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[ Abstract] Objective To investigate the clinical characteristics and laboratory examinations of
hospitalized children with influenza, and to provide evidence-based basis for early identification of severe
influenza. Methods Total of 357 children with influenza admitted to Xi’an Children’s Hospital and Xi’an
Central Hospital from December 2018 to April 2020 were selected as case group, and divided into mild group
(207 cases) and severe group (150 cases) according to disease severity. The clinical data of the case group
were analyzed, retrospectively, and the differences of clinical characteristics and laboratory examinations
were analyzed, respectively. Meanwhile, 180 healthy children who were randomly selected for physical
examination in the same period were selected as control group. Serum 25-(OH)D level was measured by
chemiluminescence. The relationship between serum 25-(OH)D level and severe influenza was analyzed.
Results Among the 357 children with influenza, the male to female ratio was 1.29 ® 1, and the age ranged
from 1 month and 10 days to 12 years old, with 276 cases (77.3%) younger than 5 years old. There were 308
(86.3%) cases of influenza A and 49 (13.7%) cases of influenza B. Patients with underlying diseases (y* =
5.988, P =0.014), wheezing (* = 5.272, P = 0.022), vomiting (5* = 6.080, P = 0.014) symptoms in the severe
group were more than those in the mild group, with significant differences. The white blood cell count (Z =
—2.429, P = 0.015), neutrophil count (Z=—3.106, P = 0.002), C-reactive protein (Z =—4.031, P = 0.001),
procalcitonin (Z =—0.970, P = 0.016) in the severe group were significantly higher than those in the mild group,
while the lymphocyte count (Z =—3.239, P = 0.001), monocyte count (Z =—2.208, P = 0.027) were lower than
those in the mild group, with significant differences. In comparison of serum 25-(OH)D levels, the mild group was
significantly lower than that of the control group [(30.47 £ 11.23) ng/ml vs. (44.74 + 12.57) ng/ml: t =—7.783, P <
0.001], the severe group was lower than that of the control group [(26.33 + 6.88) ng/ml vs. (44.74 + 12.57) ng/ml: ¢t =
—8.884, P < 0.001], and the severe group was significantly lower than that of the mild group [(26.33 +
6.88) ng/ml vs. (30.47 + 11.23) ng/ml: £ = 2.311, P = 0.013]. The best cut-off value of serum 25-(OH)D for
predicting severe influenza was 22.21 ng/ml which determined by ROC curve, the area under the curve was
0.691, the sensitivity was 68.0%, and the specificity was 65.3%. Multivariate Logistic regression analysis
showed that underlying diseases (OR = 2.698, P = 0.028), wheezing (OR = 3.764, P=0.017), vomiting (OR = 3.455,
P =0.018), serum 25-(OH)D < 22.21 ng/ml (OR = 4.251, P = 0.003) were all risk factors of severe influenza.
After oral oseltamivir antiviral and symptomatic treatment, 355 (99.4%) children improved or were cured and
discharged, and 2 (0.6%) children in the severe disease group who were not cured were signed out. The mean
length of hospitalization was 6.2 days. Conclusions Children under 5 years old are susceptible to influenza,
and influenza virus infection among children is mainly influenza A. Children with underlying diseases,
wheezing and vomiting symptoms during the course of the disease, and lower serum 25-(OH)D are more
likely to progress to severe cases, and serum 25-(OH)D cannot be used as a independent predictor of severe
influenza.

[ Key words] Influenza; Children; Severe; Clinical characteristics; 25-(OH)D
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PRZANATES M (P25, P75) , x 10%/L] 0.5 (0.4, 0.8) 0.4 (0.3, 0.7) Z=2.208 0.027
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7E: CRP: C-RRBZEM, PCT: REEEHIR
=5 WEEJLIIRTT RFUS
RIS TRBEIEAL (20741) TEREAELL (15041 it & PfH
R A M TE) (B (%) ] 7=0.716 0.397
K< 2d 117 (56.5) 95 (63.3)
K> 2d 90 (43.5) 55 (36.7)
FZE B (%) ] £=0.974 0.324
A b 36 (17.4) 18 (12.0)
W + BT 2 171 (82.6) 132 (88.0)
{EBERE [M (P25, P75) , d] 5.0 (4.0, 6.0) 6.0 (5.0, 7.8) Z=—5.016 < 0.001
Tifa [(# (%) ] 2=0.174 0.305
VAT 143 (69.1) 103 (68.7)
i3 64 (30.9) 45 (30.0)
KRB 0 (0.0) 2 (1.3)

