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Abstract 

Background  To explore the associations of computed tomography (CT) image features with the serum cryptococcal 
antigen (CrAg) titers measured by the lateral flow assay (LFA) in localized pulmonary cryptococcosis patients.

Methods  A retrospective analysis of patients with pathologically confirmed pulmonary cryptococcosis admitted 
to the First Affiliated Hospital of Xiamen University from January 2016 to December 2022 was performed. Clinical data, 
CT results, serum CrAg-LFA test results, and follow-up data were collected and analyzed.

Results  A total of 107 patients with localized pulmonary cryptococcosis were included, of which 31 had a single 
lesion in chest CT and the other 76 had multiple lesions. The positivity rate was (94.74% vs 64.52%) and titers of serum 
CrAg-LFA (1.77 ± 0.87 vs 0.91 ± 0.98) in the multiple lesion group were higher than those in the single lesion group, 
respectively. Multivariate linear regression analysis showed that the serum CrAg titers were positively associated 
with the number of lesions (β, 0.08; 95% CI, 0.05 to 0.12) and the lesion size (β, 0.40; 95% CI, 0.31 to 0.50) after adjust-
ing other covariates. The serum CrAg-LFA titers of 60 pulmonary cryptococcosis patients showed a decreasing trend 
with the reduction in pulmonary lesion size after effective therapy.

Conclusion  In pulmonary cryptococcosis patients, the number and size of lung lesions are positively correlated 
with the titers of the serum CrAg-LFA test. The CrAg-LFA test could be a useful tool for the diagnosis, severity assess-
ment, and therapeutic monitoring of localized pulmonary cryptococcosis patients.

Keywords  Pulmonary cryptococcosis, Cryptococcal antigen (CrAg), Lateral flow assay (LFA), Computed tomography 
(CT)

†Chunmei Dai, Dongyu Bai and Chunbei Lin contributed equally to this work.

*Correspondence:
Bo Zhu
bz-3@163.com
Yihua Lin
lyh7@xmu.edu.cn
1 Department of Pulmonary and Critical Care Medicine, the First Affiliated 
Hospital of Xiamen University, School of Medicine, Xiamen University, 
No.55 Zhenhai Road, Xiamen 361003, China
2 Department of Pathology, the First Affiliated Hospital of Xiamen 
University, Xiamen, Fujian, China
3 Department of Internal Medicine, the First Hospital of Zhangzhou China 
Merchants Economic and Technological Development Zone, Zhangzhou, 
Fujian, China

4 Department of Internal Medicine, Zhangzhou Development Zone 
Branch of the First Affiliated Hospital of Xiamen University, Xiamen, China
5 Clinical Medicine Department of Fujian Medical University, Fujian, China
6 Xiamen Key Laboratory of Genetic Testing, Department of Laboratory 
Medicine, The First Affiliated Hospital of Xiamen University, No. 55 
Zhenhai Road, Xiamen 361003, China

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12890-024-03259-4&domain=pdf


Page 2 of 11Dai et al. BMC Pulmonary Medicine          (2024) 24:441 

Introduction
Pulmonary cryptococcosis, caused by inhaling Cryp-
tococcus spores into the respiratory system, was best 
appreciated as an opportunistic pathogen in immuno-
compromised populations in the past. It is noteworthy 
that Cryptococcus spp. also causes severe disease in 
immunocompetent hosts nowadays. There have been 
reports of pulmonary cryptococcosis occurring more 
frequently in immunocompetent patients than in immu-
nocompromised patients [1, 2]. In China, Cryptococcus 
is the second most common invasive yeast infection [3]. 
Compared with the current high incidence, the diagnosis 
of pulmonary cryptococcosis is still challenging because 
the clinical manifestations and imaging of pulmonary 
cryptococcosis have no prominent characteristics com-
pared with other pulmonary diseases and are prone to be 
missed diagnosed or misdiagnosed as lobar pneumonia, 
tuberculosis, tumors, or other fungal infections leading 
to a delay in therapy. A great many patients with pulmo-
nary cryptococcosis were asymptomatic and presented 
with abnormal pulmonary imaging that was identified 
during physical examination or investigation for other 
reasons.

