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Role of Laboratory in Diagnosing Fungal Infections
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Ab s t r ac t​
The laboratory plays a crucial role in diagnosing fungal infections that are often underdiagnosed. Identifying invasive fungal infections in the 
immunocompromised population requires a high index of suspicion and choice of diagnostic methods is of utmost importance. This article 
aims to describe the various methods in a nutshell and hence explain how an integrated approach helps in accurate diagnosis which will benefit 
the patient. It also illustrates a few interesting case reports along with their laboratory findings.
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In t r o d u c t i o n
Fungal infections are an increasing threat to children, although they 
are considered less common than bacterial infections. However, 
the truth is mycology testing methods are not easily available 
in laboratories of developing countries like India probably due 
to economic constraints or lack of expertise. Hence, diagnosed 
fungal infections form the tip of the iceberg. Considering global 
epidemiology, the number of fungal infections is on the rise, major 
factors responsible for this being host alteration like the growing 
number of immunocompromised people and the overuse of broad-
spectrum antibacterial drugs.

Fungi encountered in the clinical laboratory belong to two 
groups—the yeasts and the filamentous fungi/molds. Examples 
of yeasts include Candida and Cryptococcus, whereas molds 
include Aspergillus and Rhizopus. Some fungi exhibit dimorphism, 
i.e., they exist in both forms under different conditions, e.g.,
thermal dimorphism of systemic fungi like Histoplasma. Clinical
classification of fungi is based on the site of involvement—superficial/
cutaneous mycoses, subcutaneous mycoses, systemic mycoses, and 
opportunistic mycoses. Superficial/cutaneous mycoses are confined 
to skin/hair/nails and do not invade deeper tissues. Dermatophytes 
and fungi causing tinea versicolor, tinea nigra, and piedra are included 
in this group. Subcutaneous mycoses are confined to subcutaneous 
tissues; examples being Chromoblastomycosis and Mycetoma. Agents 
causing systemic fungal infections include Histoplasma, Coccidioides, 
Paracoccidioides, and Blastomyces. Opportunistic mycoses are seen
in patients with a compromised immune system like diabetes, HIV,
immunodeficiency syndromes, and malignancies. Invasive fungal
infections in children are opportunistic mycoses causing significant 
morbidity and mortality, especially in hematological malignancies like 
leukemia, or those who have undergone a hematopoietic stem cell or 
solid organ transplant. These infections are also reported in premature 
neonates or those with congenital or acquired immunodeficiency.
Examples include Candida, Aspergillus, and Cryptococcus.1–3 This
review aims to discuss laboratory aspects of these mycoses along
with interesting cases published in the literature.

Fu n g i i n t h e Mi c r o b i o lo g y La b—
Pr ac t i c a l As p e c ts​
Specimen Collection and Transport
Appropriate specimen collection and transport is crucial to the 
recovery of fungi. Slow growing fungi may be easily overgrown 

by bacteria if transport and processing is delayed. Specimens 
except skin, hair, nails, cerebrospinal fluid (CSF), and blood may 
be refrigerated for a short time.1

Skin and Subcutaneous Tissue
Skin scrapings are collected from the peripheral region of suspected 
Tinea infections using a sterile scalpel blade. The area should be 
cleaned with saline/alcohol before scraping. Alcohol should be 
avoided if fungal culture is to be done. Scrapings may be collected 
on black paper or directly onto the slide. Punch biopsy specimens 
may be sent for suspected subcutaneous fungal infections.

Hair
Plucked hair is sent for mycological investigation in suspected 
Tinea/Piedra. Direct macroscopic examination of hair also provides 
a clue to the diagnosis.

Nails
Nails may be discolored/brittle in dermatophytosis, nail clippings 
from infected areas are sent to the laboratory for investigations.

