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Abstract

Objective: This study aimed to compare the clinical features of pulmonary cryptococcosis (PC)

in patients with and without central nervous system (CNS) involvement.

Methods: We retrospectively reviewed demographics, presenting symptoms, radiographic fea-

tures, and laboratory findings of patients diagnosed with PC in 28 hospitals from 2010 to 2019.

Risk factors for CNS involvement were analyzed using logistic regression models.

Result: A total of 440 patients were included, and 36 (8.2%) had CNS involvement. Significant

differences in fever, headache, and chills occurred between the two groups (overall and with/

without CNS involvement) for fever (17.8% [78/440]; 52.8% vs. 14.6% of patients, respectively),

headache (4.5% [20/440]; 55.6% vs. 0% of patients, respectively), and chills (4.3% [19/440]; 13.9%
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vs. 3.5% of patients, respectively). The common imaging manifestation was nodules (66.4%).

Multivariate analysis showed that cavitation (adjusted odds ratio [AOR]¼ 3.552), fever

(AOR¼ 4.182), and headache were risk factors for CNS involvement. Routine blood tests

showed no differences between the groups, whereas in cerebrospinal fluid the white blood

cell count increased significantly and glucose decreased significantly.

Conclusion: In patients with PC, the risk of CNS involvement increases in patients with head-

ache, fever, and cavitation; these unique clinical features may be helpful in the diagnosis.
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Introduction

Cryptococcus is a fatal pathogenic fungus

that can easily infect patients through the
respiratory tract. The common clinical

manifestation is pulmonary infection,1

which may cause pulmonary cryptococcosis
(PC). PC is a common disease, and crypto-

coccosis has become the second most

common mycosis in China.2 Cryptococcus
is an opportunistic pathogenic fungus that

is prone to infect immunocompromised
patients, such as patients with acquired

immunodeficiency disease (AIDS).3 Studies

show that Cryptococcus can also infect
immunocompetent patients.4 Previously,

the diagnosis of PC was limited to clinical

symptoms and imaging findings. However,
its symptoms and imaging findings are sim-

ilar to those of lung cancer, tuberculosis,
bacterial pneumonia, and other pulmonary

fungal diseases1 and, therefore, the misdiag-

nosis rate is very high.
Cryptococcus may infect the central ner-

vous system (CNS). The incidence of CNS

infections in patients with cryptococcosis
was reported, in one study, to be 83.4%

(7315/8769) in China.5 PC is prone to

infect the CNS, leading to meningitis.6

Cryptococcal meningitis has high morbidity

and mortality,7 and delayed diagnosis of
cryptococcal meningitis is an independent

risk factor for death.8 In this study, we ret-
rospectively analyzed clinical and patholog-
ical data of patients with PC, and we
identified independent risk factors to pre-
dict CNS involvement. Early detection,
diagnosis, and treatment may benefit
patients.

Materials and Methods

Patients

We retrospectively analyzed records of
patients diagnosed with PC in 28 hospitals
from 2010 to 2019. In total, 440 patients
were identified from hospital records. Our
diagnostic criteria were as follows:
Cryptococcus was found or cultured in
blood, pleural effusion (consistent with the
clinical infection site), or pathological lung
tissue collected from a normally sterile site;
Cryptococcus species indicating encapsulat-
ed budding yeasts were found in specimens
collected under sterile conditions from dis-
eased tissues through histopathological
examination, accompanied by correspond-
ing tissue inflammatory reaction; CNS
infection was diagnosed by a positive
fungal culture for Cryptococcus from cere-
brospinal fluid (CSF) or by positive CSF
India ink staining; and cryptococcal antigen
titration from CSF was positive.9 Exclusion
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criteria were as follows: (1) incomplete med-

ical records, or (2) cases with co-infection of

other pathogens in the lungs that were iden-

tified with clear evidence. A total of 440

patients were included; all patients had

undergone computed tomography (CT)

imaging and laboratory examinations, and

83 patients who had a lumbar puncture

also underwent laboratory tests of CSF.

Detailed records of demographics, host

immune status, symptoms, and laboratory

tests of patients were available. The ethics

boards in these hospitals determined that

informed consent from these patients was

not required because this study involved a

retrospective review of records only.

Imaging analysis

All imaging data were analyzed by two

imaging physicians (with more than

8 years of experience in radiological diag-

nosis). The CT images were evaluated, and

various signs (nodules, slices, lumps, cavi-

ties, and halo signs) and conditions of pleu-

ral effusions were recorded in detail.