Cryptococcal antigen (CrAg) detection is widely rec-
ognized as having diagnostic and prognostic value for 
pulmonary cryptococcosis. Its positive results have been 
identified as one of the diagnostic criteria by the Euro-
pean Cryptococcal Meningoencephalitis Diagnostic 
Guidelines [4] and recommended by the “Consensus of 
Zhejiang Experts on Pulmonary Cryptococcosis” as a sign 
of the start of anticryptococcal treatment [5]. The cryp-
tococcal antigen lateral flow assay (CrAg-LFA) is easily 
performed and has the advantage of great sensitivity and 
specificity, low cost, rapidity, and noninvasive compared 
with traditional etiological investigations (ink staining 
and culturing) and pathology tests. In lower-income set-
tings, it has revolutionized the capacity of clinicians to 
reach accurate and timely diagnoses [6]. Recent studies 
have shown that the CrAg-LFA has significant clinical 
importance in the diagnosis of pulmonary cryptococ-
cosis, particularly in patients with extended pulmonary 
invasion [7]. Based on that, we speculate that the titers 
of serum CrAg may be associated with the radiological 
manifestations in pulmonary cryptococcosis patients. A 
paucity of literature has comprehensively examined the 
relationship between radiological manifestations and 
serum CrAg-LFA titers. This study thus aimed to analyze 
the potential associations of radiological findings with 
the serum CrAg titers measured by the CrAg-LFA test 
in localized pulmonary cryptococcosis patients, hoping 
to provide robust support to enhance clinical diagnostic 
capabilities and facilitate clinical monitoring for pulmo-
nary cryptococcosis.

Materials and methods
Study subjects
To gather a maximally extensive sample size, a retrospec-
tive study was performed on all patients with pulmonary 
cryptococcosis admitted to the First Affiliated Hospital of 
Xiamen University from January 2016 to December 2022. 
All patients’ diagnoses had been pathologically confirmed 
through percutaneous transthoracic needle biopsy 
(PTNB) or transbronchial lung biopsy (TBLB). The exclu-
sion criteria were as follows: (1) failure to undergo serum 
CrAg testing or computed tomography (CT) examina-
tion; (2) antigen testing was not synchronized with CT; 
(3) concomitant extrapulmonary cryptococcal infections 
such as cryptococcal meningitis; (4) previously received 
antifungal treatment; (5) underwent surgical treatment; 
(6) human immunodeficiency virus (HIV) test positive.

Clinical data
The following data were obtained from the medical 
records: (1) demographic features and past medical his-
tory; (2) environment exposure history and host immune 
status; (3) clinical symptoms and signs; (4) laboratory 
tests data; (5) serum CrAg titers; (6) CT manifestations of 
the lungs; (7) the follow-up data.

CrAg‑LFA
The CrAg detection kit (colloidal gold method, Immy 
Company, USA) was used to detect serum CrAg titers 
according to the manufacturer’s instructions regarding 
operation procedure and result interpretation in the clin-
ical laboratory of the First Affiliated Hospital of Xiamen 
University.

Interpretation of chest CT scans
Two investigators (C Dai and C Lin) independently con-
ducted the interpretation of chest CT scans. The findings 
of chest CT scans were assessed for the following items: 
(1) the location and distribution of parenchymal lesions; 
(2) the number and size of the parenchymal lesions (the 
lesion size was defined as the average value of the long-
est axis and the axis perpendicular to it on the cross-sec-
tion of CT); (3) the inflammatory infiltrating type of the 
lesions; (4) related thoracic abnormalities such as halo 
sign, cavitation, and pleural effusion. All disagreements 
were resolved through discussion or, if required, adjudi-
cated by a third reviewer (Y Lin).

Treatment
In accordance with the recommendations of the “Con-
sensus of Zhejiang Experts on Pulmonary Cryptococ-
cosis” [5], antifungal agents are administered for 6 
to 12  months. For immunocompetent hosts, even in 
asymptomatic cases, aggressive therapy is warranted. 
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Fluconazole is administered at a dosage of 200 to 400 mg/
day for a six-month course [5]. For patients with mild 
to moderate symptoms, a higher dosage of fluconazole, 
400 mg/day, is administered for a duration ranging from 
6 to 12 months [5]. In cases of severe illness, the initial 
induction phase favors the combination of amphotericin 
B and flucytosine, administered for a minimum of four 
weeks [5]. Following this, consolidation therapy with 
fluconazole is administered for eight weeks, followed by 
maintenance therapy with fluconazole for a period of 6 to 
12 months [5].

