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Background: Invasive fungal infections are an important cause of morbidity and mortality in a broad
range of patients. Adequate and early diagnosis is a challenge and of importance for improved survival.
New molecular-based diagnostic methods are trendsetting, yet with the drawback that conventional
tests receive less attention, in the laboratory as well as in the clinical setting.

Objectives: We aimed to provide a useful recommendation for direct microscopy for effectively managing
numerous specimens related to fungal infections, mainly covering opportunistic pathogens.

Editor: C. Roy Sources: A PubMed literature search covering direct fungal microscopy was performed with no re-
strictions on publication dates.
Keywords: Content: Best practise recommendations targeting the role of direct microscopy in diagnosing fungal
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Fungal infections

Fungal morphology
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infections are given. This review highlights when to perform direct microscopy, displays the main fungal
morphologies, discusses the pitfalls related to microscopy, and recommends how to best report the
results to clinicians.
Implication: In many samples, the performance of direct microscopy provides an important diagnostic
benefit that is greater than culture alone. Fluorescent dyes improve sensitivity and allow a fast and rapid
read. Reporting includes the presence or absence of yeast forms, septate or non-septate hyphae,
pigmentation, cellular location, or any other specific structures being present. The visualization of fungal
elements from a sterile body site is proof of an infection, independent of other test reports. Miriam
Alisa Knoll, Clin Microbiol Infect 2023;29:1031
© 2023 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All
rights reserved.

Background

The fast and proper diagnosis of fungal infections is a challenge,
particularly in the immunocompromised host [1]. Clinical signs and
symptoms are non-specific, and fungal colonization is difficult to
distinguish from fungal diseases, specifically, when dealing with
non-sterile body specimens, such as sputum [2]. Blood cultures are
commonly negative (moulds), and overall, most patients are unable
to undergo invasive diagnostic procedures [3]. The question of
“what is the best specimen to diagnose fungal infections?” is of
major clinical importance and depends mainly on the clinical sit-
uation, tests applied, and laboratory expertise provided [1]. Human
samples are diverse and not equal in terms of diagnostic signifi-
cance [4]. To answer this question, it is important to know which
fungi may cause which infections, when, and where. For example,
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in the diagnosis of pulmonary fungal infections, the microscopic
examination of bronchoalveolar lavage fluids (BALs) is mandatory
as an addition to culture, together with blood samples, in the search
for biomarkers and/or fungal DNA [1,2]. Here, we will focus on the
role of direct microscopy in the medical microbiology laboratory in
diagnosing mainly opportunistic infections; direct smears of pa-
tient specimens may permit the detection of fungal infections
without having any culture results at hand. Light microscopy and
fluorescent microscopy are the most frequently used techniques
[4]. The recommendations given here do not cover histopathologic
diagnosis or non-European mycoses.

Why should we go for direct microscopy?

Culture and microscopic examination remain ‘the reference
standard’, but may be insensitive and depend on the patient pop-
ulation and specimen investigated [1]. As a consequence, there is an
increased use of molecular and antigen-based methods in diag-
nosing fungal infections [5]. In the age of molecular diagnostics,
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culture and, to a greater extent, microscopy are no longer used
when obtaining a fungal diagnosis. Without any doubt, modern
tools are of utmost importance, but they also vary in sensitivity and
specificity [1,6]. Caution is required in the interpretation of antigen
tests, PCR, antibodies, and fungal metabolites [6—8)]. This is nicely
shown by means of COVID—19-associated pulmonary aspergillosis.
COVID—19-associated pulmonary aspergillosis cases varied widely
between hospitals and countries, and displayed an incidence
ranging from 3% to 33%, respectively [9]. These differences were
explained by difficulties in obtaining a reliable diagnosis; currently,
positive results from culture, microscopy, and biomarkers are
equated with probable definitions of invasive mould infections
[10,11]. This uniform assessment of positivity and lack of further
differentiation could lead to some inaccuracies in the diagnosis of
fungal infections. For example, Aspergillus naturally exists as
airborne conidia and vegetative hyphae; hyphae may present
colonization or infection depending on the sample analysed [2],
and the presence of conidia may cause positive cultures but is not
seen on microscopy. This implies that a positive culture should not
always be seen and automatically judged as an invasive infection.
Fungal microscopy is mandatory for an evidence-based diagnosis
and, furthermore, for the judgement of the significance of a positive
culture [2,4,11]. In the case of positive microscopy (visualization of
hyphae or other fungal structures), a tentative diagnosis is given,
and when detected from sterile body sites, it confirms the proof of
an infection, independent of culture and other molecular-based
diagnostic results obtained.

