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Abstract. The manifestations of pulmonary cryptococcosis
with multiple nodules or masses on computed tomography
(CT) are diverse and difficult to differentiate from those of
lung cancer and pulmonary tuberculosis. The present study
compared the multislice spiral CT signs with pathological
results and used the pathological results to explain the CT
signs with the aim of improving the accuracy of the diagnosis
of this disease. A retrospective analysis of 20 patients with
primary pulmonary cryptococcosis with multiple nodules or
masses was performed. Based on the CT signs, eight patients
had been misdiagnosed with lung cancer accompanied by
intrapulmonary metastasis andthree patients had been misdi-
agnosed with tuberculosis. The major CT manifestations were
a cluster of nodules or masses located within 2 cm below
the pleura and distributed along the bronchi. A total of nine
patients had primary lesions with diameters of 1.1-2.0 cm and
12 patients had satellite lesions with diameters of 0.1-1.0 cm.
Regarding treatment, 5 patients underwent surgical mono-
therapy, 12 patients underwent antifungal monotherapy and
three patients received surgery in combination with antifungal
therapy. HE staining indicated that Cryptococcus neofor-
mans was engulfed by macrophages, which were surrounded
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by massive infiltrating lymphocytes and a large amount of
fibrous tissue, which formed multinucleated macrophages or
granulomas. Periodic acid-Schiff staining was positive and
acid fast staining was negative. In conclusion, comparison of
CT signs with the pathological manifestation of pulmonary
cryptococcosis with multiple nodules or masses indicated
that the pathological results may explain certain imaging
signs. Combination of CT and pathological examination may
provide a deeper understanding of this disease and improve
the accuracy of its diagnosis.

Introduction

Pulmonary cryptococcosis is a pulmonary fungal disease
caused by Cryptococcus neoformans, an opportunistic
pathogen, which may cause infection regardless of whether the
body's immunity is low or not (1-3). Pulmonary neoformans
with multiple nodules or mass is a type of primary pulmonary
cryptococcosis; it is defined as a pulmonary disease caused
by Cryptococcus neoformans, in which the number of intra-
pulmonary lesions is =2, the maximum nodule diameter is
<3 c¢m and the maximum mass diameter is =3 cm (4-6). Due
to the lack of typical signs on computed tomography (CT), the
disease is prone to be misdiagnosed as lung cancer accom-
panied by intrapulmonary metastasis or tuberculosis. The
present study was aimed at improving the understanding of
this disease by comparing the CT signs with the pathological
resultsin 20 patients and then using the pathological results to
explain the CT signs.

Intrapulmonary metastasis of lung cancer manifests as
multiple intrapulmonary nodules or masses with signs on
CT including lobulation, irregular margins, spiculation,
vascular convergence sign and pleural indentation (7-9).
Pulmonary tuberculosis on CT manifests as multiple intra-
pulmonary nodules or masses presenting signs including
irregular margins, satellite lesions and tree-in-bud sign (10,11).
It is difficult to differentiate pulmonary cryptococcosis with
multiple nodules or masses from lung cancer accompanied by
intrapulmonary metastasis or pulmonary tuberculosis, which
may lead to incorrect treatment. Since CT is non-invasive and
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Figure 1. (A) Computed to mography scans of various cases of primary pulmonary cryptococcosis exhibiting multiple intrapulmonary nodules and round satel-
lite lesions distributed along the bronchial tract (two upper panels). (B) HE staining indicated that Cryptococcus neoformans was engulfed by macrophages,
which were surrounded by massive infiltrating lymphocytes and a large amount of fibrous tissue, which formed multinucleated macrophages or granulomas
(left lower panel, magnification, x400). (C) Periodic acid-Schiff staining indicated a large number of purple-red Cryptococcus neoformans within multinucle-
ated macrophages (middle lower panel magnification, x400). (D) Giemsa staining indicated a large number of black Cryptococcus neoformans (right lower

panel magnification, x400).

reproducible, it is commonly used for evaluating lung diseases.
Therefore, CT should be used to improve the accuracy of the
diagnosis of this disease.

