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Objective: To evaluate the diagnostic value of the combined detection of

cryptococcal antigen (CrAg) in the serum and lung puncture fluid (LPF) using

a lateral flow assay (LFA) in patients with pulmonary cryptococcosis (PC).

Methods: Patients with suspected PC were prospectively enrolled between June

2023 and July 2025 and underwent the IMMY CrAg LFA (Immuno-Mycologics,

Norman, OK, United States) of serum and LPF specimens. Conventional fungal

cultures were performed simultaneously and the diagnostic efficiencies of these

methods for PC were compared.

Results: Samples were obtained from 167 patients, 33 with PC and 134 without

PC. Among patients with PC, the sensitivity of serum CrAg testing was 75.8%

[95% confidence interval (CI), 61.1–90.4%; 25/33] and that of LPF CrAg testing

was 90.9% (95% CI, 81.1–100%; 30/33). The combination of serum and LPF

testing increased the overall sensitivity of CrAg testing to 97.0% (95% CI, 91.2–

100%; 32/33). The sensitivity, accuracy, and negative predictive value (NPV)

of LPF culture were significantly lower than those of serum CrAg detection

(P < 0.001, P = 0.002, and P < 0.001, respectively) and LPF CrAg detection

(P < 0.001, P < 0.001, and P < 0.001, respectively); however, the diagnostic

accuracy of serum and LPF CrAg detection did not differ significantly (P > 0.05).

The sensitivity and NPV of serum and LPF CrAg detection combined were
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significantly higher than those of serum CrAg detection alone (P = 0.027 

and P = 0.037, respectively). However, the accuracy of the two methods 

did not differ significantly (P = 0.061). Moreover, the area under the receiver 

operating characteristic curve for serum and LPF testing combined (0.981) was 

better than those for LPF culture (0.591), serum CrAg alone (0.875), and LPF 

CrAg alone (0.955). 

Conclusion: Serum CrAg testing has superior sensitivity and accuracy compared 

to the conventional cryptococcal culture method using LPF, and CrAg testing of 

LPF samples further enhances diagnostic sensitivity. Moreover, detecting CrAg 

in serum and LPF specimens together provides high sensitivity and specificity, 

which significantly improves the diagnostic efficiency of PC. 

KEYWORDS 

cryptococcal antigen, diagnosis, immunochromatography, lateral flow immunoassay, 
pulmonary cryptococcosis 

Introduction 

Pulmonary cryptococcosis (PC) is an invasive fungal infection 
of the lungs that results from the inhalation of Cryptococcus 
neoformans (C. neoformans) spores or yeast cells from the external 
environment (Botts and Hull, 2010). Cryptococcal infection 
has historically been considered a common acquired immune 
deficiency syndrome (AIDS)-defining opportunistic infection 
(May et al., 2016). However, recent evidence suggests a growing 
incidence among immunocompromised individuals without 
human immunodeficiency virus (HIV) infection (Coussement 
et al., 2023). In recent years, the incidence of PC in the Chinese 
population has steadily increased, and it is currently ranked third 
among pulmonary fungal diseases (Liu et al., 2011). Notably, the 
proportion of patients with apparently “normal immune function” 
ranges from 67.5 to 70.2% (Chen et al., 2021; Lan et al., 2016), 
which is considerably higher than the rates reported in other 
countries (21.0–35.2%) (Pappas et al., 2001; Coussement et al., 
2023). 

Dierentiating PC from common lung diseases remains 
challenging because of its complex and heterogeneous clinical 
manifestations and radiological features. This often leads to delays 
in early diagnosis and increases the risk of misdiagnosis and 
inappropriate treatment (Lan et al., 2016), which may result in 
severe clinical consequences (Park et al., 2009; Setianingrum et al., 
2019). On October 25, 2022, the World Health Organization 
designated C. neoformans as one of four priority fungal 
pathogens (World Health Organization, 2022), highlighting the 
need for strengthening preparedness and response to cryptococcal 
infections. 

Due to inherent limitations in culture conditions and technical 
methodologies, conventional cryptococcal staining smears and 
culture techniques have low sensitivity and long turnaround 
times (TATs), thereby failing to adequately meet the diagnostic 
requirements of clinical practice (Shirley and Baddley, 2009). 
Historically, the diagnosis of PC has depended primarily on 
lung tissue biopsy and histopathological evaluation; however, this 
approach is associated with diagnostic delays and imposes high 

technical demands on the pathology sta (Zheng et al., 2021; 
Wang et al., 2022). Although lung biopsy has a relatively high 
success rate for acquiring pathological specimens from pulmonary 
lesions, false-negative results remain a concern. Notably, the 
nodular and mass-like features commonly observed in PC closely 
resemble those of malignant neoplasms. Consequently, in clinical 
practice, surgery is often required for definitive diagnosis and 
management (Setianingrum et al., 2019). Therefore, novel, rapid, 
accurate, and minimally invasive diagnostic methods are urgently 
required. 

