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Correlation of NETs, FOXM1, and IL-17 A with
the Progression of MPP to Necrotizing Pneumonia in Children

BI Rui, SONG Zixuan, JIANG Jialing, ZHANG Congcong
(Department of Pediatrics, The First Hospital of Qinhuangdao ,
Qinhuangdao Hebei 066000, China)

[ Abstract] Objective  To investigate the correlation of serum neutrophil extracellular traps ( NETs)
forkhead box protein M1 ( FOXM1), and interleukin-17 A ( IL-17A) with the progression of mycoplasma
pneumoniae pneumonia (MPP) to necrotizing pneumonia in children. Methods A total of 203 pediatric patients
with MPP admitted to the First Hospital of Qinhuangdao from January 2023 to December 2024 were selected as the
modeling set, and they were divided into a necrotizing group (7 = 39) and a non—necrosis group (7 = 164) based on
the presence or absence of pulmonary necrosis. Another 30 children with MPP from January 2025 to March 2025

were selected as an external validation set. Baseline data, serum levels of NETs, FOXM1, and IL-17A were
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compared between the two groups. Pearson correlation analysis was used to assess correlations among serum NETSs,
FOXM1 and IL-17A. Logistic regression analysis was used to investigate the relevant influencing factors of MPP
necrotic pneumonia. Receiver Operating Characteristic ( ROC) curve analysis was conducted to evaluate the
predictive value of conventional indicators ( duration of fever, pulmonary consolidation, white blood cell count,
and their combination) and serum NETs, FOXM1, IL-17A,

pneumonia in MPP. The consistency between the predictions made by the combination of NETSs,

and their combination in predicting necrotizing
FOXM1 , and IL-
17A and clinical outcomes was analyzed using the Kappa analysis. Results  The necrotizing group had a longer
duration of fever, a higher proportion of lung consolidation, and higher white blood cell counts than the non—
necrosis group (P < 0.05). Serum levels of NETs, FOXM1, and IL-17A were significantly higher in the necrotizing
group than in the non—necrotizing group (P < 0.05). Pearson correlation analysis showed that NETs were positively
correlated with FOXM1 and 11.-17 A (r = 0.194, 0.216, P = 0.006, 0.002), and FOXMI1 was positively
correlated with IL-17 A (r=0.203, P=0.004). Logistic regression analysis showed that after adjusting for duration
and IL-17A remained

independent factors associated with necrotizing pneumonia in MPP ( P < 0.05) . For conventional indicators, the

of fever, lung consolidation, and white blood cell counts, serum NETs, FOXMI,

AUC values for duration of fever, lung consolidation, white blood cell counts, and their combination in predicting
necrotizing pneumonia ranged from 0.648 to 0.854 (P < 0.05). For serum indicators, the AUC values for NETs,
FOXM1, I1.-17A) and their combination ranged from 0.749 to 0.941 (P < 0.05). The AUC of the combination of
conventional indicators was significantly higher than that of fever duration,
counts alone (P < 0.05). The AUC for the combination of NETs, FOXMI1,
than that for any single serum indicator ( P < 0.05), and significantly higher than that for the combination of
conventional indicators ( P < 0.05). Conclusion Serum NETs, FOXM1, and IL.—17A are associated with the

progression of MPP to necrotizing pneumonia in children. The combined detection of these three biomarkers can

lung consolidation, and white blood cell

and IL-17A was significantly higher

improve the predictive efficacy for necrotizing pneumonia.
[ Key words] Neutrophil extracellular traps; Forkhead box protein M1; Interleukin—17A; Mycoplasmal

pneumoniae pneumonia in children; Necrotizing pneumonia; Predictive efficacy
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2R TG E X (P>0.05); HRIEHHIFERKTIE
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®1 ERESMMEIEEELFRLR [(X£5)/n(%)]

Tab.1 Comparison of baseline data between the modeling set and the external validation set[ (X =+ s5)/n(%) ]