##: CRP: C- XMEF, PCT: FREHRE
o’

RO B B TR B B R IR U BERNA
2, R ENIZEA (nucleocapside protein,
NP) i (matrix protein, MP) HiJ7PEA
FR[ o RH S 4 TS TAFRSEAY, 3o F RS R
JRERPUR AR SR, B2~ 34F I 142 ik
TS kD o S B AR S ik () % 70, 8 LAIRAT
eI . A 7T & N ZH ) L B8 L J86 i 73 2% 4 DA
AR E . 5% DUN LB N E 2K 5 A
B, o8 5t e o s B A9 1 e S N, AR
W ARRE S ELE LR LR RN T 5%, 5
[y AR IE— 5, XA R AR RS B LB G
DIRER B MR TEE . MR RIZIIRe R 24k K4
TR 25 22 A R B A O

TR R IR R 2 2R, ERA—, £
HEILRIUNRRE, HImA. NIARRE. =%

A BPREIR FZ . TR S RIS R, D3
UG E KR RNERE, HRERAIREELZIE
T2, X RBE KAt 2l R OTE M5 78 AwE 7
BoR, HEAEARUEE)LH AR R R
WL, HPUERE 2 FEOR SRR ) B
JUHBR . BEOR . IEE S AGIERER, ABFAK
P B L IR R A e L R WL, B
FHBEGIMERE . CHkRE, B SR 1)
JLEE R R A TR R AR . Keren5! i
ERTASH R FURAE BE LA, 243% G I R REE
W, FEORFFIR RGN, HOCROLIIERR. &
WS, EREA A R B LE 5 T RIE
“, HLogisticlml VA 53 b7~ fi: A H:hli g S <0
Xt 2 R UK S E R R . MOUERIRAT T, &
g B SR . H B MR I RE R ) it
JLs RERnEES R LRSS, AT S i
A RIYR YT AR G id N O .



o 416 FRAR S RIG PRI G 24 5 (FL TR 20224E12 A 8516345 25634 Chin J Exp Clin Infect Dis (Electronic Edition), December 2022, Vol.16, No.6

iR AN A1 O o N ok b a4 R A 2
PR REA IR B B . PCTAE VR4 4 1 M J
P E B bR, HEREKP SR G E AR AT 5 IR A
K, CRPAZ —FhlEkl etk R fEdR G, HHUAHBL
RIE IR AR I o] SR TR, FRAE2 dN IR F g
B, HPCTHRE 12 W al $ m s G P o (112 Wi vk f
R G RRE, RERESMHEBSREES
FRRERE A BT E BN 2 ", KR
BN, VUBREIEA R ILAgii . PR i AR
P R E T, AR B E AR R LCPRAIPCT
BREHREENS, ERYWERSIFREN, HE
SEZH ) LCPRAIPCT VU E IEFAAEVE I N, H I8
AJ e 5 HE 4 AR ) L4k IR Bk L A9 J B L 1 7 EE R
FEA K. WhEARAENA R REHUR RGOS
HORPEEEAEH, RN TGS AT A A
I, BORKEMEAN, HoK 5500 15 ik R
T E R B UIAR O A5 SCRRIR I B A A
AR [ 42 20 B A 0 ™ B A AR A 2 T
Gy, IR 2 A 5 ER A A B B AE R A S L AL R ) T
DFEAR s AHIT 78 % B0 ERE 20 55 2 bk B i % Bt
AR B P, S A RE —

e EDsE — M W IR TR B R R, B
TREHA MU ERSE, 8251k
BIAE SR, M A M L R B B R ) o i, 5
SN e 9 IR 2% Bk S I 2 L A Bt AR DI AR oG
AW RIN25- (OH) DK FE 5 i Y e IR s 73 fi 48
(Corona virus disease 2019, COVID-19) ™ & f&
& RIR AR A B A SN, COVID-19fT
R “CH TR 2R, (2
T TE I E AU T B EE R N, i 4EA: RD A 4k
FRYmfule) B3R, BRIER A, R R g
IR oA, DT ARG IO S e e f e A
HollamsZ£" &% Bl )L #25- (OH) D#k= m] fe< 14
W My 1) 255 U AR ZXDk = a2 ) L2 H LR B
) LTI R 1, 4EAE DA 2 A = n] 3 N ik =
i LSBT KGR, BAEWF R, 4E4E RDTE
AN R A B ) S R T L RAE R, SRR
WHIR REVIAIS, WHEN 44 RD e 2 54T
PERCE R AR

