Ha0E a4
2025 4F 8 H

FEHERE SR Vol. 40 No. 4

J Journal of Tianjin University of Science and Technology Aug. 2025

DOI:10.13364/.issn.1672-6510.20230236
MK E A B 2024-11-08; MK E L. hitp:/link.cnkinet/urlid/12.1355.1.20241108.0927.002

EF & BHEUSHLN (1,3) -p-D-MEHEH
PEBE TS

mAEYE T, sk R, RS, BT, xiERC, # R
(1. KRR R TSRS, K 300457; 2. Toll K EASEMIBE IS0 2, KH 300457;
3. REMREEHFEFBHESEE AR ML F SR, KE 300467)

& E: o (1,3)-p-D-F AN L 4 043 £k A @ A4 (IFD) 9 F 23547 AR ITT AT — R4 83 AL
FaAn B, T (1,3) -f-D-H FAE 3| LK H) P 49 BAR B IE R B, 7= 2 3 35 0 b A8 2 e (pNA) 31 AR B T4, 38
Wah S EmER T pNA BORJE TAFET (1,3) -p-D-H BAERJLHATE F AN BAREE N, 5 THFA4E, LA
A TARARRP T 7 s I3 B b A in] (POCT) , T VA R ALAE R B dn o Fn 4 R AL BT A2 - & (1, 3) -p-D-H) B4 a9 #im)
RBE AR B 3T 165 8 B A 135 &-4cbk B 6d i b RAERSEATNGK, R ILIZ 7 ik AR BIFeg KM
(31.25 ~ 1000 pg/mL) &= & F& (14.17 pg/mL) Feid th FR (25.78 pg/mL) , A2 54 B Aok 58 B K 45 RAF AT 2K, F5
5 B 2 RAEPA ik A5 E M Ao T S M I AT AUA RN LA LA S A EA Bk 69 M B A, 2T TR R A R e
TPk il A T E S,

KR (1,3)-f-D-HiFMh; BIBIRGS; 4 Bl R8N0 EEERYy; RIS W

FESES: R446.11 XHIREE: A XEHS: 1672-6510(2025) 04-0051-08

Performance Evaluation of a (1,3) -f-D-Glucan Detection Method
Using an Automatic Biochemical Analyser

WU Yamei', ZHANG Yu', ZHAI Shuanzhu">, QIAN Pengcheng’, LIU Chunlong’,

ZHONG Cheng"?
(1. College of Biotechnology, Tianjin University of Science and Technology, Tianjin 300457, China;

2. Key Laboratory of Industrial Fermentation Microbiology, Ministry of Education, Tianjin 300457, China;
3. Enterprise Key Laboratory of Precision Diagnosis Technology for Invasive Fungal Diseases , Tianjin 300467, China)

Abstract: Serum (1, 3)-B-D-glucan assay is an important indicator for the diagnosis of invasive fungal infections (IFI). In
this study, a fully automated biochemical analyzer and corresponding reagents were developed to quantify the concentration
of (1, 3) -B-D-glucan by dynamically monitoring the rate of change in the absorbance of p-nitroaniline (pNA)in solution,
based on an enzymatic cascade reaction in the reagents triggered by (1,3)--D-glucan to produce free p-nitroaniline
(pNA) causing absorbance changes. The small size of the instrument makes it easy to carry and operate. It can be used to
perform prompt on-site testing (POCT) without the need for manual operation, which can simplify the processes of sample
addition, mixing and result processing, while improve the sensitivity and accuracy of the (1,3)-B-D-glucan detection. By
testing serum or plasma samples from 165 male and 135 female patients, the method was found to have a wide linear
range (31.25-1 000 pg/mL) , a low blank limit (14.17 pg/mL) and a detection limit(25.78 pg/mL) , and the results of the ac-
curacy and precision tests met the expected requirements, and the results of the interference experiments proved the method’s

stability and reliability. The analyzer and reagent combination exhibits high efficiency, accuracy, and rapid detection cap-
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abilities, making it a valuable tool for the early and rapid diagnosis of invasive fungal infections.

Key words: (1,3)-B-D-glucan; point of care testing; automatic biochemical analyzer; invasive fungal infections; early

and rapid diagnosis
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Fig. 1 Design of the detection card
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2k 1 Bk, RA K-S Mt P =0.002,
P,=0.011, P;=0.003, ¥/NT 0.05, Kt 3 ik as
FBRAG 30 2 R E A, Ja 2R HAESE Hridi i
EAERR . &IHE 3 N s Al BEE B
14.17 pg/mL | 13.52 pg/mL . 13.76 pg/mL, 3 H#Li{7]
25 PR N 14.17 pg/mL ., K6 R 77 22 55 MeA:
e R 2, P>0.05, JERH&ARH EEREAS (8] )7 22 2
A ik 3 MRS, &2 FREA IRk
FEREA Z 8] B HURR FE /0N, A AT AR A v 5 ZEAS [t
U AR H 251 T S VAT - Aot BRAK S (E
At (2) —= (@) AR, 3 LR A B e >
25.78 pg/mL.
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Tab.1 Reagent blank evaluation results pg/mL
s wen myg o 2 = =H 2
A1 MEAR2 HEA3 HA4 FEAS

