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Abstract

Objective: To investigate the value of combined detection using fungal culture, G test, GM test, digital
polymerase chain reaction (dPCR), and Microbiological Rapid On-Site Evaluation (M-ROSE) in the
early diagnosis of invasive pulmonary fungal disease (IPFD). Methods: A total of 280 hospitalized
patients with suspected IPFD at Inner Mongolia People’s Hospital from January 2024 to December
2025 were enrolled, among whom 60 were finally clinically diagnosed with IPFD. Serum samples
were collected from all 280 patients for G test and GM test. Deep sputum or bronchoalveolar lavage
fluid (BALF) samples were obtained for M-ROSE and dPCR detection. The accuracy, specificity, and
sensitivity of three combined diagnostic strategies for IPFD were compared, and ROC curve analysis
was performed. Data was analyzed using SPSS 29.0 software. Results: The combination of fungal
culture, G test, and GM test showed a sensitivity 0f43.33% (26/60), specificity of 86.82% (199/220),
positive predictive value of 47.27% (26/55), and negative predictive value of 84.89% (191/225).
The four-method combination (fungal culture, G test, GM test, dPCR) yielded a sensitivity of 65%
(39/60), specificity of 78.64% (173 /220), positive predictive value 0of 45.35% (39/86), and negative
predictive value of 78.64% (173 /194). The five-method combination (fungal culture, G test, GM test,
dPCR, M-ROSE) achieved a sensitivity of 80% (48/60), specificity of 77.73% (171/220), positive pre-
dictive value of 49.48% (48/97), and negative predictive value of 93.44% (171/183). Conclusion:
The incidence of IPFD is increasing annually. Early diagnosis remains challenging, with high rates
of missed diagnosis and misdiagnosis, leading to poor prognosis. Therefore, multi-technology com-
bined detection has become a trend in the diagnosis of IPFD to achieve precise diagnosis and treat-
ment. This study confirms that the combined application of G test, GM test, fungal culture, M-ROSE,
and dPCR achieves accurate etiological detection through complementary advantages, improves pa-
tient prognosis, and has important clinical application value.
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SR EASIE . BRI BRI R ORAT BB R SRR ANBEYTOR, R 22 il FLE W ( Invasive Pulmonary
Fungal Disease, IPFD) A0 % 2 ETHEH, 546, BRAFESRBERPEE S, Gyl Ew AR n St
I, AT WAZII R AR O R AR EA[3]-[6]. [HL, IPFD TV A BRICTE I B R 2 — (6]

H1T- IPFD Il R ISR Z 45 5 h, i PROREIR 23 B AR B e JR i HE 7, AR Gek & B TAEE BB R
B, 5 SEBPRRIESORE . AEEGHEORKI R T 2 IPFD AFHEME S W 2Kk . R, ASHETH
X EE 2 A BRI SR LB 2 W diae , DUBISEELER i IPFD #2977 203, SEL IPFD (R 2 W iR 67,
o TS -

2. AMREFHE
2.1. MREMR

AN 2024 1 H A 2025 4F 12 H TSN BIEIX N RERERSELL IPFD 82 280 1, B &1L
IPFD & 3% 8 I B R I2 W fG 7T & X 3L1H (2007 FHR)) AT LI 6T

IINFRIE 1) BEMBL IPFD B (K4 2007 4 (MEFEHR 2 51697 TR IR) ) 2) Fi#d > 18 MY,
3) CRBURF BB A R R IEZ MG FEET: 4) TRA I PR IH .

HeBrbrite: 1) NETPNREZATEE N E: 2) RABERE BALF b4 XA IERARARI E 5 3)
FEBERTE] <3 K, IGKRZEIAERER; 4) IHAREE .