Data analysis

All data were analyzed using SPSS software

(version 19.0; IBM Corp., Armonk, NY,

USA). The clinical features of patients

were summarized using descriptive statisti-

cal methods, and continuous data were

expressed as mean� standard deviation.

The Mann–Whitney U test was used to ana-

lyze continuous variables, and the Chi-

square test and Fisher’s test were used for

categorical variables. Risk factors for

infecting the CNS were analyzed using

logistic regression models. Risk assessment

was conducted by binary classification.

P< 0.05 was considered to indicate a signif-

icant difference.

Results

Clinical data of patients

The study covered 440 patients with PC
(295 men and 145 women) aged between
11 and 78 years, with an average age of
47.5� 13.4 years. Among these, 36 (8.2%)
had infections involving the CNS. Results
showed that the age of patients with CNS
involvement was not significantly different
from that of patients without CNS involve-
ment, as shown in Table 1.

Underlying diseases

Of the 440 patients, 292 (66.4%) had no
underlying diseases and were immunocom-
petent; 148 (33.6%) had underlying dis-
eases; and no patients had AIDS. The
underlying diseases included diabetes, car-
diovascular and cerebrovascular disease,
liver disease, and lung disease. Seventy
(70/440, 15.9%) patients were in an immu-
nocompromised state, and some had under-
lying diseases. Malignant tumors (12),
severe trauma or major surgery (7), organ
transplantation (8), immune connective
tissue disease (19), or treatment with gluco-
corticoids or immunosuppressive agents
(30) were considered immunocompromised
states, and these differed (P< 0.05) between
patients with CNS involvement (10/36,
27.8%) and those without (60/404,
14.9%), as shown in Table 1.

Clinical symptoms

The most common clinical symptom was
cough (51.6%, 227/440), which occurred
in 16 (44.4%) patients with CNS involve-
ment and 211 (52.2%) patients without.
Clinical symptoms also included expectora-
tion, fever, headache, and chills.
Expectoration was reported in 38.2%
(168/440; 41.7% vs. 37.9% in patients
with and without CNS involvement, respec-
tively); fever was reported in 17.8% (78/
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440; 52.8% vs 14.6% of patients, respective-
ly); headache was reported in 4.5% (20/440;
55.6% vs. 0% of patients, respectively); and
chills were reported in 4.3% (19/440; 13.9%
vs. 3.5% of patients, respectively). Some
patients had no obvious symptoms
(36.8%, 162/440; 13.9% vs. 38.9% of
patients with and without CNS involve-
ment) and no differences were found in
other symptoms between the two groups,
as shown in Table 1. Multivariate analysis

showed that headache and fever (adjusted

odds ratio [AOR] ¼ 4.182; P< 0.01) were

risk factors for CNS involvement, as

shown in Table 2. Because all patients

with headache had CNS involvement, the

AOR was not calculated.

Radiographic features

The most common imaging manifestation

was nodules, occurring in 292 cases,

Table 1. Clinical features of patients with pulmonary cryptococcosis with or without central nervous
system (CNS) involvement.

Characteristic

Overall (N¼ 440)

n (%)

With CNS

involvement (N¼ 36)

n (%)

Without CNS

involvement (N¼ 404)

