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Encephalopathy in Children With Influenza A Virus Infection
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[ Abstract] Objective : To investigate the clinical characteristics , laboratory findings , and prognosis of acute necrotizing encephalopathy
(ANE) in children with influenza A virus infection, and to develop a risk prediction model for ANE occurrence. Methods : A retrospec-
tive analysis was performed for 92 children from January to December 2023, among whom 40 had influenza alone and 52 had influenza
with complications (34 with influenza—associated encephalopathy [ IAE] and 18 with acute necrotizing encephalopathy[ ANE]). Clini-
cal features, laboratory markers, and prognosis were compared between groups, and multivariable logistic regression analysis was used
to identify independent risk factors, and the receiver operating characteristic (ROC) curve was used to evaluate the predictive perfor-
mance of the model. Results : No significant differences were observed among the uncomplicated influenza, IAE, and ANE groups in
age, sex, or peak body temperature (all P>0.05) , whereas mental status differed significantly among the three groups (P<0.001). White
blood cell count (WBC) , platelet count(PLT) , C-reactive protein(CRP) ,and lactate differed significantly between the ANE and TAE
groups (P<0.05 or P<0.001). The ANE group had a low recovery rate and a high mortality rate , whereas all patients in the TAE group re-
covered without death. Multivariable logistic regression analysis identified WBC, PLT, CRP, and lactate as independent predictors for
ANE. The prediction model based on these variables yielded an
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tive ability. Conclusion : Children with influenza A virus infection
complicated by ANE exhibit distinct clinical and laboratory features
and have a poor prognosis. The prediction model based on routine
hematological , inflammatory , and metabolic indicators demonstrated

good performance in identifying children at high risk for ANE in
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this cohort, providing a useful reference for early clinical intervention. However, its generalizability still requires further validation in

multicenter studies.
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F2 BanmEA AEATANE AL ERBTIEIRILE(M, (P, P,,)]

Eiztun AL IR AL (n=40) TAE 4 (n=34) ANE 4 (n=18) HiE P
I AR HE bR
WBC(x10°/L) 5.14[3.91-8.43] 5.60[4.60-7.71] 9.89[8.34-16.01]* 15209  <0.001
PLT(x10°/L) 243.00[ 186.00-297.25 ] 222.00[ 196.25-256.50]° 172.50[114.25-194.50 " 10.438  0.005
PCT(ng/mL.) 0.04[0.00-0.11] 0.00[0.00~-0.19] 20.62[3.93-70.18 ] 39.234  <0.001
HNE G R AE bR
CRP(mg/L) 3.17[1.11-7.11] 3.96[1.90-7.26] 10.16[ 6.80-20.30]° 13.105  0.001
IL-6(pg/mL) 4.10[0.00-12.50] 0.00[0.00-3.30]* 292.29[73.35-3377.70]"  43.143  <0.001
L A5 403/ E) REAH G A B
LDH(U/L) 277.45[236.43-327.23 ] 265.05[230.00-281.50° 1058.50[311.95-5248.50]"  29.583  <0.001
ALT(U/L) 22.00[ 18.00-35.00] 18.00[ 14.00-23.75]* 208.00[49.25-2355.00]" 34249  <0.001
AST(U/L) 40.05[32.78-50.95] 37.45[28.55-44.30] 561.50[115.80-3595.601"  30.697  <0.001
BE I T REAH XCHE bR
FDP(pug/mL) 3.18[2.50-4.69] 3.13[2.50-3.56] 66.79(8.77-231.01 ] 31.639  <0.001
D-D(ng/mL) 0.43[0.32-0.56] 0.44[0.28-0.60] 29.03[3.34-64.417" 33.727  <0.001
APTT(s) 33.60[29.58-37.60] 35.20[32.28-39.63] 33.30[29.95-49.40] 1917  0.383
24 H I (o/L) 2.63[2.35-3.31] 2.59[2.34-3.23] 1.97[1.75-2.37]" 13.381  0.001
PT(s) 12.00[ 11.58-12.53] 13.15[ 12.60~14.10]* 16.20[ 14.15-27.38 1" 33.656  <0.001
P55 IR BT HE b
LR (mmol/L.) 0.00[0.00-0.00] 0.50[0.00-2.01]* 3.09[2.11-5.20 " 55541 <0.001
Jili 6 W 11 (/L) 0.00[0.00-0.00] 0.50[0.00-2.03] 2.01[1.06-4.50]* 70.115  <0.001
1 ca, GEALEG A FLALE, P< 0.05, b, 5 8R40 8 A, P<0.01
%3 ANEZAMIAE AXWEHRERIRLR[M, (P, P))]
16k TAE(n=34) ANE(n=18) UfE P
I AR A8 bR
WBC(x10°/L) 5.60[4.60-7.71] 9.89[8.34-16.01 150.000 0.003
PLT(x10°/L) 222.00[ 196.25-256.50 ] 172.50[ 114.25-194.50 ] 142.000 0.002
PCT(ng/mL) 0.00[0.00-0.19] 20.62[3.93-70.18] 21.000 <0.001
R 5 YA
CRP(mg/L) 3.96[1.90-7.26] 10.16[ 6.80-20.30] 143.000 0.002
IL-6(pg/mL) 0.00[0.00-3.30] 292.29(73.35-3377.70 ] 17.000 <0.001
AR5/ T I REA A8 b
LDH(U/L) 265.05[230.00-281.50] 1058.50[311.95-5248.50] 33.000 <0.001
ALT(U/L) 18.00[ 14.00-23.75] 208.00[49.25-2355.00] 32.500 <0.001
AST(U/L) 37.45[28.55-44.30] 561.50[115.80-3595.60] 43.000 <0.001
HE I REAH A8 bR
FDP(pg/mL) 3.13[2.50-3.56] 66.79(8.77-231.01] 46.000 <0.001
D-D(ng/mL.) 0.44[0.28-0.60] 29.03[3.34-64.41] 35.500 <0.001
APTT(s) 35.20[32.28-39.63] 33.30[29.95-49.40] 293.500 0.810
2R 1 (/L) 2.59[2.34-3.23] 1.97[1.75-2.37] 126.500 0.001
PT(s) 13.15[12.60-14.10] 16.20[ 14.15-27.38 ] 123.500 <0.001
5 IR BT dE s
FLAR (mmol/L) 0.50 [0.00-2.01] 3.09[2.11-5.20] 87.000 <0.001
i 1T (/L) 0.50 [0.00-2.03] 2.01[1.06-4.50] 6.000 <0.001

