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Original Article

Serum sphingolipids aid in diagnosing adult HIV-negative patients 
with pulmonary cryptococcosis: a clinical cohort study
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Background: Pulmonary cryptococcosis (PC) contributes to the ongoing global disease burden in human 
immunodeficiency virus (HIV)-negative populations. Since some PC patients are misdiagnosed under 
existing diagnostic guidelines, new diagnostic markers are needed to improve diagnostic accuracy and 
therapeutic efficacy and reduce disease risk.
Methods: Our previously established sphingolipidomic approach was employed to explore the use of serum 
sphingolipids (SPLs) in diagnosing HIV-negative patients with PC. A clinical cohort of PC, pulmonary 
aspergillosis (PA), and tuberculosis (TB) patients and healthy controls was assessed to identify SPL 
biomarkers.
Results: A total of 47 PC, 27 PA, and 18 TB patients and 40 controls were enrolled. PC and TB patients 
had similar clinical features, laboratory test results and radiological features, excluding plural effusion. The 
serum ceramide [Cer (d18:1/18:0)] level showed a significant increase in PC patients compared to controls 
and PA and TB patients (P<0.05). Cer (d18:1/18:0) was identified as a specific diagnostic biomarker for 
PC. The optimal cut-off value of greater than 18.00 nM showed a diagnostic sensitivity of 76.60% and a 
specificity of 95.00% and better distinguished PC patients from PA and TB patients. Furthermore, the serum 
Cer (d18:1/18:0) level gradually decreased after 3 and 6 months of treatment, suggesting the prediction 
potential for therapeutic efficacy of this biomarker. In addition, Cer (d18:1/18:0) analysis presented a higher 
sensitivity than the cryptococcal antigen (CrAg) assay.
Conclusions: This is the first study to report the use of the SPL Cer (d18:1/18:0) as a serum biomarker 
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Introduction

Cryptococcus neoformans (C. neoformans) and Cryptococcus gattii 
(C. gattii) are the two primary etiological factors underlying 
cryptococcosis. In Europe and America, cryptococcosis 
attributable to C. neoformans predominantly manifests in 
human immunodeficiency virus (HIV)-positive individuals, 
whereas infections induced by C. gattii are more frequently 
observed in immunocompetent patients, including those 
who are HIV-negative (1,2). However, C. neoformans are 
more frequently observed in HIV-negative patients in  
China (3). Pulmonary cryptococcosis (PC) is the most 
prevalent form of cryptococcosis and ranks as the third 
most common infectious fungal lung disease. Globally, 
approximately 1 million cases of cryptococcosis are reported 
annually, resulting in an estimated 625,000 deaths. The 
mortality rate for this disease ranges from 20% to 70% (4,5). 

PC is a frequently encountered life-threatening pulmonary 
mycosis that affects both individuals with compromised 
immune systems ( including those with HIV) and 
individuals with competent immune function (5-7). Recent 
investigations have demonstrated a rising incidence of PC in 
HIV-negative patients, attributed to the growing population 
with chronic underlying conditions such as haematological 
malignancies, diabetes, pulmonary tuberculosis (TB), as well 
as those undergoing bone marrow or organ transplantation 
and receiving immunosuppressants (5,8,9). Furthermore, 
certain study has reported susceptibility to Cryptococcus 
infection even among individuals without underlying health 
issues (10).

The majority of patients with PC typically present with 
non-specific symptoms such as cough and expectoration, 
accompanied by ambiguous imaging manifestations. 
Consequently, the disease can easily be confused with and 
misdiagnosed as other pulmonary conditions, including 
pulmonary aspergillosis (PA), TB, lung cancer, and bacterial 
pneumonia (11,12). For instance, it has been reported that 
approximately 51.9% of South African miners tested for PC 
were mistakenly diagnosed with TB (13). Such misdiagnosis 
can lead to severe consequences as PC necessitates distinct 
treatment strategies compared to diseases with similar 
symptomatology. Therefore, it becomes imperative to 
explore novel diagnostic biomarkers that can facilitate early 
detection of PC, prevent the dissemination of cryptococcal 
infection, and reduce PC-related mortality.