AT 7T A AUECR LA 25- (OHD DK PR R
JLEEZE NI, EREH25- (OH) D/KPEERREH B
ERNIE, HZ B FLogisticlrH 43 #7~25- (OH) D <
22.21 ng/mlif 2R EREL R SE R R ZR . BB HR

JE R, LeeS P FIESLMURMAT T, AR
DHLZ L E R R R R E R DIER )L BT
o UrashimaZ ™ W 50k B fEAZHb I D)
) LE, HHANRE AN R EE K. HayashiZ?™"
W Eon: #h7825- (OH) DaJFiHIHINLE G/ &
P P A PRI DR (R A, k9 B R AN T 2% i
TR BRI IR R R B . UL ERF RS R EoR,
25- (OH) Diift = &3 mint B B K, H 5 ik
BLWTE ™ BRI, bR gEE D] RE K
N BH B R R R R R . ROCHTZR R
25- (OH) DUyt 8 i s e B A R U I AN,
$e/R25- (OHD DK A B AF Sy b 37 T 2R It
R

BRI A IR T IR R 2, R A
AL LR BEEAR NI, AR, 4R
2, A gg™ . Amad2126] (59.4%)
ALTE R 48 hid I BRI A3, (R &I A fs
FH B A 55 B PR AR B SRR I R AR . AR AL
R N ERE R ) L80% L B 2 Hi I WA
J7. AR, LB A S RS TCH R
AN, I B o B UE ST B 2454 A8 AT IR O
SRR S ARERY, IRBRTE RS T i RE
TR T R B IR G I PR R 5, BT L
AT, e G B 254 3 A B

ik, SHUWNJLEZREEZER S KA
B, AW LERBUFMRERNE. &I
fibh 9, 9 R R BN B R R IR L f
25- (OH) D/KRFE ) LEE 3t e o BRE ],
{HM3%25- COH) D7KF A i B A 75T 00 260 It Jak
KA IR TR LTI sy,  DAAERR b
i, R CRCRBUE SO AT IR, T 4
1 9 s Pl s

2 % x ™

[11  Paules C, Subbarao K. Influenza[J]. Lancet,2017,390(10095):697-708.

[2] Somes MP, Turner RM, Dwyer LJ, et al. Estimating the
annual attack rate of seasonal influenza among unvaccinated
individuals: A systematic review and meta-analysis[J].
Vaccine,2018,36(23):3199-3207.

[3] YuH, Huang J, Huaiy, et al. The substantial hospitalization burden of
influenza in central China: surveillance for severe, acute respiratory
infection, and influenza viruses, 2010-2012[J]. Influenza Other Respir
Viruses,2014,8(1):53-65.

[4] 2R HEH, K%K, & BILIE25 YR R DR 5 IR E
JR 5 R R FC[I]. S LRI &,2014,29(3):226-230.

[5]  EKMR RGN IGRE AT L, RS LFIE ) 2



rh A0 RN A RS 2% 75 (HL TiR) 20224E12 5 451635 %568 Chin J Exp Clin Infect Dis (Electronic Edition), December 2022, Vol.16, No.6 .

417

(6]

(7]

(8]

(9]

(10]

(1]

[12]

[13]

[14]

[15]

[16]

WA, LR RIS S T L R IR (20204 )], ThAESEATL
RBHIE A 2% £,2020,35(17):1281-1288.

TIE, AT, L AR 253 S el PRARS: i e B AT 91 96 i [R1 3K 20
[3]. *F /N LB R ,2021,28(5):376-379.

Cardani A, Boulton A, Kim TS, et al. Alveolar macrophages prevent
lethal influenza pneumonia by inhibiting infection of type-1 alveolar
epithelial cells[J]. PLoS Pathog,2017,13(1):e1006140.

