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[(fHE] BaY W)L EIIEINENENMI% (adenoviral pneumonia, AVP) A XS IERI , 4 bk S5
HREERHEH (intravenous immunoglobulin, IVIG) JGY7HAE AVPRUGER L. ik P44 1 046 1) AVP £ L
WG R GERE, 32 FHZ B 2 logistic [ EE ST F0E AVP KU TRINARAY . I 102 6] AVP B JLKHIEZAR AL, FRTHE
PEGIN 75 AR <14 2 HZZ R0 2 A nTRER SR A TAE AVP L, #eski2Iie A, B, C340, A%
256, AZH: AUTXPRESCRERYT s BAL: BRXMIE SCRFIAYTAL, EIERNEIE AVPRI T IVIGIRYY, 1 g/(kg-d), HELE
2d; CH: BRAHESZERAIFAN, TE#HRNELE AVP ST IVIGIAIT, 1 gke-d), #EL:2d. WWEA, B, C34IAIT
JEWIT R RAR K LR EFehr . R TR <I8S A L LR . AFRE>6.5d. ML F1<84.5 /L. A NFE & i
>113.5 UL, G I IERGs 6 A8 it A HRE AVP RS TIIBLY . 28 (1) 22 i SR ERRIE i 2 T 1 ALK 0.862,
RAE R 0.878, 55 A 0.848. Hosmer-Lemeshow K 56 &b 7 A5 50 75 0 (B0 A1 52 s 0L 000 5 i) A — 3500k 4 g
(P>0.05). JAY7)E, BALAI AR e, AR SRR, 1P ARCRRR, JEARERAERRME, A4
MOHECRAT, A% Ginterleukin, IL) -1, IL-2, IL-6. IL-8, IL-10 K P55 fik, IR 3E T o KV i
(P<0.05). 1% ZWFSCH R TEAE AVP KU R F00 TR AVP (19 4 A HAT RAFRME; 72 AVP BJLEE N
FENT T IVIG /AT AR 4T [hEYRILBIERE, 2023, 25 (6): 619-625]
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Establishment of a risk model for severe adenovirus pneumonia and prospective
study of the timing of intravenous immunoglobulin therapy in children

CAI Sha, ZHU Chun-Hui, CHEN Fang-Gen, LIU Fei, GAO Mei-Ling, XIONG Yan. Department of Infectious Diseases,
Jiangxi Provincial Children's Hospital, Nanchang 330000, China (Gao M-L, Email: 694649497@qq.com)

Abstract: Objective To develop a risk prediction model for severe adenovirus pneumonia (AVP) in children, and
to explore the appropriate timing for intravenous immunoglobulin (IVIG) therapy for severe AVP. Methods Medical
data of 1046 children with AVP were retrospectively analyzed, and a risk prediction model for severe AVP was
established using multivariate logistic regression. The model was validated with 102 children with AVP. Then, 75
children aged <14 years who were considered at risk of developing severe AVP by the model were prospectively enrolled
and divided into three groups (A, B and C) in order of visit, with 25 children in each group. Group A received
symptomatic supportive therapy only. With the exception of symptomatic supportive therapy, group B received IVIG
treatment at a dose of 1g/(kg-d) for 2 consecutive days, before progressing to severe AVP. With the exception of
symptomatic supportive therapy, group C received IVIG treatment at a dose of 1 g/(kg-d) for 2 consecutive days after
progressing to severe AVP. Efficacy and related laboratory indicators were compared among the three groups after
treatment. Results Age<18.5 months, underlying diseases, fever duration >6.5 days, hemoglobin level <84.5 g/L,
alanine transaminase level >113.5 U/L, and co-infection with bacteria were the six variables that entered into the risk
prediction model for severe AVP. The model had an area under the receiver operating characteristic curve of 0.862,
sensitivity of 0.878, and specificity of 0.848. The Hosmer-Lemeshow test showed good consistency between the
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predicted values and the actual observations (P>0.05). After treatment, group B had the shortest fever duration and

hospital stay, the lowest hospitalization costs, the highest effective rate of treatment, the lowest incidence of
complications, the lowest white blood cell count and interleukin (IL)-1, IL-2, IL-6, IL-8, IL-10 levels, and the highest
level of tumor necrosis factor alpha (P<0.05). Conclusions The risk model for severe AVP established in this study has

good value in predicting the development of severe AVP. IVIG therapy before progression to severe AVP is more

effective in treating AVP in children.

