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Abstract

Fungal pneumonia is increasingly common, particularly in highly immunosuppressed patients,

such as solid organ or hematopoietic stem cell transplant recipients, and the diagnosis is evolving.

While standard techniques such as microscopy and culture remain the mainstay of diagnosis,

relatively recent advances in serologic and molecular testing are important additions to the field.

This chapter will review the laboratory tools used to diagnose fungal respiratory disease.
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Introduction

The term “fungus” is used to encompass a very broad range of organisms and the number

capable of causing respiratory infection is extensive, varying from yeasts to complex, highly

resistant moulds. Fungi are ubiquitous in the environment, typically found in soil and

decaying vegetation, thus exposure of the respiratory system to these organisms is common

and, accordingly, many fungal infections present with pulmonary involvement. A few fungi

are highly virulent and can cause disease even in hosts with intact immunity, however, the

virulence of most fungal organisms is low and exposure frequently results in transient

colonization which is cleared by the intact immune system. The advent of highly

immunosuppressed hosts states, such as with organ transplantation and cancer

chemotherapy, has resulted in an increasing incidence of invasive fungal infections over the

last several decades.1 In fact, many fungal organisms previously not thought to be

pathogenic have been found to cause disease, most commonly as opportunistic infections in

immunosuppressed populations.

The diagnosis of fungal disease is evolving. As outlined by the European Organization for

Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the

National Institute of Allergy and Infectious Diseases Mycoses Study Group (EORTC/MSG)

definitions for invasive fungal disease, laboratory information must be interpreted with

caution and requires consideration of the virulence of the specific fungal pathogen recovered

as well as the host’s immunocompetence and clinical presentation.2 In this chapter we will
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review the laboratory tools used in the diagnosis of pulmonary fungal infection, beginning

with a discussion of traditional methods including culture and microscopy and ending with

molecular tools and other emerging technologies.

Microbiological Diagnostics

Direct Microscopy

Direct microscopy of clinical specimens can be an initial, cost-effective test, providing

prompt recognition of many invasive fungal infections.3 Staining for fungal elements

utilizes relatively inexpensive materials, does not require highly specialized equipment, and

results can often be available within several hours of specimen collection. The most

common direct microscopic procedure relies on the use of 10% to 20% potassium hydroxide

(KOH) which degrades the proteinaceous components of specimens while leaving the fungal

cell wall intact allowing their visualization. The visibility of fungi within clinical specimens

can be further enhanced by the addition of Calcofluor white, a fluorophore, which binds to

the chitin in fungal cell walls4 or lactophenol cotton blue, which stains the outer cell wall.

Other stains are frequently used in direct microscopy, such as the India ink wet mount which

is useful for visualization of encapsulated fungi, particularly Cryptococcus neoformans.

Although a negative direct examination cannot rule out fungal disease, visualization of

fungal elements in specimens can often secure initial information helpful in the selection of

empiric antifungal therapy.5 Direct microscopy also has utility in the surgical management

of some invasive fungal infections. For example, the use of real-time KOH examinations

performed during surgical debridement of fungal lesions is gaining popularity as a means of

preserving non-infected tissues, particularly for mucormycosis in which infected tissues

often appear grossly normal.

Table 1 presents a partial list of fungi capable of causing pulmonary infection, sorted into

broad categories based on their morphologic characteristics when visualized in specimens by

direct microscopy. As noted, while direct microscopy typically only provides information

regarding the gross morphology of the organism present (e.g., yeast or mould), it can

occasionally provide sufficient information for identification of the etiologic pathogen (e.g.,

the thermally dimorphic fungi). In some cases it has been the sole mechanism for diagnosis,

such as with Pneumocystis jiroveci which cannot be cultured in routine microbiology

laboratories.

Historically, the diagnosis of P. jiroveci pneumonia (PCP) has been comprised of direct

visual examination of the specimen after some type of staining method, including but not

limited to KOH, Grocott-Gomori methenamine silver (GMS), and newer

immunofluourescent antibody stains. The MeriFluor-Pneumocystis Direct Flourescent

Antibody (DFA) ® test (Meridian Bioscience, Inc., Cincinatti, OH) is an FDA-approved

immunofluorescent stain for the diagnosis of PCP. When compared with more traditional

microscopic staining methods such GMS or Calcofluor white, the MeriFluor DFA performs

reasonably well with a sensitivity of 91% but with a positive predictive value of only 82%,

in contrast with 96% with GMS or Calcofluor white.6 In addition, it is comparatively labor

intensive thus hampering its widespread utility. More recently, a variety of nucleic acid

amplification assays (discussed below) have been developed for detection of P. jiroveci in
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respiratory samples and are now increasingly used as the primary method of diagnosing PCP

in many laboratories.