Chaw L, Kamigaki T, Burmaa A, et al. Burden of influenza and
respiratory syncytial virus infection in pregnant women and infants
under 6 months in mongolia: A prospective cohort study [J]. PLoS
One,2016,11(2):e0148421.

Shang M, Blanton L, Brammer L, et al. Influenza-associated pediatric
deaths in the United States, 2010-2016[J]. Pediatrics,2018,141(4):
€20172918.

Keren R, Zaoutis TE, Bridges CB, et al. Neurological and neuromuscular
disease as a risk factor for respiratory failure in children hospitalized with
influenza infection[J]. JAMA,2005,294(17):2188-2194.

Dalziel SR, Thompson JM, Macias CG, et al. Predictors of severe
HINI infection in children presenting within Pediatric Emergency
Research Networks (PERN): retrospective case-control study[J].
BMJ,2013,347:f4836.

Memar MY, Varshochi M, Shokouhi B, et al. Procalcitonin:
the marker of pediatric bacterial infection[J]. Biomed
Pharmacother,2017,96:936-943.

Ngwa DN, Agrawal A. Structure-function relationships of C-reactive
protein in bacterial infection[J]. Front Immunol,2019,10:166.

IR, TRHEZE, BN, 45 83 AR F B RAT IR E AU LI R
AE[I/CD]. H e S Rl PR % 4493 2 2 (HBL T hR),2020,14(1):69-72.
Cheng Y, Zhao H, Song P, et al. Dynamic changes of lymphocyte
counts in adult patients with severe pandemic HIN1 influenza A[J]. J
Infect Public Health,2019,12(6):878-883.

Temel H, Giindiiz M, Tosun Al, et al. The importance of neutrophil/

lymphocyte and lymphocyte/monocyte ratios in the diagnosis of

AR, XFEA,

& R BG4 & (TR ), 2022,16(6):410-417.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

influenza in children[J]. Clin Lab,2021,67(4):1073-1078.

van Etten E, Mathieu C. Immunoregulation by 1, 25-dihydroxyvitamin

D3: basic concepts[J]. J Steroid Biochem Mol Biol,2005,97(1-2):93-

101.

Panagiotou G, Tee SA, Thsan Y, et al. Low serum 25-hydroxyvitamin

D (25[OH]D) levels in patients hospitalized with COVID-19

are associated with greater disease severity[J]. Clin Endocrinol

(0x1),2020,93(4):508-511.

Aygun H. Vitamin D can prevent COVID-19 infection-induced

multiple organ damage[J]. Naunyn Schmiedebergs Arch Pharmacol,

2020,393(7):1157-1160.

Hollams EM, Teo SM, Kusel M, et al. Vitamin D over the first decade

and susceptibility to childhood allergy and asthma[J]. J Allergy Clin

Immunol,2017,139(2):472-481.

Moromizato T, Litonjua AA, Braun AB, et al. Association of low

serum 25-hydroxyvitamin D levels and sepsis in the critically ill[J].

Crit Care Med,2014,42(1):97-107.

Lee MD, Lin CH, Lei WT, et al. Does Vitamin D deficiency affect the

immunogenic responses to influenza vaccination? A systematic review

and Meta-analysis[J]. Nutrients,2018,10(4):409.

Urashima M, Segawa T, Okazaki M, et al. Randomized trial of

vitamin D supplementation to prevent seasonal influenza A in

schoolchildren[J]. Am J Clin Nutr,2010,91(5):1255-1260.

Hayashi H, Okamatsu M, Ogasawara H, et al. Oral supplementation of

the Vitamin D metabolite 25(OH)D3 against influenza virus infection

in mice[J]. Nutrients,2020,12(7):2000.

S BN, ARk, BRANAR, &5 SLIU1RL B EI A R G T IR

ITROMER[T]. IR 22 2% £,2014,15(11):675-677.

Little P, Rumsby K, Kelly J, et al. Information leaflet and antibiotic

prescribing strategies for acute lower respiratory tract infection: a

randomized controlled trial[J]. JAMA,2005,293(24):3029-3035.
ClseR E 3. 2022-04-09)
(RS YwkE: FhRAED

T, & . 357 BIAATHERE B )LAiE 25- Bk 44 & D KPR A5 F R0 K44 [J/CD]. 4 2 iadfe



