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Dynamic changes of heparin binding protein and interleukin-6 levels in children with lobar pneumonia and
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[ Abstract] Objective To explore the dynamic changes of heparin binding protein (HBP) and
interleukin-6 (IL-6) levels in children with lobar pneumonia (LP), and to analyze the correlation between HBP,
IL-6 and disease severity. Methods The clinical data of 160 children with LP admitted to Suzhou Wujiang
Distinct Children’s Hospital from January 2022 to August 2023 were analyzed, retrospectively. According to
the severity of pneumonia, they were divided into common pneumonia group (93 cases) and severe pneumonia
group (67 cases), and healthy children who underwent physical examination at the same time were selected
as healthy control group (60 cases). The general data and laboratory indicators of children of three groups
were analyzed. HBP and IL-6 levels of children in normal pneumonia group and severe pneumonia group
were analyzed before treatment and 3 d, 7 d, 14 d after treatment. The effects of gender, age, body mass index
(BMI), duration of fever, duration of hospitalization, lung lobe lesions and pathogen distribution on the levels
of AHBP and AIL-6 were analyzed by hierarchical regression (Forward method). The correlation between
HBP and IL-6 levels between common pneumonia group and severe pneumonia group were analyzed by locally
weighted regression (Lowess). Logistic regression was used to analyze the independent correlation between
HBP, IL-6 levels and disease severity. The diagnostic efficacy of HBP, IL-6 alone and in combination for the
severity of LP were evaluated by the receiver operating characteristic curves (ROC). The restricted cubic spline
(RCS) model was established to analyze the dose-response relationship with associated strength between HBP
level, IL-6 level and disease severity. The clinical practical value of HBP and IL-6 models were evaluated by
decision curve analysis. Results The levels of white blood cell (WBC), neutrophil (NEU), lymphocyte (LYM),
platelet (PLT), neutrophil-lymphocyte ratio (NLR), erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP), procalcitonin (PCT), immunoglobulin A (IgA), immunoglobulin M (IgM), immunoglobulin G (IgG),
CD4' T, CD8'T and CD4"/CD8" T among children in common pneumonia group, severe pneumonia group
and healthy control group were all significantly different (¥ = 10.899, 68.235, 7.467, 24.068, 41.612, 151.070,
283.137, 435.08, 73.047, 68.450, 59.703, 28.519, 32.398, 30.491; all P <0.001). The duration of fever, duration
of hospitalization, NEU, PLT, NLR, ESR, CRP, PCT, IgA, IgG, IgM, CD4" T, CD8" T, CD4"/CD8" T (¢ = 7.681,
8.628, 3.969, 4.125, 4.474, 5.551, 4.025, 11.996, 7.188, 6.208, 4.005, 3.151, 4.046, 4.463; all P < 0.001), HBP
and IL-6 before treatment as well as 3 d, 7 d and 14 d after treatment in common pneumonia group and severe
pneumonia group were all significantly different (HBP: ¢ = 19.684, 17.632, 14.883, 6.72; all P < 0.001. IL-6:
t=11.667,10.454, 9.444, 18.424; all P <0.001). The hierarchical regression model analysis showed that gender,
age, body mass index (BMI), lung lobe disease and pathogen distribution had significant positive effects on
AHBP and AIL-6 (AHBP: F'=25.074, 21.935, 17.402, 14.333, 10.577; all P < 0.001. AIL-6: F'=14.512, 12.249,
11.248, 18.218, 20.506; all P < 0.001). Lowess analysis showed that there was a significant linear positive
correlation between HBP and IL-6 of common pneumonia group and severe pneumonia group (» = 0.50, 0.53;
both P < 0.001). Logistic regression analysis showed that after adjusting covariates, HBP and IL-6 were still risk
factors for the severity of LP (OR = 1.758, 95%CT: 1.622-1.891, P < 0.001; OR = 1.207, 95%CT: 1.154-1.260,
P =0.001), and there was an independent correlation with the severity of LP, the trend test of HBP and IL-6 from
low to high quintile array was statistically significant (= 13.002, 6.068; both P,,, < 0.001). The sensitivity analysis
showed E value were 1.701 and 1.273, respectively. Subgroup analysis showed that there were statistical
differences in HBP and IL-6 before treatment as well as 3 d, 7 d and 14 d after treatment between children with
Mycoplasma pneumoniae infection and Streptococcus pneumoniae infection in common pneumonia group and

