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[Abstract] Objective To analyze the influencing factors for intestinal colonization and secondary infection of car-
bapenem-resistant Klebsiella pneumoniae (CRKP) in neonates, and provide a basis for formulating prevention and
control strategies for CRKP infection. Methods Neonates who were admitted to the neonatal ward of a hospital
from January 2021 to October 2022 were selected as the study subjects, and the first screening of CRKP was con-
ducted within 48 hours after admission. In addition. active anal swab screening for carbapenem-resistant Ente-

robacterales (CRE) was performed weekly during hospitalization, and the infection status of CRKP strains was mo-
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nitored. Clinical data of neonates in the colonization group, non-colonization group, and infection group were ana-
lyzed. Intestinal colonized strains and the non-repetitive CRKP strains isolated from clinical specimens of neonates
with secondary infection after colonization were performed carbapenemase gene detection, multilocus sequence ty-
ping (MLST) and pulsed-field gel electrophoresis (PFGE) analysis. Results A total of 1 438 neonates were active-
ly screened for CRE, 174 were CRKP positive, CRKP colonization rate was 12. 1%. Among 174 neonates, 35 were
with secondary infection, with the incidence of 20. 1%. The independent risk factors for neonatal CRKP intestinal
colonization were cesarean section (OR =2. 050, 95%CI; 1.200 - 3.504, P=0.009), use of cephalosporins (OR =
1.889, 95%CI; 1.086—3.288, P=0.024), nasogastric tube feeding (OR =2.317, 95%CI; 1.155 - 4,647, P=

018). Protective factors were breast-feeding (OR = 0. 506, 95%CI; 0.284 —-0.901, P=
(OR=0.307, 95%CI; 0.147 = 0. 643, P=10.002), and enema (OR = 0. 334, 95%CI; 0.171 - 0. 656, P=0.001).

0.021), oral probiotics

Independent risk factors for secondary infection after intestinal colonization of neonatal CRKP were carbapenem anti-
biotic use (OR =19. 869, 95%CI. 1.778 —222. 029, P=0.015) and prolonged hospital stay(OR=1. 118, 95%CI .
1.082-1.157, P<C0.001) . The detection results of drug resistance genes showed that carbapenemase-producing
genes of CRKP strains were all blakpc, s all belonged to type ST11. Homologous analysis showed that intestinal
CRKP colonization was highly homologous with the secondary infection strains after colonization. Conclusion

CRKP intestinal colonization during neonatal hospitalization may increase the risk of CRKP infection. Risk and pro-

tective factors of neonatal intestinal colonization and secondary infections after colonization should be paid attention,

and corresponding preventive and control measures should be taken, so as to reduce the occurrence and transmission

CRKP healthcare-associated infection.

[Key words| carbapenem-resistant Klebsiella pneumoniae ; colonization; infection; neonate; protective factor; risk
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Table 1 Primer sequences and produce size of PCR amplifi-

cation for drug-resistant genes

ElE/ER) T35 =37) Ji B B (bp)

KPC-2 F.GTTTGTTGATTGGCTAAAGG 203
R: TGTGCTTGTCATCCTTGTTA

NDM-1 F.:CAGCACACTTCCTATCTC 292
R:CCGCAACCATCCCCTCTT
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R: TTTTCCTGTTTGAGCACTTC

IMP F:GGAATAGAGTGGCTTAATTCTC 587
R:CCAAACCACTACGTTATC
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Table 2 Univariate analysis on influencing factors for CRKP colonization in neonates (No. of cases [ %)

E Cun aene OV F & Gy oy P&
PR D 106(60.9)  88(50.6) 3.774 0.052 || Hr ez 230 e s /b o 5(2.9) 0C0) 5.073  0.061
i (<2 500 g) 80(46.0) 30(17.2)  33.231 <<0.001 ||5463H H i 22(12.6)  2(1.1) 17.901 <<0. 001
Z i 37(21.3)  19(10.9) 6. 895 0.009 ||E¥E 10(5.7) 8(4.6) 0.234  0.628
B | 01(52.3) 37(21.3)  36.036 <0.001 || B &R 91(52.3) 26(14.9)  54.401 <C0.001
AL 14(8.00  9(5.2) 1164 0,281 |PLARGET 60(34.5)  8(4.6)  49.422 <0.001
GBCRBEC-18 ) 25(14.4)  17(9.8) 1,735 0,188 | VHAEE R S) ALY ello il =0 U
W L 5(2.9) 0D 5073 0,061 T 41 55 100(57.5)  51(29.3)  28.088 <C0.001
Fok 5 g 21(12. 1) 19¢10.9) 0.113  0.737 e 06(37. 9 48(27.6) 227 0.040
sy 08(36.3) 56(32.2)  20.547 —0.001 HIR 4 A T 25(14.4) 50(28.7)  10.623  0.001
Apgar {4<7 4 331900 9.2 155397 0,001 ST B I 7] 8(5.17)  5(3.6) 7 332.000 <<0.001
[M(P>s.P7)]
AAfE NICU 52(29.9)  8(4.6) 38.989  <C0.001 T 2 R i 2 16(9. 2) 0(0) 16. 771 <<0. 001
BEFL SR 37(21.3)  97(35.7)  43.688 <0.001 ||gmpeommmpomen 2 5028.7)  6(3.4) 41,202 <0.001
FERIEC>35 %) 20011.5) 260149 0902 0.342 |\ sk B kEBE R 16(9.2) 00 16.771 <0. 001
BB e . P 19€10.9)  17(9.8) 0.124  0.725 |l ERBAESE 045400 47(27.0)  26.338 <<0.001
AT WA PR S 25(14.4)  17(9.8) 1.733 0.188 |\ HEHEE LI E 78(44.8)  55(31.6) 6.438  0.011
IR ZE 1 MiLAE 61(35.1) 15(8.6) 35.622  <C0.001 ||/fsf FH f R mk 39(22.4)  4(2.3) 32.505 <<0.001
F 3 HrA L CRKP & 5% m B Z (1% logistic [l 9 43 47
Table 3 Logistic regression analysis on influencing factors for CRKP colonization in neonates
SES B Sy Waldy? OR(95%CD P