Statistical methods
Statistical analyses were performed using SPSS 26.0 soft-
ware (IBM, Armonk, NY, USA), the statistical software 
packages R (http://​www.R-​proje​ct.​org, The R Founda-
tion), and Empower Stats (http://​www.​empow​ersta​ts.​
com, X&Y Solutions, Inc, Boston, MA). In order to con-
form to the normal distribution, the CrAg titer was sub-
jected to log transformation (Log [Antigen titer−1 + 1]).

Normally distributed measurement data were 
expressed as means ± standard deviation, non-normally 
distributed continuous variables were presented as medi-
ans (Q1, Q3) and categorical data were reported as num-
bers (percentage). A paired Student t-test was used for 
comparison between normally distributed continuous 
variables, a Mann–Whitney U test was used for com-
parison between non-normally distributed continuous 
variables, and a χ2 test or Fisher’s exact probability test 

was used for categorical data. Correlation significances 
between serum CrAg titers and the size and number of 
the parenchymal lesions were calculated using Pearson’s 
correlation analysis. Generalized linear models were con-
ducted to assess the potential relationship between the 
radiological findings and the serum CrAg titer levels. Dif-
ferent models were built by adjusting various risk factors. 
Non-adjusted, mini-adjusted, and multivariable-adjusted 
models were listed. A P-value < 0.05 (two-sided) was con-
sidered statistically significant.

Results
Demographic information
From January 2016 to December 2022, 179 patients were 
diagnosed with PC at the First Hospital of Xiamen Uni-
versity. 72 patients were excluded due to the following 
reasons: 11 patients did not undergo CrAg test or CT 
examination, in 40 patients serum CrAg titer detection 
did not coincide with pathological confirmation, two 
patients had concomitant extrapulmonary cryptococcal 
infections, five patients had previously received antifun-
gal treatment, 13 patients underwent surgical resection 
treatment, and one patient tested positive for HIV. 
Finally, 107 patients were included in this study, contain-
ing 59 males and 48 females in total. Based on the num-
ber of lung CT lesions, these patients were divided into 
two groups, with 31 patients in the single lesion group 
and 76 patients in the multiple lesion group (as shown 
in Fig. 1). The demographic data including age, sex, BMI, 

Fig. 1  Flow diagram of the study patient selection. CrAg: cryptococcal antigen; CT: computed tomography; HIV: human immunodeficiency virus

http://www.R-project.org
http://www.empowerstats.com
http://www.empowerstats.com
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the coexisting disease, immune status, and environmen-
tal exposure history were listed in Table 1. There was no 
significant difference between the two groups of patients 
on these basic data (P > 0.05). As well, less than 7% of 
patients had a definite history of environmental exposure 
(an evident history of close contact with poultry, or expo-
sure to a humid environment).

Clinical manifestations and laboratory investigations
The clinical manifestations of pulmonary cryptococco-
sis were non-specific and variable. As shown in Table 2, 

approximately half of the pulmonary cryptococcosis 
patients (42.06%) did not present with any symptoms 
and signs, and their pulmonary diseases were detected 
by an incidental radiological examination (chest radiog-
raphy or CT scan). Cough (49.53%) and expectoration 
(34.58%) were the most common presenting symptoms 
followed by dyspnea (15.89%), chest pain (14.02%), and 
fever (7.48%). Subsequently, no significant difference 
in symptoms or signs was observed between the two 
groups (P > 0.05).

Table 1  Baseline characteristics of pulmonary cryptococcosis patients (n = 107)

Data are presented as numbers (%) or mean ± SD

Patients with a past history of at least one of the predisposing conditions, including use of immunosuppressive drugs (treatment with corticosteroids or disease-
modifying drugs with immunosuppressive effects), CTD, severe respiratory system limitation such as tuberculosis or ILD, severe DM associated with organ 
damage, CAD, hypertension, hyperlipidemia, malignancies and being on radiotherapy or chemotherapy, hemopathy, liver or renal insufficiency, were considered 
immunocompromised. Otherwise, immunocompetent was defined

F female, M male, DM diabetes mellitus, CAD coronary atherosclerotic heart disease, CTD connective tissue diseases, ILD interstitial lung disease
a Chi-squared test
b Fishers exact test
t t-test

Variable All patients Single lesion, n (%) Multiple lesions, n (%) t/χ2 P value

Subjects 107 31(28.97) 76(71.03)

