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Abstract: Objective To evaluate the changing pattern of antibiotic resistance in Klebsiella strains isolated from the patients in 19
hospitals across China based on the data from CHINET Antimicrobial Resistance Surveillance Program during the period from 2005
through 2014. Methods Kirby-Bauer disk diffusion and automated susceptibility testing methods were used to test the susceptibility
of Klebsiella isolates to the commonly used antibiotics. The results were interpreted according to the criteria of the Clinical and
Laboratory Standards Institute (CLSI) Performance Standards for Antimicrobial Susceptibility Testing (CLSI-2014). Results A
total of 61 406 Klebsiella strains were identified between 2005 and 2014, including K. pneumoniae (56 281 strains),
K. oxytoca (4 779), Klebsiella pneumoniae subsp. Ozaenae (300) and other Klebsiella species (46). Most (89.0%, 54 664/61 406)
of the Klebsiella strains were isolated from inpatients, and 60.0% (36 835/61 406) were from respiratory tract speciems. About
16.7% (10 248/61 406) of the strains were isolated from pediatric patients aged 0-17 years and 83.3% (51 158/61 406) from adult
patients. The prevalence of Klebsiella spp. increased with time from 10.1% in 2005 to 14.3% in 2014. Based on the surveillance data
during the 10-year period, we found a marked increase of resistance to imipenem (2.9% to 10.5%) and meropenem (2.8% to 13.4%)
in Klebsiella spp. The prevalence of ESBLs-producing isolates in K. pneumoniae and K. oxytoca decreased from 39.0% in 2005 to
30.1% in 2014. The resistance to amikacin, ceftazidime, ciprofloxacin, pipracillin-tazobactam and cefoperazone-sulbactam was on
decline. The resistance rate to cefotaxime remained high about 49.5%. Carbapenem resistantance was identified in 5 796 (9.4%) of
the isolates, including 5 492 strains of K. pneumoniae and 280 strains of K. oxytoca. Overall, 4 740 (7.8%) strains were identified as
extensively-drug resistant (XDR), including 4 520 strains of K. pneumoniae and 202 strains of K. oxyfoca. The carbapenem-resistant
strains showed high (>60%) resistance rate to majority of the antimicrobial agents tested, but relatively low resistance to tigecycline
(16.8%), amikacin (54.4%), and trimethoprim-sulfamethoxazole (55.5%). Conclusions During the 10-year period from 2005
through 2014, carbapenem resistance among Klebsiella isolates has increased dramatically in the hospitals across China. The level of
resistance to other antibiotics remains stable.
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Table 1 Prevalence of Klebsiella spp. among all clinical isolates

Year Number Total %

2005 2305 22774 10.1
2006 3078 33945 9.1
2007 3257 36 001 9.0
2008 3716 36216 10.3
2009 4959 43 670 11.4
2010 5529 47 850 11.6
2011 6314 59 287 10.6
2012 8819 72397 12.2
2013 12 121 84 572 143
2014 11308 78 955 14.3

BREER ., b, WERERE R 255 M\ 2005 4F 2.9% I
TH2 2014 4F 10.5%. 22 B TR 255 M\ 2005 4F 2.8%
TEE 2014 4F 13.4%, AHRZ, WRPLPHAR-fllns 30
1S A WR AR -5 4 3E T 245 2855 51 ) 27.6% F1 22.5%
TREE] 13.9% F116.1%. XTFKRE . SRRV R
S At IE TR 255 43 SN 27.8% . 40.5% F1 33.1% F
P51 9.0% . 22.4% F129.1%, Ko Sk FIE 5 i 25 2%
SREE/N, 4EF5TE 49.5% i, MIRKREER. k
FEUMEIG | S AVG T 25 28 0% S R B 23 50 15.9%
11 A%, 9.6%. 2012 4FJF 4 X5 B 3 K i MIC i

