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[ Abstract] Objective To investigate the distribution of pathogenic bacteria in blood samples and changes in
their drug resistance in our hospital from 2016 to 2020, and to provide evidence for the diagnosis and treatment of clinical
bloodstream infections. Methods Bruker Corporation’s matrix-assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOF MS) was used for bacterial identification, VITEK 2 Compact was used for antimicrobial
susceptibility test, some of which was done with the Kirby-Bauer method, and the data was statistically analyzed with
WHONET 5.6 software. Results A total of 8 931 bacterial strains, including 4 502 (50.4%) Gram-positive bacteria and 4429
(49.6%) Gram-negative bacteria, were isolated from the blood samples between 2016 and 2020. Among the isolated
bacteria of the order Enterobacterales, Escherichia coli (1773, 19.9%) ranked first, followed by Klebsiella pneumoniae (1067,
11.9%). The non-fermenting bacteria identified were predominantly Acinetobacter baumannii (293, 3.3%) and
Pseudomonas aeruginosa (238, 2.7%). The top three Staphylococcus species were Staphylococcus epidermidis (970 strains,
10.9%), Staphylococcus hominis (713, 8.0%) and Staphylococcus aureus (541, 6.1%). Escherichia coli showed high in vitro
susceptibility to cefoperazone/sulbactam, amikacin, polymyxin B, tigecycline, and carbapenems, and the sensitivity rate
was consistently over 90%. The resistance rate to imipenem showed a trend of slow growth, and the resistance rate of
meropenem was 2.2% to 3.4%. Klebsiella pneumoniae showed higher in vitro resistance rate to common antibiotics than
that of Escherichia coli, with only the sensitivity rates to tigecycline and polymyxin B being higher than 90%, and the
resistance rate to imipenem and meropenem increasing year by year. The resistance rate of Pseudomonas aeruginosa to
imipenem decreased since 2017 (from 25.6% t018.6%), and the resistance rate of Acinetobacter baumannii to imipenem
and meropenem were 73.7%-91.3% and 73.0%-91.3%. Staphylococcus resistant to vancomycin or linezolid was not found.
Enterococci showed rather low resistance to vancomycin and linezolid. Conclusion  The distribution of common species
of pathogenic bacteria in clinical blood samples in our hospital did not show significant changes, but the problem of
multi-drug resistant bacteria is becoming increasingly more serious, especially so for carbapenem-resistant Klebsiella
pneumoniae.
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Table 1 The distribution of the top 10 strains of bacteria isolated from blood samples from 2016 to 2020

Rank 2016 (n=1471) 2017 (n=1780)

2018 (n=1849)

2019 (n=1912) 2020 (n=1962)

Escherichia coli
(328, 18.4%)
Klebsiella pneumoniae
(224, 12.6%)

1 Escherichia coli
(350, 23.8%)

2 Staphylococcus epidermidis
(172, 11.7%)

3 Klebsiella pneumoniae

(150, 10.2%) (173,9.7%)

4 Staphylococcus hominis
(117, 8.0%)

Staphylococcus hominis
(132, 7.4%)

Escherichia coli
(361, 19.5%)
Klebsiella pneumoniae
(242, 13.1%)

Staphylococcus epidermidis ~ Staphylococcus epidermidis
(198, 10.7%)

Staphylococcus hominis
(119, 6.4%)

Escherichia coli
(383, 19.5%)
Klebsiella pneumoniae
(243, 12.4%)

Escherichia coli
(370, 19.4%)
Staphylococcus epidermidis
(218, 11.4%)

Klebsiella pneumoniae
(212, 11.1%)

Staphylococcus epidermidis
(212, 10.8%)

Enterococcus faecium
(118, 6.2%)

Staphylococcus hominis
(136, 6.9%)

