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Abstract Background: We presented the performance of a Chinese-made cryptococcal glu-
curonoxylomannan (GXM) antigen test using serum and bronchoalveolar lavage fluid (BALF)
samples in the HIV-negative Chinese population.
Methods: Between February 2017 and January 2019, HIV-negative patients with pulmonary
cryptococcosis were recruited and followed-up every three months, including completion of
a chest CT examination and collection of serum and BALF samples.
Results: Here, thirty-seven confirmed and ten clinically diagnosed patients were recruited.
Furthermore, samples from 174 noncryptococcosis patients that may cause false positives
were also collected. The sensitivity of a lateral flow assay (LFA) for detecting cryptococcal
GXM antigen in serum and BALF samples from confirmed cases was 97% and 95%, respectively,
and the specificity was 98.2% and 93%, respectively, and the differences in these values be-
tween the BALF and serum samples were not significant. The serum cryptococcal GXM antigen
value showed a positive correlation (r: 0.581, p < 0.001) with pulmonary lesion size, while the
BALF value showed no correlation (r: 0.253, p: 0.13). The positivity rate of BALF was higher
than that of serum when the diameter of the pulmonary lesion was small (diameter less than
20 mm). Moreover, the serum cryptococcal GXM antigen levels showed an overall decreasing
trend with the decrease in pulmonary lesion size after antifungal therapy in patient follow-up.
Conclusions: The Chinese-made cryptococcal GXM antigen test has better sensitivity and
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specificity for diagnosing pulmonary cryptococcosis in the HIV-negative Chinese population,
and it could be used to diagnose and to monitor this disease.
Copyright ª 2021, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Recently, the incidence of pulmonary cryptococcosis (PC) has
been found to be increasing yearly in HIV-negative patients.
Foreign epidemiological studies show that the incidence of PC
increased by more than 6-fold from 1999 to 2006, reaching 38
cases per million people, and most of these cases were among
HIV-negative patients.1 The reported cases of PC in non-HIV
patients increased significantly after 2000 in China.2 Since
the outbreak of cryptococcosis in Vancouver in 2000, HIV-
negative cryptococcosis has been increasingly studied.3 PC
is easily misdiagnosed as tuberculosis or lung cancer because
of the similar imaging findings and mild symptoms.4 Of 589
South African miners tested for PC, 51.9% were misdiagnosed
with tuberculosis. Studies show that 15% of patients in public
hospitals in South Africa develop cryptococcal meningitis
within 3 months after being misdiagnosed as negative for
tuberculosis.5 In summary, the incidence of PC is increasing,
its imaging and clinical manifestations lack specificity and are
easy to misdiagnose, and diagnosis may be missed. If not
diagnosed and treated in time, disseminated cryptococcosis
may develop and affect the prognosis. Therefore, early
diagnosis and treatment are important for preventing the
spread of Cryptococcus infection and reducing the mortality
among patients with cryptococcal disease.

Currently, the diagnosis of PC mainly depends on patho-
logical biopsy, and the methods of obtaining pathological
tissues mainly include surgery, percutaneous lung puncture
and tracheoscopy biopsy, which are invasive examinations.
These examinations are difficult for patients because of
complications, including pneumothorax and hemorrhage.
Moreover, diagnostic yields of transbronchial fine needle
aspiration (TBNA) and transbronchial biopsy can significantly
vary depending on the size and location of the nodule.6