Culture

Culture remains one of the key methods for diagnosing fungal infection. As it is more

sensitive than direct microscopy, culture should be performed on all acceptable clinical

specimens collected in the evaluation of suspected fungal disease, regardless of whether

organisms are visualized on direct microscopy. The handling of clinical specimens is

essential to the successful recovery of a fungal organism. In general, for respiratory samples,

the most purulent and/or bloody portions of the specimen are inoculated directly onto

specialized fungal culture media containing antibiotics to inhibit overgrowth with bacteria.

Centrifugation of respiratory samples is not recommended as it has not been shown to

increase the isolation of fungi and is more likely to result in bacterial overgrowth. In

addition, the frequently used process of grinding tissue samples for bacterial culture can

destroy fungal organisms, particularly the zygomycetous moulds.

Despite the use of specialized media and appropriate handling of specimens, fungi are

difficult to cultivate and frequently do not grow at all. In one study, up to 70% of tissue

samples with invasive septate hyphae visualized on histopathology, did not grow a mould in

culture.7 In another, approximately one third of zygomycetous moulds visualized on

histopathology failed to grow.8

If a fungus is recovered in culture, identification of the organism can also be difficult and

sometimes inconclusive. Definitive identification of fungi relies in part on the macro- and

microscopic morphologic characteristics of the organism; however, while most moulds do

not produce reproductive structures in vivo, others fail to do so even in vitro, making

identification by microscopic taxonomy impossible.9 Molecular sequencing is an emerging

technique under investigation to assist in identifying fungi to the species level (discussed

below).10

Susceptibility Testing

Recovery and identification of the infecting fungal pathogen in culture also provides the

opportunity for antimicrobial susceptibility testing and standardized procedures for testing

both yeasts11 and moulds12 have been established. Clinical susceptibility breakpoints are

only available for Candida species as correlation between in vitro antifungal susceptibility

test results and clinical outcomes for moulds is limited. However, there is much work on-

going in this area. Epidemiological cutoff values (ECVs) are now established for Aspergillus

and the triazoles, which aids in discriminating wild-type strains from those with acquired

resistance mutations.13 For several other moulds, intrinsic patterns of antifungal activity

have been established, historically based on clinical response to treatment. For example,

Fusarium has variable response to amphotericin B and the extended-spectrum triazoles, but

little to no response to the echinocandins. For Scedosporium, the activity of antifungal drugs

varies according to species: S. apiospermum is primarily resistant to amphotericin B whereas

S. prolificans is resistant to treatment with all antifungal agents. Availability of a

standardized susceptibility testing method for moulds has allowed for expansion of the
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understanding of fungal response to therapy by establishing wild type minimal inhibitory

concentration distributions for many of the less common moulds. As more information is

obtained, susceptibility testing will be increasingly used to guide the selection of therapy,

particularly for pathogens with unpredictable antifungal activity profiles and to rule out

resistance in the setting of prior antifungal exposure and/or clinical failure.

Histopathologic Diagnostics

Microscopy

As with direct microscopy of clinical specimens, visualization of fungal elements within

tissue samples can provide definitive evidence of invasive infection. Identification of fungi

in tissue sections, however, can be difficult owing to limited biopsy tissue specimen size

with few organisms present, or as per Figure 1, only the presence of mycelial elements

rendering common organism types indistinguishable from one another. Unfortunately, most

in situ manifestations of fungi are not pathognomonic. In addition, the technique of

preserving tissue excludes the possibility of recovering the pathogen in culture. Thus, when

fungal infection is suspected, care must be made to specifically request fungal cultures of the

fresh tissue specimen.

