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[Abstract] Objective To investigate the influencing factors for secondary fungal infections in patients with
systemic lupus erythematosus (SLE). Methods A total of 310 SLE patients admitted to our hospital between June 2021
and January 2025 were retrospectively enrolled. They were divided into an infection group and a non-infection group
based on the presence or absence of secondary fungal infections. After 5:1 matching using propensity score matching
(PSM), 230 patients in the non-infection group and 46 patients in the infection group were included in the final analysis.
The characteristics of secondary fungal infections in patients with SLE were analyzed. Logistic regression analysis was
performed to identify factors associated with secondary fungal infections, and receiver operating characteristic (ROC)
curve analysis was used to evaluate the predictive performance of the model. A nomogram model for predicting secondary
fungal infections in SLE patients was subsequently established. Results Among the 310 SLE patients enrolled, fungal
infection occurred in 46 cases (14.84%), predominantly involving the lung (50.0%) and the gastrointestinal tract (23.9%).
After PSM, binary logistic regression analysis revealed that lupus disease activity (odds ratio [OR] = 10.734, 95% CI:
2.015-57.184), duration of antibiotic use (OR = 13.826, 95% CI: 2.995-63.822), C-reactive protein (CRP) (OR = 9.927, 95%
CI: 1.024-96.188), white blood cell (WBC) count (OR = 11.784, 95% CI: 1.568-88.553), complement C4 (OR = 16.392,
95% CI: 3.899-68.909), and 24-hour urine protein (24 h Pro) (OR = 9.391, 95% CI: 1.195-73.813) were independent risk
factors for secondary fungal infections in SLE patients (all P < 0.05). ROC curve analysis demonstrated that lupus disease
activity, duration of antibiotic use, CRP, WBC count, complement C4, and 24 h Pro all demonstrated predictive value for
secondary fungal infections. The combined model incorporating all 6 indicators achieved an area under the ROC curve
(AUC) of 0.821 (95% CI: 0.720-0.922), outperforming any individual indicator (AUC range: 0.593-0.672). A nomogram
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prediction model was subsequently established based on these 6 indicators. Conclusion Lupus activity, duration of

antibiotic use, CRP, WBC, complement C4, and 24 h Pro are the influencing factors of secondary fungal infection in SLE

patients.

[Key words] Systemic lupus erythematosus
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ARG PEA BRI (systemic lupus erythematosus, SLE)
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150/10J7, 4F &R 292.2/1005 ~ 23.1/1007, E KFHHE N
30.13/1007 ~ 70.41/105 6 5, Himk TE B L HEREA .
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fisiTa) 4 P43 (propensity score matching, PSM) J& X}
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Fungal infection

Influencing factors Propensity score
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2461, BVRARTF A 246518, FIEE10% ~ 20%FE A4
J T 2R, B AR AN A 296091 H

ARBFIE B 20214E 6 H—202541 A & B a1
310(ISLESE 1 BT AT 4, AR A Joak & BRI,
WFFEXF 42 03 A SR YL 2 2 6 4 FUR YL H 46051 . R
PSMX G ZH FR 3 EAT5 « 1DCHL, RAHE 00.02, IR A)
FEPER . A . AT 5% (body mass index, BMI) |
HH L PO VCRECSE R, G0 4 R T s B
M, P>0.05 R0 A 73 A S 47 o e AR SR 21 RN 2 oy
BN B 23001, 466, VCRECHT, ARG 5 IR YA 7E
P AR T TR 25 A 2R L (P<0.05) o VERLS, MY
ZHFHLLR TR (P>0.05), WK1,
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Table 1 Comparison of baseline data before and after PSM

Baseline data

Before matching

After matching

Non-infection Infection group 2 Non-infection Infection group 2
group (n = 264) (n = 46) Xt p group (n = 230) (n=46) Xt p
Sex/case (%) Male 110 (41.7) 12 (26.1) 3.984 0.046 86 (37.4) 12 (26.1) 2139 0.144
Female 154 (58.3) 34 (73.9) 144 (62.6) 34 (73.9)
Agelyr., Xxs 45.26 £9.74 37.08 £10.32 5.210 <0.001 39.51 £10.25 37.08 £10.32 1.466 0.144
BMI/(kg/mz), XEs 24.58 £2.42 24.65+3.64 0.166 0.868 23.82+3.77 24.65 + 3.64 1371 0.172
Smoking/case (%) Yes 81 (30.7) 15 (32.6) 0.068 0.794 73 (31.7) 15 (32.6) 0.013  0.908
No 183 (69.3) 31(67.4) 157 (68.3) 31(67.4)
Drinking/case (%) Yes 103 (39.0) 19 (41.3) 0.086 0.769 97 (42.2) 19 (41.3) 0.012 0913
No 161 (61.0) 27 (58.7) 133 (57.8) 27 (58.7)

