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[ Abstract] Objective To investigate the source of Klebsiella pneumoniae (KP) isolated in a hospital in the past
decade and the in vitro drug susceptibility, and to provide clinical references for the treatment of KP-associated infection.
Methods The detection rate, the sources of the specimens, and in vitro susceptibility to antimicrobial agents of KP
isolated from clinical specimens in a hospital between January 2012 and December 2021 were retrospectively analyzed.
Resistance rate of the extended-spectrum B-lactamases-producing isolates vs. that of the non-enzyme-producing ones, and
the resistance rate of imipenem-resistant strains vs. that of imipenem-susceptible ones were compared and analyzed.
Carbapenase inhibitor enhancement test was used to identify the types of the carbapenemases. Results In total, 34 573
strains of KP were isolated from 1 684 668 clinical specimens, accounting for 14.6% of bacterial isolates. There were 16
888 non-repeated strains of KP. The main specimen sources of the isolates were sputum (10 274/16 888, 60.8%), blood (1
913/16 888, 11.3%) and urine (1 876/16 888, 11.1%). The proportion of extended-spectrum P-lactamases-producing
isolates increased from 29.6% (409/1 382) in 2012 to 38.9% (967/2 487) in 2021, and the resistance rate to antimicrobial
agents was higher than that of non-enzyme-producing ones (P<0.05). The proportion of imipenem-resistant strains
increased from 3.2% (44/1 382) in 2012 to 23.4% (583/2 487) in 2021, and the resistance rate to antimicrobial agents was
higher than that of imipenem-susceptible strains (P<0.05). Serine carbapenase-producing strains accounted for 91.1%
(920/1010). Conclusion The resistance to antimicrobial agents of KP strains isolated from clinical specimens increased.
It is necessary to monitor the in vitro drug susceptibility and the type of the carbapenemases of the isolates in order to
provide guidance for the clinical usage of antibiotics.
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Table 1 Detection rate and percentage of Klebsiella pneumoniae in the bacterial isolates from 2012 to 2021

Year Number of specimens ~ Number of bacterial isolates ~ Number of KP isolates  Detection rate of KP/%  Percentage of KP in bacterial isolates/%
2012 142148 18854 2411 1.7 12.8
2013 156403 20413 3159 2.0 15.5
2014 152324 17385 2203 1.4 12.7
2015 151796 12435 2000 1.3 16.1
2016 178391 18859 2422 1.4 12.8
2017 175436 19676 2944 1.7 15.0
2018 166765 23157 3473 2.1 15.0
2019 176441 26358 3737 2.1 14.2
2020 174478 46450 7167 4.1 154
2021 210486 33355 5057 2.4 15.2
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Fig 1 Specimen sources of Klebsiella pneumoniae from 2012 to 2021
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Table 2 Antimicrobial agent resistance rate of Klebsiella pneumoniae (KP) from 2012 to 2021

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Antimicrobial agents (n=1382, (n=1664, (n=1219, (n=1262, (n=1507, (n=1579, (n=1794, (n=1973, (n=2021, (n=2487,

%) %) %) %) %) %) %) %) %) %)
Amikacin 3.6 3.7 2.0 2.8 2.2 9.3 13.6 11.6 14.7 17.3
Gentamicin 214 20.7 18.5 20.4 18.9 249 25.3 25.1 23.8 25.7
Imipenem 32 2.0 1.4 24 2.7 10.4 16.6 15.0 18.2 234
Meropenem - - - - - 10.9 17.0 15.2 18.2 23.4
Etapenem - - - - - 11.1 17.8 15.9 18.5 23.7
Cefepime 13.1 10.9 8.6 10.8 13.0 20.2 21.8 21.3 23.0 27.7
Ceftazidime 28.1 28.9 25.5 27.8 28.9 37.2 35.3 36.1 36.1 36.9
Cefoperazone-sulbactam 33 2.6 2.1 3.1 4.0 14.1 18.5 17.6 19.3 24.0
Cefuroxime - - - - - 322 40.5 41.8 40.7 414
Piperacillin 30.4 314 - - - 45.9 44.5 45.2 45.1 46.4
Piperacillin-tazobactam 6.7 4.5 3.9 5.2 5.9 21.5 24.2 226 23.1 28.6
Ampicillin-sulbactam 343 38.0 33.4 36.0 329 452 43.1 44.8 43.0 453
Ciprofloxacin 25.6 259 24.1 28.0 29.7 40.5 41.4 40.0 38.2 41.8
Levofloxacin 16.1 17.5 15.9 19.4 19.4 29.6 32.0 31.8 30.5 36.4
Tri‘;;ifgﬁ:}‘(;mle 29.7 30.0 272 312 300 35.1 318 316 273 321

—: Not available for the lack of these agents in the commercial kits.
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Table 3 Animicrobial agent resistance rate of ESBL-producing vs. non-ESBL-producing and imipenem-resistant (IR) vs. imipenem-susceptible (IS) KP

isolates to the antimicrobial agents from 2012 to 2021

ESBL-KP Non-ESBL-KP

IR-KP

IS-KP

Antimicrobial agents X/P X/P
(n=5834, %) (n=11054, %) (n=1999, %) (n=14889, %)
Amikacin 26.2 0.4 2896.266/<0.001 65.0 2.0 7704.49/<0.001
Gentamicin 60.5 3.6 6834.794/<0.001 75.4 16.1 3361.33/<0.001
Imipenem 31.8 0.3 3660.848/<0.001 100.0 0 15998/<0.001
Meropenem 32.2 1.1 1789.749/<0.001 100.0 1.4 8277.883/<0.001
Etapenem 38.8 19 2111.936/<0.001 100.0 3.2 7629.824/<0.001
Cefepime 32.4 0.1 4114.201/<0.001 94.9 8.1 8375.835/<0.001
Ceftazidime 33.1 1.2 3218.329/<0.001 97.2 12.9 6228.28/<0.001
Cefoperazone-sulbactam 32.0 0.4 1091.887/<0.001 80.3 4.0 4153.369/<0.001
Cefuroxime 67.1 33 4112.58/<0.001 100.0 14.0 4586.576/<0.001
Piperacillin 83.6 13.3 3892.273/<0.001 100.0 32.7 2205.326/<0.001
Piperacillin-tazobactam 4238 24 4952.724/<0.001 100.0 5.3 10287.261/<0.001
Ampicillin-sulbactam 93.4 7.8 10255.975/<0.001 100.0 18.3 5302.347/<0.001
Ciprofloxacin 80.9 10.6 8268.659/<0.001 100.0 26.6 3582.077/<0.001
Levofloxacin 66.0 55 8818.765/<0.001 100.0 17.3 4746.894/<0.001
Trimethoprim-sulfamethoxazole 71.5 10.3 6337.225/<0.001 69.0 26.1 1356.307/<0.001
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