Immunohistochemistry

Immunohistochemistry is a means of using antibodies directed at fungal cell antigens to

identify organisms visualized in tissue. Advantages of immunohistochemistry include

relatively rapid results, preservation of tissue morphology, and the ability to use Formalin

Fixed Paraffin Embedded (FFPE) tissue. Unfortunately, the application of

immunohistochemistry is hindered by the fact that available antibodies have a high degree of

cross-reactivity between taxonomic lines. They have also been unable to identify fungi to

species level. 14–15 At this time, there are currently no commercially approved

immunohistochemical tests for identification of fungi in tissue. Further, antibodies for many

moulds, including non-Aspergillus hyphomycetes and zygomycetous moulds, are not

commercially available.5

Immunologic and Biochemical Diagnostics

Serum antibody detection has been used predominantly for the diagnosis of dimorphic

fungal infections. Techniques used for antibody detection, include, but are not limited to

complement fixation, tube precipitins, and immunoenzyme assays. Variants of these assays

may employ immunodiffusion (ID) in agar. Tube precipitins antibodies indicate IgM

activity, whereas complement-fixing antibodies represent IgG. In general, tube precipitins

antibodies are detectable early in illness and, at times during recurrence, but wane quickly

while complement-fixing antibodies are usually detectable after 2–3 weeks of illness and

frequently only with more severe disease.16 The complement-fixing antibody titer has

prognostic implications, with high titers portending severe or disseminated disease and

decreases in titer with recovery from the infection. Testing for antibodies can be

complicated in the immunosuppressed patient, depending on the etiology of the

immunosuppression and the element of the immune system that is predominantly affected.
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In the immune compromised host, significant antibody increases simply come too late, if at

all, and tests for IgM often remain negative.

The use of direct fungal antigen detection in blood and other body fluids has been used for

several decades, most commonly in the diagnosis of histoplasmosis and cryptococcosis,

although new tests for detecting galactomannan and (1→3)-β-D-glucan have provided

alternative techniques for diagnosis of invasive aspergillosis and other invasive fungal

diseases. These tests allow for a more rapid diagnosis of disease in comparison to

histopathologic and microbiologic culture methods. The application and performance of

specific serologic methods follows.

Serologic Tests for Endemic Fungi

The use of serologic tests for the diagnosis of endemic fungal infections has been limited to

a large extent by the high degree of test cross reactivity between the different pathogens. For

example, cross-reactivity of Coccidioides with the commonly used Histoplasma urinary

antigen enzyme immunoassay has been well described.17 Further, performance of the tests

depends to a large degree on the extent and site of infection. The Histoplasma urine antigen

test has been found to be positive in 92% of patients with disseminated disease18 but only in

80% with acute diffuse pulmonary disease, 34% in subacute pulmonary disease, and 14% in

chronic pulmonary disease.19 Hage et al20 recently found antigen detection in BAL fluid

may be complementary to other conventional diagnostic methods in identification of

histoplasmosis. In cases of pulmonary histoplasmosis with or without disseminated disease

diagnosed by histopathologic or microbiologic data, 94% of patients had Histoplasma

antigen detected in BAL fluid. In combining BAL antigen detection and BAL

cytopathology, the sensitivity was 97% for diagnosis of histoplasmosis. Evaluation of

Blastomyces antigen detection revealed the antigen was detectable in BAL in 80% of

patients with confirmed blastomycosis. However, combination of Blastomyces BAL antigen

detection and BAL cytopathology did not result in an increased sensitivity over BAL antigen

detection alone. For Coccidioides, an immunodiffusion test was positive in 53% of

immunosuppressed patients compared with 73% of non-immunosuppressed patients, and the

complement fixation test had positive results in 67% and 75%, respectively.21 Another study

reported seropositivity in approximately one-half of patients with Coccidioides

pneumonia.22–23 Alternatively, antigen detection may also prove useful for the early

diagnosis of coccidioidomycosis. Durkin et al24 recently evaluated a new Coccidioides urine

antigen detection test, the Coccidioides EIA test (MiraVista Diagnostics, Indianapolis, IN),

and detected antigenuria in 71% of patients with coccidioidomycosis. Importantly, the test

did exhibit some residual cross reactivity in patients with histoplasmosis and the majority of

patients studied were immunosuppressed (79%) with severe forms of the disease (46% had

disseminated disease). Thus, utility of the test in nonimmunocompromised patients with

primary pulmonary coccidioidomycosis remains unclear.

