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Abstract
Considering the insufficient understanding of pulmonary cryptococcosis (PC) with consolidation, 22 patients were evaluated based 
on the chest computed tomography (CT) images and clinical manifestation. The clinical symptoms were mild, mainly manifesting 
as cough and sputum. Pulmonary lesions mostly involved a single lobe in a single lung with multiple lesions. Specifically, single 
lung involvement was observed in 17 cases, single lobe in 16 cases and multiple lesions in 14 case. Fifteen cases were mainly 
distributed in the periphery and 17 cases in the long axis in parallel to the pleura. Nineteen cases had air bronchograms. Eight 
cases displayed cavitation inside the lesions and 18 cases had surrounding halo signs. Seventeen cases had pleural thickening, of 
which 10 cases had “pasting wall” signs. The clinical symptoms of PC with consolidation were relatively mild. Comprehensive 
clinical and imaging performance could improve the diagnosis of the disease.
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Introduction
Pulmonary cryptococcosis (PC) is a pulmonary fungal 
disease caused by infection with Cryptococcus neoformans 
or Cryptococcus gattii spores.1,2 The incidence of the 
disease is increasing every year.3,4 At present, there remain 
some difficulties in clinical diagnosis of PC.5 

The common computed tomography (CT) 
manifestations of PC include nodules or masses, 
consolidation, halo sign, ground-glass opacity, and 
cavitation, among which nodules or masses are the most 
common manifestations.2,4-6 PC with consolidation refers 
to a mass of solid shadows with unclear boundaries on 
CT, rather than nodular or mass-like changes, often 
accompanied by air bronchograms. After reviewing 
the previous literature, we found that there were few 
reports on the clinical and imaging manifestations of 
PC with consolidation other than those addressing PC 
in general and a lack of systematic analyses.3,6,7 PC with 
consolidation is mostly observed in immunodeficient 
or immunocompromised patients,3,7 and the clinical 
manifestation has no specificity. Furthermore, there is 
no characteristic manifestation of PC with consolidation, 
and it is difficult to diagnose and identify on CT. Failure 
to diagnose in a timely manner can easily lead to delayed 

treatment or unnecessary invasive treatments.
In this study, we retrospectively collected 22 cases 

of clinically or pathologically confirmed PC with 
consolidation, and comprehensively analyzed and 
summarized the clinical and CT manifestations of the 
lesions to avoid misdiagnosis.

Materials and Methods
Clinical Information
Twenty-two cases of clinically or pathologically confirmed 
PC with consolidation were collected continuously from 
September 2013 to June 2020 in our hospital (8 cases), the 
Second Affiliated Hospital of Medical College of Zhejiang 
University (6 cases), and the First Affiliated Hospital of 
Wenzhou Medical University (8 cases). Inclusion criteria: 
(a) PC with consolidation was shown alone on CT, 
unaccompanied by nodules or masses, (b) thoracic lesions 
were improved after antifungal therapy on dynamic 
follow-up. 

Of these, 13 cases were positive for the cryptococcus 
capsular polysaccharide antigen test, 3 cases were positive 
for the alveolar lavage fluid, 4 cases were confirmed to be 
positive after percutaneous lung puncture, and 2 case was 
determined to be positive after surgical resection. The 
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lesions in the patients were resolved by antifungal drugs, 
except for two case with surgical resection, for which 
medical treatment was effective. 

All patients had detailed medical history and clinical 
symptoms, which were recorded in outpatient or inpatient 
cases after careful consultation with the treating clinician. 
The interval between symptom onset and CT examination 
in all patients ranged from 2 days to 1 month. The 22 
patients comprised 10 males and 12 females aged 21 
to 80 years, with a mean age of 51.5 years. None of the 
patients had a history of raising poultry. There were 13 
immunocompetent patients and 9 immunocompromised 
patients, comprising three cases of diabetes, two cases 
of chronic hepatitis B, one case of multiple myeloma 
chemotherapy, one case of systemic lupus erythematosus, 
one case of Sjogren’s syndrome, and one case of chronic 
renal insufficiency.

