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[Abstract] Objective To understand the distribution and antimicrobial resistance of bacteria from clinical urine
specimens in Hunan Province, and provide scientific basis for anti-infection treatment of patients with urinary tract
infection (UTI). Methods Bacterial resistance surveillance was carried out according to the technical scheme re-
quirements of China Antimicrobial Resistance Surveillance System, antimicrobial susceptibility testing results were
judged based on standard of American Clinical and Laboratory Standards Institute, data about strains and antimicro-
bial resistance of bacteria from urine specimens reported by member units of Hunan Province Antimicrobial Resis-
tance Surveillance System in 2012 — 2021 were analyzed with WHONET 5. 6 software. Results A total of 379 330
strains of bacteria were isolated from urine specimens in 2012 — 2021, Gram-negative and Gram-positive bacteria ac-
counted for 75.3% (72.4% —76.0%) and 24.7% (24.0% —27.6%), respectively. The top 5 Gram-negative bac-
teria were Escherichia coli (48.3%), Klebsiella pneumoniae (8.4%), Proteus mirabilis (3.3%), Pseudomonas
aeruginosa (3.0%) and Enterobacter cloacae (1.6%). The top 5 Gram-positive bacteria were Enterococcus faecium
(8.1%), Enterococcus faecalis (6.6%), Staphylococcus epidermidis (1.9%) . Staphylococcus aureus (1. 9%)
and Staphylococcus haemolyticus (1.4%). The constituent of bacteria isolated from urine specimens of patients in
different gender and age groups were different. Escherichia coli ranked first, accounting for 34. 8% and 57.2% in
males and females, respectively, as well as 49. 0% and 34. 4% in adults and children, respectively. Escherichia coli
maintained high susceptibility to carbapenems, amikacin, tigecycline, cefoperazone/sulbactam and furantoin, with
resistance rate <.10% , while resistance to cefazolin, cefuroxime, ceftriaxone, cefotaxime and quinolones were rela-
tively higher, with resistance rate >>48% ; resistance rates to ceftazidime, ceftriaxone, cefotaxime, cefepime and az-
treonam presented decreased trend (all P<Z0. 001). Klebsiella pneumoniae maintained higher susceptibility to car-
bapenems, amikacin and tigecycline, with resistance rate <{11%, resistance rate to quinolones was much lower than
that of Escherichia coli. Enterococcus faecium and Enterococcus faecalis maintained high susceptibility to vancomy-
cin, teicoplanin and linezolid, with resistance rates <(5% ; resistance rate of Enterococcus faecalis to ampicillin and
furantoin was <(15%. Except for linezolid and minocycline, resistance rates of Enterococcus faecium to the other
tested antimicrobial agents were all higher than Enterococcus faecalis. No Staphylococcus aureus was found to be
resistant to vancomycin, linezolid and teicoplanin. Conclusion Escherichia coli is the main bacteria isolated from
urine specimens from various member units of Hunan Province Antimicrobial Resistance Surveillance System. In
early empirical treatment, clinical antimicrobial should be targetedly used as early as possible based on bacterial
identification and antimicrobial susceptibility testing results, so as to improve treatment effectiveness and slow down
the emergence of antimicrobial resistance.
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Figure 1 Changing trend of the numbers of bacteria isolated
from urine specimens, Hunan Province Antimicro-

bial Resistance Surveillance System, 2012 — 2021
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Table 1 Constituent of the major bacteria isolated from urine specimens, Hunan Province Antimicrobial Resistance Survei-
llance System, 2012 — 2021

2012—2013 4 2014—2015 4 2016—2017 4 2018—2019 4f 2020—2021 4
T (n=25 681) (n=51 088) (n= 80 650) (n=102 796) (n=119 115)

PREC  RRCEE () BREC MR BREC RO PREC MR (O0) REC AL (O0)
FEHEMER 7 081 27.6 12 748 25.0 20 056 24.9 25 405 24.7 28 541 24.0
BR 7 3K 1720 6.7 3 668 7.2 6519 8.1 8 855 8.6 9 833 8.3
F Mk 1538 6.0 3423 6.7 5 441 6.7 6 829 6.6 7 825 6.6
R AR 1078 4.2 1431 2.8 1589 2.0 1642 1.6 1595 1.3
4 T 0 A R A 877 3.4 1270 2.5 1502 1.9 1629 1.6 1 847 1.6
a5 I 7 2 BR A 506 2.0 860 1.7 1151 1.4 1308 1.3 1330 1.1
EEZEMEE 18 600 72.4 38 340 75.0 60 594 75.1 77 391 75.3 90 574 76.0
N R 11 895 46.3 24 669 48.3 38 757 48.1 50 393 49.0 57 559 48.3
fiti 9% e A1 = 1 788 7.0 3 893 7.6 6 556 8.1 8 777 8.5 10 740 9.0
i A1 PR T 915 3.6 1824 3.6 2 496 3.1 2 966 2.9 3171 2.7
& T AT AT H 671 2.6 1467 2.9 2507 3.1 3373 3.3 4 428 3.7
BH I8 B AT 452 1.8 894 1.7 1300 1.6 1571 1.5 1718 1.4
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Table 2  Constituent of the major bacteria isolated from
urine specimens from patients of different gen-
ders, Hunan Province Antimicrobial Resistance
Surveillance System, 2012 — 2021

