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[Abstract] Objective To investigate the incidence and adverse prognosis of late onset sepsis (1LOS) in neonates in
neonatal intensive care unit (NICU). Methods A retrospective study was conducted to collect and analyze the peri-
natal condition, underlying diseases. invasive procedures, and adverse prognosis of neonates in NICU of a regional
maternal and child healthcare hospital from 2019 to 2023. According to whether LLOS occurred during hospitaliza-
tion, neonates were divided into LOS group and non-LLOS group. The LOS group was divided into 5 subgroups
based on whether invasive procedures were performed: LLOS plus umbilical vein catheter (UVC) group, LOS plus
peripherally inserted central catheter (PICC) group, LOS plus sequential catheter group, LLOS plus tracheal intuba-
tion group, and LOS plus lumbar puncture group, the relationship between LLOS and adverse prognosis was ana-
lyzed. Results Among 2 945 neonates in NICU, 354 (12.02%) developed LOS. Comparison between LOS groups
and non-LOS group were as follows: in term of perinatal condition of neonates, there were statistically significant
difference in weight, gestational age, and whether they were twins between the two groups (all P<C0. 001) ; in term
of underlying diseases, there were statistically significant differences in the number of cases of maternal gestational
hypertension, neonatal asphyxia, neonatal congenital heart disease, neonatal ventricular dilation, neonatal pneumo-
nia, neonatal hyperthyrotropinemia, and neonatal anemia, as well as five invasive procedures between the two
groups (all P<C0.05). Compared with the non-LLOS group, the incidences of retinopathy of prematurity (ROP),
neonatal necrotizing enterocolitis (NNEC), bronchopulmonary dysplasia (BPD), and neonatal respiratory distress
syndrome (NRDS) in LOS group were all higher (all P<C0. 001). Regression analysis showed that compared with
the non-LLOS groups, the risk of ROP increased in the LOS group and its subgroups, with the LOS plus sequential
catheter group having a 2. 27-fold higher risk of ROP than non-LOS group; the risk of NNEC increased in the LOS
group and its subgroups, with the LOS plus UVC group having an 8. 29-fold higher risk of NNEC than the non-1.LOS
group. Except for the LOS plus UVC group, the risk of BPD increased in the LOS group and other subgroups, with
the LOS plus PICC group and LOS plus sequential catheter group having 4. 68- and 4. 64-fold higher risk of BPD
than the non-1LOS group. respectively; the risk of NRDS in the LOS plus PICC group was 6. 84-fold higher than the
non-LOS group (all P<C0. 05). The top three pathogens causing LOS were coagulase negative Staphylococcus,
Klebsiella pneumoniae, and Escherichia coli. Conclusion 1.OS can significantly increase the risks of ROP, NNEC,
BPD, and NRDS. LOS plus invasive procedures can further increase the risk of adverse prognosis.
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Table 1 Basic condition of neonates in two groups (No. of cases [ % ])

LOS 41 (n=354) J& LOSH (n=2591) H/y? P
Fil 2 10145 20
WE () 146. 9921 <<0. 001
<1 000 GREAR i 2R R L) 45(12.71) 58(2.24)
1.000~1 500 (B AI% A= R & L) 64(18.08) 210(8.11)
1.500~2 500k i A= A & L) 72(20. 34) 602(23.23)
>2 500CEH KR ILLL B 173(48.87) 1 721(66. 42)
G % D 236.614¢ <0. 001
<28C#E L) 44(12.43) 69(2. 66)
28~32(Hk 7= L) 86(24.29) 257(9.92)
32~37(H7= L 101(28.53) 1 740(67.16)
=370 H L 123(34.75) 525(20. 26)
A 197(55. 65) 1 462(56. 43) 0.076 0.782
SGA 9(2.54) 121(4. 67) 3. 341 0. 068
R L 56(15. 82) 621(23.97) 11. 681 0. 001
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%% 1 (Table 1, Continued)

