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Purpose: To investigate the clinical and computed tomography (CT) characteristics of
pulmonary nodules caused by cryptococcal infection and gain a greater insight and under-
standing that will reduce misdiagnosis.

Materials and Methods: A total of 47 patients with confirmed pulmonary cryptococcosis
(PC) manifested as nodules were retrospectively enrolled from January 2013 to December 2020.
The clinical and CT data of patients with single and multiple nodules were analyzed and
compared with emphasis on exploring the characteristics of the solitary ones.

Results: Among the 47 patients, single and multiple nodules were detected in 25 (53.2%)
and 22 (46.8%) patients, respectively, with similar clinical characteristics. The diameter of
solitary nodules was smaller than that of the largest ones of the multiple nodules (P = 0.000).
Compared with multiple nodules, less solitary nodules were located in the subpleural zone
(P = 0.031) and had a cavity or vacuole (P = 0.049). Regarding the solitary nodules, 22
(88.0%) and 3 (12.0%) were solid and subsolid, respectively. Eighteen (81.8%) solid solitary
nodules exhibited either one of air bronchogram or vacuole, satellite lesions, and halo sign.
Twenty-three (92.0%) of 25 patients with solitary nodules had follow-up CT data, and most
of them had no changes (12, 52.1%) or increased in size and/or density (8, 34.8%), but only
a few (3, 13.0%) decreased with or without anti-inflammatory therapy.

Conclusion: The clinical characteristics of patients with solitary and multiple nodules
caused by PC are similar. The solitary nodules are smaller, more scattered, but less necrotic
than multiple ones. For solitary nodules with air bronchogram or vacuole, satellite lesions, or
halo sign, PC should be considered as one of the differential diagnosis.
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Introduction

Pulmonary cryptococcosis (PC) is an illness caused by C. neoformans infection,
which occurs sporadically worldwide. Most cryptococcal infections occur in
immune-compromised patients,' but they can also develop in immune-competent
individuals.>” In recent years, with the application of glucocorticoids, immune-
suppressants, and antitumor drugs, the prevalence of cryptococcal infection has
increased. Pulmonary lesions in patients with cryptococcal infections may manifest
as single nodules, multiple clustered nodules, multiple scattered nodules, and mass-
like or pneumonic opacity.* Clinically, compared with other pulmonary infections,
the cryptococcal infection, especially in immunocompetent patients, is rather indo-

lent and usually appears as a localized nodule or a mass.>®

Received: 21 July 2021
Accepted: 30 September 2021
Published: 14 October 2021

Infection and Drug Resistance 2021:14 4227-4235 4227
© 2021 Chen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
v No

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://c /by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press lelted provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0002-6863-2827
http://orcid.org/0000-0002-2441-8132
mailto:chuzg0815@163.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Chen et al

Dove

Currently, our understanding regarding PC is mostly
limited to its typical clinical presentations and radiological
manifestations. However, the clinical and imaging features
of PC are nonspecific. In patients with PC, solitary and
multiple nodules are the two main manifestations of pul-
monary lesions. However, the differences in clinical and
imaging characteristics between these two patterns are still
unknown. Additionally, in contrast to the multiple nodular
pattern, the single nodular pattern may mimic malignant
tumors, chronic inflammation, or a metastatic lesion in
patients with malignancy.”® This renders the imaging
diagnosis of this disease as significantly challenging, as it
may lead to misdiagnosis. Thus, it is significant to reveal
the clinical and imaging features of solitary nodules
caused by PC and gain a greater insight and understanding
that will in turn reduce misdiagnosis.

Previous studies on PC have mainly investigated the
computed tomography (CT) features of different patterns
of lesions, and the single and multiple nodules are usually
described together.”'* In contrast, the clinical and imaging
characteristics of solitary nodules have not been fully
revealed. Thus, our knowledge on diagnosing single nod-
ular pattern PC is limited. In this study, we only included
the pathologically confirmed single and multiple nodular
patterns of PC. Furthermore, their clinical and CT data
were analyzed and compared with emphasis on investigat-
ing the characteristics of the single nodular pattern, which
may be helpful for improving the diagnosis.

Materials and Methods

Patient Selection

The study sample was selected between January 2013 and
December 2020 from the First Affiliated Hospital of
Chongqing Medical University in China based on the
following inclusion criteria: (1) PC was histologically
confirmed by either biopsy or surgical resection; (2) the
pulmonary lesions were only solitary or multiple nodules
(=3 cm); and (3) complete clinical and CT data were
available. Patients were excluded if their CT images
were of poor quality or if their multiple nodules were
consistent with a miliary pattern. Finally, a total of 47
patients were included in this study, of which 37 cases
had undergone operation (thoracoscopic surgery), whereas
the remaining 10 cases had been confirmed by biopsy (CT-
guided percutaneous needle biopsy). The C. neoformans
were determined by histological examination with combi-

nation of morphological findings (hematoxylin-eosin

staining) and periodic Acid-Schiff with diastase (PAS-D)
or grocott methods.

