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ABSTRACT: The aim of the present study was to investigate the clinical characteristics of pulmonary

cryptococcosis patients in China, with analysis of immunocompetent and immunocompromised

subjects.

We performed a retrospective review of 76 patients diagnosed with tissue-confirmed pulmonary

cryptococcosis at the Shanghai Pulmonary Hospital (Shanghai, China) during a 10-yr period

(2001–2010).

Of 76 patients (54 males and 22 females), 41 (53.95%) were immunocompetent and 35 out of the

41 were asymptomatic. Approximately 80% of the patients had histories suspicious of environ-

mental fungal exposure. Radiological (computed tomography) findings showed predominantly

peripheral findings (85.53%, 65 out of 76 patients) including nodular masses (55.26%, 42 out of 76),

pneumonic infiltrates (23.68%, 18 out of 76) and mixed type (21.05%, 16 out of 76). 43.42% (33 out of

76) were initially misdiagnosed, often as cancer by false-positive 18F-fluorodeoxyglucose positron

emission tomography (18FDG-PET) (28 out of 46 cases). 51 patients received antifungal therapy, 25

patients were clinically observed without treatment. As of December 31, 2010, 71 cases showed

total recovery and four cases showed improvement (efficacy rate of 98.68%, 75 out of 76). One HIV-

positive case died of cryptococcal meningitis.

Incidence of pulmonary cryptococcosis in China may be related to environmental fungal

exposures. Most presented as asymptomatic peripheral lung lesions. False-positive 18FDG-PET

examinations often lead to initial clinical misdiagnosis of cancer. Unlike immunocompromised or

clinically symptomatic patients, all immunocompetent patients had a good response, either to

fluconazole monotherapy or observation, with a tendency for spontaneous remissions in the

asymptomatic immunocompetent subjects.

KEYWORDS: Environmental exposure, immunocompetent host, pathological diagnosis, pulmon-

ary cryptococcosis, serum cryptococcal antigen test

P
ulmonary cryptococcosis is an opportunis-
tic infection. Most cases are caused by
Cryptococcus neoformans or Cryptococcus gattii

infection [1, 2]. Previously, pulmonary cryptococ-
cosis was thought to occur only in patients with
AIDS and other immunocompromised states, such
as patients undergoing organ transplantation or
those on immunosuppressive regimens [3, 4].
Although immunocompromised hosts are consid-
ered to be at high risk for the life-threatening
complications of cryptococcal pulmonary infection,
pulmonary cryptococcosis can also occur in immu-
nocompetent subjects [5, 6]. Compared with C.
neoformans, C. gattii is more inclined to cause disease
in healthy people [7]. C. gattii infections have drawn

increased attention since 2002 [8], with cases
reported in Papua New Guinea and Northern
Australia, India, Brazil, Vancouver Island in
Canada, and Washington State and Oregon in the
USA. However, C. gattii has been rare in China:
FENG et al. [9] reported only nine out of 110 clinical
Cryptococcus isolates (8.2%) from China as C. gattii,
with the vast majority were C. neoformans var. grubii,
which is in accord with the data of most studies of
clinical molecular epidemiology in other geo-
graphic areas [10, 11].

Pulmonary cryptococcosis is not rare on the
Chinese mainland [12–14]. Our present under-
standing of pulmonary cryptococcosis is mostly
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limited to typical clinical manifestations and radiological
presentations. In fact, the great variations and protean manifesta-
tions of these clinical features also often lead to misdiagnosis. In
addition, the treatment protocol for pulmonary cryptococcosis,
especially for immunocompetent patients, is not clearly stated.
Here, we performed a retrospective evaluation of 76 patients with
a tissue-confirmed diagnosis of pulmonary cryptococcosis over a
period of 10 yrs (2001–2010) at our hospital. Our specific aims
were to provide an updated review and to characterise the
epidemiological, clinical, immunological, radiological character-
istics, as well as treatment of pulmonary cryptococcosis in China.