LOS 40 (n = 354) Ji LOS 4 (n=2 591) H/y? P
T Tl %
B A 4 A% 15 10 S 50(14.12) 203(7.83) 15. 689 <<0. 001
BE R AT W WH PR 5 43(12.15) 274(10.58) 0. 801 0.371
B Ji6 R R AR L 58(16. 38) 372(14.36) 1.026 0.311
AaIL=ER 89(25.14) 370(14.28) 27.924 <<0. 001
6 KA O E 139(39. 27) 707(27.29) 21. 827 <0. 001
B AE LI % 5K 52(14.69) 175(6.75) 27.567 <0. 001
BB LI 4 111(31.36) 669(25. 82) 4.902 0.027
B A L i R FODR IR IR 1L 72(20.34) 317(12.23) 17. 843 <<0. 001
A L IR AL 2K I e 265(74. 86) 1 .851(71.44) 1. 800 0. 180
BrEL# 164(46.33) 506(19.53) 127. 269 <0. 001
AP AE
uve 76(21.47) 158(6. 10) 100. 603 <0. 001
PICC 63(17. 80) 128(4.94) 84. 879 <<0. 001
PICC &3 &% 39(11.02) 62(2.39) 69. 940 <0. 001
SEWE 171(48.31) 433(16.71) 190. 682 <<0. 001
I A 2 183(51. 69) 21(0.81) 1 250. 796 <<0. 001

TEa Rm HEHAL .

2.2 LOS HSxrm i R g 4R £ & TUE A JLOS A1 M LOS fin BEAE 28 ] 415 Ff
2.2.1 BEEHH HIELOSHME.LOS 415 A B i 5 (ROP,NNEC, BPD,NRDS,IVH) 1§ k 4
4 JL ROP NNEC ,BPD,NRDS [ % 4= % 34 % 25 (3 T (B P<<0.001), W% 2,
P<20.001),LOS /it UVC,LOS Jin PICC.LOS JinJ¥

F®2 K LOSHG LOS 4 B R APE A W 2513 e 9 18] A R 45 38 e[ 060
Table 2 Comparison of adverse prognosis among non-LLOS group and LOS group as well as its invasive procedure subgroups

during hospitalization (No. of cases [ % ])

415 ROP NNEC BPD NRDS IVH
& LOS 41 (n =2 591) 88(3. 40) 33(1.27) 94(3.63) 693(26. 75) 1 283(49.52)
LOS 4 (n=345) 47(13.62) 42(12.17) 63(18.26) 193(55. 94) 184(53.33) "
LOS it UVC(n=76) 29(38.16) 19(25. 00) 35(46.05) 72(94.74) 62(81.58)
LOS Jit PICC(n = 63) 25(39. 68) 13(20. 63) 37(58.73) 60(95. 24) 53(84.13)
LOS 7 5 &4 (n = 39) 18(46.15) 8(20.51) 26(66. 67) 37(94.87) 35(89.74)
LOS I B E (n=171) 41(23.98) 28(16.37) 55(32. 16) 145(84. 80) 128(74. 85)
LOS JiHEHE 223 (2 = 183) 33(18.03) 25(13.66) 42(22.95) 117(63.93) 116(63.39)

T ox FR5 0 LOS 414 P=>>0. 05, HAx ¥ P<<0. 001, 576 LOS 41#1 H, LOS 41 ROP,NNEC,BPD,NRDS % A 1§ 5t # 2 {8 4351~
69.514,140. 756,123. 886, 114. 215; LOS fil UVC 41 ROP.NNEC,BPD,NRDS.IVH % 4% L i > {8 4> #4 212. 704,217. 416, 288. 709,
166. 850,30. 361, LOS Jill PICC 41 3 {43128 198. 659,135, 367,397, 977,141, 973,29. 470, LOS Wl J¥ L&A A > 650 %14 181. 600,92, 671,
350. 629,88, 926,24. 869, LOS IS 4L o2 53514 152.597,169. 365,255, 942,255. 756,41, 209, LOS JiMEHE 2 fI 41 o> 4314 80. 688,
97.123,120. 030,106, 292,14, 383,

2.2.2 % W % logistic B A 44  logistic [7 1943 [ 52 TG LOS 2011 2. 27 4595 % CI : 1. 02~5. 06) ; LOS
B e A T T 2R A 2 R R R s IR HEBR UG BE AN 2l Ko #5341 NNEC XUES 2538 Jim, Heep LOS Jin UVC

IR R S, 5 96 LOS 4 A1 b, LOS 20 K & W 41 418 NNEC XU J6 LOS 4119 8. 29 ££(95% CI .
ROP XU #g36n, Horp LOS inF g4 41 5 ROP K 3.56~19.30); [ LOS im UVC 414, LOS 41 % H:
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AW 4H BPD KBS 2 88 ., Eofp LOS Jin PICC 4.,
LOS Jinfy 53 & 45 41 /8 BPD XU 43 51 2 Jo LOS 411
4,68 f£(95% CI.2.25~9. 74) .4, 64 ££(95% CI .