In vitro studies have demonstrated that the capsule is a critical 
virulence factor for C. neoformans, with capsular polysaccharides 
(CPs) capable of dissociating from the cell surface and dispersing 
into the surrounding growth environment (May et al., 2016). 
Detection of Cryptococcus CP antigens in clinical specimens is a 
valuable tool for diagnosing cryptococcal infections. Recently, tests 
that detect serum cryptococcal antigen (CrAg) have substantially 
improved the diagnostic eÿciency of PC. Lateral flow assay 
(LFA) has been widely adopted for CrAg detection in clinical 
settings because of its user-friendly operation, high specificity 
(97.7–100%) (Yan et al., 2021; Zeng et al., 2021; Hu et al., 
2022), and high sensitivity (75.0–85.1%) (Liu et al., 2011; Zeng 
et al., 2021; Hu et al., 2022; Shi et al., 2023). Nevertheless, 
although the serum CrAg test plays an important diagnostic 
role, a considerable number of false-negative results persist, 
particularly among patients without HIV infection in whom 
the false-negative rate may exceed 30% (Yan et al., 2021). 
A multicenter prospective study conducted in China (Chen et al., 
2021) demonstrated that the sensitivity of serum CrAg detection in 
patients without HIV infection with isolated PC was 70.7%, which 
was significantly lower than that observed in patients with PC and 
extrapulmonary disseminated infections, primarily cryptococcal 
meningitis (CM) (100%). The serum CrAg positivity rate was lower 
(approximately 60%) in individuals with solitary pulmonary lesions 
or asymptomatic infections. Therefore, serum CrAg testing has 
limitations in diagnosing PC, particularly in individuals without 
HIV infection, organ transplantation, or other forms of severe 
immunodeficiency and in those with non-disseminated disease. 
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Clinicians should be aware of the potential for false negative 
results. 

The sensitivity and specificity of CrAg testing in the 
cerebrospinal fluid (CSF) of patients with CM are significantly 
higher than those in serum (Xie et al., 2017). In patients with 
PC with small pulmonary nodules (≤2.5 cm), the CrAg positivity 
rate in bronchoalveolar lavage fluid (BALF) exceeds that in 
serum (Oshima et al., 2018). These findings suggest that CrAg 
concentration and detection sensitivity increase in proximity to 
the site of infection. As most PC lesions are located in the 
peripheral regions of the lungs, percutaneous lung biopsy (PLB) 
has become a commonly used and eective diagnostic approach 
(Pappas et al., 2001; Lan et al., 2016). Lung puncture fluid (LPF) 
is directly aspirated from the lesion site, and CrAg may be more 
readily detected in LPF during the early stages of the disease, 
particularly when the lesion is small. The integration of CrAg 
detection technology with PLB may serve as a valuable adjunct 
for early PC diagnosis. Therefore, this study aimed to evaluate 
the diagnostic utility of combined CrAg testing of serum and 
LPF samples from HIV-negative patients with PC who had not 
undergone bone marrow or organ transplantation, using IMMY 
CrAg LFA (Immuno-Mycologics, Norman, OK, United States). 

Materials and methods 

Patients 

Patients who underwent CrAg testing between June 2023 and 
July 2025 at the Aÿliated People’s Hospital of Fujian University 
of Traditional Chinese Medicine were prospectively enrolled. The 
inclusion criteria were as follows: (1) age ≥ 18 years; (2) a 
suspected diagnosis of PC; and (3) serum and LPF specimens had 
undergone CrAg testing. The exclusion criteria were: (1) patients 
with contraindications for PLB, such as severe cardiopulmonary 
insuÿciency, impaired coagulation function, or active massive 
hemoptysis, and (2) patients with HIV infection or a history of bone 
marrow or organ transplantation. Patients with missing data on key 
variables or unclear diagnoses were excluded from the analysis. 

This study was conducted in accordance with the Declaration 
of Helsinki and was approved by the Ethics Committee of 
the Aÿliated People’s Hospital of Fujian University of Chinese 
Medicine (Approval No. 2023-042-02). 

Diagnostic criteria for PC and non-PC 

The standardized diagnostic criteria for PC are as follows 
(Weng, 2010; Zhou et al., 2017; Donnelly et al., 2020; Chang 
et al., 2024): (1) necessary conditions, defined as detection of 
Cryptococcus by pathological examination of lung tissue biopsy 
or smear/culture of lung puncture specimens (tissue, LPF) and 
(2) secondary conditions, defined as presence of typical clinical 
features and imaging findings of PC and receiving eective anti-
cryptococcal therapy. The clinicians were completely blinded to 
the serum and LPF CrAg test results during diagnosis. The final 
diagnosis of PC was based on a comprehensive evaluation of 

all available medical data, excluding the knowledge of CrAg test 
results. A confirmed diagnosis must satisfy the necessary criteria. 

For the non-PC group, the diagnosis (such as lung cancer 
or pneumonia) was confirmed through a comprehensive clinical 
evaluation incorporating symptoms, physical examinations, 
various laboratory tests, imaging manifestations, cytological and 
pathological findings, and evidence of eective drug treatments 
(Liu et al., 2024; Huang et al., 2025). 

Specimen collection for CrAg detection 

(1) LPF samples: PLB was performed under chest computed 
tomography (CT) guidance in accordance with established 
procedural standards. Two to four tissue samples were obtained 
from the pulmonary lesions. Prior to the procedure, a 5 mL 
sterile test tube pre-filled with sterile normal saline was prepared. 
Following each biopsy, the tissue specimens were immediately fixed 
in a 4% formaldehyde solution. The cutting needle, including its 
tip containing the residual tissue and puncture fluid, was then 
immersed in a saline-containing test tube and gently agitated 
to ensure thorough dispersion of the residual material. After 
centrifugation at 3,000 × g for 10 min, the supernatant was 
collected for subsequent testing. (2) Serum samples: Prior to 
antifungal therapy, approximately 3 mL of fasting venous blood 
was collected from the antecubital vein on the same day as the PLB 
and transferred to a sterile non-coagulant tube. The sample was 
centrifuged at 3,000 × g for 10 min, and the resulting serum was 
separated for subsequent laboratory analysis. 