s WBC: [ 40 M 3145 PLT : 1L/ 3 PCT: P45 2 J5; CRP: C R 2R 115 IL—6: [T 4l il 2 —6; LDH : ZLER B A 5 ; ALT : TN 42 R 24 5L 44 T4 IifF ; AST
RAGFRAEIEE RSB ; FDP - 2F 4k 28 AR 724 3 D-D - D— B84 APTT 35 Ak 500V 10555 T A ) 5 T« U5 af g D5t ]

F4 ANEAFMIAEAFFLEE N (%))

ZH 5 % BT 1ot B ) st hE BT X 1i PAE
IAE 34 34(100.00) 0(0.00) 0(0.00)

41.6 <0.001
ANE 18 2(11.11) 3(16.67) 13(72.22)
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ALT(U/L) 0.097  1.102[1.024-1.186]  0.010 Risk 07 08
AST( U/L) 0.060 1.061[].007—1.1]8} 0.025 ‘ZI:WBC:EléHiHﬂﬁ%%ﬁ(;PLT:JI[L/M‘&;CRP:CJiﬁ?ﬁlél
FDP(pg/mL) 0.096  1.100[0.996-1.216]  0.061 1 EEEEBUR SRR E LIS ANE RS Bl E AT 51 22
D-D(ng/mL) 0.668  1.950[1.175-3.234]  0.010
PT(s) 0.400  1.492[1.078-2.066]  0.016 O
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LR (mmol/L) 0.965  2.624[1.453-4.740]  0.001 |,
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*6 RARBRSEEEILHEANE X % E X logistic BTSN oz S — WBC( AUC=0.755)
A5 BiH OR(95%C1) PAE e _ EEB(?\‘[}CS_%@@?)
, (=0.
WBC(x10°/L) 0.004 1.004[ 1.001-1.008 ] 0.015 / — FLIR(AUC=0.858)
0.0 T T T T i
CRP(mg/L) 0.07 1.072[1.007-1.143] 0.030 6 65 st né 45 1
PLT(x10°/1) -0.063  0.939[0.887-0.994] 0.025 B (FPR)
FLAE (mmol/1.) 1.156  3.178[1.242-8.135] 0.016 A, ZAFFROCHTZE X 1,
PCT(ng/mL) 0572 1.772[0.909-3.455] 0.095 i
[1-6(pg/ml.) 0.035  1.036[0.997-1.077] 0.075 ,V
ALT(U/L) 0.037  1.038[0.988-1.090] 0.142 JJ i
D-D(ng/mL) 0.729  2.073[0.362-11.875] 0.413 0 »’
7/
/7
2.5 PR AR A A B LA ANE U TR AR 4 5 Z 06 -
LR 2 % 22 R 2 Togistic [T 407 H 9 ANE 2 57 A1 & .
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/
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* ] 1 1 1 1