5 Staphylococcus aureus Staphylococcus aureus Staphylococcus aureu Staphylococcus aureus Staphylococcus aureus
(95, 6.5%) (114, 6.4%) (105, 5.7%) (117, 6.1%) (115, 5.9%)
6  Enterococcus faecium Enterococcus faecium Enterococcus faecium Staphylococcus hominis Enterococcus faecium
(87, 5.9%) (72, 4.0%) (94, 5.1%) (110, 5.8%) (81,4.1%)
7 Staphylococcus Pseudomonas aeruginosa Pseudomonas aeruginosa Acinetobacter baumannii Staphylococcus capitis
haemolyticus (60, 3.4%) (56, 3.0%) (63, 3.3%) (49, 2.5%)
(49, 3.3%)
8 Pseudomonas aeruginosa Acinetobacter baumannii  Acinetobacter baumannii Enterobacter cloacae Pseudomonas aeruginosa
(36, 2.4%) (59, 3.3%) (56, 3.0%) (63, 3.3%) (47,2.4%)
9 Acinetobacter baumannii Enterobacter cloacae Staphylococcus capitis ss. Enterococcus faecalis Staphylococcus
(35, 2.4%) (54, 3.0%) Ureolyticus (45, 2.4%) haemolyticus
(39,2.1%) (46, 2.3%)
10 Staphylococcus capitis Enterococcus faecalis Enterococcus faecalis Pseudomonas aeruginosa Enterococcus faecalis
(30, 2.0%) (39, 2.2%) (38,2.1%) (40, 2.1%) (45, 2.3%)
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Fig 1 The distribution of departments with more than 100 strains of
bacteria isolated from blood samples
ICU: Intensive care unit; TCM&WM: Department of integrated traditional

chinese and western medicine.
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Table 2 Antimicrobial susceptibility results of Escherichia coli from 2016 to 2020

2016 2017 2018 2019 2020

Drug

n R/% n R/% n R/% n R/% n R/%
Ampicillin 333 91.0 320 90.9 360 91.4 359 88.8 373 91.4
Piperacillin - - 297 82.7 360 82.8 359 78.8 363 81.5
Ciprofloxacin 333 58.9 320 63.0 360 61.0 359 56.5 365 63.6
Cefotaxime - - 297 56.3 360 60.1 359 54.4 365 60.3
Cefuroxime - - 297 56.3 360 60.1 328 54.4 365 60.7
Trimethoprim/Sulfamethoxazole 330 51.2 320 54.8 360 61.8 329 56.6 373 52.5
Levofloxacin 330 49.8 320 53.8 360 56.9 329 52.6 363 57.2
Ampicillin/Sulbactam - - 296 50.5 360 60.3 330 54.5 364 36.3
Gentamicin 333 41.7 320 42.2 360 42.7 329 35.0 373 32.0
Cefepime 333 16.8 320 17.8 360 21.0 330 13.6 265 15.8
Ceftazidime - - 287 24.7 360 26.0 330 294 365 26.9
Cefoxitin 319 18.8 234 11.8 - - - - - -
Cefoperazone/Sulbactam 152 8.6 210 8.1 239 6.7 317 4.7 308 5.2
Piperacillin/Tazobactam 332 6.6 320 17.0 346 19.3 327 13.8 363 14.4
Amikacin 333 33 292 4.4 346 4.5 329 52 373 53
Meropenem - - 295 2.2 360 34 360 2.5 364 2.7
Imipenem 329 0.9 292 2.1 360 3.4 360 24 365 2.7
Polymyxin B 131 0.0 192 0.0 238 0.0 294 0.0 282 0.0
Tigecycline 314 0.3 231 0.0 290 0.0 310 0.0 337 0.0

—: Undetected; R: Drug resistance rate.
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Table 3 Antimicrobial susceptibility results of Klebsiella pneumoniae from 2016 to 2020