1.84~11.71); LOS fin PICC #f & NRDS K& 2 6
LOS 4114 6. 84 ££(95% CI.2. 17~32. 04) . ¥ P<<
0.05, WLz 3,

R 3 LOSRAMEHAEX A KBS K520

Table 3 Impact of LOS and invasive procedures on adverse prognosis
ROP NNEC BPD NRDS
21 5
IE OR(95%CD P B IE OR(95 % CD) P B IE OR(95%CD) P s IE OR(95 % CI) P
LOS 4 1.60(1.01~2.54) 0.045 6.95(4.09~11.81) <<0.001 2.24(1.42~3.55)  0.001 - -
LOS it UVC 4 2.00(1.08~3.71) 0.029 8.29(3.56~19.30) <<0.001 1.78(0.93~3.43)  0.083 = =
LOS i PICC 4 2.01(1.03~3.92) 0.041 5.45(2.25~13.21) <<0.001 4.68(2.25~9.74) <<0.001 6.84(2.17~32.04) 0.002
LOS 5 S B4 4 2.27(1.02~5.06) 0.044 5.14(1.73~15.25)  0.003 4.64(1.84~11.71)  0.001 3.69(0. 64~21.41) 0. 145
LOS IS A4 1.82(1.10~3.02) 0.020 6.39(3.39~12.05) <<0.001 2.51(1.50~4.21) <<0.001 - -
LOS Jfin B e 27 51 40 - = 4.53(2.57~7.97) <<0.001 3.30(1.89~5.76) <<0.001 = =

I OB IEA BRI T I R O S IR A N R — R B ALG EA.

2.3 LOS#umA A 354 ] LOS #i 4 L,
I35 7% B PESE 242 (] HEBR V5 G4 1 62 il e A& A
A R UE I I35 77 BHPE B0 1 180 Bk, Horp 8 22 fH
i 86 Bk (47. 78%0) » LA Bk %] it [F 14 45 75 BK B (40 4%
22.2200) A F 5 B 2L PR B 86 Bk (47. 78%0) LA R
LA AR (36 B 20. 00%0) 8 5 FLIE 8 Bk (4. 45%0) ,
IR AR . S35 LOS A 3 A7 09955 i 5 R ik R
5% ] i 9] P T 2 K T i AR v T A TR R R T R A TR
L% 4,

R4 180 BRILKE IR FHPEAR AR IE R LOS U B 4 A
Table 4 Distribution of LOS pathogens from 180 blood cul-

ture positive specimens

o S AR G LR (0 ]
BEZMREH 86(47.78)
4 VRO A R A 20(11.11)
o B 9(5. 00)
5k 96 1) 4 4 2 TR 40(22,22)
R ER 15(8.33)
Foftr 2(1.1D
E=HEE 86(47.78)
i ¢ 5 B A T 36(20. 00)
Kl e T 34(18. 89)
& A B 7(3.89)
o 1 I 6(3.33)
] £ {1 L T 3(1. 66)
HH 8(4.45)
SRR 8(4.45)
&it 180(100)

3 itig

A IE N ER R EESAE. AEA S
KB AR A R E B N A5 TE R 2R 5 T
KEAERE S, TR HE BB A M5 L o B A= A 1
A 1532 ) B 5 0 T B R F R 30 5 BN . B B

=

w

AHEGE OB AR AR R EE L (43, 69 %0) (8 L )L
(38.94%0)LOS &R fe . o H Al wf 550
% B G 1 F AR R RIS LOS B & A s
FAN 5 JE LOS M . LOS 4 8 A L 3 Rl 2
5 .47 UVC.PICC, J¥ Bt B4 AU 4 45 L A 2
WL, I R4 DL R AR A P AR A B Tk
B KA Bt g 2 oF E S22 B A L
LOS BA MM ik % .

P AT & B, LOS 41 % 4 ROP,NNEC,
BPD.NRDS A~ | i J5 /) %7 4 LB 5 2, 5 Al
WFot R, AR BR . LOS 5iX
5 FA KBS A R EM MG, LOS G 5 Fi iR A
PEFRE S BN S 5 RPN RBUS iKUK . 2 X
FOrMTEE R BoR, LOS iy 5 8 B ROP KU &
J6 LOS 41/ 2. 27 4%, LOS it UVC H NNEC JR U J2
I LOS 401 8. 29 £, LOS Jin PICC, J5 5 845 i BPD
KUK 23 512 T LOS 4119 4. 68,4, 64 %, 1 LOS i
PICC g NRDS K& & T LOS 4111 6. 84 %, Bt
AOL 25X LOS B8 )L AT 4R A PR U H 2 e
KB A R I R R TG AU R R