15¢ 25 I B Y B9 AUC 9 0.940 (95%C1=0.918~0.962, P<
0.001) , T I A5E 2 (1% 45 55 B2 2 0.966 , UL 0.875. R I
Bootstrap 7% 5 &2 fill £ 1 000 YR P 51 28 P AEL | P38 86 41E C
T8 H0H 0.946(95%C1=0.925~0.967, P<0.001) .

0.0 0.2 0.4 0.6 0.8 1.0
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AWESE & B, B4l IR A 5 TAE 41 ANE 41 7F
SRS MBI R ARG 7 TR 25 S R g T2 S (RS
PRRS AR PER R 2 R B A ME RS Z
B X A FE I R0 10 EE LI R FRAE . X 5 RE 1
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B G D) RE S, 0T ANE W5 K™ a5 48 iE XU Fi i 4
ZURFEN R IL, FH U B R RS RE S AE R 1 R
I T R T E A B L

FE 52 %k A J5 1T, 5 TAE 4145 H, ANE 41
WBC &5 PLT BRI b 3, 48 E K 41 e 461 i 4
b I T BETE bR B A e A S O B B REAE
WFFEFR A, JL 3 7R 37 S 7 SR YL i) WBC \ PLT %5
MH S HOT kA S R —2 kB,
EERAEMERG I AIEREIL, S IAE4 M,
ANE 41 iR 48 r A8 fb o0 B 3 $ /s FonT ey Bh 1
ANE 9 530305 . CRP A TL-6 B9 T g ) Js e 1 ¢
i S5 R 55 A R B A i ) s R HH O AR L
RAE PR T — B, 7R RAE 3 % AT iR 5 ANE
() A R I N EEL A O o (EAS T B2, ANE 4178
LDH | ALT AST 5548 45 J7 1 s 50 0 b 25, $2 o i
Y LA 05 RN 22 4 B DD RESZ A AL A9 kR
ANE #H7E FDP . D-D . PT %8¢ i D fEF5 b1 1 FH B 5+
W, 5 Wang HZ 058 25 3 — B0, 3278 BE 1 1)
REZAL AT AEJE ANE Pl N R A EZ N &K .

iU Jr i, TAE LTS B4F 16 @R e, JTAE
TR ], 1 ANE SLAET R 5 ik 72.2% , AU B0R
WA A E B . X5 ENAIMIFR LS —2: IAE
2 hp— i PER DI RE S T ANE Tk 19U 4% 22 B &
FENOZANE B9 /5 B0 3 5 HO BEALEI AR G, B
LA i S5 A R 200 e PR DX R Al 5 A8 Ry A
O, EEOR AT AR AT IAE 5
ANE 4l LI TS 22 5, iF— Dk 1 1is 02
) E A

1 logistic [ 738 i, A BF 58 % B WBC \PLT
CRP FIZLIR A ANE &A= (A S A G 2 . REAEAT

5% Z2 47 L FL RN A E 48 b % I Rk A ) 28 1) L
A — E A E (R FUBR 98 A I 52 Hp 37
W AE ] Ry A 52 103 e B . LR T v AN s 4
SV S AR I B A, T R s i 4 4% 7 T AR
L HEE K TUG AN REYIA N, T LR E A
WF 5T S 1Y 91 £ R R AUC 35 0.940 , 76 A HF 58 BA
G i AT ) DX 3R, 5 PR A R R v e
it %) FR 0 A AR A LA — B AR A 0k —
A AT B R I R B B LI & ANE XUBS: 1)
PEAS X R fE ANE SO L A SRR EA — 2 s R I
FHIME

ARWEFAFAE—E BRI . B 5, ARBFSE R B
O [NBPE 38, HLA AR AR IR T 2023 4 F— i
JETATZ , FEA AT PR (92 5] , 3 1T RE 5 B0 £ i
R, I BRI T T AR 78 A AS ) b DX R [ A T R
ANTFAEA (B 558 M S A RE ) o HOR F 9T 32 28
WA IR B FLSE B S H b, it 2 E R - 2l A A
W FEAR 2 oy AU K BE PR 5 JR A 437, BRI T 72 42 i
7~ ANE 5 TAE A BEALH] B2 5. R, % F
IR AR TR 1 Ry A, AR 2 AR A B TR
B F s B R AR H G R EAT 22 A ER
UE, FC G PRAE ) (A AT 7 s EPAL . Rk A9 ik
TR Z Hl REEAR TGS, A £
AR AT 22 BB LIS UE IO Az B R, T 4
T ARz I R s i 3

