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Abstract: Objective To analyze the distribution and drug resistance evolution characteristics of pathogenic bacteria of
bloodstream infection in nine tertiary hospitals in Yunnan Province from 2017 to 2021, so as to provide reliable basis for
rational selection of antibiotics in clinic. Methods  Using the drug sensitive paper method or instrument method, the bacteria
identification and drug sensitivity test were carried out in nine tertiary hospitals in different regions according to the unified
technical scheme. The results were judged according to the Clinical and Laboratory Standards Institute (CLSI) breakpoint
standard in 2021, and use WHONETS5.6 for data statistical analysis. Results A total of 12 003 strains of pathogenic bacteria
were isolated from bloodstream infection samples in the past five years, including 7 442 strains of Gram-negative bacteria
(62.0%) and 4562 strains of Gram—positive bacteria (38.0%), with an increasing trend in the number of isolated strains; of
these, 163 strains (1.4%) were isolated from outpatients and 11 840 strains (98.6%) were isolated from inpatients. The top three
gram—negative bacteria were Escherichia coli, Klebsiella pneumoniae and Acinetobacter baumannii, of which 309 strains (4.2%)
were carbapenem—resistant Klebsiella pneumoniae (CR—KPN), 29 strains (0.4%) carbapenem—resistant Escherichia coli and 19
strains (0.3%) carbapenem—resistant Enterobacter cloacae, and the number of CR=KPN was on the rise year by year. The top
three Gram—positive bacteria were coagulase—negative staphylococci, Staphylococcus aureus and Enterococcus faecium, of which
methicillin—resistant Staphylococcus aureus (MRSA) was detected for 213 strains, accounting for 27.7%, and decreased from
40.0% in 2017 to 23.4% in 2021, showing a downward trend year by year. No vancomycin—resistant staphylococci and
enterococci were found. Conclusions  The detection and composition of bloodstream infection pathogenic bacteria in
multicenter have not changed much in the past five years, but each hospital has its own characteristics. The number of
carbapenem resistant Enterobacteriaceae increased year by year, which should be paid more attention.
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Table 1 The top 10 bacteria and constituent ratios of bacteria from blood culture separation in 9 tertiary hospitals , 2017-2021 (%)
20174F Year  20184F Year  20194F Year 20204F Year 2021 4E Year At
953 5L B Pathogenic bacteria
(n=2 236) (n=2 290) (n=2362) (n=2 418) (n=2 697) Total
K354 Escherichia coli 767(34.3) 747(32.6) 772(32.7) 767(31.7) 847(31.4)  3900(32.5)
A [F i BH P 7 2 BR TR Coagulase negative Staphylococcus — 412(18.4) 441(19.3) 468(19.8) 446(18.4) 485(18.0) 2252(18.8)
Jiti R SR AA B Klebsiella pneumoniae 239(10.7) 263(11.5) 297(12.6) 310(12.8) 351(13.0)  1460(12.2)
LA A BRI Staphylococeus aureus 130(5.8) 137(6.0) 147(6.2) 164(6.8) 192(7.1) 770(6.4)
BRIAERH Enterococcus faecium 66(3.0) 67(2.9) 65(2.8) 60(2.5) 73(2.7) 331(2.8)
102 R ENFF B Acinetobacter baumannii 51(2.3) 71(3.1) 53(2.2) 57(2.4) 56(2.1) 288(2.4)
FMAERE Enterococcus faecalis 44(2.0) 41(1.8) 64(2.7) 58(2.4) 53(2.0) 260(2.2)
H 2B B Pseudomonas aeruginosa 47(2.1) 42(1.8) 37(1.6) 47(1.9) 40(1.5) 213(1.8)
B4 BT B Enterobacter cloacae 44(2.0) 37(1.6) 36(1.5) 40(1.7) 35(1.3) 192(1.6)
fili 98 5% BR TR Streptococcus pneumoniae 32(1.4) 25(1.1) 26(1.1) 39(1.6) 21(0.8) 143(1.2)
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Table 2 Antimicrobial susceptibility testing resulis of Escherichia coli from blood culture separation in 9 tertiary hospitals, 2017-2021