Currently, the clinical diagnostic techniques employed 
for PC primarily comprise lung tissue biopsy, direct 
microscopic examination of stained infected body fluids, 
and culture of respiratory samples such as sputum, 
bronchoalveolar lavage fluid (BALF), pleural effusion, and 
lung tissue (14). Recently, the detection of cryptococcal 
antigen (CrAg) in serum using lateral flow assay (LFA) and 
latex agglutination (LA) has emerged as the most rapid 
and widely adopted diagnostic method for PC. However, 
it has been observed that both LFA and LA exhibit lower 
sensitivity in HIV-negative patients compared to HIV-
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Highlight box

Key findings
•	 The key finding is the use of the sphingolipid (SPL) Cer 

(d18:1/18:0) could work as a serum biomarker for diagnosing 
pulmonary cryptococcosis (PC) in human immunodeficiency virus 
(HIV)-negative patients.

What is known and what is new?
•	 According to current research, it is difficult to distinguish the 

clinical symptoms of HIV-negative cryptococcosis patients 
from other diseases. In addition, the diagnosis of PC patients 
mainly relies on methods such as lung tissue biopsy, culture 
and cryptococcal antigen (CrAg) assay, but each method has its 
limitations.

•	 We found the use of the SPL Cer (d18:1/18:0) could work as a 
serum biomarker for diagnosing cryptococcosis in HIV-negative 
patients. The optimal cut-off value of greater than 18.00 nM 
showed a diagnostic sensitivity of 76.60% and a specificity of 
95.00%.

What is the implication, and what should change now?
•	 We believe that Cer (d18:1/18:0) can serve as a serum diagnostic 

marker for HIV negative PC patients. 
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positive individuals. Specifically, in cases of disseminated 
disease, the serum CrAg sensitivity for both LA and LFA in 
HIV-positive individuals exceeded 94%, whereas in HIV-
negative patients, the sensitivity was only 78.1% and 82.6% 
for LA and LFA, respectively (15). Additionally, CrAg 
testing in lung aspirates has demonstrated its diagnostic 
value for PC (16), but concerns persist regarding its routine 
application in BALF (17). Moreover, the relationship 
between the CrAg titre and therapeutic outcomes remains 
unclear, further contributing to various limitations in CrAg 
testing. Therefore, the development of an alternative or 
auxiliary non-invasive, efficient, rapid, sensitive, and specific 
method or biomarker for the diagnosis of PC is highly 
desired.

Sphingolipids (SPLs) and their metabolites serve as 
essential structural constituents of the cell membrane and 
participate in various signal transduction processes and 
biological functions, including cell growth, differentiation, 
senescence, and programmed cell death. Disruptions 
in SPL metabolism are closely related to heart disease, 
diabetes, neurodegenerative diseases, tumours, chronic 
obstructive pulmonary disease, cystic fibrosis, and other 
respiratory infections (18,19). Previous study has indicated 
that the level of the SPL Sa (d16:0) in serum can serve as a 
biomarker for the rapid diagnosis of Talaromyces marneffei 
infection in HIV-negative patients (20), suggesting the 
involvement of SPL in fungal infectious diseases.

In light of these considerations, this study aimed to 
explore novel biomarkers for diagnosing PC through 
sphingolipidomic analysis of serum. We collected a 
clinical cohort comprising patients with PC, PA, and TB, 
and healthy controls. The serum SPL components were 
analysed using liquid chromatography-mass spectrometry 
(LC-MS) to identify specific markers that can facilitate 
the accurate diagnosis of PC. We present this article in 
accordance with the STARD reporting checklist (available 
at https://jtd.amegroups.com/article/view/10.21037/jtd-23-
125/rc).

Methods

Study design and participants

The participants for this study were recruited from two 
medical institutions: the First Affiliated Hospital of 
Guangzhou Medical University (Guangzhou, China) and 
the First Affiliated Hospital of Guangxi Medical University 
(Guangxi, China). The study was conducted in accordance 

with the Declaration of Helsinki (as revised in 2013). This 
study was approved by the Ethics Committee of the First 
Affiliated Hospital of Guangzhou Medical University 
(No. 2019-26). All participants agreed with and signed the 
consent form before enrolment. The recruitment process 
strictly adhered to the guidelines set forth by the Chinese 
Center for Disease Control and Prevention (CDC) and 
the World Health Organization (WHO). Prior to sample 
collection, written informed consent was obtained from all 
participants in accordance with the principles outlined in 
the Declaration of Helsinki. The clinical data and serum 
samples of patients diagnosed with PC, PA, and TB, as well 
as healthy controls were collected for analysis in this study.