n (%) P-value

Demographics

Age (years) 47.5� 13.4 41.3� 15.2 48.1� 13.2 0.068

Age range (years) 11–78 15–70 11–78 —

Gender (male) 295 (67.0) 22 (61.1) 273 (67.6) 0.429

Immunocompetent 292 (66.4) 21 (58.3) 271 (67.1) 0.287

Underlying diseasea 148 (33.6) 15 (41.7) 133 (32.9) 0.438

Immunocompromisedb 70 (15.9) 10 (27.8) 60 (14.9) 0.042*

Presenting symptoms

Fever 78 (17.8) 19 (52.8) 59 (14.6) <0.001*

Chills 19 (4.3) 5 (13.9) 14 (3.5) 0.003*

Cough 227 (51.6) 16 (44.4) 211 (52.2) 0.371

Expectoration 168 (38.2) 15 (41.7) 153 (37.9) 0.653

Hemoptysis 27 (6.1) 3 (8.3) 24 (5.9) 0.567

Stridor 13 (29.5) 0 (0) 13 (3.2) 0.275

Chest pain 61 (13.9) 5 (13.9) 56 (13.9) 0.996

Headache 20 (4.5) 20 (55.6) 0 (0) <0.001*

Dyspnea 37 (8.4) 3 (8.3) 34 (8.4) 0.986

Asymptomatic 162 (36.8) 5 (13.9) 157 (38.9) <0.001*

Radiographic features

Nodule 292 (66.4) 17 (47.2) 275 (68.1) <0.001*

Lump 46 (10.4) 5 (13.9) 41 (10.1) 0.482

Patchy consolidation 90 (20.4) 9 (25) 81 (20.0) 0.480

Air bronchogram 27 (6.1) 3 (8.3) 24 (5.9) 0.567

Cavitation 51 (11.6) 13 (36.1) 39 (9.6) <0.001*

Spiculation 34 (7.7) 2 (5.6) 32 (7.9) 0.611

Halo 65 (14.8) 7 (19.4) 58 (13.4) 0.410

Pleural effusion 31 (7.0) 6 (16.7) 25 (6.2) 0.019*

*Statistically significant.
aIncluding immunocompromised patients.
bImmunocompromised states including malignant tumors, severe trauma or major surgery, organ transplantation, immune

connective tissue disease, or treatment with glucocorticoids or immunosuppressive agents.
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followed by patchy consolidation (90/440).

Among patients with CNS involvement, 13/

36 (36.1%) had cavitation and 6/36 (16.7%)

had pleural effusion. In patients with and

without CNS involvement, the presence of

nodules (47.2% vs. 68.1%; P< 0.001), cav-

itation (36.1% vs. 9.6%; P< 0.001), and

pleural effusion (16.7% vs. 6.2%;

P ¼ 0.019) differed significantly.

We found no significant differences in

other imaging manifestations, as shown in

Table 1. Multivariate analysis showed

that cavity (AOR ¼ 3.552; P ¼ 0.003) was

a risk factor for CNS involvement, as

shown in Table 2.

Laboratory results

Analysis of routine blood work showed no

significant differences between the two

groups. Examination of CSF showed statis-

tical differences in CSF white blood cell

count (P< 0.001) and CSF glucose level

(P ¼ 0.015) between patients with CNS

involvement and those without, as shown

in Table 3.

Discussion

In the past 20 years, the incidence of PC has

been increasing in China,10 but the incidence

of the disease is still underestimated.11 PC

often occurs in immunocompromised popula-
tions, especially in individuals with AIDS.
Although our study included no AIDS
patients, 15.9% of immunocompromised indi-
viduals suffer from the disease. We found that
immunocompromised patients in our cohort
were more likely than immunocompetent
patients to have involvement of CNS and
develop meningitis, which was similar to the
findings of other studies.3,12 When immuno-
compromised hosts are infected with
Cryptococcus, the CNS is easily infected
once symptoms occur in the lungs.13

The most common symptoms of PC
found in our study sample were cough
(51.6%) and expectoration (38.2%), which
is similar to previous reports.13–15 Common
clinical symptoms of CNS involvement are
headache, fever, and chills, and the risk of
CNS involvement is significantly increased
when symptoms of fever and headache
are present.16 According to reports, immu-
nocompetent patients infected with
Cryptococcus pneumonia have mild or no
symptoms.3,17 In this study, there were
162 asymptomatic patients, and our find-
ings support these results.

The most common imaging manifesta-
tion in patients with PC is nodules
(66.4%), which is similar to other
reports.14 Pleural effusion is a rare imaging
manifestation associated with

Table 2. Risk factors for central nervous system involvement in patients with pulmonary cryptococcosis.

Variable Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

Immunocompromised 2.205 (1.102–4.806) 0.047* 1.783 (0.752–4.227) 0.189

Symptoms

Fever (yes vs. no) 6.535 (3.212–13.296) <0.001* 4.182 (1.747–10.012) 0.001*

Chills (yes vs. no) 4.493 (1.519–13.292) 0.007* 1.148 (0.351–3.752) 0.931

Asymptomatic (yes vs. no) 3.941 (1.501–10.349) 0.005* 1.840 (0.622–5.447) 0.270

Radiographic features

Nodule (yes vs. no) 0.420 (0.211–0.834) 0.013* 0.654 (0.308–1.389) 0.270

Cavity (yes vs. no) 4.004 (1.834–8.741) <0.001* 3.552 (1.525–8.276) 0.003*

Pleural effusion (yes vs. no) 3.032 (1.155–7.962) 0.024* 1.409 (0.469–4.237) 0.541

*Statistically significant.

