any septate hyphae.

Histopathology

Histopathology, the study of tissues, is a key tool in the di-
agnosis of Aspergillus; nevertheless, histopathology takes a
long time to give the result and need tissue biopsy. Invasive
pulmonary aspergillosis (IPA) is a serious fungal infection
that can occur in people with weakened immune systems.
The most common symptom of IPA is coughing up blood.

Other symptoms may include shortness of breath, chest pain,
and fever. IPA can be difficult to diagnose because the symp-
toms are similar to other lung diseases.”” A definitive diag-
nosis of IPA can be made only by examining tissue from the
lungs under a microscope. This is called histopathological
examination and is considered the gold standard for diag-
nosing IPA. Histopathological examination of lung tissue
requires special training and experience. The tissue sample
is first stained with a dye that makes the fungi visible under
a microscope.?®*° Then, a pathologist looks at the tissue sam-
ple under a microscope to look for the presence of Aspergil-
lus fungi.

If Aspergillus fungi are present in the lung tissue, this is
strong evidence that the person has IPA. However, it is pos-
sible to have Aspergillus in the lungs without having IPA. In
these cases, other tests (for instance chest x-ray or CT scan)
may be needed to confirm the diagnosis of IPA. The most
common finding on histopathologic examination of IPA is
hyphal invasion of pulmonary blood vessels, which can lead
to infarction, hemorrhage, and death of affected tissue.? The
hyphae are long, branching filaments that make up the fun-
gal mycelium. In tissue, hyphae can be seen invading and
destroying cell walls, causing extensive damage to the tissue.

Other findings include inflammatory cell infiltration, necro-
sis, and fungal hyphae within alveolar spaces. A variety of
staining techniques can be used to visualize these findings,
including hematoxylin and eosin (H&E), Gomori methena-
mine silver (GMS), Periodic acid-Schiff (PAS), and immu-
nohistochemistry (IHC). Early diagnosis and treatment of
IPA is critical for successful outcomes.* Flexible bronchos-
copy with bronchoalveolar lavage (BAL) fluid for cytology
and culture can be carried out if biopsy is not advised. This
is a minimally invasive procedure that can provide diagnos-
tic information without the risks associated with biopsy. The
BAL fluid can be used for both cytology and culture, which
can help to ascertain the diagnosis of aspergillosis.?*

Histopathologic changes in aspergillosis depend on the host
response to the fungus. In some instances, there is little host
reaction and few if any inflammatory cells are seen surround-
ing the hyphae.?> The hyphae are often found within Blood
vessels or air spaces and can cause thrombosis of vessels or
direct invasion of parenchyma. If there is a marked host re-
sponse, large numbers of polymorphonuclear leukocytes and
monocytes surround the fungal hyphae, resulting in necrosis
and consolidation. Overall, it can be stated that microscopi-
cally, aspergillosis appears as a diffuse infiltrate of fungal
elements within lung tissue.?* Conidiophores are branching
structures that produce spores (conidia), which are readily
visible on Gram stain.

When a patient presents with symptoms suggestive of Asper-
gillus infection, a number of other conditions must be consid-
ered in the differential diagnosis. These include other fungal
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infections, for instance those caused by Candida or Mucor
species; bacterial infections, for instance those caused by
Pseudomonas or Staphylococcus species; and non-infectious
causes of similar symptoms, such as allergic reactions or ne-
oplastic processes.** A variety of laboratory tests can be used
to help distinguish Aspergillus from these other conditions.
Microscopic examination of clinical specimens, such as spu-
tum or tissue biopsies, can reveal the presence of Aspergillus
hyphae. Culture of clinical specimens on specialized media
can also be used to isolate and identify Aspergillus species.
Immunologic tests, such as the latex agglutination test for
Aspergillus antibodies, can be useful in some cases.?*** Mo-
lecular diagnostic techniques, such as PCR-based techniques
for identification of Aspergillus DNA, are also available but
are generally not necessary for routine diagnosis.

The role of histopathology in the diagnosis of Aspergillus
infection is primarily to ascertain the presence of hyphae in
clinical specimens. In some cases, special stains (e.g., Go-
mori’s methenamine silver stain) may be needed to visual-
ize hyphae in tissue specimens. Histopathologic features
that may be helpful in distinguishing Aspergillus from other
causes of hyphal invasion include the presence of septate
hyphae with well-defined cross-walls, the absence of bud-
ding yeast cells, and the lack of tissue necrosis.?>** Diagnosis
of aspergillosis can be difficult to due to the many different
types of fungi that can cause the disease; however, there are
some common features that can be seen on positive and neg-
ative stains. On a positive stain, Aspergillus will appear as
septate hyphae with conidiophores bearing large numbers of
spores. On a negative stain, Aspergillus will appear as non-
septate hyphae with no spores.”® These characteristics can
help to differentiate Aspergillus from other types of fungi.