Age, y 48.12 ± 13.73 45.94 ± 14.02 49.01 ± 13.61 -1.052 0.295t

Sex, F/M 48/59 16/15 32/44 0.805 0.370a

BMI, kg/m2 23.62 ± 3.28 23.42 ± 2.96 23.70 ± 3.42 -0.396 0.693t

Comorbidities 0.005 0.941a

Without comorbidities 42(39.25) 12(28.57) 30(71.43)

With comorbidities 65(60.75) 19(29.23) 46(70.77)

  Hypertension 19(17.76) 6(31.58) 13(68.42) 0.076 0.782a

  DM 9(8.41) 2(22.22) 7(77.78) 0.007 0.934a

  CAD 5(4.67) 1(20.00) 4(80.00) 0.000 1.000a

  Hyperlipidemia 41(38.32) 13(31.71) 28(68.29) 0.242 0.623a

  Lung cancer 4(3.74) 3(75.00) 1(25.00) 2.270 0.132a

  Other tumors 14(13.08) 3(21.43) 11(78.57) 0.123 0.725a

  Liver insufficiency 4(3.74) 1(25.00) 3(75.00) 0.000 1.000a

  Renal insufficiency 5(4.67) 3(60.00) 2(40.00) 1.127 0.288a

  CTD 11(10.28) 1(9.10) 10(90.90) 1.401 0.237a

  Radiotherapy or chemotherapy 5(4.67) 2(40.00) 3(60.00) 0.003 0.959a

  Hemopathy 5(4.67) 2(40.00) 3(60.00) 0.003 0.959a

  Tuberculosis 5(4.67) 1(20.00) 4(80.000 0.000 1.000a

  ILD 1(0.93) 0(0.00) 1(100.00) 1.000b

Immune state 0.018 0.895a

Immunocompromised host 68(63.55) 20(29.41) 48(70.59)

Immunocompetent host 39(36.45) 11(28.21) 28(71.79)

Environmental exposure history
  No exposure history 29(27.10) 7(24.14) 22(75.86)

  History of close contact with poultry 6(5.61) 0(0.00) 6(100.00)

  History of exposure to a humid environment 1(0.93) 1(100.00) 0(0.00)

  No data 71(66.36) 23(32.39) 48(67.61)
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Among all the patients, 92 cases (85.98%) were posi-
tive for the serum CrAg-LFA test, including 20 out of 31 
cases in the single lesion group (64.52%), and 72 out of 76 
cases in the multiple-lesion group (94.74%). The median 
(range) serum CrAg titer was 1:40 (1:5–1:160). Of note, 
the median serum CrAg titers in patients with multiple 
lesions (1:80) were significantly higher than those in the 
single lesion group (1:5) (P < 0.0001). There was no sig-
nificant difference in the levels of white blood cell, neu-
trophils, lymphocytes or procalcitonin between the two 
groups (Table 3).

Lung CT manifestations
The lung CT manifestations of the pulmonary cryptococ-
cosis patients were shown in Table  4. The mean lesion 
size was 2.41 ± 1.48 cm. Lung lesions of pulmonary cryp-
tococcosis were more inclined to cluster on one side of 
the lung. There was no significant difference in the lesion 
size between the two groups (P > 0.05). The inflammatory 
infiltrating types and accompanying signs were similar 
between the two groups (P > 0.05).

Relationship between radiological features and serum 
CrAg titers
After analyzing the correlation between the serum LFA 
titers and the CT features, it was revealed that the titers 
of patients with multiple lesions were higher than those 
with a single lesion (P < 0.0001) (Fig.  2a). Meanwhile, 

analyses were performed to identify the relationship 
between serum CrAg titers and lesion size. It showed 
that titers of patients with larger lesions were higher than 
those with a smaller lesion (P < 0.0001) (Fig. 2b). In addi-
tion, titers of patients with lesions involving multiple 
lung lobes were higher than those with lesions involv-
ing only one lobe (P < 0.05) (Fig. 2c). Meanwhile, whether 
the lesion is distributed in bilateral lungs did not seem to 
affect the titer level (Fig. 2d). Further correlation analyses 
showed that serum CrAg titer was positively correlated 
with the number (r = 0.08, P < 0.0001) (Fig.  3a) and the 
size (r = 0.39, P < 0.0001) (Fig. 3b) of parenchymal lesions. 
More data were shown in Table 5.