OR, odds ratio; CI confidence interval.
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cryptococcosis. Patients with meningitis
and compromised immunity are prone to
develop pleural effusion,18 and cryptococ-
cal antigens may stimulate the pleura to
produce pleural effusion.19 Statistical anal-
ysis in our study showed that patients with
cavitation were more prone to have CNS
involvement. It has been reported that cav-
itation is more common in immunocom-
promised patients.20,21 Friedman et al.
believed that cavitation is a long-term
abnormality of lung tissues,22 which may
be more severely infected by Cryptococcus
and more likely to be associated with CNS
infection. These imaging manifestations
play a guiding role for further diagnosis
and exclusion of CNS involvement in
patients with PC.

We found no significant differences in
routine blood results between the two

groups. The CSF WBC count was signifi-
cantly increased in patients with CNS infec-
tion, reflecting an immune response of the
body to Cryptococcus infection. In addi-
tion, patients with CNS infection had sig-
nificantly reduced CSF glucose, which
generally reflects a lowered immune
response in patients.7 Infection with
Cryptococcus was negatively correlated
with CSF glucose level, which reflected the
severity of infections of CNS.11

Our study has a number of limitations:
first, the number of PC patients with CNS
involvement was small, which may affect
the analysis. Second, the imaging classifica-
tion was mainly based on morphology, and
data on details such as nodule size, number,
and boundaries were not collected. Third,
samples came from 28 hospitals, so differ-
ences existed in doctors and laboratory

Table 3. Laboratory results (mean� SD) of patients with pulmonary cryptococcosis with or without
central nervous system (CNS) involvement.

Variable

Overall

(N¼ 440)

With CNS

involvement

(N¼ 36)

Without CNS

involvement

(N¼ 404) P-value

Routine blood tests

RBC, �1012/L 4.56� 0.65 4.37� 0.14 4.58� 0.65 0.110

HGB, g/L 134.6� 20.0 126.5� 20.9 135.4� 19.8 0.055

WBC count, �109/L 7.18� 2.44 7.18� 3.03 7.18� 2.38 0.965

NEUT, �109/L 4.70� 2.27 4.95� 2.82 4.68� 2.22 0.616

LYM, �109/L 25.2� 11.5 23.9� 15.1 25.3� 11.2 0.435

Oxyphil, �109/L 2.45� 3.68 1.57� 1.58 2.52� 3.80 0.063

Basophil, �109/L 0.42� 0.60 0.42� 0.62 0.43� 0.60 0.289

MONO, �109/L 7.16� 7.21 6.79� 3.73 7.19� 7.43 0.853

HCT, % 34.1� 21.9 29.7� 15.4 34.4� 22.4 0.066

PLT, �109/L 237.6� 73.6 227.7� 75.2 238.4� 73.6 0.343

CRP, mg/L 20.0� 64.9 11.9� 31.1 20.8� 67.2 0.533

ALB, g/L 41.9� 15.2 39.5� 8.2 42.1� 15.7 0.062

CSF profile (N¼ 83) (N¼ 36) (N¼ 47)

WBC count 18.2� 50.0 47.9� 79.6 5.2� 19.0 <0.001*

Protein, mg/L 143.0� 530.8 156.3� 556.5 136.4� 522.3 0.342

Glucose, mmol/L 3.4� 1.1 2.8� 1.4 3.7� 0.8 0.015*

Chloride, mmol/L 121.7� 9.6 119.4� 7.8 122.9� 10.2 0.178

*Statistically significant.

RBC, red blood cell; HGB, hemoglobin; WBC, white blood cell; NEUT, neutrophil; LYM, lymphocyte; MONO, monocyte;

HCT, hematocrit; PLT, platelets; CRP, C-reactive protein; ALB, albumin; CSF, cerebrospinal fluid.
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conditions and data. Finally, we did not
conduct follow-up on the patients.

Conclusions

PC is easily misdiagnosed as other diseases,
including lung cancer, and its diagnosis is
based mainly on invasive tests.
Immunocompromised patients are more sus-
ceptible to infections of the CNS. In patients
with PC, the risk of CNS involvement
increases in patients with headache, fever,
and cavitation. Moreover, CSF WBC
count increased, and CSF glucose level
decreased significantly. In short, these
unique clinical features may be helpful in
the diagnosis or exclusion of CNS involve-
ment in patients with PC; early diagnosis is
essential for prognosis and treatment.
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