CT Protocol

All patients were examined with a 64-slice spiral CT scan-
ner (SOMATOM Definition Flash, Siemens, Germany) with
the following settings: tube voltage, 140 kVp; tube current
calculated according to individuals’ weight, height, and
body mass index; rotation time, 0.5 s; pitch, 1.0; collima-
tion, 0.6 mm; and slice thickness and interval for axial
images, 5 and 5 mm, respectively. Thin-section images
were reconstructed: 1.0 mm slice thickness with 0.8 mm
interval. Upon CT examination, patients were placed in the
supine position with both hands near their heads. Image
acquisition was performed from the level of the thoracic
inlet to inferior to the costophrenic angle. All patients
underwent plain CT scanning, and 21 patients underwent
contrast-enhanced CT scan with a total of 80-100 mL of
nonionic iodinated contrast material (Iopamidol, 320 mg/
mL; Shanghai Bracco Sine Pharmaceutical Co., Ltd.,
China) at an injection rate of 3.0 mL/s, followed by
50 mL of saline solution via a power injector. Images
were obtained with mediastinal (width, 350400 HU;
level, 2040 HU) and lung (width, 1200-1600 HU; level,
=500 to —700 HU) window settings.

Image Analysis

Two independent and experienced radiologists, who were
blinded to the data, analyzed all studies. Discordant opi-
nions were resolved by consensus. The characteristics of
lesions on both plain and enhanced CT scans were com-
bined. Pulmonary nodules were classified into two main
patterns: single nodular and multiple nodular. In patients
with multiple nodules, the clustered nodular pattern was
defined when the lesions consisted of multiple nodules
confined to one or two segments, whereas the scattered
nodular pattern was defined when lesions were scattered
throughout one or multiple lobes. We evaluated the follow-
ing parameters not only in solitary nodules but also in the
largest ones of the multiple nodules on CT images: nodule
size (the mean of the longest diameter and the perpendi-
cular diameter on axial CT images), location (upper, lower,
or middle lobe), shape (round, oval, or irregular), density
(solid or subsolid), CT value on plain CT scan, degree of
enhancement (peak CT value on contrast-enhanced CT
scan — CT value on plain CT scan), air bronchogram
(yes/no), vacuole sign (yes/no), margin (smooth or coarse),
boundary (well-defined or ill-defined), spiculation (yes/
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no), halo sign (yes/no), concomitant satellite lesions (yes/
no), and pleural indentation (yes/no). Subsolid nodules
included pure ground-glass nodules (pGGNs) and mixed
ground-glass nodules (mGGNs). Pleural effusion and lym-
phadenopathy (when the short-axis diameter was greater
than 10 mm) were also recorded.

Statistical Analysis

The patients’ clinical data and CT features of nodules were
statistically analyzed using the SPSS software package
(version 22.0, IBM, NY, USA). Continuous variables
were expressed as mean + standard deviation, and catego-
rical variables were expressed as number and percentage.
To compare differences among different patterns of
nodules, the Mann—Whitney U-test was used for patients’
age and nodules size, and the Pearson chi-square test was
used for gender, symptoms, basic diseases, and frequencies
of different CT features. A P-value of <0.05 was consid-
ered as statistically significant difference.

Results

Clinical Findings

Among the 47 patients with PC, there were 28 men and 19
women, with a mean age of 47.0 + 12.8 years (range, 23—
74 years). Single nodule and multiple nodular patterns
were detected in 25 (53.2%) and 22 (46.8%) patients,
respectively. Table 1 summarizes the clinical characteris-
tics of patients with solitary and multiple nodules. In both
groups, patients’ gender, mean age, symptoms, and con-
comitant basic diseases were similar (each P > 0.05). Two
patients with a single nodule (8.0%) and six (27.3%)
patients with multiple nodules presented with symptoms
of headache and were confirmed to suffer from cryptococ-
cal meningitis. Initial CT diagnoses of these nodules
included pulmonary tuberculosis (8, 17.0%), primary
tumors (11, 23.4%), inflammatory granulomas (15,
31.9%), metastases (2, 4.3%), PC (3, 6.4%), and infection
(8, 17.0%).

