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[Abstract] Objective To understand the occurrence of healthcare-associated infection (HAI) in intensive care unit
(ICU) through conducting targeted monitoring, and provide scientific basis for reducing the occurrence of HAIL
Methods Patients in the ICU in a hospital from May 2010 to December 2022 were selected as research objects. Targeted
monitoring was carried out. Incidence of HAI, incidence of device-associated infection, distribution of pathogens, sites of
HAI, and compliance rate of hand hygiene were statistically analyzed. Results A total of 8 998 patients were ad-
mitted to the ICU, with a HAI rate of 10.35% and a HAI case rate of 14. 66%. The adjusted HAI case rate was

3.72%. Difference in HAI rates among different years was statistically significant (P<C0.001). Utilization rates of
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ventilators, urinary catheters, and central venous catheters were 57.56% , 95.92%, and 79. 14% , respectively. In-
cidences of ventilator-associated pneumonia (VAP), catheter-associated urinary tract infection (CAUTI), and cen-
tral line-associated bloodstream infection (CLABSI) were 10. 62%0. 3. 08%,, and 0. 65%, respectively. Utilization
rate of ventilators increased from 37, 12% in 2010 to 72. 35% in 2022, and the incidence of VAP dropped from
23.36%, to 5. 61%,. Incidences of CAUTI and CLABSI tended to be relatively stable. A total of 1 673 pathogenic
bacteria strains were detected, and the top 5 pathogens were Acinetobacter baumannii (34.79% ), Klebsiella pneu-
moniae (18.35%), Pseudomonas aeruginosa (10.58%), Stenotrophomonas maltophilia (2.81%) and Escherichia
coli (2.75%). The top 3 detected multidrug-resistant organisms (MDRQOs) were carbapenem-resistant Acinetobac-
ter baumannii (CRAB, 83.88%) , methicillin-resistant Sta phylococcus aureus (MRSA. 56.37%) and carbapenem-
resistant Klebsiella pneumoniae (CRKP, 50. 29%). MDROs with the top 3 highest HAI rates were CRAB
(6.39%), CRKP (2.56%) and carbapenem-resistant Pseudomonas aeruginosa (CRPA) (1.09%). The main site
of HAI was respiratory system (55.80%), followed by urinary system (16.53%), blood system (16.38%), and
digestive system (6.75%). Hand hygiene compliance rate of ICU health care workers increased from 62. 25% in
May — December 2010 to 87.86% in 2022. The consumption of alcohol-based hand rub and hand sanitizers increased
from 65. 66 mL/day/bed in 2013 to 95. 49 mL/day/bed in 2022. Conclusion The targeted monitoring results of

HALI in ICU in the past 13 years help health care workers understand the trend of HAI, provide powerful data sup-
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port for formulating effective prevention and control measures, and reduce the occurrence of HAIL
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Table 1 Healthcare-associated infection of ICU patients

- Hﬁ(ﬂﬂ J%M% R @;’é IR IR G EP%E -1 9 15 H g % T 51 I

% 115 %) R (¢79) H %% JUE R %) YL EE (%)
2010 4F 5—12 A 508 49 9. 65 81 15. 94 3114 3.83 15.74 4.16
2011 4F 705 77 10. 92 102 14, 47 4 547 3.76 16. 93 3.85
2012 4 757 57 7.53 79 10. 44 4154 3.93 13,72 2.66
2013 4§ 810 52 6. 42 72 8. 89 4 638 3.87 11.21 2.30
2014 4 771 53 6. 87 85 11.02 4 861 3.69 10. 90 2.99
2015 4F 703 52 7. 40 73 10. 38 4 427 3.73 11.75 2.78
2016 4F 736 83 11.28 108 14,67 5315 4,27 15. 62 3. 44
2017 4F 713 89 12. 48 124 17.39 5 352 4,21 16. 63 4,13
2018 4F 647 74 11. 44 122 18. 86 5 047 4,19 14. 66 4.50
2019 4§ 652 71 10. 89 109 16. 72 4 866 4,02 14. 59 4.16
2020 4F 676 97 14.35 142 21. 01 6194 3.85 15. 66 5. 46
2021 4f 710 90 12. 68 112 15. 77 6 432 3.92 13.99 4,02
2022 4F 846 87 10. 28 110 13. 00 6 652 3.94 13. 08 3.30
At 8 998 * 931 10. 35 1319 14. 66 65 599 3.94 14. 19 3.72
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(PICO) 545 F 58 hl A 203 8 CHin s ) 19 W
HEEE 3 AERPIRAL, TR B POk e
AR 2R A G E L3 P<0.001),
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Table 2 Device utilization and related infection of ICU patients
1% 4 SRERE L K
1 BES U Wm wme mR vAPES MM WAE R CAUTIZ MR MAE SR CLABSIZ
H % % & & 5
HEC O il 4 ) HE OO0 g wE HE QD flg R

