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Abstract: Objective: G test [(1-3) -β-D-glucan assay] was a novel texting method for invasive fungal infection (IFI). The study 

evaluated the diagnostic value of G test for IFI by comparing G test with fungal culture method，and analyze the guiding 

significance of G test and fungal culture in clinical medication. Methods: 373 inpatients with suspected IFI in the first affiliated 

hospital of Jinan university from January to December 2017 were retrospectively analyzed. G test and fungal culture results were 

collected, and their positive rate, sensitivity, specificity, positive and negative predictive values were calculated. The value and 

rationality of G test for clinical diagnosis of IFI was evaluated by taking the relief and cure of infection symptoms of patients as 

clinical effective criteria. Results: Among 373 suspected IFI patients, the positive rate of G experiment was 39.95%, higher than 

that of fungus culture (28.95%, P<0.001). The positive rate of combined G test and fungal culture was 43.70%. To evaluate the 

consistency of G test with fungal culture method, κ value was 0.596 (P<0.001). When positive fungal culture was used as the 

criterion for the diagnosis of IFI, the sensitivity, specificity, positive predictive value and negative predictive value of G test for 

the diagnosis of IFI were 87.04%, 79.25%, 63.09% and 93.75%, respectively. All 373 patients with IFI received antifungal 

therapy, and the effective rate of the both methods positive group was 72.34%, higher than 42.86% in the only fungal culture 

positive group (P=0.033) and 30.48% in the both methods negative group (P<0.001). The effective rate of the only G test positive 

group was 58.18%, higher than that of the both methods negative group (30.48%, P<0.001). There was no significant difference 

in the therapeutic efficiency between the only G test positive group and the only fungal culture positive group (P=0.303). 

Conclusion: G test was an effective diagnostic method of IFI, and combined with fungal culture could improve its positive rate 

and have a higher guiding value for clinical medication. 

Keywords: Invasive Fungal Infection, G Test, (1-3)-β-D-Glucan, Diagnostic Value, Fungal Culture 

 

1. Introduction 

With extensive solid organ and hematopoietic stem cell 

transplantation, as well as the extensive use of corticosteroids, 

broad-spectrum antibiotics, tumor chemotherapy drugs and 

many kinds of catheter intervention, the prevalence of 

invasive fungal infections (IFI) sharply increased [1], which 

was a common cause of morbidity and mortality of 

immunocompromised patients. Since the clinical 

manifestation of IFI was nonspecific and clinical diagnosis 

was very difficult, it could easily lead to misdiagnosis and 

missed diagnosis, resulting in the increased mortality in severe 
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patients [1, 2]. 

At present, etiological examination (especially fungal 

culture) was still a routine diagnostic standard for IFI, which 

could identify the fungal species causing infection and 

provided basis for clinical rational use of antifungal drugs 

according to in vitro drug sensitivity test. Fungal culture had 

the disadvantages of long time and low success rate of culture, 

easy to be interfered by the external environment and high rate 

of missed detection. Therefore, it is difficult to achieve the 

goal of early diagnosis, early treatment and reduction of 

mortality by traditional pathogenic examination. However, the 

key to IFI lay in early diagnosis and early intervention [3]. 

Glucan was widely found in fungal cell walls, accounting 

for 80%~90% of its dry weight, among which 

(1-3)-β-D-glucan accounted for more than 50% of the 

components in fungal wall. Previous studies had shown that 

all fungal cell membranes except zygomycetes and 

cryptococcus contained (1-3)-β-D-glucan, while cell 

components and extracellular fluids of other microorganisms, 

viruses, animals and humans did not. Therefore, 

(1-3)-β-D-glucan assay (so called G test) in body fluids was an 

important basis for the diagnosis of IFI [4]. The concentration 

of (1-3)-β-D-glucan was very low in normal people, but it 

could be significantly increased in IFI, so G test could 

effectively predict early IFI [5]. 

Therefore, this study will explore the clinical value of G test 

in early diagnosis of IFI by comparing the results of G test and 

fungal culture in suspected IFI patients, and analyze the 

guiding significance of G test and fungal culture in clinical 

medication. 

2. Method 

2.1. Study Population 

A total of 373 suspected IFI patients were collected from the 

first affiliated hospital of Jinan university from January to 

December, 2017, with an average age of 48 years, including 

211 males and 162 females. Inclusion criteria: 1. Patients met 

the diagnostic criteria for suspected IFI according to the 

clinical symptoms and signs, imaging and microbiological test 

results and the use of antifungal drugs and efficacy [6, 7]. 2. 

Both G test and fungal culture were conducted. The exclusion 

criteria were: lack of G test or fungal culture results; lack of 

clinical outcome data and mental abnormalities cannot 

cooperate. 

2.2. Collect Data 

The results of G test and fungal culture, the medication and 

therapeutic effect of antifungal therapy were collected. The 

cases were retrospectively analyzed and classified as effective 

(including cure and improvement) and ineffective according 

to the clinical outcomes of the patients. (1) Effective meant 

normal body temperature, significantly improved symptoms 

and signs, and normal inflammatory indicators; (2) ineffective 

meant no obvious improvement in the condition. 

