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Abstract

Objective: To explore the early predictive value of serum heparin-binding protein (HBP) combined
with D-dimer for severe Mycoplasma pneumoniae pneumonia (SMPP) in children, and to construct
a clinical risk-prediction model based on the above-mentioned indicators. Methods: The clinical
data of children diagnosed with Mycoplasma pneumoniae pneumonia (MPP) hospitalized in the De-
partment of Pediatrics, the Affiliated Hospital of Qingdao University from January 2021 to Decem-
ber 2023 were retrospectively enrolled. The subjects were divided into the severe group (98 cases)
and the non-severe group (214 cases) according to disease severity. General clinical data, labora-
tory test indicators and pulmonary imaging findings were compared between the two groups. Mul-
tivariate Logistic regression analysis was adopted to screen the independent risk factors for SMPP.
The receiver-operating characteristic (ROC) curve was plotted to analyse the predictive efficiency
of HBP and D-dimer when used alone and in combination. A Logistic-regression-based risk-predic-
tion model was established on the basis of independent risk factors. The Hosmer-Lemeshow test,
Bootstrap resampling and decision-curve analysis (DCA) were performed for model calibration, in-
ternal stability verification and clinical-benefit evaluation. Results: The duration of fever in the se-
vere group was significantly longer than that in the non-severe group (P < 0.001). The levels of HBP,
D-dimer, C-reactive protein (CRP), procalcitonin (PCT) and lactate dehydrogenase (LDH) in the se-
vere group were higher than those in the non-severe group (P < 0.05). The detection rates of pul-
monary lobar consolidation, pleural effusion and air-bronchogram sign were markedly higher in
the severe group (P < 0.05). Multivariate Logistic regression identified elevated HBP, elevated D-
dimer, elevated LDH and prolonged fever duration as independent risk factors for paediatric SMPP
(P < 0.05). ROC-curve analysis showed that the area under the curve (AUC) of HBP and D-dimer for
predicting SMPP stood at 0.786 (95% CI: 0.736~0.830) and 0.810 (95% CI: 0.762~0.852) respec-
tively, while the combined detection yielded an AUC of 0.873 (95% CI: 0.831~0.908), which was su-
perior to single-indicator prediction (P < 0.05). The risk-prediction model constructed from the
four independent risk factors achieved an AUC of 0.923. The Hosmer-Lemeshow test indicated fa-
vourable model calibration (2 = 7.124, P = 0.523). The Bootstrap internal-validation with 1000
resampling cycles produced a corrected AUC of 0.908. DCA demonstrated satisfactory net clinical
benefit of this model for clinical decision-making. Conclusion: HBP and D-dimer possess favourable
early-screening value for paediatric SMPP, and combined detection can further improve the predic-
tive efficiency. The risk-prediction model established by HBP, D-dimer, LDH and fever duration pre-
sents good stability and considerable clinical benefit, and can assist clinicians in the early identifica-
tion of high-risk children with severe Mycoplasma pneumoniae pneumonia.
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1. 518

Jiti ¢ S JGEAR(Mycoplasma pneumoniae, MP) & ) L2 A X SRAG il 98 5 &5 W Ak 2 —,  H 2 A B
TATHATA 1. R HU 4 SR AR % (Mycoplasma pneumoniae pneumonia, MPP) & Ui FE 2 H IR 14, Fi)5
BRI 5 SRS 53 i) Lva 175 2 Fe VIl , i A FEORE s 28 S S5 A4 ikl 98 (Severe Mycoplasma pneumoniae pneumonia,
SMPP), ™8 @i i) LAE fr 22 42[2] [3].

SMPP [P BRI AE MP BLEAR 220, 1 32 B T WA S 8 G2 98 hE S B A st I D RE K L[4 ]
Ji 2 454 £ 1l (Heparin-Binding Protein, HBP) ) F i [B] 5~ C M. &K [ (C-reactive protein, CRP) [ [#4%
# 5 (Procalcitonin, PCT) [5] [6]. D-SRARNE &k MLIEGE S5 4k K AR E O R e tEbr S, oK E
5 MPP LR AT 56 . BERIVE SO R GBI RRE R VIAER[7] [8]. BEAMI AL AT H—1
Yikr EWHBSLTANME, HBP 5 D-—RAKBCAH T )L SMPP F 0N I 78 i v A IR, /X% HBP
AT D= ERAA S5 79 I A S g 0T 48 B2 S Bt 175, (L 5 £ SMIPP Hi (% b 7] 265 A B TN Py 348 B AL i A
B9 45T 1k, AN F0 K [l B 78 5 T, R GRS A Fe 7 L3 HBP 5 D- - ZAA/KF%t )L 2 SMPP
(R TR0 R R, I K- FL At PR 8 4 Sl RS P AL, DS Bl PRAE S8 LN e 24 /INISF P9 B 52 B SMPP
mEfE AN R, R A SR PUR G LR LT 107 %, Ak ) L B S R A4 il 28 B 297
RIS BEIEUEARYE o

