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Influencing factors and construction of a nomogram prediction model for
secondary fungal infection in pneumoconiosis

patients with bacterial pneumonia
WANG Yi —fei, JIANG Yun —di, DU Wen, PENG Li - jun, YAO Yu - qin,ZHANG Qin, ZHOU Ding - zi
West China School of Public Health ( West China Fourth Hospital) , Sichuan University, Chengdu, Sichuan 610041, China

Abstract : Objective To identify risk factors for secondary fungal infection in patients with pneumoconiosis complicated by
bacterial pneumonia and to develop a nomogram prediction model. Methods  Clinical data of patients admitted to a tertiary
occupational disease hospital between December 2021 and July 2024 were retrospectively analyzed and randomly divided into
training and testing sets (7:3). Variables were selected using LASSO and multivariable logistic regression to construct a
nomogram. Model performance was assessed using the area under the receiver operating characteristic curve ( AUC),
calibration curves, and decision curve analysis (DCA). Results Among 641 patients, 213 developed secondary pulmonary
fungal infection. Multivariable analysis showed that invasive procedures ( OR =3.440, 95% CI.:2.111 - 5.699 ), elevated
immature granulocyte percentage (OR =2.294, 95% CI.1.254 —-4.402) , systemic glucocorticoid use (OR =2.196, 95% CI .
1.114 —4.327) , repeated hospitalization (OR =2.094, 95% CI.1. 280 —3. 464 ) , and increasing age (OR =1. 059, 95% CI .
1.034 - 1. 085) were associated with increased risk, whereas higher large platelet count was associated with reduced risk (OR
=0.980, 95% CI:0. 968 —0.992). The nomogram achieved AUCs of 0. 818 (95% CI:0. 777 —0. 858) in the training set and
0.797 (95% CI:0. 688 —0.906) in the testing set. Calibration and DCA demonstrated good agreement and clinical net benefit.
Conclusion  The nomogram accurately predicts secondary fungal infection risk in this population, demonstrating favorable
performance and potential for early risk stratification and targeted intervention.
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Table 1 Comparison of clinical characteristics between the training and test sets

e AR (EIE}%) (fuﬁ%) ?EJEES P
Y RNl TR G [ n (% ) ] 157(34.5) 56(30.1) 0.053 0.818
AR 2, M(Pos , Prs) ] 56.00(51.00, 64.00) 56.00(51.00, 65.00) 0.056 0.955
BMI [ kg/m? ,M( Pys ,Pys) ] 22.23(19.53, 24.80) 22.04(19.52, 25.18) 0.244 0.808
BT, M(Pys ,Prs) ] 16.00(10.00, 26.00) 18.00(10.75, 25.00) 0.200 0.842
FEBERELL K, M(Pys ,Prs) ] 14.00(10.00, 18.00) 14.00(10.00, 18.00) 0.036 0.971
RIS (%) ] 0.039 0.981
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TAWMEES [ n (%) ] 36(8.1) 9(4.9) 1.520 0.218
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Table 2 Comparison of laboratory and imaging characteristics between the training and testing sets

K 4630 5/ FARF R pllE RS RS Geit{A P fi
[M( Py, P3s) /11 (%) ] (n=455) (n=186) (H/?)
WE R R A 7T 43 L (% ) 1.60(0.80,3.10) 1.75(0.88,2.90) -0.038 0.970
WE TR T s 4 7 3 L (% ) 0.40(0.20, 0.50) 0.40(0.20, 0.52) -0.314 0.754
AR E 53 (% ) 0.20(0.10, 0.30) 0.20(0.10, 0.40) -0.972 0.331
FI40 14k (10° /L) 6.78(5.53, 8.59) 6.92(5.79, 8.67) -0.885 0.376
LI %(10" /L) 4.74(4.33,5.09) 4.70(4.23,5.11) -0.638 0.523
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Table 3 Multivariate logistic regression analysis
Ak EVEEN FrifEis VAL P1{H OR(95% CI)
2 AMEAE 1.236 0.253 4.887 <0.001 3.440(2.111 ~5.699)
AR 7T 53 LE 0.830 0.315 2.640 0.008 2.294(1.254 ~4.402)
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A EIEES PrifEiR Al Py OR(95% CI)
4 B VW J T Al 0.787 0.345 2.282 0.023 2.196(1.114 ~4.327)
AR 0.739 0.253 2.918 0.004 2.094(1.280 ~3.464)
IR0 B2 0.740 0.379 1.951 0.052 2.093(0.994 ~4.424)
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NIIUN T, -0.020 0. 006 -3.196 0.001 0.980(0.968 ~0.992)
A B EE( BMI) -0.065 0.037 -1.749 0.080 0.937(0.871 ~1.007)
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Fig.3 Risk prediction nomogram for secondary pulmonary fungal infection
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Fig.4 Comparison of ROC curves for different models in the training (a) and test (b) sets