[Chinese Journal of Contemporary Pediatrics, 2023, 25(6): 619-625]
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A8 (human adenovirus, HAAV) &)L
WP W 3 % e i DL Y e DA . TR e B MR I AR
(adenoviral pneumonia, AVP) 25 JL & 5 4F fili &
1) 32.2%, LJ& 3 EBOE TG A R A 2
o A HGE AR P 149%~60% FEFE 1 P
IR Jo BB AE 2o I O RR AL B e B
259y, HAWmEMmE A . AR5 SRR T EEE S .
Ok Z2 5T U AR, BRIk S SR Bk
(intravenous imunoglobulin, IVIG) FF 3 K 55
Pl %8 (severe adenoviral pneumonia, SAP) [
SY AR AL, iR, Ho7E R LA
IVIG 7] 47 0 J FA IS [] 9 20 %k AW SR 5 5K
WA a0 1 ¢ 2R 28, BT v 0 S T Y SAP IF
77 AR = IVIG AT, HATAT 32 LI R
SRS | Gt R I AE T . A WFFE G 2 SAP
R PP R AY -4 TR AVP LT 4
B, UM SAP 9% A, 48 T IVIG BIEH],
AR IVIG SR 7 I AL

1 ABETE
1.1 HRT&

[ 49 A 2010 4F 1 H—2019 47 12 A 78 3 B¢
FEBE B9 AVP B LFEAT SAP JRURS: 123 455 154 il A4 2
iz PR ARG A REPE N A Y 2021 4F 1—12 A TR BE Ik
IR AVP EBUILUEAT SAP KU PE4r, DA IVIG 1
IRIT IR AL . A SY C o R e B2 2= A0 F 22
B2 ME (JXSETYY-YXKY-202000127), H.
CRfS Z i W N R B S R B 5 .
12 7k

AW FEALAE [0 B A 5 AT RE R PR 40
121 = %R G RRAE . (1) 4
<14%; (2) AVPIIZWIRFGS OULEMR %12
JPRIE (20194F[R) ) H AVP 2 ibnifE © . HE
BRERE: WG RGO . AR P8 B L 1 7™ 2
JE4r o SAP AL (FEAEZL) 7 FIHESAP A (EFHIE
H) o WEWALILWRFISoR, AN . 4
W A IR (e KM R . S I T R

ge o FERMEDERT FH . IR BB |
Ak Ve R ) . VR . SR E R A [
(white blood cell, WBC) i % . 1fi £ & A
(hemoglobin, Hb) . IfiL /N (palatelet, PLT) i}
. CRMWEH (C-reaction protein) . [ 45 2% it
(pmcalcitonin, PCT) . & N # & [ (alanine
aminotransferase, ALT) . 7% ¥ % & [ (aspartate
AST) . FL R i & 8§ (lactate
dehydrogenase, LDH) |, DM @EEAIF4R . H
P B BN SR SRR RS s IR TS oA,
i SAP AT BEfE B PR 3R, A0 A [l A A5 A Ay At
ARSI A3 B E B 2020 4F 1—12 H fEFR e AT
Be HAT G ANABRHER 102 5] AVP UL SIELL, X
BRI AT AL

1.22 ATBEHAT R AR E: (1) k<14
%5 (2) A BILY 2008 TR 7 W) S ¢
DGR 7S B 2 IgM T B HLAF 5 LR
FEEITRAZIT L (20194F/%) ) H AVP Y2 I
PR s (3) #BU/N LG TR HIPE /0, (Pediatric
Critical Illness Score, PCIS) PEMFRETEE B AEG
HAVP ™5 (4) GABEFER B KU I 3 452 4L 4]
JE N AR N SAP 1 e AL o R BR AR T
(1) A B I 2 3k 2] 8 5E il 2 19 12 W Ax e 7
(2) PIEBFIHIT s (3) R RIA S, s
IFEBUT 53R AL B, C34. A4l: (U4 TRHEL
FHAIT s BAL: BRARESCRAAYIT AN, LIt A
SAP R 45 T IVIG # k% 11, 1 ¢/(kg-d), HELE2d;
CZH: BRAAESTRAAITAL, TEEILIEIE N SAP 5 45
TIVIG Ik TE, 1g/kg-d), HELL2d, HK3H
bR 1 I W L i 1 BN 6 4 7 1 BN 6
B2k . IRYTHTAIRYT 3~5 dJE SAEFERR (WBC T
. CRP. PCTAE) . IRJrRATMIAYY 3~5 dJR4HEH
F [H4IMAN 2 (interleukin, L) -1, 112, TL-6.
I.-8. IL-10. f# 9% ¥R 78 [ F o (tumor necrosis
factor o, TNF-a) . JFARIEAKLER . 45F. IVIG
AN BB DL

