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Pulmonary cryptococcosis causes significant morbidity and mortality in immunocompromised patients.
Definitive diagnosis of pulmonary cryptococcosis is usually difficult. The use of direct determination of
cryptococcal antigen in transthoracic needle aspirate to diagnose pulmonary cryptococcosis was investigated.
Over a 2-year period, we studied a total of 41 patients with respiratory symptoms and pulmonary infiltrates of
unknown etiology who were suspected of having pulmonary cryptococcosis. Twenty-two patients were immu-
nocompetent patients and 19 patients were immunocompromised. A diagnosis of pulmonary cryptococcosis was
based on cytological examination, culture for Cryptococcus neoformans, histopathologic examination, and
clinical response to antifungal therapy. All patients underwent chest ultrasound and ultrasound-guided
percutaneous transthoracic needle aspiration to obtain specimens for cryptococcal antigen determination. The
presence of cryptococcal antigen was determined by the latex agglutination system (CALAS; Meridian Diag-
nostics, Cincinnati, Ohio). An antigen titer equal to or greater than 1:8 was considered positive. The specimens
were also sent for cytological examination, fungal culture, and/or histopathologic examination. A final diag-
nosis of pulmonary cryptococcosis was made in eight patients. Direct determinations of cryptococcal antigen
in lung aspirate were positive in all eight patients with pulmonary cryptococcosis (100% sensitivity, 97%
specificity, a positive predictive value of 89%, and negative value of 100%), and there was only one false-positive
in noncryptococcosis patients. The diagnostic accuracy was 97.5%. Serum cryptococcal antigen was positive in
only three patients with pulmonary cryptococcosis (sensitivity, 37.5%). This study showed that direct measurement
of cryptococcal antigen in lung aspirate can be a rapid and useful test for diagnosis of pulmonary cryptococcosis.

Cryptococcosis is caused by the encapsulated yeast Crypto-
coccus neoformans. The clinical spectrum of the disease ranges
from asymptomatic pulmonary infection in immunocompetent
hosts to rapidly fatal central nervous system infection in im-
munosuppressed patients (5, 18). Symptomatic pulmonary
cryptococcosis is seldom recognized, although the lung is the
portal of entry (3, 13, 22). Pulmonary cryptococcosis causes
significant morbidity and mortality in immunocompromised
hosts. Even in immunocompetent individuals, it possesses a
potential for dissemination (8, 20). A timely and reliable diag-
nosis with subsequent appropriate therapy is mandatory. De-
finitive diagnosis of pulmonary cryptococcosis requires a spe-
cific histopathologic examination and a positive culture.
However, there are difficulties in obtaining adequate speci-
mens, and a positive culture takes at least 1 week.
Serological diagnosis using cryptococcal antigen obtained by

latex particle agglutination provides an excellent test for cere-
brospinal fluid (CSF) examination (7). Detection of serum
cryptococcal antigen is not as sensitive as detection of CSF
antigen. It is often negative in pulmonary cryptococcosis and
cryptococcal meningitis, and it may even be negative in dis-
seminated cryptococcal disease. Some investigators have re-
ported that direct detection of cryptococcal antigen of pleural
effusion (28) and bronchoalveolar lavage (BAL) fluid (1) is
helpful in diagnosing pulmonary cryptococcosis in immuno-
compromised hosts. Ultrasound (US) and US-guided percuta-
neous transthoracic needle aspiration constitute a useful and

safe diagnostic method with high yield in pulmonary infection
(21, 26). To our knowledge, direct detection of cryptococcal
antigen in lung aspirate has not yet been reported in the liter-
ature. Thus, this prospective study was undertaken to investi-
gate the diagnostic value of direct detection of cryptococcal
antigen in lung aspirate via US-guided transthoracic aspira-
tion.