L

e o T PP LAl L R e e R o e i )
{@ T ={(b)
: .

@
4
#H
E
1
124 s
0'0 0'2 0" 0'6 0‘3 |'° 0'0 0'2 0" 0‘0 0'3 "0
BERRELHE (%) EENELHE (%)
5 FOMAIAIAENILREE (a) HIMAE (b) iR vl Ze 25
Fig.5 Calibration curves of the prediction model in the training (a) and test (b) sets
f— illmﬂ e — :uﬁm
1o
&
” oo
e V
o 02 o s o8 1 o0 02 o o8 M )

6 TRIAEIYLEYIZRAE (a) SIAHE (b) A Ao h 2 2 2R

Fig.6 Decision curve analysis of the prediction model in the training (a) and test (b) sets



IAC TR B2 2# 2026 4F45 53 %455 6 ] Modern Preventive Medicine, 2026, Vol. 53, NO.6

- 1015 -

WEAR T HREM SR, B2 R T B R IR
RHLR R BAS 12 W T B R BRAE 2 B T 4
PRl 2 B, 5 U PR 200 R e 4 ) A A sl 17 1
i, FEw S GER L W R TR AR . B AT, T
LIS PEHT EL TR YT I T BIL 1 A7 43, Cornely 4§ 5K
BT S =AY R 5ETRYT I Ullmann 45 W] E1Y
WHRAR AR 04T “ SRR T X4 iy
BT IFRLEA KBS AL T Bk, 5 Wang %
i S R XU R S Al B gE R R AR
AF 9% 5 A2 141 B 14 il 9% I 4 e L R X — By,
A BRI R IR K5 SR 2 Y5 R 1
AT AN L AR, Syl R DR S e A 8 2 5 0
sy r ek R it T A

3.2 GRAWARAH R R0 X B AT

3.2.1 EFEMHERRSEBFOHE AR ER, RA
PEERAE A B VNS R 0 3 it L 3 52 A o S ST i
ST il R SRR R ST FE R PR R X 2 TR R MOAS[F]
A TED Sz ke YRR A AR 5 T R i A R AR . R
PEBRAEUN S B8 HLAGE AF, A B T A B2
GBS N (ERCE A =4 87 N = =) Yy - G A SR
THERES , M B E A S o R TR R
FH T80 FERE T 2 1) Aok B AR i N7, LT 928 J o 1Y)
TR 1S 7 i A AR 2 Bk,
A FFEUESE 4 B P B T 3R 00 S 28 410 36 4 R T
I R B A S R R 0 S B — T
HUBIGE A AT R E , b ZEOK A 231G i 240 o) 7
i 4 A0 2L B R ) E YL UG . kA, R AE
Bt Sk 5 v S o W 1 A A ) 5 PRI A 2 1 A
Pt o o HE B IR 2 AR R
B T T A IR G TS A 5 1 4
P23 2 ST DI RE T e, fi A8 5 T XEHRAR Ak & P AL 23 3K
Ll S e s € =S b St G ) e
AR