The sensitivity and specificity of serologic tests for paracoccidioidomycosis has been

historically compromised by the use of complex mixtures of undefined antigens. The use of

combinations of purified, well-characterized antigens for the detection of serum antibodies

appears to improve diagnostic performance. Fernandes et al25 evaluated two recombinant
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antigens derived from Paracoccidioides brasiliensis and found a sensitivity of 96% with a

specificity of 100% when the combination of antigens was used.

Cryptococcocal Antigen Test

The detection of the capsular polysaccharide antigen in serum and cerebrospinal fluid (CSF)

plays a significant role in the diagnosis of cryptococcosis, both in pulmonary and

disseminated disease. The antigen test detects both C. neoformans and C. gattii. The

sensitivity and specificity of serum antigen testing for the diagnosis of cryptococcal

meningoencephalitis approaches that of testing CSF, however the test has a lower diagnostic

yield for isolated pulmonary cryptococcosis.26 Additionally, the serum cryptococcal antigen

test is more sensitive in patients with disseminated disease and in immunocompromised

hosts likely due to greater fungal burden in these settings. Routine testing of BAL fluid for

the cryptococcal antigen has been evaluated and found to have a sensitivity of 71% with a

positive predictive value of 59%, and is thus not recommended.27 The serum cryptococcal

capsular polysaccharide antigen has been shown to be cross-reactive with Trichosporon,

another fungal organism known to cause both pulmonary and disseminated disease.28–29

Asperigllus Galactomannan Antigen Test

Galactomannan is a polysaccharide cell-wall component of Aspergillus that can be measured

in serum and other body fluids to evaluate for evidence of invasive aspergillosis. Approval

by the U.S. Food and Drug Administration in 2003 for testing serum to aid in the diagnosis

of invasive aspergillosis was based on data in hematopoietic stem cell transplant (HSCT)

and leukemia patients, with a reported sensitivity of 81% and a specificity of 89%.30 But as

demonstrated in a meta-analysis by Pfeiffer et al31, the serum test has variable results in

other populations. A compilation of 27 studies from 1995 to 2005, the meta-analysis found

the sensitivity of the assay to be 70% and specificity 92% in patients with hematologic

malignancy. In HSCT recipients, sensitivity was 82% and specificity 86%. This is in stark

contrast to data from the solid organ transplant population in which sensitivity was only

22% and specificity 84%.

In an attempt to improve the diagnostic yield for invasive pulmonary aspergillosis, attention

has been aimed at directly testing BAL fluid for the presence of galactomannan. The utility

of using BAL galactomannan detection in identifying invasive pulmonary aspergillosis is

complicated by the inability to differentiate between Aspergillus colonization, pulmonary

aspergilloma, and invasive pulmonary aspergillosis. This distinction is clinically important

in that the management is very different for these conditions. In pulmonary aspergilloma

without invasive disease, Park et al32 found 32 of 36 BAL samples in patients were positive

for galactomannan. The sensitivity of the BAL galactomannan assay for the identification of

Aspergillus associated with pulmonary aspergilloma was 92% whereas the sensitivity of the

serum galactomannan assay was 38%. Patients with pulmonary aspergilloma and positive

serum galactomannan were significantly more likely to have hemoptysis, perhaps reflecting

locally invasive disease allowing for leakage of galactomannan into the bloodstream.

As with serum, performance of the test in BAL seems to also vary by patient population. In

a study by Park et al33 evaluating the utility of galactomannan BAL testing in a population
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with various underlying medical conditions, sensitivity was 64% and specificity 89%. Two

recent studies in patients with hematologic malignancies or HSCT found the BAL

galactomannan assay to have a sensitivity of 57–73% and specificity of 89–95%.34–35 In a

study of intensive care unit (ICU) patients, the test had a sensitivity of 88% and specificity

of 87%.36 Although the US Food and Drug Administration (FDA) approved positive test

cutoff threshold for galactomannan in BAL is an index of 0.5, use of a higher cutoff value

improved utility of the BAL galactomannan assay in HSCT or hematologic malignancy

patients with radiographic evidence of invasive pulmonary aspergillosis (sensitivity 100%,

specificity 100%). 37–3839 Among lung transplant patients, three recent studies have shown

