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Abstract: Objective To investigate the distribution and antibiotic resistance profile of clinical Enterobacter isolates using the
data from CHINET during the period from 2005 through 2014. Methods A total of 20 558 clinical strains of Enterobacter
spp. were collected from 2005 to 2014 in CHINET Antimicrobial Resistance Surveillance Program. Antimicrobial susceptibility
testing was performed with Kirby-Bauer or minimum inhibitory concentration method. The results were analyzed according to
CLSI 2014 breakpoints. Results Enterobacter cloacae and Enterobacter aerogenes accounted for 71.1% (14 617/20 558) and
20.1% (4 129/20 558) of all the Enterobacter isolates, respectively. The proportion of Enterobacter spp. increased with time from
3.5% in 2005 to 4.3% in 2014. The main source of the isolates was respiratory tract, accounting for 55.2% (11 358/20 558). More than
90% of the Enterobacter isolates were resistant to cefazolin and cefoxitin, but less than 30% of the strains were resistant to cefepime,
piperacillin-tazobactam, cefoperazone-sulbactam, amikacin, gentamicin, ciprofloxacin, meropenem, imipenem and ertapenem.
The Enterobacter isolates showed a trend of declining resistance to most antibiotics except ertapenem and meropenem. The resistance
profile of Enterobacter isolates varied with departments where they were isolated. The strains from ICU and Department of Surgery
were relatively more resistant to antibiotics. The prevalence of multi-drug resistant (MDR) strains was decreasing, but the prevalence
of carbapenem-resistant Enterobacter (CRE, resistant to any of imipenem, meropenem or ertapenem) was increasing. The MDR
and CRE strains were primarily isolated from ICU and Department of Surgery. At least 30% of the MDR Enterobacter strains were
resistant to any of the antimicrobial agents tested except meropenem, imipenem and ertapenem and at least 35% of the CRE strains
were resistant to any of the antimicrobial agents tested except amikacin and ciprofloxacin. Conclusions The Enterobacter isolates
in CHINET Antimicrobial Resistance Surveillance Program showed decreasing resistance to most of the antimicrobial agents tested
since 2011, but the prevalence of CRE strains increased progressively. Effective measures should be carried out to prevent the spread
of CRE strains in hospitals.
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Table 1  Proportion of Enterobacter spp. among all clinical

isolates from

2005 to 2014

Year Number of Enterobacter isolate  Total isolates

%

2005 798
2006 1026
2007 1231
2008 1 464
2009 1 684
2010 1961
2011 2296
2012 2 864
2013 3816
2014 3418
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Table 2 Specimen distribution of Enterobacter isolates from
2005 to 2014

[n (%) ]

E. cloacae E. aerogenes Total

Specimen source 14610 711y 4129(20.1) 20 558 (100)

Respiratory tract 8564 (58.6) 2475(59.9) 11358(55.2)
Urine 1792 (12.2) 648 (15.7) 2502 (12.2)
Wound 206 (1.4) 29 (0.7) 242 (1.2)
Blood 1097 (7.5) 265 (6.4) 1385 (6.7)
Sterile body fluids 566 (3.9) 172 (4.2) 762 (3.7)
Cerebrospinal fluid 89 (0.6) 21(0.5) 116 (0.6)
Others 2303 (15.8) 519 (12.6) 4193 (20.4)
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Table 3 Susceptibility of Enterobacter strains to antimicrobial agents from 2005 to 2014
(%)
Enterobacter spp E. cloacae E. aerogenes
Antimicrobial agent (n=20 558) (n=140617) (n=4129)

R S R S R S
Piperacillin 44.1 49.7 45.5 49.3 40.3 49.7
Cefazolin 95.6 1.7 97.2 1.3 90.9 2.5
Cefuroxime 54.8 38.0 54.7 37.4 55.7 39.8
Cefotaxime 49.8 42.4 50.8 41.4 473 44.6
Ceftazidime 36.1 58.7 36.9 58.4 34.4 58.6
Cefepime 18.9 66.9 19.4 64.9 17.4 73.2
Cefoxitin 92.2 6.1 94.7 44 84.7 10.3
Piperacillin-tazobactam 14.6 72.8 14.9 73.8 14.0 67.8
Cefoperazone-sulbactam 10.8 74.5 11.3 73.9 9.3 76.0
Imipenem 4.9 82.7 4.4 83.9 6.5 78.4
Meropenem 4.0 93.3 3.7 93.4 4.7 93.1
Ertapenem 8.7 83.1 9.0 82.2 7.8 86.0
Gentamicin 20.3 76.7 22.4 73.9 13.0 85.9
Amikacin 8.5 87.6 9.5 86.1 5.2 92.5
Ciprofloxacin 16.3 77.7 17.7 76.7 11.7 80.8
Trimethoprim-sulfamethoxazole 30.5 67.0 329 64.7 222 74.6
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Table 4 Susceptibility of Enterobacter strains to antimicrobial agents during the periods 2005-2008, 2009-2011 and 2011-2014