MATERIALS AND METHODS
Patients
A retrospective review based on discharge summaries from
January 2001 to December 2009 was performed; 76 consecutive
patients with tissue-proven pulmonary cryptococcosis verified
by biopsy at Shanghai Pulmonary Hospital (Shanghai, China)
were identified and included in this review. Patients who were
diagnosed with pulmonary cryptococcosis on the basis of
cryptococcal antigen plus radiographic (computed tomography
(CT) and positron emission tomography (PET)) findings that are
consistent with pulmonary cryptococcosis, but without histolo-
gical confirmation, were excluded. The medical records of all
patients, including demographics, underlying diseases, respira-
tory symptoms, laboratory tests including immune status
studies, imaging data, treatment and outcome were collected.
The relevant follow-up patient information was obtained on
regular clinic visits and by telephone follow-up. The last follow-
up was on December 31, 2010. The study plan has been approved
by Shanghai Pulmonary Hospital’s Ethics Committee (2011-FK-
112), and the patients’ informed consents for participating of the
study were obtained prior to data collection or analysis.

Pathological diagnosis
Histology
Diagnosis of pulmonary cryptococcosis was confirmed in 76
patients with tissue biopsy for pathological findings. Of the 76
cases, 68 cases received either a thoracoscopic surgery or open-
lung biopsy, seven cases underwent transthoracic aspiration and
one case was diagnosed bronchoscopically by transbronchial
lung biopsy (TBLB). All samples were fixed using conventional
4% neutral formalin, embedded in paraffin, stained with
haematoxylin–eosin and histochemically stained with periodic
acid–Schiff (PAS), mucus card Red (Mc) and Grocott’s methe-
namine silver (GMS). The samples were then examined by light
microscopy [14]. Thus, the presence of the cryptococcal pathogen
in the tissues sections was the direct histological evidence of
pulmonary cryptococcosis.

Culture
The specimens (serum, blood, bronchoalveolar lavage fluid
(BALF), tissue, sputum from patients or air samples from
patients’ living environments) were cultured on glucose agar
culture medium at room temperature (25uC) or 37uC for 2–
5 days for fungi.

Radiological assessment
All pulmonary cryptococcosis patients during this period had
a CT scan. The CT scans were carried out with one of two
multislice detection scanners (Brilliance 40 or Brilliance 64;

Philips, Amsterdam, the Netherlands) at the Shanghai Pul-
monary Hospital. Consecutive 8-mm thick sections were
obtained from the lung apices to the lung bases with additional
1–2-mm thin sections through areas with abnormal lesions. The
main manifestations of CT findings were mainly classified into
three patterns, namely nodular, pneumonia and mixed morpho-
logical characteristics. 1) The nodular imaging finding with a
clear boundary was further subdivided divided into single
nodular (fig. 1a and b) and multinodular (fig. 1c). 2) The pneu-
monic infiltrates with ill-defined margins were subcategorised as
single and multifocal pneumonia (fig. 1d and e). 3) In mixed
morphological patterns, both nodular and patchy infiltrates were
detected (fig. 1f). Cavity, pleural effusion, mediastinal lympha-
denopathy and air bronchograms were also recorded accord-
ingly. Two thoracic radiologists who were unaware of the
patients’ immune statuses and clinical symptoms assessed all
findings independently.

The brain CT and magnetic resonance imaging, when
performed, were recorded to evaluate who may have central
nervous system (CNS) involvement.

Immune function tests and evaluation
The following tests for humoral or cellular immunity impair-
ments were measured to determine status of immune function
and impairment.

1) Humoral immune parameters, including serum immuno-
globulin (Ig)G, IgA and IgM were quantitatively measured
using immunoturbidimetry. Patients were classified as immune
impaired when any two values were below the lower limits of
the normal range (IgG 7–16 g?L-1, IgA 0.4–2.3 g?L-1 and IgM
0.7–4.0 g?L-1).

2) Cellular immune parameters, including peripheral blood
count and differential (the total count and classification of white
blood cells), and serum CD3, CD4 and CD8 were measured
using flow cytometry. The cellular immune functions were
regarded as normal when the percentage of CD3 cells ranged
from 62% to 76%, the percentage of CD4 cells ranged from 30%
to 40% and the CD4 : CD8 ratio ranged from 1.5 to 2.0.