Cryptococcus smear and culture and 
other pathogen detection 

Sterile human specimens, including LPF, blood, CSF, pleural 
eusion, and lung puncture tissue (with specimen grinding), 
were collected and injected into blood culture bottles, which 
were then incubated and monitored using the BACTEC FX 
Automated Blood Culture System (Becton, Dickinson and 
Company, United States). To detect positive signals, the culture 
bottles were promptly subcultured on blood agar plates. Direct 
smears were prepared and stained with either Gram stain or 
India ink for preliminary microscopic examination. Based on 
the smear findings, specimens were inoculated onto Sabouraud 
dextrose agar plates for fungal isolation. Following colony growth, 
identification was performed using a CombiPlate for colorimetric 
dierentiation. Additionally, a bacterial suspension adjusted to a 
turbidity of 1.8–2.0 McFarland units was prepared for analysis 
by matrix-assisted laser desorption/ionization time-of-flight mass 
spectrometry (VITEK MS, bioMérieux, France) or using the VITEK 
YST fungal identification card (bioMérieux, France). Additional 
pathogen testing was also performed on the LPF. Sputum and BALF 
samples were screened for Cryptococcus infection. 

Serum and LPF CrAg testing by LFA 

The United States Food and Drug Administration (US FDA) 
has approved the use of IMMY CrAg LFA for diagnosing 
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cryptococcal infections (Liu et al., 2022; Chang et al., 2024). In 
this study, serum was collected from whole blood samples, and 
the supernatant was obtained from LPF from all patients under 
the principle of blinding. All serum and lung aspirate specimens 
were tested for the presence of CrAg using the IMMY CrAg LFA, 
according to the manufacturer’s instructions. The testing procedure 
was as follows: one drop of sample diluent was added to a sterile 
test tube. Next, 40 µL of serum or the supernatant from LPF 
was transferred into the test tube and mixed thoroughly with the 
diluent. The white end of the cryptococcal antigen test strip was 
immersed in the prepared sample solution. The test was allowed 
to develop for 10 min before interpreting the results. A positive 
outcome was indicated by the appearance of two distinct bands (test 
and control) (Figures 1A,B), whereas a negative result was indicated 
by the presence of the control band only (Figure 1C). If a control 
band failed to appear, the test was considered invalid and repeated 
(Figure 1D). 

Statistical analysis 

IBM SPSS Statistics (version 19.0; IBM Corp., Armonk, NY, 
United States) was used for statistical analysis. Continuous and 
categorical data are expressed as medians (interquartile ranges) 
and percentages (%), respectively. The performance of each testing 
method was expressed in terms of sensitivity, specificity, accuracy, 
positive predictive value (PPV), and negative predictive value 
(NPV). The diagnostic performance of the dierent methods was 
compared using the chi-squared test or Fisher’s exact test. Receiver 
operating characteristic (ROC) curve analysis was used to compare 
the diagnostic eÿciencies of the dierent methods based on the area 
under the curve (AUC). For the combined serum and LPF CrAg 
testing, a positive result was defined as positivity in either the serum 
or LPF CrAg test. The diagnostic performance of this composite 
binary rule was evaluated, and no post hoc threshold optimization 
was applied. Statistical significance was set at P < 0.05. 

Results 

Patient characteristics 

Serum and LPF samples from 175 patients with suspected 
PC were simultaneously tested using CrAg LFA (Figure 2). After 
excluding 8 patients who did not meet the eligibility criteria, 167 
patients were included in the analysis, including 33 with PC and 
134 without PC. 

All patients with PC were diagnosed by histopathological 
examination of the lung tissue and/or culture of Cryptococcus from 
the LPF/lung tissue specimens. Three patients had PC combined 
with cryptococcal infections at other sites, and the remaining 30 
had isolated PC. The clinical characteristics of the patients are 
presented in Table 1, and the detection results for Cryptococcus in 
the dierent specimens are presented in Table 2. 

The non-PC group comprised patients with primary lung 
malignancies (69 cases, 51.5%), lung metastases (15 cases, 11.2%), 
bacterial pneumonia (16 cases, 11.9%), pulmonary tuberculosis 
(PT) (11 cases, 8.2%), lung abscess (5 cases, 3.7%), silicosis (5 

cases, 3.7%), organizing pneumonia (3 cases, 2.2%), pulmonary 
aspergillosis (3 cases, 2.2%), and benign lung tumors (3 cases, 2.2%). 
The median age was 67 years (interquartile range: 58–72 years), and 
of the 134 patients, 79 (59.0%) were male. 

Results of CrAg testing 

Of the 33 patients with PC, serum CrAg results were positive 
in 25 patients (75.8%) (Supplementary Figure 1), and 30 patients 
(90.9%) tested positive on parallel LPF CrAg testing (Tables 2, 3). 
Of the 8 patients with negative serum CrAg results, 5 had positive 
LPF CrAg results (Figure 3), and two of the 3 patients with negative 
LPF CrAg results had positive serum CrAg results (Figures 4A– 
F). All but one patient with PC had positive serum and/or LPF 
CrAg results, and one patient had negative results for both serum 
and LPF CrAg tests (Figures 4G–I). Of the 3 patients whose BALF 
samples were submitted for CrAg testing, only one had a positive 
result. Of the 3 patients with PC and CM, the CSF was positive 
on CrAg testing in all 3 patients (Supplementary Figure 2). Among 
the 134 patients without PC, all LPF CrAg results were negative, 
and only one patient with PT exhibited a weakly positive serum 
CrAg result (Figure 1B). This patient had negative LPF CrAg, 
negative cultures, and negative follow-up serum CrAg results after 
anti-tuberculosis treatment, and responded to tuberculosis therapy 
without antifungal treatment. This comprehensive clinical follow-
up confirmed that the initial result was a false positive. 