Microbiology

Microbiology plays a vital role in the diagnosis of Asper-
gillosis; however, it takes a long time because it needs in-
cubation. Sabouraud dextrose agar (SDA), potato dextrose
agar (PDA), and brain heart infusion (BHI) agar are the most
commonly used media for the isolation of Aspergillus spe-
cies. All three media support the growth of a wide variety of
Aspergillus species, comprising A. fumigatus, A. terreus, A.
niger, and A. flavus.” However, SDA is the preferred me-
dium for the primary isolation of Aspergillus species from
clinical specimens due to its superior ability to support the
growth of this fungi. BHI agar is a selective medium that
inhibits the growth of most bacteria while still supporting
the growth of Aspergillus species. This makes it an ideal
medium for secondary isolation of Aspergillus species from
mixed cultures.?’® PDA is a less commonly used medium for
the isolation of Aspergillus species, but it has some advan-
tages over SDA and BHI agar. PDA is more selective for
Aspergillus species than SDA, meaning that it is less likely
to be contaminated with other types of fungi or bacteria. Ad-

ditionally, PDA supports the growth of a wider variety of
Aspergillus species than SDA or BHI agar. All three media
are available commercially and can be purchased from most
scientific supply companies.

Negative cultures for Aspergillosis do not necessarily rule
out the possibility of invasive aspergillosis. Blood cultures
are nearly never positive for Aspergillosis, although this
may be due to laboratory contamination rather than actual
infection.”” Despite these negative results, it is still essential
to consider Aspergillosis in the differential diagnosis when
a patient presents with symptoms suggestive of the condi-
tion. Imaging studies such as computed tomography (CT)
or magnetic resonance imaging (MRI) may be essential in
diagnosing Aspergillosis, as they can often show evidence of
pulmonary nodules or cavities.?*

Bronchoscopy with biopsy is also a useful diagnostic tool,
as it can provide direct visualization of Aspergillus organ-
isms in the respiratory tract. Serologic tests for antibodies
against Aspergillus are also available, but their usefulness is
limited. Tissue cultures will frequently fail to yield growth
despite the obvious presence of fungi in histopathology. This
is because the tissue culture conditions do not support the
growth of Aspergillus, or because the Aspergillus present
in the tissue is unable to produce viable spores.>* In either
case, PCR can be utilized to detect Aspergillus DNA in the
tissue, and this method is more sensitive than culture.

Overall, the most common culture media used for the iso-
lation of Aspergillus species are Sabouraud dextrose agar,
brain heart infusion agar and potato dextrose agar. These me-
dia are typically incubated at 30°C and 37°C for 72 hours.
Nevertheless, recent studies have shown that culture-nega-
tive specimens do not necessarily rule out the diagnosis of
invasive aspergillosis. This is because culture-based meth-
ods are not always sensitive enough to detect the presence of
the Aspergillus species, which can lead to false negatives.”
In addition, culture-negative specimens may still contain
other fungal species that can be used to confirm a diagnosis
of invasive aspergillosis. Therefore, culture-negative speci-
mens should not be used as the sole criterion for ruling out a
diagnosis of this disease.?*’

Blood cultures are almost never positive in individuals with
invasive aspergillosis, and thus they are not a useful diagnos-
tic tool. This is because the Aspergillus fungus that causes
the infection is not typically found in the blood. The fungus
usually invades the lungs, where it can grow and multiply
quickly.” Therefore, blood cultures are not likely to detect
the presence of Aspergillus in patients with this condition. In
addition, the symptoms of invasive aspergillosis can mimic
those of other infections, making it difficult to diagnose.?*’
Tissue cultures are sometimes unable to detect the presence
of fungi, even when histopathology shows obvious evidence
of Aspergillosis.?” This can lead to misdiagnosis and delayed
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treatment. In some cases, tissue cultures may be able to de-
tect the presence of fungi, but not the specific type of fungus
causing Aspergillosis. Therefore, a combination of diagnos-
tic techniques is often used to confirm the diagnosis of As-
pergillosis.