3) Patients with a past history of at least one of the predisposing
conditions, including use of immunosuppressive drugs (treat-
ment with corticosteroids or disease-modifying drugs with
immunosuppressive effects), severe diabetes mellitus associated
with organ damage, malignancies, HIV infection, history of
organ transplantation, severe respiratory system limitation or
other systemic disorders (e.g. collagen vascular disease such as
lupus) and being on steroids, were considered immunocompro-
mised. Patients were also considered immunodeficient if their
peripheral absolute neutrophil count was ,2.06104 cells?mL-1 or
absolute lymphocyte count was ,1,000 cells?mL-1.

Serum cryptococcal antigen test
The result of a serological latex agglutination test was considered
positive when the titre o1:8.

Clinical outcome evaluating criteria
Cured/complete response
Cured/complete response was defined as clinical symptoms
having resolved and imaging findings indicating that all
lesions have completely disappeared.
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Partial response
Partial response was defined as clinical symptoms having
improved and imaging findings indicating that the lesions had
partially resolved.

No change/progressive disease
No change was defined as clinical symptoms and imaging
findings having not changed or the clinical symptoms having
deteriorated, Progressive disease was defined as imaging
indicating that the lesions had progressed.

Statistical analysis
All the information was entered in an approved research
database by three individuals independently, after verification,
with the SPSS 16.0 statistical analysis software (IBM, Armonck,
NY, USA) for data processing. All data are presented as
mean¡SD. The Chi-squared test was used for ordinal data, the
unpaired t-test was used for numerical data and the nonpara-
metric test for ranked data. Significance was set to p,0.05 for
all statistical analysis.

RESULTS
Demographic information
Our retrospective analysis identified 264 patients with a hospital
discharge of pulmonary cryptococcosis, these included 76
patients with tissue-proven PC. These 76 patients (54 males
and 22 females) ranged from 19 to 72 yrs of age (median 50 yrs;
mean¡SD 49.76¡10.87 yrs). 21 (27.63%) patients had a history
of smoking.

Immune function
41 (53.95%) patients had no comorbidity or immune dysfunc-
tion; 35 (46.05%) cases that had abnormal testing results of the
humoral immune or cell immune dysfunction and were

considered immunocompromised (table 1). These 35 patients
had past history of at least one of the predisposing conditions:
use of immunosuppressive drugs, severe diabetes mellitus
with organ damage, malignancy, HIV infection, and respira-
tory system or other system serious disorders.

Environmental exposures
,80% of patients had a history of environmental exposure
(a clear history of exposure to pigeon droppings, dust or fungal
spores or keeping cats, dogs or poultry) (table 2).

Clinical manifestations
In this group, 45 (59.21%) patients had a variety of symptoms,
including cough (41 cases), productive of sputum (35 cases),
chest pain (16 cases), fever (14 cases), shortness of breath (12
cases), chest tightness (12 cases), fatigue and discomfort (nine
cases), sweating (seven cases), minimum blood streaking in the
sputum (seven cases) and gross haemoptysis (four cases). All of
the 35 immunocompromised patients had at least one or more of
the above symptoms. Conversely, most of the immunocompe-
tent pulmonary cryptococcosis patients (31 out of 41, 82.93%)
did not present with any symptom and their pulmonary
diseases were detected by incidental radiological examination
(chest radiography or CT scan). One HIV-positive patient
showed abnormal CNS imaging by head CT. Overall, symptoms
are much more likely in immunocompromised patients (35 out
of 35, 100%) than in immunocompetent patients (10 out of 41,
24.39%) (p,0.05).

Serological latex agglutination test
Of the 76 patients reviewed, seven had a serum cryptococcal
antigen (sCRAG) test and five showed positive results (titre
1:320–1:1280).

d)

a)

e)

b)

f)

c)

FIGURE 1. The findings of computed tomography scans vary: a) a single small nodule; b) a single large nodule; c) multiple lung nodules; d) pneumonia, with a single

focus of a dense pulmonary infiltrate; e) multiple patches with lower density shadows; f) mixed, both nodule and pneumonic foci in bilateral lungs. Magnification: 406.
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Sputum examination
A sputum examination was performed on all patients in this
group. C. neoformans grew from only two cultures, for a culture
positivity rate of 2.63%.

