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[Abstract] Objective To analyze the distribution and antimicrobial resistance of clinically isolated bacteria in the
intensive care units (ICUs) of Gansu Province, and provide basis for the rational antimicrobial use for ICU patients
in this region. Methods Antimicrobial resistance monitoring data of clinically isolated bacteria from ICUs in hospi-
tals of antimicrobial resistance surveillance system in Gansu Province from January 2019 to December 2022 were col-
lected. Antimicrobial resistance were detected by disk diffusion method, minimum inhibitory concentration (MIC)
method and E-test method, and the test results were judged according to the standards of American Clinical and La-

boratory Standards Institute (CLSD. Data were analyzed using WHONET 5. 6 and SPSS 26. 0 softwares. Results
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From 2019 to 2022, Gram-negative bacteria were the main clinical isolates in ICUs in Gansu Province, with detec-
tion rates of 74.5% . 75.0% ., 75.9%, and 75.5% , respectively. Klebsiella pneumoniae had the highest detection
rate. Among Gram-positive bacteria, Staphylococcus aureus had the highest detection rate, all around 25%. The
detection rates of methicillin-resistant Sta phylococcus aureus were 43. 9%, 43.3%, 41.8%, and 42. 7%, respec-
tively. The detection rates of methicillin-resistant coagulase negative Staphylococcus (MRCNS) were 83. 9%,
82.4%, 81.8%, and 77. 5% , respectively. Detection rate of Enterococcus faecalis showed a downward trend (y* =
5.229, P=0.021). The resistance rate of Pseudomonas aeruginosa to multiple antimicrobial agents was less than
33.9%, and the resistance rates to aminoglycosides and quinolones showed a decreasing trend (P<C0. 05). The
resistance rates of Acinetobacter baumannii to various antimicrobial agents such as aminoglycosides and carbapenems
presented a rising trend (P<C0. 05). The detection rates of MRCNS and carbapenem-resistant Klebsiella pneumo-
niae showed a decreasing trend (both P<C0. 05). Conclusion From 2019 to 2022, the main clinically isolated patho-
genic bacteria in ICUs in Gansu Province were Gram-negative bacteria. The detection rate of multidrug-resistant
organisms has increased and drug resistance was severe, which should be paid attention in clinic. It is necessary to
strengthen pathogen monitoring and antimicrobial resistance analysis, use rational antimicrobial agents, as well as

strengthen infection prevention and control measures, so as to avoid the emergence of more antimicrobial-resistant

bacteria due to healthcare-associated infection and cross transmission of antimicrobial-resistant organisms.
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Table 1 Constitution of clinically isolated bacterial strains in ICUs, 2019 — 2022 (No. of isolates [ % ] )

(VN 2019 4 (n =6 499) 2020 4 (n =7 220) 2021 4 (n =8 937) 2022 4 (n =10 241)
% 3977(61.2) 4 583(63.5) 5 554(62.2) 6 266(61.2)
it 670(10. 3) 761(10. 5) 910(10. 2) 1.033(10. 1)
U 394(6. 1) 498(6.9) 558(6.2) 703(6.9)
it 34 FHE Ok 308(4.7) 321(4.4) 605 (6. 8) 830(8. 1)
i W 152(2.3) 172(2. 4) 165(1.8) 211(2. 1)
JE I R 117(1. 8) 135(1.9) 199(2.2) 138(1.3)
I 4 62(1.0) 51€0.7) 670.7) 56(0.5)
JET 38(0. 6) 440. 6) 52(0. 6) 84(0. 8)
W s AL 3R 38(0.6) 45(0.6) 52(0.6) 68(0.7)
HoAth 743(11. 4) 610(8.5) 775(8.7) 852(8.3)

R 2 2019—2022 4F 1CU I PR 43 B9 40 T 1 ol A A 155 0 LAk 2 ()