Patients and methods

The present study retrospectively enrolled 20 patients
presenting with multiple nodules or masses on CT. They were
selected from 68 patients with primary pulmonary crypto-
coccosis, who presented at three tertiary grade-A hospitals
[The Second Affiliated Hospital of Qigihar Medical College
(Qigihar), the Chinese PLA General Hospital (Beijing) and
Beijing Shijitan Hospital (Beijing)] between January 2012 and
December 2016. All of the 20 patients were pathologically
confirmed to have primary pulmonary cryptococcosis. Of
these, six underwent segmental or wedge resection of the lung
and 14 underwent CT-guided percutaneous biopsy. The clinical
data of the 20 patients, including the clinical manifestations,
imaging signs, pathological results and treatment, were retro-
spectively analyzed. Histopathological images were utilized for
diagnostic purposes. Since the present study was retrospective,
the ethics committees of the three hospitals determined thatno
informed consent was required from the patients.

Results

General patient information. The 20 patients included
14 males and 6 females with a mean age of 49.69 years (range,
27-18 years). The individual data for each patient are presented
in Table I. Within the cohort, 6 patients had underlying diseases
including diabetes, cancer, cirrhosis of the liver and pulmonary
tuberculosis; furthermore, 1 patient had a history of exposure to
birds. A total of 12 patients presented with symptoms, including
an elevated temperature, cough, chest pain and abdominal pain,
while the remaining 8 patients had no symptoms.

CT examination. The site of the lesion on chest CT was the right
upper lobe in 3 patients, the right middle lobe in 2 patients, the
right lower lobe in 4 patients, the left lower lobe in 5 patients,
the right upper lobe and left lower lobe in 2 patients, the right
middle lobe and right lower lobe in 1 patient, the right lower
lobe and left upper lobe in 1 patient, the right lower lobe and
left lower lobe in 1 patient, as well as all lobes in 1 patient. The
number of nodules or masses was 2-4 in 13 patients, 5-7 in 5
patients and 8-10 in 2 patients (Fig. 1). All primary lesions were
located within 2 cm below the pleura. The diameter range of
the lesions was 0.1-1.0 cm in 7 patients, 1.1-2.0 cm in 9 patients,
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Table I. Continued.

Biopsy
style

CT primary

No.

of nodules

No./age/
gender

Prognosis

Treatment

Pathology

diagnosis

CT presentation

Symptoms  Location Size (cm)

History

Granulomatous lesions with ~ None No re-examination

A mass with clusters of round satellite Infected lesion ~Operation

Max: 1.7x1.5; 6

RML

18/M/60  Non-Hodgkin None

necrosis, Cryptococcus and
Candidain necrotic tissue,

lesions along bronchus, some with

around nodule:
0.1-05

lymphoma

lobulation, halo sign, blood vessel

PAS (+), acid fast stain (-)

convergence

No re-examination

Fluconazole

Granulomatous lesions with

Paracentesis

Tuberculosis

Three near-pleural masses, cavity,
lobulation in certain instances

Max: 4.6x4.1; 3

LIL

Chest pain

None

19/F/27
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for 9 months

necrosis, Cryptococcus and
Candidain necrotic tissue,

around nodule:
2.1-25

PAS (+), acid fast stain (-)
Granulomatous lesions,

No re-examination

Fluconazole for
12 months

Paracentesis

Pulmonary
metastasis

Multiple round nodules of unequal

size, air bronchogram

RIL+LIL Max: 2.7x2.5; 7

Cough

Thyroid
cancer

20/F/53

Cryptococcus and Candidain
necrotic tissue, PAS (+),

acid fast stain (-)

around nodule:
1.5-20

surgery;

radioiodine

therapy

PAS, periodic acid Schiff stain; CT, computed tomography; M, male; F, female; LUL, left upper lobe; RIL, right inferior lobe; RML, right middle lobe; PET, positron emission tomography; SUV, standardized uptake value.

