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Abstract

Objectives: Flexible bronchoscopy with exfoliative cytology
is an important tool for the diagnosis of pulmonary fungal
infections. The question of colonization versus true fungal
infection is of critical importance. Study Design: A 5-year ret-
rospective analysis of all cases of pulmonary fungal infection
diagnosed using exfoliative cytology was performed. Clini-
cal, radiological, bronchoscopy and histopathology findings
were recorded. Results: A total of 69 cases of mycoses were
retrieved. The most common fungal organism identified was
Aspergillus followed by Candida and Pneumocystis. Most
cases of Aspergillus and Candida in cytological specimens
presented as a pulmonary mass or endobronchial growth
and were diagnosed as carcinomas in biopsy specimens,
thus representing colonization. All cases of Pneumocystis
with bilateral ground glass infiltrates and cryptococcosis
with parenchymal mass lesion in radiology represented true
infection. Histoplasma was identified in pleural fluid from a
known case of lung carcinoma. Conclusion: Aspergillus and

Candida species are the most common fungal organisms.
Most of these represent colonization of malignant growths.
However, true fungal infections may also present as mass le-
sions and may masquerade malignancy clinically. Fluid cyto-
logical examination is an important diagnostic modality for
pulmonary mycoses; however, it isimportant to correlate re-
sults with clinical, bronchoscopy and biopsy findings for ac-
curate diagnosis and appropriate management.

© 2013 S. Karger AG, Basel

Introduction

Fungal infections continue to be an important cause of
morbidity and mortality, especially in immunocompro-
mised and cancer patients [1, 2]. A timely and accurate
diagnosis is important but often challenging due to atyp-
ical clinical presentation [3, 4]. A reliable diagnosis can be
made by demonstration of fungal invasion in tissue bi-
opsy or by culture studies [5]. The main disadvantage of
tissue examination is the invasive nature of the test and
the disadvantage of culture studies is the long waiting pe-
riod for results to be available and the relative insensitiv-
ity [6]. Moreover, some of the fungi-like Pneumocystis
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Table 1. Fungal organisms diagnosed using exfoliative cytology

Asper-  Candida Pneumo- Crypto- Histo-
gillus cystis coccus  plasma
BW 7 3
BAL 27 6 10 4
PE 1 1 1
Sputum 5 4

BW = Bronchial washing; BAL = bronchoalveolar lavage; PE =
pleural effusion.

cannot be cultured in a laboratory, and thus, cytological
examination remains the mainstay of diagnosis 7, 8]. Se-
rologic tests are often unhelpful because of the poor anti-
body responses of immunosuppressed patients. Fungal
antigen detection and molecular techniques are emerging
as important tools in the rapid diagnosis of several fungal
infections. However, the former is limited by low sensitiv-
ity and specificity and the latter by high cost and errone-
ous false-negative results in patients on antifungal ther-
apy [9-11]. The roentgenographic appearance of pul-
monary mycotic infections is highly variable and may
frequently mimic mass lesion and pneumonia caused by
other organisms [3, 12, 13]. Exfoliative cytology and ex-
pectorated sputum may be helpful in the diagnosis of my-
cotic infections, thus avoiding an invasive procedure, a
longer waiting period and thereby ensuring improved
patient survival. However, in exfoliative cytology speci-
mens, the question of colonization versus true fungal in-
fection is of critical importance and has important treat-
ment implications. The issue can be resolved by cor-
relating clinical and imaging findings. Almost all pul-
monary neoplasms can be colonized by superimposed
fungal organisms [14, 15]. This study was undertaken to
analyze the clinical spectrum of patients in whom a fungal
organism was isolated in exfoliative cytological speci-
mens. The clinical profile of patients, imaging and bron-
choscopy findings were retrieved and compared with
concurrent tissue diagnosis if available. The utility of ex-
foliative cytology in the diagnosis of pulmonary mycoses
is also discussed.

Material and Method

All cases of pulmonary mycoses diagnosed in exfoliative cytol-
ogy specimens, pleural fluid and expectorated sputum were re-
trieved from the cytopathology archives, Department of Patholo-
gy, All India Institute of Medical Sciences, New Delhi, India, over
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a period of 5 years (2008-2012). The samples included bronchial
washings (n = 10), bronchoalveolar lavage (BAL; n = 47), pleural
fluid (n = 3) and sputum (n = 9). A total of 69 cases of pulmonary
mycoses were retrieved. The clinical symptoms, immune status of
the patient, relevant radiological investigations and flexible bron-
choscopy findings were recorded. A correlation with tissue diag-
nosis was made wherever available.