2. #EREFE
2.1. HARMR

KRBT FE BT, WO 2021 4F 1 & 2023 4 12 J T35 BRI B B ) LRHE: Be 6 97 1) MPP
BOLIRRBURL . INFRIE: O i 1~14 B @ FF6 OLEAXIAGERM 21297 Q2019 4£5))) + MPP
Wz WrbsdE[10], BDEATSARIGPRERIL, [T E MP Rp2 0t IgM FUARRIVEGREE > 1:160) A1/ 1
MP-DNA #ZRRAMHYE: @ ABt 24 h W5ERUILE HBP. D- AR SAHRSLI ER A, @ ImKEEE
o HERRARAE: © SIFHAREREE S R JRES)IR GBI @ BRSO %k
SREETA S MR G MR AR SRR s O ABERT 48 h P T 320 B ot sl S e 536
J7#: @IRRBEIA SR . A LB BB AW (BB S : QYFYWZLL29325), [KRH]
BIEERT SR TE, FRR RS R . Wl OLEARXIRASPERT R 2 T RE) b FRET 28 02 WikniE, AR ¥
BIUARAEGIR T 2 RE R B 2N ™ FURES, R L N EAEZL(98 #) S AR EAELL(214 B1).

2.2. ERNE

AT o G 4 R o e R i ™ BUIRES, IR BT 24 h A SEE8 = 8 bm 9 B Lt

R
ARt TR R IR IR0 5 2Lk Ry SMPP FOTUIIALRE . AR AL UL LA R Il R BER

-
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© — BBk A RS R RRREE (R CE SO B LE IR IR >37.5°C (R A BRI H
JIREL, A RRIERIE R H, DUE IR BN R, AFRR I EH): @ L =4abr: ARt 24
h PN KRN B B KA 25 5, A3 17E HBP /K. D-—Z4k. 41111 %(White Blood Cell Count,
WBC). k741 i i 4 b (Neutrophil Percentage, NEUT%) ik 241l 1% (Lymphocyte, LYM). CRP. PCT.
L& B Z B (Lactate Dehydrogenase, LDH)+ 125 [ (Albumin, ALB). N & FR & JE 74 7 i (Alanine Aminotrans-
ferase, ALT). [fl/MR T4 (Platelet, PLT); @) A% TRL: MH X &al CT &4 R, #ERdR S e
RMESEAR I AR S SO RE R AAE: @ IGIREEH: B K& AR BRI DAARE 5 48 h & IR
AR RS R U, BB R R EITHSL A, B IA SN &R —BUs e .

2.3. MFE

IML3% HBP K H B Bk G0 328 W i (Enzyme-Linked Immunosorbent Assay, ELISA)KG I, 571 &2 H i 4
Axis-Shield 22 7], A% 4% R EAE . D-ZRACK H Sz Lh gk, D- — JAA 2 H(H 16 H 9<0.5 mg/L
FEU; CRP RHI S & e ill; PCT SR AL 22 OG54 ll; LDH. ALB. ALT S5 4L fiahrk
4 HBEA AT ACRIN . B A R e R AR 36 56 B