Findings on chest imaging CT scan
Of the 76 patients, lung lesions of 85.53% (65 out of 76) patients
were located mostly in the peripheral lung field (outer third of
the lung), close to the pleura. Lesions in 39 (51.32%) patients
involved only the right lung, 22 (28.95%) patients only the left
lung and were bilateral in 15 (19.74%) (table 3).

Lesions were varied in shape (fig. 1), including single or multiple
nodules, pneumonic infiltrates or both (mixed) (table 4). 42 cases
had nodular masses, 18 cases had pneumonic infiltrates and 16
cases were of a mixed type. 68.30% of immunocompetent patients
(28 out of 41) showed either single or multi nodular lesions. 40%
of immunocompromised patients displayed nodular lesions, the
other 60% cases showed pneumonia or mixed morphology.

18F-fluorodeoxyglucose positron emission tomography
46 patients in this group of 76 patients underwent 18FDG-PET. In
total, 28 (60.87%) cases displayed abnormal uptake standardised
uptake values (SUV) .2.5 and a lesion-to-normal tissue ratio
(T : N) o1.3 in the lung lesions, which heightened the suspicion
for lung cancer; four cases showed abnormal uptake with a mild

increase in SUV suspicious for nonmalignant inflammation; and
14 cases showed normal 18FDG uptake, indicating no active
inflammation.

Tissue acquisition
Overall, 68 cases of pulmonary cryptococcosis were confirmed
by surgical biopsy, seven by percutaneous needle lung biopsy
and one by TBLB via fibre-optic bronchoscope. Post-operative
pathology by PAS, Mc, six-ammonium silver staining or GMS
revealed cryptococcal-infected granuloma (fig. 2) or a more
mucus-like substance in association with cryptococcal pathogen.

Diagnosis
The time from clinical presentation to final tissue diagnosis
ranged from 17 days to 1 yr (mean¡SD 65¡52 days; 67¡45 days
for immunocompetent versus 64¡60 days for immunocompro-
mised groups, p.0.05). Of all 76 cases, cryptococcal infection was
considered in only four (5.26%) cases on the initial visits. The
diagnoses of the preliminary testing in 39 (51.32%) cases were
uncertain, although they were later confirmed as pulmonary
cryptococcosis by biopsy. The misdiagnosis rate at presenta-
tion was 43.42% (33 out of 76); 23 cases were misdiagnosed as
lung cancer (18FDG-PET also suggested lung cancer in these
cases), eight cases as lung bacterial infection and two cases as
tuberculosis.

TABLE 2 History of environmental exposure of 76 patients with diagnosis of pulmonary cryptococcosis

Occupational environment exposure history Patients Immunocompetent patients Immunocompromised patients

History of exposure to pigeon droppings 26 (34.21) 12 14

History of dust or fungal spores 19 (25) 9 10

History of keeping cats, dogs or poultry 16 (21.05) 11 5

No exposure history 15 (19.74) 10 5

Total 76 (100) 41 35

Data are presented as n (%) or n.

TABLE 1 The past medical history of 35 immunocompromised patients with pulmonary cryptococcosis

Comorbidity Only humoral immune

dysfunction

Only cellular immune

dysfunction

Combined humoral and cellular

immune dysfunction

Total

Patients 12 (34.29) 14 (40) 9 (25.71) 35 (100)

Immunosuppressive drug therapy# 2 0 4 6

Malignancy 1 2 2 5

Severe diabetes mellitus" 0 1 1 2

HIV infection+ 0 0 1 1

Respiratory system disorders1 2 1 2 5

Other system disorderse 6 5 8 19

Data are presented as n (%) or n. #: glucocorticoids, .10 mg for .3 months within the previous half year; ": diabetes mellitus with organ damage; +: CD4+ T-cell count

,200 cells?mm-3 at time of pulmonary cryptococcosis diagnosis; 1: previous tuberculosis (n52), chronic bronchitis (n52) and bronchial asthma (n51); e: autoimmune

diseases and collagen diseases (n54) (systemic lupus erythematosus (n51), dermatomyositis (n51) and scleroderma (n52)), rheumatoid arthritis (n53), hepatitis B

