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gram. Antimicrobial susceptibility testing was carried out according to a unified protocol using Kirby-Bauer method or automa-
ted systems. Results were analyzed according to the breakpoints of CLSI 2012. Results A total of 72 397 clinical isolates were
collected from January through December 2012, of which Gram negative organisms and Gram positive cocci accounted for
71.9% (52 043/72 397) and 28. 1% (20 354/72 397) respectively. The average prevalence of methicillin-resistant strains in S.
aureus (MRSA) and coagulase-negative Staphylococcus (MRCNS) was 47.9% and 77. 1%, respectively. The resistance rates
of MR strains to beta-lactams and other antimicrobial agents were much higher than those of MS strains. However, nearly
87.0% of MRSA strains were still susceptible to trimethoprim-sulfamethoxazole, while 89. 1% of MRCNS strains were suscep-
tible to rifampin. No stahylococcal strain was found resistant to vancomycin, teicoplanin or linezdid. Nearly 0. 4% of the MRC-
NS strains were found resistant to teicoplanin. In Enterococcus spp. , the resistance rates of E. fecalis strains to most antimi-
crobial agents tested (except chloramphenicol) were much lower than those of E. faecium. Some strains of both species were
resistant to vancomycin, most of which were VanA type based on their phenotype. Some strains resistant to teicoplanin or lin-
ezolid were identified in both species. The prevalence of ESBLs producing strains was 55.3% in E. coli, 33.9Y% in Klebsiella
spp. (K. pneumoniae and K. oxytoca) and 20. 7% in Proteus mirabilis on average, ESBLs producing Enterobacteriaceae
strains were more resistant than non-ESBLs-producing strains to all the antimicrobial agents tested. Enterobacteriaceae strains
were still highly susceptible to the three carbapenems tested, the overall resistance rates being 4. 4%-6. 3%. The resistance
rates of Acinetobacter spp. (A. baumannii accounted for 89.6%) to imipenem and meropenem were up to 57. 0% and 61. 0%,
respectively, Some carbapenem resistant strains were found in various Enterobacteriaceae spp. ,especially in K. pneumoniae.
Conclusions Bacterial resistance is still an important problem in clinical setting in China, especially the carbapenem resistant
Enterobacteriaceae, which is of great concern,
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riaceae; vancomycin-resistant Enterococcus; methicillin-resistant Staphylococcus; penicillin-resistant Streptococcus pneumoni-
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Table 1 Distribution of gram negative bacterial species

in CHINET resistance surveillance during 2012

Organism No. of strains %

E. coli 14 154 27.20
Klebsiella spp. 9621 18. 49
Acinetobacter spp. 8 739 16. 79
P. aeruginosa 7 270 13.97
Enterobacter spp. 3031 5.82
S. maltophilia 2 156 4.14
Proteus spp. 1 565 3.01
Serratia spp. 997 1.92
H. influenzae 960 1. 84
Salmonella spp. 639 1.23
Burkholderia spp. 608 1.17
Citrobacter spp. 596 1. 15
Other Pseudomonas spp. 464 0.89
Morganella spp. 298 0.57
Morazella spp. 224 0. 43
Raoultella 121 0.23
Other Hemophilus spp. 102 0.20
Pantoea spp. 97 0.19
Shigella spp. 81 0. 16
Alcaligenes spp. 50 0.10
Comamonas spp. 40 0. 08
Providencia spp. 37 0. 07
Ralstonia spp. 26 0.05
Neisseria spp. 21 0.04
Flavobacterium spp. 16 0.03
Bordetella spp. 15 0.03
Aeromonas spp. 11 0. 02
Kingella spp. 5 0.01
Others 99 0.19
Total 52 043 100
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Table 2 Distribution of gram positive bacterial species in