BORE HARAE (n =203) HNBEIELE (n = 30) 1l P
B (%) 5.95+1.97 587 +1.74 0.211 0.833
51 0.368 0.544
5 100(49.26) 13(43.33)
5y 106(52.22) 17(56.67)
i (kg) 26.05 + 3.96 27.00 +2.84 1.266 0.207
HHE(d) 3.71+1.20 4.13+1.15 1.799 0.073
B 0.399 0.528
Jc 153(75.37) 21(70.00)
H 50(24.63) 9(30.00)
i 527 0.231 0.631
Jo 111(54.68) 15(50.00)
H 92(45.32) 15(50.00)
i JE AR 0.656 0.418
¥ 183(90.15) 25(83.33)
H 20(9.85) 5(16.67)
4R (x10°/L) 13.10 £ 2.09 13.79 +1.96 1.701 0.090
FRR R (%) 64.95 + 5.88 66.03 + 6.93 0.917 0.360
M £LA A (g/L) 121.05 + 7.96 118.79 + 8.03 1.450 0.148
CR M (mg/L) 3642+ 12.14 37.42+10.18 0.429 0.668
F2 BEEMARETBE [(X+5)/n(%)]
Tab.2 Comparison of baseline data between the two groups in the modeling set[ (X+s ) /n(%)]
g WFEA (n =39) JESRFEL (n = 164) iy P
AEIB (%) 5.64+1.83 6.02 £2.00 -1.083 0.280
51 0.079 0.779
L 20(51.28) 80(48.78)
u© 19(48.72) 84(51.22)
A (kg) 25.68 +3.90 26.14 +4.27 -0.614 0.540
(D) 5.86+1.34 3.20+1.04 13.537 <0.001"
ALz 0.332 0.564
g 28(71.79) 125(76.22)
H 11(28.21) 39(23.78)
Jifi 527 11.137 0.001"
o 12(30.77) 99(60.37)
H 27(69.23) 65(39.63)
s BRI 0.155 0.694
g 34(87.18) 149(90.85)
H 5(12.82) 15(9.15)
A (x10°/L) 15.68 + 1.74 12.49£2.13 8.684 <0.001"
sk AN (%) 65.22+5.49 64.89 £ 6.15 0.307 0.759
M£TEE A (g/L) 119.86 + 6.24 121.33 £7.65 -1.114 0.266
CR M (mg/L) 39.59 + 13.18 35.67 + 11.66 1.839 0.067

*P<0.05,
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Tab.3 Comparison of serum NETs, FOXM1 and IL-17A levels between the two groups( X+ s)

205 n NETs(ng/mL) FOXM1(ng/mL) IL-17A(ng/L)

WAL 39 22.04 +7.00 1.34+0.13 13.26 + 4.39

JEIRFEA 164 16.83 +5.17 1.20+0.11 8.91+2.94

t 5.258 6.890 7.481

P <0.001" <0.001" <0.001"
*P<0.05,

2.4 IMiEF NETs.FOXM1.IL-17A Z Egy+8 %M

Pearson AT LI NETs, FOXMI, IL-
17A Z [8] B9 A &M B 7%, NETs 5 FOXMI1, IL-
17A B 1FAE(r=0.194, 0.216, P=0.006. 0.002),
FOXM1 5 IL-17A 21EAX(r=0.203, P=0.004).
2.5 MPP IRFEMERT A HY Logistic [E]3 43 #r

VIF f 5 iR, 45 328 VIF EA T 2.205 ~
4172, JILLNVERGE, R FE A BH )y k7 AR
HfE, PIZHHEE P< 0.05 Y7 & CGAVEE | Blisers |
FH4iM . NETs. FOXMI. IL-17A)1E & B 28 &

ABHEARL, isEAS (L =0, A =1), HFE. A
4L, NETs, FOXMI . TL-17A BH#briEfbabBm%L
{HIEAT I, Logistic [FIIH 45 R B, KIET
PR MSCAR . 4IRS, MV NETs. FOXMI,
IL-17A 52 MPP YRFE: T 48 (A AH 52 0 R 2R (P <
0.05), IEILERL E/~, Hosmer—Lemeshow x> =
0.566, P=0.463, $#ERBAI2 5 RafF, WLk 4,
Sy ik B AR AN S8 T ) Al e, R B ) 42 - 43
VERCYE (PSM) X Sk BERMIE 71 « 1 DLC )5 H 8 43
Br, 45855 Logistic MIH—3, WS,

* 4 MPP IRIEERT R A Logistic BVA%#7

Tab. 4 Logistic regression analysis of factors associated with necrotizing pneumonia in MPP