(n52), nephrotic syndrome (n51) and cardiovascular diseases (n59) (coronary heart disease (n54), severe arrhythmia (n52) and hypertension (n53)).
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Treatment and outcome
As shown in table 5, 51 patients received antifungal treatments.
The duration of the treatment ranged from 2 weeks to 2 yrs,
with a mean of 4.8 months and a median of 3 months. Follow-
ups ended on December 31, 2010 (12–114 months, mean¡SD

58.82¡36.98 months). In the 76 patients, 71 cases were cured
and four cases showed improvement (overall efficiency 98.68%).
There was only one death, in the HIV-positive patient (CD4
count ,200 cells?mm-3), complicated by cryptococcal meningi-
tis. This patient died of cryptococcal encephalitis on the fourth
day after a video-assisted thoracoscopic lung biopsy.

DISCUSSION
In the present study of a single-institution, retrospective review
of 76 patients pathologically diagnosed with pulmonary
cryptococcosis, we found that pulmonary cryptococcosis is not
rare in immunocompetent persons, whose disease is often an

asymptomatic radiological presentation and whose clinical
outcome is most often favourable. Recent data showed that
the incidence of pulmonary cryptococcosis is increasing. An
epidemiological demographic study in British Columbia,
Canada [2] showed the annual incidence of pulmonary
cryptococcosis has increased from six per million in 1999 to 38
per million in 2006. This greater than six-fold increase cannot be
explained by the common association with poorly controlled
HIV patients, as it was reported that the incidence of people
with HIV infection is stable. The increased incidence is mainly
due to non-HIV infection [2]. At present, there are no data in
China on the incidence of pulmonary cryptococcosis based on
comprehensive epidemiological survey. The review by ZHANG

[12] summarised 113 reports of 728 cases of pulmonary
cryptococcosis in China from 1981 to 2009. The first pulmonary
cryptococcosis case was reported by ZHU and ZHANG [15] in
1981, an additional 65 cases were reported from 1981 to 2001 and
another 668 cases were reported from 2001 to 2009. While the
number of pulmonary cryptococcosis cases being reported in
China has increased significantly during recent decades, it is
uncertain if this is a true increase in incidence or secondary to
presumed infections based on wider serological testing and
more detailed chest imaging with greater access to CT. In the
review by ZHANG [12], 102 reports included detailed medical
history and a total of 404 (69.7%) out of 580 cases had no
comorbidities that could explain an underlying immunosup-
pression. Our present cohort of 76 tissue-proven pulmonary
cryptococcosis patients is the largest single group of patients
with pulmonary cryptococcosis diagnosed by pathological
examination in China. Notably, similar to the series of ZHANG

[12], immunocompetent patients accounted for more than half
(53.95%) of the patients in the series. Even so, the single HIV
patient in our cohort may seem inordinately low; however,
medical care is organised in China in such a way that known
HIV-positive patients are preferentially referred to infectious
diseases hospitals and centres, whereas our institution is
specialised in pulmonary-focused diseases.

With regard to sex distribution of pulmonary cryptococcosis,
our cohort of 76 patients included 54 males and 22 females.

TABLE 4 The relationship between imaging lesion patterns and immune function

Lesion patterns Total Immunocompetent patients Immunocompromised patients Size of nodules cm

,1.5 1.5–5 .5

Patients 41 35

Nodular 42 (55.2) 28 14

Single nodular 34 (44.73) 21 13 3 24 7

Multinodular 8 (10.53) 7 1 7 1 0

Pneumonic 18 (23.6) 6 12

Mixed# 16 (21.05) 7 9 13 3 0

Other accompanying signs

Cavity 10 (13.16) 2* 8*

Pleural effusion 5 (6.58) 2 3

Mediastinal lymphadenopathy 7 (9.21) 4 3

Air bronchogram 4 (5.26) 1 3

Data are presented as n (%) or n, unless otherwise stated. #: nodular and pneumonic; *: p,0.05 between groups.