2 [15-16]
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AWF 945 B R LOS ¥4 L #E 4T UVC J5
NNEC RS KR IEn. BFE> 018 4 LG &k
NNEC. I ffiL # » 7] G615 He B 7 18 D) i & & A, B
AR 0 B 3B TR A G, BT L LOS Jf &
NNEC B4 5 51 % J 2 FL 58 46 45 7™ 8 9 &0, T
AR HE B 3800, T S B TS L R el )2 NNEC &
AT R D R B R G A s R R AT
AR LA 300 ok TS SR A A A R IR L R AT
PO K B A AT — 2 MU A MR 2 S
NNEC #2538 PN 20 P 5 o 1 1) i 48 oot
iAo o AT A5 0 A R PR 495« R RE N BR M RE 4
BRI, AN UVC T30 W B4t 3 bk
JZ R FH AR EL T RE B S DG P, — b 3
(N A s s O 77l I (1R T e
NNEC iy % 4=, NNEC 5 Jig i 1 1 %5 ¥ # 5¢ ,
UVC o] i i 51 & i 2 165 ke i, 1t 5 35 b Bz 40 i
W45 B o 76 5 I s 2y i 2 46« DA T 348 Jin L 2 B0 1
FE 10 i T TR R A B AR L 7 A WA KRR .
Hh, UVC I % 7T RE S 80K M Bk 4 I8 50K
%5 NNEC 5 AR e AR i — 22 B2 A5
FEHNB NIRRT . R, I R IEAG LOS K EE B
L 32 T e o 9 7 K% B U 58 38 A L 1 722 4k e X
#AT T UVC B8 A LI i E 1 18 2 58 EAG . S it
X 4> NNEC fl UVC If & it . st i% 12 . 44 L
PEAT AR ANE SRR 0 v 5 I L A I 17 X 4
FUAE S5 I oA R o BV B I S RS G T L o
AR JORC A5 T o A 0 o R 5 FEAR O RIS BRAT

LOS BU B o0 A1 15 00 87 » 5 2% PHE B (47. 78 90)
5B (47. 78 %) i b AH 24 5 [ 9 1 A 2 BR
P (22,22 00) (il R 50 8 A T (20,00 %0) 435 7
BEA. —WPE T2 E 19922011 4 11 A4~ #f
FE 4 B0 BOG H AE fR L LOS KRR R A
159%~27. 6% AT B A2 LR IR N 0. 61% ~14.2%;
J2 I 2 35 1o R R 5 o O [T R IS 4 i 4 R T 7R A
BEA Y ) 5 64, 4% .77, 9%, & LOS 9 3 25 i
PR SR, Y i i 97 1 0 7 R B % I T e kA
RERE FRAERAEG &, KRR MR 5
B0 T BE VA HEBR AR A T5 Yy L A 2% B M O 2
Jifi %6 w0 B A B R R )L LOS 9 B 3 WSO 3 .
S AN AT B (5 %) A T T E N A
X A H AR R LA 9T (14, 39017,

AHIEFE SR BR M LOS 1912 B j 25 A i R 3¢ 2
S G G AT LI 77 45 SR DA A0 R 9 Ok i — 4K B
ARSI ] B s B = R I bR T e k. Kok

o7 R S SR AR R S 0 2 B SR AR A Bl D AR AT e i —
A X3 FLAE G 190 1) O A8 IS 22 3 A e i A Rk g
6 bn 55 £ 4

2 E R, NICU 48 JL LOS H A= Jif i /)
R B AR, LOS /9 & 4 R M ms LOS 45 5 IF &
ROP . NNEC,BPD,NRDS; LOS 4 3 5 Fl {7 A 145
PE2s 1M 5 RS R30S 09 AR 5 [ AR 7R 4 7
LOS i J7 5t & 4 3 fin i ROP,BPD XK. LOS il
PICC ¥4 BPD,NRDS X[ . LOS i1 UVC #4m
ANNEC XU . 98 2 AT RE & 5 L A B 4 5K
1 1 B S W 1B RS R T B AE 1 A T 2
VI RS O B EN S W N 17 W ) | B e eI 13 7 &
BN AN AL, UVC SRR k7 i 38 B8 B e &
ORI o 7 L IR e = SO0 R KR A B
Tit 153 424 46 2 2K T il 98 v R AT TR R R i 3 A TR .
D NICU {2 A PE# AR, ™A% AT AR R AR L -2
UVC 5L ED 5 1 9 1 22 1k 55 02 i 2 B 2 L
LOS - K AE KR FE 10 K5

BLE R A A R AR B R

(& % x ]
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