2015.02

_20isn gl

Figure 2. Computed tomography indicated that the lesion shrank signifi-
cantly in case no. 16, who received antifungal therapy and underwent a
re-examination every three months.

2.1-3.0 cm in 6 patients and >3.1 cm in 3 patients. The diam-
eter range of the satellite lesions was 0.1-0.5 cm in 7 patients,
0.6-1.0 cm in 5 patients, 1.1-1.5 cm in 3 patients, 1.6-2.0 cm in
4 patients and >2.1 cm in 1 patient. Nodules were commonly
round and distributed along the bronchi. They presented with
lobulation (11/20), irregular margins (9/20), speculation (7/20),
vascular convergence sign (4/20) and pleural indentation (4/20).
A total of 8 patients were misdiagnosed with lung cancer
accompanied by intrapulmonary metastasis; accompanying
calcificationin 2 patients and cavities in 4 patients were also
noted. A total of 3 patients were misdiagnosed with pulmonary
tuberculosis.

Treatment and histopathological examination. Based on
the characteristics of their imaging data, 8 of the 20 patients
underwent segmental or wedge resection of the lung and 12
underwent CT-guided percutaneous biopsy. All of them under-
went histopathological examination. HE staining indicated
that Cryptococcus neoformans-infested lesions were engulfed
by macrophages (Fig. 1), and around them, a larger number
of infiltrating lymphocytes were present, which formed multi-
nucleated macrophages or granulomas, which were at times
accompanied by coagulative necrosis. Specific staining indi-
catedthat the lesions wereperiodic acid-Schiff (+), Giemsa (+)
andacid fast stain (-). A total of 5 patients underwent surgical
monotherapy, 12 patients underwent antifungal monotherapy
and three patients underwent surgery in combination with
antifungal therapy. Voriconazole 200-400 mg/day was admin-
istered for treatment. The treatment period was 3-6 months
in 6 patients, 6-12 months in 6 patients and >12 months in
3 patients. In Patient 16, the lesion shrank significantly after
antifungal therapy (Fig. 2). Except for one patient whose
follow-up result was unknown, noneof the other 19 patients
had any recurrence at follow-up.

Comparison of CT with histopathological results. Comparison
of CT signs with the pathological resultsindicated that it was
possible to explain certain CT signs by the pathological
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Figure 3. (A) Case no. 5 had multiple nodules in the left lower lobe on computed tomography. (B) Re-examination after three months revealed cavities (arrow)
in this patient (upper panel). (C) HE staining revealed inflammatory granuloma accompanied by coagulative necrosis (lower left panel, x40). (D) Inflammatory
cells were observed in the blood vessels, around which massive lymphocyte infiltration occurred, indicating vasculitis formation (arrow, lower right panel,

x400).
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Figure 4. (A, B and C, obtained from the same patient) Computed tomography revealed multiple subpleural nodules in the dorsal segments of the right lower
lobe in case no 7. (D and E) HE staining indicated inflammatory granulomas near the pleura (arrows; lower panel, x40).

results. Patient 5 had multiple nodules in the lower left lobe.
A re-examination after three months revealed cavities in
this patient. This patient was then given surgical treatment.
Pathological examination for this patient revealed crypto-
coccal granuloma accompanied by coagulative necrosis and
vasculitis formation (Fig. 3). Patient 7 had multiple subpleural
nodules in the dorsal segments of the right lower lobe. A
pathological examination for this patient revealed inflam-
matory granulomas near the pleura (Fig. 4). Patient 9 had
multiple round nodules distributed along the bronchial tract.
A pathological examination for this patient revealed free

Cryptococcus neoformans in the bronchioles and lung alveoli
(Fig. 5).