What are the best methods for direct microscopy?

Several different stains and techniques are used to detect fungi
in clinical specimens [12]. Clinical microbiology laboratories
routinely use aqueous potassium hydroxide (KOH), India ink,
fluorescent dyes, including Calcofluor white™, Uvitex 2B, or Blan-
cophor™, and Gramme stain for direct examination [4,13]. Each
method has its own advantages and disadvantages, listed in Table 1
[4,14—18]. The specimens should first be examined for necrotic,
purulent, bloody, or caseous areas; these are most likely to yield

centrifugation is recommended, and the pellet should be analysed
microscopically [4]. The Gramme stain is not recommended as a
specific fungal staining method [14,15], but could give the first hint
of an infection as fungi typically present as Gramme positive.
Hence, the detection of yeasts, such as Candida species or hyphal
elements such as Aspergillus and Fusarium is not uncommon.
Gramme staining of positive blood cultures is suitable for the
detection of the most prevalent yeasts. The use of fluorescent stains
is broadly recommended for the microscopic examination of many
samples, such as fluids and biopsies, simply because of their rapid
availability, fast readability, and improved sensitivity.

Direct examination: what is the least common denominator?

As a group, fungi exhibit great diversity and polymorphism, as
exemplified by the various morphologies and structures seen in
pathologic tissues. Hence, the detection of fungal elements, for
instance, in a lung biopsy confirms the proof of an infection, but
does not allow genus or species identification [2,4]. Recognition of
specific structures may only, under certain circumstances, provide a
possible fungal pathogen. Typically, the morphological character-
istics seen in microscopy are diverse and depend on the pathogens
involved; see Table 2 [3,4,13,19—24]. In the ideal case, the examiner
is able to differentiate between yeast cells, budding cells, hyphae
(septate, rarely septate, and non-septate), and pseudohyphae.
Typical for Aspergillus species are regular septate hyphae with
dichotomous branching, whereas Mucorales present with broad,
sparse, or non-septate hyphae with irregular branching [3]. In
either case, genus- or species-based identification needs to be
performed via further culture or molecular-based tools [6,19].
Anyhow, this basic information is path-breaking as it allows indi-
vidual adjustment of antifungal treatment. In the case of Asper-
gillus-like or Mucorales-like hyphae being present, treatment with
voriconazole or lipid amphotericin B is recommended, respectively
[1]. Although the direct examination is extremely helpful, one must
keep in mind that false negative results may occur. Direct exami-
nation is less sensitive than culture, and a negative result does not
rule out fungal infections [4]. But the real added value lies in a

fungal elements. Sample concentration of fluids using positive result, as the presence of any “fungal element”
Table 1
Most important methods available for direct microscopic detection of fungal elements in the various clinical specimens
Methods Use Time required Advantages Disadvantages References
2021 Detection of bacteria and yeasts 3 min Commonly performed in most Cryptococcus may stain weakly; [4,15]
(e.g. vaginal smear) clinical specimens, some fungi common artefacts appear as
stain well yeast cells (human tissue
debris)
Calcofluor white Detection of fungi, including 5—15 min Can be mixed with potassium Requires a fluorescence [4,16]
Pneumocystis hydroxide (KOH); detects fungi microscope; background
rapidly owing to bright fluorescence and vaginal
fluorescence secretions are not suitable
India ink Detection of Cryptococcus in 3 min When positive, this is Negative in many cases of [17,18]
cerebrospinal fluid; diagnostic of meningitis meningitis; not reliable;
demonstration of the capsule leucocytes and fat droplets may
(negative stain) resemble C. neoformans; the
capsules can be small, making
recognition difficult; adding a
drop of 10% KOH may dissolve
leucocytes and tissue cells
Potassium hydroxide Skin scales; clearing of 5—10 min Rapid detection of fungal Experience is required because [14]
(KOH) wet mount specimens to enhance fungal elements background artefacts are often
visibility confusing
Methylene blue Detection of fungi in skin 2 min Provides contrast for detection Background staining of cells [4]
scrapings of fungal elements makes reading difficult
Toluidine blue Examination of induced sputum 25 min Reveals cysts walls of P. jirovecii Background stains; stains other [4]

and bronchial specimens for
Pneumocystis jirovecii

with purple colour

fungi
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Typical characteristic elements of selected fungal pathogens are given in direct microscopy; non-European pathogens are excluded. Adapted from [3,4,13,19—24]