Inclusion criteria for patients with PC
Patients are enrolled when they are diagnosed with PC after 
pathology or culture. The inclusion and exclusion criteria 
for patients diagnosed with PC adhered to the guidelines 
for the diagnosis and management of invasive fungal 
diseases (21). The inclusion criteria were as follows: (I) age 
≥18 years; (II) confirmed negative HIV test; (III) first onset 
of the disease; (IV) provision of signed informed consent; 
and (V) presence of clinical and/or imaging manifestations 
indicative of PC, supported by microbiological examination 
or histopathological examination results meeting any of the 
following conditions: (I) identification of Cryptococcus in or 
cryptococcal growth from samples of blood, pleural effusion 
(consistent with a clinically determined site of infection), 
or smears of diseased lung tissue specimens collected 
under sterile conditions. (II) Detection of Cryptococcus in or 
cryptococcal growth from pus smears of the extrapulmonary 
infection site, collected under sterile conditions from 
patients with disseminated infection. (III) Identification 
of granulomatous lesions through histopathological 
examination of specimens collected from diseased tissue 
via bronchoscopy, lung puncture, or surgery, accompanied 
by corresponding tissue inflammation and confirmation of 
cryptococcus through special staining. All the patients we 
included were patients with simple PC, and the patients 
had no neurological symptoms at the time of admission and 
follow-up.

Inclusion criteria for patients with PA and TB
Patients with PA and TB were required to meet the 
following criteria: (I) age ≥18 years; (II) confirmed 
negative HIV test; (III) first onset of PA or TB and prior 
to treatment; (IV) fulfilling the criteria for the diagnosis of 
PA or TB, as specified in the guidelines for the diagnosis 

https://jtd.amegroups.com/article/view/10.21037/jtd-23-125/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-23-125/rc
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and management of invasive fungal diseases (21) and the 
guidelines for the diagnosis and treatment of TB (22), 
respectively; and (V) providing signed informed consent.

Inclusion criteria for healthy controls
Healthy controls were also recruited from the First 
Affiliated Hospital of Guangzhou Medical University 
(Guangzhou, China). Healthy controls were selected to 
match the age and sex of the patient groups and were free 
of documented pulmonary infectious, chronic or malignant 
diseases.

Serum sample collection and processing

Serum samples were collected from patients prior to 
treatment, as well as at 3 months and 6 months after 
enrolment. The collection procedure followed routine 
clinical operation guidelines and was conducted by trained 
nurses. Blood was collected using separation tubes and 
allowed to coagulate at room temperature for 30 min. 
Subsequently, the samples were centrifuged at 3,000 rpm 
for 5 min to obtain serum, which was then stored at −80 ℃ 
until SPL extraction.

SPL extraction

SPLs were extracted from serum using a three-step 
extraction procedure previously described (23). Briefly,  
20 μL of serum, 0.75 mL of chloroform (CHCl3)/methanol 
(MeOH) solvent (1:2, v/v), and 10 μL of a 2.5 μM SPL 
internal standard (Avanti Polar Lipids Inc., AL, USA) were 
combined in a borosilicate glass tube. The mixture was 
sonicated for 30 s at room temperature and incubated at  
48 ℃ for 12 h to extract total lipids. Then, alkaline 
hydrolysis was performed for 2 h by adding 75 μL of  
1 M potassium hydroxide. After neutralization with acetic 
acid, the supernatant was transferred to a new bottle, and 
the residue underwent sequential extraction with 1 mL of 
CHCl3/MeOH solvent (2:1, v/v) solvent and a mixed solvent 
containing 0.4 mL of CHCl3/MeOH (1:2, v/v), 1 mL  
of CHCl3 and 2 mL of water (H2O). Finally, the extract was 
combined, dried under a nitrogen flow, and redissolved with 
100 μL of MeOH for sphingolipidomic analysis.

Ultra-high-pressure liquid chromatography (UHPLC)-
triple-quadrupole (QQQ)-mass spectrometer (MS) analysis

Sphingolipidomic analysis of the serum samples was 

conducted using an optimized UHPLC-MS approach (24).  
Chromatographic separation was performed using an 
Agilent 1290 Infinity UHPLC system (Agilent, Santa 
Clara, CA, USA) equipped with an Agilent Eclipse Plus 
C18 column (100 mm × 2.1 mm, 1.8 μm). The mobile phase 
consisted of (I) MeOH/H2O/formic acid (FA) (60:40:0.2,  
v/v/v) and (II) MeOH/isopropanol (IPA)/FA (60:40:0.2,  
v/v/v), both containing 10 mM ammonium acetate. An 
Agilent 6460 QQQ MS operated in multiple reaction 
monitoring (MRM) mode and positive ionization mode was 
used for quantifying SPLs.