LWitrdE: SRR 2 S PR S 2l e 1 O B R 2 W RN T B 3R R2007 4ERR)) il
(1] IPFD 2Wiksife, ZWin L. IRIKiZW. 02 RS WiE, BT 208 2 N TIPFD 2
1% IPFD KiZWidl, HAiZWidlLlie. RRIZW. #is NBEER B, ARA2 Wi ZAE B X IR 51

KW IPFD (1 5535 1E S B o 481

22. ARFE

2.2.1. BERRE

% G I GM 58 B3R 3 R B E AU R PUEE I MR AR AR 2 ml, BTiERS . R3S R B L
S A E PR (Bronchoalveolar Lavage Fluid, BALF)FrASiE4T 3 B 5% (Microbiological Rapid On-Site Eval-
uation, M-ROSE) X% #7% PCR (digital polymerase chain reaction, dPCR)Z& %} & &5 . ¥ G k4. GM 56
MAEBEREFRFEA . M-ROSE flIFEA . dPCR A IR A 73 713 28 F e i RS 6 3 o g Wk i 3 = R B L i
SERGIR AT, FEARIEARAIEA . AR K T AT E.

FrA N EBF T Nt 24 /NS SREEARA[9]: 1) BRERRM: BHE R IO, HAH
IRESIR B TCR R . 2) BALF: XTIk A 0K B Ui & AMEE, S UVE TR AN RE, KA
ERIEEWIRNE, ALK 20 mL, REMW 3 &k, WEEELBE LR AR . Bhr4RE
B >5mL, AN =Ar, 02 mL)7r i T M-ROSE ffll. dPCR K HEH 77

2.2.2. EERFISUE

2 R (RS R RO FE IR BE. W E R WE o 2R AR A
Hl); B 2O G R FI (L S A RHA IR A FD): IRSRIGRA & dPCR LS. REHSE.
S BB (AR Y, B PCR ALCE ORI AE X . PCR 33845, S0 Fr 34430 B WL L s 36
WA PRA R B S 5y A%, A5 : Sorvall ST 8R).

2.2.3. ¥RAALHE
1) BERkgR: PUBE TR BALF A, 780 RS G TV 68 55 B 5 55 72 5 (SDA) A HL1H ik
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BIEFREE, R X RNREHFRN . WG R R TR IR R 74, 2 l1E 35 C i A& Nk g
I8 7~14 d, FHWEHELS. PR EKEE . X5 W m R T B Meisir, WEwL, i1
TEASZERHIE, A RTEIFIES 5O NT R e, iR

2) G iREeATI: FI5E IPFD B3 280 B MG AR AT, KNS MR VE/ & AR LTS 1,3-4-D-Hi 5
o A O R R A SR bk L, 2 IR i S DI I 1 T B9 O L 20 5 I o B i N A B3 47 1
BB S KiE, PAGEE SO IS BArEd . B 5 RRFREA I TSR SONAR, N #E
WA TARM, BT 4 B 3 3 55 2k R AR O B ARG B2 /s BEARAY,, 38 I i it 2 e B vk 55
FEA T 1,3-p-D-FRAEIR B, Fl5E 45 5 o VR A 42 B R S B P AT . S IRAR0) & Ui A P v va el
G RI P SCHILIE H BG # % > 70.0 pg/mL [7].

3) GM 54 BE1BL IPFD ()83 280 Bl MLiE bR A, K BB o2 W B R S6 (ELIS Ay o il 1Ly o
b B T 2 U H R SR o P I TR SR L B SR SR Mk I, 2GR vl o ML 20 B I« 425 & P et
K bRl it AR S B A S I B BB B AR R R, SRS IMAERSS &Y, BERFE . LA
Ve HLLEIR bR RS AW, N B 08 B 6, &1k &85 AR SR EL 450 nm PROGRE, 5 GM 15
¥, HEgERSHEE FDA @EUCKRIME 1 KT 0.5 2 SCHFHMES].