CHINET resistance surveillance during 2012

Organism No. of strains %
S. aureus 7 339 36.06
Enterococcus spp. 6 228 30. 60
Coagulase-negative Staphylococcus (from 3725 18. 30
blood, CSF or other body fluid)
S. pneumoniae 1343 6. 60
Beta-hemolytic Streptococcus 1170 5.75
S. wviridans (from blood, CSF or other 495 2.43
body fluid)
Others 54 0.27
Total 20 354 100
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Table 3 Prevalence of methicillin-resistant Sta phylococcus by hospital in CHINET resistance surveillance during 2012

S. aureus Coagulase-negative Staphylococcus
Hospital
MR strains/total % MR strains/total %
Shanghai Huashan Hospital 266/435 61.1 112/146 76.7
Shanghai Ruijin Hospital 255/434 58.8 66/89 74.2
Beijing Union Hosptial 297/745 39.9 163/222 73. 4
Wuhan Tongii Hospital 733/1 143 64. 1 303/371 81.7
First Affiliated Hospital of Guangzhou Medical University 188/313 60. 1 78/95 82.1
Beijing Hospital 350/422 82.9 74/92 80. 4
Children’s Hospital of Fudan University 90/489 18. 4 403/683 59.0
Shanghai Children’s Hospital 163/554 29. 4 357/399 89.5
People’s Hospital of Gansu Province 190/496 38.3 54/68 79. 4
First Affiliated Hospital of Xinjiang Medical University 186/381 48. 8 122/143 85.3
First Affiliated Hospital of Anhui Medical University 175/326 53.7 190/233 81.5
First Affiliated Hospital of Kunming Medica! University 52/138 37.7 132/190 69. 5
Sir Run Run Shaw Hospital of Zhejiang Province 167/365 45,8 315/378 83.3
First Affiliated Hospital of China Medical University 224/524 42,7 294/353 83.3
General Hospital of Tianjin Medical University 183/574 31.9 209/263 79.5
Total 3 519/7 339 47.9 2 872/3 725 77.1
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Table 4 Resistance and sensitivity rates of Staphylococcus spp. to antimicrobial agents (%)

MSSA (3 686) MRSA (3 519) MSCNS (733) MRCNS (2 872)
Antimicrobial agent

R S R S R S R S
Vancomycin 0 100 0 100 0 100 0 100
Teicoplanin 0 100 0 100 0 100 0.4 99.3
Linezolid [¢] 100 0 100 0 100 [4] 100
Penicillin G 89,9 10,1 100 0 70.6 29.4 100 0
Oxacillin 0 100 100 0 0 100 100 0
Ampicillin-sulbactam 1.3 96. 2 75.2 13,5 0.7 99.0 25.6 66,2
Cefazolin 0.9 98.5 85.7 11.6 1.4 98. 6 34.8 61.2
Cefuroxime 0.7 99.1 86.7 10.1 1.2 97.8 37.8 56. 4
Erythromycin 51.1 44.2 85.7 12.0 58.2 38.4 87.8 10.9
Clindamycin 25.6 67,7 71.3 27.1 14.3 78,0 44,0 50.5
Rifampin 1.7 97.9 57.5 41. 6 1.9 97.5 10.5 89, 1
Gentamicin 15.1 82.7 74.2 24,0 5.9 91.3 37.8 55.0
Levofloxacin 6.2 92.6 80.6 17.8 6.9 89.7 44.9 47.4
Ciprofloxacin 11.0 85.7 85.4 13.3 8.1 88.6 58.2 35.0
Trimethoprim-sulfamethoxazole 13.7 85.2 11.5 87.0 23.0 76. 4 60. 8 37.1

(COBERER 6228 B RERAE TR B EFAKE T2 REBAE. 491 H 4. 6% R 9.0% ., R
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Table 5 Resistance and sensitivity rates of Enterococcus

spp. to antimicrobial agents (%)