CSF and Body Fluids
Body fluids should be sent in a sterile culture bottle. Blood may be 
sent for automated culture in case of suspected invasive candidiasis.
Biopsy/Tissue Specimens
Biopsy specimens from various sites may be sent for fungal staining/
culture; however, special care is to be taken to avoid sending in 
formalin. Specimens may be sent as such in sterile culture bottle or 
saline if a delay in transport is anticipated (Figs 1 to 9).
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Di r e c t Mi c r o s co pi  c Exami   n at i o n​
Potassium Hydroxide Mount
Potassium hydroxide (KOH) mount is a very useful direct microscopic 
examination procedure in diagnostic medical mycology to detect 
fungal spores or hyphae or yeasts. 10% KOH is used for hair and 
skin, whereas 20% KOH is used for nails/hyperkeratotic specimens. 
An initial examination is done with low power magnification (10×) 
followed by a higher magnification (40×). Branching hyphae can 
be seen, characteristics of branching and presence or absence 
of septations give a clue to the diagnosis. Yeasts may be seen in 
Candidiasis/Pityriasis versicolor and budding can be noted. Artifacts 
that may mimic fungal hyphae are lines of the juncture of normal 
epidermal cells dissolve into branching network, cotton fibers, and 
synthetic fibers. Modifications of KOH by adding Parkers ink/eosin 
have also been applied in laboratories. Refractile, long, smooth, 
undulating, branching, and septate hyphal filaments with or without 
arthroconidiospores are seen in dermatophyte involvement. In 
Candidiasis, hyaline, oval, budding (blastoconidiating) yeast cell 
forms with or without pseudo-hyphae are observed. Spherical 
yeast in clusters along with short filaments resembling “banana 
and grapes” or “spaghetti and meatballs” are typical of Malassezia 
furfur causing pityriasis versicolor. KOH mount is a rapid, simple to 
perform the inexpensive test but it is not highly specific and requires 
expertise for interpretation.4

Gram’s Stain
Gram’s stain is a differential stain useful for diagnosing fungal 
infections like Candidiasis, Cryptococcosis, and systemic fungal 
infections like Histoplasmosis. Yeast fungi are gram-positive 
whereas fungal hyphae are usually gram-positive but may show 
variability. Candida species are seen as gram-positive oval budding 
yeast cells with pseudo-hyphae. Cryptococcus neoformans is a 
gram-positive spherical budding yeast. Histoplasma capsulatum 
var. capsulatum yeast cells are gram-positive, ovoid in shape, and 
measure 2–4 μm in size.

India Ink Stain
India ink stain is a negative staining technique useful for diagnosing 
Cryptococcal meningitis. Cryptococci because of its large 
polysaccharide capsule, exhibit a halo around the cell against 
the black background created by the India Ink. Budding can also 
be observed which differentiates it from host inflammatory cells. 
However, it is insensitive for low fungal burdens, which can be 
common in persons presenting early after symptom onset or those 
presenting on antiretroviral therapy. The sensitivity is as low as 42% 
with fungal burdens of <1,000 colony forming units (CFU)/mL on 
quantitative CSF culture.5

Fungal Special Staining Techniques
These include Masson Fontana’s, Gomori methenamine silver, 
Wright’s and periodic acid Schiff staining techniques. They are 
used for cytopathology of tissue aspirates and fluids and in 
histopathology specimens.

Histopathological examination of tissues detects fungal 
invasion of tissues and vessels as well as the host reaction to the 
fungus and thus remains an important tool to define the diagnostic 
significance of positive culture isolates. Fontana-Masson stains 
fungal cell walls black against a pale pink background, whereas 
Grocott’s modification of Gomori methenamine silver method 
stains cell walls brown to black against a background of pale green. 
Hematoxylin and eosin stain is useful for Aspergillus and Zygomycetes 
as well as yeasts where basophilic yeast cytoplasm is separated from 
the surrounding tissue by a clear zone corresponding to the cell 
wall. Aspergillus shows hyaline septate hyphae with acute angle 
branching, whereas Mucorales show pauci-septate broad ribbon-
like hyphae with right-angle branching. Various agents of systemic 
fungal infections, Pneumocystis, Sporotrichosis, and many other 
mycoses may be diagnosed with these staining methods along 
with clinical and culture correlation.6,7Fig. 1: 10% KOH mount showing budding yeast cells with pseudohyphae 

in skin scraping; PAS stained smear showing the same

Fig. 2: Nappy rash and perioral candidiasis
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Calcofluor White (CFW) Stain
It is a fluorescent stain for the rapid detection of yeasts and other 
fungi. The nonspecific fluorochrome stain is a specific dye for 
chitin and cellulose and displays fluorescence when exposed to 
long wavelength ultraviolet and short-wavelength visible light. 
Interpretation requires expertise, cost, and non-availability of 
fluorescent microscope limit its use in many laboratories.8

