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tibility testing indicated that the resistance rate of CRE isolates to most of antimicrobial agents was 70%-100% except amikacin

(52.6%) and minocycline (37.0%). All isolates were resistant to ertapenem. The CRE isolates from adults were more resistant to

ciprofloxacin, cefoperazone-sulbactam, aminoglycosides and trimethoprim-sulfamethoxazole than those from children. Conclusions The

antibiotic resistance of CRE isolates is much higher. The disseminated CRE strains in a special region pose a serious threat to clinical

practice and imply the importance of strengthening infection control.
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infection control
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Table 1. Distribution of 670 carbapenem-resistant Enterobacteriaceae isolates in 14 hospitals
Species AHH BJH CQH GSH GZH HSH KMH PED PUH RJH SCH TJH XJH ZJH Total %

CRE isolates

Klebsielia spp. 14 18 14 12 170 8 7 16 7 6 8 15 135 430  64.2

E. coli 9 5 16 3 4 17 5 2 6 5 6 2 6 5 91 13.6

Enterobacter spp. 13 8 11 11 6 6 3 8 11 3 1 4 7 5 97 14.5

Citrobacter spp. 5 1 13 1 1 2 23 3.4

Serratia spp. 1 1 9 11 1.6

Others 2 2 1 7 1 5 18 2.7
Total 43 31 44 14 23 206 25 17 35 15 13 15 30 159 670 100
% 6.4 4.6 6.6 2.1 3.4 30.7 3.7 2.5 5.2 2.2 1.9 2.2 4.5 23.7 100

AHH = The First Affiliated Hospital of Anhui Medical University; BJH = Beijing Hospital of the Ministry of Health; CQH = The First
Affiliated Hospital of Chongging Medical University; GSH = The People’s Hospital of Gansu Province; GZH = The First Affiliated Hospital
of Guangzhou Medical College; HSH = Huashan Hospital of Fudan University; KMH = The First Affiliated Hospital of Kunming Medical U-
niversity; PED = Pediatric Hospital of Fudan University; PUH = Peking Union Medical College Hospital; RJH = Ruijin Hospital of Shang-
hai Jiaotong University; SCH = Shanghai Children’s Hospital; TJH = Tongji Hospital of Tongji Medical College of HUST; XJH = The First
Affiliated Hospital of Xinjiang Medical University; ZJH = The First Affiliated Hospital of Zhejiang University Medical College.

F2 ARFRE CRE & HkxT i R % FI 064 25 i ik 24 6 U & (0

Table 2. Susceptibility of carbapenem-resistant Enterobacteriaceae to antimicrobial agents ( %)

All strains  Klebsiella spp. E. coli Enterobacter spp. Serratia spp. Citrobacter spp.
Antibiotic (n=670) (n=430) (n=91) (n=97) (n=11) (n=23)

R S R S R S R S R S R S
Ampicillin 100 0 100 0 100 0 100 0 100 0 100 0
Piperacillin 100 0 100 0 100 0 100 0 100 0 100 0
Cefoperazone-sulbactam 84,7 3.5 90.0 2.8 72.2 8.3 70.6 3.5 55.6 0 100 0
Ampicillin-sulbactam 96.6 0.7 97.9 0.4 93,1 1.4 98.9 1.1 90.9 0 88.9 0
Piperacillin-tazobactam 91.8 2.5 94.5 0.9 86,9 1.2 93.5 2.2 90.9 9.1 82.6 4.3
Cefazolin 100 0 100 0 100 0 100 0 100 0 100 0
Cefuroxime 100 0 100 0 100 0 100 0 100 0 100 0
Ceftazidime 94,1 3.5 96.7 1.7 100 0 97.9 2.1 50.0 40.0 100 0
Cefotaxime 100 0 100 0 87.8 5.6 100 0 100 0 100 0
Cefepime 83.2 9.5 88.0 5.5 87.8 4.9 63.7 24.2 10.0 90.0 90. 9 4.5
Cefoxitin 91.1 2.1 88.3 3.3 94.1 0 100 0 90.0 0 100 0
Ertapenem 100 0 100 0 100 0 100 0 100 0 100 0
Imipenem 76.4 14.6 85.3 8.9 55.6 33.3 50.0 29.2 90.9 0 91.3 0
Meropenem 78.4 14.5 88,6 7.5 55.6 32.1 50.0 34.8 70.0 10.0 88.9 0
Amikacin 52.6 44.8 62.6 35.8 28.1 68.5 33.3 60.2 9.1 90.9 81.8 18.2
Gentamicin 76.7 19.4 79.8 17.2 77.0 te.1 62.1 31.6 12.5 87.5 95.7 4.3
Ciprofloxacin 79.4 13.3 83.5 9.8 88.6 5.7 57.3 28.1 0 100 100 0
Trimethoprim-sulfamethoxazole 72.1 24.3 70.0 26.8 91.9 8.1 67.9 24.7 0 90.9 95.5 0
Minocycline 37.0 42.9 31.9 47.2 36.4 45,5 48.0 32,0 44.4 33.3
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Table 3. Susceptibility of carbapenem-resistant Enterobacteriaceae isolates to antimicrobial agents from adults and children( %)