Previous studies reported that chest imaging of lesions
from patients with PC revealed mostly nodules. In one report
about HIV-negative PC, the percentage of nodules with a
diameter of less than 25 mm was as high as 79.4%, and le-
sions were mostly distributed below the pleura,7 which made
bronchoscopy biopsy very limited. The addition of endo-
bronchial ultrasound guidance or electromagnetic navigation
increases diagnostic yield, but the yields are still lower for
lesions not more than 2.0 cm in diameter (56.3% for
lesions < 2.0 cm vs. 77.7% for lesions 2.0 cm).6 Small lung
lesions are an independent risk factor for pneumothorax
during puncture. The reported incidence of pneumothorax
after percutaneous lung biopsy ranges from 0% to 61%, with
0e13% of patients requiring intervention. Peripheral
bleeding may occur in 26% of patients.8 Moreover, the
diagnostic yield of these approaches is variable because bi-
opsies can contain nontumor elements, such as areas of
fibrotic tumor stroma and/or surrounding normal lung tissue.
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Compared with the above methods, the detection of
cryptococcal GXM antigen has the advantages of high sensi-
tivity and specificity and economic convenience. There are
three methods for the detection of cryptococcal GXM anti-
gen, including enzyme-linked immunosorbent assay (ELISA),
latex agglutination assay (LA) and lateral flow assay (LFA).
Compared with the other two methods, LFA is simple to
perform, fast, economical, sensitive and specific.9 LFA was
5-fold as sensitive than LA when cross-comparing semi-
quantitative titers by serial dilution.10 Since 2011, detection
with the cryptococcal GXM antigen LFA assay has gradually
replaced LA assay in some laboratories.11 The IMMY LFA
(Immuno-Mycologics, Inc., Norman, OK, USA) is a semi-
quantitative test. As the sample concentration cannot be
estimated, a large number of reagent strips are consumed,
and the number of operation steps may be high. Compared
to IMMY LFA, the Chinese-made Dynamiker LFA may detect
the strength of the detection band more conveniently and
effectively by using an immunoquantitative analyzer.12 The
theory is that the sensor of the immunoquantitative analyzer
can directly read the gray level of the T line on the reagent
strips. The gray level has been shown to be proportional to
the concentration, so the value can reflect the cryptococcal
GXM antigen concentration. The other advantage of the
Chinese-made Dynamiker LFA is that the minimum LOD is
0.5e1.0 ng/ml, while the IMMY LFA minimum LOD is
1.0e1.5 ng/ml.

Because of the advantage of the Chinese-made crypto-
coccal GXM antigen test, we wanted to evaluate its perfor-
mance in detecting PC in serum and BALF samples. The
clinical application of the diagnosis of PC was also evalu-
ated, which will aid in the development of more effective
test methods for diagnosing and monitoring PC in the future.

Methods

Ethics

This prospective study was performed at the First Affiliated
Hospital of Guangzhou Medical University, Guangzhou,
China. Furthermore, this study was approved by the ethics
committee of the First Affiliated Hospital of Guangzhou
Medical University.

Study design

Selection and description of participants
Forty-seven PC patients were enrolled between February
2017 and January 2019. Furthermore, these PC patients
were classified according to the European Organization of
Research and Treatment of Cancer/Mycoses Study Group
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revised definitions of 2008.13 The diagnosis of PC was
confirmed by the presence of cryptococcosis in either his-
topathological or cytological specimens, including trans-
bronchial lung biopsies and CT-guided percutaneous lung
biopsies. Patients positive for serum cryptococcal GXM an-
tigen but negative in the histopathologic or cytologic ex-
aminations were defined as “clinically diagnosed.” The
exclusion criteria were as follows: 1) AIDS, 2) disseminated
cryptococcal disease, 3) a combination of other infections,
4) patient had undergone surgical removal of a lung cryp-
tococcal infection, 5) patient was not willing to undergo
this detection procedure. The control group of this study
included patients with other noncryptococcal infectious
diseases, including other pulmonary fungal diseases, bac-
terial pneumonia, connective tissue disease, tuberculosis,
lung cancer, and idiopathic pulmonary fibrosis.