Polymerase Chain Reaction (PCR)

Polymerase chain reaction (PCR) is a powerful method that
can be utilized to detect and amplify particular DNA sequenc-
es from clinical samples. This makes it an ideal tool for the
diagnosis of infectious diseases, such as aspergillosis.?® PCR
blood tests have been shown to be very sensitive and specific
for the diagnosis of invasive aspergillosis in immunocom-
promised people and thus better than other techniques such
as microbiology.?? PCR blood tests are generally quick and
easy to perform, and results are available within 24 hours.
This makes them an attractive option for the diagnosis of
invasive aspergillosis, particularly in patients who are very
ill and cannot wait several days for results from conventional
diagnostic techniques (such as fungal culture). PCR blood
tests are a promising tool for the diagnosis of aspergillosis,
but further scientific investigations are needed to ascertain
their accuracy and utility in routine clinical practice.

Serum and BAL galactomannan testing are increasingly
being utilized to diagnose invasive aspergillosis. Galacto-
mannan is a polysaccharide that is found in the cell wall of
Aspergillus species. When this polysaccharide is released
into the bloodstream, it can be detected by a blood test or
by a bronchoalveolar lavage (BAL).?**° In conclusion, PCR
blood tests are increasingly being used to diagnose invasive
aspergillosis. PCR 1is a laboratory technique that can amplify
small amounts of DNA, making it possible to detect even
trace amounts of the Aspergillus fungus in blood samples.”
Serum and BAL galactomannan testing are also becoming
more commonly used to diagnose invasive aspergillosis.
Galactomannan is a sugar molecule that is found in the cell
walls of certain types of fungi, including Aspergillus.? These
tests can detect the presence of galactomannan in body flu-
ids, which can be an early indicator of an active Aspergillus
infection.

Biochemistry

Clinical symptoms alone are often nonspecific, making it
difficult to distinguish Aspergillosis from other conditions.*
In addition, radiographic findings are often not specific and
may be seen in other pulmonary conditions. Thus, a combi-
nation of clinical, radiographic, and laboratory data is usu-
ally required for diagnosis. One of the most important labo-
ratory tests for the diagnosis of Aspergillosis is the culture of
Aspergillus from clinical specimens. This can be challeng-
ing, as Aspergillus can be fastidious and difficult to grow.’!
The use of selective media and special techniques such as
serum membrane filtration can improve yields. However,

even with these methods, Aspergillus may still only be iso-
lated in a minority of individuals with clinically suspected
disease. Another key test for the diagnosis of Aspergillosis
is serology. A variety of different antibodies have been used
for this purpose including IgG, IgM, and IgA.*! However,
none of these have been consistently shown to be helpful in
diagnosing active disease. Additionally, false-positive results
are common, making interpretation of serologic tests diffi-
cult. This explanation describes why biochemistry is not a
useful test.

The role of biochemistry in the diagnosis of Aspergillosis
limited. However, biochemical tests can be helpful in ruling
out other conditions and in supporting the diagnosis when
used in conjunction with other laboratory and clinical data.
Notably, biochemistry is critical to the detection of Aspergil-
lus, as this fungus produces a number of unique metabolites
that can be used to identify its presence.’**' For example,
Aspergillus produces the enzyme laccase, which can be used
to detect the fungus in environmental samples. Additionally,
Aspergillus produces a number of mycotoxins that can be
detected in clinical samples from patients with aspergillosis.
These mycotoxins include sterigmatocystin and versicolorin
A, which can be used to confirm the diagnosis of aspergil-
losis. In conclusion, biochemistry can be used in the detec-
tion of Aspergillus to identify the presence of the fungus in a
sample.’®! This can be done through a variety of techniques,
such as PCR or enzyme-linked immunosorbent assay (ELI-
SA). By amplifying the genetic material of the fungus or by
detecting the proteins it produces, biochemistry can confirm
the presence of Aspergillus in a sample.