In order to further investigate whether the serum CrAg 
titers were independently associated with the number of 
lesions, the lesion size, and the number of involved lobes, 
generalized linear models were conducted. And in the 
single-factor linear regression analysis, three models were 
established to separately analyze the effects of the num-
ber of lesions, the lesion size, and the number of involved 
lobes on serum CrAg titers (Table 6). In model II, a posi-
tive association between serum CrAg titers and the num-
ber of lesions (β, 0.08; 95% CI, 0.05 to 0.12) and the lesion 
size (β, 0.40; 95% CI, 0.31 to 0.50) was detected, respec-
tively. While there was no obvious correlation between 
the serum CrAg titers and the number of involved lobes 
(P > 0.05). Finally, the number and size of lesions were 
included in the multivariate linear regression analysis. 

Table 2  Clinical manifestations of pulmonary cryptococcosis patients (n = 107)

Data are presented as numbers (%)
a Chi-squared test
b Fishers exact test

Clinical manifestation Total (n = 107), n (%) Single lesion(n = 31), 
n (%)

Multiple 
lesions(n = 76), n (%)

χ2 P

Symptoms

  No symptoms 46(42.99) 17(54.84) 29(38.16) 2.500 0.114a

  Fever 8(7.48) 1(3.23) 7(9.21) 0.439 0.508a

  Shivering 2(1.87) 1(3.23) 1(1.32) 0.497b

  Cough 53(49.53) 12(38.71) 41(53.95) 2.045 0.153a

  Expectoration 37(34.58) 10(32.26) 27(35.53) 0.104 0.747a

  Dyspnea 17(15.89) 2(6.45) 15(19.74) 1.999 0.157a

  Hemoptysis 4(3.74) 1(3.23) 3(3.95) 0.000 1.000a

  Chest pain 15(14.02) 4(12.90) 11(14.47) 0.000 1.000a

  Headache 5(4.67) 0(0.00) 5(6.58) 0.917 0.338a

Signs

  No signs 95(88.79) 26(83.87) 69(90.79) 0.478 0.489a

  Shortness of breath 3(2.80) 0(0.00) 3(3.95) 0.555b

  Dry pulmonary rale 2(1.87) 2(6.45) 0(0.00) 0.082b

  Wet pulmonary rale 7(6.54) 3(9.68) 4(5.26) 0.165 0.684a

  Signs of pulmonary consolidation 2(1.87) 1(3.23) 1(1.32) 0.497b

No symptoms and no signs 45(42.06) 17(54.84) 28(36.84) 2.926 0.087a
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Table 3  Laboratory investigations of patients with pulmonary cryptococcosis

WBC white blood cells, Hb hemoglobin, PLT platelet, MPV mean platelet volume, PCT procalcitonin, CrAg cryptococcal antigen
a Chi-squared test
c Mann-Whitney U test
t t-test
* P < 0,05
**** P < 0.0001

Characteristics Total Single lesion Multiple lesions U/t/χ2 P

WBC (109/L) 6.65(5.69,7.84) 6.65(5.22,8.23) 6.64(5.71,7.84) 1146.000 0.826c

Neutrophils 4.11(3.25,5.37) 4.06(2.96,5.65) 4.11(3.32,5.34) 1116.000 0.866c

Lymphocytes 1.85(1.35,2.18) 1.55(1.32,2.07) 1.89(1.38,2.21) 958.000 0.202c

Hb(g/L) 136.72 ± 18.98 136.52 ± 18.64 136.80 ± 19.24 -0.070 0.944t

PLT (109/L) 260.31 ± 65.91 244.52 ± 63.72 266.75 ± 66.11 -1.594 0.114t

MPV 10.20 ± 0.97 10.52 ± 0.91 10.07 ± 0.97 2.207 0.029t*

PCT 0.04(0.03,0.07) 0.04(0.03,0.06) 0.04(0.03,0.07) 410.000 0.219c

Serum CrAg(positive/nega-
tive) %
Serum CrAg titers

92/15(85.98%)
1:40 (1:5–1:160)

20/11(64.52%)
1:5(0, 1:40)

72/4(94.74%)
1:80(1:10, 1:160)

14.271
-4.422

 < 0.0001a****
 < 0.0001t****

Table 4  Chest CT manifestation in pulmonary cryptococcosis patients (n = 107)