Zi b ARWEIE R B, BRI R B R UL
IAE 5 ANE TE I PRI AL 56 % F8 45 7 T AR AE
255 ANE B LTS 8 LI = Fehn S
WiJm ¥ 22, WBC.PLT.CRP & FLHZ A ANE % A& i
SIAHDGIRI R . T IR bR Y 5 4 ] N A 7R
A R LRI G ANE S2L, gl R T R k2
% Az 8 AT 2 RO RHIE
FUZEIRZE  FIA1E 74 IR 27 R 25 mhoe
TEBRBAER RV STEHIT BRI S TR 18 SRS b
B BT RO T SRR T 36 s

& £ X

[1]  Alaoui-Inboui FZ, Slaoui B, El Kettani A, et al. Influenza a
(HIN1) in hospitalized children[J]. Clin Lab, 2024, 70 (9). DOI:
10.7754/Clin.Lab.2024.240344.

[2] Tosheva II, Saygan KS, Mijnhardt SM, et al. Hemagglutinin stabil-
ity as a key determinant of influenza A virus transmission via air[J]. Curr
Opin Virol,2023,61:101335.

[3] LiJ,Chen YZ, Wang XL, et al. Influenza—associated disease bur-

den in mainland China: a systematic review and meta—analysis[J]. Sci



EXRERKXFFR

Journal of Chongging Medical University — 7 —

Rep,2021,11(1):2886.

[4]  Giurgea LT, Cervantes—Medina A, Walters KA, et al. Sex differ-
ences in influenza: the challenge study experiencelJ]. J Infect Dis,
2022,225(4):715-722.

[5] R ANRIHEER TEERER S A & RE. JLE
PESRTEME IR 1297 7 48 (2023 4F O[], 2 RHBE 4% ll*ff%%tﬁ,zoz&
21(10) :868-871.

National Health Commission of the People’s Republic of China, Ni X,
Qian SY. Diagnosis and Treatment Protocol for Pediatric Acute Necrotiz-
ing Encephalopathy (2023 Edition) [J]. Clin Educ Gen Pract, 2023, 21
(10):868-871.

[6] Frankl S, Coffin SE, Harrison JB, et al. Influenza—associated neuro-
logic complications in hospitalized children[J]. J Pediatr, 2021, 239:
24-31.

[7]  Mastrolia MV, Rubino C, Resti M, et al. Characteristics and out-
come of influenza—associated encephalopathy/encephalitis among chil-
dren in a tertiary pediatric hospital in Italy, 2017-2019[J]. BMC Infect
Dis,2019,19(1):1012.

[8] Paksu MS, Aslan K, Kendirli T, et al. Neuroinfluenza: evaluation
of seasonal influenza associated severe neurological complications in
children (a multicenter study) [J]. Childs Nerv Syst, 2018, 34 (2) :
335-347.

[9] Goetz V, Yang DD, Abid H, et al. Neurological features related to
influenza virus in the pediatric population: a 3—year monocentric retro-
spective study[J]. Eur J Pediatr,2023,182(6) :2615-2624.

[10] Donnelley E, Teutsch S, Zurynski Y, et al. Severe influenza—
associated neurological disease in Australian children: seasonal
population—based surveillance 2008-2018[J]. J Pediatric Infect Dis Soc,
2022,11(12) :533-540.

[11] Wolf RM, Antoon JW. Influenza in children and adolescents: epi-
demiology, management, and prevention[J]. Pediatr Rev,2023,44(11) :
605-617.

[12] LiSY,Xiao WQ, Li HX, et al. Identification of neurological com-
plications in childhood influenza: a random forest model[J]. BMC Pedi-
atr,2024,24(1):347.

[13] Song YL, Li SY, Xiao WQ, et al. Influenza—associated encepha-
lopathy and acute necrotizing encephalopathy in children: a retrospec-
tive single—center study[J]. Med Sci Monit,2021,27:e928374.

[14] Huang WY, Niu WS, Chen HM, et al. Development of a nomo-
gram for severe influenza in previously healthy children: a retrospective
cohort study[J]. J Int Med Res,2023,51(2) :03000605231153768.

[15]  TEEIHE, BPERIE , Do UMAR . A0 RRAR OC AR M 22 R G0 0T R AE WY
PERIT]. R4, 2022,38(1) : 196-204.