Comparison of the CT Features Between
Solitary and Multiple Nodules

Among the 22 patients with multiple nodular pattern,
scattered and clustered nodules were detected in 18
(81.8%) and 4 (18.2%) cases, respectively (Figures 1 and
2). Table 2 shows the CT features of the detected pulmon-
ary nodules. The diameter of solitary nodules was smaller
than the diameter of the largest of the multiple nodules

Chen et al
Table | Patients’ Clinical Characteristics
Characteristics Patients Patients P-value
with with
Solitary Multiple
Nodules Nodules
(n =25) (n=22)
Gender (Male/Female) 15/10 13/9 0.949
Mean age (year) 50.0 + 123 436 + 12.8 0.088
Symptoms (+) 8 (32.0) 13 (59.1) 0.062
Fever | 4
Cough 7 7
Sputum 4 6
Chest pain 0 |
Hemoptysis 0 |
Concomitant basic 7 (28.0) 9 (40.9) 0.351
diseases
HIV infection 2 5
Malignant tumors 3 0
Chronic kidney 0 2
disease
Kidney transplant 0 |
Diabetes 2 |

Note: Data are expressed as mean * SD or n (%).
Abbreviation: HIV, human immunodeficiency virus.

(P = 0.000). Compared with multiple nodules, a lower
number of solitary nodules were located in the subpleural
zone (P = 0.031) and had a cavity or vacuole (P = 0.049)
(Figures 1 and 2). A greater number of immunocompro-
mised individuals exhibited a cavity (7/8) compared with
cases without a cavity (9/39) (87.5% vs 23.1%, P = 0.002).
Distribution in different lobes, CT patterns, and enhance-
ment of solitary and multiple nodules were all similar in
both groups. Compared with single nodular pattern, ill-
defined border, air bronchogram, and halo sign were
slightly more prevalent in the multiple nodular pattern,
but their differences were not statistically significant (P >
0.05). Hilar or mediastinal lymph node enlargement,
pleural effusion, and pericardial effusion were only
observed in few patients with multiple nodular patterns.

CT Features of Solitary Nodules

Regarding the 25 solitary nodules, 22 (88.0%) and 3
(12.0%) cases were solid nodules and mGGNs, respec-
tively. Among the 22 solitary solid nodules, lobulation,
spiculation, air bronchogram or vacuole, satellite lesions,
and halo signs were detected in 6 (27.3%), 6 (27.3%), 10
(45.5%), 12 (54.5%), and 7 (31.8%) cases, respectively.
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Figure | A 24-year-old woman with HIV infection and pulmonary cryptococcosis. She has headache and fever for ten days, and cryptococcal meningitis is confirmed. (A and
B) Axial CT images show multiple clustered nodules with different sizes located in the subpleural zone of right lower lobe. (B) Cavities are detected in the bigger nodules.

Figure 2 A 24-year-old man with HIV infection and pulmonary cryptococcosis. He has headache and fever for a week, and cryptococcal meningitis is confirmed. (A and B)
Axial CT images show multiple scattered nodules with different sizes in the right lower lobe, and cavities are detected in the bigger nodules.

Eighteen (81.8%) patients demonstrated air bronchogram
or vacuole, satellite lesions, and/or a halo sign (Figure 3).
In contrast, the mGGNs were all ill-defined, and the inter-
nal solid components in two of them were strip-shaped,
whereas one demonstrated multiple scattered

(Figure 4).

spots

Follow-Up results of Solitary Nodules

Among the 25 patients with solitary nodules, 23 (92.0%)
cases had follow-up CT data due to uncertainty.
Comparisons between initial and repeated CT data
revealed that nodules in 12 (52.1%) cases had no

significant changes in size or density (follow-up time: 3—
30 days, median: 13.5 days), 8 (34.8%) cases increased in
size and/or density (follow-up time: 14-210 days, median:
120 days) (Figure 4), and 3 (13.0%) cases decreased in
size and/or density (2 accepted anti-inflammatory therapy)
(follow-up time: 20-60 days, median: 30 days).