severe pneumonia group (all P < 0.001). ROC curve analysis for diagnosing the severity of LP showed that the
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combined diagnostic effect of HBP and IL-6 was better, with an AUC of 0.991 (95%CI: 0.980-0.999, P < 0.001),
and the sensitivity, specificity and accuracy were 94.03%, 97.85% and 96.25%, which were significantly higher

than those of single index diagnosis. RCS model analysis showed that strength association of both HBP and

IL-6 levels were associated with the severity of LP in a dose-response relationship (P, non tinear = 0-331, 0.544).

The decision curve analysis showed that HBP and IL-6 prediction models had high clinical practical value.

Conclusions HBP and IL-6 levels are significantly increased in children with LP, and independently correlated

with the severity of the disease. They are important biomarkers for evaluating the disease and have important

clinical value.

[Key words] Heparin binding protein; Interleukin-6; Children; Lobar pneumonia; Dynamic change;
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18 11.237 10.789
PH < 0.001 < 0.001
8 22.377 26.977
PfH < 0.001 < 0.001
tfH 12.263 16.690
Py < 0.001 < 0.001
IL-6 (ng/L)
VRITHT 59.53 £ 11.39 82.77 +13.75 11.667 < 0.001
T3 d 39.45 £ 10.65 57.87+ 11.46 10.454 < 0.001
HITT7d 23.51+822 36.91+9.67 9.444 < 0.001
9T 14d 8.35+2.34 18.72 + 4.68 18.424 < 0.001
FfH 565.80 467.80
PlE < 0.001 < 0.001
PRIEH 12.418 11.387
Pfa < 0.001 < 0.001
Lt 24.730 22331
P,ff < 0.001 < 0.001
L1H 42.446 36.095
Py < 0.001 < 0.001
M8 11.426 11.442
P fH < 0.001 < 0.001
8 27.505 25.888
P < 0.001 < 0.001
18 17.106 13.859
P < 0.001 < 0.001

E: 6y Py WRITHT vs. 3897 3d, 6y Py YRYTHT vs VAT 7d, £ Py: YRITHT vs. 1697 14d, 4 Py J8J7 3dvs. 3697 7d, t5v Ps: 7697 3d

vs. 89T 14 d, tn Pg: V09T 7dvs. ¥5IT 14d

ESR. CRP. PCT. IgA. IgG. IgM. CD4" T, CD8'T
MCD4/CD8" THAZ & (#i%44) J5, HBP/K-F5LP
PEE R AEAESI AR (OR = 1.758. 95%CI:
1.622~1.891, P < 0.001) . FHBP#:Ak Ky — /33
BEfE, SEMKHBP/AKT L, #mHBP/KFSLP
P2 FEFEAFAE MO A S (OR = 1.849. 95%CI:

1.714~1.972. P < 0.001) . SHBPHAKMH T4k
(Qp A%, FEEHBPAKFZH A= (0,~05) ,
KRN AE 4> 3N COR = 1.645. 95%CI:
1.514~1.757. P < 0.001) . (OR= 1744, 95%ClI:
1613~1.877. P <0.001) . (OR= 1851, 95%CI:
1.723~1983, P <0001) . (OR=1.867. 95%CI:
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Fz4 LP BJLH— TR AHBP A1 AIL-6 7KF43 )2 [ 3 434t
38 plE PlE Fit RMH Adjusted R*f&. ARMH AF(H
AHBP

en=a! 25.074 0.538 0.532 0.538 25.074
M5 1.525 < 0.001

GrIE2 21.935 0.619 0.609 0.081 16.346
5 1.347 < 0.001
RS 0.870 < 0.001

23 17.402 0.652 0.637 0.033 6.726
P51 1.248 < 0.001
AR 0.696 < 0.001
BMI 0.549 0.003

Iy IE4 14.333 0.671 0.652 0.019 4,085
5 1.184 < 0.001
R 0.585 0.001
BMI 0.447 0.010
e 5 A% 0.754 < 0.001