Imaging Technique
Of the 22 patients, 13 underwent plain CT scanning of the 
chest and 9 underwent plain CT scanning and dual-phase 
enhanced scanning. A GE Light Speed 16- or 64-row 
spiral CT machine was used for routine breath-holding 
training before scanning, and the breath-holding state was 
calm during the scanning. The scanning range was from 
the apex of the lungs to the diaphragm, with tube voltage 
of 120 kV, tube current of 120–160 mA, layer thickness of 
5–10 mm, and reconstruction layer thickness of 1–2 mm. 

Results
General Patient Information
All the patients had clinical symptoms, but the symptoms 
were mild, with chronic or subacute onset. The common 
symptoms were cough (19/22, 86%), sputum (55%), fever 
(32%), chest pain (18%) and chest tightness (5%). The 
main symptoms were without severe manifestations of 
hemoptysis, dyspnea, and respiratory failure. Seven patients 
had fever, five of whom were immunocompromised.

CT Appearances of Lesions
Among the 22 patients, there were 13 cases (13/22, 59%) 
with lesions in the right lung, 5 cases (23%) in the left and 
right lobes simultaneously, and 4 case (18%) in the left lung. 
There were 16 cases (73%) with involvement of a single 
lobe, comprising 8 cases (36%) of the lower lobe of the 
right lung. There were 6 cases (27%) with involvement in 
two or three lobes. There were 14 cases (64%) with multiple 
lesions and 8 cases (36%) with single lesions. Therefore, 
in this study, the lung lesions were predominantly located 
in the right lung and more common in a single lobe, and 
multiple lesions were present.

Of these cases, 15 of the 22 cases (68%) had lesions 
primarily located in the lateral and middle lateral zones. 
Therefore, the distribution of the lesions was mainly in the 
peripheral lungs, and the long axis was often parallel to 
the pleura, which was confirmed in 17 cases. Seventeen 
cases (77%) had adjacent pleural thickening and 10 cases 

(46%) had “pasting wall” signs (Figure 1). Nineteen cases 
(86%) had air bronchograms in the lesions, of whom 5 
cases (5/19, 26%) had bronchus penetration of the lesions, 
5 cases (5/19, 26%) had spontaneous termination, and 9 
cases (9/19, 48%) had both. Eight cases (8/22, 36%) had 
cavitation in the lesions, and 18 cases (82%) had halo signs 
around the lesions.

Other CT signs included pleural effusion (3 cases, 14%) 
without calcification, mediastinal lymphadenopathy, and 
pericardial effusion. 

Discussion
All patients had clinical symptoms in the present 
study, and this proportion was not consistent with 
other studies,8,9 because all of our patients had PC with 
consolidation, and patients with nodules or mass-type 
PC can be asymptomatic. Fever occurred in 32% (7 cases) 
with immunocompromised patients accounting for 71% 
(5 cases) of these cases with fever, which can easily lead to 
systemic reactions in patients, consistent with a report by 
Sui et al.3 Meanwhile, the present results showed that PC 
with consolidation changed to a mass of solid shadows, 
with 64% (14 cases) having multiple lesions and relatively 
severe CT manifestations. Therefore, we speculate that the 
clinical manifestations of PC might not match the imaging 
manifestations, which needs further verification in large 
samples.

This study also showed that the lesions were mainly 
distributed in a single lobe of a single lung, inconsistent 
with previous PC studies.3,4 There were 18 cases involving 
the right lung and 8 cases involving the left lung, with the 
right lung being significantly more involved than the left 
lung. Among 16 cases (73%) with involvement of a single 
lobe, 9 cases had involvement of the lower lobe, which was 
a more common site for lesions than other lobes, consistent 
with a previous study.10 This spatial distribution may be 
related to the route of respiratory inhalation infection. 
Cryptococcus spores are more likely to colonize in areas 
with dense alveoli. The data for this group were mainly 
for right lung lesions, which were relatively common in 
the lower lobe.