123 X5k (1) XJAE SZHFIR YT 16 A
ISR LR STE R U7/ I E - I o ¥ 7S 7 S U N

aminotransferase,
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BB EAYT . (2) PCISTETARAE: >80 40 MiEfE
#; T1~80 53 NAEHE; <7040 ARG E ™, (3) Jf
KAEFE VPR 0 . SR LR A . PRA
el e A . BB TIRERERS . b oRE A
g& . MEREAE . WG I0L 200 P A () 4 2 40 B 9 A O
(4) TERCHIWTARIE 2 AR S BE I A I PR 45 1E
W X R A 25 SR e . VA BRI, LI A
it 348 W87 5 S5 il 8 REIRAARAE T O, T X A A
IR AETE AW GrEE BB LIG ARRE IR R ARAE B
TR, B X RAG AT AL I s R
LI RRE R S ARIE TChr s &, H 2501,
iR X R KA BRI . IV SCR= (R
TR+ 3 5 850 18912 x 100% (5) IVIG A
RN : i IVIG i B rp B v I o B e 7
PR . MRk, DIRERIN, %, HIE. 25N .
S [N A0 DN (9011 | D S o = 07 N =9 5o [
1.3 Sit=ah

I FH SPSS 22.0 B it AT B b 3 5 v v . it
BRI ABIECR S 0% (%) Fon, 4R SR
RIS IESAAE T TR LIE + b2
(x £5) F/r, AMBERHRRE T 2000, £
ZH 8] W R L 45 2R FH Bonfferroni K555 ; A IE &40 41 1Y
TRERR L8 (Ui EE) (M (P,

P,) ] o, 48] %R ] Mann-Whitney UK 56
B Kruskal-Wallis H A 56, 22 4H ] 99 9 b 4% %
Bonfferroni K5 . P<0.05 2540 Geil2#2 L, ¥
P<0.05 78 7490 A Z2 R 2 logistic [B1E 43 A7 i 22 f&
BrIRER, XA fER R R i BIEEA TR A, F
AN S S S B S I v (S (T 2
(receiver operating characteristic curve, ROC il £ )
Mk T fY (area under the curve, AUC) TEA 5
HIX . R H Hosmer-Lemeshow K 38 P R RIS
HERE, P>0.05 RUIBIHIMAERE LS

2 #R

21 [EFREARHARITRMNER
1159 BIFF G AbRifE, Hodr 113 41 K %6k}
BRAHHERR , FMA L 046 60 AVP BB L (FEREZH
7051, AEHCAELL 341 %)
2.2 EfEAFIEEEAIGKRIFIERILLEE

PR M s BORE RN AR SE AL AR Y L R
LRt L] . #EE. Hb, ALT, AST. LDH., &I
ARG L ) e 22 R A Gt eE R L (P<0.05),
W, RHERATHREE & LR R rh
AT B U ES A e iR E (k2), U
LA R pSOR A e A B e i Ry — oy AR