AW, o A R 20 TR X IR 2R R 90% LA
Lﬁﬁz@%ﬁ#iﬁ%ﬁaﬁ_ﬁu 3.9% FTFZ 2014 4F 5.4%.
W2 2,

2 SRR A X LB 24 W) U RN 2 %
Table 2 Susceptibility of Klebsiella species to antimicrobial agents during the period from 2005 through 2014
(%)
Antimicrobial agent 2005(1=2 305) 2006(1=3 708) 2007(n=3 257) 2008(=3 716) 2009(1=4 959)
S R S R S R S R S R

Amikacin 70.2 27.8 76.3 21.6 80.4 17.5 82.1 15.4 83.3 14.6
Gentamicin 57.9 40.5 62.2 36.6 64.9 342 64.4 343 64.3 34.5
Piperacillin 31.0 57.0 30.6 58.0 29.7 58.0 27.2 58.6 323 55.4
Piperacillin-tazobactam 57.0 27.6 64.4 20.2 65.2 17.1 65.7 15.2 69.7 14.8
Cefazolin 47.0 53.0 45.1 54.9 45.6 54.4 44.1 55.9 46.1 53.9
Cefuroxime 48.4 48.7 452 51.3 459 50.9 44.6 52.2 47.7 49.9
Cefotaxime 46.6 48.9 45.4 51.5 46.4 50.2 43.5 51.3 45.7 49.5
Ceftazidime 59.8 33.1 59.8 32.1 61.1 30.6 58.4 33.0 60.1 322
Cefepime 50.6 31.7 50.7 33.1 51.1 31.0 50.8 30.8 51.1 322
Cefoperazone-sulbactam 61.4 22.5 69.0 13.6 77.6 8.6 71.7 8.7 72.8 10.8
Cefoxitin 80.4 16.2 78.6 17.9 78.8 17.2 79.5 17.2 84.4 12.9
Imipenem 88.1 2.9 88.8 34 90.0 2.4 88.3 4.0 87.5 4.8
Meropenem 91.5 2.8 93.8 2.5 93.9 2.9 92.8 3.7 92.0 4.6
Ciprofloxacin 52.4 40.5 59.5 329 60.1 30.0 59.5 29.3 62.1 27.2
Trimethoprim-sulfamethoxazole 47.6 48.9 53.1 43.9 54.1 43.1 54.1 432 53.2 44.5
Tigecycline ND ND ND ND ND ND ND ND ND ND




270 PEBRPESITAE 2016 5 3 20 555 16 B85 3 HA Chin J Infect Chemother, May. 2016, Vol. 16, No. 3
#2 (%)
Table 2 ( continued )
(%)
Antimicrobial agent 2010(n=5 529) 2011(n=6 314) 2012(n=8 819) 2013(n=12121) 2014(n=11 308)
S R S R S R S R S R

Amikacin 83.8 14.4 86.3 12.0 87.4 11.6 89.1 10.1 90.4 9.0
Gentamicin 64.0 34.0 64.5 334 70.2 28.7 70.9 28.2 74.7 24.6
Piperacillin 31.7 57.5 314 55.6 37.1 52.8 39.5 50.3 42.1 48.2
Piperacillin-tazobactam 68.3 16.6 71.2 14.8 76.5 14.7 79.2 13.8 80.4 13.9
Cefazolin 46.4 53.6 45.4 54.6 49.3 50.7 43.1 56.8 50.0 50.0
Cefuroxime 46.6 50.3 473 50.5 46.7 50.4 48.4 48.9 50.2 473
Cefotaxime 45.8 49.9 48.1 49.6 49.3 48.6 49.5 48.4 49.9 48.1
Ceftazidime 57.8 354 59.6 352 62.3 32.8 65.9 30.6 67.1 29.1
Cefepime 50.9 34.0 53.1 333 61.4 28.6 67.4 24.9 71.9 22.6
Cefoperazone-sulbactam 69.4 14.8 69.1 15.0 69.9 17.1 73.0 15.8 72.6 16.1
Cefoxitin 75.1 21.7 80.5 17.0 81.4 16.0 822 15.5 85.4 12.1
Imipenem 83.7 8.8 88.2 8.6 89.0 9.4 88.3 10.0 87.7 10.5
Meropenem 85.9 8.9 88.5 8.8 87.9 11.1 85.6 13.5 85.6 13.4
Ciprofloxacin 60.6 30.1 63.4 26.8 67.6 24.6 72.1 22.4 73.1 224
Trimethoprim-sulfamethoxazole 52.8 443 50.7 47.6 64.2 34.1 68.5 30.1 69.8 29.2
Tigecycline ND ND ND ND 93.7 3.9 92.1 5.2 91.0 5.4