24. G FERZE

KHI SPSS 26.0 J& R 4.3.0 HAFHATSi 00 THETTEE Shapiro-Wilk 48 vEAl IR, & IES
AT CAIIE £ WRHEZE(F +£5)FRoR, DA ELECR FBSIAEA t K056 RIS A3 DL A (0 447 i)
) [M (P25, P75)1% 7, #H1A] EbK ] Mann-Whitney U #6546 505 DISREUR & 0 e %o, 1A s
K AR, Sext i BRI R ZIKE T (VIR LA VIF <5 NHESRHE, SIFRAFE ™ H 2 &
LR PR A B B A R B Rl 2 [N &K Logistic [BIVA40 7, B HRZR M (P < 0.05)AF BN £ K
% Logistic [MAHrGE B AIFIEE), k)L SMPP KA ML G R 25, LA g5 Al 2 XU T A5
R 225208 TAERFE(ROC) I 2R, T M 28 R ITRIAR(AUC). S Ak W8 . MBS S Fs 57 %, SR DeLong
LIRS FRIR AUC 22 5% . K H Hosmer-Lemeshow A58 VAt AR A4 HL &1, Bootstrap v2:(F & HlifF: 1000
DOHEAT NERIRAE, TR #I 2 HT(DCA) AL ALIG R F 3k 28 . P <0.05 NZERE G5 L.

3. &R
3.1. —fRFERELR

AW FIEIN MPP (EFE )L 312 5, HAEfEA 98 1, ARFEAREL 214 1. FEAREL LA HEFELHT

[ TAEEREH, ZRBEAGIFE LG P<0.001). FEILE 1.

Table 1. Comparison of general information between two groups of children

1. MEBIL—RIETEIEER

EiEL FAEL (n = 98) EEEH (n =214) 2z P
B/, B 55/43 118/96 0.026  0.871
FR(Y, Xxs) 6.84 +231 6.52+2.18 1.156  0.125
A kg, X£s) 25.36 + 8.42 24.17+7.85 1.183  0.119
RARFFSERT [A](d, M (P25, P75)) 8.0 (6.0, 11.0) 5.0 (4.0, 7.0) 4927  <0.001
fERBE K H(d, M (P25, PT75)) 12.0 (9.0, 16.0) 7.0 (5.0, 9.0) 1.632  0.103
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3.2. FYASCIO RIGHREEE

SemyEd AL, EAEL &) LIME HBP. D-—%4&. CRP. PCT. LDH /K FHEET &, ZRHA
B2 (3 P<0.05). PiZl WBC. NEUT%. ALB. PLT. ALT L Z R LG5 X () P>0.05).

FEMEE 2,

Table 2. Comparison of laboratory indicators between two groups of pediatric patients

2. FERJLEE EIEARELES

ECEA) HREAL(n = 98) JEEREL (n = 214) Zi P
HBP (ng/mL, M (P25, P75)) 85.6 (52.3, 136.7) 28.4 (18.6, 42.5) 6.135  <0.001
D-Z 5% 4&(mg/L, M (P25, P75)) 2.84 (1.52, 4.63) 0.74 (0.42, 1.23) 7.268  <0.001
CRP (mg/L, M (P25, P75)) 68.5 (42.3, 98.7) 24.6 (12.3, 45.8) 6.892  <0.001
PCT (ng/mL, M (P25, P75)) 1.24 (0.62, 2.87) 0.38 (0.18, 0.76) 6.741  <0.001
LDH (U/L, X+s) 486.3 £ 142.7 298.5 + 86.4 12.056  <0.001
WBC (x10%L, X+s) 11.84 +4.36 11.52+£3.18 0.652  0.258
NEUT% (%, X %s) 78.6+9.3 77.4+10.7 1.008  0.157
ALB (g/L, X*s) 37.8+4.8 38.6+3.9 1.446  0.075
PLT (x10%L, X+s) 286.4+98.3 274.8 + 86.5 1.004  0.159
ALT (U/L, M (P25, P75)) 32.6 (18.4, 56.8) 28.4 (16.2, 48.6) 1327 0.186

3.3. MEMBFRLLLE
FUREZH B LR SEAR I RO B SOV 78 SRR R AE R P B35 i TAREE4L(H) P<0.05). HEIL
% 3,

Table 3. Comparison of imaging features between two groups of children [Example (%)]

2 3. FEB LG FEHEL R [61(%)]

AR FAHFAE FREH (n = 98) JEEAEH (n = 214) Ve P{H
PNURERS 49 (50.0) 68 (31.8) 9.525 0.002
g s AR 28 (28.6) 32 (15.0) 8.026 0.005
SCRE T AUE 46 (46.9) 74 (34.6) 4338 0.037