#1 EEEANEFEAIGKSFERN L
LD EEIELH (n=341) FIEL (n=705) 171 PfE
BPE [0(%))] 205(60.1) 412(58.4) 0.267 0.605
AEWY [M(Py, P,), H 20.0(10.3, 43.5) 15.0(8.0, 40.5) 2.629 0.009
BRI AR E L [n(%)] 21(6.2) 49(7.0) 0.231 0.631
FERIF [(%)] 30(8.8) 110(15.6) 9.181 0.002
PR [M(P,s, P,,), ] 8(4, 11) 9(7,12) 6.261 <0.001
WBC [M(P,, P,,), x 10°/L] 13.2(8.2,21.7) 12.4(7.6, 20.0) 1332 0.183
Hb [M(P,,, P,J), ¢/I] 113(103, 123) 112(98, 122) 2.167 0.030
PLT [M(P,,, P,)), x 10°/L] 315(228, 428) 311(225, 421) 0.530 0.596
CRP [M(P,,, P,,), mg/L] 17.9(3.0, 72.0) 19.8(3.0, 81.0) 1.084 0.278
PCT [M(P,s, P,), ng/ml.] 0.4(0.1, 2.4)" 0.5(0.1, 4.0)" 1.414 0.157
ALT [M(P,,, P,), U] 34.0(18.0, 51.0) 22.0(15.0, 61.5) 3.708 <0.001
AST [M(P,s, P,.), U/L] 39(25, 55) 23(17, 32) 10.504 <0.001
LDH [M(P,., P,), U/L] 378.0(54.8, 557.5)° 88.7(35.8, 530.0)" 2.880 0.004
BITFH R R [n(%)] 13(3.8) 75(10.6) 13.898 <0.001
G I HADT TR [n(%)] 8(2.3) 24(3.4) 0.868 0.352
G IFAS TG S TR G [n(%)] 10(2.9) 17(2.4) 0.248 0.618
F: [WBC] A40M; [Hb] mgr&A; [PLT] Mi/hk; [CRP] CRN M [PCT] FRESEIE; [ALT] AR ; [AST] A5

ZJi; [LDH] FLRRMEEE. WBC. CRP, PCT. ALT. AST. LDH ¥ 44E B {6 ; Hb. PLT AE BRI AR (H . a/RdEE
SEL LI4FIARAT PCT KM b R FAELH 222 BiAA T PCT R s c/n IR ELH 266 FIARAT LDH K ;s d /R FAELH 476 AT LDH A6
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*2 ESTEMRERE

At HERH R TR AR
3 18.54H 0.536 0.583 0.119
A 6.5d 0.871 0.375 0.246
Hb 84.5 g/L 0.913 0.229 0.142
ALT 113.5 U/L 0.642 0.609 0.251
AST 106.5 U/L 0.252 0.203 0.049
LDH 645.5 U/L 0.668 0.654 0.322

{E: [Hb] MmZL&EH; [ALT] NN ; [AST) AHARE
fil}; [LDH] FLWRJE (o

2.3 SAPEREZER % E X logistic B34 #7

% [H 2 logistic [71 4} B R, 4E 4 <18.5 1
A . HERER . R >65d, Hb<84.5g/L. ALT
>113.5 U/L., G IF A B gs & kA= SAP I fa s [ 2=
(P<0.05), W3,
2.4 % SAP KRS K R EM

PRI <1854 H . Jehlym . #FE>6.5d. Hb
<84.5 ¢/l., ALT>113.5 U/L, A IR IEYL 6 ML

IR AR, H P AR 18 <18.5 1 H 1Y B{E /]
(0.594), ¥4 faks KR 1 BIEFR L 0.594 245 AU
A I U FOWAE , 15 B2 AR I 3 AR fE R -
<1854 H (148) . JEmlig (14r) . AR
>6.5d (34)). Hb<84.5 g/l (143). ALT>113.5 U/L
(140) . BIFmEEY (247) . WFETEZfER T
HAHRNME, AEAENE0 5y, B9 957 .

AR AUC 4 0.862 (95%CI: 0.837~0.888,
P<0.001; EI1A), HEp KA 0.726, R
JE AR S 43 1000 0.878 F110.848, Fe A AL Ky 2.5
4y, PUer H A 343 . Hosmer-Lemeshow £ 5 if 7~
IR HEBERCAT (*=2.951, P=0.937).
2.5 SAP RS Ay IEIE

ROC WA B s, SR UEZH 0 SAP & A= X
WAL R R 0.857, FESE M 0.750, AUCH
0.778 (95%CI: 0.676~0.881, P<0.001), WL 1B,
Hosmer-Lemeshow £ 56 {8 7 12 4 Y F4) A2 v & ¢ U
(4=6.094, P=0.637).