improved sensitivities using a positive cutoff index value of ≥1 (sensitivity 82–100% and

specificity of 81–96%).40–41

Galactomannan results can be affected by a number of factors. The use of β-lactam

antibiotics, including piperacillin-tazobactam42–43 and amoxicillin-clavulanic acid44 can

result in false positive galactomannan test results in serum. Although it is unclear the effect

of intravenous administration of Plasma-Lyte (Baxter, Deerfield, IL) on serum

galactomannan results, the use of Plama-Lyte as the solution for collection of a BAL sample

and respiratory colonization with other moulds including the common saprophyte,

Penicillium, has been shown to result in a false positive test in BAL.45 On the other hand,

false negative galactomannan results may be the result of mould-active antifungal

medications. In patients receiving antifungal therapy, the sensitivity of serum

galactomannan increased from 31% to 85% when the positive test cutoff value was

decreased from 1.5 to 0.5, suggesting patients receiving mould active antifungals may have

lower circulating levels of antigen in the blood, thus affecting the test results.46

(1→3)-β-D-Glucan Test

The detection of (1→3)-β-D-glucan (BG), a component of the fungal cell wall, in serum is

another useful tool in diagnosing invasive fungal infections. (1→3)-β-D-glucan is detected

in patients with Aspergillus and Candida and can also be useful in the identification of

infection with Pneumocystis, Fusarium, and Trichosporon, among others. 47–48 Based on a

multicenter study of patients with IFI and healthy controls49, the BG assay (Fungitell®;

Associates of Cape Cod, Falmouth, MA) was approved by the FDA for the qualitative

detection of BG in the serum of patients with symptoms of or medical conditions

predisposing to IFI and as an aid in the diagnosis of deep-seated mycoses and fungemia.

In the evaluation of patients with invasive disease secondary to Aspergillus, Candida,

Fusarium, and Trichosporon, the BG test had a sensitivity of 70%, negative predictive value

of 75–100%, specificity of 87–90%, and positive predictive value of 79–84%.50–51 In one

study, specificity increased to 96% with ≥2 sequential positive tests and the BG test was

positive a median of 10 days before the clinical diagnosis of invasive fungal infection.18

Pazos et al52 found improved specificity and positive predictive value, both to 100%,

without affecting the sensitivity or negative predictive value when the BG test was used in

conjunction with the galactomannan assay to serially monitor cancer patients at high risk for

invasive aspergillosis. On the other hand, a recent study evaluating the utility of serially

monitoring lung transplant recipients with the test suggests marginal performance in this
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population. The majority (92%) of lung transplant patients not diagnosed with an IFI had at

least one BG level ≥60 pg/mL and 90% had at least one BG level ≥80 pg/mL. Although the

negative predictive value of the BG test was high, the low positive predictive value limited

its utility as a screening tool for early diagnosis of IFI in the lung transplant population.53

Further, (1→3)-β-D-glucan is ubiquitous in the environment and, as with the galactomannan

test, multiple sources of false positive test results exist. For example, poor specimen

handling, hemodialysis, surgical packing, bacteremia, receipt of blood products, and

intravenous therapy with a beta-lactam/inhibitor combination may cause false-positive test

results.52,54,55,56

Molecular Diagnostics

Nucleic acid-based assays have potential to complement and enhance conventional methods

used in diagnostic mycology and their use is gaining popularity; some large referral clinical

laboratories are now routinely employing in-house developed molecular assays for fungal

diseases. However, widespread use of molecular tools to diagnose fungal disease is currently

limited by a lack of standardization in testing methods. The fungal cell wall is hard to

penetrate making extraction of intact fungal DNA difficult. Further complicating the issue is

that many commercially produced reagents and blood collection tubes have been found to be

contaminated with fungal DNA, resulting in false positive tests.57–58. Other drawbacks for

clinical laboratories include high equipment costs, labor-intensive procedures, and the need

for molecularly trained technologists.59

The majority of molecular tests developed to date for the diagnosis of fungal disease are

polymerase chain reaction (PCR)-based assays focused primarily on the detection of

Candida, Aspergillus, or Pneumocystis jirovecci from clinical samples. With that said,

development of an assay for detection of fungal nucleic acid circulating in blood during

invasive aspergillosis has been problematic. A meta-analysis inclusive of sixteen studies

published from 2000–2008 (>10,000 samples from 1618 patients) reporting on the

performance of various PCR assays on blood components for the diagnosis of invasive

aspergillosis revealed an overall sensitivity of 88% and specificity of 75% based on the

results of a single positive test.60 Requiring two consecutive positive test results led to

decreased sensitivity (75%) with a modest improvement in specificity (87%). The authors

concluded a single PCR-negative result was sufficient to exclude a diagnosis of proven or

probable invasive aspergillosis, but 2 positive tests were required to confirm the diagnosis.