CrAg assay

Quantitative detection of CrAg in serum samples was 
performed using LFA according to the manufacturer’s 
instructions. In brief, 40 µL of the specimen was placed 
on the test strip, and the readings were obtained using an 
immune-quantitative analyser after a 10-min incubation. A 
reading of ≥8 indicated a positive result for cryptococcosis.

Statistical analysis

Measurement data were presented as the means with 
standard deviations (SD), while count data were expressed 
as frequencies or percentages. For continuous data that 
were normally distributed, the t-test was used to compare 
the means of two groups, while the Mann-Whitney test 
was employed for non-normally distributed data. To assess 
the association between two categorical variables, such as 
sex and the presence of symptoms, the Fisher’s exact test 
was applied. Statistical analysis was performed using SPSS 
software (v25.0; IBM, Armonk, NY, USA), with a P value 
less than 0.05 considered statistically significant.

The raw data were acquired and processed using Agilent 
MassHunter Quantitative Analysis B.09.00 software. 
Subsequently, the processed data were imported into 
SIMCA 17 software (Sartorius, Gottingen, Germany) for 
multivariate statistical analysis. Orthogonal partial least 
squares discriminate analysis (OPLS-DA) was carried out 
to explore the differentially expressed SPLs responsible for 
discriminating among the different groups. The goodness 
of fit of the OPLS-DA model was assessed by the R2Y and 
Q2Y values, and cumulative values of R2Y and Q2Y close 
to 1 demonstrated an excellent model. SPLs with variable 
importance in projection (VIP) values greater than 1.00 
were considered potential diagnostic biomarkers. GraphPad 
Prism 9 software (GraphPad Software, CA, USA) was 
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employed to construct the receiver operating characteristic 
(ROC) curve and heatmap plot, as well as to perform all 
additional statistical analyses. The ROC curve was plotted 
by sensitivity (true positive rate) against 1−specificity 
(false positive rate) for all possible cut-off values, and the 
area under the ROC curve (AUC) was used to reflect the 
diagnostic efficacy of the potential biomarkers. A higher 
AUC value, closer to 1, indicates a better overall diagnostic 
performance of the biomarker.

Results

Characteristics of the study participants

A total of 47 patients with PC (27 in the test cohort and 
20 in the validation cohort), 27 patients with PA, and 18 
patients with TB, and 40 healthy controls (20 in the test 
cohort and 20 in the validation cohort) were enrolled in this 
study (Table 1). No significant differences in age or sex were 
observed among the groups.

In clinical work, we found that the symptoms of PC were 
not typical; most patients only had cough, expectoration 
and other nonspecific symptoms, and it was difficult 
to distinguish PC patients from PA and TB patients. 
Therefore, we collected the clinical information of patients 
with PC, PA and TB, analysed the data, and found that it 
was indeed difficult for us to distinguish PC, PA and TB 
patients according to the clinical characteristics or imaging 
features of the patients (Table 2).

These patients were divided into different cohorts, 
including test and validation cohorts as well as a follow-
up cohort. The serum SPLs were analysed step by step to 
obtain specific SPL markers for PC diagnosis (Figure 1A,1B).

Comparison of serum SPLs between different groups of 
participants

A total of 68 SPLs, including 46 sphingomyelins (SMs), 
15 ceramides (Cers), 3 hexosylceramides (HexCers), 2 
lactosylceramides (LacCers), 1 sphingosine (So), and 1 
sphinganine (Sa), were quantified for each sample using 
the established UHPLC-QQQ-MS approach. Multivariate 
analysis was performed to explore the SPLs associated with 
the discrimination of different groups.

Figure 2A exhibits distinct separation between the control 
group and the patient groups, with the PC group showing 
clear discrimination from the control, PA and TB groups. 
However, some overlap was observed between the PA and 
TB groups. This indicated that the PC group exhibited 
unique serum SPL profiles compared to the control group 
and other pulmonary infection groups.

The OPLS-DA score plot (shown in Figure 2B) further 
confirmed the clear separation between the PC group and 
the control group, with R2X =0.796, R2Y =0.823, Q2 =0.544. 
Subsequently, the PC group was compared with the PA 
and TB groups. As shown in Figure 2C,2D, the PC group 
demonstrated obvious discrimination from the PA group 
(R2X =0.724, R2Y =0.784, Q2 =0.645) and the TB group 
(R2X =0.767, R2Y =0.854, Q2 =0.714). Twenty biomarkers, 
including 11 SMs, 7 Cers, 1 LacCer and 1 Sa, distinguished 
the PC group from the PA group, while 17 biomarkers, 
comprising 9 SMs, 6 Cers, 1 HexCer and 1 LacCer, 
distinguished the PC group from the TB group. The 
changes in these SPLs are visually presented in a heatmap 
plot (Figure 2E).