Antimicrobial E. faecalis (3 131) E., faecium (2 609)

agent R S R S
Vancomycin 0.3 99.7 2.5 97.1
Teicoplanin 0.2 99. 8 1.3 98.2
Linezolid 0.3 99.3 0 99.8
Ampicillin 9.0 91.0 91.4 8.6
Chloramphenicol 29.7 64,0 5.7 73.7
Erythromycin 69. 8 9.5 89.9 3.1
Rifampin 61.2 18. 4 87.6 10,2
Gentamicin-High 33.6 60. 5 57.9 40. 4
Levofloxacin 26.5 68.7 84.3 9.9
Ciprofloxacin 29.6 47.7 89.4 5.8
Nitrofurantoin 4.6 92.2 44.8 34,5
Fosfomycin * 2.8 95, 4 11.0 81.8

* 1 538 strains of E. faecalis isolated from urine; 1 414 strains

of E. faecium isolated from urine,
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Table 6 Percentage of the strains resistant to antimicrobial

agents in various Streptococcus species (%)

Antimicrobial Group A Group B Group C Group G S. viridans*

agent (248) (649) (84) (73) (495)
Penicillin 1.3 2,6 5.6 1.6 15. 4
Erythromycin  88.8 60.9 65.8 54.3 57. 4
Clindamyecin 87. 4 55.3 63. 8 58.0 58.0
Cefuroxime 0.8 0.7 0 0 10.3
Cefotaxime 1.2 2.4 1.5 0 15.3
Ceftriaxone 2.5 3.0 5.6 0 17. 4
Levofloxacin 0.9 43.8 9.2 1.6 16.3
Vancomyein 0 0 0 0 0
Linezolid 0 0 0 0 0

* Isolated from blood, CSF or other sterile body fluids.
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Table 7 Distribution of S. pneumoniae isolates in children and adults by year

Isolates from children Isolates from adults
Strains 2011 2012 2011 2012
Number % Number % Number % Number %
PSSP 582 73.6 720 77.1 310 93.1 384 93.9
PISP 107 13.5 119 12.7 16 4.8 22 5.4
PRSP 102 12.9 95 10.2 7 2.1 3 0.7
Total 791 100 934 100 333 100 409 100
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Table 8 Prevalence of various resistant S. pneumoniae (nonmeningitis strains) in the isolates from children or adults (%)

Isolates from children Isolates from adults
Antimicrobial agent
PSSP (720) PISP (119 PRSP(94) PSSP (384) PISP(22) PRSP(3) *
Penicillin 0 0 100 0 0 3
Erythromycin 96. 4 97.5 98.9 88. 8 100 2
Clindamycin 95.1 96. 6 98.9 85.9 88.9 1
Levofloxacin 0.3 0 1.1 1.9 5.3 0
Moxifloxacin 0.2 0 0 1.8 0 0
Vancomycin 0 0 0 0 0 0
Linezolid 0 0 0 0 0 0

* The figures are number of strains when n<(10.

RO FF BB XS 0B 25 4 0 T 25 5 R B (00D

Table 9 Resistance and sensitivity rates of Enterobacteriaceae species to antimicrobial agents (%)

E. coli Klebsiella Proteus  Enterobacter Citrobacter Morganella  Serratia  Providencia

Antimicrobial agent (14 154)  spp. (9 621) spp. (1 249) spp. (3 031) spp. (596) spp. (298) spp. (997)  spp. (37)