ND, not determined.
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Table 3 Susceptibility of ESBL(+) and ESBL(—) Klebsiella strains to the commonly used antimicrobial agents

(%)
Antimicrobial agent ESBL(+) strains (n=19 823) ESBL(-) strains (n=33 298)
S R S R

Amikacin 76.4 21.5 91.5 7.5
Gentamicin 41.7 56.6 84.5 14.7
Piperacillin 1.8 96.8 55.0 26.5
Piperacillin-tazobactam 54.2 23.9 84.0 10.6
Cefazolin 2.0 98.0 76.6 23.4
Cefuroxime 2.7 95.8 77.0 19.4
Cefotaxime 28.3 60.4 83.6 14.0
Ceftazidime 1.9 97.2 77.7 17.4
Cefepime 19.6 58.2 83.5 10.8
Cefoperazone-sulbactam 473 22.6 86.8 9.4
Cefoxitin 69.9 25.8 87.4 10.4
Imipenem 86.5 7.5 89.3 7.6
Meropenem 87.3 9.1 90.2 8.1
Ciprofloxacin 42.8 43.1 80.3 15.6
Trimethoprim-sulfamethoxazole 30.1 67.9 77.9 20.3
Tigecycline 83.5 10.4 94.9 33

Fa L vd B AVTER R 20 T 2 B AN DL T 24 W R A RS 245 4
Table 4 Susceptibility of the Klebsiella strains from children to antimicrobial agents during the period from 2005 through 2014

(%)
Antimicrobial agent 2005(n=77) 2006(n=561) 2007(n=680) 2008(n=704) 2009(n=935)
S R S R S R S R S R
Amikacin 81.8 18.2 88.7 9.3 90.0 8.3 91.2 7.0 89.3 7.9
Gentamicin 63.6 35.1 76.9 223 73.0 27.0 73.2 25.1 72.5 25.1
Piperacillin 26.0 63.6 29.6 60.9 20.1 72.9 20.6 71.7 26.0 66.4
Piperacillin-tazobactam 59.5 25.7 72.8 7.9 66.2 9.5 71.2 8.1 69.0 11.6
Cefazolin 39.0 61.0 40.2 59.8 28.6 71.4 28.3 71.7 33.2 66.8
Cefuroxime 40.8 57.9 41.3 56.8 29.1 69.3 30.1 68.0 34.0 65.2
Cefotaxime 39.0 59.7 39.6 58.6 28.5 70.2 27.9 69.9 31.4 65.6
Ceftazidime 53.2 42.9 60.4 30.6 49.9 40.4 44.8 46.1 473 435
Cefepime 42.1 474 452 38.8 32.7 43.5 37.3 40.0 38.8 41.1
Cefoperazone-sulbactam 58.7 24.0 70.0 4.8 77.2 53 78.4 7.3 69.6 9.0
Cefoxitin 78.9 18.4 85.0 14.0 84.5 15.0 79.1 20.5 84.9 13.9
Imipenem 81.8 1.3 91.0 1.4 87.9 1.9 85.1 43 88.0 2.1
Meropenem 97.2 0 94.2 1.1 92.3 2.1 92.7 3.0 94.9 1.4
Ciprofloxacin 67.5 23.4 87.9 5.4 82.5 5.3 78.9 8.0 78.1 8.6
Trimethoprim-sulfamethoxazole 42.5 52.1 67.0 30.8 60.9 37.9 57.8 39.8 56.9 41.0