PSM: propensity score matching; BMI: body mass index.
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R KR A A AZ 023 FHEL T T < 4] L >4f8) . HEY
PR JRIETG SN | TR JEPASEROGN | Sy f il 300 b
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TE S AN BE S 2R R B2 IR bk 1.5 mL, SR
ELISAE I 7 C/2 )i 8 H (C-reactive protein, CRP) 7K
S, SR FH 4 L4 B o AL (ORI 30 B A= Wy B2 7 Wl ey
MR A, B BC-5 140) Ml 5E H 40 i (white blood cell,
WBC) | 1A IfiLCD4 Tk I 4 ML 34, SR I 4x A 3l A=Ak 2y
P A (S 15 D1 5 & P /R AT BR A ), 845 AUS800) A6l
#MAEC3, #MAEC4. HE M (albumin, ALB) . 7EEBH ABE
SR IR B HUR & 24 hIREE, SR HE (U %E 24 hIRE
H*E i (24 hour urinary protein quantitative, 24 h Pro) ,

1.3 HREMENX

LWibrRiE: SLEIZIRIES %SGRV ST I, (2) |
PR ARIE S SR AT 4T

ABRUE: DFF G SLEZIRIE; Q4FEI>184; Bl
IRGERIE R @B F B R A B TR R S5 .

HEBRBRE: (DG I ™ 5000 105850 H A A i
AN 23 H 5 QIR 22, AL A @& I i
e BT RAFH A LS 200, SOR Bt | 16
PSS A% AF 2B M IR @B JF N 26 B Bk I
(human immunodeficiency virus, HIV ) B 5% | B H: i 55
JEUR A S BE BT

K 22 8 1 21 BEARAS 95 93 1 2 V48 £ (systemic
lupus erythematosus disease activity index, SLEDAT) "3
TRIETEBNEE, 0 ~ 453 AP HATCIE 3l o s LI T TS
5~ 943 N ER PTG By, 5 B U)W O R R AR IR YT 5 5
10 ~ 1450 A P EE TR 8, N AR Se R Mdiay T = 1570 N E
JETEh, % B AT 1. SLEDATESMI MR (0 ~ 943) Al
PEEE(=1057).

e GG B < 15 mg/dik Je Wy S5 RIGR 2 hy 4
FRBIr R, TS 0, Xk S0 ie Zh RE M il 404 >
15 mg/d i TR 7 i, FTE Shi, 5 5 om S e 4 il
YER, 5 BRI .

GRS AP . B2 il 2 S5 0 4 55 6 FH
By 58, 18 T 22 ke S s B 15 s ) A s > 2 Mk
FHASUA X P s o 16 2l 0 A, S 4 i i 5 v

70 2549 1O FH IR 8]« 75 470 T 25 W0 A e T 7R R
7~144d,

W E MBI R <3N IRERRESREZ
B, >3 E N Z AV E 2 R, Rt ), R UfE
HEAL.

CRPIEHZ#{E N0 ~ 10 mg/L, >10 mg/LIEE/RIFAE A
PERAER I . A WBCIEH 2% {H #14x10° ~ 10x10°L ™,
3x10°L YK FIEH FBR, $27-WBCHH/D . 4N I CD4 Tk
EL 200 11450 < 20040 M/ p L3R 7 A0 B S BE T e S B T
WAAMAC3IEH %4 40.9 ~ 1.8 g/L, <0.8 g/LER£h
R GG A MAKMAECAIEH S H%{E 0.1 ~ 04 g/L, >
0.4 g/LE/RAMARGAVEM: TR . ALB<30 g/LRyH EEAIK
FEHIMAE . 24 h Pro>3.5 g /m B LZE S IE ARG B R .
14 ZFiEkR
141 EEZ BT

SLEM 7 4k K BRI GL I R A B L o MR A B P e
IZWIBRIE®, F W7 R A5 KA LR, JF 0 e
AL CHITHAR., i . WAPRAEFHIE . S AR R )
142 RELZ BRI