U254 Antimicrobial agents 20174F Year ~ 20184F Year  20194F Year  20204F Year ~ 20214F Year At Total
B[k S Amikacin 765(1.0) 747(0. 9) 776(0.8) 774(1.0) 858(0.7) 3920(0.9)
DK% % Gentamicin 766(37.1) 748(42 686(37.8) 595(34.5) 601(34.4) 3396(37.4)
P 5 Imipenem 766(0.3) 748(0 9) 774(1.0) 774(0.8) 851(0.4) 3913(0.7)
S % 1 ¥ Meropenem 576(0) 542(0.7) 589(0.7) 544(0.2) 520(0.2) 2771(0.4)
JEAWB i Ertapenem 744(0.3) 728(1.4) 741(1.2) 707(1.1) 786(0.6) 3 706(0. )
SLAUNEAT Cefepime 766(13.8) 748(15.4) 775(12.9) 773(13.2) 859(9.9) 3921(13.
S AUflBE Ceftazidime 576(19.1) 542(23.2) 673(23.6) 714(19.9) 747(20.7) 3252(21. )
LA Cefatriaxone 754(58.4) 738(56.9) 758(55.1) 767(54.1) 814(53.4) 3 831(55.5)
SKTE VR /4T [ 3H Cefoperazone/sulbactam 558(3.0) 515(4.1) 649(5.7) 734(5.2) 809(3.8) 3265(4.4)
S mEIE Cefazolin 574(73.2) 631(73.5) 3597(64.7) 548(63.0) 552(66.8) 2902(68.4)
WRHT PE AR Piperacillin 576(61.8) 534(61.2) 565(60.7) 501(58.9) 516(69.8) 2 692(62.4)
WRL PE AR/ Al B4 3H Piperacillin/tazobactam 639(2.3) 662(2.6) 684(5.0) 730(4.2) 853(3.5) 3 568(3.6)
SR PEAR Ampicillin 766(88.6) 746(88.1) 686(85.1) 598(86.1) 610(89.7) 3 406(87.6)
R PYAR/AET RIH Ampicillin/sulbactam 572(35.7) 415(32.3) 484(31.0) 584(30.0) 762(30.1) 2817(31.7)
NV A Ciprofloxacin 766(44.6) 748(46.9) 774(46.1) 696(42.5) 646(45.3) 3 630(45.2)
e IP B Levofloxacin 766(43.1) 48(45.9) 775(44.4) 774(41.3) 858(43.9) 3921(43.7)
FRINFRZE Tegacyclin 372(0) 400(0) 384(0) 498(0) 855(0) 2509(0)
8 J5 54 Trimethoprim—sulfamethoxazole 766(54.0) 748(57.4) 776(55.0) 774(57.0) 855(54.9) 3919(55.6)
TE < 55 R SR A5 AR AR L 55 P BSUIE 25 %1%
Note: The data before the brackets is the number of tested plants, and the data in the brackets are the drug resistance rate/%.
R3 20172021 4EZ L ML FRRG R 72 B R T 2515 B
Table 3 Antimicrobial susceptibility testing resulis of Klebsiella pneumoniae from blood culture separation in 9
tertiary hospitals, 2017-2021
P 254 Antimicrobial agents 20174 Year  20184F Year  20194F Year  20204F Year  20214F Year £ Total
Bk & Amikacin 239(13.4) 264(20.5) 298(21.1) 305(25.6) 349(18.3) 1 455(20.0)
PR 22 Gentamicin 239(27.2) 264(30.7) 248(26.6) 206(24.3) 209(21.5) 1 166(26.3)
PR Imipenem 239(16.3) 264(18.9) 297(22.9) 305(26.2) 345(23.2) 1 450(21.9)
26 % 15 Meropenem 171(13.5) 197(15.4) 223(17.1) 233(20.6) 285(20.9) 1109(17.9)
JEALRE S Ertapenem 201(19.9) 242(20.7) 283(24.7) 256(27.3) 276(25.4) 1258(23.8)
LFEM NG Cefepime 239(25.1) 264(28.0) 298(28.5) 304(31.5) 347(31.4) 1452(29.2)
S AABIE Ceftazidime 166(34.9) 146(37.1) 238(38.6) 259(35.6) 287(35.6) 1.096(36.3)
Sk A4 Cefatriaxone 239(41.8) 264(42.4) 271(43.2) 276(43.1) 289(39.4) 1.339(42.0)
Sk AR /ET EUE Cefoperazone/sulbactam 161(19.9) 171(28.1) 231(24.7) 288(30.2) 332(23.8) 1 183(25.6)
Sk AR Cefazolin 157(59.2) 182(64.8) 172(51.2) 186(46.8) 211(43.1) 908(52.5)
WR VG HK Piperacillin 165(38.2) 144(31.2) 186(32.8) 151(34.4) 39(28.2) 685(33.9)
WRFLPE MK/ Ak B 38 Piperacillin/tazobactam 193(20.2) 236(27.5) 263(27.0) 286(30.8) 347(23.3) 1325(26.0)
FEPUM/EF ELIE Ampicillin/sulbactam 87(32.2) 108(36.1) 145(32.4) 159(39.6) 270(35.6) 769(35.5)
RN V) B Ciprofloxacin 239(25.1) 264(28.8) 298(29.4) 297(38.0) 370(34.9) 1468(31.7)
LA IRV & Levofloxacin 239(23.0) 264(26. 5) 298(28.2) 305(34.4) 350(30.0) 1456(28.8)
BN Z Tegacyclin 69(0) 108(0.9 108(0.9) 132(0.8) 337(0.9) 754(0.8)
%2 97914 W] Trimethoprim—sulfamethoxazole 238(27.7) 264(26. 1) 298(35.9) 305(33.1) 348(23.3) 1453(29.2)