3.2.2  MEAEYEYRERIER A5 L,
R BB AL ET 43 L T R R A R R R Y A I T
B PRI T Ik v B g 747 A ) B %) 98 RE 2 g B v
a1 A A Bh D1, 5 MR AE B2 W b (AL i 2
L RN B 2k e B IR A, T AE
55 IHFEHG N B 1l 00 A A G , 457 B H A T AR
B WA R M MRS 5EEN, &2 515 £
PUEBR I ISP BRI T A B REE
3.3 HHL5AER

3.3.1 % AW T A BRI R O] 3R15 19 5 R
I R EAL, AR AR BUEHE &0, B RIFnf EHE
PR, ATAE R 5 B T HAE S DR B 0 1 e XURS: f8 3
ATTAT B X6 P 1 9 2 DAk R T

3.3.2 JRERME AHRIE N b B B, A g
SRS SR YT AR ] BEAFAE MU A S, SN AL PEAT)
el 4k A H R KA 15 Be 5 28/ BALF 1537 B
PEFFAE I ITE SRS, i R ER SR ] REAT 7R 4G
I S5 S e B 3 ARG o AT 50 45 SR 17 4% F3 0 S Bk
PR, AN BEAE DR AEWT . AR 2 0 AT P
HIFFEE— A0 B ARG I B 5 W PRV 34 o

Zi b AR TE IR T AR AESRAE 2 B P B
PR H] R AEBE S AR R BRI 7T 0 e K
RS 2 il 5 7 40 B A i ¢ 8 4 i 3L T
SRR TP 2R o BT b 3 PR FR R A Y 9 4 P A
HA RAFR X 3 BE S MMERE , Al S e R 300 U 73 J=
LAAATCE R L YT RIS LR d
FlEMRAER AT AEAT A 45 1%

SE

(1] B9, AH, TR, 5. AR ia 7 b B % K20 (2024 4R

i) [J]. FsE 5L R 25,2024 ,41(1) .1 -21.
Mao L, Peng L], Wang HQ, et al. Chinese expert consensus on
the treatment of pneumoconiosis (2024 edition) [ J]. Journal of
Environmental and Occupational Medicine, 2024, 41(1) . 1 -21.
(In Chinese)

(2] PhRRAE, BErp i, ™o . IV 2L T 5 SR A AR 22 1 il ot 25 T
9o T I R L] K e 2% ,2023,38 (12) ;1195 - 1197.

Sun KD, Yu ZM, Yan YZ. Clinical significance of serum
galactomannan in invasive pulmonary aspergillosis[ J]. Laboratory
Medicine, 2023, 38(12) : 1195 - 1197. (In Chinese)

[3] Feys S, Carvalho A, Clancy CJ, et al. Influenza — associated and
COVID - 19 - associated pulmonary aspergillosis in critically ill
patients[ J]. The Lancet. Respiratory Medicine, 2024, 12(9) .
728 -742.

(4] whstkstk, 77 X0, 55 A& OF 7 i It ¢ A8 3% 15 3% 5 e

Jifi 58 238 B RARRAE B 0 1 22 S PR3 A [T ] BREE SO B2
24,2024 ,41(5) ;574 -578.
Yao LL, Yu N, Liu BY, et al. Difference of clinical characteristics
and prognosis of COVID - 19 patients with or without
pneumoconiosis[ J ]. Journal of Environmental and Occupational
Medicine, 2024, 41(5) : 574 —578. (In Chinese)

[5] Moni M, Sathyapalan DT, Edathadathil F, et al. Predicting
COVID 19 - Associated pulmonary aspergillosis risk in Low — and
Middle — Income countries; a matched Case — Control study[J].
Open Forum Infect Dis, 2024, 11(7) : ofae406.

(6]  fuAfte, ARLH , A% , A5 AR £ T i 3 o o s Dt BT 285 7 B Jg%

PG AR [T]. oA 2 2k, 2023, 18 (1) 2 77 -
81.