CRP, WBC, CD4', #MAC3, #MAC4, ALB, 24 h Pro.
1.5 SFitFEHE

ARWFFE R FHSPSS 27. 0 FIRFK A (4.3.1) #EAT G343
Bro THEGORI X £ s 327K, 41 H] AR F R 505 14k
BELABIEL (%) F27R , 21 10] IR A6 065 3 2o B R 3R %
2[R % Logistic[nl 5 434 SLE R 2 4k & BB I 5% i R
&, KHZIAH TAERHE (receiver operating characteristic,
ROC) M PEAli b i BN R E, #4) 50 SLE £ 35 4k &
FLRR L A HN 2R ISR, 0=0.05

2 #R

2.1 SLEEREHZ AEBRLIK

FEGI A B30 SLE S Hh BT Bk e 6 5], YL R Ny
14.84%. Hrp 2341 (50.0%) . B i 1141(23.9%)
WA PR A B TE 449 (8.7 % )« IR S X B 48 7R 4t 3 46
(6.5%) . 16 (2.2%) . HRELH](2.2%) . TR A& 314
(6.5%), SLEAR 7 4 i FLTR S LI it 30 Js A 1 15 i 1 J e
FE. W2,

%2 SLEBEUEZEWBLMBASH

Table2 Analysis of secondary fungal infection sites in SLE patients

Infection site Case Proportion/%
Lung 23 50.0
Gastrointestinal tract 11 239
Urogenital tract 4 8.7
Blood and central nervous system 3 6.5
Abdominal cavity 1 22
Bone marrow 1 2.2
Mixed 3 6.5
Total 46 100.0
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2.2 SLEREMAERBLLERRSN CD4' < 20041 fif3/uL . #MAC3<0.8 g/L. #MAEC4>0.4 g/L,
R B FAEAE BT R >4 | BTG ShE P B . 24 h Pro>3.5 ghY HUWH B 38 i TR, 25 HA S

WA SERGA > 15 mg/d, BUR 2GR BT S208 L 2% TR L(P<0.05), BI4LIRHE . H S50 | S il g

B2 R NEH>3. CRP>10 mg/L, WBC>3x10° L', IR ALBHER 22 R TCGe 1708 L (P>0.05), W43,

R 3 SLEREHRREFEBRRSRBLERHBLENIGRIEIRLE

Table 3 Comparison of clinical characteristics between SLE patients with secondary fungal infections and those without secondary fungal infections

Factors Non-infection group (1 = 230) Infection group (n = 46) )(2/ t p

Course of disease/year, X+ § 4392 +11.76 44.60 + 12.18 0.356 0.722

Length-of-stay/case (%) < 4 weeks 130 (56.5) 14 (30.4) 10.455 0.001
> 4 weeks 100 (43.5) 32 (69.6)

Average daily body temperature/C, X+ § 37.90 £ 8.47 38.62 £9.09 0.520 0.604

Lupus activity/case (%) Mild 96 (41.7) 10 (21.7) 6.482 0.011
Moderate to severe 134 (58.3) 36 (78.3)

Equivalent dose of prednisone/case (%) < 15mg/d 176 (76.5) 26 (56.5) 7.814 0.005
>15mg/d 54 (23.5) 20 (43.5)

The number of immunosuppressants applied/case (%) < 2 kinds 148 (64.3) 29 (63.0) 0.028 0.866
> 2 kinds 82 (35.7) 17 (37.0)

Duration of antibacterial drug administration/case (%) < 2 weeks 136 (59.1) 18 (39.1) 6.217 0.013
> 2 weeks 94 (40.9) 28 (60.9)

The number of organs involved in damage/case (%) <3 142 (61.7) 19 (41.3) 6.586 0.010
>3 88 (38.3) 27 (58.7)

CRP/case (%) < 10mg/L 154 (67.0) 15 (32.6) 19.051  0.000
> 10 mg/L 76 (33.0) 31 (67.4)

WBClcase (%) <3x10°L" 122 (53.0) 15 (32.6) 6.403  0.011
>3x10°L" 108 (47.0) 31(67.4)

CDA4'/case (%) < 200 cells/pL 81(35.2) 25 (54.3) 5931 0.015
> 200 cells/pL 149 (64.8) 21 (45.7)

Complement C3/case (%) < 08g/L 108 (47.0) 31(67.4) 6.403 0.011
>0.8g/L 122 (53.0) 15 (32.6)

Complement C4/case (%) < 04¢g/L 139 (60.4) 17 (37.0) 8.599 0.003
>04g/L 91 (39.6) 29 (63.0)

ALB/case (%) < 30g/L 104 (45.2) 25 (54.3) 1.284 0.257
>30 g/L 126 (54.8) 21 (45.7)

24 h Pro/case (%) <35g 93 (40.4) 10 (21.7) 5728 0.017
>35g 137 (59.6) 36 (78.3)

CRP: C-reactive protein; WBC: white blood cell; ALB: albumin; 24 h Pro: 24 hour urinary protein quantitative.