Lei YX,Shu YL, Fang SS. Research progress on influenza—related com-
plications of the central nervous system[J]. Chin J Virol, 2022,38(1) :
196-204.

[16] Nguyen SD, Ngo THT, Nguyen TVH, et al. Severe neurological
complications with influenza in Vietnamese children[J]. Influenza Other
Respir Viruses,2024,18(11):e70035.

[17] skathe, E3E55 RGEMS, 45 . i 5 LS HOR C B 8 A I 78
L R s 2 8 e v 8 s PR S AR (LT . I PR AG 30 2% ks, 2025,
43(1):30-34.

Zhang JH,Wang SN, Zhao RP, et al. Clinical application value of the de-

tection of blood routine parameters and C-reactive protein in children
with influenza A virus infection[]J]. Chin J Clin Lab Sci, 2025,43(1) :
30-34.
(18] & M, E Ak, ST AR, 45 . S R AR B L IR i 4 %
e it ML B 23T Bl PR SCIT. BAGHY BR 2 2%k, 2024, 24(6) -
838-841.
Huang YQ, Qiu PL, Fan HL, et al. Analysis and clinical significance of
routine blood parameters of influenza A virus infection in children of dif-
ferent ages[J]. ] Trop Med,2024,24(6) :838-841.
(191 BRI, 1 4%, sk T, A5 . L AE TERE HH R AR TR R
6 P 3 A 99 491 ek B AUE S 0. T A UE LR A, 2024, 19.(3)
200-204.
Xie LN, Feng T, Zhang WC, et al. Risk factors for severe influenza A in
children: A case-control study[J]. Chin J Evid Based Pediatr, 2024, 19
(3):200-204.
[20]  Trombley J, Sheppard C, Khaira G, et al. The spectrum of
influenza—associated acute necrotizing encephalopathy of childhood: a
case series|]J]. Pediatr Neurol ,2025,168:96-99.
[21] Wang HZ, Zeng LK, Cheng XF, et al. Elevated D—dimer on ad-
mission may predict poor prognosis in childhood influenza associated en-
cephalopathylJ]. Sci Rep,2025,15(1):3122.
221 E FFE R, RFRGE LI R SR 23 B it
PRAEAE B TS 2711 S ARULBHE R, 2025,27(7) : 829-833.
Wang D, Guo H, Wu CF, et al. Clinical features and prognosis of chil-
dren with influenza—associated encephalopathy: an analysis of 23 cases
[J]. Chin J Contemp Pediatr,2025,27(7) : 829-833.
(23] %5 b, BRIERE, KA, 5 7 L H A H3IN2 i 8% 2 AH
SR B P R IRV PEINELT]. YE VGBS 24,2024 ,59(1) : 129-133.
Cai D, Chen YY, Zhu YR, et al. 7 cases of fatal acute necrotizing en-
cephalopathy associated with influenza A (H3N2) virus in children[J].
Jiangxi Med J,2024,59(1) :129-133.
[24] sk B0,9h BRAGUN. MANNESECLE R C RV FTE
F R AL S R R g B v B BB DL B R S 2 W (0. &
GiPEoy,2024,9(18) :5-8.
Zhang K, Sun Y, Zhou BC. Analysis of the expression of blood cell pa-
rameter ratio and hs—CRP in patients with influenza a virus infection
and their combined diagnostic value[J]. Syst Med , 2024 ,9( 18):5-8.
[25] R, H =, 2 B, SMNE MR A S E T 2s
TR Y A O P R L v A 15 AR R 23 A7 (). BRAR A 9 1 2
JE,2024,24(13) :2565-2572.
Wu WW, Xie Y, Li C, et al. Analysis on application value of peripheral
blood routine indicators in children with preliminary positive influenza a
virus screening[J]. Prog Mod Biomed 2024, 24(13):2565-2572.
[26] ARAGE , HEWIng . JLAHCHAE | dAR H A It o 1 SR e o B 1]
IS 2 SR A 5 B IE L. HON BE 25,2025,44(5) :415-418.
Lin JR, Kang ZH. Construction and Validation of a nomogram risk dis-
crimination model for severe and non—severe influenza A virus infection
in children[J]. Gansu Med J,2025,44(5) :415-418.
(W75 :2025-12-29; 1 ] : 20260415 ; 3 F : 2026-04-30)
(e A —F)
i‘ig] R
&, BRSO AL R A R S B LS R & B 3T TR i R T
ymvlﬁimmiuj. 93 [%ﬂk% F R, XXXX, XX (XX) :1-7.