Characteristic fungal elements

Sizes and diameter (pm)

Specific features

Potential pathogens

Hyaline septate hyphae

3-12

Septate hyphae, dichotomous 45°C angel
branching, hyphae disturbed, may resemble
those of Mucorales (even when treated)

Species of Aspergillus,
Scedosporium,
Fusarium, or others are

Dematiceous septate hyphae 2—6

Yeast forms and pseudohyphae; 3—4 and 5—-10
true hyphae

Yeast forms 2-15

Wide non-septate hyphae 10-30
Hyaline septate hyphae 3-15

(hair and skin specimens)

Cysts and trophic forms 5—-12 and 2—4

Round and non-budding forms 3-30

impossible to
distinguish among each
other

Species of Curvularia,
Bipolaris, or others

Dematiceous polymorphous hyphae and
budding yeasts with single septa and chains of
rounded cells

Various Candida
species; C. glabrata does
not form hyphae

Usually single-budding pseudohyphae are
constricted at the ends and remain attached like
links of sausage; true septate hyphae have
parallel walls

Yeast cells vary in size; they are usually
spherical, buds are single, capsules may or may
not be present, and rare pseudohyphae

Cryptococcus species

Large hyphae, ribbon-like, often fractured or
twisted; occasional septates are present;
branching usually at the right angles; smaller
hyphae overlap those of Aspergillus

Representatives of the
genus Mucorales

Long hyaline septate filaments, rectangular
chains of arthroconidia

Dermatophytes

Cysts are round to cup-shaped, possible with up
to 8 pleomorphic intracystic bodies; no
budding, extracystic trophozoites; with
collapsed forms

With or without morula-like forms (with
endospores arranged symmetrically)

Pneumocystis jirovecii

Species of Prothotheca

supports—in primarily sterile bodily regions or infection sites—the
proof of an infection. For non-sterile sites, such as skin or sputum,
identified fungi may be disease-causing (pathogenic) or may be
part of the normal skin flora [5]. The presence of fungal elements in
correctly sampled skin scrapings points to fungal infection instead
of colonization. According to best practises for the detection of
dermatophytes, the skin should be decontaminated before sam-
pling. Moreover, it is important to take note of the fact that fungi,
once exposed to antifungals (treatment), may lose their typical
morphology.

Which specimens should be used for direct examination?

Immediate direct examination methods depend on the nature of
the specimen, which reveals gross pathology and may identify
fungi. The selection of appropriate specimens for microscopy is
based on clinical examination and consideration of the most likely
fungal pathogen that may cause such an infection [1,4,13,19]. Here,
the most important step is to take specimens whenever possible
from infection sites; besides, all primarily sterile specimens ob-
tained from patients with suspected invasive fungal infections need
to undergo microscopic examination. Table 3 [4,13,19,21—-25] gives
an overview of which fungi are of utmost importance and their
recovery in clinical specimens. BAL fluids and lung biopsy samples
are the specimens of choice to diagnose invasive pulmonary in-
fections; less representative are tracheal secretions or sputa [1]. By
contrast, sputum examination is helpful in allergic broncho-
pulmonary aspergillosis, as hyphae can often be seen with eosin-
ophils and Charcot-Leyden crystals [6].

What are the pitfalls? From false positive results to operator
errors

The successful detection of fungal elements in any specimen
depends largely on the expertise of the examiner, the anatomical
site, the amount of specimen, the site of pathology, and finally, the
careful preparation of the sample. Cerebrospinal fluid (CSF), for
instance, needs centrifugation for fungal concentration [4]. Next,
fungi are larger than bacteria but usually exist in smaller numbers
and appear in clusters [4], hence the need to examine several parts
of the preparation. In addition, it is impossible to differentiate be-
tween viable and non-viable fungi. One disadvantage of using KOH
comes from its reaction with pus, skin, or sputum. Artefacts may
occur that superficially resemble hyphae or budding yeasts; see
Fig. 1. Several artefacts increase with time; passing the slide
through a flame removes air bubbles but facilitates crystal forma-
tions. Common artefacts, such as mosaic fungus (cholesterol
forming polygonal depositis around cells), air bubbles, lipid vesi-
cles, textile fibres, and crystals may resemble fungal elements.
Lymphocytes in an India ink preparation of CSF may be mistaken
for Cryptococcus neoformans and collagen fibres for Mucorales.
Equivocal findings should be reviewed by another experienced
examiner to confirm or rebut the results obtained.