Recent evaluation of a commercially prepared Aspergillus serum-based PCR assay

(Myconostica, Ltd., Manchester, United Kingdom) found a sensitivity of 60–70% and

specificity of 91–100%.61 The diagnosis of invasive pulmonary aspergillosis via PCR-based

testing of respiratory specimens has also been studied. Distinguishing between Aspergillus

colonization and invasive aspergillosis has been a major limitation. 62 Whether quantitative

PCR results can address this issue is still being sorted out. Based on a meta-analysis of the

literature examining Aspergillus PCR testing of BAL fluid, although quite heterogeneous

among the various studies, pooled sensitivity was 79% and specificity 94%.63 Overall, the

lack of standardization in molecular methods continues to be a major outstanding problem in

the diagnosis of invasive aspergillosis.
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For diagnosis of PCP, a commercially prepared PCR assay for Pnuemocystis jirovecci

(Myconostica, Ltd., Manchester, United Kingdom) designed for testing respiratory

specimens was compared with the FDA-approved MeriFluor-Pneumocystis DFA test and

found a sensitivity of 93%, specificity of 91%, and positive and negative predictive values

of 59% and 99%, respectively.64 Many clinical laboratories are moving towards the use of

molecular based assays for the diagnosis of PCP.

Another application for molecular technology includes identification of fungi recovered in

culture. As previously mentioned, identification of moulds by conventional methods relies

heavily on in vitro sporulation which can be a slow, arduous process. Molecular sequencing

is an emerging platform under investigation as a method for identifying fungi recovered in

culture.65 While the genomes for the majority of fungi have not yet been fully sequenced,

certain fungal gene regions contain species-specific sequences that permit the identification

of hundreds of pathogenic fungi to species level. While open access databases such as

GenBank currently contain information for a few reference mould strains, the amount of

information in these databases is rapidly expanding.

Similarly, the use of sequencing technology to identify fungi in tissue samples has also been

evaluated. A recent study used FFPE tissue from histopathologically proven cases of

mucormycosis and recovered DNA by PCR from 22 of 27 tissue specimens, including from

10 of 12 culture confirmed cases for which the identification was concordant to the genus

level in 9 samples.66 Rickerts et al67, using an extraction procedure that included boiling and

freezing, were able to successfully identify the infecting mould from FFPE tissue in 21 cases

of culture proven Aspergillus fumigatus and various zygomycetous moulds. In another

study68, PCR was found to be superior to culture in evaluating 27 tissue specimens with

histopathologically confirmed cases of mould infection (26 of 27 samples vs. 17 of 27

samples, respectively; p = 0.006).

Finally, another promising molecular technology for use with tissue specimens is Peptide

Nucleic Acid Fluorescent in situ Hybridization (PNA FISH), a fluorescent DNA probe. In a

study using culture proven fungal infections, PNA FISH was found to have a slightly lower

sensitivity than conventional staining methods (95% vs. 98% respectively) but with a higher

positive predictive value (97% vs. 86% respectively) in distinguishing between Aspergillus,

zygomycetous moulds, and Candida.69 However, to enhance permeability of the fungal cell

wall, the molecular probes utilized are typically limited in length to 20–40 base pairs, which

limits identification of moulds to species level.70 For example, 250–300 base pairs are

needed to reliably differentiate members of the subphylum Mucormycotina.