Identification of fungal organisms was done using Papanico-
laou, Giemsa and methenamine silver stains, according to previ-
ously described features [16-23]. The slides were reviewed to con-
firm the original diagnosis, and an attempt was made to classify
these fungal infections as colonization or primary pathological le-
sion based on clinical, imaging, bronchoscopy and tissue diagnosis
features.

Results

Clinical Features

There were 53 men and 16 women with a male:female
ratio of 3.3:1. The age of the patients ranged from 9
months to 77 years, with a mean age of 47.80 + 20.03
years.

The most common clinical complaints were cough,
hemoptysis, expectoration and shortness of breath.

Six of the 69 patients presented with nonresolving
pneumonia and acute respiratory distress syndrome.
Two patients affected by Wegener’s granulomatosis
had cytoplasmic anti-neutrophil cytoplasmic antibody
(c-ANCA) positivity on serology and necrotizing nodules
in bilateral lungs. There were 3 patients with acute lym-
phoblastic leukemia and 10 were postrenal transplant pa-
tients.

Twenty-seven patients were found to be immunocom-
promised due to various underlying conditions including
chemotherapy for acute lymphoblastic leukemia (n = 3),
chemotherapy for solid malignancy (n = 1), steroid ther-
apy (n = 4), postrenal transplant (n = 10), longstanding
diabetes (n = 3), and disseminated tuberculosis (n = 6).

Cytologic Examination

There were 2 Papanicolaou- and 1 Giemsa-stained
smears in each case. One methenamine silver-stained
smear was available for demonstration of fungal profiles.
The most common fungal organism identified was As-
pergillus (40 cases; 58.82%), followed by Candida (14 cas-
es; 20.6%) and Pneumocystis (10 cases; 14.7%). Four cas-
es of Cryptococcus (3; 4.4%) and 1 (1.5%) case of Histo-
plasma were also recognized (table 1).

Aspergillus showed septate hyphae branching at an
angle of approximately 45° [18, 21].

Acta Cytologica 2013;57:604-610 605
DOI: 10.1159/000354940


http://dx.doi.org/10.1159%2F000354940

o
£
=

s}
<G
K]
8

i

>

©

c
.2

@

2

7}

>
o

S}

v

Fig. 1. a, b Gomory silver methenamine
stain of BAL fluid shows thin, slender pseu-
dohyphae and spores of Candida in a dia-
betic patient. ¢ Foamy alveolar cast in BAL
fluid in a case of Pneumocystis. Papanico-
laou stain. x200. d Cryptococcus was iden-
tified as small round refractile bodies pres-
entintracellularly in a multinucleated giant
cell in BAL fluid. Papanicolaou stain. x400.

Table 2. Bronchoscopic, radiological and immune work-up in patients with colonization

Fungus Flexible bronchoscopy Radiology Immune status
normal  airway narrowing  endobron- lung mass  consolidation ~ compro- competent
with normal chial growth mised
mucosa
Aspergillus 1 1 23 23 2 25
Candida 1 1 8 8 2 10

Table 3. Bronchoscopic, radiological and immune work-up in patients with invasive mycoses

Fungus Flexible bronchoscopy Radiology Immune status
normal  airway narrowing  growth lung mass  consolidation/  compro-  competent
with normal mucosa cavity/ground ~ mised

glass opacity

Aspergillus 12 2 1 2 13 14 1
Candida 3 1 1 3 4
Pneumocystis 10 10 8 2
Cryptococcus 3 3 1 4
Histoplasma 1 1 1

606 Acta Cytologica 2013;57:604-610 Singh/Jain/Madan/Mathur/Chatterjee/

DOI: 10.1159/000354940 Guleria/Iyer


http://dx.doi.org/10.1159%2F000354940

Fig. 2. a Thorax CT (lung window section) demonstrating multiple nodular opacities in an airway-centered pattern in bilateral lungs.
Many of the opacities show a surrounding halo. b Contrast-enhanced thorax CT (mediastinal window) shows a well-defined left lower
lobe mass and a large area of mass-like consolidation in the right middle lobe. ¢ The corresponding lung window section reveals mul-
tiple variable-sized and randomly distributed nodules in the bilateral lungs.