Fu n g a l Cu lt u r e
A fungal culture is a gold standard method to diagnose fungal 
infections. However, in some scenarios, saprophytic fungi may grow 

in cultures and cause a diagnostic dilemma. Clinical, radiological, 
and histopathological correlation is required to reach a definitive 
diagnosis.

Various culture media and techniques used in the mycology 
laboratory include Bird seed agar, Cornmeal agar, Czapek Dox 
agar, Potato dextrose agar, Sabouraud’s dextrose agar (SDA) + 
cycloheximide and antibiotics, and Urea agar with 0.5% glucose. 
Automated blood culture systems like BacT Alert can be used to 
diagnose Candidemia and other fungemia. Sabouraud’s dextrose 
agar is most commonly used in mycology laboratory and is 
appropriate for the growth of all common yeasts and molds. Bird 
seed agar is used for Cryptococcus species. Fungi are identified 
based on colony characteristics on these culture media as well as 
a microscopic appearance from Gram stain or Lactophenol cotton 
blue mounts prepared from the colonies. For example, Candida 
species colonies on SDA are described as white to cream-colored 
smooth, glabrous, yeast-like. Gram’s stain from such colonies 
reveals gram-positive oval budding yeast cells, whereas colonies of 
Cryptococcus species are similar to Candida but mucoid in nature. 
Aspergillus fumigatus colonies on SDA are typically blue-green with 
a suede-like surface consisting of a dense felt of conidiophores. 
Lactophenol cotton blue mount from these colonies show 
uniseriate and columnar conidial heads with the phialides limited 
to the upper two-thirds of the vesicle and curving to be roughly 
parallel to each other.9

Various tests used for identifying fungi include hair perforation 
test for Dermatophytes, Chromogenic agar, Germ tube test, 

Fig. 3: MRI brain showing cryptococcomas

Fig. 4: India ink preparation showing yeast cells with capsule

Fig. 5: Culture of Microsporum canis
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Dalmau plate culture, and carbohydrate assimilation tests used 
identification of Candida species.

Blo o d Cu lt u r e
Blood culture is a useful investigation for diagnosing fungemia 
caused by Candida, H. capsulatum, Coccidioides immitis, Blastomyces 
dermatitidis, and C. neoformans. Trichosporon beigelii is an 
opportunistic fungal pathogen and Malassezia spp. in children 
receiving total parenteral nutrition has also been described in 
various case reports.10,11

Au to ma t e d Id e n t ifi   c at i o n Sys t e m s f o r 
Fu n g i​
Vitek 2 system by Biomerieux is useful for identifying yeasts like 
Candida and Cryptococcus. MALDI TOF MS has a wide database for 
yeasts and molds.

An t if  u n g a l Su s c e p t i b i l i t y Te s t i n g​
Broth dilution method of susceptibility testing, E test, and VITEK 
2 has been described for antifungal susceptibility testing. These 
methods are not widely available in microbiology laboratories.

Ro l e o f Se r o lo g y i n t h e Myco s e s 
Dia g n o s i s​
Enzyme-linked immunosorbent assay (ELISA) for circulating serum 
galactomannan (GM) and assay for circulating 1-3-β-D-glucan 
(BDG) have been used for diagnosis of invasive aspergillosis. 
The BDG ELISA detects 1,3-β-D-glucan, which is the major cell 
wall component of most fungal species, except for fungi of the 
subdivision Mucormycetes, Cryptococcus spp., and some other 
Basidiomycota (e.g., Malassezia spp.) that contain less 1,3-β-D-
glucan in their cell wall and are usually not detected by these 
tests. Thus, the BDG assay is not specific for the diagnosis of 
invasive aspergillosis and is also used for the diagnosis of invasive 
candidiasis. The ELISA for GM detects the circulating GM, a major 
constituent of Aspergillus cell walls. The sensitivity and specificity of 
this test may vary considerably according to the patient population 
and cutoff level used.12,13 Serological tests including antigen 
detection by ELISA and antibody detection by immunodiffusion/
ELISA are described for systemic mycoses like histoplasmosis but 
it is not widely available in India.