Specimen collection and PC cryptococcal GXM antigen
testing
Blood specimens (5 ml) were collected from enrolled pa-
tients on the day of the chest CT examination or within 7
days, and serum was separated by centrifugation at
3000 rpm for 10 min. Furthermore, BALF was collected after
the patients underwent bronchoscopy tests due to the dis-
ease diagnosis. These patients were lavaged in the infected
lung segment, and the bronchoscopy tip was confined to the
target bronchial segment. Physiological saline was rapidly
injected into the operating channel at 37 �C or room tem-
perature at a total volume of 60e120 ml, and the injection
was 20e50 ml each time. Appropriate vacuum suction was
adopted, and the recovery rate should be greater than 30%.
The aspirated fluid was centrifuged (3000 rpm) for 10 min,
and the cell-free supernatant was tested; the pellet was
cultured and used for cytologic examination.

A new Chinese-made cryptococcal GXM antigen test was
used for the quantitative detection of cryptococcal GXM
antigen. According to the kit instructions, 40 ml of serum or
BALF was placed on the test strip. After 10 min, the value
was read with an immunoquantitative analyzer. If the value
was greater than 100, the above operation was repeated
after the sample was diluted 10-fold.

The PC GXM antigen was tested on both serum and BALF
samples using LFA according to the manufacturer’s in-
structions. The above detection kits were provided by
Dynamiker Biotechnology Co., Ltd. (Tianjin, China).

Radiological assessment
CT is commonly performed under the Chinese medical in-
surance system; thus, all of the patients enrolled in this
study underwent CT examinations. A radiologist and a res-
piratory physician independently assessed each patient’s
CT scans. The maximum diameter of the largest pulmonary
lesion was used in the subsequent analyses if the patient
had multiple lesions.
Statistics

ROC curves were constructed using the cryptococcal GXM
antigen values of the confirmed PC and control groups, and
the area under the curve (AUC) > 0.5 was significant.
Correlation significance between cryptococcal GXM antigen
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titers and pulmonary lesion size was calculated using
Spearman’s rank analysis. P-values < 0.05 indicated sig-
nificant differences.

Results

Patient background

A total of 221 HIV-negative patients were recruited into this
study, including those with and without PC. Among the
47 PC patients, 20 patients did not have underlying condi-
tions, accounting for 43%, and the other 27 (57%) had one or
more underlying conditions. Among the 174 patients
without PC, 66 (38%) patients did not have underlying
conditions, and the other 108 (62%) had multiple underlying
conditions (Table 1).

Sensitivity and specificity of the Chinese-made
cryptococcal GXM antigen test

Table 2 shows that the Chinese-made cryptococcal GXM
antigen test had good sensitivity and specificity in the
serum samples, 97% and 98.2%, respectively. The test also
had good sensitivity and specificity in the BALF samples,
95% and 93%, respectively; although these numbers were
slightly inferior to those for serum, the difference was not
significant.

Furthermore, the area under the curve (AUC) represents
the accuracy of the Chinese-made cryptococcal GXM antigen
test, which was 0.9960 (95% CI 0.9896e1.002, P < 0.0001,
optimal threshold value 1.59) and 0.9635 (95% CI
0.9080e1.018, P < 0.0001, optimal threshold value 0.34) for
serum (red line) and BALF (blue line), respectively (Fig. 1).

Relationship between pulmonary lesion size and
antigen titer of the Chinese-made cryptococcal
GXM antigen test

First, the correlation between cryptococcal GXM antigen
titers and pulmonary lesion size is shown (Fig. 2). There was
a positive correlation between the lesion size and the an-
tigen value in both sample types. However, the serum
cryptococcal GXM antigen value showed a better correla-
tion (r: 0.536 p < 0.001; Spearman’s rank correlation) with
lesion size than did the BALF titer (r: 0.373, p: 0.073).

Then, the correlation between the pulmonary lesion size
and the rate of positive cryptococcal GXM antigen tests for
all patients was determined. The rate of positive samples
was higher for BALF tests than for serum tests, especially
for pulmonary lesions with diameters �20 mm (Fig. 3).