2010 4E 5 3114 1156 37.12 27 23,36 3095 99. 39 11 3.55 2791 89.63 2 0.72
12 A

2011 4 4 547 1903 41. 85 33 17. 34 4515 99. 30 14 3.10 3 877 85.27 5 1.29
2012 4 4 154 2 481 59.73 33 13.30 4093 98.53 15 3,66 3552 85.51 1 0.28
2013 4F 4638 2501 53.92 36 14. 39 4449 95,92 13 2.92 3233 69.71 1 0.31
2014 4 4861 2207 45. 40 37 16.76 4622 95. 08 12 2. 60 3925 80.74 1 0.25
2015 4 4 427 2 298 51.91 33 14. 36 4118 93.02 11 2.67 3087 69.73 2 0. 65
2016 4F 5315 3260 61,34 32 9.82 4951 93.15 15 3.03 3626  68.22 5 1.38
2017 4E 5352 3342 62. 44 33 9.87 5098 95.25 20 3.92 3648 68.16 1 0.27
2018 4 5047 3 144 62.29 25 7.95 4 842 95.94 20 4.13 2525 50.03 3 1.19
2019 4F 4 866 2927  60.15 27 9.22 4630  95.15 18 3.89 3773 77.54 1 0.27
2020 4F 6 194 3 855 62.24 29 7.52 6 080 98. 16 18 2.96 5613 90. 62 5 0.89
2021 4E 6 432 3 874 60,23 29 7.49 5910 91.88 15 2.54 5 854 91. 01 4 0. 68
2022 4 6 652 4813 72.35 27 5.61 6517 97.97 12 1.84 6 408 96. 33 3 0,47
& 65 599 37 761 57.56 401 10. 62 62 920  95.92 194 3.08 51912 79.14 34 0.65
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Table 3 Distribution of pathogenic bacteria from healthcare-associated infection in ICU (No. of isolates [ % ])
- WEAg  WREE Mgl WEFEE A SHA B B 5 ML 5 % i i 878
i (| i LY BAiw  WhERE  DEE 23] ()
2010 4E 5 15(22.39) 12(17.91) 7(10. 45) 3(4.48) 5(7.46) 3(4.48) 0C0) 0C0) 10(14.92)  12(17.91) 67
12
2011 4 23(28.05) 13(15.85) 6(7.32) 0€0) 4(4.88) 00y 0€0) 0€0) 8(9.75) 28(34.15) 82
2012 4f 20(25.32) 15(18.99) 5(6.33) 4(5.06) 3(3.80) 0(0) 0¢0) 0C0) 16(20.25)  16(20.25) 79
2013 4 18(24.00) 10(13.33) 0¢0) 0¢0) 12(16.00)  0¢0) 2(2.67)  10(13.33)  13(17.34) 10(13.33) 75
2014 4 34(41.46) 7(8.54) 11(13. 41) 0¢0) 000) 00y 0C0) 5(6.10) 8(9.76) 17(20.73) 82
2015 4 34(47.88) 9(12.68) 9(12.68)  0(0) 000 0(0) 9(12.68)  0(0) 9(12.68) 1(1.40) 71
2016 4 67(52.34) 15(11.72) 16(12.50)  3(2.34) 0€0) 4(3.13) 0C0) 0C0) 9(7.03) 14(10.94) 128
2017 4 55(31.25) 42(23.86) 17(9. 66) 7(3.98) 4(2.27) 0€0) 0¢0) 0€0) 23(13.07) 28(15.91) 176
2018 4 77(36.67) 42(20.00) 27(12.86) 8(3.81) 8(3.81) 8(3.81) 2(0.95) 0C0) 23(10.95)  15(7.14) 210
2019 4 45(25.42) 45(25.42)  19(10.73)  6(3.39) 2(1.13) 5(2.82) 2(1.13) 1(0.57) 30(16.95)  22(12.43) 177
2020 4F 88(36.67) 48(20. 00) 31(12.92) 9(3.75) 0€0) 9(3.75) 3(1.25) 000) 26(10.83)  26(10.83) 240
2021 4 49(34.51) 28(19.72)  15(10.56)  4(2.82) 4(2.82) 4(2.82) 4(2.82) 2(1.41) 19(13.38)  13(9.15) 142
2022 4 57(39.59) 21(14.58) 14(9.72) 3(2.08) 4(2.78) 11(7.64) 0C0) 2(1.39) 11(7.64) 21(14.58) 144
A1t 582(34.79) 307(18.35) 177(10.58) 47(2.81)  46(2.75) 44(2.63)  22(1.32)  20(1.20)  205(12.25) 223(13.33) 1673
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VRE(0.35%), MDRO [ Bz Ji& gt K %k i CRAB
(6.39%) .CRKP(2.56%).CRPA(1.09%),.MRSA