, B (=153 158) 2 (n = 220 309)
'Eﬁ% BEC MRILCO  HE MRS

K75 53 299 34.8 126 017 57.2

bR i BK 13 882 9.1 16 143 7.3
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AT SR AT 4930 3.2 7183 3.3

R AR 4 078 2.7 2 868 1.3
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Table 3  Constituent of the major bacteria isolated from
urine specimens from patients of different ages,
Hunan Province Antimicrobial Resistance Survei-
llance System, 2012 — 2021
_— FR (1= 350 449) JLEE (n =24 754)
e BB MRECYD BB HREC)
KW 171 729 49.0 8 509 34. 4
fitli 4 v 75 A 29 411 8.4 1 930 7.8
PR 7 B B 27 264 7.8 2 814 11. 4
ZE 1 R 22 090 6.3 2 955 11.9
R 11 604 3.3 521 2.1
i AR B i T 10 487 3.0 680 2.7
G0 R AR 6 339 1.8 756 3.1
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BH &) g FF 5429 1.5 466 1.9
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4 1L 748 % R A 4795 1.4 348 1.4
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Table 4 Antimicrobial susceptibility testing results of Escherichia coli isolated from urine specimens, Hunan Province Antimi-

crobial Resistance Surveillance System, 2012 — 2021

2012—2013 4 2014—2015 4 2016—2017 4 2018—2019 4 2020—2021 4
B wW R S ®#W R S ®HW R S #W R S @W R S
HH () () W () (D HHE (%) () w0 (D W () (%
CRILEN 8 149 87.9 10.7 21428  86.1 12.9 35597 84.7 13.1 42562  81.1 13.9 38 447  80.5 15.3
SR P AR/ A R 8§ 656 43,5 29.3 19 622 52.1 25.2 31152 50.9 27.2 32805 44.7 31.7 37629 41.2  36.2

WRRL P AR/ MBI 10665 14.7 74,

o
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) 760 15 8566 71.8 19.0 20991 69.9 20.4 32240 67.0 24.2 33464 65.0 24.0 30234 59.1 29.3
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Sk 70 Al nE 10835 355 56.3 22875 30.0 63.3 36052 26.3 68.8 45526 24.2 68.9 53872 22.4 69.9
Sk 760 i b 7761 63.1 356 19251 58.1 40.9 32703 56.0 43.3 43580 52.7 46.7 50677 48.5 51.1
Sk U 5 3485 62,9 35.8 5412 60.9  38.2 4832 56.7 42.7 6191 52.7  46.9 4630 49.8 49.6
S 5 10720 46.2 450 24187 38.7 53.3 38196 32,1 60.5 49754 28.0 61.9 55675 25.6 65.9
Sk 7 U il / &7 B 31 2438 6.1 81.0 673 5.4 840 12759 5.2 85.1 29295 5.5 868 43499 53 88.8
LM T 8047 13.4  75.0 14904 142 76.2 20010 13.0 79.8 31619 10.4 835 41732 9.4 848
A 5456 45.7 440 19210 43.5 48,7 27978 38.5 57.5 30669 32.8 62.6 32264 30.1 64.9
i 15 7 7128 2.9 954 17407 1.4 97.7 29164 1.8 97.3 38487 1.6 97.5 43990 1.3 98.0
EX 6798 5.1 935 14200 1.6 97.9 20424 1.8 97.8 27543 1.8 97.9 32457 1.7 98.0
JE 1t 3 1958 2.2 97.2 9437 1.3 98.1 17598 1.2 98.3 25058 0.9 98.9 31680 1.0 98.8
Wk 2 10963 3.6 93.8 24287 3.0 95.4 38398 2.6 96.2 49461 2.0 96.8 56924 1.6 97.8
KRG E 10407 40.6 51,9 24414 39.1 57.1 38288 36.9 60.0 45078 32.7 64.2 43256 30.1 67.6
ZhiGE 7840 19.9 57.9 18215 20.1 58.4 25864 17.8 60.1 24901 10.3 66.7 23989 11.2 67.6
Bz 72 6.9 91.7 699 0 99,9 3674 0.4 99.1 17015 0.3 99.5 31993 0.3  99.4
KRR 9690 63.5 33.5 22424 59.2 36,1 32880 57.2 34.0 32195 57.0 31.1 30887 55.9 32.8
KRR 9659 57.2  36.0 22605 53.9 32,7 36297 51.5 28.5 48324 51.3 28.1 56067 50.3 28.5
A 4646 5.3 86.6 13161 6.0 849 24489 3.5 89.9 28810 3.3 89.1 34928 3.5 91.5
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Table 5 Antimicrobial susceptibility testing results of Enterococcus faecium isolated from urine specimens. Hunan Province