Isolates from adults (n=616) Isolates from children (n = 54)
Antibiotic - - - - - -
Resistant Intermediate Susceptible Resistant Intermediate Susceptible

Ampicillin 100 0 0 100 0 0
Piperacillin 100 0 0 100 0 0
Cefoperazone-sulbactam 86.4 10. 1 3.5 66.0 30.0 4.0
Ampicillin-sulbactam 97.0 2.5 0.5 93.6 4.3 2.1
Piperacillin-tazobactam 92.8 4.7 2.5 80. 4 17.6 2
Cefazolin 100 0 0 100 0 0
Cefuroxime 100 0 0 100 0 0
Ceftazidime 100 0 0 100 0 0
Cefotaxime 93.6 2.6 3.8 100 0 0
Cefepime 83.2 7.0 9.8 82.4 11.7 5.9
Cefoxitin 91.0 7.1 1.9 92,3 0 7.7
Ertapenem 100 0 0 100 0
Imipenem 77.3 8.8 13.9 66. 7 11.1 22,2
Meropenem 80.0 6.4 13.6 60. 8 13.7 25.5
Amikacin 54.5 2.5 43.0 30.2 3.8 66.0
Gentamicin 78.2 4.0 17.8 59.3 3.7 37.0
Ciprofloxacin 83.5 6.9 9.6 32.7 11.5 55.8
Trimethoprim-sulfamethoxazole 73.5 3.4 23,1 57.7 5.8 36.5
Minocycline 36.8 20.5 42,7
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Table 4. Resistance rates of carbapenem-resistant Enterobacteriaceae isolates in the 14 hospitals (%)

AHH BJH CQH GSH GZH HSH KMH PED PUH RJH SCH TJH XJH ZJH

Antibiotic (#3) (G G 14 Q3 (2060 (25 D (35 (15 (13 (15 (30 (159
Amikacin 58.1 9.7 40.9 35,7 38.9 81.1 24,0 5.9 25.7 20.0 53,8 26,7 60.9 48.4
Gentamicin 76.7 54.8 86.4 92,9 68.4 89.8 50.0 52.9 77.1 73.3 61.5 80.0 60.0 71.1
Ampicillin 100 100 100 100 100 100 100 100 100 100 100 100 100
Ampicillin-sulbactam 95.3 96.8 97.7 100 94.4 94.1 88.2 100 93.3 100 92.9 93.1 98,0
Piperacillin 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Piperacillin-tazobactam 90.5 96.8 100 100 100 100 16.0 94.1 100 85.7 100 73.3 60.0 94,9
Cefazolin 100 100 100 100 100 100 100 100 100 100 100 100 100
Cefuroxime 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Cefotaxime 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Ceftazidime 95.3 96.8 97.7 92.9 100 96.6 80.0 100 94.3 86.7 100 100 80.0 92.3
Cefepime 76.7 67.7 100 42.9 77.8 94.1 60.0 88.2 76.5 86.7 92.3 86.7 63.3 78.5
Cefoperazone-sulbactam 51.3 77.4 100 35.7 61.9 96.6 100 58.8 85.7 80.0 76.9 73.3 57.9 92.4
Cefoxitin 85.7 100 100 94. 4 100 97.1 93.3 86.3
Imipenem 67.4 61.3 50.0 0 65.0 86.4 100 58.8 57.1 26.7 46.2 60.0 83.3 94,3
Meropenem 56.8 61.3 45.5 0 95.7 87.3 100 52.9 54.3 93.3 38.5 93.3 73.3 97.4
Ertapenem 100 100 100 100 100 100 100 100 100 100
Ciprofloxacin 88.1 67.7 100 64.3 73.7 92.7 52,0 29.4 77.1 80.0 46.2 46,7 52.2 79.6
Trimethoprim-sulfamethoxazole 83,7 67.7 64.3 83.3 91.7 88.0 64.7 79.4 86.7 53.8 53.3 100 37.8
Minocycline 52.2 23.1 42,9