Mo l e c u l a r Dia g n o s t i c s​
Molecular methods are available for the early diagnosis of invasive 
fungal infections, multiplex PCR is useful in such cases. European 
Fungal PCR Initiative group (FPCRI) has standardized and validated 
protocols for Aspergillus PCR which has a high negative predictive 
value. SeptiFast PCR is multiplex real-time PCR (Roche Diagnostics, 
Germany) that detects 20 clinically relevant pathogens including 6 
fungi, i.e., 5 Candida spp. and A. fumigatus. PCR positivity depends 
on the site and adequacy of a clinical specimen.2

Ca s e De s c r ip  t i o n s​
Case 1
Alaa Al-Juaid et al.  described pediatric gastrointestinal 
basidiobolomycosis in a 5-year-old child who presented with 
a prolonged fever of 30-day duration, diarrhea, vomiting, 
and weight loss. CT scan of the abdomen showed a large 
retroperitoneal mass with mesenteric lymph node enlargement, 
suggestive of intestinal lymphoma. He underwent exploratory 
laparotomy for resection of the mass and a biopsy was taken for 

Fig. 6: Tissue morphology of Histoplasma capsulatum showing 
narrowbased budding yeast cells (Giemsa stain and GMS stain)

Fig. 7: Histoplasmosis of gum showing ulcer

Fig. 8: Spindle-shaped Macroconidia of Microsporum canis (LPCB mount 
of the colony)
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the histopathological examination which identified “Splendore–
Hoeppli phenomenon” surrounded by oval-shaped organisms 
with septated hyphae, consistent with colonic basidiobolomycosis. 
Misdiagnosis as other chronic granulomatous diseases, 
malignancies, or inflammatory bowel diseases is commonly 
reported for gastrointestinal basidiobolomycosis. Basidiobolus 
ranarum is a rare fungal pathogen belonging to Zygomycota 
(Entomophthorales) and causes unusual chronic skin infections 
and is increasingly being recognized as a causative agent of 
gastrointestinal basidiobolomycosis in pediatric populations from 
tropical and subtropical regions. It causes disease primarily in 
immunocompetent hosts who present with varied manifestations 
ranging from abdominal mass and fever with eosinophilia to 
severe bowel ischemia, necrosis, and shock.14

Case 2
A 11-month-old previously healthy female infant developed fever 
and emesis followed by convulsion and coma after 2 days. CT 
displayed subdural hemorrhage in the left tentorium cerebelli and 
CSF routine tests were normal. During hospitalization, the infant 
had difficulty breathing and CT showed consolidation in the right 
lung. Bronchoalveolar lavage fluid (BALF) fungal culture yielded 
Aspergillus spp. and the GM optical density index in the CSF, in this 
case, was 3.0, higher than that in the BALF (2.6). Cranial MRI revealed 
multiple rings reinforced tubercles in sulci. Hence, the patient was 
clinically diagnosed with CNS aspergillosis and voriconazole was 
administered.15

Case 3
Maxfield et al. described a case of a 3-year-old child who was 
diagnosed with acute lymphoblastic leukemia and was initiated 
on induction chemotherapy. During the course of treatment, the 
child became febrile with pancytopenia which later progressed 
to acute kidney injury. The patient was noted to have multiple 
maculopapular skin lesions involving the trunk and bilateral lower 
extremities that were suggestive of fungal emboli. Skin biopsies 
revealed Trichosporon spp. and blood cultures grew T. asahii. 
Periodic acid Schiff staining from skin biopsy revealed fungal 
elements including true hyphae, pseudohyphae, arthroconidia, 
and blastospores.10
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Fig. 9: Dermatophytosis caused by Microsporum species—Clinical presentation