&3 SAPRRKEZRNZEES

AphE B SE Waldy? P OR 95%CI

figi et -1.258 0.458 7.555 0.006 0.284

A <18.51H 0.594 0.297 4.006 0.045 1.812 1.012~3.242
SErt 0.860 0.200 7.706 0.006 2.364 1.288~4.339
HFES6.5 d 1.552 0.414 14.057 <0.001 4723 2.098~10.633
Hh<84.5 g/L. 0.711 0.231 6.648 0.010 2.037 1.186~3.498
ALT>113.5 U/L 0.795 0.299 7.059 0.008 2214 1.232~3.980
AST>106.5 U/L 0.455 0.394 1.333 0.248 1.576 0.728~3.409
LDH>645.5 U/L 0.509 0.422 1.454 0.228 0.601 0.263~1.375
EEiEERES 1.250 0.565 4.896 0.027 3.489 1.153~10.556

{E: [Hb] ML ; [ALT] ASNERERME; [AST) WHAENS; [LDH] FLRM <.

1.0

08}

o6l |
il |
ok |

0.2}/

0 02 04 06 08 1.0
1R
A

1.0 —

0.8

0.6

R

0.4
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2.6 HIREMERT SRR HIME RS R R 3ARBILIATT
CUELEES g o

HRAEAS SAP XU TRNAE Y, A5 75 B LV A2
Jo A SAP AR, HA AL B € 3HA%5 25 1,

396 55 A AR

21 BBHIER: 10 BIARE
BN EAEN 48 5 69l h

B AR WL 2, EWIFIHIT: SHIVER
A. B, C34BILIAIT AR Ry i 22 5+ A%

WG4 L (P>0.05), W34, BI7)E, 34
BULAY K f|) . AEBERTE] . RS . IR A
B I EAE K ER . WBC IS CRP., TL-1,
IL-2, 1L-6, IL-8, IL-10, TNF-a 7K 09 Ho #5522 5+

A4

RPN T50

B GAF R L (P<0.05) 0 Horh B4 A& H ] Al | ! l
FEBEmS R, FEBE AR, iRy ABOR e A% B4 cil

I RGE R AR L, WBCITHURML, IL-1. IL-2.
IL-6, IL-8., IL-10 7K FHfK, TNF-a /K FiE. 3
HIFTAET W5 IVIG JG A B R & AR A

(n=25) (n=25) (n=25)

2 HIREMERRmAIANRIZE

ER LG E L (P>0.05), LS,

T4 SHEBILWEZEZNELE

Eitun A (n=25) B4 (n=25) C#H (n=25) FHHIFAE Pl
Tt [n(%)] 14(56) 14(56) 13(52) 0.108 0.948
AW (M(P,, P, A1 16(13, 21) 17(15, 21) 17(15, 25) 1.464 0.481
PCISTFSY (x + s, 47) 89+3 88+3 88 + 4 0.067 0.935
KIS BLTITE Sy [M(Pys, P,s), 7] 6(5, 6) 6(5, 6) 6(5, 6) 0.360 0.835
P [M(P,s, P,p),°C] 39.5(38.9, 40.1) 39.7(38.8, 40.4) 40.2(38.8, 40.8) 0.621 0.733
S [n(%)] 7(28) 8(32) 8(32) 0.125 0.939
WBC [M(P,s, P,,), x 10°/L] 14.2(10.0, 15.2) 12.4(9.0, 15.3) 14.3(9.9, 16.2) 1.938 0.380
CRP [M(P,,, P,), mg/L] 16.5(10.3, 27.7) 16.8(8.5,22.1) 14.5(6.7, 24.3) 1.342 0.511
PCT [M(P,, P,), ng/L] 0.1(0.1, 0.3) 0.2(0.1,0.5) 0.4(0.1, 0.6) 1.449 0.485
IL-1 [M(P,,, P,,), pg/mL] 2.3(1.2,3.2) 2.(1.2,3.6) 2.(1.2,3.6) 0.122 0.941
IL-2 [M(P,,, P,), pg/mL] 9.8(8.6, 13.4) 11.2(7.7,16.5) 10.2(7.5, 15.6) 0.284 0.868
11L-6 [M(P,,, P,,), pg/mL] 3.5(2.3,4.7) 3.24(2.5,5.1) 3.3(2.2,5.0) 0.276 0.871
1L-8 [M(P,s, P,,), pg/mL] 8.5(5.7, 12.6) 8.24(6.7, 12.5) 7.9(5.1, 11.9) 0.471 0.790
IL-10 [M(P,,, P,)), pg/mL] 11.5(9.1, 13.4) 12.3(9.5, 14.3) 13.2(9.6, 15.5) 2271 0.321
TNF-a [M(P,s, P,J), pg/mL] 30.4(17.0, 42.3) 28.3(14.9, 44.6) 23.4(15.3, 46.8) 0.354 0.838