Fig. 3. a Photomicrograph of a lung biopsy
shows multiple cryptococci within alveolar
spaces and the interstitium. H&E. x200.
b Cryptococci stained blue by Alcian blue
periodic acid Schiff. ¢, d Periodic acid
Schiff (¢) and Gomory silver methenamine
(d) stains show invasive aspergillosis in
lung biopsy as thin branching and septate
hyphal organisms with surrounding isch-
emic necrosis.

Candida was seen as yeast (2-5 um) and pseudohy-
phae (fig. 1a, b) [22]. Pneumocystis was identified in the
BAL fluid by characteristic cysts and clusters, foamy al-
veolar macrophages and foamy alveolar casts (fig. 1¢c) [16,
17]. Cryptococcus was recognized as encapsulated yeast,
4-10 pm in diameter, with a clear halo (fig. 1d) [19, 20].
Histoplasma yeast was ovoid and small, with a diameter
of 2-5 pm and narrow-based budding [23].

Pulmonary Mycoses

Radiology and Histology

Most cases of Aspergillus (n = 25) and Candida (n =9)
demonstrated a pulmonary parenchymal mass or endo-
bronchial growth while correlating with imaging and
flexible bronchoscopy findings. Twenty-two cases of
Aspergillus (22/25; 88%) and 8 cases (8/9; 89%) of Can-
dida recognized on exfoliative cytology examinations were
eventually diagnosed as non-small cell carcinoma in bi-
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opsy tests. One case of endobronchial leiomyoma was
also observed with Aspergillus colonization. Of these 31
fungal colonization cases, 3 cases were positive for malig-
nant cells in cytology specimens.

No endobronchial growth was identified in 4 cases
where Aspergillus and Candida were found as colonizers.
A biopsy of consolidated lung parenchyma showed evi-
dence of non-small cell carcinoma in these 4 cases (ta-
ble 2).

A total of 35 cases represented fungal colonization.
There were 6 cases of invasive primary pulmonary fungal
infection, which showed endobronchial growth or mass
lesion on imaging (table 3).

Most of the pathogenic mycoses presented with con-
solidation/cavitary lesion on imaging (fig. 2a) and had
normal bronchoscopic examination. Cases of pneumo-
cystis infection exhibited bilateral ground glass infiltrates
on imaging. However, 3 cases of cryptococcal infection
showed parenchymal mass lesion in radiology examina-
tions (fig. 2b, c). Three of the 4 cases showed concurrent
invasive cryptococcosis in biopsy specimens (fig. 3a, b),
and in 1 case, there was positive cerebrospinal fluid cytol-
ogy for cryptococcus. Invasive aspergillosis was diag-
nosed in 1 case of Aspergillus where bronchoscopy
showed growth (fig. 3¢, d). No further clinical and histo-

Table 4. Pulmonary mycoses using cytology

logic information could be obtained in 1 case of candida
with endobronchial growth.

A total of 34 cases represented true fungal infection
(table 4).

Immune Status

Twenty-seven of 34 patients with mycotic infection
had various immunocompromised states, as shown in ta-
ble 5.

Discussion

The diagnosis of pulmonary fungal infections and the
differentiation of true mycoses from colonization is a
challenge for clinicians and pathologists because of atyp-
ical clinical and radiological presentation, coexistence
with other infectious and noninfectious/neoplastic con-
ditions, the relative inability to cultivate and the long time
period required for the culture of organisms [6, 24].

The imaging findings of pulmonary mycoses are rela-
tively nonspecific. Invasive mycoses masquerading as
malignant growth is not uncommon; also, there are case
reports of tumors suspected of fungal infection on imag-
ing [6, 25].

Tissue diagnosis is relatively specific, although it suf-
fers from a morphologic overlap, and an invasive proce-
dure may not be a feasible option in debilitated patients