R CRAB(83. 88%) .MRSA (56. 37%) ,CRKP (0.36%) .,CR-Eco(0. 07%) .VRE(0), I3 4~5,
50. 29%), CRPA (41. 12%), CR-Eco (9. 74%)
& 4 ICU R[4 MDRO #; H 15 il
Table 4 MDRO detection results in ICU in different years
18 R E SO HRA fili % 3 % 1A 7 G120 N R i Bk i
B @ CRAB ;;R&A; B MRSA Tl\f};sg B CRKP ;}Zg B CRPA ;R;; B CR-Eco f;; W VRE KY i;
BHC B j%) BHC B j%) A B j%) BHC B j%) HEC B j%) BHC B j%)
2013 4 45 36 80. 00 11 6 54,55 30 12 40,00 15 11 73.33 21 0 0 9 ] ()
2014 4F 91 78 85.71 16 9 56. 25 37 6 16.22 20 9 45,00 29 ] ] 14 0 0
2015 4F 93 82 88.17 18 6 33.33 41 10 24,39 30 14 46.67 25 () () 8 () ]
2016 4 134 11 82,84 25 20 80. 00 65 26 40,00 62 33 53.23 32 () () 21 0 0
2017 4 180 146 81. 11 17 10 58. 82 112 52 46,43 74 30 40,54 36 1] 1] 19 0 0
2018 4E 203 159 78.33 33 17 51.52 161 118 73.29 82 41 50. 00 4 () 0 36 1 2.78
2019 4 215 191 88. 84 33 13 39.39 212 121 57.08 125 66 52,80 49 () () 35 ] ]
2020 4 229 185 80.79 52 43 82,69 240 132 55,00 67 16 23,88 48 8 16. 67 39 (] (]
2021 4E 225 194 86,22 85 58 68.24 200 101 50.50 78 24 30,77 74 0 () 41 1] 1]
2022 4 310 265 85. 48 118 48 40. 68 270 110 40,74 128 36 28.13 107 37 34,58 63 0 0
a1t 1725 1447 83.88 408 230 56.37 1368 688 50.29 681 280 41,12 462 45 9.74 285 1 0.35
£ 5 ICU RAE4EA MDRO [E [ 8Je 15 i
Table 5 Healthcare-associated infection with MDRO in ICU in different years
CRAB CRKP CRPA MRSA CR-Eco VRE
it [i] %g R e B R R B R R B R B RYeR B RYLR
B % %) %k ) %% €ZP) %k %) %% %) Bi%k (%)
2013 4F 810 17 2.10 7 0. 86 0 0 0 0 0 0 0 0
2014 4 771 32 4. 15 2 0.26 7 0.91 0 0 0 0 0 0
2015 4F 703 31 4. 41 5 0.71 6 0. 85 0 0 0 0 0 0
2016 4F 736 40 5.43 9 1.22 10 1.36 4 0. 54 0 0 0 0
2017 4F 713 46 6. 45 19 2.66 7 0.98 0 0 0 0 0 0
2018 4F 647 72 11.13 40 6.18 20 3.09 5 0.77 0 0 0 0
019 4= 652 43 6. 60 33 5.06 11 1.69 2 0. 31 0 0 0 0
2020 4F 676 82 12.13 46 6. 80 5 0.74 5 0.74 1 0. 15 0 0
2021 4 710 47 6.62 20 2.82 8 1.13 4 0. 56 0 0 0 0
2022 4 846 54 6. 38 5 0.59 5 0.59 6 0.71 4 0.47 0 0
A1 7 264 464 6. 39 186 2.56 79 1. 09 26 0. 36 5 ). 07 0 0
2.5 ERAEIFRILHSA 2010 45 H-—2022 4F 12 PR A4 R 48 (0. 53 %) FLO IS &R 48 (0. 07 %0) 45,