3.4. JLE SMPP M BRERMZER Logistic BV 4T

PLE TS KA SMPP AR S (FEAE =1, JEEAE =0), {H: K4 SMPP (FEIE)=1, K A&E SMPP(E
HEAEMIE MPP) = 0; & HABIREMN: HBP JH&. D-—F{A&TE. LDH JHERE AN 1, 1E%¥ N 0;
RINFFEEI A IE KON 5 AR m AL, KRR a0 P < 0.05 IR E AN LK Logistic [1])
I3 G5 EIR, HBP JHE . D-BATE . LDH Fhm M kK vER SN [R] 78 KO ) LEE SMPP & AE B3 ST. G
KR &3 P<0.05), W& 4.
3.5. HBP 5 D-—B{& i AT gE 53 4

ROC Hi £ 70 #7485 5 5o, HBP B 71l SMPP ) AUC N 0.786, D- — JE A& B T ) AUC 4 0.810,
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ZHBETE) AUC Xy 0.873, REL T W& S FI(DeLong %, ¥ P<0.05). W& 5. [ 1.

Table 4. Multivariate logistic regression analysis of independent risk factors for SMPP in children

% 4. JLE SMPP M EfeF EZHIZEZE Logistic [EYA5 4

A B SE Wald y2 OR 95% CI P
HBP F+# 0.011 0.004 5.734 1.011 1.002~1.019 0.017
D-Z BT 0.294 0.079 13.789 1.342 1.149~1.567 <0.001
LDH T} 0.014 0.002 36.808 1.015 1.010~1.019 <0.001
PNUREDES 0.345 0.496 0.483 1.412 0.534~3.734 0.487
A B ) 2 1.091 0.174 39.069 2.976 2.114~4.190 <0.001
i -15.154 1.865 65.998 <0.001

Table 5. ROC curve analysis of predicting SMPP in children using various indicators

52 5. BIEFRTUMJLE SMPP B ROC BRZ 4R

L AUC 95% CI AT U (%) U5 5 P (%) P{H
HBP 0.786 0.736~0.830 57.83 ng/mL 71.43 78.50 <0.001
D-— &k 0.810 0.762~0.852 1.15 mg/L 79.59 69.16 <0.001
ZEBE 0.873 0.831~0.908 — 82.65 82.24 <0.001
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Figure 1. ROC curve analysis

1. ROC Bz 4
3.6. REETUNERE AR SHEIE

FTF 2 KK Logistic [FVA/ 455, UL HBP. D- 54K, LDH K &k RS2 ) i 48 i i 25 4

KBS TR, B A 0T Ln(% )=-15.154+0.011 x XHBP + 0.294 x XD — dimer + 0.014 x XLDH
+1.091 x X K#, Hrh P KA SMPP HFMIMER . B4 AUC A 0.923 (95% CI: 0.882~0.952),
Hosmer-Lemeshow 8L &1t FE 46 56 32 7 A YA UE LT (2 = 7.124, P = 0.523). Bootstrap 72 PN H8561FE (& h
FE 1000 DO IESSE AUC N 0.908, i HA REFIFENM. DCA s R R, HBI{EMARLE
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Figure 2. Construction and validation of risk prediction model

& 2. MEEFUNERAHE S8

4. g

A 5T I8 I BB 43 AT 312 451 MPP {3 B B LIS R BEE, #7821 IfL{& HBP 55 D- 44X} ). 2 SMPP
(AT OCIG, A E T 28 & B TIBE AL . 25 L oR, HBP 5 D-R4R7E SMPP & JL B - HED 2
ETE, HEBCE TG T3 —febs, BT 24EE 4 a RSB BRI X 5 51
HERE, WEPIRR LA RIS 1T e H B T R 51357 5] SMPP & fa /)L

MP G JE LA 0 BRI BN R 2%, H RTA 9 I FE 0 1) S 20E ) B2 33 SMPP A
ORI 1] MP BGe ] fid 1 ZUAEBAYE T RSN AR/2 ZUAH B T bk ES 40 e ot , 5 SR 2 1k 4H
PR TR, BRI R AERR[12]. SUEREIN, MP R85 (2 Al 85T Toll RE5244(% 5@

e
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=1
=]
g

BT

RO TR R, A R B SR AR T SRR P R, g — BN R A AR AR [ 13]. ARG
iR, ENEH L)L WBC. Neu. CRP J PCT /K350 2 THE A, R HORE M) LAE7E S 52
RGN RAE B, 5 EIRHLRAEAT -