Table 2 Constitution of specimen sources of clinically isolated bacteria in ICUs , 2019 = 2022 (No. of isolates [ %] )

il 2019 4 (n = 6 499) 2020 4 (n =7 220) 2021 4 (n =8 937) 2022 4E(n =10 241)
BEEPEEE 4 840(74.5) 5 414( 75.0) 6 779(75.9) 7 733(75.5)
i 46 7 25 A 1124(17.3) 1 344(18.6) 1554(17.4) 1917(18.7)
K ¥ 7 1.084(16.7) 1123(15.5) 1.328(14.9) 1497(14.6)
10 45 R A 975(15. 0) 1045(14.5) 1272(14.2) 1695(16.6)
LN 435(6.7) 432(6.0) 560(6. 3) 606(5.9)
I S 2E A T 233(3.6) 268(3.7) 444(5.0) 372(3.7)
19 i 232(3.6) 279(3.9) 371(4. 1) 377(3.7)
7 R v B A B 111(1.7) 158(2.2) 206(2.3) 216(2. 1)
VAR S R TE T 77(1.2) 111(1.5) 142(1. 6) 129(1.3)
BV R 84(1.3) 71(1.0) 137(1.5) 17¢1. 1D
LI I 87(1.3) 92(1.3) 103(1. 2) 97(1.0)
PR E AT - 55(0.7) 107(1.2) 79€0. 8)
A SR T AT - 72(1.0) 79€0.9) 102(1. 0)
I 97 AR IR A B - 57(0.8) 64(0.7) 74€0.7)
HiAth 398(6. 1) 307(4.3) 412(4.6) 455(4.4)
EXAME 1659(25.5) 1 806(25.0) 2 158(24.1) 2 508(24.5)
4 B (R A BRI 630(9.7) 725(10. 0) 801(8.9) 938(9.2)
RN R i 251(3.9) 265(3.7) 294(3.3) 349(3. 4)
Fe B AR 139(2. 1) 177(2.5) 266(3. () 332(3.3)
il % 456 K Bl 123(1.9) 131(1.8) 174(1.9) 176(1.7)
F I R 124(1.9) 128(1.8) 159(1. 8) 147(1. 4)
Vs I 7 45 BR 65(1.0) 76(1.0) 106(1.2) 106(1. 0)
NG i EEN | 88(1.3) 87(1.2) 104(1.2) 126(1.2)
Hofll 239(3.7) 217(3.0) 254(2.8) 334(3.3)
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MRCNS) £ H 2 43 51 &y 83. 9% .82, 4% .81. 8%,
77.5% . o, MRSA X I8 PR K B R R ZE SR
U R 25 3 B R R (2 P<<0. 05) . B Y AR
R4 ¥ 0 5 2 BR 7 (methicillin-sensitive Staphy-
lococcus aureus , MSSA) #1 MRCNS X} £ A @ 1P 2
T 2 % 5 B TR (P<<0. 05) . R & B0 T 5%
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Table 3 Antimicrobial resistance rates of MRSA and MSSA, 2019 — 2022 (%)

MSSA
P 7 P
2019 4 2020 & 2021 4 2022 4F

MRSA
LR Y x
2019 4F 2020 4F 2021 4E 2022 4E

HFHEG 100 100 100 100 -
PRKEHR 38.0 36.2 28.2 22.5 23,298
ViR S 0 0 0 0 -
HERT 0 0 0 0 -
Tl 2 1 iz 0 0 0 0 -
aER 84.7 90. 8 87.3 87.6 0.274
TR E 72.5 81.0 77.8 79.1 2.096
Wik N R 35.5  40.2  35.4  28.9 5.169
52 07 T e WY I e 14.3 14.0 19.1 13.9 0.083
) 45 23.5 10. 3 12.8 6.1 33.422