MATERIALS AND METHODS

From June 1992 to May 1994, a prospective study was conducted to assess the
value of direct determination of cryptococcal antigen in lung aspirate for diag-
nosis of pulmonary cryptococcosis. For inclusion in the study, patients had to
meet the following criteria: (i) have pulmonary infiltrates of unknown etiology,
(ii) be clinically suspected of having pulmonary cryptococcosis, (iii) have no
bleeding tendency or coagulopathy, (iv) have nodules or infiltrates with adequate
‘‘US window’’ available, and (v) be cooperative. Patients with single or multiple
nodules, cavitary mass, or alveolar infiltrates in chest radiographs were suspected
of having pulmonary cryptococcosis; they had not been diagnosed definitively by
conventional diagnostic approaches such as sputum examination and bronchos-
copy with biopsy.
A total of 41 patients were available for study: 24 men and 17 women ranging

in age from 15 to 79 years. Clinical features (fever, cough, sputum, dyspnea, and
pleuritic pain), duration of symptoms from onset to admission, total leukocyte
count with classification, and underlying disease were recorded. Most patients
underwent chest US examination and needle aspiration after admission. The
lesions were subjected to US-guided percutaneous transthoracic aspiration bi-
opsy after assessment of pulmonary infiltration (21, 26, 27). The aspirate was
obtained from US window-available nodules or infiltrates and was submitted
immediately to microbiological examination, including cultures of aerobes and
anaerobes, mycobacteria, and fungi, and cytological examination, including
Gram stain, acid-fast stain, and Liu’s stain (15, 23) (also known as Riu’s stain;
modified from the Romanowsky system). In addition, part of the lung aspirate
was examined for cryptococcal antigen. Most patients had two aspirations at the
same time. If the aspirate was less than 0.1 ml, it was diluted with 1 ml of normal
saline (dilution factor, $10-fold); examinations were then carried out as de-
scribed above. A routine chest radiograph was taken on the day after needle
aspiration to assess any potential complication.
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Final diagnoses were based on the results of the histopathologic examination,
cytological examination or culture of specimens obtained from the transthoracic
needle biopsy, and histopathologic examination of transbronchial lung biopsy
specimens obtained through fiberoptic bronchoscopy. The criteria for diagnosis
of pulmonary cryptococcosis were as follows: (i) identification of C. neoformans
by culture or cytological or histopathologic examination of lung aspirate; (ii)
isolation of C. neoformans from other sites with pulmonary lesions not attribut-
able to other pathogens; and (iii) clinical response to antifungal therapy. Neither
mycobacteria nor other pathogenic fungi were present simultaneously. Patients
fulfilling criterion i or ii were categorized as having definitive pulmonary cryp-
tococcosis. Patients meeting criterion iii only were considered probable pulmo-
nary cryptococcosis patients. No patients had antifungal therapy before lung
aspiration.
The presence of cryptococcal antigen was tested with a latex agglutination

system (CALAS; Meridian Diagnostics, Cincinnati, Ohio). This procedure was
described previously for the detection of capsular polysaccharide antigens of C.
neoformans in serum and CSF (17). The lung aspirates were treated like serum
specimens. Prior to testing, the specimen was inactivated in a boiling water bath
for 5 min after centrifugation and incubation with pronase at 568C for 15 min.
After inactivation in the boiling water bath, 25 ml of patient specimen was added
to each of two designated rings, followed by the addition of 1 drop of either
anticryptococcal globulin reagent or normal globulin reagent to each of the
designated rings. The contents were mixed, and the slides were rocked for 5 min.
Agglutination of at least 21 to 41 was considered positive. Twofold dilution of
specimens positive on the screen was repeated as described above. The highest
dilutions at $21 agglutination were reported. The tests for antigen in serum
and, if possible, CSF were carried out within the same week. Control of the
rheumatoid factor was also included during the test. A titer of cryptococcal
antigen equal to or greater than 1:8 was considered positive. The sensitivity,
specificity, and positive and negative predictive values of the titers of lung
aspirate cryptococcal antigen were calculated.

RESULTS

There were 8 pulmonary cryptococcosis cases and 33 non-
cryptococcosis cases studied. In the cryptococcosis group, di-
agnosis was definitive in seven patients (patients 1 to 7) and
probable in one (patient 8); all patients except one with hy-
perimmunoglobulin E syndrome were immunocompetent
hosts (Table 1). Only two patients (patients 5 and 6) had
adequate specimens when US-guided cutting biopsy was per-
formed, with specific histopathologic findings. Six patients had
minimal amounts of lung aspirate, less than 0.1 ml, which were
subsequently diluted to 1 ml with normal saline. All eight
patients had a positive cryptococcal antigen in lung aspirates,
whereas only three patients had significant titers of serum
cryptococcal antigen. Only two patients underwent lumbar
puncture and had lower titers of cryptococcal antigens (titers
of 1:2) in CSF. All patients received antifungal therapy (four
were treated with fluconazole for 2 to 3 months; two, with