2.3. G Test [(1-3)-β-D-Glucan Assay] 

Mb-80 microorganism rapid dynamic detection system 

(Tianjin Danna Company) and fungi (1-3)-β-D-glucan 

quantitative assay kit (Tianjin Danna Company) were used for 

dynamic photometric detection. (1-3)-β-D-glucan 

concentration ≥95pg/ml was positive, and (1-3)-β-D-glucan 

concentration < 95pg/ml was negative. 

2.4. Fungal Culture 

Automatic microbial identification and drug sensitivity 

analysis system and related reagents were used (BioMerieux, 

France). 

2.5. Statistical Analysis 

Categorical variables were expressed as the frequency and 

percentage. Differences between categorical variables were 

analyzed using a chi-square test or double-tailed Fisher’s 

exact test, depending on applicability. κ value was used to 

evaluate the consistency of G test and fungal culture results. 

All values are two-tailed, and P<0.05 was considered 

statistically significant. Data were analyzed using IBM SPSS 

Statistics version 25.0 for Windows (IBM, Armonk, NY, 

USA). 

3. Result 

3.1. G Test 

Among the 373 suspected IFI patients, 149 (39.95%) were 

positive for G test. 

3.2. Fungal Culture 

108 patients (28.95%) were positive for fungal culture. 

There were 60 cases of Candida albicans (55.55%), 21 cases 

of Candida tropicalis (19.44%), 11 cases of Candida glabrata 

(10.19%) and 6 cases of candida parapsilokis (5.56%) 

(Figure 1). 

 

Figure 1. Fungal distributions of IFI. 

The sample distribution of 108 positive culture cases was 

derived from 14 cases of blood (12.96%), 52 cases of sputum 
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(48.15%), 14 cases of urine (12.96%), 6 cases of feces (5.56%), 

10 cases of ascites (9.26%), 5 cases of peritoneal dialysis fluid 

(4.63%) and 7 cases of other types (6.48%) including catheter 

secretions and vaginal leucorrhea (Figure 2). 

 

Figure 2. Specimen distributions of IFI. 

3.3. Comparison of G Test and Fungal Culture 

The positive rate of G test was 39.95%, higher than that of 

fungus culture (28.95%, P<0.001). And the positive rate of 

combined G test and fungal culture was 43.70%. The κ value 

of G test and fungal culture was 0.596 (P<0.001), indicating 

moderate consistency. 

When positive fungal culture was used as the criterion for 

the diagnosis of IFI, the sensitivity, specificity, positive 

predictive value and negative predictive value of G test for 

the diagnosis of IFI were 87.04%, 79.25%, 63.09% and 

93.75%, respectively. 

When positive G test was used as the criterion for the 

diagnosis of IFI, The sensitivity, specificity, positive 

predictive value and negative predictive value of IFI in 

fungal culture diagnosis were 63.09%, 93.75%, 87.04% and 

79.25%, respectively (Table 1). 

Table 1. Diagnosis of IFI by G test and fungal culture. 

 
fungal culture 

total 
positive negative 

G test 
positive 94 55 149 

negative 14 210 224 

 total 108 265 373 

3.4. Comparison of Therapeutic Effects 

All 373 suspected IFI patients were treated with antifungal 

therapy, and were grouped according to the results of G test 

and fungal culture. The effective rate of the both methods 

positive group was higher than that in the only fungal culture 

positive group (72.34% vs 42.86%, P=0.033) and the both 

methods negative group (72.34% vs 30.48%, P<0.001). The 

effective rate of the only G test positive group was 58.18%, 

higher than that of the both methods negative group 

(P<0.001). There was no significant difference in the 

therapeutic efficiency between the only G test positive group 

and the only fungal culture positive group (P=0.303, Table 2, 

Figure 3). 

Table 2. The therapeutic effect of IFI. 

 effective ineffective total 

G test and fungal culture positive 68(72.34%) 26(27.66%) 94 

only G test positive 32(58.18%) 23(41.82%) 55 

only fungal culture positive 6(42.86%) 8(57.14%) 14 

G test and fungal culture negative 64(30.48%) 146(69.52%) 210 

total 170(45.58%) 203(54.42%) 373 

 

Figure 3. Comparison of the therapeutic effect of IFI (*indicated 

comparison with G test and fungal culture positive group, p < 0.05; 
#indicated comparison with only G test positive group, p < 0.05). 

4. Discussion 

Early diagnosis was crucial to IFI, so a rapid and effective 

non-invasive detection method was needed in clinical practice. 