Relationship between the value of the Chinese-
made cryptococcal GXM antigen test and prognosis
in serum samples

It was shown that there were positive correlations between
the lesion size and the antigen value of the Chinese-made
cryptococcal GXM antigen test. This analysis was performed
to evaluate whether the improvement of illness, which was
estimated via lesion absorption, has a good relationship with



Table 1 Characteristics of 221 HIV-negative patients with and without pulmonary cryptococcosis.

Characteristics

Mean age (years) 63.2 � 13.6
Sex (men: women) 124:97
Underlying conditionsa (n Z 221)
Nonpulmonary cryptococcosis (n Z 174) Pulmonary cryptococcosis (n Z 47)
Other pulmonary mycoses Hypertension (7)
Pulmonary Talaromyces marneffei (3) Hepatitis B virus (6)
Pulmonary mucormycosis(2) Diabetes (8)
Pulmonary aspergillosis (26) Rheumatoid arthritis (6)

Pneumonia Coronary heart disease (1)
Bacterial pneumonia (21) Hypoalbuminemia (1)

Cytomegaloviral pneumonitis (4) IgA nephropathy (1)
Pulmonary tuberculosis (13) Membranous nephropathy (2)
Lung cancer (34) Renal insufficiency (1)
Connective tissue disease Systemic lupus erythematosus (1)
Rheumatoid arthritis (7) Kidney transplantation (2)
Systemic lupus erthematosus (6) Thymus gland malignant tumor (1)
Connective tissue-related interstitial lung disease (20) Gastric cancer (1)

Idiopathic interstitial fibrosis (11) Nephrotic syndrome (1)
No underlying disease (66) Pulmonary embolism (2)

No underlying disease (20)
a Some people had multiple underlying conditions.

Table 2 Sensitivity and specificity of the Chinese-made cryptococcal GXM antigen test.

Serum GXM test BALF GXM test

Sensitivity (%) 97% 95%
Specificity (%) 98.2% 93.0%
Positive predictive value (%) 92.3% 95%
Negative predictive value (%) 99.4% 93%

A total of 37 confirmed pulmonary cryptococcosis and 174 noncryptococcosis patients were included in the analysis. The numbers of
serum and BALF specimens from confirmed patients were 37 and 20, respectively, and from the noncryptococcosis patients were 174 and
20, respectively.
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the antigen value of the Chinese-made cryptococcal GXM
antigen test in serum samples. Follow-up occurred at the 0-,
3-, 6- and 9-month visits after the first test. Six patients had
complete follow-up. The baseline serum cryptococcal GXM
antigen test was positive for all six patients. One case
became negative after 6 months (at the end of treatment).
One case showed some fluctuations, and the degree of
decline in antigen value was not obvious at 9 months but
showed an obvious decline at 12 months after treatment.
The antigen values of other patients showed a gradual
decrease, accompanied by a narrowing of the lesion. In
summary, the serum cryptococcal GXM antigen levels
decreased when the pulmonary lesions resolved after anti-
fungal therapy in all followed-up patients, which contrib-
uted to the indication of this test for assessing clinical
response to treatment for pulmonary cryptococcus (Fig. 4).
Discussion

Here, we first evaluated the sensitivity, specificity and
clinical use of the Chinese-made cryptococcal GXM antigen
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test. Furthermore, the test showed that there were posi-
tive correlations between lesion size and the antigen value
and that the rate of positivity was higher for BALF tests
than for serum tests, especially for pulmonary lesions with
diameters �20 mm; moreover, the decrease in antigen
value may indicate improvement of the disease.