Discussion

As multislice CT is widely used, the detection rate of
pulmonary cryptococcosis is increasing year by year, and
mostinfected individuals are a population with abnormal
immune function (12). In line with this, the present study
also indicated that pulmonary cryptococcosis with multiple
nodules frequently occurred in a population with normal
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Figure 5. (A and B) Computed tomography in case no. 9 indicated multiple round subpleural nodules distributed along the bronchial tract in the left lobe (upper
panel). (C) HE staining revealed a large number of inflammatory cells within the bronchioles (arrows; x200) and traveling (D) Cryptococcus neoformans in
the lung alveoli (white arrow), around which infiltrating inflammatory cells were present (arrow; lower left panel, x400).

immune function; 70% of the patients were males; 35% had
underlying diseases or susceptibility factors and 60% had
clinical symptoms.

Pulmonary cryptococcosis with multiple nodules has
diverse CT signs (13) and it is prone to be misdiagnosed as
lung cancer accompanied by intrapulmonary metastasis or
tuberculosis. However, pulmonary cryptococcosis has certain
unique characteristics: i) The lesion commonly occurs in the
right lung; ii) a cluster of lesions is located within 2 cm below
the pleura; iii) the primary lesion commonly has a diameter
of 1.1-2.0 cm. Satellite lesions are usually smaller in diameter
(commonly 0.1-1.0 cm). Round satellite nodules are distributed
along the bronchial tract, and no tree-in-bud pattern is present;
iv) cavities and calcification may be caused.

Comparison between CT signs and pathological results
may enhance the understanding of how CT signs of the
disease occur and gain a deeper understanding of the disease.
Due to the small diameter of the spores of Cryptococcus
neoformans (1-2 um), they are prone to be inhaled to reach
the bronchioles and terminal bronchioles (14), where they
are engulfed by a large number of macrophages around the
tracts below the bronchioles and within alveolar septa (15),
to then form inflammatory granulomas below the pleura.
Thus, a typical CT manifestation is characterized in that the
lesion is mostly located within 2 cm below the pleura. After
Cryptococcus neoformans enters the body, its capsule rapidly
enlarges with its diameter reaching 4-10 ym order to with-
stand phagocytosis by macrophages. It travels freely in the
bronchioles and lung alveoli and may be carried in streaming
air to reach other parts of the lung during breathing, thereby
causing bronchial dissemination. Furthermore, at the time that
Cryptococcus neoformans is initially inhaled into the lungs, it

may inhabit multiple sites of the lungs and then cause multiple
lesions distributed along the bronchi. Pathology images have
indicated that Cryptococcus neoformans may travel freely
in lung alveoli and terminal bronchioles, which may be the
cause of bronchial dissemination. Furthermore, inflammatory
granulomas and fibrous tissue are formed after Cryprococcus
neoformans is engulfed by macrophages. Fibrous tissues have
contractile forces (16), so that the lesion appears rounded on
CT, and the nodules are lobulated due to the unequal contractile
forces. Cryptococcus neoformans may form a polysaccharide
capsule as a protection against macrophage phagocytosis and
may not produce any substances, including mucus, to block
the bronchioles during the infection process (17). Thus, there
was no tree-in-bud pattern on CT. The pathology images
contained a large number of inflammatory cells around the
blood vessels, whose infiltration resulted in vasculitis to ulti-
mately cause coagulative necrosis. Therefore, cavities were
observed on CT.

It is recommended that pulmonary cryptococcosis is
treated with oral fluconazole for antifungal therapy (18,19).
The regimen for fluconazole treatment is 200-400 mg/days for
3-6 months for asymptomatic patients, 6-12 months forpatients
with mild to moderate symptoms and >12 months for patients
with severe pulmonary infection. Antifungal therapy with
fluconazole is not required for asymptomatic patients who have
undergone surgery. For those with symptoms who have under-
gone surgery, fluconazole is administered at 200-400 mg/day
for three months. According to our experience, fluconazole is
the best choice for the treatment of this disease and there is no
requirement for surgery.

In summary, pulmonary cryptococcosis with multiple nodules
or masses frequently occurs below the pleura. The circular nodules
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distributed along the bronchi are mostly lobulated, and cavities
and calcifications may be present. As pulmonary cryptococcosis
is prone to being misdiagnosed as lung cancer or tuberculosis, the
pathological results may be used to explain the CT signs so as to
improve the understanding of this disease.
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