Best practise recommendations for reporting fungal elements

Depending on the specimen and type of infection, a variety of
microscopic morphologies may be given, which have to be inter-
preted carefully. The first step is to ensure the adequacy and quality
of the sample material and to select the correct method for the
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Fungi and their importance and recovery in clinical specimens. Adapted from [4,13,19,21—-24]

Clinical specimens

Potential fungal pathogens

Blood Bone marrow Cerebrospinal fluid Synovial fluid Eye Urine Respiratory tract Skin and mucous Systemic sites
Yeasts e+ + +(+) + + o+ +++ +++
Candida spp. +++  + - -(+) + ++ + 4+
Cryptococcus neoformans -+ + A — + ++ ++ +++
Trichosporon sp. ++++ — — — — — + +++ +
Malassezia sp.
Hyaline moulds = +(+) — e T+ Ea—

@ Aspergillus sp. - — +) — + = 4t ++ +++
Mucorales +++ - — + ++) — ++ +++(+) ++(+)
Fusarium sp.

@ Dematiaceous moulds 4o — o+ +d + = +++ ++ ++
Dimorphic* +++ A+ + + + o+ +++(+) ++ ++
Histoplasma capsulatum - - + + — ) ) +++(+) ++
Blastomyces dermatitidis ++ + +(+) + + + et 4+ 4+
Coccidioides immitis complex — + + — — — +++ e+ 4t
Paracoccidioides brasiliensis ~ +++  ++ + ++ — — F++ ++ At
Talaromyces marneffei + — — + - = ++ ettt +
Sporothrix schenckii
Other — + — — — — ++++ — +

Pneumocystis jiroveci

The presence of fungi is classified from - (usually not present) to + (low frequency or less important) and +++++ (high frequency or high importance).
2 In order to complete this overview, non-EU mycoses are listed here. To be aware that the fungal structures given in the various specimens may also be caused by these

pathogens.
b Aspergillus terreus only.
¢ Scedosporium apiospermum.
4 Lomentospora prolificans.

detection of the suspected fungal pathogen (see Tables 3 and 1 for
the selection of clinical specimens and the respective staining
methods). Reporting results should include the following fungal
morphologies: whether yeasts are small or large; whether septa,
buddings, or pseudohyphae are present; whether hyphae are septate
or un-septate or display bizarre shapes or structures; finally, whether

pigmentation is given; and whether small intracellular yeasts are
present; see Table 2. Compared with yeast cells, hyphae-forming
fungi are more prone to alterations due to the infected organ, the
age of the hyphae, and the inflammatory response of the host. Fig. 2
gives a very simple step-by-step flow chart for the interpretation of
fungal elements when using calcofluor white or native staining. We

Possible pathogens

Mould species
such as
Aspergillus,
Scedosporium,
Fusarium or
others from BAL

Representatives
of the genus
Mucorales from
BAL

Similar structures

Staining
Calcofluor
white

X 400

Cotton fibres

Calcofluor
white
X 400

Tissue fibres

Fig. 1. Overview of direct microscopy of various human specimens, dyes, and characteristic features of fungal pathogens in vivo, as well as potential pitfalls.
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Pneumocystis
Jjirovecii
from BAL

Various
Candida
species
from
bloodculture

Otheryeasts Calcofluor
white
X400

Spermatozoa Gram
stain
X 400

Fig. 1. (continued).

Cryptococcus
neoformans
from CSF

Prototheca
zopfii from
bloodculture

Leukocytes Indiaink
X400

Leukocytes Lactophenol
blue
X 400

oo = z Y

Fig. 1. (continued).

encourage to use this information given here for the laboratory
report of specimens containing any fungal elements. The most
common fungi in respiratory specimens include Aspergillus sp.,
Candida sp., or Pneumocystis jirovecii [ 1,2,4]. Although Candida sp. can
also be detected by Gramme stain, the other two pathogens are
usually detected by fluorescent dyes. Septate hyphae in BALs are
strongly indicative of fungal infection [11] and should be

immediately reported to the clinician to ensure timely antifungal
treatment. Because direct microscopy cannot distinguish between
moulds, such as Aspergillus, Scedosporium, and Fusarium species,
these findings should be reported as “Aspergillus-like” or “septate
hyphae”, see Fig. 1. Molecular methods can ensure fast species
identification to guide antifungal treatment based on intrinsic
resistance patterns being present [5]. Microscopic findings
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Dermatophyte
species such as
Trichophyton,
Microsporum,
Epidermophyton
or others from
skin srabings

Dematiceous
mould species
such as
Curwularia,
Bipolaris or
others from
lung tissue

BAL, bronchoalveolar lavage fluid,

Other  Calcofluor
yeasts white
and X400
moulds

Single  Calcofluor
hyaline white
hyphae X400

Fig. 1. (continued).