Data are presented as numbers (%)
a Chi-squared test
t t-test
* P < 0,05
** P < 0.01

Radiological characteristics Total (n = 107), n (%) Single lesion 
(n = 31), n (%)

Multiple 
lesions(n = 76), 
n (%)

χ2/t P

Lesion distribution
  Lesions in the middle zone of the lung 71(66.36) 16(51.61) 55(72.37) 4.249 0.039a*

  Subpleural lesions 94(87.85) 23(74.19) 71(93.42) 5.932 0.015a*

Lesion location
  Both lungs 21(19.63) 0(0.00) 21(27.63) 10.657 0.001a**

  Single lung 86(80.37) 31(100.00) 55(72.37) 10.657 0.001a**

Lesion size(cm) 2.41 ± 1.48 2.24 ± 1.59 2.47 ± 1.44 -0.732 0.466t

  > 3 cm 23(21.50) 6(19.35) 17(22.37) 2.905 0.234a

  1-3 cm 72(67.29) 19(61.29) 53(69.74) 2.905 0.234a

  < 1 cm 12(11.21) 6(19.35) 6(7.89) 2.905 0.234a

Inflammatory infiltrating type
  Patchy shadow or ground glass shadow 67(62.62) 15(48.39) 52(68.42) 3.775 0.052a

  Consolidation shadow along the lung lobes or segment 19(17.76) 5(16.13) 14(18.42) 0.079 0.778a

  Shadow of exudation or consolidation along the broncho-
vascular bundle

42(39.25) 9(29.03) 33(43.42) 1.912 0.167a

Accompanying signs
  Halo sign 8(7.48) 0(0.00) 8(10.53) 2.169 0.141a

  Cavitations 23(21.50) 4(12.90) 19(25.00) 1.909 0.167a

  Pleural effusions 5(1.87) 1(3.23) 4(5.26) 0.000 1.000a
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The results showed that serum CrAg titers were still posi-
tively associated with the number of lesions (β, 0.08; 95% 
CI, 0.05 to 0.12) and the lesion size (β, 0.40; 95% CI, 0.31 
to 0.50) after adjusting other covariates.

Variation of serum CrAg titers before and after antifungal 
therapy
Sixty pulmonary cryptococcosis patients who were radi-
ologically effective after treatment were followed for up 
to 12  months. The remaining 47 patient data were not 
presented due to incomplete record. Dynamic changes 
of CrAg titers before and after treatment were depicted 
in Fig. 4. Nine of the 60 patients were consistently nega-
tive for the serum CrAg test. The remaining 51 patients 

showed a decrease in CrAg titer after antifungal treat-
ment, with 26 patients turning negative for CrAg testing 
and the other 25 patients maintaining a low level of titer 
for long periods after successful therapy.

Discussion
Previous studies have focused on evaluating the diag-
nostic performance of CrAg test [8–10]. In our study, we 
tried to explore the association of lung involvement with 
the serum CrAg titer. To the best of our knowledge, this 
is the first article that systematically elucidates the rela-
tionship between the chest CT image feature and the 
serum CrAg titer measured by the LFA test in patients 
with localized pulmonary cryptococcosis.

Fig. 2  Relationships between radiological findings and serum CrAg titers. CrAg: cryptococcal antigen. a The serum CrAg titers of the multiple-lesion 
group were higher than those of the single lesion group (P < 0.0001). b Serum CrAg titers were significantly elevated in the larger-lesion group 
(P < 0.0001). c Serum CrAg titers of patients with lesions involving multiple lung lobes were higher than those with lesions involving only one lobe 
(P < 0.05). d There was no significant difference in CrAg titers between the group of bilateral lung lesions and the group of unilateral lung lesions
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The titer value of CrAg detection is positively correlated 
with the antigen released into the blood from cryptococ-
cal lesions. Previous studies have demonstrated that high 
CrAg titers were associated with disseminated cryptococ-
cosis involving the central nervous system and the skin 
[11–14]. These findings suggested that the CrAg titers are 
strongly related to the severity of disseminated cryptococ-
cosis. However, the assessment of the severity of localized 
pulmonary cryptococcosis remains challenging due to 
the continued lack of specificity in clinical presentation 
and chest CT image features [15–17], and there is still a 
paucity of corresponding studies. Therefore, this study 
was designed to investigate the associations of chest CT 
image features with the serum CrAg titers measured by 
the LFA test in patients with pulmonary cryptococcosis 
and to explore whether the serum CrAg-LFA titer could 
be a microbiological criterion for the diagnosis and severity 
assessment of pulmonary cryptococcosis.