ES 10.577 0.754 0.718 0.083 5.230
5 1.092 < 0.001
RS 0.517 0.004
BMI 0.386 0.016
Jiti -3 A% 0.620 0.001
o3 B S AT 0.489 0.006

AIL-6

E1 14512 0.585 0.579 0.585 14.512
5 1.632 < 0.001

E2 12.249 0.636 0.625 0.051 9.225
5 1.528 < 0.001
RS 0.977 < 0.001

E3 11.248 0.679 0.663 0.043 8.128
5 1.422 < 0.001
RS 0.856 < 0.001
BMI 0.563 0.001

24 18.218 0.821 0.804 0.142 32.310
L5 1.309 < 0.001
AERE 0.722 < 0.001
BMI 0.442 0.013
Jifi -5 A% 0.674 0.005

IIES 20.506 0.898 0.871 0.077 28.515
51 1.268 < 0.001
RS 0.694 < 0.001
BMI 0.391 0.016
Jifi it AR 0.606 0.009
I3 SRR O3 A1 0.713 0.004

1.729~2.011. P < 0.001) , HEAMERIAEIES T

SR (1=13.002, Puy<<0.001) . WLES.,

FH, KIE—RINEEREEE (5350 R
4>, IL-6/KF5LP™ 2 AT A7 7RSO AH S
(OR=1207. 95%CI: 1.154~1260. P=0.001) ;
HIL-6f K1 i (Q) i, BEEIL-6/K

PiREHE (0,~05) , AR ES R
X (1=6.068. Pyuy<<0.001) . W#S5,

B, KIEWBC. NEU. LYM. PLT,
NLR. ESR; M2, MM IEA L, RIE
CRP. PCT; HEiRI3. fERRI2MEEA -, &IE
IgA. 1gG. IgM; %4, fERAI3MFERE F, KIE
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e A MOEATARA; B: BEAGERTAR AL
B 3 it g 2 A0 E0RE fit 46 2H 2 ) LHBP/K T 51L-67K ¥ ¥ Lowess 43 HT
# 5 HBP. IL-6 /KF5 LP = EFEREE FIMALAH KM [OR (95%CD) ]
RIS FAZ IEAFEA! P FHR2 L RIK] A4
HBP (pg/L) 1.451 1513 1.566 1.731 1.758
(1.277~1.568) (1.344~1.653) (1.414~1.692) (1.589~1.864) (1.622~1.891)
HBP /43
{LHBP 1 1 1 1 1
= HBP 1.526 1.617 1.632 1.811 1.849
(1.350~1.664) (1.471~1.722) (1.493~1.749) (1.672~1.938) (1.714~1.972)
HBP 43 F54
0, (<4895) 1 1 1 1 1

0, (48.96~58.03)
0, (58.04~70.37)
0, (70.38~89.95)
0; (=189.96)

il
PlH
IL-6 (ng/L)

IL-6 432
fKIL-6
#IL-6

IL-6T1 53 K5
0, (<53.00)
0, (53.01~62.91)

0, (62.92~73.70)
0, (73.71~85.14)
0, (=85.15)

i
PlH sy

1.378
(1.185~1.493)
1.437
(1.206~1.529)
1.508
(1.306~1.622)
1.533
(1.378~1.676)
23.290

< 0.001

1.166
(1.094~1.199)

1

1.193
(1.145~1.248)

1

1.208
(1.157~1.262)
1.215
(1.163~1.270)
1.234
(1.187~1.286)
1.259
(1.205~1.306)
12.018

< 0.001

1.442
(1.238~1.541)
1.510
(1.318~1.637)
1.624
(1.486~1.732)
1.620
(1.481~1.728)

18.034

< 0.001

1.183
(1.129~1.232)

1

1.211
(1.161~1.262)

1

1.224
(1.177~1.285)
1.238
(1.200~1.290)
1.261
(1.208~1.314)
1.284
(1.233~1.339)
9.390

< 0.001

1.489
(1.291~1.597)
1.540
(1.397~1.684)
1.648
(1.529~1.768)
1.647
(1.520~1.761)

15.139

<< 0.001

1.135
(1.072~1.175)