Discussion

The natural history of cryptococcosis includes two main
routes. The first is rare, occurs after exposure to
C. neoformans while immunocompromised, leading to
rapidly progressive cryptococcosis; the second is common,
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Table 2 CT Characteristics of Solitary and Multiple Nodules
Characteristics Single Nodular Pattern (n = 25) Multiple Nodular Pattern (n = 22) P-value
Size (range) (mm) 10.6 + 3.5 (5-18) 18.0 + 6.9 (5-29) 0.000
Lobe location 0.136
Right upper lobe 8 (32.0) 7 (25.9)
Right middle lobe 2 (8.0 I (3.7)
Right lower lobe 4 (16.0) 13 (48.2)
Left upper lobe 5 (20.0) 2 (7.4)
Left lower lobe 6 (24.0) 4 (14.8)
CT patterns 0.164
Solid 22 (88.0) 20 (90.9)
pGGN 0 (0.0 | (4.6)
mGGN 3 (12.0) 0 (0.0
Solid + GGN 0 (0.0 | (4.6)
Distribution 0.031
Subpleural zone 13 (52.0) 18 (81.8)
Non-subpleural zone 12 (48.0) 4 (18.2)
Boundary 0.358
Well-defined 15 (60.0) 16 (72.7)
lll-defined 10 (40.0) 6 (27.3)
Cavity and vacuole 3 (12.0) 8 (36.4) 0.049
Cavity I (33.3) 7 (87.5)
Vacuole 2 (66.7) 1 (12.5)
Air bronchogram 9 (36.0) 6 (27.3) 0.522
Halo sign 7 (28.0) 10 (45.5) 0.214
Enhancement 0.080
No significant enhancement (< 20 HU) 2(222) 0
Slight enhancement (20—40HU) 3(333) 9 (75.0)
Significant enhancement (> 40HU) 4 (44.4) 3 (25.0)
Hilar or mediastinal lymphadenectasis 0 4 (18.2) -
Pleural effusion 0 2(9.1) -
Pericardial effusion 0 | (4.6) -

Note: Data are expressed as mean * SD or n (%).

Abbreviations: GGN, ground glass nodule; pGGN, pure GGN; mGGN, mixed GGN.

has a phase of latency followed by reactivation and

dissemination.!!

PC results in pulmonary involvement
after inhalation of C. neoformans spores into the respira-
tory system.'? This condition is prevalent in patients with
AIDS and other diseases that compromise immunity. They
may undergo primary infection in childhood and a silent
phase of latency last for years before reactivation and
dissemination.'" However, several reports have been pub-
lished that investigated PC rates in non-AIDS patients and
have shown that the incidence of PC in these cases had

increased over the last decades.'*'* In the present study,

approximately 66% patients had no obvious immune defi-
ciency, which is identical to previous results.* This may be
due to the exclusive selection of patients with pulmonary
nodules. Pertaining to the detected nodules, especially the
solitary ones, they may be stable or increase during fol-
low-up, and thus, they are easy to be misdiagnosed and are
worthy of further study.

Clinical manifestations of patients with PC range
from no symptom to respiratory failure or acute respira-
tory distress syndrome depending on host immune

15,16

responses. However, respiratory symptoms are
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Figure 3 Patients with pulmonary cryptococcosis presented as solitary solid nodules. (A) Axial CT image in a 48-year-old asymptomatic man shows a round and well-
defined nodule with small bronchi located in the right upper lobe. (B) Coronal CT image in a 54-year-old asymptomatic man shows a round and well-defined nodule with
vacuole located in the left upper lobe. (C) Coronal CT image in a 50-year-old asymptomatic man shows an ill-defined nodule with a satellite lesion (red arrow) located in the
right upper lobe. (D) Axial CT image in a 49-year-old asymptomatic woman shows an oval nodule with halo sign located in the left upper lobe.

usually nonspecific, and they are similar to symptoms

related to other respiratory diseases.'”'®

Moreover,
a significant portion of asymptomatic cases is detected
on chest CT performed during routine checkups. In this
study, more than half of the patients (55.3%) presented
with no significant respiratory symptoms, especially
individuals with solitary nodules. Thus, clinical symp-
toms could not provide efficient help for the diagnosis
of PC nodules. Apart from the respiratory system, cryp-
tococcus has a high affinity for the central nervous
system.'” In this study, eight patients (17.0%) demon-
strated cryptococcal meningitis, and the prevalence was
higher in patients with multiple nodules. This finding
indicates that cryptococcal infection should be consid-
ered when differentiating pulmonary nodules in patients
with headache.