A comparison of patients with PC with positive and negative 
serum CrAg test results revealed no statistically significant 
dierences between the two groups in terms of immune status, 
clinical manifestations, or chest imaging features (Supplementary 
Table 1). Although the proportion of patients with solitary lesions 
was higher among those with negative serum CrAg results than 
those with positive results (50.0% vs. 24.0%, respectively), the 
dierence was not statistically significant (P = 0.205). Similarly, 
among patients with PC presenting with nodular mass shadows, the 
incidence of solitary nodules was markedly higher in patients with 
negative serum CrAg results than those with positive results (60.0% 
vs. 15.8%); however, this dierence was not statistically significant 
(P = 0.078). 

Comparison of different detection 
methods for diagnosing PC 

The diagnostic performance of the four laboratory methods 
(LPF culture, serum CrAg testing, LPF CrAg testing, and serum 
and LPF CrAg testing combined) for PC is shown in Table 3. The 
sensitivity, accuracy, and NPV of LPF culture were significantly 
lower than those of serum CrAg testing (P < 0.001, P = 0.002, 
and P < 0.001, respectively) and LPF CrAg testing (P < 0.001, 
P < 0.001, and P < 0.001, respectively). However, the sensitivity, 
accuracy, and NPV of serum and LPF CrAg testing did not dier 
significantly. The sensitivity and NPV of the combined serum and 
LPF CrAg testing were significantly higher than those of serum 
CrAg testing alone (P = 0.027 and P = 0.037, respectively); however, 
the accuracy of the two methods did not dier significantly 
(P = 0.061). Moreover, no significant dierences were observed in 
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FIGURE 1 

Schematic diagram of cryptococcal antigen test results obtained by lateral flow assay. (A) Positive, (B) weakly positive, (C) negative, and (D) invalid. 

FIGURE 2 

Flowchart of the enrolled patients. 

the sensitivity, accuracy, and NPV of LPF CrAg testing alone and 
combined serum and LPF CrAg testing. The specificity and PPV 
of the four detection methods did not dier significantly. Because 
approximately half of the non-PC patients had primary lung cancer, 
a subgroup analysis of specificity was performed. The specificities of 
serum and LPF CrAg tests in the non-primary lung cancer control 
subgroup were 98.5% (95% CI: 95.4–100%; 64/65) and 100% (95% 
CI: 95.5–100%; 65/65), respectively, comparable to those in the full 
control group at 99.3% (95% CI: 96.2–100%; 133/134) for serum 
CrAg and 100% (95% CI: 97.3–100%; 134/134) for LPF CrAg. 

ROC curves of different detection 
methods for diagnosing PC 

As shown in Figure 5, the diagnostic values of LPF culture, 
serum CrAg testing, LPF CrAg testing, and combined serum and 
LPF CrAg testing for PC were compared using ROC curves. The 
AUCs were 0.591 (95% CI, 0.473–0.709; P = 0.106) for LPF culture, 

0.875 (95% CI, 0.786–0.964; P < 0.001) for serum CrAg testing, 
0.955 (95% CI, 0.897–1.000; P < 0.001) for LPF CrAg testing, and 
0.981 (95% CI, 0.946–1.000; P < 0.001) for combined serum and 
LPF CrAg testing. 

Adverse reactions associated with PLB 
and prognostic outcomes 

Among the 167 patients, 8 (4.8%) experienced mild hemoptysis, 
which resolved spontaneously or following hemostatic treatment. 
10 patients (6.0%) developed pneumothorax, of which eight 
were classified as mild pneumothorax (<30% lung collapse) 
and resolved with oxygen therapy, and two patients had 
moderate pneumothorax (30–50% lung collapse), both of which 
resolved following closed thoracic drainage combined with oxygen 
inhalation. Of the 33 patients with PC, 32 experienced clinically 
significant improvement or achieved complete recovery following 
treatment, and one patient with CM and pleurisy in addition to 
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TABLE 1 Clinical characteristics of patients with pulmonary 
cryptococcosis (N = 33). 

Clinical characteristics Value 

Age, mean (range), years 53 (45–63) 

Sex, male, n (%) 18 (55) 

Underlying disease, n (%) 22 (67) 

Immunosuppressive disease, n (%) 17 (52) 

Malignant lymphoma 4 (12) 

Lung cancer with chemotherapy and immunotherapy 1 (3) 

Chronic lymphocytic leukemia 1 (3) 

SLE treated with glucocorticoid and immunosuppressant 
therapy 

2 (6) 

COPD treated with long-term systemic glucocorticoid 

therapy 

1 (3) 

Diabetes mellitus 8 (24) 

Isolated diabetes 6 (75) 

Concomitant myelodysplastic syndrome with ring 

sideroblasts and secondary myelofibrosis 
1 (13) 

Concomitant pemphigus erythematosus treated with 

systemic glucocorticoid therapy 

1 (13) 

Symptoms, n (%) 

Cough 9 (27) 

Expectoration 6 (18) 

Hemoptysis 1 (3) 

Fever 1 (3) 

Headache 1 (3) 

Asymptomatic 23 (70) 

Laboratory results, n (%) 

White blood cell count, > 9.5 × 109/L 2 (6) 

White blood cell count, < 3.5 × 109/L 0 (0) 

Leukomonocyte count, < 1.1 × 109/L 7 (21) 

C-reactive protein, > 10 mg/L 7 (21) 

Positive rate of 1, 3-β-D-glucan antigen test 0 (0) 

Positive rate of galactomannan antigen test 0 (0) 

Non-antifungal therapy before diagnosis, n (%) 6 (18) 

Antibacterial therapy 5 (83) 

Antituberculous therapy 1 (17) 

COPD, chronic obstructive pulmonary disease; SLE, systemic lupus erythematosus. Data 
are presented as n (%) or mean (range). 