5-fluorocytosine for 6 months; and two, with 1.5 g of ampho-
tericin B) after a definitive diagnosis was obtained; their clin-
ical follow-up remained uneventful. The lesions also disap-
peared later from their chest radiographs.
In the noncryptococcosis group (n 5 33), 18 patients had

underlying diseases (11 with malignancy, 3 with diabetes mel-
litus, 2 with heart diseases, 1 with rheumatoid arthritis, and 1
with human immunodeficiency virus infection). Pulmonary
pathogens were identified in 24 patients: 9 culture positive for
Mycobacterium tuberculosis, 5 with bacterial pneumonia, 8 with
lung cancer, 1 with Aspergillus niger infection, and 1 with Pneu-
mocystis carinii infection. No definite pathogens could be
found in the remaining nine patients with delayed resolved
pneumonia. Tests for cryptococcal antigen in lung aspirates
were negative in all patients except one. One patient who had
renal cell carcinoma with lung metastasis had a false-positive
cryptococcal antigen in his lung aspirate (titer of 1:16). Serum
cryptococcal antigen tests, checked in 16 patients, were all
negative in this group.
Overall, tests for cryptococcal antigen in lung aspirate were

positive in nine patients: eight had pulmonary cryptococcosis
and one had renal cell carcinoma with lung metastasis. Results
for 41 patients were calculated, showing 100% sensitivity, 97%
specificity, 97.5% accuracy, a positive predictive value of 89%,
and a negative predictive value of 100%. Serum cryptococcal
antigen was checked in 24 patients (8 with and 16 without
pulmonary cryptococcosis). There was a sensitivity of 37.5%, a
specificity of 100%, 79% accuracy, a positive predictive value
of 100%, and a negative predictive value of 76% (Table 2).
Minimal pneumothorax developed in 2 of 41 patients after
needle aspiration, but no chest tube thoracostomy was re-
quired. One patient suffered from mild and self-limited he-
moptysis after the procedures.

DISCUSSION

Definitive diagnosis of pulmonary cryptococcosis remains
difficult, requiring identification of the organism by specific
histopathologic findings in lung tissue and positive culture.
Diagnosis from culture of pulmonary secretions was only 19%,
and it was 70% from 101 specimens obtained during surgery or
at autopsy (3). Even open lung biopsy may fail to detect the
responsible organisms. A rapid presumptive diagnosis can be
made by using cytological smears or serology. Cryptococcal

TABLE 1. Clinical features and cryptococcal antigen titers in the pulmonary cryptococcosis study group

Patient
no. Age (yr) Sexa Chest X-ray

findings

Lung aspirateb Serum
antigen
(titer)c

CSF
antigen
(titer)Smear Culture Pathology Antigen

(titer)

1 32 M Nodules 1 1 NDd 1:20e ND
2 48 F Infiltrates 1 2 ND 1:2,048 1:8,192 1:2
3 50 M Infiltrates 2 1 ND 1:128 1:4 ND
4 44 M Nodules 1 2 ND 1:320e 1:4 ND
5 50 M Infiltrates 2 2 1 1:40e 1:2 ND
6 27 F Nodules 1 2 1 1:80e 1:64 ND
7 18 Mf Infiltrates 2 2 ND 1:80e 1:8 1:2
8 63 Mg Nodules 2 2 ND 1:80e ND

aM, male; F, female.
b 1, positive; 2, negative.
c A titer equal to or greater than 1:8 is considered positive.
d ND, not done.
eWith saline dilution (dilution factor of $10).
fWith hyperimmunoglobulin E syndrome and central nervous system cryptococcosis.
g Clinical response to antifungal therapy.
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antigens detected in body fluids are derived from the capsular
polysaccharides of C. neoformans. Antibodies cross-reacting
with four serotypes are used to detect C. neoformans (2). Cryp-
tococcal antigen may be detected by a simple and reliable latex
agglutination test for detection of cryptococcal antigen in the
CSF (12). Diagnosis of pulmonary cryptococcosis has been
suggested by detection of cryptococcal antigen in serum (10,
16), pleural effusion (28), and BAL fluid (1).
In patients with subpleural cryptococcal lesions, percutane-