DISCUSSION

Cytopathology

Cytopathology is a branch of pathology that deals with the
diagnosis of disease by the examination of cells, but in rela-
tion to Aspergillus diagnosis, it is most commonly used to
examine sputum or other respiratory samples for the pres-
ence of fungal elements.?? There are two main types of cyto-
pathology: direct and indirect. Direct cytopathology involves
the direct examination of cells from a body fluid or tissue
sample, while indirect cytopathology involves the examina-
tion of cells that have been first transferred to a slide (usually
via a process called cytocentrifugation).*

The most common method for direct cytopathologic exami-
nation is called smear microscopy, in which a small amount
of specimen is thinly smeared onto a glass slide and then
stained so that individual cells can be visualized under a mi-
croscope.’?* This technique is often used to examine sputum
samples for the presence of Aspergillus organisms. Indirect
cytopathologic techniques are generally more sensitive than
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direct methods and can be used to detect even small numbers
of Aspergillus cells. The most common indirect method is
called flotation, in which the specimen is centrifuged in or-
der to separate out cellular material, which is then transferred
to a slide and stained.** This technique can be used on vari-
ous types of specimens, including those from airways (bron-
chial washings), skin (biopsies), and other tissues.

Immunocytochemistry is a type of direct cytopathology that
uses antibodies to detect specific proteins or antigens in cells.
In the context of Aspergillus diagnosis, immunocytochemis-
try can be used to detect the presence of Aspergillus antigens
in respiratory specimens. To perform immunocytochemistry,
a small amount of specimen is smeared onto a glass slide and
then incubated with one or more antibodies that specifically
bind to Aspergillus antigens.*>** The antibodies are usually
attached to a fluorescent marker, so that they will glow un-
der ultraviolet light when viewed under a microscope. This
allows for the specific detection of Aspergillus cells in the
specimen.

Molecular testing is a type of indirect cytopathology that can
be used to detect the presence of Aspergillus DNA in clinical
samples. This method is generally more sensitive than other
types of testing and can be used on various types of speci-
mens, including those from airways (bronchial washings),
skin (biopsies), and other tissues.** To perform molecular
testing, a small amount of specimen is first centrifuged in
order to separate out the cellular material. This material is
then placed into a solution that breaks open the cells and re-
leases their DNA. The Aspergillus DNA is then specifically
detected using a technique called polymerase chain reaction
(PCR).3234

HISTOPATHOLOGY

Histopathology is a vital tool in the diagnosis of Aspergillus,
as it can reveal the presence of the fungus in tissue samples.*
There are several histopathological techniques that can be
used to detect Aspergillus, including: 1. Direct visualization
- this can be done using light microscopy or electron micros-
copy; 2. Staining - various stains can be used to highlight
Aspergillus hyphae, including Gomori methenamine silver
(GMS), periodic acid-Schiff (PAS), and fungal Grocott-
Gomori methenamine silver (GGMS); 3. Culture - tissue
samples can be inoculated onto culture media specifically
designed for growing Aspergillus; and (4). Immunohisto-
chemistry - this uses antibodies that bind to specific antigens
present on Aspergillus hyphae, which can then be detected
using a fluorescent microscope.**-¢

Microbiology
Microbiologic studies of Aspergillus infection have yielded
mixed results. Isolation of the organism from clinical samples

is often difficult, and the reported rates of isolation range from
0% to 100%.*” The most commonly isolated species are A.
fumigatus, A. flavus, and A. niger. A. terreus is less commonly
isolated but has been associated with more severe disease.
There are a number of microbiological tests and techniques
that can be used in the diagnosis of Aspergillus, including:
1. Direct microscopy: This involves looking for the charac-
teristic fungal hyphae under a microscope. It is generally not
possible to identify the specific species of Aspergillus based
on this method alone, but it can be useful in confirming the
presence of the fungus.?’*® 2. Culture: This is perhaps the most
important test for diagnosing Aspergillus, as it allows for iden-
tification of the specific species involved. A sample from the
patient (usually obtained via biopsy) is inoculated onto a cul-
ture medium and incubated. After a period of time, colonies
of Aspergillus will have grown which can then be identified
using standard mycological methods.*®

Polymerase Chain Reaction (PCR)

PCR is a powerful tool that can be used to amplify small
pieces of DNA. This technique has been used to diagnose a
number of diseases, including aspergillosis. PCR can be uti-
lized to detect the presence of Aspergillus DNA in samples
from individuals with suspected aspergillosis. PCR involves
using enzymes to copy specific pieces of DNA many times
over.” The copied DNA is then separated and analyzed. If
Aspergillus DNA is present in the sample, it will be ampli-
fied by PCR and can be detected by laboratory tests. PCR is
a very sensitive test and can detect very small amounts of
Aspergillus DNA. However, false-positive results may occur
if non-aspergillus fungi are present in the sample or if the
patient has been exposed to Aspergillus but does not have an
active infection.* A positive PCR result should be confirmed
with another test, such as culture or histopathology, before a
diagnosis of aspergillosis is made.