B 0.718 0.273 6. 894 2.050(1. 200~3.504) 0. 009

BRI 0. 840 0. 355 5.595 2.317(1. 155~4. 647) 0.018

Ak REIER 0. 636 0.283 5. 068 1.889(1. 086~3. 288) 0. 024

IR #i A= - 1.181 0.377 9.815 0.307C0. 147~0. 643) 0. 002

BRI SR - 0.682 0.295 5.349 0.506(0.284~0.901) 0. 021

b7 -1.095 0.344 10. 155 0.334(0. 171~0. 656) 0. 001

Hﬁiﬁ( %ﬁ‘f}ﬁéﬁﬁ“mil(fj P<0.05), F{L%% 4, blaxpcs o IEJ Eﬁ%?’ifj‘ﬂ%% blaxpmer ~ blawp ~ blaoxaas
KRR R b A geit e B U2 B T 0T i 25 3L P 28 B ) CRKP & #k . &8 2> CRKP 1 #k 19

logistic [a1 553 #r . il FH B 7 %iﬁ%i‘ﬁi%‘zuu\ff&:
I & CRKP 5 5 4% A S % 14 4 57 s B IR 3

(¥ OR>1,P<0.05),
2.3 B HF WA K

W35,
B Ae

%R

NG
43 B5 1) CRKP W PR 25 2 )5 511 5 NCBI B i Cht-
tps://blast. ncbi. nlm. nih. gov/Blast. cgi) kb %}, 45
R R &Y 4 CRKP B bR 77 ik 5 %

KPC-2 i 2} 5 P AU AG I 45 5 LI 1,

2.4 MLST &% Wy g5R7E MLST Ml bt
1T HoX S A A5 R Y S5 S i 2, 5
MLST W3 Xt CRKP 43 B B ik 1 55 007 35 5 45 5
R 3 -3 1= 11— 1 - 4 4553 b7 3 th
B CRKP & i 15 5 Al 5 4k & e CRKP 1 Bk 1
FF o4 B 43y ST11 AL,
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Table 4 Univariate analysis on influencing factors for CRKP secondary infection (No. of cases[ %)

TR 2H AR Y 41 SR Y 4 Ap R Y 4
: 2 /U P 2 2 /U7 P
Rx =35 (=130 X/ Rx (=35 (=139 X'
AR E (<1 500 @) 23(65.7)  16(11.5) 47.238  <<0.001 || HLHGES 32(91.4)  41(29.5)  44.037 <<0.001
B L 33(94.3)  68(48.9) 23.628 <<0.001 || 25(71.4)  39(28.1) 22,618 <C0.001
B S 0€0) 37(26.6)  11.833 0,001 | F AT 257 22015.8) 2,405 0.171
AE NICU 31(88.6)  33(23.7)  50.538 <0.001 |AhFEBEEE 44(30,58)  7(5.14)  372.000 <<0.001
[M(P3s,P7)]
IG & A i A 29(82.9)  49(35.3) 25.620  <<0.001
1 FH A B i & 14(40.0)  11(7.9 23.396 <C0.001
A 7 20 T i 20 4(11. 4) 4(2.9) 4. 661 0.053
i TR T AEHAES 34(97.1)  40(28.8)  53.466 <<0.001
22 2 55 7 )
e R A 7(20.0) (6.5 6125 0.021 (i A LR P K 19(54.3)  12(8.6) 39,798 <C0.001
TH b H i 15(42.9)  17(12.2) 17474 <0.001 || gy g e 26 20(57. 1) 70(50. 4) 0.515 0.473
S 34(97.1) 60(43.2) 32.797  <C0.001 RS R RS 16(45.7) 60(43.2) 0. 074 0. 786
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