TABLE 3 Lesions distribution in 76 patients with
pulmonary cryptococcosis

Variables Bilateral Unilateral Total

Left Right

Patients 15 (19.74) 22 (28.95) 39 (51.32) 76 (100)

Lobes

Upper 4 (5.26) 9 (11.84) 9 (11.84) 22 (28.95)

Middle NA NA 10 (13.16) 10 (13.16)

Lower 6 (7.89) 11 (14.47) 16 (21.05) 33 (43.42)

Multilobar 5 (6.58) 2 (2.63) 4 (5.26) 11 (14.47)

Lung field#

Near the

hilum

2 1 1 4 (5.26)

Middle third 1 2 4 7 (9.21)

Outer third 12 19 34 65 (85.53)

Data are presented as n (%) or n. NA: not applicable. #: centre of lesion.
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The male : female ratio (2.5 : 1) in this group is similar to a
previous pulmonary cryptococcosis report’s ratio in China
(2.3 : 1, 487 males and 216 females) [12].

Besides host immune factors, pulmonary cryptococcosis could
also be related to environmental exposure to contaminated
airspace, including close contact with animals [16–19], green
plants [20] or other natural sources contaminated by fungi [21].
Cryptococcus is an encapsulated yeast that can be found in the
faeces of birds, especially pigeons [16, 17]. Although there have
been no reports of direct animal-to-human transmission,
animals can carry cryptococcal spores and may contaminate
the surrounding environments including trees, water and soil
through bird droppings. Their ubiquitous presence in the
environment could also become an important source of
cryptococcal infections, as flying birds can increase fungal
spore counts in the air [22]. In addition, household pets such as
cats [18] can carry pathogenic Cryptococcus. As figure 3 shows,

the cryptococcal spores can spread freely in the air and
eventually infect humans by inhalation.

Fungal contamination can occur not only in the living area
(fig. 4) or office environment but also in automobiles, trains and
other modern means of transportation. In particular, heating,
ventilation and air-conditioning systems tend to foster fungal
and bacterial contamination [23, 24]. It has been reported that
dust in the home environment also carries the potential for
Cryptococcus contamination and subsequent exposure risk as
high as 13% [21].

Of those surveyed in this study, 34.21% of patients (26 out of 76)
had a history of direct or indirect exposure to pigeon droppings
(e.g. from breeders who feed pigeons and sell pigeons at
markets, veterinarians and bird fanciers feeding pigeons in the
town square), which is much higher than the 12.8% from a

a) b)

FIGURE 2. Lung biopsy. a) Inflammatory granuloma can be observed by haematoxylin–eosin staining; round cryptococcal spores can be seen (green arrow). b) Round

cryptococcal spores can be best seen using Grocott’s methenamine silver staining (white arrow).

TABLE 5 Treatment and outcome of 76 patients with
pulmonary cryptococcosis

Treatment methods Cases Outcomes

CR PR NC/PD

Antifungal treatment

Fluconazole 39 (51.32) 39 0 0

Itraconazole 7 (9.21) 7 0 0

Amphotericin B + 5-fluorocytosine 5 (6.58) 1 3 1#

Clinical observation without

therapy

25 (32.89) 24 1 0

Total 76 (100) 71 4 1#

Data are presented as n (%) or n. CR: cured/complete response; PR: partial

response; NC/PD: no change/progressive disease. #: this patient died of

cryptococcal encephalitis on the fourth day after video-assisted thoracoscopic

lung biopsy.

a)

b)

c)

d)

FIGURE 3. Schematic of potential sources of primary cryptococcal infection.

The fungal spores can spread freely in the air and eventually infect humans through

inhalation. a) Pigeons play a very important role in the course of disease

transmission; b) pets such as cats can also carry fungus and spread them by

direct contact; c) fungal contamination can occur in the living area; d) plants also

can be an important source of fungus.
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previous report [12]. For ,25% of our patients in the present
series, their working or living environments also were poten-
tially contaminated by fungal spores; two case examples are
illustrated in figures 3c and 4. This number is again higher than
the 13.5% previously reported in China [12]. Although in this
study, the environmental exposure was not significantly
different (p50.11) for immunocompromised and the immuno-
competent patients, a large number (81.26%) of pulmonary
cryptococcosis patients had environmental exposure history,
suggesting that clinicians should ask detailed questions about
occupational and environmental exposure history.