The lesion distribution in this study mainly involved the 
peripheral lung, accounting for 68% of cases, and basically 
consistent with the report by Xie et al,7 in which 65% of 

Figure 1. CT showed consolidation in the upper lobe of the right 
lung, thickening of the adjacent pleura (white arrow in red ellipse), 
and widening of the extrapleural fat gap, indicating the “pasting 
wall” sign (black arrow in red ellipse).
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cases had involvement of the peripheral lung. Because 
of the small diameter of Cryptococcus neoformans spores 
(1-2 µm), these spores are prone to being inhaled and 
reaching the bronchioles and terminal bronchioles.11 The 
long axis of the lesions was often parallel to the pleura, 
observed in 77% of cases. This manifestation reflects the 
spread and fusion of lesions along alveolar pores, which is 
common but not specific for PC with consolidation. Halo 
signs surrounding the lesions, i.e. a shadow of ground-
glass density surrounding the lesion, were common 
in this study, found in 82% of cases. The pathology has 
been inflammation around a granuloma in previous 
reports.7,12 We concluded that this may be an early stage 
of the disease, with absorption as the disease progresses. 
In this study, the most characteristic manifestation was 
air bronchograms, accounting for 86%, consistent with 
previous reports.13 The bronchus moved through the 
lesions naturally and smoothly and the distal bronchus 
gradually narrowed. These signs reflect the inviolability 
of the corresponding bronchi. In comparison, the air 
bronchograms of the tumor show the “withered tree sign” 
or “truncation sign”, with the former bronchi appearing 
stiff and unnatural and the latter proximal bronchi being 
suddenly interrupted. Another sign in the lesions was 
cavitation, seen in 36% of cases. Following the erosion of 
the bronchioles by cryptococcosis, air can enter the space 
between granuloma lesions.13 In this study, six of these 
patients were immunocompromised, consistent with the 
report by Hu et al.14 We found that PC with consolidation 
in immunocompromised patients was prone to cavitation 
in the lesions, while immunocompetent patients tended to 
show air bronchograms more easily, consistent with other 
PC studies.9,13

The reason for this may be the histopathological types 
of cryptococcus infection: inflammatory response type 
and low inflammatory response type.15

In this study, adjacent pleural changes occurred in 17 
cases, and manifested as pleural thickening, reflecting 
the characteristics of cryptococcal inflammatory lesions. 
In 10 cases, the wide base was connected to the pleura, 
the adjacent pleura was thickened slightly, and the fat 
space outside the pleura was widened, presenting as a 
“pasting wall” sign. This sign is presented here and has 
not been reported in the literature. It might be a common 
manifestation of inflammatory lesions. On the other 
hand, tumor lesions are prone to invade the pleura and 
the fat outside the pleura, resulting in increased density of 
the fat outside the pleura. This sign was different from the 
“pleural retraction sign”, in which the visceral pleura are 
pulled in a horn-shaped shadow, do not generally cause 
pleural thickening, and have the fluid sag content. 

Summary of clinical manifestations (Table S1), 
summary of CT manifestations (Table S2) as well as 
CTs of a 57-year-old female patient (Figure S1), and 47 
(Figure S2) and 49 (Figure S3) years old male patients are 
presented in Supplementary file 1.

In conclusion, the disease was characterized by 

peripheral lung and subpleural distribution, with the 
long axis parallel to the pleura. Air bronchograms and 
halo signs were the most common CT manifestations of 
PC with consolidation, especially in immunocompetent 
patients, whereas cavitation tended to appear in 
immunocompromised patients. The adjacent pleura was 
often thickened, and “pasted wall” sign was seen in some 
cases. 
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