TE A BB A AR B, 355 RO AT 25 %

Note: The data before the brackets is the number of tested plants, and the data in the brackets are the drug resistance rate/%.
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Table 4 Antimicrobial susceptibility testing results of Acinetobacter baumanniie from blood culture

separation in 9 tertiary hospitals, 2017-2021

YU Z5%) Antimicrobial agents 2017 4F Year 2018 4F Year 2019 4F Year 2020 4F Year 2021 4 Year AT Total
PR K ZK Gentamicin 51(76.5) 71(64.8) 43(67.2) 56(52.8) 49(55.6) 270(63.2)
Ve K5 9 Imipenem 51(78.4) 71(74.6) 53(66.0) 57(75.4) 56(73.2) 288(73.6)
2% 15 B Meropenem 30(86.7) 62(87.1) 52(75.0) 52(78.1) 42(85.7) 238(82.2)
SKAMLNG Cefepime 51(78.4) 71(76.1) 53(66.0) 57(70.2) 55(72.7) 287(72.8)
SLFABBE Ceftazidime 38(66.7) 54(68.8) 47(69.8) 55(72.7) 56(71.4) 250(70.1)
S AR /4T B 3 Cefoperazone/sulbactam 42(52.4) 39(51.3) 39(53.8) 55(54.5) 52(61.5) 227(55.0)
VP A Ciprofloxacin 51(76.5) 71(71.8) 47(66.0) 50(70.0) 51(74.5) 270(71.9)
L FID B Levofloxacin 51(57.1) 71(58.8) 53(59.1) 57(62.6) 56(63.7) 288(60.3)
52 J5 i B Trimethoprim—sulfamethoxazole 51(47.1) 71(46.5) 53(47.2) 57(47.4) 56(44.6) 288(46.5)
BN ZE Tegacyclin 34(2.9) 69(3.0) 49(2.0) 55(3.6) 55(3.6) 262(3.1)
T A5 HEICE AR, 55 P9 B A i 224 % .

Note: The data before the brackets is the number of tested plants, and the data in the brackets are the drug resistance rate/%.