{ Oval or round structures ‘

1 L Hypha

Budding ‘ Non-budding

{Slmall ’ Large“

Fungal structures

*

S

Hyphal morphology
varies widely

Wall usually brown
Few yeast-like cells
+/- Arthroconidia

Width of hyphal elements
v' Contours
Parallto irregular
v’ Branching
Dichochtomous

‘ Pigmented structures such as dematicious fung:
@ - lus species or h

Attention: In many cases, fungal morphology is unusal or difficult to describe so that only the diagnosis ,,fungal elements* should be made.

Angle
Random
v' Direction of branching
Parallel
Random
Radial
v' Septation
Frequenttorare
e v Non-septate

Fig. 2. Flow chart for interpretation of fungal elements seen in direct microscopy when using, for instance, Calcofluor white™ staining or native microscopy (especially for

judgement of pigmentation).

suggestive of P. jirovecii should also be promptly reported to the
clinician, and if applicable, molecular methods can additionally aid
diagnosis [15]. As an exception, the presence of hyphae, pseudohy-
phae, or yeast cells comparable with Candida sp. does not represent a
reason for extended diagnostic steps or immediate reporting to the

clinician because Candida sp. are a common part of the mucosal
resident microbiome and do not usually cause invasive pulmonary
infections [12]. Many kinds of moulds, yeasts, and non-European
pathogens can be involved in eye and sinunasal infections, and any
microscopic findings suggestive of fungi should be promptly
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reported to the clinician [26]. Candida sp. generally forms yeasts and
hyphae in deep tissue, with the exception of Candida glabrata, for
which only medium-sized yeasts are visible [4]. Microscopic iden-
tification of wide non-septate hyphae is of particular importance
because infections with the genus Mucorales represent a medical
emergency due to the rapid progression of the disease [27]. India ink
staining of centrifuged CSF samples from immunocompromised
patients is recommended in addition to Cryptococcus antigen testing
[28]. Persistent positive CSF findings in patients undergoing treat-
ment should be considered as evidence for failure or relapse only
when they are confirmed by a deterioration in the patient's clinical
condition or by positive cultures [28]. Also, direct microscopy of
positive blood cultures can speed up the diagnostic workflow and
treatment upon identification of fungal structures [12]. Yeasts of the
Candida genus are most commonly found and can be detected in
vaginal and other mucosal samples via Gramme stain, presenting as
hyphae, pseudohyphae, or yeasts. The occurrence in samples from
usually sterile regions necessitates immediate information to adapt
antimicrobial therapy [20]. When the examiner is unable to identify
any characteristic morphology, it is important to report at least that
“fungal elements” are present. This ensures that the treating physi-
cian can make an individual decision on a case-by-case basis. A 4-
eyes principle may be useful in some settings, as the quality of the
microscopic reporting highly depends on experienced staff's ability
to detect and distinguish different fungal elements as well as eval-
uate clinical situations with or without the need for immediate
action.

Experienced readers may be able to describe the presence of
small intracellular yeasts, typically diagnostic of either Talaromyces
marneffei, a fission yeast with the appearance of one septum
separating two halves of the yeast, and Histoplasma capsulatum, a
budding yeast [4]. Another example is the differentiation between
C. neoformans and Blastomyces dermatitidis, both displaying large
yeast cells; C. neoformans presents with narrow junctions between
cells, B. dermatitidis with broad based buds [4]. The latter section is
listed only as an example, as non-European mycoses are not part of
this review.

Conclusion

Microscopy is an important examination, and specimens from
patients suspected of fungal infections should be treated with
considerable caution. The main cornerstones should be taken into
account.

1. Whenever possible, specimens should be taken from infected
body sites.

2. Specimens taken from infected or primarily sterile body sites
should undergo fungal microscopy (along with culture- and
non—culture-based methods).

3. Any positive fungal elements should be described based on
fungal morphology. As a minimum requirement, reports should
include the presence of yeasts, yeast-like cells, or hyphae (with
or without septate).

4. The presence of fungi in specimens obtained from infected or
primarily sterile body sites is proof of an infection independent
of any culture results.

5. Relevant positive fungal findings need immediate reporting to
the clinicians.
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