PC died due to secondary severe aspiration pneumonia caused by 
Klebsiella pneumoniae (Supplementary Figures 2C,D). 

Discussion 

Cryptococcal infections can aect various parts of the body, 
with a predilection for the central nervous system and the 
lungs (Chang et al., 2024). Previously, PC was considered a 
rare opportunistic infection; however, its incidence has increased. 
Among patients with AIDS, the annual incidence of cryptococcosis 

TABLE 2 Cryptococcus detection results in patients with 
pulmonary cryptococcosis. 

Detection means Number of 
specimens 

Positive 
result (n, %) 

Pathological examination of lung 

tissue 

33 31 (94)a 

Serum CrAg 33 25 (76) 

LPF CrAg 33 30 (91) 

BALF CrAg 3 1 (33) 

Cerebrospinal fluid CrAg 3 3 (100) 

LPF culture 33 6 (18) 

Lung tissue culture 5 1 (20) 

BALF culture 5 1 (20) 

Sputum culture 9 1 (11) 

Cerebrospinal fluid culture 3 3 (100)b 

Hydrothorax culture 1 1 (100) 

Culture of all lung specimens 52 9 (17) 

Culture of all human specimens 56 13 (18) 

Lung tissue mNGS 3 2 (67) 

BALF tNGS 1 0 (0) 

BALF, bronchoalveolar lavage fluid; CrAg, cryptococcal antigen; LPF, lung puncture 
fluid; mNGS, metagenomic next-generation sequencing; tNGS, targeted next-generation 
sequencing. Data are presented as n (%). aFive patients had inconclusive initial pathological 
findings regarding cryptococcal infections. Following consultation with pathologists at 
a higher-level hospital, these cases were confirmed as PC. Pathological results were 
inconclusive in two additional cases; however, Cryptococcus was isolated from the LPF 
cultures. b Refers to cerebrospinal fluid specimens collected from patients with confirmed 
cryptococcal meningitis. 

ranges from 80% to 90% (Shi, 2009). Furthermore, individuals 
without HIV infection are increasingly being recognized as a 
population at risk of developing cryptococcosis (May et al., 
2016). According to studies, PC accounts for approximately 20% 
of all pulmonary fungal infections (Shi, 2009). The increased 
diagnosis of PC is primarily attributable to an increased number of 
individuals with immune deficiency, heightened awareness of PC 
among healthcare professionals, and advancements in diagnostic 
techniques (Chen et al., 2025). As demonstrated in the present 
study, among patients with PC without HIV infection, bone 
marrow transplantation, or organ transplantation, the proportion 
with normal immune function is similar to the proportion 
with immunosuppression. The clinical manifestations were non-
specific, with imaging abnormalities observed in a high proportion 
of cases (69.7%). The chest CT findings exhibited diverse 
patterns, including nodules, masses, infiltrative consolidation, or a 
combination of multiple morphological lesions. Patients included 
in this cohort with suspected PC presented with various pulmonary 
conditions, such as lung malignancies, pneumonia, PT, and OP, 
which are clinically challenging to dierentiate from PC. Prior 
to diagnosis, patients may have undergone various treatments, 
including antibiotics, antituberculous therapy, or treatment with 
glucocorticoids (Lan et al., 2016), which not only increases the 
risk of drug-related adverse reactions and imposes additional 
medical costs but also leads to severe consequences, such as 
extrapulmonary dissemination of the disease, due to delayed 
initiation of appropriate therapy. Furthermore, some patients 

Frontiers in Microbiology 06 frontiersin.org 

https://doi.org/10.3389/fmicb.2025.1747123
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/


fmicb-16-1747123 January 13, 2026 Time: 19:14 # 7

Huang et al. 10.3389/fmicb.2025.1747123 

TABLE 3 Comparison of different methods for the diagnosis of pulmonary cryptococcosis. 

Testing 
methods 

PC (N = 33) Without PC (N = 134) Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%) 

Positive Negative Positive Negative 

LPF culture 6 27 0 134 18.2 (5.1, 31.3) ∗ 100 (97.3, 100) 83.8 (78.3, 89.4) 100 (54.1, 
100) 

83.2 (77.5, 
89.0) 

Serum CrAg 25 8 1 133 75.8 (61.1, 90.4) 99.3 (96.2, 100) 94.6 (91.2, 98.1) 96.2 (81.6, 
99.9) 

94.3 (90.5, 
98.1) 

LPF CrAg 30 3 0 134 90.9 (81.1, 100) 100 (97.3, 100) 98.2 (96.2, 100) 100 (88.4, 
100) 

97.8 (95.4, 
100) 

Combined 

serum and LPF 

CrAg ∗∗ 

32 1 1 133 97.0 (91.2, 100) 99.3 (97.8, 100) 98.8 (97.1 100) 97.0 (91.2, 
100) 

99.3 (97.8, 
100) 

∗95% confidence interval. Data are presented as n (%). Significance was determined using the chi-squared test or Fisher’s exact test. ∗∗A positive result was defined as a positive CrAg test result 
detected in either serum or LPF. CrAg, cryptococcal antigen; LPF, lung puncture fluid; NPV, negative predictive value; PC, pulmonary cryptococcosis; PPV, positive predictive value. 

undergo unnecessary surgery due to misdiagnosis of PC as lung 
tumors, resulting in physical harm and increased economic burden, 
as well as the potential risk of life-threatening intracranial fungal 
dissemination precipitated by surgery (Lai et al., 2005). Hence, early 
diagnosis of PC is critical. 