Fungus Colonization ~ Fungal infection Total (6, 26].
The exfoliative cytology specimen may aid in the early
Aspergillus 25 15 40 diagnosis of pulmonary fungal infection; however, the
Candida 10 4 14 differentiation of colonization of malignant growth ver-
Pneumocystis - 10 10 1 . tical i
Cryptococcus _ 4 4 sus true pu monary mycoses remains a crltclca issue.
Histoplasma _ 1 1 The possibility of colonization on malignant growth
Total 35 34 60 in a given fur.lgal infection ‘shoulc.l always be Fongdered
in patients with lung mass in radiology examinations or
Table 5. Mycoses and underlying condition
Aspergillus ~ Candida Pneumocystis Histoplasma Cryptococcus
Chemotherapy for ALL 3
Chemotherapy for solid tumor 1
Postrenal transplant 2 8
Steroid therapy 3 1
Diabetes mellitus 3
Disseminated tuberculosis 6
ALL = Acute lymphoblastic leukemia.
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a visible endobronchial growth in flexible bronchoscopic
examinations. In the present study, nearly half (31/69) of
the specimens diagnosed as mycoses using cytology were
found to have growth or mass lesions in radiology and
carcinoma in biopsy examinations. When atypical or
malignant cells accompany fungal organisms, it becomes
easy to diagnose colonization, as shown in 3 of our cases.
However, reactive atypical cells associated with fungal
infection should be differentiated from malignant cells
[27].

On the other hand, invasive fungal infections are one
of the important life-threatening conditions associated
with immunocompromised states and require immediate
antifungal treatment; thus, an early and accurate diagno-
sis becomes imperative.

Pulmonary mycoses can manifest radiologically as
lung consolidation, nodules or hilar/mediastinal adenop-
athy alone. Effusions may occasionally occur in some
fungal lung infections [28, 29]. Clinically and radiologi-
cally, they may also present as a neoplastic lesion similar
to 6 of our patients subsequently diagnosed as Cryptococ-
cus (n =4/6), Aspergillus (n = 1/6) and Candida (n = 1/6).
It is prudent to look out for immunocompromised states
if a patient is diagnosed with pulmonary mycoses on cy-
tological examination as most of these fungi are true
pathogens. A clue for a given fungus being pathogenic
and not colonized is the underlying immune status of the
patient. However, a substantial proportion of fungal in-
fections have been reported in apparently immunocom-
petent patients [30, 31].

Four cases of Cryptococcus and 2 cases of Pneumo-
cystis infection in the present series were apparently
immunocompetent. Experiments show that Pneumo-
cystis organisms can replicate in the lung alveolus of im-
munocompetent hosts and remain infectious [32]. Cryp-
tococcosis continues to cause significant morbidity and
mortality in immunocompetent patients [33, 34]. Al-
though there are reports of cryptococcal colonization in
neoplastic growths, we have found no such cases [35,
36].

There is no morphological difference in cytological
examinations if a particular fungus is colonized or if
there is a true infection, unlike in biopsy specimens,
where ischemic tissue necrosis, vascular invasion and
thrombosis are easily identified as true mycotic infec-
tions [37].

Diagnostic criteria have been described to determine
the true pathogenic nature of the organism diagnosed in
cytology specimens. The subtle pointers towards a fun-
gus being pathogenic and not contaminant are hemop-

Pulmonary Mycoses

tysis or alveolar hemorrhage clinically, concurrent isola-
tion of the pathogen in other sterile body fluid and tissue
infiltration in pulmonary biopsy tests [38]. We had tissue
diagnosis in 3 cases of Cryptococcus and in 1 case of As-
pergillus in the category of mycoses. Histoplasma was
identified in pleural effusion and therefore considered as
true infection. Detection of Pneumocystis in cytology
fluids is considered the true pathogenic nature of the or-
ganism.

The question of colonization versus infection is of
critical importance necessitating rigorous collection
standards especially when treating patients who have
presumed nosocomial infections. There are few fungal
organisms known to colonize the tracheobronchial tree
or upper airway. Aspergillus and Candida species are the
most prominent organisms. The issue of colonization
versus infection can be solved by thorough clinical his-
tory which includes the immune status of the patient,
relevant radiological investigations and bronchoscopy
findings. A tissue diagnosis should be asked for if clinical
suspicion of malignancy is strong and cytology is nega-
tive.

Conclusion

Aspergillus and Candida species are the most common
fungal organisms which colonize malignant growths. In-
vasive candidiasis and aspergillosis may present as a mass
lesion and may masquerade malignancy clinically and ra-
diologically. The underlying immune status of the patient
may be a clue for differentiating invasive mycoses from
colonization. The possibility of the former is significantly
higher in immunocompromised hosts as compared to
immunocompetent individuals. Hence, in the absence of
an immunocompromised status, fungi detection in respi-
ratory tract cytological samples is likely to be colonization
and may hide an underlying tumor. Further, the presence
of fungal hyphae in exfoliative cytology specimens does
not warrant antifungal therapy but a thorough work-up
is indicated to rule out true fungal infections.
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