New and Emerging Diagnostics

Proteomics

The use of proteomic “fingerprints” in the rapid diagnosis of fungal infections is in early

stages of investigation and is not in clinical use at this time. However, early studies are

intriguing. Using plasma and BAL from neutropenic rabbit models of Pseudomonas and

Aspergillus pneumonia, Gonzales and colleagues demonstrated unique protein profiles that

are shared in early infection and diverge at later stages of infection. Haptoglobin,
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apolipoprotein A1, transthyretin, and C-reactive protein are differentially expressed in these

infections suggesting possible future diagnostics contributions.71

Genomics

While exogenous immune suppression is perhaps the greatest risk factor for acquiring many

invasive fungal infections, polymorphic variation in key host immune effector genes likely

contributes to disease susceptibility as well. Detection of host polymorphisms that contribute

to fungal disease susceptibility and response is being evaluated. Identification of single

nucleotide polymorphisms (SNPs) that may predispose hosts to invasive aspergillosis and

which may be useful adjunctive diagnostic information in the future are being

delineated.72,73,74,75

Conclusion

Fungal pneumonia has become increasingly common in the age of highly

immunosuppressed patients such as with HIV/AIDS or following transplantation. Diagnosis

has been limited by the standard methods of direct microscopy, culture, and histopathologic

evaluation. Newer techniques are evolving, aiding in the earlier diagnosis and subsequent

appropriate treatment of these infections. Molecular methods including PCR coupled with

sequencing offer the best promise as replacements for culture but standardization of such

methods are needed.
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Figure 1.
Histopathology of Moulds.

Aspergillus in lung tissue (left) and Fusarium in skin (right) cannot be differentiated by

histopathologic morphology. (Photos: BD Alexander)
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Table 1

Fungi associated with pulmonary infections and their characteristic morphology in clinical specimens by

direct microscopic examination

Fungal Group and Representative
Pathogens

Microscopic Morphology in Clinical Specimens

YEASTS

  Cryptococcus neoformans Spherical budding yeasts of variable size, 2–15 μm in diameter. Capsule may be present or absent.
No hyphae or pseudohyphae.

  Trichosporon Hyaline arthroconidia, blastoconidia, and pseudohyphae, 2–4 by 8 μm.

MOULDS

 Mucormycotinaa Broad, thin-walled, pausi-septate hyphae, 6–25 μm wide with non-parallel sides and random
branches.

  Absidia

  Cunninghamella

  Mucor

  Rhizomucor

  Rhizopus

  Saksenaea

 Hyaline Hyphomycetes

  Aspergillus Hyaline, septate, dichotomously branching hyphae of uniform width (3–6 μm).

  Acremonium

  Fusarium Aspergillus may produce conidial heads in specimens from cavitary pulmonary lesions.
Adventitious conidiation may be visualized on histopathologic examination of some of the non-
Aspergillus hyphomycetes.  Paecilomyces

  Phialemonium

  Scedosporium

  Scopulariopsis

  Trichoderma

 Dematiaceous Hyphomycetes

  Alternaria Pigmented (brown, tan, or black), septate hyphae, 2–6 μm wide.

  Bipolaris

  Curvularia

  Cladophialophora

  Dactylaria

  Exophiala

  Phialophora

  Ramichloridium

  Wangiella

OTHER

 Dimorphic (geographically restricted) Fungi

  Blastomyces dermatitidis Large (8–15 μm diameter) thick-walled budding yeast cells. The junction between mother and
daughter cells is typically broad-based. Cells may appear multinucleate.
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Fungal Group and Representative
Pathogens

Microscopic Morphology in Clinical Specimens

  Coccidioides immitis Spherical, thick-walled spherules, 20–30 μm diameter. Mature spherules contain small, 2–5 μm
diameter endospores. Released endospores may be mistaken for yeast. Arthroconidia and hyphae
may form in cavitary lesions.

  Histoplasma capsulatum Small (2–4 μm diameter), intracellular, budding yeasts.

  Paracoccidioides brasiliensis Large (2–30 μm diameter), multiple-budding yeasts ; 12 or more narrow neck buds of variable size
may arise from the mother cell.

  Penicillium marneffei Oval, intracellular yeast cells bisected with a septum (fission yeast).

  Sporothrix schenckii Elongated or “cigar-shaped” yeast cells of varying size (rare). Tissue reaction forms asteroid
bodies.

  Pneumocystis jiroveci Cysts are round, collapsed, or crescent shaped. Trophozoites seen on staining with giemsa or
immunofluorescent stains.

a
Moulds of the subphylum Mucormycotina, previously referred to as Zygomycetes
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