4) dPCR fill: @O BXERIEHC: HU 1 mL A, 4% AR EEIUA S Ul s 48, SEIUW S5 il A 4
[KZH DNA, BEMBARY S0uL, —20°CIRAFE&H: @ MUl Em: B 10 pL B IRER 5 10 pL dPCR BE
G 1L SIPIREHE A (AL 0.5 pmol/LYVRA, MG A A A BBt s @ PCR 8. |RBi%%
P9 95 C ALY 10 min; 95°CAEME 30s, 60°CIRKIEMf 1 min, 3t 40 MEH; 98 CLLE 10 min; @ 45
oM SR RBOGEMEE S, WA S R AR LIRS A, # IUECR TR e MR, ARk
o P B BA R SE B, SeI R B R, o AR AR R, A R

5) M-ROSE Frill: &M (ERE B #1222 M IR G2 T 596718 (2021 B [16]ETEERME: B 10
UL ARAII SR (B AR 1 em), BARTEIGE B R ROG YL 6 5 B el | s s 5, 20O
BN 435~480 nm) T B N i, 30 min P SERCE B TS 2R . R BURR AR AT B 2 et (4
PRI 1 min, UGS 1 min, 95%ZFEML A 30 s. WEEE Y 30 s), HIEMARG A, &K BALF
FRA ARS8 T BRIk b R i G 4 3 A CR R LD 4R T L) < 1%, KRR B4 < 5%, Zo4i)fl <
10% (BRAMGI/HB LR 2R), RAFFRA RS R R <5%, MR ERE <20%, 20400 <10% (BR7k
B/ IR ), B2 2 BRI ERITXUE B F o 4G AR AR 22 5046 = J5 21 dPCR A . [ R i di 23
R L Ath ST 56 5 A 7 4 TR S 9] B e

2.3. G EAE

NFH SPSS 29.0 B4 34T S b B, PEY B EE R G RS, GM 5. dPCR. M-ROSE #ill# A
PR REAA . DURP AR BEA R TR SR B S 2 Wi E 31T ROC B2 MT . YR 3 MR &2 Wy
ERIRSCE . — 3 K U AR . P<0.05 NZERA SRR L.

3. 58
3.1. EXIFR

280 B 3 A B E 170 B, P 110 B, 0% 18~94 (66.32 £ 12.53) %, B 445 &4 $(Body Mass Index,
BMI)Jy 22.79 + 3.85 kg/m2. IPFD 2 Wr 4150t 354 60 #1112 A IPED, B4 b 2:1, 465 H 47~86 (69.82
+8.84)%, BMI N 22.79+3.85kg/m?. IPFD 2Wi4l SHERRA RIFRE-FIME PH <0.05, BAGHE X
(W7 1)
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Table 1. Basic characteristics of the study subjects

F 1. AR REKRFIRL

- IPFD IPFD
o %/ Xt LW %/ X £s HEBRZH %/ X+ X2 pfE
) () ()

FEW(2) 280 6632 +12.53 60 69.82+8.84 220 6537+1322  -3.074  0.003
14 5] -1.086  0.280
B 170 60.71 40 66.67 130 59.10
grqus 110 39.29 20 33.33 90 4091

BMI (kg/m?) 280  22.79 +3.85 60 22.08+3.59 220 22.45+4.32 0.553 0.553

3.2. #WMEER

3.2.1. EEEGER

60 B2 WAL IPFD A3, HREFFRFAYE 9 B, FrAsk %M 48 5], BALF 12 fil. A i & s
56 15(46 I W, 10 B4 BLAF), 5 93%; B% 2 (1 BIAEKR, 1 518 BLAF), 45 3%; &¥kE 2 1
(1 BIRH, 1 %] BLAF), 5 3%,

3.2.2. ZHEM, PUEXAR R FOBCH S H PR 2

iR EIR, G, GM 5. BT =R RBCA R () G k5. GM 5. H R E 7=,
dPCR i U A H R EAS I (PUBEAS): G iRE . GM RE . EFEE 5. M-ROSE. dPCR LRl RIEEEH:
DCHLIRAS) 1) R BORE . RS B BEPETIOI . BAPETRIIME . FF &L RN 2. SR SPSS29.0 #H4T ROC Hf
LML 1), ERER GRK. GM K. HEE . M-ROSE. dPCR Kl FL Rl 7 =rp, DUk
K FERATE IPFD WA B MG R IMEP ¥ <0.01) (W 3).