The cryptococcal GXM antigen test for PC diagnosis was
originally proven to be feasible,7 and our findings for the
Chinese-made cryptococcal GXM antigen test were the
same. However, the Chinese-made cryptococcal GXM anti-
gen test had better sensitivity than the other cryptococcal
GXM antigen test, which was published as 97% via 73.9% in
serum and 95% via 82.6% in BALF (Table 2),7 but the spec-
ificity was slightly lower. Furthermore, previous reports
showed that the sensitivity of the cryptococcal GXM antigen
test was 44e100% in BALF and 92e100% in serum.9,14,15

These results imply that the Chinese-made cryptococcal
GXM antigen test is more sensitive, which can be attributed
to the lower minimum LOD of this test. Furthermore, the
Chinese-made cryptococcal GXM antigen test is more sen-
sitive than ELISA,16 which may be because the cryptococcal
GXM antigen LFA test employs two monoclonal antibodies,



Figure 1. Receiver operating characteristic (ROC) curve

for the Chinese-made cryptococcal GXM antigen test in

serum and BALF. The ROC curve is plotted between the true-
positive rate (sensitivity) on the y-axis and the false-positive
rate (specificity) on the x-axis. The red line is serum, and the
blue line is bronchoalveolar lavage fluid (BALF).

Figure 3. Correlation between the maximum diameter of

the largest pulmonary lesion and the rate of positive cryp-

tococcal GXM antigen tests (for confirmed and clinically

diagnosed cases). A indicates the serum GXM antigen test, and
B indicates the BALF GXM antigen test. Black boxes represent
confirmed cases, and boxes with slanted lines represent clini-
cally diagnosed cases.
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one of which binds to serotypes A, B, and C and the other to
serotypes A and D.17 In our study, we also compared the
performance (sensitivity and specificity) of Chinese-made
cryptococcal GXM antigen test with that from crypto-
coccal GXM antigen ELISA test (Dynamiker Biotechnology
Co., Ltd. Tianjin, China). The specimen type used for
cryptococcal GXM antigen ELISA were serum and BALF. The
numbers of serum and BALF specimens from confirmed
patients were 37 and 18, respectively, and from the non-
cryptococcosis patients were 65 and 13, respectively, and
our results demonstrated that the sensitivity of the
Chinese-made cryptococcal GXM antigen test was better
than that of the cryptococcal GXM antigen ELISA test 97%
vs. 51% for serum samples, and 95% vs. 39% for BALF sam-
ples, which confirmed the above study.

However, there is a disadvantage of the Chinese-made
cryptococcal GXM antigen test: its specificity is low (Table 1
and Fig. 1). It has been proven that there are cross-
reactions between Cryptococcus and other disease
markers, such as Aspergillus galactomannan,18 systemic
lupus erythematosus, rheumatoid factor, megagglutinemia,
carbon dioxide phagocytic bacteria, acid-resistant bacilli
and trichospore bacteria. Thus, samples from patients with
these diseases were included in the control group in this
Figure 2. Correlation analysis between the GXM antigen

value and the maximum diameter of the largest pulmonary

lesion. A means correlation between serum GXM antigen value
and the maximum diameter of the largest pulmonary lesion. B
shows the correlation between the BALF GXM antigen value and
the maximum diameter of the largest pulmonary lesion. The
correlation significance was calculated using Spearman’s rank
analysis.
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study (Table 1). In the control group, there were several
samples that produced false positive serum antigen test
results via the Chinese-made cryptococcal GXM antigen
test. Qualitative test results were not easy to identify by
the naked eye, and the values read by the immunoquanti-
tative analyzer were all less than 1. According to previous
reports, when the value of LFA is classified as strong
(þþþ), medium (þþ), weak (þ), suspicious positive (�)
and negative (�) based on the titers of the latex aggluti-
nation experiment, the sensitivity and specificity are 100%
and 90%, respectively, if (þ) is accepted as positive and
100% if (�) and (þ) are regarded as negative results.19

Therefore, if patients with extremely low antigen titers
are encountered in the process of diagnosis and treatment,
the diagnosis should be made after careful consideration to
avoid misdiagnosis.

