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[ Abstract] Objective To investigate the characteristics of the pathogens isolated from the specimens of tumor
patients and detection rates of multidrug-resistant bacteria in a hospital in the past five years, so as to provide references
for infection prevention and control. Methods The results of pathogenic culture and in vitro susceptibility of the strains
isolated from the specimens collected between January 2019 and December 2023 from tumor patients were retrospectively
collected, and the trends of the data were analyzed and summarized. Results A total of 16393 strains were isolated from
80386 specimens, producing a detection rate of 20.4%. After excluding the duplicate strains isolated from the same
patients, Escherichia coli (14.5%), Klebsiella pneumoniae (13.2%), Staphylococcus aureus (9.4%), Acinetobacter baumannii
complex (9.3%), and Pseudomonas aeruginosa (7.7%) predominated the 7951 (81.1%) bacterial strains. Among the 1857
(18.9%) fungal strains, Candida albicans (56.5%), Candida tropicalis (9.0%), and Candida parapsilosis (8.0%) were the
most common ones. The specimen sources differed among the prevalent species, and the species distribution varied
among specimens from different types of tumors (P<0.05). The detection rates of carbapenem-resistant Escherichia coli
and Klebsiella pneumoniae were 2.5% (29/1152) and 12.3% (129/1050), respectively. The detection rate of methicillin-
resistant Staphylococcus aureus was 22.0% (165/749), maintaining an upward trend in the last four years (P<0.01). The
detection rates of carbapenem-resistant Acinetobacter baumannii and Pseudomonas aeruginosa were 40.3% (298/739) and
8.8% (54/612), respectively. Conclusion Gram-negative bacteria were the prevalent pathogens of tumor patients. The
detection rate of multidrug-resistant bacteria was relatively high, and the detection rate of methicillin-resistant
Staphylococcus aureus showed an upward trend.
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Table 1 The distribution of prevalent species of the strains isolated from tumor patients in 2019 to 2023

2019 (n=1652) 2020 (n=1544)

2021 (n=2028) 2022 (n=2614) 2023 (n=1970) Total (n=9 808)

Organisms

e % e % mme % idme % dame % e %
Bacteria 1277 77.3 1255 81.3 1605 79.1 2102 80.4 1712 86.9 7951 81.1
Escherichia coli 211 16.5 198 15.8 236 14.7 271 12.9 236 13.8 1152 14.5
Klebsiella pneumoniae 177 13.9 152 12.1 201 12.5 288 13.7 232 13.6 1050 13.2
Staphylococcus aureus 125 9.8 109 8.7 153 9.5 196 9.3 166 9.7 749 9.4
Acinetobacter baumannii complex 89 7.0 110 8.8 158 9.8 193 9.2 189 11.0 739 9.3
Pseudomonas aeruginosa 106 8.3 103 8.2 111 6.9 144 6.9 148 8.6 612 7.7
Enterobacter cloacae complex 59 4.6 56 45 77 4.8 94 4.5 77 4.5 363 4.6
Enterococcus faecium 46 3.6 39 3.1 53 3.3 77 3.7 63 3.7 278 3.5
Staphylococcus epidermidis 36 2.8 38 3.0 59 3.7 74 3.5 49 2.9 256 3.2
Hemophilus influenzae 57 4.5 30 2.4 54 3.4 64 3.0 40 2.3 245 3.1
Enterococcus faecalis 31 24 31 2.5 34 21 79 3.8 68 4.0 243 31
Fungi 375 22.7 289 18.7 423 20.9 512 19.6 258 13.1 1857 18.9
Candida albicans 194 51.7 171 59.2 256 60.5 289 56.4 140 54.3 1050 56.5
Candida tropicalis 35 9.3 32 11.1 28 6.6 51 10.0 21 8.1 167 9.0
Candida parapsilosis 28 7.5 27 9.3 42 9.9 36 7.0 16 6.2 149 8.0

WENLTR, 2R AR, 22 A geit
23 X ('=2507.564, P< 0.001) o AS[a] Fiivsga ke V5 43285 1R ik

MDA, 2R A5 IT%E X (=1851.041,
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Fig 1 Specimen sources of the prevalent species isolated from tumor
patients in 2019 to 2023
XZ:Z 507.564, P<0.001. Others: other types of specimens.
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Table 2 Species distribution of the strains isolated from specimens of different types of tumors in 2019 to 2023

Lung Colorectal Liver Esophageal I's];;?;;y Gastric Oral Breast Pancreatic Nasopharyngeal
cancer cancer cancer cancer cancer cancer cancer cancer cancer cancer
Organisms (n=1806)  (n=1073)  (n=1071)  (n=924) (‘T (n=735) (n=546) (n=467) (n=411) (n=307)
Types of , Types of % Types of % Types of % Types of % Types of % Types of % Types of % Types of , Types of %
isolates isolates isolates isolates isolates isolates isolates isolates isolates isolates