Our research results showed that serum CrAg titers 
were positively associated with the number of pulmonary 
lesions and the lesion size after adjusting other covari-
ates. These findings indicated that CrAg can not only 
serve as a diagnostic standard for pulmonary cryptococ-
cosis, but its titer detection can also supplement clinical 
judgment for evaluating lung lesions in localized pulmo-
nary cryptococcosis. Moreover, the follow-up results in 
our study also confirmed the consistency between CrAg-
LFA titers and lung lesions. Therefore, during clinical 
practice, if access to chest radiography or CT is limited, 
the test of CrAg-LFA titer can be considered as a valid 
tool to evaluate the intrapulmonary lesions in patients 
with localized pulmonary cryptococcosis.

Consistent with the results of previous studies [18, 19], 
our study demonstrated a correlation between serum 
CrAg titers and radiological severity in patients with 
pulmonary cryptococcosis. Patients whose CT images 

Fig. 3  Correlation analysis between radiological findings and serum CrAg titers. CrAg: cryptococcal antigen. a The correlation between serum CrAg 
titers and the size of the parenchymal lesions (r = 0.39, P < 0.0001). b The correlation between serum CrAg titers and the number of the parenchymal 
lesions (r = 0.08, P < 0.0001). The correlation significance was calculated using Pearson’s correlation analysis

Table 5  Relationship between radiological findings and serum cryptococcal antigen titers (n = 107)

Data are presented as numbers (%)
t t-test
* P < 0,05
**** P < 0.0001

Radiological characteristics Total (n = 107), n (%) Cryptococcal antigen titer 
(mean ± SD)

t P

Number of lesions Single lesion 31(28.97) 0.91 ± 0.98 -4.422  < 0.0001t****

Multiple lesions 76(71.03) 1.77 ± 0.87

Lesion size (mean diam‑
eter/cm)

< 2.41 69(64.49) 1.16 ± 0.83 -5.765  < 0.0001t****

> 2.41 38(35.51) 2.16 ± 0.91

Lesion location Single lobe 67(62.62) 1.34 ± 0.99 -2.474 0.015t*

Multiple lobes 40(37.38) 1.81 ± 0.88

Single lung 86(80.37) 1.43 ± 0.96 -1.851 0.067t

Both lungs 21(19.63) 1.87 ± 1.01
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showed more and larger lesions exhibited higher positive 
rates and antigenic titers detected by the serum CrAg-
LFA test, which may be related to the characteristics 
of localized infiltration and growth of cryptococcus in 
the lung lesion and the difficulty of releasing CrAg into 
human blood in the focal lesion, while in patients with 
more lesions or further extensive involvement, more 
CrAg is released into the blood [7]. However, in a retro-
spective study from Japan, a comparison of CrAg titers 
revealed no significant difference between solitary and 

multiple nodules [13]. The negative result of this early 
study may be due to the small sample size and the fact 
that the antigen detection method used was latex agglu-
tination test. Moreover, in our study, 107 cryptococ-
cal patients were all pathologically confirmed, further 
enhancing the credibility of the results.

In accordance with the research results of Li et al. [19], 
serum CrAg titers showed continuously decreasing trend 
with the reduction in pulmonary lesion size after effective 
therapy in this study. It reconfirms that the CrAg-LFA titers 

Table 6  Association of radiological findings with serum cryptococcal antigen titers in different models

A  *P<0,05; ***P<0.001; ****P<0.0001. Crude Model, no covariates were adjusted. Model I: model adjusted for age and gender. Model II: model in the number of lesions 
adjusted for gender, age, BMI, comorbidities, immune state, the lesion involved both lungs, lesion size, the lesion-involved lung lobe; the lesion size adjusted for 
gender, age, BMI, comorbidities, immune state, the lesion involved both lungs, the number of lesions, the lesion-involved lung lobe; and the lesion involved in the 
lung lobe adjusted for gender, age, BMI, comorbidities, immune state, the lesion involved both lungs, lesion size, the number of lesions
B  ****P < 0.0001. Crude Model, no covariates were adjusted. Model I model adjusted for age and gender. Model II model adjusted for gender, age, BMI, comorbidities, 
immune state, the lesion involved both lungs and the lesion-involved lung lobe