AHH = The First Affiliated Hospital of Anhui Medical University; BJH = Beijing Hospital of the Ministry of Health; CQH = The First
Affiliated Hospital of Chongging Medical University; GSH = The People’s Hospital of Gansu Province; GZH = The First Affiliated Hospital
of Guangzhou Medical College; HSH = Huashan Hospital of Fudan University; KMH = The First Affiliated Hospital of Kunming Medical U-
niversity; PED = Pediatric Hospital of Fudan University; PUH = Peking Union Medical College Hospital; RJH = Ruijin Hospital of Shang-
hai Jiaotong University; SCH = Shanghai Children's Hospital; TJH = Tongji Hospital of Tongji Medical College of HUST; XJH = The First
Affiliated Hospital of Xinjiang Medical University; ZJH = The First Affiliated Hospital of Zhejiang University Medical College.
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Table 5. Susceptibility of carbapenem-resistant Enterobacteriaceae isolates to antimicrobial agents based

on where the patients are treated(%)

Out-patient
ICU Neurosurgery General Medicine Cadre ward Geriatrics
and emergency
Antibiotic (n=241) ward(n = 69) surgery(n=>55) ward(n=47) (n=31> (n=126) (n=26)
R S R S R S R S R S R S R S
Ampicillin 100 0 100 0 100 0 100 0 100 0 100 0 100 0
Piperacillin 100 0 100 0 100 0 100 0 100 0 100 0 100 0
Cefoperazone-sulbactam 90.7 1. 89.6 0 80.0 4.4 72.2 8.3 75.9 3.4 100 0 92.0 0
Ampicillin-sulbactam 95.7 0. 95.8 0 97.2 0 97.7 0 1006 0 100 0 100 0
Piperacillin-tazobactam 96.6 0. 98.6 1.4 100 0 92.5 2.5 96.7 0 92.3 3.8 92.3 0
Cefazolin 100 0 100 0 100 0 100 0 100 0 100 0 100 0
Cefuroxime 100 0 100 0 100 0 100 0 100 0 100 0 100 0
Cefotaxime 100 0 100 0 100 100 0 100 0 100 0 100 0
Ceftazidime 92.9 4.2 94.1 4. 96.3 0 95.6 4. 96.7 3.3 96.0 4.0 96.2 0
Cefepime 82.8 9.7 92.6 4. 84,9 5.7 71.8 20.5 80.6 12.9 84.6 11.5 88.0 4.0
Cefoxitin 83.2 4.0 100 0 96.3 0 95.5 4.5 100 0 100 0 92.9 0
Ertapenem 100 0 100 0 100 0 100 0 100 0 100 0 100 0
Imipenem 90.0 5.4 87.0 10.1 54.5 27.3 57.8 26.7 45,2 29.0 92.3 3.8 80.0 16.0
Meropenem 91.4 4.3 84.1 13.0 61.8 29.1 55.6 31.1 41.4 37.9 95.7 O 84.0 12,0
Amikacin 60.9 37.0 72.5 26.1 53.7 44.4 29.5 68.2 36.7 60.0 62.5 33.3 42.3 57.7
Gentamicin 79.1 16.6 81.2 13.0 83.6 9.1 57.8 35.6 76.7 23.3 80.8 19.2 57.7 34.6
Ciprofloxacin 81.9 13.1 85.5 5.8 88.2 3.9 71.4 23.8 66.7 10.0 95.8 0 92.3 0
Trimethoprim-sulfamethoxazole 71.4 26.5 73.9 24.6 86.8 10.5 60.7 32.1 76.7 16.7 75.0 25.0  61.5 34,6
Minocycline 27.9 62.8 40.0 40.0 33.3 41.7 33.3 33.3 88.9 0
F 6 119 tk PDR B M AR E B 10 5 16
Table 6. Distribution of the 119 pan-drug resistant isolates in 14 hospitals
Species AHH BJH CQH GSH GZH HSH KMH PED PUH RJH SCH TJH XJH ZJH Total %
Klebsiella pneumoniae 3 1 95 99 83,2
E. coli 4 3 7 5.9
Enterobacter cloacae 1 1 0.8
Citrobacter freundii 1 10 1 9.2
Citrobacter diverse 1 1 0.8
Total 5 1 110 119 100
% 4.2 0.8 92, 4 2.5 100

AHH = The First Affiliated Hospital of Anhui Medical University; BJH = Beijing Hospital of the Ministry of Health; CQH = The First
Affiliated Hospital of Chongging Medical University; GSH = The People's Hospital of Gansu Province; GZH = The First Affiliated Hospital
of Guangzhou Medical College; HSH = Huashan Hospital of Fudan University; KMH = The First Affiliated Hospital of Kunming Medical

Universitys PED = Pediatric Hospital of Fudan University; PUH = Peking Union Medical College Hospital; RJH =

Ruijin Hospital of

Shanghai Jiaotong University; SCH = Shanghai Children’s Hospital; TIH = Tongji Hospital of Tongji Medical College of HUST; XJH =
The First Affiliated Hospital of Xinjiang Medical University; ZJH = The First Affiliated Hospital of Zhejiang University Medical College.
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Evaluation of clinical outcomes in patients with bloodstream infections due to

Gram-negative bacteria according to carbapenem MIC stratification
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