Nodules account for approximately 57% of PC cases ac-
cording to statistics. A Japanese study reported that the
pulmonary lesion diameter was less than 25 mm in 79.4% of
HIV-negative pulmonary cryptococcosis patients. The
detection rate of serum latex agglutination antigen was low,
and puncture biopsy was difficult in patients whose pulmo-
nary lesion was 16.4 � 5.5 mm.7 Our results show that the
detection rate of BALF is higher when the pulmonary lesion
diameter is less than 20 mm (Fig. 3), which is consistent with
a previous report7 and can help in the early diagnosis of
pulmonary cryptococcosis. However, the correlation be-
tween BALF and pulmonary lesion diameter was worse than
that of serum (Fig. 2), which may be because the volume of
physiological saline and recovery rate were not certain, and
the antigen concentration was diluted to different degrees.

The duration of pulmonary cryptococcosis treatment is
long, so disease development should be monitored during the
period of antifungal therapy. Whether the change in antigen
value is related to patient prognosis is worth debating. Some
researchers think antigen detection cannot be an indicator of
monitoring condition because the literature shows that
persistently positive antigen titers are most common in un-
treated patients and may remain strongly positive despite
complete or partial resolution of disease,20 and after the
resection of pulmonary cryptococcosis lesions, cryptococcal
GXM antigen still show positive results. Patients with PC who



Figure 4. The dynamic change in the serum GXM antigen

level was detected in patients with antigenic deficiency 6

months after treatment. A total six patients, patient one to
six, are shown. This figure mainly presents the change in level
of serum GXM antigen value with antifungal therapy.
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could stop drug use after treatment evaluation were still
positive for cryptococcal GXM antigen and remained positive
for nearly 1 year after the drug was stopped.21 This result is
because dead cryptococcus continue to release capsular
polysaccharide antigens, and the body clears such antigens
relatively slowly. Even after several months of effective
treatment, the body fluid antigen test can still be positive;
therefore, whether the antigen test turns negative cannot be
used as an indicator of whether cryptococcosis is cured.22

However, although cryptococcal GXM antigen in pulmonary
cryptococcosis remain detectable for as long as months
following successful therapy, serum cryptococcal GXM antigen
titers in pulmonary cryptococcosis patients can continuously
decrease after effective therapy and remain at low levels for
long periods after therapy.21 Similarly, in our study, the results
showed that the overall trend of antigen titer of cryptococcal
GXM antigen was decreased, which was related to prognosis
(Fig. 4). Moreover, some studies show that the antigen titer
gradually decreases with PC treatment and that a continuous
increase in antigen titer suggests that disseminated crypto-
coccosis may exist.23 Consequently, these studies suggested
that although a decrease in cryptococcal GXM antigen titers
cannot be used as an indicator of cure, it can be used to
monitor the efficacy of antifungal treatment. This finding may
be because antifungal treatment prevented the progressive
development of the disease. The number of cryptococcus
decreased, and metabolism gradually eliminated dead cryp-
tococcus. Therefore, the release of cryptococcal GXM antigen
gradually decreased, and the antigen titers continued to
decrease. Moreover, our data show that cryptococcal GXM
antigen monitoring can be carried out at three-month in-
tervals during the treatment process to determine the ther-
apeutic efficacy of pulmonary cryptococcosis. However,
further study is needed for confirmation to prove these find-
ings in the future.
Conclusion

In this study, we proved for the first time that the Chinese-
made cryptococcal GXM antigen test had good sensitivity,
although it had slightly worse specificity than the previously
reported GXM antigen test. This test can be used to assist in
the diagnosis of pulmonary cryptococcosis; in particular, it
can help in the early diagnosis of PC when the pulmonary
lesion diameter is less than 20 mm. Furthermore, the
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Chinese-made cryptococcal GXM antigen test may be used
to evaluate the prognosis of PC disease. However, there are
also some limitations in our study, such as the small number
of follow-up patients and short follow-up time. In the
future, more patients could be included for longer-term
follow-up.
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