Tigecycline ND ND ND ND ND ND ND ND ND ND
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Table 4 ( continued )
(%)

Antimicrobial agent 2010 (n=977) 2011 (n=1208) 2012 (n=1 450) 2013 (n=1 891) 2014 (n=1765)
S R S R S R S R S R
Amikacin 95.1 4.1 94.0 3.4 90.2 7.3 91.5 6.5 95.8 3.4
Gentamicin 71.7 27.5 67.2 32.1 74.6 23.9 68.5 30.8 75.6 235
Piperacillin 23.5 69.3 21.9 68.3 26.4 65.2 22.6 68.4 28.1 63.8
Piperacillin-tazobactam 68.3 11.3 66.8 13.5 66.8 15.7 69.8 19.6 74.5 18.7
Cefazolin 24.1 75.9 33.8 66.2 329 67.1 29.0 71.0 344 65.6
Cefuroxime 3255 66.0 33.5 64.7 352 62.2 325 66.2 34.8 64.3
Cefotaxime 30.4 66.2 32.7 64.8 36.4 61.2 32.7 66.2 34.7 64.0
Ceftazidime 43.6 47.7 47.0 454 49.4 442 47.6 47.6 51.7 43.5
Cefepime 37.4 45.0 39.4 46.2 42.8 432 43.5 43.5 57.8 35.1
Cefoperazone-sulbactam 66.2 9.9 61.1 13.7 60.5 18.8 59.6 22.4 59.7 232
Cefoxitin 80.3 17.2 75.5 22.4 80.8 18.5 70.6 28.6 79.9 17.2
Imipenem 86.2 5.1 87.4 4.8 89.2 7.1 83.2 14.2 83.5 14.6
Meropenem 92.6 2.9 89.2 5.7 90.3 7.6 82.6 15.7 82.7 15.2
Ciprofloxacin 78.2 9.8 74.1 9.0 73.2 11.5 74.9 13.4 78.4 14.5
Trimethoprim-sulfamethoxazole 58.0 40.8 55.0 43.6 65.2 333 61.9 359 66.0 33.6

Tigecycline ND ND ND ND 100 0 100 0 98.4 0

ND, not determined.

RSO RIS LR 0 24 o B B R A B 70 A I UL AT T 24 P A R 2 7

Table 5 Susceptibility of the carbapenem-resistant and extensively-drug resistant Klebsiella strains to antimicrobial agents

(%)
Antimicrobial agent Carbapenem-resistant Klebsiella (n=5 796) Extensively-drug resistant Klebsiella (n=4 740)

S R S R
Amikacin 44.5 54.4 38.5 60.3
Gentamicin 28.9 69.7 24.7 74.2
Piperacillin 3.0 95.1 2.4 96.5
Piperacillin-tazobactam 12.2 79.7 6.6 87.9
Cefazolin 3.7 96.3 3.0 97.0
Cefuroxime 3.6 95.8 2.9 96.7
Cefotaxime 2.7 96.1 22 96.8
Ceftazidime 7.7 89.4 4.5 93.2
Cefepime 9.4 84.5 5.4 89.6
Cefoperazone-sulbactam 11.5 79.6 6.8 86.0
Cefoxitin 14.8 78.7 11.6 81.7
Imipenem 12.2 823 0 100
Meropenem 9.1 86.0 6.5 89.9
Ciprofloxacin 20.2 72.7 15.0 78.5
Trimethoprim-sulfamethoxazole 41.5 55.1 41.2 554

Tigecycline 76.9 16.8 83.4 12.5
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