Bao XH, Zou R, Yang B, et al. Investigation on risk factors of
pneumoconiosis complicated with pulmonary infection[ J]. Journal
of Parasitic Biology, 2023, 18(1) : 77 —81. (In Chinese)

(7] KM, ARMERK , kL SC, S5 A 0a MR A 24 S (] 5T 44 BA 3] B 58 X6F
GIELAFAE 3T [T ] BUARTI B B2 4%, 2022,49 (19) : 3481 -
3487.
Zhang P, Zou YQ, Du W, et al. Baseline characteristics of the
participants  of West China  Occupational ~ Pneumoconiosis
Retrospective Cohort Study [ J ]. Modern Preventive Medicine,
2022, 49(19) : 3481 —3487. (In Chinese)

(8] WHEMBSRAZEM Y2, WEZEERERE, LR 22



- 1016 -

PRAC TR =27 2026 4F5f 53 4255 6 )] Modern Preventive Medicine, 2026, Vol. 53, NO. 6

[10]

[11]

[12]

[13]

[14]

BE2Ef e, 218 AL X IR A5 M i 58 11 R S S 4 R (2024 4F
1) [V]. i apBe 24k ,2025,34(3) 300 -317.

Chinese College of Emergency Physicians, Chinese Emergency
Medicine Specialty Alliance,

Beijing Society of Emergency

Medicine. Clinical practice guideline for adult community -
acquired pneumonia in the emergency department (2024 Edition )
[J]. Chinese Journal of Emergency Medicine, 2025, 34(3) : 300
—317. (In Chinese)

P R 2 Ll B 2. RBIEMT SRR 2 Wik 12 & R
3R (2024 i) [J]. rhAefe o0 s 2 24 75, 2025, 48 (4) : 459 -
468.

World Association of Chinese Mycologists. Expert consensus on the
diagnostic pathway for invasive pulmonary fungal disease (2024
edition) [ J]. Chinese Journal of Laboratory Medicine, 2025, 48
(4): 459 —468. (In Chinese)
Islam M, Satici M, Eroglu S.

and prognostic value of the neutrophil — to — lymphocyte ratio,

Unraveling the clinical significance

platelet — to — lymphocyte ratio, systemic immune — inflammation
index, systemic inflammation response index, and delta neutrophil
index: An extensive literature review [ J ]. Turkish Journal of
Emergency Medicine, 2024, 24(1) . 8 - 19.

Thomas — Riiddel DO, Schlattmann P, Pletz M, et al. Risk factors
for invasive candida infection in critically ill patients: a systematic
review and meta — analysis[ J]. Chest, 2022, 161 (2): 345 -
355.

Muthu V, Agarwal R, Dhooria S, et al. Sensitivityand specificity
of polymerase chain reaction in blood and bronchoalveolar lavage
samples for mucormycosis; a bayesian diagnostic test accuracy Meta
— Analysis[ J]. Mycopathologia, 2025, 190(5) . 88.

Denning DW. Global incidence and mortality of severe fungal
disease[ J]. The Lancet Infectious Diseases, 2024, 24 (7) ; 428
- e438.

Machado M, Fortin J,

Muiioz P. Invasive aspergillosis; A

[15]

[16]

[17]

[18]

[20]

[21]

comprehensive review[ J]. Medicina Clinica, 2024, 163(4) . 189
- 198.

EHFEE AR, AL, A ARSI AN I e R R R S
TG : HEAUARMRBE RS G I LT ] PO R 2 2 3« B2 2 i, 2025,
56(4):1076 - 1082.

Wang QL, Xie LS, Du W, et al. Risk factors and prognosis of
pneumoconiosis combined with bacterial pneumonia: application of
a random forest model[ J]. Journal of Sichuan University: Medical
Sciences, 2025, 56(4) : 1076 —1082. (In Chinese)

Chang YH, Liu TH, Wu JY, et al.
corticosteroids and aspergillosis among COVID - 19 patients[ J].
Journal of Infection, 2023, 86(4) : 394 —396.

Sgvik S, Barratt — Due A, Késine T, et al. Corticosteroids and

The association between

superinfections in COVID - 19 patients on invasive mechanical
ventilation[ J]. Journal of Infection, 2022, 85(1): 57 —63.