ous computerized tomography- or US-guided aspiration was
reported to have a diagnostic yield greater than that of bron-
choscopy (19). In this study, the specificity of lung aspirate
cryptococcal antigen was comparable to that of serum antigen
(97 versus 100%), and the sensitivity of lung aspirate antigen
was superior to that of serum antigen (100 versus 37.5%). The
serum cryptococcal antigen test appears to be much less useful
for screening patients with pulmonary cryptococcosis. Al-
though cytological examination is also a rapid test for pulmo-
nary cryptococcosis, small fungi may be overlooked during
routine microscopic screening unless a large number of the
organisms are present or there is already clinical suspicion of
the infection (15). Four of eight patients with pulmonary cryp-
tococcosis had negative results by cytological examination, and
they were diagnosed by culture, histopathologic examination,
and in association with central nervous system cryptococcosis
and clinical response to antifungal therapy, respectively. Al-
though two patients underwent US-guided cutting biopsy,
yielding a definitive diagnosis, they had taken time to wait for
the results of histopathologic examination. In addition, cutting
biopsy can entail risks of pulmonary hemorrhage and pneumo-
thorax (25). Considering the limitation of detection of serum
cryptococcal antigen, culture, and cytological and histopatho-
logic examinations, direct determination of cryptococcal anti-
gen proved to be a rapid and reliable diagnostic method. A
correct and timely diagnosis of pulmonary cryptococcosis can
promote an appropriate and effective treatment.
Culture for C. neoformans should be done with all specimens

including sputum, pleural effusion, BAL fluid, lung aspirate,
CSF, urine, blood, skin lesions, and material from any other
suspected sites of infection. Negative cultures do not necessar-
ily rule out cryptococcal infection. In this study, only two of
eight patients had positive cultures of C. neoformans from lung
aspirates. Several factors may have contributed to a false-
negative culture from the percutaneous transthoracic needle
aspirates in the remaining six patients: (i) inadequate volume
of lung aspirate, (ii) saline dilution, or (iii) small numbers of
fungal organisms in lung lesions (6). Some investigators re-
ported that the rate of positive cultures of BAL fluid ranged
from 63 to 100% in immunocompromised hosts (4, 9, 11).
However, those studies were limited to a small number of
patients and focused on immunodeficient patients. Contami-
nation of colonized C. neoformans in the airway should be
cautiously considered in BAL fluid because this fungus may be
a saprophyte. It is emphasized that direct lung aspiration is a
more reliable method and avoids possible contamination.
False-positive detection of cryptococcal antigens in body

fluids is well documented and can be due to cross-reactions
with another fungus and immunoglobulins, especially the rheu-
matoid factor. In our study, one patient with metastatic lung
cancer (renal cell carcinoma) had cryptococcal antigens (titer,
1:16) in lung aspirate. The factors responsible for false-posi-
tives remained uncertain, whereas the possibility of nonspecific
interference with immunoglobulin was reduced in lung aspi-
rates and pronase-treated samples. False-positive detection of
cryptococcal antigen in the CSF of patients with malignant
diseases had been reported previously (14, 24). However, cryp-
tococcal antigens in lung aspirate may mean subclinical or
potential subsequent infection. As Baughman et al. reported
(1), a significant titer of 1:8 or more for cryptococcal antigen in
lung specimens, including lung aspirate and BAL fluid, may
signal subsequent full-blown dissemination of infection. How-
ever, the clinical significance needs further study.
Pulmonary cryptococcosis, in both immunocompetent indi-

viduals and immunocompromised hosts, is not a rare disease
and may become a fatally disseminated disease. A timely and
correct diagnosis is mandatory. The latex agglutination test for
C. neoformans antigen is more rapid and the results are more
reliable than isolation of this organism, and antigen is occa-
sionally detected in patients from whom no organisms can be
isolated. Although this test has not yet been approved by the
Food and Drug Administration for determination of crypto-
coccal antigen in lung aspirates, we suggest that it should be
included as an adjunct test for evaluation of patients with
pulmonary cryptococcosis. This prospective study proves that
direct determination of cryptococcal antigen in lung aspirate,
through US-guided percutaneous needle lung aspiration, is
useful for diagnosis of pulmonary cryptococcosis.
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