R S R S R S R ) R S R S R S R S
Piperacillin 76.0 17.8 52,0 36.4 24.8 65.4 42,9 50.6 48,7 42,2 23,7 63.7 24,2 71.1 25,0 53.1
Cefazolin 70.5 9.8 53.7 16.2 48.8 10.7 94.0 1.8 81.7 6.4 98.7 0.8 96.3 1.2 76.5 8.8
Cefuroxime 63.3 34.4 50.1 47.1 35.4 63.8 54.4 39.4 46.6 48.0 78.9 12.4 86.8 7.9 20.7 75.9
Cefotaxime 63.2 35.8 48.5 49,3 30.2 67.0 47.5 45.4 46.7 47.2 28.5 66.3 29.6 60.8 19.4 77.4
Ceftazidime 30.0 63.4 32,6 62.9 6.1 91,9 34,3 60.6 33.6 59.6 18.4 78.3 9.4 86.7 5.6 83.3
Cefepime 25.0 66.2 20.7 74.1 5.9 90.2 12,2 83.4 11.5 84.9 4.1 93.8 7.8 88.8 2.9 97.1
Cefoxitin 15.5 76.8 16.0 81.4 4.0 91.1 89,2 8.5 73.0 21.2 20.0 49.0 31.7 35.6 20.0 80.0
Piperacillin-tazobactam 4.8 89.2 14.1 77.2 0.8 98.5 12.0 74.6 11.2 76.2 5.8 91.8 5.7 90.7 2.7 91.9
Cefoperazone-sulbactam 7.6 73.3 17.0 69.6 2.5 94.3 10.6 73.5 12.1 72.2 4.2 88.3 9.0 82.2 0 85.3
Imipenem 0.9 98.3 8.9 89.3 18.0 72.1 3.5 90.1 4.0 90.7 25.5 42.9 6.0 87.5 11.8 73.5
Meropenem 1.0 98.4 10.8 87.8 0.7 98.3 3.7 94,5 4.3 943 1.2 96.5 6.3 93.1 0 97.1
Ertapenem 1.5 97.4 12.9 85.1 1.1 95.9 10.3 85.4 4.6 94.0 2.4 97.1 7.9 90.6 3.3 96.7
Gentamicin 48.0 50.7 28.5 70.4 30.8 63.7 17.8 79.7 25.6 72.6 35.5 59.7 16.9 §2.4 45.9 40.5
Amikacin 5.4 92,1 11.4 87.6 5.3 93.5 6.6 90.1 6.7 92.1 3.1 95.5 4.8 94.4 32.4 67.6
Ciprofloxacin 58.1 38.2 24,1 68.4 43.2 50.0 12.0 81.9 23.3 69.1 25.1 60.3 13.7 80.4 43.2 35.1
Trimethoprim-sulfamethoxazole 60.1 39,1 31.9 66.5 54.9 44.3 26,3 72.6 33.4 66.2 50.9 48.0 9.1 89.6 62.9 31.4

Fosfomycin * 6.5 92.5

* 7 257 strains of E. coli isolated from urine.
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Table 10 Resistance and sensitivity rates of Salmonella spp. to antimicrobial agents (%)

Salmonelia typhi

Salmonella paratyphi A

Salmonella enteritidis  Salmonella typhimurium

Antimicrobial agent 14) (38 (206) (195)
R S R S R S R S
Ampicillin 57.1 42.9 8.8 85.3 64.5 35.5 73.3 25.7
Ampicillin-sulbactam 25.0 75.0 6.5 87.1 35.6 40.7 42. 4 35.6
Amoxicillin-clavulanic acid 0 85.7 10.0 90. 0 2.4 59.8 9.4 53.9
Ceftriaxone 0 100 0 100 12. 6 86.3 15. 3 83.1
Cefoperazone-sulbactam 0 100 0 92,3 2.3 85.5 4.4 82.9
Chloramphenicol 50.0 50. 0 0 88.5 7.9 91.5 52.9 46.0
Trimethoprim-sulfamethoxazole 14.3 85.7 18.8 81.2 9.8 89.3 51.3 46.6
Ciprofloxacin 0 78.6 0 89.5 2.0 86. 8 15.5 56.5
F11 7o RERMBARM ALY HWEEMBRROD 29, 0% 27. 1% ; X H A W IR B 259 (R BT K &
Table 11 Resistance and sensitivity rates of 76 Shigella E.ZFEEBMTHZE R Y 17. 0% ~35.0%.,

spp. to antimicrobial agents (%)