2016 2017 2018 2019 2020

Drug

n R/% n R/% n R/% n R/% n R/%
Cefotaxime - - 123 52.8 189 43.4 154 46.1 215 52.1
Piperacillin - - 123 57.7 189 49.7 195 52.3 215 55.8
Ampicillin/Sulbactam - - 121 56.2 189 47.1 195 52.8 217 54.8
Cefuroxime - - 122 56.6 188 45.2 194 49.5 217 53.5
Ceftazidime 138 27.5 114 45.6 189 333 192 40.1 215 38.1
Ciprofloxacin 138 29.0 153 45.1 189 49.2 193 47.2 216 49.1
Trimethoprim/Sulfamethoxazole 135 222 153 41.8 188 35.1 188 33.0 210 33.8
Cefepime 138 14.5 154 33.1 187 27.8 191 33.5 217 355
Cefoxitin 133 18.8 32 18.8 - - - - - -
Levofloxacin 138 20.3 153 39.9 189 38.1 195 41.5 214 39.3
Gentamicin 138 15.2 152 27.6 189 30.2 195 35.9 215 34.4
Piperacillin/Tazobactam 135 17.0 154 41.6 185 34.6 191 44.0 215 41.9
Cefoperazone/Sulbactam 65 20.0 135 31.9 170 29.4 180 31.7 196 342
Meropenem - - 109 17.4 187 23.5 192 27.6 213 315
Imipenem 137 5.8 141 19.1 186 23.1 191 27.2 213 31.0
Ertapenem - - 149 25.5 186 24.7 190 28.4 200 27.5
Amikacin 138 2.9 151 15.2 187 18.7 192 18.2 215 22.3
Tigecycline 131 7.6 143 1.4 156 1.8 112 0.0 210 1.0
Polymyxin B 54 0.0 123 0.0 168 0.0 160 0.0 193 0.5

—: Undetected; R: Drug resistance rate.
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Table4 Antimicrobial susceptibility results of Pseudomonas aeruginosa from 2016 to 2020
2016 2017 2018 2019 2020
Drug
n R/% n R/% n R/% n R/% n R/%
Ticarcillin/Clavulanate - - 36 30.6 39 20.5 36 27.8 44 18.2
Imipenem 32 18.8 39 25.6 37 24.3 35 20.0 43 18.6
Aztreonam 32 219 39 28.2 39 10.3 36 13.9 44 6.8
Meropenem - - 33 18.2 36 16.7 36 19.4 43 18.6
Piperacillin - - 36 27.8 38 10.5 36 25.0 44 114
Ceftazidime - - 34 17.6 38 7.9 36 22.2 44 9.1
Levofloxacin 33 30.3 39 17.9 39 7.7 36 16.7 44 6.8
Cefoperazone/Sulbactam 20 25.0 38 18.4 36 2.8 36 8.3 41 4.9
Piperacillin/Tazobactam 33 12.1 41 22.0 38 15.8 36 19.4 44 18.2
Ciprofloxacin 33 30.3 40 20.0 39 2.6 36 19.4 44 4.5
Cefepime 34 20.6 41 22.0 39 5.1 36 11.1 44 2.3
Gentamicin 33 15.2 41 7.3 39 2.6 36 11.1 44 2.3
Amikacin 34 11.8 40 7.5 39 2.6 36 2.8 44 2.3
Polymyxin B 17 0.0 32 0.0 34 0.0 32 0.0 36 0.0
—: Undetected; R: Drug resistance rate.
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Table 5 Antimicrobial susceptibility results of Acinetobacter baumannii from 2016 to 2020
2016 2017 2018 2019 2020
Drug
n R/% n R/% n R/% n R/% n R/%
Piperacillin - - 38 88.0 38 76.3 52 86.5 23 95.7
Piperacillin/Tazobactam 27 83.6 50 86.8 38 76.3 52 84.6 23 91.3
Meropenem - - 57 86.5 37 73.0 52 84.6 23 91.3
Ciprofloxacin 28 88.2 50 88.0 39 74.4 52 84.6 23 95.7
Imipenem 28 88.2 50 86.0 38 73.7 52 84.6 23 91.3
Ceftazidime - - 35 85.7 38 73.7 52 86.5 23 91.3
Gentamicin 28 75.0 50 84.0 39 71.8 52 80.8 23 82.6
Cefepime 28 88.2 50 88.0 39 74.4 52 84.6 23 91.3
Ampicillin/Sulbactam - - 37 81.1 38 71.1 52 73.1 23 82.6
Levofloxacin 28 41.2 46 80.4 39 74.4 51 80.4 23 91.3
Trimethoprim/Sulfamethoxazole 23 61.9 38 76.3 32 62.5 45 66.7 18 722
Amikacin 27 14.0 42 55.6 38 40.7 49 57.1 22 46.2
Cefoperazone/Sulbactam 21 49.0 47 17.0 36 27.8 50 22.0 23 21.7
Tigecycline 25 0.0 48 4.2 38 7.9 52 1.9 23 0.0
Polymyxin B 28 0.0 43 0.0 35 0.0 50 0.0 23 0.0