<0. 001 17.6 17. 4 17.0

- 90. 0 92.3 89.1 89. 4 0. 625 0. 429
15. 4 0. 884 0. 347

- 0 0 0 0 - -

- 0 0 0 0 - -

- 0 0 0 0 - -
0. 601 58.0 57.3 0. 660 0. 417
0. 148 36.6 32.9 0. 066 0.797
0.023 5.7 10.1 14.5 11.3 7.827 0. 005
23.8 19.9 0.233 0. 630

0.774 21.6 21.9

<20. 001 0.9 0.7 1.8 0.8 0. 036 0. 850

T — FRZI TR

R4 20192022 4F 5 [ i 14 7 40 1R AR BT A 25 9 RO T 25 % (00

Table 4 Antimicrobial resistance rates of coagulase-negative Staphylococcus, 2019 = 2022 (%)

MSCNS
P 7 P
20194 2020 4F 2021 4 2022 4F

MRCNS
HLEZ Y x
2019 4F 2020 4F 2021 4F 2022 4F

HHEG 100 100 100 100 -
RREHR 33.8  36.1 38.8  31.6 0. 654
VIR S 0 0 0 0 -
HERT 0 0 0 0 -
] % v g 0 0 0 0 -
AR 91.3  86.4  88.9  86.0 2. 870
T E 49.6 52,9  55.5 50. 0 0. 004
Wik 2N R 65.9  69.0  75.2  72.3 4,574
I 75 Tt e HH ST s 59, 1 55.3 63.3 56. 8 0. 004
) 45 17.9 14.9 18. 6 15.7 0. 148

- 63.5 73.5 77.5 67.9 0. 143 0. 706
0.519 9.3 16.1 12.0 4.6 2. 420 0. 120
- 0 0 0 0 - -

- 0 0 0 0 - -

- 0 0 0 0 - -
0. 090 60. 4 63.6 63.3 58.7 0. 115 0.735
0. 947 22.6 25.9 21.8 25.2 0. 042 0.838
0. 032 14.3 25.4 28. 4 17.1 0. 002 0. 985
0. 949 28.8 31.1 44.6 36. 1 1.330 0. 249
0. 700 0 9.6 6.4 1.0 0.338 0.561

T — FRZI TR

2.3.2 JAEREE 20192022 435 ER K H
B TR =5.229, P = 0. 021) , &} 5K B X
AR AR E.EARD RN 225 T
65 % X R B R KB R I 25 R 2 FREEHE G =
27.273,P<C0.001) , X} 72 VD B (0 it 2 48 & b F

FaH (G2 = 14,693, P<<0.001) , LF 5.
2.4 FZME AR S Ak
2,41 FREEZMAMEE 20192022 FHH L&
P T X e R T SIS v I 258 24 W) S S S it A it
2R R TR (P<C0.05) . 2 R 3 FF 5 2
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B2 B AR R 25K 5T R (P<<0. 05), ST A 2 Nk T B U T 2R 5 E T
IR KRER AT/ ETEHEMB I ZI, XA HI () P<<0.05), W3 6,
FOMH S R L PG AR/ b e B Sk £ R B /47 B3