1

1.167
(1.102~1.212)

1

1.189
(1.140~1.237)
1.194
(1.147~1.249)
1.203
(1.151~1.259)
1.237
(1.194~1.288)

7.250

<< 0.001

1.607
(1.459~1.713)
1.719
(1.564~1.855)
1.813
(1.674~1.949)
1.822
(1.689~1.956)

14.161

< 0.001

1.170
(1.119~1.226)

1

1.201
(1.149~1.251)

1

1.218
(1.171~1.27D)
1.220
(1.176~1.282)
1.246
(1.204~1.295)
1.269
(1.216~1.325)

6.248

< 0.001

1.645
(1.514~1.757)
1.744
(1.613~1.877)
1.851
(1.723~1.983)
1.867
(1.729~2.011)

13.002

< 0.001

1.207
(1.154~1.260)

1

1.243
(1.202~1.292)

1

1.265
(1.210~1.323)
1.273
(1.230~1.335)
1.299
(1.259~1.346)
1.318
(1.265~1.385)

6.068

<< 0.001

W i HBP iR J¥ < 62.39 pg/L Ak HBP /K,

i IL-6 ¥ = 58.42 ng/L N7 IL-6 /KT

137 HBP &% = 62.39 pg/L i GM /K-F-,

1375 IL-6 ¥R < 58.42 ng/L A& IL-6 /K, 1L
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CD4'T. CD8 THICD4"/CDS8'T.
EfEEXTHBPAIIL-67K V- 34T U 70 #r . i
Pt ARE = RR + sqrt [RR x (RR - 1) ], Hrp
RR =sqrt (OR) , 3 Ep=1.701, H95%CI TR
N1.513, Ey~1.273, H95%CITIRN1.265. RIiE
Z= R R A XU B 40 A B 1.701 811,273 CE{H R IR
S AlN1.513F11.265) B, HBPAIIL-6/KF 5LPJH

& AR T 03K

L BRGNS R T A (10 35 e M 28 2H N B i
% 40 B ) LHBPAIIL-67K A2 4L,

i g 2R EREAT R LB LIRITRT, YRYT3 d.
7 dFI14 dJfi5 & 2H 98 S AR RN it 98 K B R 4 L
HHBPHIL-67KFZ R H G FE L (PY<
0.001) , NL3k6.

6 JRYLANIFI AR R 3 il 28 LR FERE it A 4L AR LR T AR ST 5 AN RN 1) 5 HBP A IL-6 /KF (%)

WA AH (9341

FIEMRA (6761

CL78 R REEFRH ) ] 5 JE g8 BRI ] ]
HBP (ug/L)
YRITHT 42.93+7.25 68.94 +8.22 16.137 < 0.001 74.87+9.75 97.81 +10.04 9.484 < 0.001
¥BIT3d 23.45+6.20 49.46 +6.28 19.856 < 0.001 45.87+8.82 72.57+9.77 11.730 < 0.001
BIT7d 17.92 +5.02 31.86+5.16 13.061 < 0.001 26.19 + 4.94 55.22+6.50 20.536 < 0.001
iBIr14d 9.58+2.79 21.05 +3.54 17.465 < 0.001 12.24 +3.88 27.08 +4.31 14.798 < 0.001
Ff 349.833 469.751 458.321 468.000
P < 0.001 < 0.001 < 0.001 < 0.001
{8 15.006 11.760 12.671 10.506
Pfi < 0.001 < 0.001 < 0.001 < 0.001
LI 20.841 23.859 25.585 20.764
P,fH < 0.001 < 0.001 < 0.001 < 0.001
rfH 31.548 33.416 34.286 37.747
PfE < 0.001 < 0.001 < 0.001 < 0.001
1,8 5.094 13.523 11.183 8.621
P < 0.001 < 0.001 < 0.001 < 0.001
t1H 14.991 24.611 20.049 24.840
PH < 0.001 < 0.001 < 0.001 < 0.001
18 10.671 10.788 12.757 21.039
Pl < 0.001 < 0.001 < 0.001 < 0.001
IL-6 (ng/L)
YRS R 51.52 +8.39 59.53+£9.25 4352 < 0.001 70.88 £ 10.75 9431 +11.28 8.699 <0.001
¥BIT3d 32.15+7.64 49.55+8.22 10.498 < 0.001 43.68 +8.79 71.65 +10.25 11.974 < 0.001
HBIT7d 16.17 £ 6.14 33.68 £ 6.37 13.360 < 0.001 2533 +8.86 48.14+9.45 10.186 < 0.001
By 14d 5.49+1.22 12.30 £2.09 19.755 < 0.001 11.43 £2.37 25.80 = 3.96 17.955 < 0.001
FfH 516.986 334.393 314.535 352.575
P < 0.001 < 0.001 < 0.001 < 0.001
H18 12.544 5.037 11.252 8.669
PfE < 0.001 < 0.001 < 0.001 < 0.001
LfH 24.986 14.374 18.783 18.295
P.fH < 0.001 < 0.001 < 0.001 < 0.001
{8 39.896 31.103 31.024 33.415
Py < 0.001 < 0.001 < 0.001 < 0.001
18 11.981 9.530 8.446 9.833
PJA < 0.001 < 0.001 < 0.001 < 0.001
18 25.322 24.427 20.350 24330
PfY < 0.001 < 0.001 < 0.001 < 0.001
18 12.537 19.916 8.706 12.713
PfH < 0.001 < 0.001 < 0.001 < 0.001
VE: tis P VRITHT vs. 1697 3 d, by Po: JBITHT vs. ¥6IT 7d, 54 Py JRITRT vs. VBT 14d, £ Py 3697 3dvs. VBJT 7d, v Py ¥6JT7 3dvs. 697 14d,