. 95%CI
AN ES B SE Wald 2 OR = I P
iUl
A 0.086 0.025 11.883 1.090 1.026 1.158 <0.001°
it 5% 0.948 0.243 15212 2.580 2.448 2.719 <0.001"
BE 0.258 0.076 11.553 1.295 1.135 1.477 <0.001"
NETs 0.114 0.035 10.635 1.121 1.085 1.158 <0.001"
FOXM1 0.208 0.049 17.951 1.231 1.104 1372 <0.001"
IL-17A 0.090 0.029 9.667 1.094 1.028 1.165 <0.001"
R -5.184 0.051 12.783 - — - <0.001"
2
NETs 0.115 0.028 17.001 1.122 1.062 1.185 <0.001°
FOXM1 0.165 0.047 12.294 1.179 1.115 1.247 <0.001°
IL-17A 0.101 0.031 10.521 1.106 1.084 1.128 <0.001°
A -4.226 0.044 16.873 - - - <0.001"
T AR L ARAG IR AR ISR | (AN, ARI2AL I T #0RE  IiSEAE . (i TP < 0.05,
%5 PSMJF Logistic B3R
Tab.5 Logistic regression analysis results after PSM
» 95%CI
AL S OR i I P
NETSs 1.110 1.014 1.216 <0.001"
FOXM1 1.177 1.009 1.374 <0.001"
IL-17A 1.198 1.022 1.405 0.004"

P <0.05,
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HEMIEFRS M7EF NETs FOXM1.,IL-17A Tl MPP R 3814 fifi ¢ B &
Value of routine indicators and serum NETs, FOXM1, IL-17 A in predicting necrotizing pneumonia in MPP

A HEHAEARTUN MPP SRFEMERG 4 B A ; B: 1% NETs. FOXMI. IL-17A T MPP IR GEM: T 4 M

® 6 EHIEIRSME NETs.FOXM1 . IL-17A FHiill MPP 532 {4 i 4 B 47 (&
Tab. 6 Predictive value of routine indicators and serum NETs, FOXM1, IL-17A for necrotizing pneumonia in MPP

Febr AUC 95%CI cut-offfH  MUREE(%)  FEREE(%)  BAVEWINE  FAMEEOE P
AR
P 0.723  0.656 ~0.783 485 7436 64.02 32.95 91.30 <0.001"
i S 0.648 0.578 ~0.714 = 69.23 60.37 36.62 90.15 <0.001"
S of 0.716  0.648~0.777 14.93 66.67 72.56 35.53 90.55 <0.001"
e 0.854  0.797 ~0.899 - 84.62 81.10 50.50 96.60 <0.001"
JIIRGEEL2Y
NETs 0.749  0.684 ~0.807 18.33 69.23 70.12 35.53 90.55 <0.001°
FOXM1 0.762  0.697 ~0.819 1.26 71.79 67.68 34.57 90.98 <0.001"
IL-17A 0.787  0.724 ~ 0.841 10.36 84.62 65.85 37.08 94.74 <0.001"
E 0.941  0.899~0.969 - 89.74 87.80 63.60 97.30 <0.001"
*P<0.05,

2.7 NETs.FOXM1Et& IL-17TATAME R 51k
REFRE— B
HMREGIEAE T, IR ES FRUESL, KAEMIR
BE 6 B, AEBHIRBE 24 51, B A ofE o U A IR 5E S
%, AEMEIRAE 22 ], NETs. FOXM1 B4 IL-17A
T 45 53R 5 i K 52 bR 9 4F & %4 90.00%, Kappa
fH40.706(P<0.05), W3 7. NETs, FOXM1 Bk &

IL-17A 7EAMR I UEE H 1Y 0.935(95%CT: 0.735 ~
0.975), SEBER AUC LI, ZRLSiH$E
M (Z=0.089, P=0.929), 3BHZIk G Tl A Ay
TE AR 5 AN IR iy XA e A R4
—2tk; HARMEMZL iR, NETs. FOXMI
A TL-17A T 25 S 5106 K L bR AH G G, DL
K2,
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Tab.7 Consistency analysis between the predictions made by the combination of NETs, FOXM1, and IL-17A and clinical

outcomes

. R B (n)

24

— 2k

Va P Kappaﬁ 95%CI

=
&

1 6

JEIRIE 2 22 24 90.00

Bit 7 23 30

11.192 0.001" 0.706 0.350 ~0.992

0.8

0 0.2 0.4 0.6 0.8 1.0
T A
B 2 NETs.FOXM1 BXA IL-17A ZE5PERIGE &£ IR
fih 2%

Fig.2 Calibration curve of the combination of NETs,
FOXM1, and IL-17A in the external validation set
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