This study showed that among 373 suspected IFI patients, the 

positive rate of G experiment was 39.95%, higher than that of 

fungus culture (28.95%, P<0.001). The positive rate of 

combined G test and fungal culture was 43.70%. The κ value 

of G test and fungal culture was 0.596 (P<0.001), indicating 

moderate consistency. When positive fungal culture was used 

as the criterion for the diagnosis of IFI, the sensitivity, 

specificity, positive predictive value and negative predictive 

value of G test for the diagnosis of IFI were 87.04%, 79.25%, 

63.09% and 93.75%, respectively. The effective rate of the 

both methods positive group was 72.34%, higher than 42.86% 

in the only fungal culture positive group (P=0.033) and 30.48% 

in the both methods negative group (P<0.001). The effective 

rate of the only G test positive group was 58.18%, higher than 

that of the both methods negative group (30.48%, P<0.001). 

There was no significant difference in the therapeutic 

efficiency between the only G test positive group and the only 

fungal culture positive group (P=0.303). 

The incidence of IFI was increasing year by year, and the 

mortality rate remained high despite vigorous antifungal 

treatment. One of the important reasons was the difficulty in 

early diagnosis of deep fungal infection, which delayed the 

clinical anti-fungal treatment, worsened the patient's condition 

and increased the mortality rate [8]. Therefore, early diagnosis 
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played an important role in the treatment and prognosis of IFI 

[9]. Clinical diagnosis of IFI mainly consisted of four parts: 

host factors (preventive treatment), clinical characteristics 

(empirical treatment), microbiological examination 

(preemptive treatment) and histopathology (pathogen 

treatment) [7]. Histopathological examination was the "gold 

standard" for the diagnosis of IFI, but as an invasive 

examination, it had been restricted in clinical practice [10]. 

Compared with the time-consuming and low detection rate of 

fungal culture [11], as a unique microbiological detection 

method for fungal infection [12], G test had the advantages of 

being specific, fast and accurate. 

(1-3)-β-D-glucan was a polysaccharide component of the 

cell walls of fungi, specific to fungi other than zygomycetes 

and Cryptococcus [13]. Glucan was absent from prokaryotes, 

bacteria, viruses and human cells, but was widely present in 

the cell walls of fungi. When the fungus entered the blood or 

deep tissue of the human body, it could be released from the 

cell wall by phagocytosis and digestion of phagocytic cells, 

thus increasing the level of (1-3)-β-D-glucan in blood and 

other body fluids (such as urine, cerebrospinal fluid, 

peritoneal effusion, pleural effusion, etc.). When the fungus 

was killed, the immune system quickly cleared 

(1-3)-β-D-glucan. However, the increase of plasma 

(1-3)-β-D-glucan was not obvious during superficial fungal 

infection or fungal colonization [14]. Elevated levels of 

(1-3)-β-D-glucan in blood and other sterile body fluids 

indicated IFI, most commonly caused by aspergillus and 

candida. Therefore, G test [(1-3)-β-D-glucan assay] in the 

blood of patients can be used as an early predictor of IFI [10, 

15, 16]. In this study, when positive fungal culture was used as 

the criterion for the diagnosis of IFI, the sensitivity, specificity, 

positive predictive value and negative predictive value of G 

test for the diagnosis of IFI were 87.04%, 79.25%, 63.09% 

and 93.75%, respectively. The results showed that G test had 

higher sensitivity and negative predictive value, suggesting 

better diagnostic value and negative exclusion ability. 

Pathogenic microbiology allowed IFI to preempt treatment. 

In terms of therapeutic efficacy, the results showed that the 

effective rate of both methods positive group was as high as 

72.34%, and the effective rate in the only G test or only fungal 

culture positive group was 58.18% and 42.86%, respectively. 

G test only needed about 2h to issue a report, saving time for 

clinicians to intervene as early as possible; and fungal culture 

could clearly identify the infected bacteria and conduct in 

vitro drug susceptibility test, providing a favorable basis for 

clinical accurate drug use. Therefore, combining these two 

methods could effectively increase the diagnosis rate and 

treatment efficiency of IFI. Further, the negative predictive 

value of G test in the diagnosis of IFI was 93.75%, whose 

negative result was helpful to exclude IFI. It was very 

important to guide clinical rational drug use and prevent the 

overuse of antifungal drugs. Therefore, the G test had great 

value for the early diagnosis and treatment of IFI. 

This study had some advantages and limitations. First of all, 

we conducted a comprehensive analysis of the 

microbiological test results and clinical treatment efficacy of 

373 patients with IFI, and evaluated the diagnostic value of G 

test and fungal culture. Secondly, G test, as a non-invasive and 

efficient index, had a high predictive value for IFI and was 

suitable for clinical application. Limitations included the 

following points: the sample size was relatively small; due to 

only one center was included, multicenter data and follow-up 

studies are necessary; and lack of histopathology data, which 

was the gold standard. 

5. Conclusion 

With the increasing incidence of IFI, we need to pay 

attention to its early diagnosis and treatment. G test is a 

non-invasive and effective method in the diagnosis of IFI. 

Combined with fungal culture, it can improve its positive rate 

and has a higher guiding value for clinical medication, which 

is worthy of clinical promotion. 
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