H BE B YL A LA 2R 45 (55. 80%0) R 3 Hk R
WIR Z2 48 (16, 53 %0) (LK F2 48 (16, 38%0) TH AL R 4
(6.75%) 2 BRIRH L (1. 82%0) T ARFAL (0. 98 %) |

ARV A = e SR YL TR M I L 3 2 A Gt ¢
Y (P<C0.001), W6,
2.6 FIEAMATHEN ICUES NG UIEEL
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THRE A YL TR AERL A 2013 49 65.66 mL/ H « JR
A 2022 4EH9 95.49 mL/H « R, WLE 1~2,

F 6 ICU & Bl Y b oA LR B0 ]
Table 6 Distribution of healthcare-associated infection sites in ICU (No. of cases [ % ])
i i -l W IR 1M 7% AL Je kAR Lo I A FAR LRk I S i it
R4 EX ARG R4 HH ARG HBA ARG : (€li}/ Q)
2010 4F 5—  37(45.68) 19(23. 46) 17(20.99) 5(6.17) 2(2.47)  000) 0C0) 000) 1(1.23) 81
12 4
2011 4F 66(64.71) 14(13.72) 18(17. 65) 3(2.94) 0C0) 0C0) 1(0.98) 0C0) 0C0) 102
2012 4E 46(58.23) 15(18.99) 13(16. 45) 2(2.53) 0C0) 0C0) 0C0) 0C0) 3(3.80) 79
2013 4 44(61.11) 14(19. 44) 10(13.89) 0C0) 0C0) 0C0) 0C0) 0C0) 4(5.56) 72
2014 4F 49(57.65) 12(14.12) 16(18.82) 6(7.06) 0C0) 0C0) 0C0) 000) 2(2.35) 85
2015 4 44(60.27) 11(15.07) 11(15.07) 1(1.37) 1(1.37) 0 1(1.37) 2(2.74) 2(2.74) 73
2016 4 67(62.04) 15(13.89) 16(14.81) 0C0) 2(1.85)  0C0) 3(2.78) 3(2.78) 2(1.85) 108
2017 4 63(50.81) 20(16.13) 23(18.55) 14(11.29) 1€0.80)  0C0) 3(2.42) 0C0) 0C0) 124
2018 4F 54(44.26) 21(17.21) 23(18.85) 12(9.84) 8(6.56) 0C0) 3(2.46) 1€0.82) 0C0) 122
2019 4 50(45.87) 21(19.27) 19(17. 43) 13(11.93) 3(2.75) 1€0.92) 2(1.83) 0C0) 0C0) 109
2020 4F 80(56. 34) 21(14.79) 21(14.79) 17(11.97) 2(1.41)  0C0) 0C0) 1€0.70) 0C0) 142
2021 4 69(61.61) 18(16.07) 12(10.71) 12(10.71) 100.89)  0(0) 00 0C0) 0C0) 112
2022 4 67(60.91) 17(15. 45) 17(15. 45) 4(3.64) 4(3.64) 0C0) 0C0) 0C0) 1(0.91) 110
EHr 736(55.80) 218(16.53) 216(16.38) 89(6.75) 24(1.82) 1(0.07) 13(0.98) 7(0.53) 15(1.14) 1 319
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Figure 1 Changing trend in compliance rate in hand hygiene of health care workers in ICU, 2010 — 2022
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hand rub and hand sanitizer, 2013 — 2022
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