Table 2. Value analysis of combined detection with multiple technologies in the diagnosis of IPFD

2. ZRAKAKRNIZET IPFD BN ED

i A 12 R RRE M BItE  sedbE
Ko an ) [%] [%]  TEM{E[%] FWE%] (%]

@) 26 29
HEESF +G+GM 43.33 86.82 47.27 84.89 77.50
) 34 191
it 60 220
HEEE + Gt GM 4 ) 39 47 65.00 78.64 4535 89.18 75.71
dPCR ) 21 173
it 60 220
FEEE 4G GM+ ) 48 49 80.00 77.73 49.48 93.44 7821
dPCR + MROSE © 12 171
it 60 220
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Figure 1. Clinical value of multi-technology combined diagnosis
in pulmonary fungal infections: A ROC curve analysis

Bl 1. ZRABKEIZEHEERRIGANE ROC #hzk

Table 3. ROC curve analysis of the clinical value of multiple combined detection technologies in the diagnosis of pulmonary
fungal infection

3. SRABKGIDEIHAREERRIEA N E ROC FZk 7

95% B 15 X [A]

oRIEEP S X35 FRER P 1A
TR LR
HERRE +G+GM 0.651 0.043 0.001 0.566~0.736
HEREIR +G+GM+PCR 0.718 0.039 0.000 0.641~0.796
BRI + G+ GM + PCR + M-ROSE 0.789 0.034 0.000 0.722~0.855

4. g

BUEE B TR DR 25 RO, 1 PR A T 5 6 o s b B A 10 LT 53 Rk, (ELBE 3 TREAT G 2 T 2 R
I B0 (1) 5 SO T e T AR A A B R S S i Ak . — T, I PR AR A IE i AR M) 21 5 R I 6
PERERAE; 55— 5T IPFD [ PRI BRI AR R AR X0 2 5 S, T 20 B4 B 95 15 AL U B A A
LW SARE S A BIG, BT E REMEAR R, J5# TR TR SRR 2 M 210], — %46 IPFD
RHSWIEAE. BAR, (NS SRR G R 5 GM R 25 E B %, A4 IPFD 1277,
(B AT B 50 2 BRI 7 AR AE — S B 110 R, RS A A R v P 2L 6 5 2 R 7 10
st IPED ()5 81497 Mot % UG S0 B %, IPFD KRR SEWi T 0 5 WS W R e, 2 S50 42 26 1
LT ARG U 2 T ) 2 45 AR B DR 4 vy LA M 2K %%

AHFFE e i) M-ROSE AR AN AT st 34 Wb A 2 75 2K P LA 2RIy 30008 o 4 G 5 s
TEEANEARBATER, BRGG O AN, FRptrric KEapEerh LT i, FREER
e S T RIS, RKHRT 12155 A FRUF 50 4 3% B AR (1 2L 1 U R S T3 85.19%~87.43%, Hor
PERFA IR RABE HL T 15 94.67%, BUw A AILEME . ERR Y . H L e SIS, FERI7E 30
min PSRRI P o B B AR A T S Y 0 T B R T LA 7 R e R B LR R, A P Pk
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R b B R RA[13], AT P R I G B R T s B A B R e, 5 R AR — 2. 5
—H BRI+ R——dPCR {9 H T PCR HAR s A 7 =X, B m RBUE AR v, v
WREETS SRR AP A R IR AAEYD, T2 N TR DNA K & #% U183 o0 #r[14]-[16]. {H dPCR 4K
WAFAE— R JHBR, WHZFEARTCIEFIWIE A AR AR TS G b AREX 2R S il Rl 2 =55 [17]. 15 M-
ROSE 5 dPCR —#H AR b U Bt 35 B 4k