ten Po: T Tdvs JRYT 14d
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J\\ HBPAHIIL-67K~F- X} LPJ f )12 W 2 e

B LPH)LVAIT BT IHBP ., TL-6/KFHET — 70
Logistic[al 9534, @i FHEZ{E PEA5HBP. IL-6
KM EBA 2 WP G ™ HARE I E. BCE s
BHBP. IL-6FRMUZ W R BT . R S5 AT M1
Bifte, k7.

2 #IROC 1 F 5 HBP . IL-67KF % — # Bk
G WLPRTE M2 W 8se, AUCIEKIX 0.951
(95%CI: 0.922~0.980, P < 0.001) . 0.916
(95%CI: 0.872~0.961, P < 0.001) #10.991
(95%CI: 0.980~0.999, P < 0.001) , Ex&2Hr
WER—IEIR WA B2 B RS (AUC 5 1
vs. AUCgp: Z=2.519, P =0.012; AUCugp- 11 VS.
AUC, : Z=2.883, P=0.004) .

Jus HBP. IL-6/K~F5LPJs 1 17 & - K

RCSHALIM YT RITHBP, IL-67K-F- 5LPJs1E
KERIRE R E- RN K R S5 1500 H62.39 pg/L
H158.42 ng/L, HBP. IL-67KF 5LPJ5 1% )55k 3%
JEX RN E-RMRTR (P = 0.3311 Pypyyy=
0.544) , JLKE3.

. HBP. IL-67K~F5LPJp 1 i ot 2653

STHBP.  TL-67K 75 LPJ7 175 1 70 47 11 PR vk 552 i
oM. ERMEAN0.1~0.9, HBP, IL-6/K T
IR F e 52 il 2 12 v 2 T 2 A0 4 AN Tt it
28, BTN ASE 2R (1 4 AL 2 B o U0 A e T
AEETRY R I AE N RS N S0k FLEAT I R T RE 3R 15
BAFm AR aE, W4,

7 HBP. IL-6 /K-F K& H ZEEA2 W LP A

- R o 5 AT R R (%) e (%)
%) %> %) (23 Btk REE 9
HBP 89.55 93.55 91.88 0.83 13.88 11.17 90.91 92.55
IL-6 80.60 88.17 85.00 0.69 6.81 22.01 83.08 86.32
HBP + IL-6 94.03 97.85 96.25 0.92 43.72 6.10 96.92 95.79