Single-factor linear regression analysisA

Crude Model P for trend Model I P for trend Model II P for trend
Number of 
lesions

0.08(0.04,0.11) < 0.0001**** 0.08(0.04,0.11) 0.0001*** 0.08(0.05,0.12) < 0.0001****

Lesion size 0.39(0.29,0.49) < 0.0001**** 0.39(0.28,0.49) < 0.0001**** 0.40(0.31,0.50) < 0.0001****

The lesion-
involved lung 
lobe

0.20(0.03,0.38) 0.0250* 0.21(0.03,0.39) 0.0230* -0.12(-
0.35,0.12)

0.3317

Multifactor linear regression analysisB

Crude Model P for trend Model I P for trend Model II P for trend
Number of 
lesions

0.07(0.05,0.10) < 0.0001**** 0.08(0.05,0.10) < 0.0001**** 0.08(0.05,0.12) < 0.0001****

Lesion size 0.39(0.29,0.48) < 0.0001**** 0.39(0.29,0.48) < 0.0001**** 0.40(0.31,0.50) < 0.0001****

Fig. 4  Variation of serum CrAg titers before and after antifungal therapy of sixty pulmonary cryptococcosis patients who were radiologically 
effective after treatment. CrAg: cryptococcal antigen
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correlate with the organism burden. However, titers in 
patients with pulmonary cryptococcosis can remain at low 
titers for long periods after successful treatment. The situ-
ation has arisen because dead cryptococcus keep releasing 
capsular polysaccharide antigens, and the host clears them 
relatively slowly. Hence CrAg titers can be used as a marker 
of the effectiveness of antifungal treatment, but not as an 
indicator of cure or a decision to discontinue treatment.

Meanwhile, the proportion of negative CrAg-LFA test 
results in our patients is noteworthy. In our study, 15 
patients (14.02%) were found to be CrAg-negative but 
confirmed by pathology, including 11 out of 31 patients in 
the single lesion group (35.48%), and 4 out of 76 patients 
in the multiple- lesions group (5.26%), which could pos-
sibly be attributed to a concentration of CrAg below the 
kit detectability limit, a masking effect by unknown non-
specific proteins in vivo, a prozone phenomenon arising 
from high concentrations of CrAg, or a poorly encapsu-
lated strain with low production of polysaccharide [13, 
20]. These findings highlight the potential limitations of 
relying solely on the CrAg test for the diagnosis, sever-
ity assessment and therapeutic monitoring of pulmonary 
cryptococcosis with solitary lesion, and highlight the 
importance of incorporating clinical and pathological 
information in the diagnostic algorithms, especially for 
patients with only a single lung lesion.

Approximately 42% of patients diagnosed with PC 
exhibited no respiratory symptoms in this study, with 
their conditions being serendipitously uncovered dur-
ing routine health assessments or non-respiratory 
health investigations. In China, the enduring effects of 
the COVID-19 pandemic have significantly amplified 
the public’s concern for pulmonary health, leading to an 
increased demand for low-dose CT scans of the lungs. 
Upon the identification of pulmonary nodules in indi-
viduals aged 40 and above, respiratory specialists and 
thoracic surgeons sometimes advocate for a lung biopsy. 
This invasive diagnostic procedure aims to definitively 
ascertain the etiology, which could range from infectious 
diseases such as tuberculosis, to neoplastic growths, or 
even rarer conditions like pulmonary cryptococcosis. 
Nonetheless, this heightened scrutiny and the resultant 
increase in diagnostic procedures may introduce a selec-
tion bias in studies related to lung nodules.

Limitations of this study include being conducted in a 
single, southeast academic tertiary hospital, which may 
limit generalizability. The retrospective nature of this 
study may result in incomplete records and documenta-
tion, which subsequently imposes inherent limitations 
on the scope and validity of the research findings. Mean-
while, this study did not include patients with extrapul-
monary cryptococcal infections or HIV infection, which 
would limit the application of its results.

Conclusions
Localized pulmonary cryptococcosis patients whose CT 
images showed more and greater lesions exhibited higher 
antigenic titers detected by the serum CrAg-LFA test. 
The CrAg-LFA test could be a useful tool for the diagno-
sis, severity assessment, and therapeutic monitoring of 
localized pulmonary cryptococcosis patients.
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