(%)

Antimicrobial agent

2005-2008 (n=4 472)

2009-2011 (n=5915)

2012-2014 (n=10 171)

R S R S R S
Piperacillin 49.9 44.1 46.2 48.4 38.4 54.7
Cefazolin 96.0 2.1 96.1 1.9 95.0 1.4
Cefoxitin 55.6 383 55.5 38.2 53.5 37.6
Cefotaxime 53.8 38.2 51.2 40.7 453 47.4
Ceftazidime 39.9 53.4 37.8 56.2 32.8 63.2
Cefepime 23.4 58.1 23.0 58.6 14.5 75.4
Cefoxitin 92.2 6.3 93.0 5.5 91.6 6.4
Piperacillin-tazobactam 20.7 66.1 17.1 71.0 10.4 76.9
Cefoperazone-sulbactam 11.2 73.0 12.3 72.6 9.6 76.7
Imipenem 6.8 69.7 4.7 80.8 4.1 89.8
Meropenem 2.8 93.8 4.2 91.7 4.5 943
Ertapenem 5.5 79.3 8.7 78.2 8.9 86.3
Gentamicin 28.8 68.3 23.8 72.3 14.5 82.9
Amikacin 15.0 78.6 10.4 84.6 4.4 93.4
Ciprofloxacin 233 69.5 18.6 74.9 11.9 82.9
Trimethoprim-sulfamethoxazole 37.4 60.7 36.9 57.0 23.6 75.7
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Table 5 Susceptibility of Enterobacter strains to antimicrobial agents in different departments

(%)

Antimicrobial agent

Outpatient (n=991)

ICU (n=2 072)

Medicine (n=7 128)

Surgery (n=5 671)

Pediatrics (n=1 287)

R S R S R S R S R S
Piperacillin 37.7 56.2 52.7 40.4 38.2 55.5 51.4 42.8 37.2 58.3
Cefazolin 92.6 3.2 96.9 1.1 94.8 22 97.0 1.0 94.9 22
Cefoxitin 51.3 43.1 65.3 28.1 48.1 44.1 63.1 30.1 47.8 43.2
Cefotaxime 42.7 50.7 59.5 34.6 44.0 47.4 58.2 34.5 40.2 53.1
Ceftazidime 30.8 63.7 46.7 47.8 30.6 64.0 42.0 52.9 29.2 66.8
Cefepime 16.2 70.2 24.9 60.8 15.7 70.0 23.0 61.5 14.1 74.8
Cefoxitin 90.2 8.1 94.3 4.0 91.1 6.9 93.0 5.3 89.4 8.0
Piperacillin-tazobactam 13.9 73.0 19.6 64.8 11.7 77.1 18.0 68.8 11.4 77.7
Cefoperazone-sulbactam 9.0 75.9 18.0 62.4 7.9 79.7 13.5 70.1 7.4 80.0
Imipenem 4.5 84.5 7.5 80.6 4.2 82.9 5.0 83.1 4.1 83.3
Meropenem 33 94.4 7.2 89.5 2.8 94.6 43 92.7 2.9 96.0
Ertapenem 7.6 84.3 12.6 77.7 7.1 85.3 9.2 81.0 5.6 89.2
Gentamicin 15.7 82.3 26.9 69.3 16.1 80.7 26.8 70.3 14.2 83.9
Amikacin 7.4 89.6 11.9 84.1 6.3 89.6 12.1 83.7 3.5 93.1
Ciprofloxacin 15.4 77.1 21.6 73.8 14.7 79.3 20.8 73.3 34 93.8
Trimethoprim-sulfamethoxazole  28.9 68.9 34.4 63.5 28.4 69.2 34.6 63.4 21.9 77.3
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Table 6 Susceptibility of Enterobacter strains to antimicrobial agents in patients of different age groups