Antimicrobial Resistance Surveillance System, 2012 — 2021

Tt

BHE 1276 88.4 11.6 3083 858 14.2 5799 88.2 11.8 8226 92,8 7.2 9504 93.9 6.1

FWERKEE 657 40.0  60.0 2171 38.3  61.7 4541 40.0  60.0 6304 357 04.3 6775  33.5 606.4

ThER 1442 1.5  97.5 3619 1.9 97.1 6 389 1.0 98.5 8 756 0.7 99.1 9724 0.7 99.2

5 W e 905 1.8 95.5 2674 1.7 96.5 5695 1.1 97.7 7 930 0.6 98.2 9 478 0.9 97.3

FARDE 1395 80.3 123 3388 80.5 10.9 5602 850 1.0 8019 86.8 8.5 9225 90.1 7.2

4 F 498 70.9 11,6 138 71.9 12.3 2481 83.6 12.1 3352 835 11.8 3556  84.3 11.9

TE /FR B R B30 B RS .
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Table 6 Antimicrobial susceptibility testing results of Enterococcus faecalis isolated from urine specimens, Hunan Province

Antimicrobial Resistance Surveillance System, 2012 — 2021

HHE 1454  16.6 83.4 3065 17.9  82.1 4944 148  85.2 6282  13.2  86.8 7467 9.1 90.9

BRERKER 788 157  83.9 2016 27.5 72.4 369 26,9 731 4635 30.8  69.1 5086 33.1  66.9

T ®HE 1621 1.2 97.4 3379 1.0 97.3 5323 0.6 98.5 6734 0.6 98.7 7661 0.5 99.2

1 25 e e 1096 2.3 94.8 2704 2.3 93.9 4954 1.9 94,5 6137 1.6 95.5 7221 1.9 94.5

AR R 1566 25.6  67.1 3104 26,2  68.6 4857 27.1  70.1 6192 27.8  69.9 7284 28.8  68.9

HRF 457 386 219 1028 65.0 19.6 2098 56.1 310 2484 57.7 27.9 2518 64.4 17.3
T - /FRR BT B R B30 Bk R GEIT AR,
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Table 7 Antimicrobial susceptibility testing results of Klebsiella pneumoniae isolated from urine specimens, Hunan Province

Antimicrobial Resistance Surveillance System, 2012 — 2021

2012—2013 4 2014—2015 4

2016—2017 4

2018—2019 4¢

2020—2021 4

R4 wW R S fW R S KW R S fW R S RW R S

®E (0 D HE ) (%D ®E (0 (D HE (B (D HE 0 (%D
FAONTIM/ FTE 1381 50,0 35.9 3195 51.6 38,1 5103 49.8  39.9 5440  45.7 441 6995  43.5 46,9
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3 7 e R 1355  61.1 28.8 3375 58.5 30.4 5542 58,5 33.8 5856 58.1 355 5861 51.0 42.8
3k f 0k 1152 51.6  40.3 2027 49.3 45,0 3332 50.3 444 5044 46.6 49.4 7423 42,5 54,2
S 1t nE 1636 37.9 55.6 3566 31.3 641 6079  29.9  65.5 7897  28.0  66.8 9959 27.7 67.2
Sk A1 i 4 1277 541 43,9 3132 47.5 50.7 5665 47.1 52.0 7688 44.4 547 9407 4.0 58.3
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Table 8 Antimicrobial susceptibility testing results of Staphylococcus aureus isolated from urine specimens, Hunan Province

Antimicrobial Resistance Surveillance System, 2012 — 2021

2012—2013 4 2014—2015 4¢ 2016—2017 4 2018—2019 4¢ 2020—2021 4

R kW R S ®W R S W R S W R S fW R S
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Figure 2 Changes in detection rates of important antimicrobial-resistant bacteria {from urine specimens, Hunan Province Anti-

microbial Resistance Surveillance System, 2012 — 2021
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