E2 HBP. IL-6}7 HIEEA 2 WILPHI 5 IROC i 25

B4 LPE) Lo TN f ok 55 b 2k

VE: A: HBPSLPJHIE ™ EREERBGREFIE- RN K R; B: IL-65LPJ1E ™ HFE B B0 57 &- S N 5% &R
E3 FTRCS[HAREE HTHBP., IL-67K - 5 LPJR 1% < BE G0 B 1 75 B - SO o6 &
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W

HBP 3= 2 piy o PR 4 7 J2% G 5 58 R B R
REME 0SB/ E VR A, BRI AR FEAR DGR T, HK
S I M LA Y 9E JSOBE R T R AR B TL-6 )
PR RANMEE T, R/ B A, T2
S 5 G AT RIGE R B, HKF A s R T A4
WAFTESRZI I e DA R FE R B, LPREJL
HBPSIL-6/K- V¥ R E =, HBEREME, H
KPR R T, SEA A st
R — 354> HTHBPRIIL-61F A 48 AT & 7E iPA LP
BILRTE R EEER, AFFCRH T 20
T, Lowess/HT45 &I, HBPHIL-67K F7E i@/
FET A P48 5 A v IE MG, $RORHBPSIL-6
EAELE D EIVEFH, O WHBP 5IL-60 & v fiti i 15 1 4t
THRAMKIE . Logistic[al )443 #r & 3, HBPSIL-6/2
LPA S fa R R &, R ZE VP4l o 15 I, HBPAI
IL-6/K P (AR Ak B A 7 T HoflyR 24 R, IR
SV 2 9 3t e B ™ R PR AR A AR . I PR I
W HBPAIIL-6 7K 1284k, AT LA B AR i vF Al
BT .

AHIE T 53 BT 5 30 S D A I G 5 it 4 B 2K A
AL FEIIHBP SIL-6/K PR AFE 2 57, Il AR BEER
BB ILP £ ) LA A a] S HBP S1L-6/K 7 5 iy, Hi
PN B A XS5 R RIS L
PR NHBPSIL-67KFA84Y,, AT AT B ) LIk G 1) [
5. B2 WOREROCH 240 #r & B, HBP
FIIL-68% G2 Wit LPH I V7 ik BA 58 i 2 T AR
KA WI RBUE . R BEAIHERA E 8 i T 5 —12
Wr, BAECWIEIRRR S REA RS SEE. B
AR, HBPAMY AT A TG 21, B
AT T TN R e P s (1 7 SR P R R R a sy, HL
REPERT IH bR, BAEREHE, HBP/K
SRR R A AP B G AR IR AR, s
YRR E TR R . sAh, AR,
HBPI & IL-6% 5 fili 98 £ e 520 £ 1 75 LA
T T 240 BT TS 288 149 7 2 D A0 5 ) ) LA R v 1
MWAME, ZhaSIIL-6. HBP/AK FASbL A B T4 5
X BT 28 I RGR Ko B fE . AHE B RCSEL
R 5ok th & 0T R, HBPFIIL-67KF-F 1, i
7 71 R XU A S, EURE Y B 1 I
IRSEFME . X —KIUAIERIRSEHBPFIIL-6 7K *F
WEETT 7R VRN T 2O T TS $ 4 T # e

WA

AW RABGFAERRM. B, AW AHT
OFFE, FEREAX AR, ATREAFAE — 2 LR
fro RRAATY KEEARE, BAZFOHRE, L
PR S R AE A . K, AR E
BFHBPAIL-6 A EDbR W, HLPRIFALH
HRERE, WREZHAEMbEMF M. Kk
BIF F0 N 3E — A5 PR I At AR 5 R Wb 25 4 A0 2 41
WILELPH (K4E FH B2 He SHBPMIIL-6 (A HAEF o #%
Je, AW EE G T HBPHIL-67E )L ELPW 1 1T
il HR R AR, T X AR R VR YT R T AR
F, BA B0 TRUG FHA% YA (P52 i it — R

g b, AWFFLiE/R THBPSIL-67E JLELPH K]
B2 AN B I 9 17 R R AE DR, S I PR DA
Tl TOUI s e ) e AN TR YT 7 B4R TR
LA AR TR Z B FURIRAIR T IX LA Y bR &
VIR R B A S e SR Rk A RIBRIIR R

2 £ X B
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