Notably, 21 SPLs, consisting of 11 SMs (Figure 3A) and 
10 Cers (Figure 3B), were upregulated in the PC group.

Evaluation of SPL biomarkers for the diagnosis of PC

The evaluation of specific diagnostic biomarkers for PC 
encompassed two key aspects: (I) verification of biomarker 
candidates in the validation cohort, comprising 20 controls 
and 20 PC patients; and (II) assessment of the sensitivity 
and specificity of the potential biomarkers using other 
pulmonary infection groups (Figure 1B).

As mentioned earlier, multivariate analysis revealed 
21 differentially expressed SPLs in the PC group  
(Figure 3A,3B). SPLs with an AUC ≥0.9 were considered 
potential diagnostic biomarkers for PC. Among them, 
5 SPLs, namely, SM (d18:1/18:0), SM (d18:2/18:0), SM 
(d18:2/20:0), Cer (d18:1/18:0) and Cer (d18:2/24:1), 

Table 1 Participant characteristics by age and sex

Group Cohort
Number of 

cases
Age, years

Sex (female), 
%

Control Test 20 34.85±8.89 50.00

Validation 20 33.80±8.64 50.00

PC Test 27 44.56±11.80 33.33

Validation 20 44.95±17.54 50.00

PA 27 39.81±13.19 51.85

TB 18 42.17±13.98 22.22

Age is shown as the mean ± standard deviation. Control, 
healthy control; PC, pulmonary cryptococcosis; PA, pulmonary 
aspergillosis; TB, pulmonary tuberculosis.
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Table 2 Comparison of the clinical features of the PC, PA and TB patients

Clinical features Baseline of PC
After 3–4 months 

PC treatment
PA

P value (baseline 
of PC vs. PA)

TB
P value (baseline 

of PC vs. TB)

Characteristics

Age (years) 44.72±14.35 – 39.81±13.19 0.141 42.17±13.98 0.647

Female 19 (40.42) – 14 (51.85) 0.341 4 (22.22) 0.170

Symptoms

Fever 5 (12.2) 0 4 (14.3) 0.800 2 (11.1) 0.906

Cough 24 (58.5) 6 (31.6) 27 (96.4) <0.001 11 (61.1) 0.853

Expectoration 19 (46.3) 5 (26.3) 25 (89.3) <0.001 11 (61.1) 0.296

Sore throat 2 (4.9) 0 0 0.511 0 1.000

Shortness of breath 7 (17.1) 3 (15.8) 7 (25.0) 0.421 5 (27.8) 0.483

Chest tightness/pain 13 (31.7) 6 (31.6) 8 (28.6) 0.781 6 (33.3) 0.902

Dyspnoea 0 0 1 (3.6) 0.406 1 (5.6) 0.305

Headache 1 (2.4) 0 0 1.000 0 1.000

Dry rales 1 (2.4) 0 1 (3.6) 1.000 0 1.000

Moist rales 6 (14.6) 0 9 (32.1) 0.083 3 (16.7) 0.842

Laboratory test

Erythrocyte sedimentation rate 
(mm/h)

35.06±30.01 21.23±20.80 51.32±43.35 0.116 46.67±34.15 0.215

White blood cell (×109/L) 7.33±2.50 6.04±1.67 7.70±3.95 0.637 7.28±2.70 0.946

Neutrophil (×109/L) 4.81±2.25 3.34±1.34 5.31±3.76 0.488 4.78±2.81 0.969

Lymphocyte (×109/L) 1.67±0.74 2.00±0.49 1.52±0.60 0.371 1.67±0.67 0.974

Haemoglobin (g/L) 129.30±22.63 142.92±14.95 116.00±18.00 0.012 120.50±27.43 0.203

Platelet (×109/L) 265.86±110.45 214.85±35.10 253.07±113.73 0.642 279.33±76.76 0.641