Escherichia coli 262 145 147 137 136 12.7 149 16.1 112 128 86 11.7 55 10.1 23 49 57 139 34 11.1

Klebsiella 206 114 150 14.0 160 149 112 121 107 123 76 103 49 9.0 13 28 52 127 28 9.1
pneumoniae

Candida albicans 178 99 72 67 105 98 98 106 99 113 48 65 166 304 32 69 24 58 24 7.8

Enterobacter cloacae 154 85 34 32 41 38 40 43 17 19 18 24 3 05 7 15 17 41 15 4.9
complex

Staphylococcus 122 6.8 90 8.4 68 6.3 67 73 55 6.3 46 6.3 35 64 111 238 28 6.8 64 20.8
aureus

Pseudomonas 117 6.5 76 7.1 81 7.6 90 9.7 52 6.0 46 6.3 26 4.8 15 32 31 75 16 52
aeruginosa

Stenotrophomonas 50 28 22 21 20 19 45 49 15 17 14 19 31 57 5 11 7 1.7 9 2.9
maltophilia

Enterococcus 29 16 64 60 36 34 11 12 51 58 16 22 6 11 4 09 25 6.1 2 0.7
faecium

Staphylococcus 24 13 26 24 40 37 15 16 24 27 13 1.8 14 26 50 107 10 2.4 9 2.9
epidermidis

Acinetobacter 4 02 5 0.5 10 0.9 0 0 11 1.3 160 21.8 35 6.4 29 6.2 0 0 4 1.3
baumannii

complex
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Table 3 Resistance and susceptibility rates of 1152 Escherichia coli isolates to antimicrobial agents in 2019 to 2023

2019 2020 2021 2022 2023 )
Antimicrobial agents X/P
R/% SI% R/% SI% R/% SI% R/% SI% R/% SI%

Amikacin 2.5 97.5 1.6 98.4 34 96.6 2.2 97.8 0.9 99.1 3.454/0.485
Gentamicin 34.5 63.5 42.9 56.6 32.9 66.7 29.8 69.8 34.7 65.3 15.144/0.056
Imipenem 2.5 97.5 22 97.8 3.4 96.6 22 97.8 1.4 98.6 1.951/0.745
Meropenem 2.5 97.5 2.2 97.8 34 96.6 2.2 97.3 1.4 98.6 5.466/0.707
Ertapenem 2.5 97.5 2.2 97.8 3.9 96.1 2.7 97.3 1.4 98.6 2.703/0.609
Cefazolin 55.5 44.5 57.1 429 54.5 45.5 61.6 38.4 79.1 20.9 30.984/0.000
Cefuroxime 55.0 40.0 57.5 38.7 51.2 43.4 52.0 42.7 60.7 36.9 7.137/0.522
Ceftazidime 28.5 69.0 22.1 76.8 22.7 76.3 21.8 77.3 27.6 69.7 9.133/0.331
Cefotaxime 51.0 47.6 55.2 43.6 51.2 48.8 49.3 49.8 57.7 41.8 6.991/0.538
Cefepime 27.0 71.5 26.8 72.0 26.5 72.5 28.0 70.1 33.6 63.7 15.736/0.046
Piperacillin 79.0 18.0 82.3 17.7 83.4 16.1 79.9 19.2 84.4 15.1 13.154/0.107
Ampicillin 82.5 17.0 83.5 14.8 84.5 13.5 82.2 17.8 84.9 14.2 7.478/0.486
Cefoperazone-Sulbactam 5.6 88.3 4.4 86.8 6.2 80.7 4.8 80.1 6.9 67.4 35.933/0.000
Piperacillin-Tazobactam 17.7 81.8 11.2 86.6 18.4 79.6 10.8 86.5 12.5 84.0 13.108/0.108
Ampicillin-Sulbactam 57.3 42.7 47.8 52.2 48.8 51.2 42.0 57.1 459 51.4 25.436/0.001
Ciprofloxacin 61.5 24.5 65.4 29.1 65.2 29.5 60.4 324 69.2 28.0 25.100/0.001
Levofloxacin 56.5 17.0 64.1 16.6 58.0 30.0 54.7 36.9 63.0 329 76.304/0.000
Trimethoprim-Sulfamethoxazole 48.7 51.3 58.8 412 57.0 43.0 47.3 52.7 53.2 46.8 8.119/0.087
Nitrofurantoin 32 89.8 0 91.9 0 91.7 1.1 97.7 0.8 96.1 14.505/0.070