RS 20192022 4 BR 1 1R i 1R B BT 25 90 T 25 4 (06

Table 5 Antimicrobial resistance rates of Enterococcus faecalis and Enterococcus faecium , 2019 = 2022 (%)
Fe MR PR R T
B 2 X P x P
2019 4F 2020 4F 2021 4F 2022 4F 2019 4F 2020 4F 2021 4F 2022 4F
AT 10.7 15.3 17.6 11.7 0.129 0.720 81.0  84.7  87.2 85.5 2,512 0.115
EWRER ARG R 37.0  31.9  26.5  31.1 1. 461 0.277 59.0  60.7  45.0  47.7 27.273 <<0.001
R R R - 20. 0 30. 4 23.3 0. 064 0.801 41.3 29,3 36.7 30.2 0.674 0. 443
T EE 0 0.8 0.6 0 0. 012 1.000 0.4 0 0.7 0.3 0.034 1. 000
BERT 2.2 2.2 2.7 1.1 0. 120 0.748 2.9 0.6 1.3 1.4 0. 654 0. 452
I 2% e i 0.8 0 0 0 2. 058 0.226 0.8 0 0.3 0.6  0.006 1. 000
Visk el R 18. 4 31.0 29.8 28.0 2.180 0.140 65.5 76.5 72.0 82.5  14.693 <C0.001
BN 40.5 50.9 39.2 39.1 0.118 0.732 84.5 86. 0 85.5 91.3 3.397 0.073
Fil 45 7 - 56. 1 62.3  62.7 0.392 0.581 61.0  60.0  52.6 73.8  2.698  0.106
T — RN RITCEE
R 6 20192022 44 £ A5 BAL HE T A0 660 2 TR Sl AT B T B 25 0 IR TR 25 5% (00)
Table 6 Antimicrobial resistance rates of Pseudomonas aeruginosa and Acinetobacter baumannii , 2019 — 2022 (%)
e 2% 1% B4 T 0 & AT T
B 25 x p e P
2019 4E 2020 4F 2021 4E 2022 4F 2019 4E 2020 4E 2021 4E 2022 4F

R 37 74 bk 33.9 15.9  25.1 21. 4 3. 081 0. 055 - - - - - -
R VAR /& = = = = = = 78.6  71.1 76.8  78.3  0.045  0.843
WRHL PG AR/ A 03 15,5 18.1 16.0 15.0 0.678 0.417 80. 3 76.3 80. 3 85.3  12.667 <<0.001
K A Ath g 19.0 21.1 17.3 15.9 2. 890 0. 085 82.5 77.1 80.9 86. 1 9.928  0.002
3 F i fiz 14.3 15.0 10. 6 11.0 4. 491 0. 036 80.0  74.0 78.6  82.2 7.759  0.006
Sk 60 WR i /47 £ 31 11.5 15. 8 12.8 16. 4 0. 667 0. 422 32,2 37.0  51.7  50.8 50.723 <<0.001

EaN ] 25.8 19.3  30.8  26.8 0.379 0. 544 - - - - - -
W 55 e 20. 1 24.0  25.2  22.1 0. 107 0.723 78.9  71.1 78.0  83.7  21.903 <<0.001
X 17.4  20.2  21.7 18. 4 0. 130 0. 748 83.7  74.9 76.5 84.3  41.260  0.039
fif ok R A2 7.4 10.5 6.3 5.1 5.272 0. 002 51. 4 55.7 47.0 60. 0 7.647  0.006
RAEER 21.6 15. 4 11.9 101 20.305  <<0.001 81.1 74.8 77.0  82.8  3.373  0.069
RAhEE 19.9 16. 2 11.8 9.1  23.427  <<0.001 70.9  68.7  62.4  78.4  5.143  0.020
PSS - - - - - - 30.9 16. 4 15.7 12.7  96.422 <<0.001
E=YIBZES - - = = = = = 1.4 3.6 2.9 1.600  0.294
LEHE DR 18.4  21.8 1.1 11.5  18.457  <C0.001 64. 1 65. 1 66.8  70.7 12.257 <<0.001
BN A 18.9  20.9 12.7 12.7  13.161  <<0.001 86.8  77.3  81.1 89.3  12.833 <<0.001
ZFEEDB 0.9 0 2.7 0.8 0. 369 0. 601 0 3.4 1.4 0.5 9.599  0.022