1,3-ß-D-glucan ≥100 pg/mL 6 (12.61) 1 (8.3) 5 (23.8) 0.478 0 0.517

Radiological features

Ground glass opacity 8 (19.5) 4 (16.7) 4 (14.3) 0.574 1 (5.6) 0.170

Interlobular thickening 0 1 (4.2) 0 – 0 –

Cystic lesions 2 (4.9) 2 (8.3) 5 (17.9) 0.080 0 1.000

Consolidation or patches 36 (87.8) 21 (87.5) 26 (92.9) 0.495 17 (94.4) 0.437

Plural effusion 1 (2.4) 0 6 (21.4) 0.010 5 (27.8) 0.003

Small nodules 32 (78.0) 18 (75.0) 14 (50.0) 0.015 7 (38.9) 0.003

Data are presented as number (percentage) or mean ± standard deviation. PC, patients with pulmonary cryptococcosis; PA, patients with 
pulmonary aspergillosis; TB, patients with pulmonary tuberculosis.
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Test set (n=47) Validation set (n=40) Test for SPL upon PC treatment

PC (n=4)

Target SPL was decreased after  
3–4 months treatment

Target SPL level didn’t decline after 
6–12 months treatment

PC (n=27) PC (n=20)

Health (n=20) Health (n=20)

UHPLC-MS (MRM) Biomarker candidates (AUC >0.9)
Other diseases
27 PA, 18 TB

3–4 months

6–12 months
Multivariate statistical analysis 

(OPLS-DA)
Biomarker 

(Specificity >80%, Sensitivity >80%)

Differential SPL 
(VIP >1, P value <0.05) Specific biomarker for PC

Serum Serum

PC (n=47), PA (n=27), TB (n=18), Control (n=40)

Test cohort

27 PC, 20 Control

UHPLC-MS (MRM)

Multivariate statistical analysis (OPLS-DA)

Differential SPL (VIP >1, P value <0.05) [21] 

Biomarker candidates (AUC >0.9) [3]

Biomarker (specificity >80%,  

sensitivity >80%) [1]

Other diseases

27 PA, 18 TB

Specific biomarker for PC

[Cer (d18:1/18:0)]

Validation cohort

20 PC, 20 Control

①

②

③

A

B

Figure 1 Flow chart. (A) Design of the study. From the establishment of a clinical cohort to the collection, treatment and analysis of serum 
and then to the follow-up of those patients upon PC treatment. (B) Scheme to screen specific diagnostic biomarkers for PC. PC, patients 
with pulmonary cryptococcosis; UHPLC-MS, ultra high performance liquid chromatography-mass spectrometry technology; MRM, 
multiple reaction monitoring; OPLS-DA, orthogonal partial least squares discriminate analysis; VIP, variable importance in the projection; 
AUC, area under curve; PA, patients with pulmonary aspergillosis; TB, patients with pulmonary tuberculosis; SPL, sphingolipid.
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displayed an AUC ≥0.9 (Figure 4A). Subsequently, these 
5 SPLs were validated using a separate cohort, and the 
optimal cut-off value (12.05 nM) determined from the test 
cohort were applied. Among these SPLs, Cer (d18:1/18:0) 
presented a sensitivity of 80.00% and specificity of 85.00% 
in the validation cohort (Figure 4B), making it a promising 
diagnostic biomarker,

To ascertain the specificity of Cer (d18:1/18:0) for 
the diagnosis of PC, its levels were compared among PC 
patients and other groups with potential confounding 
conditions. As shown in Figure 4C, the level of Cer 
(d18:1/18:0) was significantly elevated in PC patients 
compared to controls, as well as PA and TB patients. 
However, when a cut-off value of 12.05 nM for Cer 
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(d18:1/18:0) was employed, only 51.85% of PA cases and 
61.11% of TB cases were correctly identified as negative, 
indicating a high probability of misdiagnosis. Adopting a 
cut-off value of 18.00 nM could significantly decrease the 
false-positive rate for PA and TB, although the sensitivity 
for PC slightly decreased. Considering the overall 
classification performance for PC, PA and TB, a serum 
concentration of Cer (d18:1/18:0) higher than 18.00 nM can 
be deemed as the optimal cut-off value for PC diagnosis. 
Consequently, Cer (d18:1/18:0) exhibited a sensitivity of 
76.60%, true negative rate of 95.00% for controls, true 
negative rate of 77.78% for PA, and true negative of 83.33% 
for TB (Table 3).

Furthermore, the diagnostic performance of Cer 
(d18:1/18:0) was compared with that of the serum CrAg 
assay. The CrAg assay indicated that 20 out of 27 PC 
patients in the test cohort as positive for cryptococcosis, 
resulting in a sensitivity of 74.07%. In contrast, the 

sensitivity of Cer (d18:1/18:0) for PC in the test cohort 
was 92.59% (using a cut-off value of 12.05 nM) and 
77.78% (using a cut-off value of 18.00 nM). Therefore, 
Cer (d18:1/18:0) exhibited a relatively higher diagnostic 
performance compared to the CrAg assay. Combining 
Cer (d18:1/18:0) with the serum CrAg assay achieved 
a diagnostic  sensit iv i ty  of  100% for PC patients  
(Figure 4D,4E). This suggested that Cer (d18:1/18:0) can be 
used in combination with the CrAg assay in clinical settings 
to achieve high diagnostic accuracy.