(%)
Pediatric patients Adults
Antimicrobial agent <18 years (n=4 907) 18-40 years (n=2 514) 41-59 years (n=4 589) =60 years (n=8 548)
R S R S R S R S
Piperacillin 39.0 55.2 45.7 47.4 48.9 45.7 44.7 48.7
Cefazolin 95.0 2.1 96.0 1.7 96.5 1.3 95.5 1.8
Cefoxitin 47.3 44.5 58.4 342 59.6 33.6 56.7 36.7
Cefotaxime 44.1 47.0 51.7 41.0 54.1 38.8 51.2 41.4
Ceftazidime 31.1 63.8 36.9 57.8 39.9 55.1 36.9 57.6
Cefepime 17.0 67.8 21.3 65.1 22.1 64.3 17.5 68.3
Cefoxitin 91.5 6.9 93.1 5.1 93.0 5.2 91.8 6.4
Piperacillin-tazobactam 12.2 76.6 15.7 70.5 16.3 69.9 14.8 72.7
Cefoperazone-sulbactam 7.9 77.9 11.5 73.3 13.7 70.9 11.0 74.7
Imipenem 4.7 81.1 42 83.6 5.5 82.6 4.9 83.5
Meropenem 33 93.8 33 93.7 5.0 922 4.1 93.5
Ertapenem 8.2 84.1 7.4 85.5 9.1 81.8 9.0 82.6
Gentamicin 16.3 81.2 25.0 71.9 24.7 72.5 18.8 77.7
Amikacin 5.5 90.5 11.2 83.7 11.4 84.9 7.8 88.5
Ciprofloxacin 8.0 87.6 20.3 73.3 20.4 73.2 17.7 75.7
Trimethoprim-sulfamethoxazole 25.0 73.4 35.3 61.5 34.0 64.1 30.2 66.7
7 2005—2014 41 MDR AT 12 i b o i
Table 7  Prevalence of multi-drug resistant Enterobacter strains from 2005 to 2014
Total Enterobacter strains E.cloacae E.aerogenes
vear MBDR strains Total % MDR strains Total % MDR strains Total %
2005 109 787 13.9 94 550 17.1 15 110 13.6
2006 111 1011 11.0 102 794 12.8 8 187 43
2007 150 1317 11.4 138 944 14.6 11 217 5.1
2008 153 1357 11.3 138 1077 12.8 12 245 4.9
2009 177 1676 10.6 131 1301 10.1 16 281 5.7
2010 158 1956 8.1 111 1474 7.5 14 376 3.7
2011 145 2283 6.4 121 1648 7.3 20 502 4.0
2012 91 2956 3.1 73 2 006 3.6 12 675 1.8
2013 76 3 808 2.0 61 2700 2.3 13 881 1.5
2014 76 3407 22 57 2123 2.7 17 655 2.6
Total 1246 20 558 6.1 1 026 14 617 7.0 138 4129 33

MDR, multi-drug resistant.
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Table 8 Prevalence of carbapenem-resistant Enterobacter strains from 2005 to 2014

Total Enterobacter strains E.cloacae E.aerogenes

vear Total CRE strain % Total CRE strain % Total CRE strain %
2005 787 0 0 550 0 0 110 0 0
2006 1011 0 0 794 0 0 187 0 0
2007 1317 1 0 944 1 0.1 217 0 0
2008 1357 0 0 1077 0 0 245 0 0
2009 1676 6 0.4 1301 4 0.3 281 2 0.7
2010 1 956 12 0.6 1474 12 0.8 376 0 0
2011 2283 15 0.7 1 648 12 0.7 502 3 0.6
2012 2956 103 35 2 006 80 4.0 675 17 2.5
2013 3808 180 4.7 2 700 121 4.5 881 53 6.0
2014 3407 133 39 2123 83 3.9 655 33 5.0
Total 20 558 450 22 14 617 313 2.1 4129 108 2.6

CRE, carbapenem-resistant Enterobacter.

%9 MDR Fl CRE HkRAIRLE 43 Hi
Table 9 Prevalence of MDR Enterobacter and CRE strains in different departments

MDR CRE
Department Total
n % n %
Outpatient and Emergency 991 41 4.1 35 3.5
ICU 2072 192 9.3 154 7.4
Medicine 7128 331 4.6 53 0.7
Surgery 5671 528 9.3 158 2.8
Pediatrics 1287 17 1.3 31 2.4
Other departments 3409 137 4.0 19 0.6
Total 20 558 1246 6.1 450 22

MDR, multi-drug resistant; CRE, carbapenem-resistant Enterobacter.
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Table 10  Susceptibility of MDR and CRE strains to antimicrobial agents

(%)

MDR (n=1 246) CRE (n=450)
Antimicrobial agent

R S R S
Piperacillin 98.5 1.2 82.4 12.2
Cefazolin 99.8 0.1 99.5 0
Cefoxitin 99.3 0.6 93.1 5.0
Cefotaxime 99.8 0.2 95.2 33
Ceftazidime 86.3 5.5 77.2 15.8
Cefepime 100 0 59.1 20.4
Cefoxitin 94.2 4.0 98.7 1.3
Piperacillin-tazobactam 62.8 16.8 54.7 29.1
Cefoperazone-sulbactam 56.5 14.4 51.8 26.5
Imipenem 13.9 66.1 50.9 372
Meropenem 14.4 78.2 44.8 47.7
Ertapenem 25.9 55.2 93.9 5.5
Gentamicin 100 0 42.6 51.1
Amikacin 62.5 29.5 20.1 73.8
Ciprofloxacin 100 0 323 553
Trimethoprim-sulfamethoxazole 83.3 13.3 48.8 46.5

MDR, multi-drug resistant; CRE, carbapenem-resistant Enterobacter.
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Human plague—United States, 2015
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B(14~79 % ), 3 FIFET BE R 52 16 £ |
52 % H79 %
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TR PR BRZE AT ) 5 W B PEAL B4, 2001 —2012
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HRPEERRAT, I B Bk o T g A kR e
MR, SR ACH TN BB ) IR R 2
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