Traditional diagnostic approaches for PC rely primarily on 
histopathological examinations in conjunction with special staining 
techniques. Su et al. (2022) reported that PLB had a higher 
diagnostic yield than transbronchial lung biopsy in patients with 
PC. In this study, the positive rate of PLB pathology was 94%, 
with TAT for pathological results ranging from 5 to 21 days. 
The initial pathological findings were inconclusive in 5 of the 
33 patients. A definitive diagnosis of cryptococcal infection is 
achieved only after consultation with pathologists at a high-
level medical institution, resulting in a considerable delay in 
diagnosis. Therefore, pathological examination not only entails 
a relatively prolonged diagnostic process but is also influenced 
by various factors, including the quality of biopsy specimens, 
staining quality of the pathology slides, variations in expertise 
and proficiency among sta making the diagnosis, and disparities 
in diagnostic capabilities between medical institutions, all of 
which may contribute to false-negative outcomes. Furthermore, 
this study demonstrated that the positive rates of Cryptococcus 
cultures in LPF, all lung specimens, and all human specimens were 
consistently below 20%, which is similar to the findings of Su et al. 
(2022). In a multicenter study conducted by Chen et al. (2021), 
the positivity rates for both Cryptococcus smears and cultures 
in respiratory specimens were even lower (<10%). Another 
multicenter retrospective study from the southeastern provinces 
of China also confirmed a low positivity rate of traditional fungal 
cultures (Shi, 2009). Compared to the relatively high detection rate 
of Cryptococcus in CSF (86.67%) (Chen et al., 2021), the sensitivity 
of detection in lung specimens is substantially lower, limiting their 
diagnostic utility. 

The advent of CrAg detection methods has transformed 
the diagnostic landscape for cryptococcal infections. Currently, 
the three most widely used methods for CrAg detection in 
clinical practice are the latex agglutination test (LAT), enzyme-
linked immunosorbent assay (ELISA), and LFA (Perfect and 
Bicanic, 2015; Su et al., 2022). Owing to their relatively complex 
procedures, prolonged processing times, stringent instrumentation 

requirements, and high operational costs, LAT and ELISA are 
not routinely used in most medical institutions. In contrast, 
LFA, a recently developed method for CrAg detection, has been 
increasingly adopted in clinical settings owing to its simplicity, 
rapidity, minimal infrastructure requirements, low cost, and strong 
concordance with both LAT (Perfect and Bicanic, 2015; Cáceres 
et al., 2017) and ELISA (Chinese Thoracic Society of Chinese 
Medical Association, 2017). CrAg testing is primarily performed on 
serum and CSF, and has also been performed using other clinical 
specimens, such as BALF, pleural eusion, and urine, with varying 
diagnostic performances (Oshima et al., 2018; Boyd et al., 2022; 
Chen et al., 2025). The diagnostic value of serum CrAg in PC is well-
established. However, false negative results are common in the early 
stages of the disease (Perfect and Bicanic, 2015), in patients with 
small pulmonary lesions (Oshima et al., 2018), those with isolated 
lesions (Hu et al., 2022), non-immunosuppressed individuals (Su 
et al., 2022), and patients without extrapulmonary dissemination 
(Chen et al., 2021). Several studies have demonstrated that the 
sensitivity of CrAg testing in BALF is higher than that in 
serum specimens (Zeng et al., 2021), suggesting its potential as a 
supplementary specimen type for diagnosing PC (Chinese Thoracic 
Society of Chinese Medical Association, 2017). However, research 
on the detection of CrAg in BALF is limited (Chinese Thoracic 
Society of Chinese Medical Association, 2017), and test outcomes 
are substantially influenced by various factors, including lesion 
location, lesion size, selection of lavage site, and BALF volume. 
Therefore, the diagnostic value of CrAg testing of BALF for 
diagnosing PC remains unclear. As C. neoformans proliferates in 
the lungs of patients with PC, its CP is continuously secreted into 
the extracellular space and is subsequently disseminated into the 
bronchoalveolar and systemic circulation. Given the site of active 
fungal replication, it has been hypothesized that the concentration 
of CrAg is higher in the lung lesion tissue than in the blood or 
adjacent lung parenchyma. An exploratory prospective study of 
eight patients with PC (Liaw et al., 1995) demonstrated that when 
LAT was used to simultaneously detect CrAg in both serum and 
LPF, CrAg was detected in the LPF of all 8 patients but was detected 
in the serum of only three patients. Another recent two-center 
retrospective study (Hu et al., 2022) demonstrated that in a cohort 
of 47 patients with PC, the simultaneous detection of serum and 
LPF CrAg using IMMY CrAg LFA revealed that the sensitivity of 
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FIGURE 3 