A AMELZEARPERMAER LI, HEEFRE + G 5% + GM I8 + dPCR PYBAT I R U5
65%- FEFIE 78.64%- FHVETIAE 45.35%. BAPETINIME 78.64%; TEULE:Al LA M-ROSE (1) F 5Bk
REE 80%. FFRIE 77.73%. FHYETRIIME 49.48% BAMETMIE 93.44%. ROC HHZEAMHT Eos, DUBKS:
(AUC = 0.718). FLEKE(AUC = 0.789)7F IPFD 2 Wi b 24 B i PRANMEL,  — 35 A% G ik A A6 I S 25 3 7
REPPESAERE, b TAESR N RRIZA L, ISCl IPFD “ PRI & -k e B- 527 1)
SLCWHRAR, N RIS R T R AR R SCHE, RRR T BUBGLIR T RS R . R R TS, AR EE
G RAE) B, R PRIZ Wi 4 me S8 T He it 1 8 UE = 24

AT E R RS54 IPFD 2 HEARK 45 RA — SR GIRHE S e R E S, RINZEIR ] 5 S w7t
T 40.00%, HAS[FZRAUA—S048 S IPFD 12 2 22 57 3 L A A IR PR 4 7] 1% : M-ROSE B dPCR
FFE (8 B0 5 7R B PE R B2 8 69%, /S H7n TPFD LI el B BU B ke, 75 it B sh & B M 20
1BYTs GM BHPE(H dPCR BRI MRS AL 12.50%, Z MMM, 58E ARG, R EER
S, IR T8 iZ4 R E B2 G IiRIGRHE(E GM WG B IH2 %R 45.45%, $ERnT e NIER
B E IR, WA REMEEINE AT TR XRPZHEARBA RN AR R RS, o
Mr A 25 R — 80, A A — BB MG IR TR R PR & 1T, A Re 7o/ RIE IR, B Fisiy
Wz

AT IR, I Ee A0 (%) FLIDRAS 0 B PR TIUAEL Y. 49.48%, fERPH 26k 50.52%, %45 F BAH EEHIE
PR IR S o HPHE PO E A JE R 2R Gk GM IRIEA & 2 AN IR g . B B )i i
A A SR R R BRI AR E, B —HRIBR M S 5 80k 45 30
P o1 RS I AR A H LR AR, B RS DU BH ARG AR E TPFD (R 100 o L EBCAS WUMAEG BH 4= Tt
B2 51 RS EERYT, AMOEINEEET R NEFERE A, SRl HwEmg . SR5E wH
FALTIR G . DR, IR R FE RS B, AN RTASEA I BE 14 12 8 IPFD I B 3067, RS ERE
BERHPN . G IRREIR . AR AR S RIEFR AR BN ARG HIE , X 5 FE PR SR A B 1R 93 481 ] R B B 7
BTN, AR Va7 KU

2E EFTR, DURDH AR DA RN LR BRI A6 M ZE TPFD 2 Wb 240 B e (I R N2 T A48, i W 8
P& IPFD [ RIS WU e S i it , 7RI IR o6 IPFD AT 297 I B4 & FR 3 JE R . RAAR A
IR R

KR FAMFAEAR R AL, AT AOHT, FEAREAIR, WRAAEIEFEmE: THaxREka
[ —PBr, 45FAMEERTREZ MR R T /K B ATERRE S R 2= Rgma o JLuk,  AHIF 5Bl U B TR R T
B, RV EE KPS RERE . KRATHREZ O KFEATTT, BARFEMIX . A FE )
e ) B, 3t — DB UE G DB AR R I PRAN B I K BE VT I (8], PPANEA A B AR 3 KA TS
DRI . B, AR AT LR AR Z M-ROSE (A dPCR $ AR 3 2 B2 Bt i B2 AT AT, RO AL e,
PRSI fleAs, R iERE RS Je,  SBL IPFD WG 12 59897

HEEmE
EVA X A 2R 2023 SE 5 R HBIX A 37 5 Bt iRy K P I IR T BHE BeRHS T H (2023SGGZ078); WAl
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RETH AR A BE AR I H (WP AR YT -2023025);s FVE X PAMEERZE 2023 5 HFHLIX A LB B i 7KF
Il PR L FH e % BHE I H (2023SGGZ112).
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