" [PCIS] /NLEERGITE S [WBC) H4UME; [CRP] CRMEM; [PCT] FBEASZEIE; [1L-1] A4INFR1; [1L-2] A4
#2; [IL-6] M4 6; [1L-8] FI4IEAEKS; [IL-10] ALIEAEK 105 [TNF-o] MEIRIEH T o,

®5 JATE3HEBILEXIERMLLER

ETL7D A4 (n=25) B4 (n=25) CH (n=25) 2HIF{E P
I [M(P,,, P,.),C] 40.5(40.2, 41.0) 40.3(39.4, 40.8) 40.8(39.3, 41.4) 4.814 0.090
BRI E] [M(P,s, P,y), d] 14(13, 16) 8(6,9)™" 11(9, 12)" 52.416 <0.001
SAEHTIE] [M(P,s, P,y), d] 0(0, 6) 0(0, 2) 0(0, 6) 0.855 0.652
AR E] [M(P,s, P,y), d] 17(16, 20) 1109, 12)* 13(11, 14)" 52.845 <0.001
B 58 [(x £ 5), 70 24 828 +2 720 19 184 + 1 742 20971 + 1 799" 39.952 <0.001
WRITARL [n(%)] 16(64) 25(100)* 21(84) 11.864 0.003
IFRAE [n(%)] 8(32) 14y 4(16) 6.699 0.036
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x5 (&)
Ei=2un A% (n=25) B4 (n=25) C# (n=25) 2 HIF(E P{E
FET= [n(%)] 0(0) 0(0) 0(0) = =
IVIG A KW [n(%)] - 1(4) 1(4) - -
WBC [M(P,s, P,;), x 10°/L] 10.2(7.7, 11.2) 6.3(4.3,8.1)" 7.3(5.0,7.8) 38.202 <0.001
CRP [M(P,,, P,j), mg/L] 11.4(6.7, 14.0) 9.8(5.4,11.2)" 7.5(3.2, 11.7)" 44.721 <0.001
PCT [(% + ), ng/L] 0.12+0.10 0.07 +0.07 0.11+0.10 4313 0.116
IL-1[(¥ % s), pg/mL] 12+0.7 0.5+04" 1.6+1.6 10.572 0.005
112 [M(P,s, P,,), pg/mL] 5.6(4.9, 8.0) 2.1(1.1,2.8)™" 3.2(27, 4.4) 52.804 <0.001
1L-6 [M(P,s, P,,), pg/mL] 1.8(1.0, 2.4) 0.4(0.2, 0.6)"" 1.0(0.7, 1.7) 22.984 <0.001
1L-8 [M(P,s, P,.), pg/mL] 43(2.9,6.2) 1.2(0.8, 1.8)*" 2.9(1.8,3.3) 49.376 <0.001
IL-10 [M(P,,, P,), pg/mL] 6.2(4.3,7.1) 1.2(0.9, 1.6)*" 42(3.1,5.0) 55.439 <0.001
TNF-o [(X + s), pg/mL] 17+9 31+ 19* 13£9 52.846 <0.001
e [IVIG] Skl ez sk ; [WBC] H40Ml; [CRP] ClepifEf; [PCT] BEESZE; [IL-1] A4ifinz1; [1L-2] A

£2; [IL-6] HAMINZE6; [11L-8] HAMMENFES8; [IL-10] HAIMAEK 10; [TNF-a] FRRSEHE T oo an 5 A4 LE, P<0.05; bR5C

HHHE, P<0.05,

T2, 5% &Y HAAV 1L #2308 8 il
R, 130 J7 JLESE T HAV j&ge " AVP
(975 FE RN 12%, A 23697 3 W i ik 509%
30% AVP f8)List B8 A R R B iY Je st i, P 24
HSCRER . EY R

FEXTSAP, HHETLIXHE SZRHEIT M, M=
RS MEMPUR LY . BFSEHE 1, IVIG FH T SAP
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