Chest CT findings of PC can vary, but the most com-
mon ones involve solitary or multiple nodules or mass-like
opacities, which may reflect histologically pulmonary
granuloma or granulomatous pneumonia.’’ According to
a previous study, solitary or multiple pulmonary nodules
have been observed in approximately 78% of non-HIV
patients.'® Our study revealed a similar result that the
majority of patients (85.1%) had no HIV infection, espe-
cially those with solitary nodules (92.0%). More specifi-
cally, it was shown that the majority of nodules or masses
were located in the lower lobes and in the outer zone of the
lung field.*® In this study, the multiple nodular pattern
showed these features, while distribution of those solitary
nodules had no significant effect. Additionally, masses or
nodules in patients with PC may have central necrosis or
liquefaction, thus forming cavities after the release of
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Figure 4 Patients with pulmonary cryptococcosis presented as solitary subsolid nodules. (A and B) Axial and sagittal CT images in a 60-year-old asymptomatic woman show
an oval and ill-defined mixed GGN with strip shaped solid component located in the left upper lobe. (C and D) Axial CT images in a 50-year-old asymptomatic man show an
ill-defined mixed GGN located in the right lower lobe. (D) The solid component in this nodule significantly increases after one month.

necrotic tissue.'’! The present results indicate that cav-
ities were more commonly detected in multiple nodular
pattern and immunocompromised cases, and thus their
occurrence may be related to the patients’ immune status.
Compared with multiple nodules, solitary nodules have
less CT features in the above-mentioned aspects. Thus,
their diagnosis is significantly more difficult.
Furthermore, the majority of solitary nodules (88.0%)
in this study were solid, and they had less malignant signs,
such as lobulation, spiculation, and pleural indentation. In
contrast, air bronchogram or vacuole, satellite lesions, and
halo sign were more commonly detected, and 81.8% had
any one of them. Previous studies have also revealed that
air-bubble sign, halo sign, and air bronchogram were
common CT manifestations of PC.**** It has been
reported that a satellite lesion on chest CT could be
a useful predictor for benign nodules, especially for

tuberculomas.?*® In addition, accompanying centrilobu-
lar micronodules and cavity or necrosis were more fre-
quently observed in tuberculomas.* However, the present
study revealed that a satellite lesion was also frequently
observed in solitary nodules caused by PC, in accordance
with the results of a previous study.* Thus, for solitary
nodules with satellite lesions, PC should be considered as
one of the differential diagnosis.

Part solid nodules have been reported to be associated
with lung adenocarcinoma, and its malignancy rate is
higher than that of pGGNSs or solid nodules.”’* A study
has reported that larger size, well-defined border, and
spiculation favor the diagnosis of malignant lesions,”
whereas another research has revealed that lesion multi-
plicity, large solid portion, and ill-defined border indicate
transient lesions.>® Additionally, the tumor volume dou-
bling time presented as subsolid nodules is extremely
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long.*! In this study, there were three solitary mGGNss,
which were not described in detail by previous reports.
These three mGGNs were all ill-defined, and the solid
components in two of them were strip-shaped and one
had multiple scattered spots. During follow-up, the inter-
nal solid components in one mGGN increased, whereas
another revealed a short-term decrease in its density. Thus,
PC should be considered as one of the differential diag-
nosis for the mGGNs that is characterized by significant
short-term changes.

HRCT is useful in the differential diagnosis of pul-
monary disease, but it is sometimes difficult to distin-
guish PC nodules from other benign and malignant
nodules. Additionally, fluorine-18 FDG PET/CT and con-
trast-enhanced CT have limited value in differentiating
these nodules because they usually exhibit high FDG
uptake and enhancement, thus mimicking malignancy.*>
Though the clinical and imaging manifestations are non-
specific, the single or multiple nodules should be consid-
ered as PC in the following conditions: First, the clinical
symptoms do not match with the image findings of pul-
monary lesions, especially in cases with multiple nodules
but without symptoms. Second, the nodules with air
bronchogram, vacuole, satellite lesions, or halo sign can-
not be absorbed after general anti-inflammatory or anti-
tuberculosis treatment or exhibit short-term increase or
decrease in size and/or density. Third, pulmonary
nodules, especially the multiple ones, cannot be related
or diagnosed with any other definite disease in immuno-
compromised patients or those presenting with
meningitis.

Our study has several limitations. First, this is
a retrospective study; thus, a possible selection bias may
have compromised the validity of our results. Second, the
patient sample size in this study is small. Third, differen-
tiation of solitary PC nodules from primary lung cancer is
not studied. Therefore, further investigations to validate
our present findings are necessary.

In conclusion, pulmonary nodules were commonly
detected in patients with PC. The clinical characteristics
of patients with solitary and multiple nodules are similar.
On CT images, the solitary nodules are usually smaller,
more scattered, but less necrotic than multiple nodules.
The majority of solitary nodules were solid, and few of
them were mGGNs. PC should be one of the differential
diagnosis for the solid nodules with air bronchogram,
vacuole, satellite lesions, or halo sign and mixed nodules
with ill-defined border, either progressive or stable.
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