In this group, most immunocompetent pulmonary cryptococco-
sis patients (31 out of 41, 82.93%) were without any pulmonary
symptoms to suggest a lung infection and their pulmonary
cryptococcosis was only detected by incidental imaging findings
ordered as a part of routine annual examination or for other
nonpulmonary indications.

The radiological presentations varied; however, the lesion
patterns had some relevance to host immune function (p,0.05).
68.30% (28 out of 41) of immunocompetent patients showed
nodular mass. Pneumonic and mixed types were more common
in immunocompromised patients (12 plus nine out of 35, 60%)
versus immunocompetent patients (six plus seven out of 41,
31.71%) (p,0.05). Cavitation combined with pulmonary infil-
trates was again more common in immunocompromised cases
(eight out of 35 versus two out of 41, p,0.05.).

Although tissue biopsy and or a positive fungal culture for
cryptococcal organisms are the most accurate means of confirm-
ing a definitive pulmonary cryptococcosis diagnosis, there are
other noninvasive diagnostic tests, such as the sCRAG test.
sCRAG testing is considered an effective noninvasive diagnostic
tool, and is less complex and costly than the invasive procedures
[25]. However, sCRAG testing has not been widely available in
China; for example, during the period under study, only three
hospitals in metropolitan Shanghai offered this test, and the
cost of 400 renminbi per test is often prohibitively expensive
for the average self-paying patient. This explains one of the

shortcomings of our study, that only seven patients in our group
underwent a sCRAG test and five cases yielded positive results
(titre .1:320) at a sensitivity of 71.4%. Another limitation to our
study is that few samples from either BALF or tissue obtained by
biopsies were sent for culture. Most of the surgical excisions
were directed towards resection of a suspected lung cancer, and
this is the main reason that pulmonary cryptococcosis or other
granulomatous infection had not been considered prior to the
final pathological diagnosis.

Here, a major question is how one should choose among the
different biopsy approaches appropriately. Different methods
have respective advantages and disadvantages. Surgical mor-
bidities are serious risks, and the costs are high, especially when
applied to nonmalignant conditions. Both TBLB and percuta-
neous lung biopsy are less invasive, economical and practical,
although smaller tissue samples are obtained. Our data suggest
that 85.53% (65 out of 76) lesions of pulmonary cryptococcosis
are located in the peripheral regions of the lungs. Percutaneous
lung biopsy operation in experienced hands is relatively simple,
less invasive and effective. With a definitive diagnosis rate of
74% to 95% [4–6], percutaneous lung biopsy may be the
preferred initial biopsy method.

The initial clinical misdiagnosis rate of patients in this group was
quite high, 43.42% (33 out of 76), patients being misdiagnosed
with lung cancer (23 cases, 30.26%), pneumonia (eight cases,
10.53%) or tuberculosis (two cases, 2.63%). Of special interest is
that an 18FDG-PET examination was obtained in 46 out of 76
patients in this cohort, based on a clinical suspicion of cancer.
SUV is used as a quantitative indicator of the 18FDG tracer that is
absorbed by tissue, and is usually used to distinguish malignant
and benign lesions. For example, cancer is suggested when
18FDG-PET SUV in lung nodules is .2.5. Studies have reported a
94% accuracy of the use of this one criteria for lung cancer [26].
However, 18FDG is a nonspecific tumour-imaging agent, and in
addition to tumour tissues, nonmalignant tissue outside the
tumour and some benign but inflammatory or infectious lesions
can also demonstrate increased tissue uptake of 18FDG [27]. It
has been suggested that 18FDG-PET had a fairly low specificity of

b)a)

FIGURE 4. Indoor air pollution has been widely recognised as a serious public health problem. a) Fungal growth could be found in living environments (on the wall of a

patient’s bedroom); b) analysis of the ambient room air, microbiological plating demonstrating fungus growth.
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58.97% but good sensitivity of 87.5% in a multicentre clinical trial
on the diagnostic value of dual-tracer FDG-PET in pulmonary
lesions (n555) [28]. In 60.87% (28 out of 46) of the patients in our
cohort, a high degree of abnormal uptake in the lung lesions
(SUV .2.5, T/N .1.3), which typically indicates malignancies
resulted in rushing the patient directly to the operating table.
Therefore, although 18FDG-PET has a definite role in directing
the diagnosis and staging of thoracic malignancies, false-positive
misdiagnosis of pulmonary cryptococcosis and other granulo-
matous diseases must be considered, especially in areas endemic
for these infections.