Patients with typical pulmonary cryptococcosis with negative serum CrAg test results. Case 1: A 49-year-old man with extensive consolidation in the 
left lower lobe on chest CT (A). Both serum and bronchoalveolar lavage fluid CrAg tests were negative. Subsequently, a PLB confirmed cryptococcal 
infection (B), and the LPF tested positive for CrAg. Case 2: A 35-year-old woman with multiple nodular shadows in the left lower lobe on chest CT 
(C, arrow). The PLB confirmed cryptococcal infection (D), and the LPF CrAg test result was positive. Case 3: A 67-year-old woman with a solitary 
cavitary nodule in the left lower lobe on chest CT (E, arrow). Histopathological examination of a PLB specimen confirmed cryptococcal infection (F), 
and the LPF CrAg test result was positive. Cryptococcus species were isolated from the LPF culture. CrAg, cryptococcal antigen; CT, computed 
tomography; LPF, lung puncture fluid; PLB, percutaneous lung biopsy. 

LPF testing was higher than that of serum testing [98% (46/47) 
versus 77% (36/47)]. The specificity of both specimen types was 
100%. These studies demonstrate that the diagnostic eÿcacy of LPF 

CrAg testing is greater than that of serum CrAg testing. 
In this study, the sensitivity, accuracy, and NPV of serum and 

LPF CrAg tests for PC diagnosis were significantly higher than 

those of LPF cryptococcal cultures. Furthermore, the diagnostic 

sensitivity of LPF CrAg testing was higher than that of serum 

CrAg testing [90.9% (95% CI, 81.1–100%) vs. 75.8% (95% CI, 
61.1–90.4%)], which is consistent with the results reported by Hu 

et al. (2022). Three of the 33 patients with PC had false-negative 

CrAg LFA results for LPF specimens, and the detection sensitivity 

of LPF in this study was slightly lower than that reported in 

previous studies (Liaw et al., 1995; Hu et al., 2022), which may 

be attributable to the higher dilution volume of the LPF (5 mL 

in this study compared with ≤ 1 mL in previous studies) and 

the possible inadequate volume of undiluted LPF obtained from 

some patients (Hu et al., 2022), potentially leading to a reduced 

antigen concentration. This study demonstrated that when both 

serum and LPF were tested for CrAg in parallel, the sensitivity of 
the combined test increased to 97.0% (95%CI, 91.2–100%), which 

was significantly higher than that achieved using serum samples 
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FIGURE 4 

Three patients with pulmonary cryptococcosis with negative LPF CrAg test results. Case 1: A 53-year-old woman with multiple pulmonary nodules 
on chest CT (A,B, arrows). Serum CrAg testing was positive, and histopathological examination of a PLB specimen confirmed cryptococcal infection 
(C). Case 2: A 66-year-old woman with multiple nodules and patchy consolidation in the right lung on chest CT (D). Serum CrAg testing was positive 
and histopathology of a PLB specimen revealed Cryptococcus. Following 9 months of fluconazole therapy, the lesions had largely resorbed (E). 
Case 3: A 63-year-old man with multiple nodules in the right lower lobe on chest CT (F,G, arrows). Serum CrAg testing was negative; however, 
histopathological analysis of a PLB sample revealed cryptococcal infection (H). After antifungal therapy, the nodules resolved (I). LPF, lung puncture 
fluid; CrAg, cryptococcal antigen; CT, computed tomography; PLB, percutaneous lung biopsy. 

alone. Among PC patients with negative serum CrAg results, five 
of eight tested positive in the LPF CrAg test, whereas among 
PC patients with negative LPF CrAg results, 2 of 3 had positive 
serum CrAg results. Testing the two sample types in parallel is 
complementary, and when used together, it substantially improves 
the diagnostic sensitivity. Previous studies have demonstrated that 
the proportion of patients with single lesions is higher among 
those with negative serum CrAg results than among those with 
positive serum CrAg results (Chen et al., 2021; Hu et al., 2022). 
In this study, the incidence of single lesions and isolated nodules 
in patients with negative serum CrAg test results was two- and 
three-fold higher, respectively, than that in patients with positive 
serum CrAg test results. Although false negative results on serum 
testing are more common during the early stages of the disease 
or when the lesion scope is limited, this is not always the case. In 
this study, two patients, one with lymphoma and the other with 
systemic lupus erythematosus, had extensive or multiple lesions; 
however, their serum CrAg test results were negative. Notably, 
BALF CrAg was also negative in the patient with lymphoma. 
Nevertheless, both patients tested positive for CrAg in the LPF 
samples, indicating that LPF-based CrAg detection may oer 
superior sensitivity. Additionally, serum/LPF-CrAg testing and 
traditional culture methods exhibited high specificity. Although 
primary lung cancer was common in our control group, other 

relevant conditions (bacterial pneumonia, PT, and aspergillosis, 
etc.) were also included. The specificity of the serum and LPF 
CrAg levels remained high even after excluding primary lung 
cancer cases, suggesting that this did not artificially inflate the 
results. One patient with PT had a false-positive serum CrAg result, 
whereas no false-positive results were observed in the patients with 
other pulmonary conditions. False-positive LAT results have been 
reported in patients with tuberculosis (Wang et al., 2023), whereas 
false-positive LFA results are rarely reported (Yamashiro-Kanashiro 
et al., 2025). 