Li M, Cheng K, Ku K, et al. Modelling 30 — day hospital
readmission after discharge for COPD patients based on electronic
health records[ J]. NPJ Prim Care Respir Med, 2023, 33 (1)
16.
Rayens E, MK, Norris KA.
socioeconomic factors associated with fungal infection risk, United
States, 2019[ J]. Emerging Infectious Diseases, 2022, 28 (10) :
1955 - 1969.

Bhansaly P, Mehta S, Sharma N, et al. Evaluation of immature

Rayens Demographic  and

Indian
Journal of Critical Care Medicine: Official
Publication of Indian Society of Critical Care Medicine, 2022, 26
(2):216 —223.

Wu YF, Zeng ZM, Guo YB, et al.
protective allergic responses via platelet mediated T helper 2 and T
helper 17 cell polarization[ J]. Immunity, 2021, 54(11) ; 2595 —
2610. €7.

granulocyte count as the earliest biomarker for sepsis| J].

Peer — reviewed,

Candida albicans elicits

I #5 H #7.2025-10-09

(L5 967 W)

[24]

[25]

[26]

FRELARERE, 0 2, 2. TR/ M AE 5 83 DA D BE L 5 AR
S A R AT B LM R A S IR LT ] R R 2Rk,
2024,41(12) ;819 -822.

Wang DM, Zou LJ, Bian Y, et al. Analyzing the characteristics
and influencing factors of cognitive impairment in patients with
cerebral small vessel disease and to construct and validate a
prediction model[ J]. Journal of Clinical Internal Medicine,2024 ,
41(12); 819 —822. (In Chinese)

AT, EBE, AR 74 22 T b Hh A TR 1 BA 57 1 5
10 4F B L] P03 K3 B2 IR 2025 ,46.(5) 5721 —
726.

Shang SH, Wang J, Qu QM. Review of a 10 — year cohort study on
cognitive impairment among rural middle — aged and older
populations in Xi’ an[J]. Journal of Xi’ an Jiaotong University
( Medical Sciences) , 2025, 46(5) : 721 —=726. (In Chinese)
K T AR ML B S R R 5 RS 5 B D RE R A S v B IE
BUWARDCHEDITE[ D] AN A rp BE 2R %, 2025,

Zheng YN. Correlation study on different frailty states, renal
function indicators, and traditional Chinese medicine syndromes in
elderly hypertensive patients [ D ]. Fuzhou: Fujian University of
Chinese Medicine, 2025. (In Chinese)

LRCUT, i CFY , AR, 5. PR 3R A5 UIST LU A 0 £ 457 M il
WGBTS BN LT ] v i g, 2024,23 (6)
421 -425.

[28]

[29]

[30]

Ma CH, Gao HL, Shang CE, et al. Predictive value of blood urea
Nitrogen/creatinine ratio for frailty in maintenance hemodialysis
patients[ J]. Chinese Journal of Blood Purification, 2024, 23(6) .
421 —425. (In Chinese)

X J. A XA N T2 55 11 52 1) PR 3% % T0U0 A5 28U ) S Sy 0 58 UE
[D]. P4 . Py BB ,2025.

Liu C. Influencing factors of frailty in community — dwelling older
adults and the development and validation of a predictive model
[D]. Xi’an; Xi’ an Medical University, 2025. (In Chinese)
XSHE XU ZE. RAET 5 e AR DG HERT S R []. il R
M (EARFAM) ,2025,46(5) 747 - 755.

Liu QY, Liu LJ. Research progress on the relationship between
ferroptosis and hypertension [ J ]. Journal of Sun Yat — sen
University ( Medical Science Edition), 2025, 46(5) . 747 -755.
(In Chinese)

RICH WA R 55 52N A8 T AR T b IX 2 4F N 55
PR K5 R A 5T (0] o 4% 10 T B 5 45 ), 2021, 29
(3):161 - 166.

Song WJ, Yang JY, Yang X,

influencing factors of cognitive frailty in elderly residents of Bouyei

et al. Current situation and

nationality area in Guizhou Province [ J]. Chinese Journal of
Prevention and Control of Chronic Diseases, 2021, 29(3) : 161 —
166. (In Chinese)

W45 B EA :2025-11-10