Y+ — R UK
2.4.2 JpAEEHME 20192022 SERGHR A B AF B URSL PG AR/ At T 3R R0 Sk AR R /R AR T Y
X VY AR Sk A RO AL R S A 25 R T 2SR ETHEE(P<C0. 05) 1 3k AL R 2L
60 %0, X BT oK A Sk ALk kA A R AImE S L RS CRRTT A S (BR 35 B ) N 2 2 A T 24
NP R 25 2T BE#H(P<<0.05), ik  FERTREBEEP<0.05, 1K 7,
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Table 7 Antimicrobial resistance rates of Escherichia coli and Klebsiella pneumoniae , 2019 — 2022 (%)
K 5 4 Jifi 5 e TEAA T
LRI 254 2 P 2 P
2019 4F 2020 4F 2021 4F 2022 4F 2019 4F 2020 4F 2021 4F 2022 4F

EE R ST 88.9 91.0 89. 6 89.9 0.123 0.727 - - - - - -
R PR/ &7 B 44,2 47.6 44,7 40. 4 1.560 0.215  33.1 24.9 29.1 26. 0 7. 409 0. 006
WR L 75 K /Al w4 (2 35 5.1 4.8 4.8 6.3 3.325 0.068 10.3 9.1 11.6 12.1 8.298 0. 004
B BEPE AR/ S b 4E iR 16. 4 19.3 18.9 17.3 0.128 0.731  17.0 18.2 23.9 20. 6 2.179 0. 140
Sk 76 e 77.3%  69.1* 75.9* 70.6* 7.152 0.008  44.5* 34,2 36.3%  34.9* 23,526 <C0.001
Sk L ko 65.7 60. 4 63. 1 60. 1 5.207 0.023  39.4 33.5 34.1 31.8 11. 849 0. 001
ko Ath g 28.2 31.0 30. 4 26.9 0.753 0.386 22.4 19.9 20.8 16.9 10. 419 0. 001
Sk 60y B 66. 0 57.2 59. 4 58. 0 8. 845 0.003 35.3 30.6 29.6 28.0 12,133 <<0. 001
3k 76 e fi5 61.8 54. 4 55.9 54.3 6. 802 0.009  32.1 22.2 19.9 20.2 22,630 <<0.001
Sk A i Ji5 31.0 30.3 30. 4 28.5 1. 885 0.170  21.1 16.5 20. 3 15.5 1.387 0. 001
K TR YR A /& E3H 4.2 6.9 5.6 5.2 0.029 0. 869 6.0 9.3 13.2 12.1 20.583 <<0.001
kAP T 13.1 10. 6 13. 4 10.3 1.521 0.217 16.3 15. 4 19.9 17.3 1.500 0. 121
A 41.5 42.8 44.8 38.3 1.888 0.169  23.4 24.5 23.4 21.2 2.389 0.121
V. i 1 0.9 0.8 0.7 0.8 0. 140 0. 709 8.8 6.5 7.0 5.5 8. 868 0. 003
e R 0.9 1.1 0.7 0.9 0.133 0.715 8.6 6.9 7.3 6.6 1.843 0.175
Faf oK B 4.1 2.6 3.4 1.9 8.277 0. 004 3.7 5.1 6.4 4.7 1.349 0. 246
RRER 43,5 42,2 36.5 35.8 20.096 <<0.001 16.5 16.5 18.0 14.2 2. 468 0.116
AEZ 19.8 29.5 28.6 30. 6 2.921 0.087 22.2 19.6 20. 7 20.2 0.204 0. 652
BN % 0 0.6 0 0.2 0. 002 1. 000 0.8 2.1 1.4 1.2 0. 005 0. 945
AR R 49.0 55. 6 51.5 51.1 2. 450 0.118 15.2 19.0 13.9 13.3 10. 535 0.001
B2 NTSRU 55. 1 66.7 60. 2 56.3 3. 981 0.046  16.4 27.3 17.7 16.7 7. 435 0. 006
A3 7 Tk Je Y I e 59. 8 57.2 57.6 55.2 4. 450 0.035  30.7 24.5 25.6 21.1 36.266 <<0.001
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Figure 1 Changing trends in the detection rate of common

multidrug-resistant organisms, 2019 to 2022
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