3

—: Undetected; R: Drug resistance rate.
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Table 6 Antimicrobial susceptibility results of coagulase-negative Staphylococcus from 2016 to 2020
2016 2017 2018 2019 2020
Drug
n R/% n R/% n R/% n R/% n R/%
Penicillin G 302 83.1 276 80.8 323 78.3 377 77.7 408 74.0
Oxacillin 300 83.7 276 80.8 324 78.1 378 78.0 407 74.2
Gentamicin 302 21.5 279 18.3 326 18.1 379 16.9 408 12.3
Rifampicin 301 19.6 278 16.5 325 13.2 379 14.2 407 10.6
Levofloxacin 302 56.0 279 54.8 325 53.2 379 57.5 406 52.5
Trimethoprim/Sulfamethoxazole 220 52.7 279 50.5 325 489 379 49.1 407 425
Clindamycin 301 38.9 277 36.5 324 39.8 377 37.4 408 30.9
Erythromycin 302 85.1 278 80.6 326 81.0 379 81.5 408 78.2
Linezolid 297 0 274 0.0 327 0 376 0.0 409 0.0
Vancomycin 301 0 273 0.0 319 0.0 379 0.0 408 0.0
R: Drug resistance rate.
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Table 7 Antimicrobial susceptibility results of Staphylococcus aureus from 2016 to 2020
2016 2017 2018 2019 2020
Drug
n R/% n R/% n R/% n R/% n R/%
Penicillin G 91 91.2 79 89.9 78 89.7 101 93.1 103 89.3
Oxacillin 90 26.7 78 24.4 78 20.5 103 33.0 105 36.2
Gentamicin 91 17.6 79 15.2 78 15.4 103 10.7 104 16.3
Rifampicin 91 5.5 78 5.1 80 2.5 103 4.9 104 7.7
Levofloxacin 91 19.8 79 13.9 80 13.8 103 16.5 104 17.3
Trimethoprim/Sulfamethoxazole 87 16.1 78 21.8 80 21.2 103 9.7 105 16.2
Clindamycin 91 36.3 78 34.6 80 36.2 103 29.1 104 45.2
Erythromycin 90 58.9 79 49.4 80 51.2 103 50.5 104 64.4
Linezolid 91 0.0 79 0.0 80 0.0 103 0.0 105 0.0
Vancomycin 91 0.0 78 0.0 79 0.0 103 0.0 104 0.0
R: Drug resistance rate.
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Table 8 Antimicrobial susceptibility results of Enterococcus faecium from 2016 to 2020
2016 2017 2018 2019 2020
Drug
n R/% n R/% n R/% n R/% n R/%
Ampicillin 82 91.5 44 90.9 78 93.6 104 89.4 94.7 0.0
High concentration of gentamicin 82 0.0 44 0.0 78 0.0 102 0.0 0 0.0
High concentration of streptomycin 82 0.0 44 0.0 78 0.0 103 0.0 0 0.0
Ciprofloxacin 82 92.7 44 90.9 52 92.3 104 85.6 93.3 2.7
Levofloxacin 82 91.5 44 90.9 52 88.5 104 82.7 93.3 1.3
Linezolid 79 0.0 44 0.0 77 1.3 103 0.0 75 1.3
Vancomycin 82 3.7 43 7.0 77 2.6 104 1.0 75 0.0

R: Drug resistance rate.
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Fig 2 The isolation of main multi-drug resistant bacteria from 2016 to
2020
MRSA: Methicillin resistant Staphylococcus aureus; VRE: Vancomycin-
resistant Enterococcus; CREC: Carbapenem-resistant Escherichia coli; CRAB:
Carbapenem-resistant Acinetobacter baumannii; CRKP: Carbapenem-resistant

Klebsiella pneumoniae; CRPA: Carbapenem-resistant Pseudomonas aeruginosa.
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