In recent decades, the treatment of pulmonary cryptococcosis in
China follows the cryptococcal treatment guidelines established
by the Infectious Diseases Society of America, initially published
in 2000 [29] and updated in 2010 [1]. These guidelines
recommend that patients with pulmonary cryptococcosis should
first be evaluated in accordance with the patient’s immune status
and for the extent of systemic spread. Patients should receive
step-wise graded treatment according to the severity of
respiratory symptoms and the presence of extrapulmonary

spread and manifestation of disease. Accordingly, the immuno-
compromised patients (n535) in this present cohort were given a
sufficient course of antifungal treatment. Of the overall 76 cases,
39 patients with mild-to-moderate symptoms were prescribed
fluconazole monotherapy and had good response, a typical case
of which is presented in figure 5. There is controversy regarding
the need for therapy in asymptomatic patients with normal
immune function. In the immunocompetent patients in this
series (n541), 25 asymptomatic cases did not receive any
antifungal therapies but were observed. Among them, 24
patients had complete resolution of radiographic findings and
one patient had improvement. Therefore, it appears that the
majority of immunocompetent asymptomatic patients with
pulmonary cryptococcosis may undergo spontaneous remission.
Six out of 31 of the asymptomatic patients did receive empirical
antifungal therapy at their treating physicians’ discretion. The
cure rate of 100% using oral fluconazole (400 mg?day-1 for 3–
10 months) in these six was similar to other reports from East
Asia [30]. Hence, our data suggest that for most immunocompe-
tent patients, fluconazole monotherapy is sufficient when
clinically indicated, but observation alone can be justified for

a) b)

c) d)

FIGURE 5. Chest imaging of a 34-yr-old, female, immunocompromised patient before and after treatment. a) Pre-treatment computed tomography (CT) scan. b) Follow-

up CT scan after treatment with fluconazole monotherapy for 35 days. c) Follow-up CT scan after fluconazole treatment for 12 months. d) Follow-up CT scan after medication

cessation for 4 months (total 16 months).
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asymptomatic patients. One HIV-positive case with low CD4
count (,200 cells?mm-3) died of cryptococcal meningitis, which
is an expectable outcome.

In addition, the rate of sputum culture positivity in this study
was only 2.63% (two out of 76); all cases were C. neoformans
and no C. gattii was detected. Unfortunately, no tissues were
cultured at the time of surgical resection of what is thought to
be malignancies. This reinforces the recognition that there is
often insufficient clinical awareness of the broader differential
diagnosis of abnormal radiological findings found in asympto-
matic patients without overt risk factors for opportunistic
pulmonary infections. Therefore, once tissues are obtained,
culture should be done at the same time in order to exclude
infectious diseases accurately.

Conclusions
In our retrospective series and review of literature, in the last
decade, pulmonary cryptococcosis in immunocompetent per-
sons is becoming more commonly identified. The risk factors
might be related to fungus-contaminated environmental expo-
sure. False-positive 18FDG-PET examinations often lead to initial
clinical misdiagnosis of cancer. A careful understanding of the
diagnostic options available can lead to fewer lung resections of
nonmalignant diseases as the first invasive procedure. Lung
lesions occur mostly in the outer lung fields, varying in shape.
Nodular lung masses were relatively common in people with
normal immune functions. For patients with tissue-confirmed
pulmonary cryptococcosis and normal immune function, some
exhibited spontaneous remission and the majority responded
well to fluconazole monotherapy; further prospective studies
should be directed towards understanding who may be care-
fully observed without pharmacological interventions.
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