2.3 SLEBZEMEL HE S E K Logistic[@ 35347 S AA G A RS R (RS 18], SR TR ShEE L Tk e
VASLE E AT Tk K ORI AR i, W3 28 ARSERIORI i | U 25 T IF (] | 48 B 3240 BB H
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CRP, WBC, CD4', #MAC3. #MAC4. 24 h Pro)fER [ 748
YA ZJCLogistic[l 4 /3 #r i, WRAE WL %4, =T
Logistic [l 570 M4 2R 7w, JRIE T 5 B (OR=10.734,
95%CI=2.015~57.184) . ¥ & 25 4 L H i ]
(OR=13.826, 95%CI=2.995 ~ 63.822) , CRP(OR=9.927,

Table4 Value assignment method

95%CI=1.024 ~96.188), WBC(OR=11.784,
95%CI=1.568 ~ 88.553) , #MAC4(OR=16.392,
95%CI=3.899 ~ 68.909) . 24 h Pro(OR=9.391, 95%CI=
1.195 ~ 73.813) ¥ SLER 5 4k K JL IR I YL i 1 57 15 63 [
#(P<0.05), WL#5,

x4 BEFE

Factors

Assignment methods

Are there any secondary fungal infections in SLE patients

Length-of-stay
Lupus activity

Equivalent dose of prednisone

Duration of antibacterial drug administration

The number of organs involved in damage

CRP

WBC

CD4"
Complement C3
Complement C4

24 h Pro

0 = Non-infection, 1 = Infection
0= < 4 weeks, 1 =>4 weeks

0 = Mild, 1 = Moderate to severe
0= < 15mg/d, 1 => 15 mg/d

0= < 2 weeks, 1 => 2 weeks

0

<3,1=>3
0==< 10mg/L,1=>10 mg/L
0=<3x10"L",1=>3x10’L"
0=>200 cells/uL, 1 = < 200 cells/uL
0=>08¢g/L,1=<0.8g/L
0=<04glL1=>04gL

0==<35g1=>35¢g

All abbreviations are given in the footnote to Table 3.

%5 SLEEEH K HE LS EKLogisticEl T4 47

Table 5 Multivariate logistic regression analysis of secondary fungal infection in SLE patients

95% CI
Factors B SE Wald ¥ P OR
Lower limit Upper limit

Length-of-stay —1.759 1.283 1.880 0.170 0.172 0.014 2.129
Lupus activity 2.373 0.854 7.732 0.005 10.734 2.015 57.184
Equivalent dose of prednisone 0.131 0.703 0.034 0.853 1.139 0.287 4.521
Duration of antibacterial drug administration 2.627 0.780 11.327 <0.001 13.826 2.995 63.822
The number of organs involved in damage —1.199 1.010 1.410 0.235 0.302 0.042 2.181
CRP 2.295 1.159 3.924 0.048 9.927 1.024 96.188
WBC 2.467 1.029 5.746 0.017 11.784 1.568 88.553
CD4’ 0.639 0.609 1.099 0.295 1.894 0.574 6.252
Complement C3 —1.237 1.113 1.237 0.266 0.290 0.033 2.568
Complement C4 2.797 0.733 14.572 <0.001 16.392 3.899 68.909
24 h Pro 2.240 1.052 4.534 0.033 9.391 1.195 73.813
Constant —7.802 1.077 52.503 <0.001 0.000 — —

B: partial regression coefficient; SE: standard error; OR: odds ratio; CI: confidence interval. The other abbreviations are explained in the note to Table 3.