R: resistant; S: susceptible.
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Table 4 Resistance and susceptibility rates of 1050 Klebsiella pneumoniae isolates to antimicrobial agents in 2019 to 2023

2019 2020 2021 2022 2023 N

Antimicrobial agents R%  S/% R%  S/%  R%  S/%  R%  S%  R%  S/% x7P
Amikacin 6.4 93.6 8.1 91.9 12.6 87.4 8.0 92.0 12.5 87.0 10.644/0.223
Gentamicin 19.8 79.1 16.2 83.8 19.7 79.2 11.9 86.4 18.5 81.5 11.857/0.158
Imipenem 9.9 90.1 10.8 89.2 14.2 85.8 9.2 90.8 14.9 85.1 5.140/0.273
Meropenem 9.9 90.1 10.8 89.2 14.2 85.8 9.2 90.8 15.4 84.6 10.011/0.265
Ertapenem 9.5 90.5 11.0 89.0 14.8 85.2 10.1 89.9 15.4 84.6 5.056/0.282
Cefazolin 90.2 9.8 29.1 70.9 31.2 68.8 43.7 56.3 81.3 18.7 118.446/0.000
Cefuroxime 30.6 67.6 28.4 67.6 29.9 68.5 274 68.4 29.8 69.2 7.532/0.363
Ceftazidime 15.1 83.1 16.2 83.1 23.1 76.9 17.4 81.7 20.1 77.5 10.800/0.117
Cefotaxime 22.8 74.3 235 75.0 27.2 72.1 21.2 78.1 25.0 72.8 4.708/0.788
Cefepime 22.7 76.2 19.2 80.2 23.8 74.4 19.2 79.7 21.5 77.3 2.918/0.939
Piperacillin 45.0 45.0 44.6 345 43.5 44.0 42.6 39.7 40.7 43.1 11.561/0.172
Cefoperazone-Sulbactam 11.2 85.3 10.6 88.2 14.7 80.0 9.4 80.6 13.6 84.0 21.691/0.006
Piperacillin-Tazobactam 18.8 74.1 16.2 79.1 23.0 73.2 17.7 77.2 20.1 78.4 10.212/0.250
Ampicillin-Sulbactam 34.3 65.7 28.4 71.6 30.6 68.9 28.6 70.2 27.5 71.0 7.086/0.527
Ciprofloxacin 257 62.6 25.7 69.6 29.3 68.5 239 72.3 28.8 68.8 25.687/0.001
Levofloxacin 20.3 68.0 18.9 68.2 21.7 71.2 16.4 74.4 22.1 69.2 6.990/0.538
Trimethoprim-Sulfamethoxazole 19.4 80.6 15.9 84.1 25.7 74.3 19.7 80.3 233 76.7 5.863/0.210

R: resistant; S: susceptible.
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Table 5 Resistance and susceptibility rates of 749 Staphylococcus aureus isolates to antimicrobial agents in 2019 to 2023

2019 2020 2021 2022 2023 )
Antimicrobial agents X/P
R/% S/% R/% SI% R/% SI% R/% SI% R/% SI%

Penicillin G 91.7 83 91.3 8.7 93.0 7.0 93.2 6.8 96.1 39  3.187/0.527
Oxacillin 21.5 78.5 17.5 82.5 20.2 79.8 24.9 75.1 32.7 67.3 10.385/0.034
Gentamicin 6.6 90.1 10.7 86.4 9.4 84.4 7.3 88.1 3.8 93.6 8.811/0.359
Clindamycin 30.6 69.4 27.2 71.8 33.9 65.4 25.6 733 25.2 748  6.604/0.580
Erythromycin 52.9 45.5 48.5 49.5 53.1 46.1 52.5 45.2 439 56.1 8.471/0.389
Vancomycin 0 100 0 100 0 100 0 100 0 100 -
Linezolid 0 100 0 100 0 100 0 100 0 100 -
Tigecycline 0 100 0 100 0 100 0 100 0 100 -
Rifampin 0 100 0 100 0 99.2 0 98.9 0.6 99.4 7.348/0.500
Levofloxacin 11.6 88.4 10.7 88.3 20.2 78.3 12.4 87.6 16.7 82.7  11.020/0.201
Trimethoprim-Sulfamethoxazole 10.7 89.3 15.5 84.5 16.3 83.7 16.3 83.7 12.2 87.8 2.943/0.567

—: not applicable; R: resistant; S: susceptible.
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Table 6 Resistance and susceptibility rates of 739 Acinetobacter baumannii complex isolates to antimicrobial agents in 2019 to 2023

2019 2020 2021 2022 2023 )
Antimicrobial agents X/P
R/% S/% R/% S/% R/% SI% R/% SI% R/% SI%