Changes in Cer (d18:1/18:0) levels upon treatment

To gain further insights into the role of Cer (d18:1/18:0) 
in the pathogenesis of PC, serum samples were collected 
from 4 PC patients who underwent fluconazole treatment 
for duration of 3–4 and 6–12 months. The objective was to 
monitor the alterations in Cer (d18:1/18:0) levels over the 
course of treatment. As shown in Figure 5A, the levels of 
Cer (d18:1/18:0) showed a declining trend during the initial  
3–4 months of treatment; however, statistical significance 
was not observed. Moreover, no substantial further 
reduction in the levels of Cer (d18:1/18:0) was observed 
beyond the 6–12 months treatment period. Notably, the 
levels of Cer (d18:1/18:0) appeared to be associated with 
improvements in lung imaging. For example, a patient 
with an initial Cer (d18:1/18:0) level of 22.04 nM displayed 
exudative lesions in the middle lobe as revealed by lung 
imaging. Following 3 months of treatment, the Cer 
(d18:1/18:0) level decreased to 0.99 nM, accompanied by a 
significant improvement in lung imaging (Figure 5B).
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Table 3 Sensitivity and specificity of different Cer (d18:1/18:0) cut-
offs

Sensitivity or specificity
Cut-off value (nM)

12.05 18.00

Sensitivity (%) (true positive for PC) 87.23 76.60

Specificity (%) (true negative for control) 85.00 95.00

Specificity (%) (true negative for PA) 51.85 77.78

Specificity (%) (true negative for TB) 61.11 83.33

Cer, ceramide; PC, pulmonary cryptococcosis; PA, pulmonary 
aspergillosis; TB, pulmonary tuberculosis.
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Discussion

The present study established a cohort of hospitalized 
patients with pulmonary infection, including PC, PA, and 
TB, as well as healthy controls, to explore the potential use 
of SPLs in aiding the diagnosis of PC. Several key findings 
emerged from this study. Firstly, the composition of SPLs 
demonstrated clear distinctions among different groups, 
such as PC versus PA, PC versus TB, and PC versus healthy 
control. Secondly, the serum marker Cer (d18:1/18:0) was 
identified as a diagnostic biomarker for PC with a sensitivity 
and specificity exceeding 80%, thus serving as a specific 
diagnostic biomarker for PC. Thirdly, the diagnostic 
performance of Cer (d18:1/18:0) comparable or even 
surpassed that of the traditional serum CrAg assay. Lastly, 
changes in the level of Cer (d18:1/18:0) exhibited a positive 
correlation with the prognosis of PC.

Previous studies have extensively demonstrated the 
value of SPLs as diagnostic markers for various diseases. 
These SPLs have been associated with conditions such 
as heart disease, diabetes, neurodegenerative diseases, 
tumours, chronic obstructive pulmonary disease, and 
cystic fibrosis (18,19). Additionally, SPLs have been closely 
related to infectious diseases. For example, increased 
plasma levels of SM (d18:0/16:0), SM (d18:1/16:0) and 
certain glycosphingolipids have been reported observed 
in patients with community-acquired pneumonia (25). 
In cases of dengue fever, the level of SM (d18:1/16:0) 
decreased significantly by 5-fold during the early fever 
stage (26). The combined assessment of SM (d18:1/22:3) 
and glycerophospholipid showed excellent diagnostic 
sensitivity for sepsis (27). Even in coronavirus disease 
2019 (COVID-19) patients, SPLs were identified as 
differentiating metabolites from healthy controls, with S1P 
(d18:1) significantly decreased in COVID-19 patients (28). 
These prior studies provide compelling evidence supporting 
the use of SPLs as diagnostic markers for infectious 
diseases. In our study, we successfully demonstrated that 
the SPL composition of PC patients could be clearly 
distinguished from that of other clinically confounding 
groups. Of note, serum Cer (d18:1/18:0) exhibited relatively 
high sensitivity and specificity for the diagnosis of PC, 
effectively discriminating PC from PA and TB. Thus, Cer 
(d18:1/18:0) can be served as an auxiliary diagnostic marker 
for PC. Previous studies have suggested that neutrophils 
can counteract Cryptococcus through sphingomyelinase  
activity (29). However, the underlying mechanism 
governing the generation of Cer (d18:1/18:0) in PC patients 