Recently, advancements in metagenomic next-generation 
sequencing (mNGS) and targeted next-generation sequencing 
(tNGS) technologies have led to their increasing application in the 
diagnosis of cryptococcal infections (Lai et al., 2005; Guo et al., 
2021; Qin et al., 2025). However, owing to inherent challenges 
such as the thick fungal cell wall, which hinders eÿcient lysis 
and results in suboptimal nucleic acid extraction, the sensitivity 
of mNGS for PC detection is highly variable, ranging from 44.1% 
to 80.0% (Guo et al., 2021; Boyd et al., 2022; Huang et al., 2024). 
Moreover, mNGS has not been shown to perform better than 
serum CrAg testing (Huang et al., 2024), and some studies have 
shown inferior performance (Da et al., 2025). Similarly, tNGS has 
not been shown to perform better than serum CrAg testing for 
the detection of Cryptococcus (Huang et al., 2025). Notably, our 
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FIGURE 5 

Receiver operating characteristic curve of the four testing methods for the diagnosis of PC. Compared with the standard diagnostic tests for PC, the 
sensitivity and specificity of LPF culture, serum CrAg, LPF CrAg, and combined serum and LPF CrAg were 18.2% (95% CI, 5.1–31.3%)/100% (95% CI, 
97.3–100%), 75.8% (95% CI, 61.1–90.4%)/99.3% (95% CI, 96.2–100%), 90.9% (95% CI, 81.1–100%)/100% (95% CI, 97.3–100%), and 97.0% (95% CI, 
91.2–100%)/99.3% (95% CI, 97.8–100%), respectively. CI, confidence interval; CrAg, cryptococcal antigen; LPF, lung puncture fluid; PC, pulmonary 
cryptococcosis. 

previous study demonstrated that combining serum CrAg testing 
with mNGS analysis of lung specimens could improve diagnostic 
sensitivity to 93.3% (Huang et al., 2024). However, the combined 
use of serum and LPF CrAg testing oers distinct advantages 
in terms of the overall sensitivity, cost-eectiveness, and TAT. 
Regardless of the laboratory method used, including CrAg, the test 
results should be interpreted in conjunction with clinical findings to 
prevent overdiagnosis and missed diagnosis. The antigen detection 
reagent used in this study was an FDA-approved IMMY assay with 
high diagnostic accuracy (Macrae et al., 2023). However, multiple 
CrAg detection kits are currently commercially available, and their 
diagnostic performance varies (Chang et al., 2024; Kwizera et al., 
2024), with some having suboptimal sensitivity or specificity. 

This study has several limitations. First, this was a single-
center study with a relatively small sample size. Therefore, our 
findings may not be reliable. Formal power analysis was not 
performed prospectively because this was an exploratory diagnostic 
accuracy study. This study was not powered for formal statistical 
comparisons between tests. Therefore, the findings, especially 
those from subgroup analyses, should be considered preliminary 
and require confirmation in larger studies. Second, to obtain 
suÿcient volumes of LPF for concurrent routine pathogen culture, 
Mycobacterium tuberculosis testing, and other diagnostic assays, all 
specimens were diluted to 5 mL with normal saline. This dilution 

might have reduced the antigen concentration and aected the 
positivity rate. Furthermore, an inadequate volume of undiluted 
LPF in some patients may cause false-negative LPF CrAg test results 
in PC. Nevertheless, the performance of LPF samples was better 
than that of serum samples. Optimizing the dilution protocol and 
specimen collection quality in subsequent studies could further 
improve the sensitivity. Third, although cryptococcal lesions are 
predominantly located in the peripheral lung regions, many 
patients in this study underwent both bronchoscopy and PLB. 
However, the diagnostic value of routine BALF testing for CrAg 
has not yet been evaluated. Incorporating CrAg testing of multiple 
specimen types, including BALF, may further enhance diagnostic 
yield and maximize clinical utility. Fourth, LFA is suitable as 
a point-of-care test but has limited ability to quantify antigen 
reactivity (Schub et al., 2021). Although semi-quantitative detection 
can be achieved through repeated dilution of the specimen, this 
approach entails high reagent consumption. Finally, pneumothorax 
occurred in 6% of the patients, and hemoptysis occurred in 4.8% 
of the patients who underwent PLB. However, the incidence of 
these complications was comparable with that observed in a similar 
study (Hu et al., 2022) and remained low, as evidenced by findings 
reported in the existing literature (Zlevor et al., 2021). Moreover, 
all complications were mild and manageable. Pneumothorax 
resolved with oxygen therapy or drainage, and hemoptysis stopped 
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spontaneously or with basic treatment. Importantly, the diagnostic 
yield was substantial, with a sensitivity of 97.0% for PC using 
combined serum and LPF CrAg testing. The diagnostic gain of 
LPF CrAg was highest in patients with an intermediate pre-test 
probability, where a positive result could potentially avert more 
invasive procedures such as surgical biopsy. For patients with 
a low pre-test probability, clinical/imaging features and the risk 
level of complications were carefully evaluated before PLB, and 
the procedure was only performed when PC was a significant 
consideration. The high diagnostic accuracy justified the minimal 
procedural risks in our cohort. 

Conclusion 

In conclusion, this study demonstrates that serum CrAg testing 
has superior performance to conventional LPF Cryptococcus 
culture and that CrAg testing of LPF samples further enhances 
diagnostic sensitivity. Moreover, the combined detection of CrAg in 
both serum and LPF specimens has high sensitivity and specificity, 
thereby significantly improving the diagnostic eÿciency. 
Integrating CrAg detection with respiratory interventional 
techniques facilitates the early, timely, and accurate diagnosis 
of PC and has a favorable safety profile. Our findings support 
its potential clinical application, although further prospective 
multicenter validations are required. 
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