Amikacin 34.5 61.9 38.1 61.9 37.7 62.3 32.5 67.5 34.7 65.3 22.287/0.004
Gentamicin 39.3 60.7 41.5 58.5 43.5 55.8 33.1 66.9 37.3 62.7 8.037/0.430
Imipenem 41.2 58.8 434 56.6 43.5 55.8 36.1 63.9 38.5 61.5 6.486/0.593
Meropenem 41.2 58.8 43.4 56.6 43.9 56.1 36.1 63.9 38.5 61.5 2.662/0.616
Ceftazidime 40.5 53.6 41.5 50.0 42.8 50.7 36.7 60.9 38.7 58.9 11.748/0.163
Cefepime 42.4 57.6 44.3 54.7 44.2 52.9 36.7 63.3 37.9 62.1 15.589/0.049
Piperacillin 41.2 56.5 43.4 43.4 43.2 50.4 36.7 58.6 42.0 55.6 20.796/0.008
Cefoperazone-Sulbactam 11.6 48.7 21.7 50.0 25.2 57.0 28.6 61.3 39.2 59.6 92.788/0.000
Piperacillin-Tazobactam 41.2 57.6 46.2 51.0 45.2 51.1 38.1 58.9 44.0 56.0 9.031/0.340
Ampicillin-Sulbactam 42.4 54.1 48.1 48.1 45.9 50.4 40.5 52.4 44.8 51.6 6.380/0.605
Ciprofloxacin 42.4 57.6 434 55.7 43.5 55.8 36.7 63.3 39.5 59.9 4.282/0.831
Levofloxacin 41.2 57.6 44.3 55.7 43.5 55.8 35.7 63.7 37.9 61.5 4.300/0.829
Minocycline 18.9 56.6 20.0 51.4 19.0 429 9.0 51.7 16.1 43.7 9.705/0.286
Trimethoprim-Sulfamethoxazole 28.2 71.8 337 66.3 29.1 70.9 27.5 725 28.1 719 1.253/0.869
Polymyxin B 0 100 1.5 88.5 0 100 0 100 0 100 3.614/0.461
Tigecycline 1.2 91.8 1.9 95.2 1.4 97.1 0.6 98.8 0 99.4 19.194/0.014

R: resistant; S: susceptible.
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Table 7 Resistance and susceptibility rates of 612 Pseudomonas aeruginosa isolates to antimicrobial agents in 2019 to 2023
2019 2020 2021 2022 2023 )
Antimicrobial agents X/P
R/% S/% R/% S/% R/% S/% R/% S/% R/% SI%

Amikacin 1.0 98.0 1.1 98.9 1.1 97.8 0 100 0.8 99.2 4.754/0.784
Gentamicin 1.0 98.0 1.1 96.7 1.1 96.7 0 98.3 0.8 98.4 2.410/0.966
Imipenem 7.8 90.2 7.7 91.2 10.0 88.9 11.0 87.3 7.6 92.4 3.497/0.899
Meropenem 7.0 89.0 32 93.5 8.9 91.1 9.3 87.3 7.0 93.0 10.905/0.207
Ceftazidime 11.9 80.2 4.4 94.4 11.0 87.9 8.5 89.8 6.7 91.7 18.407/0.018
Cefepime 12.9 87.1 7.6 89.1 12.1 79.1 8.5 89.8 7.3 90.2 17.675/0.024
Piperacillin 13.9 80.2 12.1 82.4 15.4 79.1 14.4 79.7 9.8 88.6 5.928/0.655
Cefoperazone-Sulbactam 14.9 70.3 15.2 73.9 13.3 75.6 13.4 71.4 11.6 67.9 5.425/0.711
Piperacillin-Tazobactam 5.1 88.9 8.8 87.9 10.0 85.6 10.3 87.1 8.8 91.2 9.110/0.333
Ciprofloxacin 8.0 89.0 7.6 88.0 8.8 87.9 59 88.1 1.7 90.8 9.039/0.339
Levofloxacin 13.1 81.8 11.2 83.1 13.2 80.2 16.7 78.9 13.8 81.3 1.828/0.986
Polymyxin B 0 100 0 100 0 100 0 100 14.3 85.7 18.422/0.001

R: resistant; S: susceptible.
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Fig 2 Detection rates of multidrug-resistant bacteria isolated from the

specimens of tumor patients in 2019 to 2023

CRAB: carbapenem-resistant Acinetobacter baumannii (X2:2~613>
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P=0.282); CRPA: carbapenem—resistant Pseudomonas aeruginosa ()(2=1.467,
P=0.832); CREC: carbapenem-resistant Escherichia coli (X2:2‘703’ P=0.609).
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