remains unclear and will be a focal point of future research.
To further validate the utility of Cer (d18:1/18:0) as an 

auxiliary diagnostic marker, we compared its diagnostic 
performance with that of the serum CrAg assay, a 
confirmed diagnostic marker for PC (20). The sensitivity 
of the serum CrAg assay was reported to be lower in HIV-
negative patients compared to HIV-positive patients, and 
the sensitivity of serum CrAg in patients with only PC was 
lower than that in patients with cryptococcal meningitis (30).  
In addition, infected patients, such as those with TB, may 
exhibit false-positive reactions in the CrAg assay (7). In 
our study, the sensitivity of the serum CrAg assay in HIV-
negative PC patients was 74.07%, while Cer (d18:1/18:0) 
exhibited a relatively higher sensitivity in the cohort, 
reaching 92.59%. Additionally, the relationship between 
the CrAg assay and treatment efficacy and prognosis is 
controversial (31,32). Conversely, our study revealed that 
the level of Cer (d18:1/18:0) gradually returned to normal 
following treatment and exhibited a positive correlation 
with the prognosis of PC. These findings suggest that 
SPLs could serve as biomarkers for monitoring treatment 
effectiveness.

The combination of various diagnostic methods 
has emerged as a prominent trend and has proven 
advantageous in augmenting the diagnostic accuracy 
for different diseases. For example, previous study 
has shown that the combination of polymerase chain 
reaction (PCR), fluorescence in situ hybridization, and 
immunohistochemical staining can significantly enhance 
the diagnostic accuracy for mucormycosis (33). Moreover, 
PCR in combination with galactomannan (GM) exhibits 
superior diagnostic performance compared to GM alone 
in identifying Aspergillus infections (34). We therefore 
conducted an assessment of the combined diagnostic 
capabilities of the Cer (d18:1/18:0) and CrAg assays. The 
findings unequivocally indicated that the integration of Cer 
(d18:1/18:0) and the serum CrAg assay obviously improves 
the diagnostic accuracy of PC, with even a 100% diagnosis 
rate. These two methods exhibit strong complementarity 
and hold promise as effective diagnostic method for future 
advancements in this field.

However, our study has several limitations. Firstly, lung 
cancer patients, who might be susceptible to misdiagnosis 
as PC patients, were not included in the study cohort due 
to age disparities between the originally enrolled patients 
and those in other cohorts. Given that age can significantly 
influence SPL levels, we opted to exclude lung cancer 
patients from our analysis. In future follow-up studies, we 
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plan to include a substantial number of young lung cancer 
patients, expand the sample size, and validate the diagnostic 
efficacy of Cer (d18:1/18:0) in patients with PC and lung 
cancer. In addition, although adopting a cut-off value of 
18.00 nM for Cer (d18:1/18:0) significantly reduces false 
positives for PA and TB patients, future studies should 
collect a new cohort of PA and TB patients to validate this 
finding. Moreover, a larger cohort comparison between the 
sensitivity of the serum CrAg assay and Cer (d18:1/18:0) 
should be conducted to enable better comparison. 
Furthermore, due to the limited availability of samples, only 
a small sample size was accessible, which could potentially 
limit the reliability of the identified biomarker’s diagnostic 
power. Therefore, in future studies, enrolling a larger 
cohort of PC patients from other medical institutions, 
including those who have undergone treatment and lung 
imaging, would be necessary to further evaluate the actual 
sensitivity and specificity of using Cer (d18:1/18:0) as a 
specific diagnostic biomarker for PC. Additionally, a larger 
cohort would allow for a better assessment of changes in 
Cer (d18:1/18:0) levels during treatment and its implication 
for prognosis.

Conclusions

This is the first study to explore biomarkers of PC based 
on sphingolipidomic analysis. We propose Cer (d18:1/18:0) 
as an alternative diagnostic method specific for PC in 
HIV-negative patients, and 18.00 nM is the optimal 
cut-off value with a diagnostic sensitivity of 76.60% 
and specificity of 95.00%. Of note, this SPL biomarker 
shows potential for the prediction of therapeutic efficacy, 
indicating its involvement in the pathology of PC. As a new 
biomarker for PC, Cer (d18:1/18:0) also demonstrates good 
complementarity with current biomarkers, as evidenced 
by its high diagnostic sensitivity when combined with the 
CrAg assay.
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