1 8.95 9.97 10.89 9.94 15.97

: 2 9.86 12.89  11.02 9.89 13.87

3 9.92 11.86 9.95 8.97 11.94

4 7.89 13.86  13.75 10.01 12.96

1 10.01 9.89 10.91 9.98 11.93

! ) 2 10.85 1191 9.90 7.01 10.91
3 9.01 10.86 9.01 12.86 9.96

4 11.86 9.89 8.87 11.02  11.97

1 7.87 11.92  10.01 8.90 14.95

3 2 9.015 1447 1092 9.85 11.85

3 8.04 12.90 8.01 11.96 1091

4 10.87 9.97 10.93  10.99 9.88

1 9.47 9.64 12.52  11.62 1047

| 2 10.59 1048 1251 1250 9.61

3 10.65 1155 11.59  11.64  12.58

4 11.61 11.59  10.63 9.53 10.63

1 8.54 12.60 9.45 8.56 14.46

) ) 2 1048 1056 11.63  11.48 8.49
3 11.63 9.45 1045 1245 1046

4 12.51 8.45 12.52 14.89 11.64

1 1048 11.47 1386 11.54 11.58

3 2 11.53 1259 11.54 10.65 12.59

3 13.17 1048 10.58 10.53 12.61

4 1046 1065 1052 12.59 9.50

1 10.72 10.82 11.73 11.89  12.80

i 2 10.85 11.70 12.83 10.72 11.72

3 11.77 9.76 10.81 12.70  11.75

4 9.76 11.80 13.83 12.71 12.83

1 7.87 10.84 11.70 11.78 9.71

3 2 2 10.71 15.78 10.82 11.85 11.78
3 12.74  12.79  12.70 10.77 10.82

4 11.72 11.77 14.71 11.75 10.76

1 10.83  11.85 10.77 10.80 11.75

3 2 12.89 13.68 8.73 10.71  12.70

3 11.72 10.73 11.86 11.74 9.76

4 10.76  12.82 1275 12.88 10.73

27 BP SUIFRIIGRSEBR SO, Itk 3 45 2RT
23 1 PR RS2 50 P R A /N T 23 R AR O
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Tab.2 Homogeneity of variance test results for the limit
of detection pg/mL

MR ORIE  IOREE R (ks
BA 1 BEAR2 REA3  HEA4 BEAS

REH H=E

14.25 20.41 25.32 30.62 41.26
16.28 20.37 25.87 29.73 42.18

x3 ZARMKHRSHBER

Tab. 3 Distribution results of blank limit and detection limit

1 15.12 20.71 26.74 33.74 40.71
| 2 14.34 19.84 27.41 31.42 38.95
3 13.16 21.56 25.26 33.27 38.41
4 14.65 20.45 27.41 32.75 40.12
1 14.41 18.47 28.63 30.85 40.15
) 2 15.21 22.45 2541 31.74 39.71
3 14.07 21.47 25.62 32.04 38.51
4 13.78 21.63 24.17 32.85 39.62
1 13.74 22.52 23.89 30.62 41.72
3 2 15.36 20.96 24.15 30.74 40.21
3
4

o TR (pg/ml)
PR S AR : IR (pg/ :
e o2 s
LoB 10.79 + 1.83 11.18 + 1.40 11.62 +1.32
LoD 17.45+3.21 19.27 +2.85 2036 +2.42

*4 ZTERMEHRIIESER

Tab.4 Limit of blank and limit of detection validation

results

iiii%"ll & W ma LoB/(pg/mL) LoD/ (pg/mL)
E11R7¢ LoB-1 LoB-2 LoD-1 LoD-2
1 1325 1317 2742 2854
. 2 1342 1235 2736 27.56
3 13.64 1289 2834  27.98
4 13.85  13.12 2862  28.53
1 1218 1253 29.54 2921
. ) 2 1371 13.04 2837 2842
3 11.89 1245 2845 2857
4 1172 1236 2789 2832
1 1325 12.88  27.56  28.12
3 2 12.56 1224 2748 2736
3 1234 12,63 2875 2834
4 1175 1171 2547  26.53
1 1125 1135 2785  28.13
. 2 1142 1152 2684 2535
3 1324 1342 2736 2742
4 13.65 1352 28.53 2845
1 1352 13.89  28.64 2851
5 5 2 1241 1224 2851 2843
3 1401 1353 2839 2846
4 12.04 1178 2942 29.13
1 1342 1296  29.12 2937
3 2 1324 1285 2817 2846
3 13.78 1354 2834  27.86
4 1325  13.12 2857  28.65
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gk
ﬁﬁf”ﬁ WIH m LoB/(pg/mL) LoD/ (pg/mL)
E11R7¢ LoB-1 LoB-2 LoD-1 LoD-2
1 1325 1296 2842  28.57
] 2 1375 1372 2862 2835
3 1242 1253 2857 2817
4 12,75 1248 2836  27.95
1 1178  12.01 2945 2834
3 5 2 1245 1223 2936 2875
3 1236 1201 2976 28.69
4 1268 1236 2538  26.11
1 1324 1321 2758 2834
3 2 1329 13.12 2735 2834
3 1342 1356 2512 26.67
4 12.89 1272 2835  28.53