2.4 SLEBREHELZHFBFTNMES T
IR IARAE TG S | U 259000 FH IR TR] . CRP, 4

M5 #MAEC4. 24 h ProiX 6 MEAR TR SLE S # 4k & B

WYY, CRPAYIIZ T 2 (area under the curve, AUC) W
0.672, = T HALS N EPR . 6N EFRIK G IHAUCH0.821,
TN EL T o—F8hn. Wke. E1,
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Table 6 Analysis of the predictive value of various measures for ’
secondary fungal infections in SLE patients Z
08p =
95% CI /
Factors AUC P ——— 7
Lower Upper
limit  limit 2 0.6 77
& 74
Lupus activity 0.600 0.032 0.515 0.685 = Source of the curve
5 Lupus activity
. . . . . @ 04F The application time of
Duration of antibacterial drug administration 0.600 0.032 0.511 0.689 ’ — pplicat
antibacterial drugs
— CRP
CRP 0.672 0.000 0.586 0.758 WBC
0.2} — Complement C4
24hPro
WBC 0.602 0.029 0.514 0.690 —Joint prediction
Reference line
Complement C4 0.617 0.012 0.529 0.706 0 02 04 0.6 0.8 )
1-Specificity
24 h Pro 0.593 0.045 0.508 0.679
Joint prediction 0.821 0.000 0.720 0.922 Bl 1 SLERE M A FLE B RAROCH £

All abbreviations are explained in the note to Table 3.

2.5 SLEZBEL KR HH LR T & EEEE

4 2 A 3K Logisticnl 5 43 B H i 4 1 59 6 5504 37
f& B R R IR 1 20 BE . P01 25 9 2 F B ] . CRP,
WBC. #MAC4., 24 h Pro) 44 A1) £k [ A58 704 (%) ¥y 2, il
N SLE B 5 4k & T SR e 1 UK, 2 7 o il
SESLESR o v H B RIS 8l (195 R5548) . BLIE 254

Fig 1 The ROC curve of secondary fungal infection in patients with SLE

All abbreviations are explained in the note to Table 3.

o FH B (8] > 28] (#5432 6043 ) . CRP> 10 mg/L(1343 K
504) . WBC>3x10° L' (184 K554 ) . #MEC4>
0.4 g/L(1343 654} ) . 24 h Pro>3.5 g(1343 ~5043), M|
B3R 33553, Xof L TN XU 240 K 75%, 7 i B 3 4k
R L TR R 0 1 A N, N g W O B T B e
HRIRYT

. 0 10 20 30 40 50 60 70 80 90 100
Points T T T T T T T T T T 1
Lupus activity | Moderate to severe

Mild ‘
Duration of antibacterial > 2 weeks
drug administration o5 ols !
CRP ‘ > 10 mg/L
<10 mg/L ‘
‘ >3%x109L"
WBC <3 x 10°L! ‘
>0.4g/L
Complement C4 ‘S 0agl | &
>3.5
24 h Pro L ' 8
<35¢g
Total points : ‘ : : ‘ : : : :
0 50 100 150 200 250 300 350 400
Risk L | | | |
0.1 03 05 0.7 0.9

B 2 SLERHE MR HE BT & ERE

Fig 2 Nomogram model for predicting secondary fungal infection in patients with SLE

All abbreviations are explained in the note to Table 3.
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3

77, BUE I R B KRS 0 2 T, FERGBMEER AIF
PR A 9 v, 54800 H SLEY . ARBIFSE A 45 R
7, SLERE T 4 & FLIRB YL 1) & HE 28 4 14.84%, Roberts !
JAA R BE, 2009-20214F 36 [E JL#E K /D 4ESLE 1 Ik
e o 2 RN 13%, GABFFTEE FARUT; FIZ ARG KU
S T AR 1 B R B, DRI A2 H SLE AR 3 4k & L DR e
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)5 T 1R 2% B XU N R oA 2 E R
AR GG AR I, IR TE B EE . HU 259 N B ]
CRP, WBC, #MA&C4. 24 h ProJ JySLE M 3 4k K L1 &
Yy fap B ZE . MR, v AR 2 e i
2230 [ P RV P 08 S 00 n 1 R KU : 10, R
PRI B BE ELAERR T e B R 3R, RN AMAC3 T
FEMERRAC . Mok 40 A S el K DT RERE AR . Tobk L2 40 i
TRIEEFEMR, = & PRI 55 B B AR 75 HR, R4 10 40 i
PR~ 7 R R 7 K 28 R o e 1 A8 P g 5 V174 [T s, 1
il TR SRR S N s S, W SRS B T A
GOALNL, B e AR SR i B IR 5 1R S sk &R,
it &8 5 K VR A T R TR SR A R BT, Bz IR T8t 95 T B
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