RE5  2017—2021 -5 .0 ML iR 40 50 L B RO T TR 24 156 4

Table 5 Antimicrobial susceptibility testing results of Pseudomonas aeruginosa from blood culture separation in 9

tertiary hospitals, 2017-2021

LA 254 Antimicrobial agents 20174F Year 20184F Year 20194F Year 20204F Year 20214F Year 4l Total
PKKFEZE Gentamicin 44(11.4) 39(15.4) 26(23.1) 31(16.1) 35(17.1) 175(16.0)
P e85 R Tmipenem 44(22.7) 40(22.5) 37(24.3) 49(20.4) 39(28.2) 209(23.4)
F W 5 Meropenem 36(13.9) 38(15.5) 31(19.4) 48(18.8) 35(25.7) 188(18.6)
AT Cefepime 44(11.4) 39(12.8) 37(18.9) 49(18.4) 40(15.0) 209(15.3)
SkAULBE Ceftazidime 36(11.5) 38(17.9) 28(25) 49(28.6) 35(28.6) 186(22.6)
WRFT PG K Piperacillin 36(13.8) 38(14.3) 26(18.8) 40(26.7) 26(19.2) 166(18.7)
WR T P P/ flb et £ FE R PG A/l 8 B 3H Piperacillin/tazobactam — 31(9.7) 33(9.1) 29(17.2) 43(12.1) 35(14.3) 171(12.4)
RN V) B Ciprofloxacin 44(6.8) 39(12.8) 35(25.7) 49(16.3) 39(15.8) 206(15.1)
e E P B Levofloxacin 44(6.8) 41(9.8) 37(22.4) 49(14.3) 40(15.0) 211(13.4)
T = 55 B A A I AR, 455 N B i 2423/ % o

Note: The data before the brackets is the number of tested plants, and the data in the brackets are the drug resistance rate/%.
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232 gEREE MFET7RIIL,2017—2021 4F (il 7 8%

R6 20172021 5L H0 ML /S MRSA & MRCNS i 2515 5L
Table 6 Antimicrobial susceptibility testing results of MRSA and MRCNS from blood culture separation in 9
tertiary hospitals, 2017-2021

T PSR PG b 2 (0 4 BRI MRSA

Mk FEY 4 PY PR IBE 55 7t 9] 1 4 % BR 757 MRCNS

IR 25 Antimi-

crobial agents 20174F  20184F  20194F  20204F  20214F 20174F 20184 20194 20204F 2021 4F
Year Year Year Year Year Year Year Year Year Year
PEN 29(100.0)  25(100.0) 25(100.0) 35(100.0) 49(100.0) 336(100.0)  343(100.0) 360(100.0)  330(100.0)  354(100.0)
ERY 30(96.1)  25(86.1)  25(75.0)  35(82.1)  50(77.1) 336(94.7) 343(94.7) 360(95.3) 330(92.1) 354(87.9)
CLI 30(76.5)  25(63.9) 25(50.0) 35(61.5)  50(58.6) 336(52.1) 343(49.1) 360(44.7) 330(46.0) 354(45.5)
SXT 30(11.8)  25(13.9)  25(2.5) 35(15.4)  50(11.4) 336(54.3) 343(64.0) 360(52.9) 330(39.7) 354(43.9)
LVX 30(24.7)  25(13.9)  25(20.0) 35(23.1) 50(21.4) 336(62.8) 343(62.3) 360(65.9) 330(69.8) 354(63.6)
CIp 30(64.7)  25(9.1) 25(12.5)  35(29.2)  50(40.0) 336(59.6) 343(57.0) 360(64.7) 330(66.7) 354(65.3)
RIF 30(5.1) 25(5.6) 25(5.0) 35(7.7) 50(4.3) 336(27.7) 343(18.4) 360(10.6) 330(9.5) 354(12.1)
GMN 30(27.1)  25(19.4)  25(30.0)  35(25.1)  50(25.7) 336(35.1) 343(23.7) 360(12.9) 330(20.6) 354(10.6)
MFX 30(22.7)  25(13.9)  25(20.0)  35(20.5)  50(21.4) 336(35.1) 343(28.1) 360(38.8) 330(44.4) 354(33.3)
TCY 30(58.7)  25(41.7)  25(46.4)  35(59.3)  50(52.0) 336(27.7) 343(28.5) 360(25.9) 330(31.7) 354(29.4)
LNZ 29(0) 24(0) 24(0) 34(0) 49(0) 330(0) 334(0) 343(0) 321(0) 342(0)
VAN 30(0) 25(0) 25(0) 35(0) 50(0) 336(0) 343(0) 360(0) 330(0) 354(0)
TEC 29(0) 24(0) 24(0) 34(0) 49(0) 321(0) 325(0) 345(0) 315(0) 338(0)
TE A5 5B RIS, 35 5 B W25 %/% ; PEN. 8% ERY. 0% % ; CLL VoA 3 ;SXT. B Ir#ris il s LVX. 2GR 1D &2 ; CIP. 3F