AT R I, HBP 7K-F-F 55 ) LB SMPP 1R A2 S0 IEAR DG, FL M Fitil SMPP [ AUC ik 0.786,
HEAUKTE Y 57.83 ng/mL. HBP & 32 B A7 T R 40 B R 75 R0k & 23 ilh /N R B B B 28
TEI73 R A I Gty w4 5 20 5 50Nt P B ] R B RO I, EL T i IR 7 5 T CRP
J PCT [14]. HBP HIBURHLG] FEAATAE LN J LA : H—, HBP Al 5 P R 4036 iR £ B
REAORMESS, BSARMRNsEAEN, BEENnEEEN, (23RS KR
., HBP BAMMIENIEN:, PSR AL BRI 5 RSB A, B RO R R E )N s
—, HBP AJ B A2 R AN T IR, WA IE R TBOR RS, I i 24 AR [ 15] [16]. BRAE
WL, HBP {EMEERAEA JC 38 B DI REREAS 0 SR T b B S m i, Wei 5[ 17]4kiE HBP Flil ik 23
FE] AUC FIIA 0.73, SARRFFLAERARIT . 78 ) LB B0m S8, 1 4R R 7AW FLIESE HBP X)L ZE 40
P 28 B Bk B B R I R AANME[S] (18] AHF7THE— 0K HBP ST MP J& G AT S JiE it 4
fIFe, ke T HBP &) LB BB R YE L, 875 HBP vl REJ2E L2 SMPP FLUHA TS 16 25k
VbR E

TEARFFRKIF D-—FMAFt w5 SMPP KEBSHGINAHOS, BTN AUC 4 0.810, #ElY)REZHAELE
SMPP (1) A AL 43 168 B A €2 o MIP SRR GU BB 1) 9 i S . ] 3 22 P AR TPt I - 20l — T
M, RUEMBEHE T AT LHALRTRIE, FeMNEHENEE, SELGHEEARELER: H—HH, #®
SRS T 2F A B B BOE PIANHI -1 (PAL-D)ZRIAIGIN, 2FEvE 224, K& SEMIMEE 8L D-—%
PR RBEZE T E[19] [20]. BEAERFAE R, D-ZRMAET &S MPP LR AR B RIVE SRS 98 IRFEVEIT %
ST IR RRE S VI, XIS R Y, D- K > 1.37 mg/L Xl LR A MPP [
ik 71.4%, FEREN 82.1%, HAW SRR BUIBME e I AL ReHT . A FLiE— SR T D- RN
SMPP KIRTFIM R T HFHESE, R0 AR D-—BAKKFTHE i MPP B LIS 8 B 45 55 15 1 XL
B, b BENSRL S B EE ST PEA

EARERE, AR HBP BAA D- AR BTN LB (AUC = 0.873) % AL T P & 50 it o
HBP = 5 S5 v P 20 B P2 P B JE S NS, 1T D- SRR RS 57 1 e Wt I 380 5 413 TU btk
A, WA SMPP R AR o 40 558 I P AN FH ELSGIAE SO ST 4R E o K P FPATL A 7] (1)
AR E B N, AT AR SR A VA R LR BRI SEBI B Sy AT )RR VP A X — AR
RS A TN Re 4 I B ZE R DK . LDH AR 4t i 4 (0 HE R S AR B4, HOKSP i s 1 it 2 27
YR IZ IR FE S 4545 . AT H LDH s € v SMPP A RIR R 35 . A 7388, LDH >400.5
U/L #& MPP &)L R Al S AR () B8 BB AR AR [22], AN 9045 Sk — DS kF LDH 7£ SMPP Jii& PEAS o i)
TELE N AN - BEAh, ARWTEFERI B 28 A AU AR B 28 Hosmer-Lemeshow £ 56 1E SE4EL & R 47, Bootstrap
W EBERIE G AUC 5 0.923, AR5 5E MBI - DCA 43 ik — 30 W, AR5 1) A 2 Y5 1 14.(0.10~0.85),
CEABALIG AR R A L T B — 48 bR, P IZ AR B AR A U FE BA I o B D) SE g A S AN . 581
AL i 2™ AR BEVE 4> TR () L2 FUH TR 7. o R )L R VR S5 A EE, AN T R
e LI 9 S 5 4 L T R 3R AL AR S AR R A, TR IR MPP B A 1 A L T R HE — 2
IR 7

AW TEAAELL N RRYE: 1) ROt ssrdon BB T, EAREMENEIR, THagRistfEta
Rl KFEARTTHEVER ALt — P 30IE; 2) ARFFAGEAT T NEEIE, S= SMERIRUE AT, BB
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