A, K BREGIE SR P I 68 FIASINME K T4 HFR
5E, S 94.4% o FIL, e s ARy 14.17
pg/mL, K FR A 25.78 pg/mL.
22 LKMEHE

308 3 22 1 AR R e Y BT o 5 iE A T 25
Rty , SCO R R TOAT AR AR 52, FR P AR HAT
(Grubbs) PR & BLES HE A1 o MG HRIITEAL W 2 Fr
No M 2 WA, A TN y=1.007 1x-
3.786 6, FLERVEASEVELE 30 ~ 1000 pg/mL AYLR S
FEl N BCUT , R A E 280 R = 0.999>0.990., HR 41K
ISR K, AL ETE B E S 31.25 ~ 1000
pg/mL . X2 MG [T 7 225087, 76 0.05 I7KF
T, BRBEARR 0o AEAKT I e I S5 FE W T
THRZBMEEE R BA G E L

1000 F »=1.007 1x-3.786 6
R*=0.999

800
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400 F

JF S/ (pg/mL)

200 F

NEY

0 200 400 600 800 1000
IR e/ (pg/mL)
2 ZESEEEH

Fig. 2 Linear range assessment
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PR P 2 3 o (R S 5 i 45 21 P G A 5 e
i QLS vk ) M2 AR o S o A v T A Aoy
PR, BAGRE T IE R B PIRAS . il 5 A
AR T 80% ~ 120% 2] (B 5) , #F& I A
RIRER
2.4 FEEEITE

2 B R AE AL S50 TSR 45 SR 0 — 3k
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— A AR HE 22 (SD) RS SR % (CV) R, £
WL, SRR BB . R 6 AR AT, (IR
W 3 ANV BE P RE AR I A M L ZE RS
JERHLRRE SR CV (/N T 10% , 38 2 ik Y
B3R,
25 TIMMEWHER

EPO7-A320 e 457 9 JIH 2T 2% 0 i v o it Mk 3
150 mg/L, HM = BRM A S EE N 2.83 mmol/L. T4k
SEHREESL (e 7) R, A M 2T 8 P B R R )
9 mg/mL, IHZL 2 BT W Bk F] 230 mg/L, H iy — g
WREIAF] 6 mmol/L B, PIRHES I T4 R AIREAS 5
FRINFEA RGN 285 AR H w2245/ NF 10% o I,
UL T 0 LR A R R I 25 R TE T

%5 ERERNLESR

Tab.5 Recovery rate test results

o JERHE/ (pg/mL) Efie
FIPESLT bR AIUE HRE /%

1 40.65 802.17 11252 116.80  96.3%

2 42.74 783.54 11424 11682  97.8%

3 4823 84231 13441 12771  105.3%

4 45.98 82532 12624 12391  101.9%

5 50.26 793.86 11943 12462  95.8%

Fx6 BEERNER
Tab. 6 Precision test results

o MBS 'R ENERE MEE%E

(pg/mL) SD CV SD CV SD CV

IRAEAEA 60.24 1.62 2.69% 1.83 3.04% 2.52 4.18%
FREREAR 22412 645 2.88% 5.65 2.52% 7.24 3.23%
EEEEA 50042 842 1.68% 9.52 1.90% 9.21 1.84%

R7T RTINS R0

Tab. 7 Influence of different interfering substances on test

results

fiis YN =2 Hixt FLTR R BH I 1M -
T W AN EY 5 TEREAKG IS4/ i

(pg/mL) (pg/mL)
0 50.24 / 436.25 /
1 51.25 5.84% 442.25 6.22%
MmerEE 3 50.26 4.72% 426.85 3.85%
(mg/mL) 5 52.02 6.27% 440.12 4.52%
7 53.20 3.84% 43528 4.12%
9 49.25 3.57% 432.75 3.27%
0 51.23 / 425.12 /
Wer 2 50 53.14 4.71% 424.32 4.21%
(mg/L) 110 54.14 5.10% 421.15 3.89%
170 50.36 3.68% 430.25 3.27%
230 52.01 5.24% 432.96 5.68%
0 50.36 / 437.85 /
T 1.5 52.01 4.88% 436.95 4.27%
(mmol/L) 2.5 55.23 4.25% 432,67 5.36%
54.01 6.12% 430.67 5.68%
6 51.23 5.36% 425.96 5.13%
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Fig. 3 Bias analysis of the test results of the assessment
and comparison reagents
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Fig. 4 Correlation analysis of test results between the
assessment reagents and comparison reagents
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