YD B S RIF. FIARF s GMN. PR ZE 2 MEX. S0 B s TCY. TUFRE  LNZ. FIZS MR s VAN, J7 i 85 3 TEC. B % AT, Note: The data before the
brackets is the number of tested plants, and the data in the brackets are the drug resistance rate/%; PEN. Penicillin; ERY. Erythromycin; CLI. Clindamycin;

SXT. Trimethoprim/Sulfamethoxazole; LVX. Levofloxacin; CIP. Ciprofloxacin; RIF. Rifampicin; GMN. Gentamicin; MFX. Moxifloxacin; TCY. Tetracycline;
LNZ. Linezolid; VAN. Vancomycin; TEC. Teicoplanin.

R7  2017—2021 552 H .0 M T SR GL PR FA BR B B 2 i TR o ik 251 A

Table 7 Antimicrobial susceptibility testing results of Enterococcus faecium and Enterococcus faecalis from blood culture
separation in 9 tertiary hospitals, 2017-2021
. FRIGERTE Enterococcus faecium M ERE Enterococcus faecalis

PUH 254 Anti- -

microbial agents 2017 4F 20184F 20194F 20204F  20214F  20174F 20184F 2019 4F 20204F 2021 4F
Year Year Year Year Year Year Year Year Year Year

AMP 66(88.1) 67(87.8) 65(87.5) 60(90.5) 73(77.1) 44(2.3) 44(2.3) 41(2.4) 64(1.6) 58(1.7)

HCGM 61(46.7) 65(30.7) 61(41.8) 59(39.5) 71(22.8) 44(46.7) 44(46.7) 41(28.6) 64(37.3) 58(27.7)

HCST 60(35.1) 65(24.8) 57(22.2) 59(17.8) 68(16.9) 44(31.1) 44(31.1) 41(25.0) 64(24.2) 58(28.9)

CIP 66(89.3) 67(90.0) 61(82.4) 60(84.0) 69(80.8) 44(18.5) 44(18.5) 41(19.6) 64(14.5) 58(17.6)

LVX 65(86.7) 67(90.0) 64(76.1) 58(85.5) 73(78.3) 44(18.5) 44(18.5) 41(16.1) 64(17.9) 58(19.8)

ERY 66(89.3) 67(84.4) 64(84.5) 59(82.1) 73(76.5) 44(59.3) 44(59.3) 41(46.4) 64(60.3) 58(68.0)

LNZ 60(0) 65(0) 63(1.4) 59(0) 73(0) 35(2.8) 35(1.8) 38(2.6) 62(3.2) 54(1.9)

VAN 57(0) 67(0) 63(0) 60(0) 73(0) 41(0) 41(0) 41(0) 64(0) 58(0)

TEC 58(0) 62(0) 57(0) 58(0) 66(0) 33(0) 33(0) 39(0) 49(0) 55(0)

TCY 65(50.6) 67(47.8) 60(64.2) 55(74.0) 63(50.0) 44(73.1) 44(73.1) 41(75.0) 58(88.7) 58(76.5)

T 355 BB R RR A, 355 P B T 255 /% ; AMP. Z0S P9 AR HCOM. e J8 PR B 3 s HOST. Mk HERS 5 CIP. RN VD 2 LVX. &2
AR EERY. 2% F  LNZ. FIZR MG ; VAN, T B R TEC. B HH 75 TCY. UL E . Note: The data before the brackets is the number of tested
plants, and the data in the brackets are the drug resistance rate/%; AMP. Ampicillin; HCGM. High concentration gentamicin; HCST. High concentration

streptomycin; CIP. Ciprofloxacin; LVX. Levofloxacin; ERY. Erythromycin; LNZ. Linezolid; VAN. Vancomycin; TEC. Teicoplanin; TCY. Tetracycline.
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