Biochemistry

Biochemistry is the study of chemical reactions in living
organisms. These reactions are responsible for the structure
and function of cells, tissues, and organs.* In order to deter-
mine whether someone has aspergillosis, doctors will often
order biochemistry tests. These tests can help to identify the
presence of Aspergillus in a person’s body and can also be
used to rule out other possible causes of a person’s symp-
toms.*! One common test that may be ordered is an Aspergil-
lus antibody test. This test looks for antibodies that are spe-
cific to Aspergillus in a person’s blood. If these antibodies
are present, it suggests that the person has been exposed to
Aspergillus and may be at risk for developing aspergillosis.*

CONCLUSION

Cytology is not the best way to detect Aspergillus because
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there are a lot of (Differential diagnoses) that look like As-
pergillus under the microscope. Histopathology takes a long
time to give the result and needs tissue biopsy. Microbiol-
ogy takes a long time because it needs incubation. However,
recent studies have shown that culture-negative specimens
do not necessarily rule out the diagnosis of invasive aspergil-
losis. Blood cultures are almost never positive in individu-
als with invasive aspergillosis, and thus they are not a use-
ful diagnostic tool.>** Tissue cultures may also fail to yield
growth despite the obvious presence of fungi in histopathol-
ogy. Therefore, cytopathology and microbiology labs play a
vital role in the diagnosis of this disease.

Biochemistry is another key test for the diagnosis of Asper-
gillosis is serology. A variety of different antibodies have
been used for this purpose including IgG, IgM, and IgA.*!
However, none of these have been consistently shown to be
helpful in diagnosing active disease. Additionally, false-pos-
itive results are common, making interpretation of serologic
tests difficult. The role of biochemistry in the diagnosis of
Aspergillosis limited. However, biochemical tests can be
helpful in ruling out other conditions and in supporting the
diagnosis when used in conjunction with other laboratory
and clinical data.

PCR is a very sensitive test and can detect very small
amounts of Aspergillus DNA. However, false-positive re-
sults may occur if non-aspergillus fungi are present in the
sample or if the patient has been exposed to Aspergillus but
does not have an active infection.** A positive PCR result
should be confirmed with another test, such as culture or his-
topathology, before a diagnosis of aspergillosis is made. So,
which lab test is the best? There is no definitive answer to
this question as it depends on the individual case and what
the goals of testing are. In general, a combination of two or
more tests may be needed to accurately diagnose aspergil-
losis. The most important factor/guideline in choosing which
tests to use is whether they will provide information that can
help guide treatment decisions. Nevertheless, with all fac-
tors considered, the PCR is the best test because it is highly
sensitive and specific; able to detect even low levels of As-
pergillus. Overall, there are many different types of lab tests
available for the diagnosis of aspergillus, and it can be dif-
ficult to know which one is the best. A table comparing the
accuracy, speed, cost, and other factors of different lab tests
can help to answer this question (Table 1). The tests accurate
diagnosis of Aspergillosis, is important given the seriousness
of the disease.

Table 1: This table shows a comparison between laboratory diagnostic tests to detect Aspergillus based on

speed, accuracy, cost, and the sampletype

Test Accuracy Speed Cost Sample type
Cytopathology Accurate but can miss small le-  Results can be available  $200 - $300 per test Aspirate
sions; biopsies may be necessary within 24 hours
to confirm diagnosis
Histopathology Highly accurate; can identify Results can takeuptoa  $400 - $500 per speci- Tissue biopsy
small lesions not seen on cyto-  week to receive men
pathology
Microbiology Culture method is most ac- Results can takeuptoa  $100 - $200 per speci- Many samples - tis-

curate; other methods may miss
small or fastidious organisms

Polymerase Chain Highly sensitive and specific;

week to receive

Results can be available

men sues, fluids etc.

$300 - $400 per test Many samples - tis-

Reaction (PCR) able to detect even low levels of ~ within 24 hours sues, fluids etc.
Aspergillus DNA
Biochemistry Can detect metabolites pro- Results can be available  $100 - $200 per test Fluids or serum
duced by Aspergillus, but results within 24 hours
may be nonspecific
Conclusion Based on the above comparison, the best lab test for Aspergillus would be PCR, due to its high accuracy and
speed.
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