Shigella Shigella
Antimicrobial agent flexneri (46)  sonnei (30)
R S R S
Ampicillin 97.7 2.3 85.7 14.3
Ampicillin-sulbactam 75.6 7.3 20.0 52.0
Ceftriaxone 48.7 38.5 36.0 60.0
Chloramphenicol 88.9 11.1 4.5 90.9

Trimethoprim-sulfamethoxazole 84.1 13.6 80.0 20.0

Ciprofloxacin 52.2 32,6 3.3 90.0

F12 N 277 HBHITERAENEGY
BT 25 AU R OD)
Table 12 Resistance and sensitivity rates of 31 277 strains

of Enterobacteriaceae to antimicrobial agents (%)

Antimicrobial agent R S
Imipenem ~ 5.0 92.2
Meropenem 4,4 94,6
Ertapenem 6.3 91.8
Amikacin 7.4 90.7
Piperacillin-tazobactam 8.4 84.2
Cefoperazone-sulbactam 10.5 73.9
Cefepime 20.2 73.2
Ceftazidime 29.1 65.3
Gentamicin 36.0 62.4

(DOAREKBEEEZARTE 7271 RAKR
A X R B MK B KB T 25 R B R

SIOMH BB AR E W LEEHE B AW 25 R 1L
1.0%(5/519), 499 AT HBHEXN ZFHH R
BRI RN 1. 4% (7/499), X 58 W 25 %
0.2%(1/499), 8 73O MAFHEBHE+ 89.6%
o 8 R Sh A B, 1% B X TE R 4 R R 35 B T 0 T
2R >56. 0% ; B Xtk HIUR Bl-4F 30 Bk R 2 .
EEFVEMRIBHRENT A ESH R 33. 0%,
40.2% .45. 5% F 42. 2% Ah, Xt H AW X E Y
FITH 25 3. 59 >50. 0% , Xt SR K B M R i
R >90. 0%, FEE R MEX B AR
WEFEmR KEAR . EELARVEHBREY >
80. 0% . 1A 7128 /R B o FY 480 v -8k o ¥ o o Sk
fi0 {0 0 L 58 B 3% B MK 3 31 R B BURFE IR 80. 0%
B>80.000(F 13), NEBHELHAMETEX 8
o AHTE Y M BUREYLE 50. 000 L R (F 14),
(BT ERHE P RTERLIERTTH %
i B R 3 B AT R E B
AR 2GR = S AR AR R S E AT
HHEBES R ZH%A B EHEGE 15,
O, Hofih 2 AT
960 kWA Mg AT B, JLE 4 Bk 613 ¥k, &
NSTEERR 347 #k, 7" BNEERE BB MR Bl R Ry
26.3%, Ho JLE B MR A KK 7= 8RS 5 N
28.5%0/22.5% ., RMHBREMARY LS, LE
o Xof L Ath B0 B 24 4 B T 245 R AR (GE 16),
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Table 13 Resistance and sensitivity rates of non-fermentative gram-negative bacilli to antimicrobial agents (%)

Antimicrobial agent

P. aeruginosa(7 271)

Acinetobacter spp. (8 739)

S. maltophilia(2 156)

Burkholderia spp. (470)

R S R S R S R S
Piperacillin 24.6 62.6 69. 6 21.2
Ceftazidime 19. 6 74.0 64.5 31.7 9.9 85.2
Cefoperazone 34.5 49.6 81.9 6.9
Cefepime 18.3 71.7 59. 4 37.7
Aztreonam 29.4 49.9 72.6 5.4
Imipenem 29.1 66.6 56. 8 41.9
Meropenem 27.1 67.7 61.4 37.9 10. 6 79.1
Piperacillin-tazobactam 17.5 68. 4 58.3 37.6
Ticarcillin-clavulanic acid 38.3 19.7 74.9 22.4
Cefoperazone-sulbactam 19. 8 62.5 33.0 44,7 24. 4 49,2
Minocycline 42.2 42,5 3.8 89.6 9.3 80. 6
Chloramphenicol
Gentamicin 20.9 71.3 60.9 37.7
Amikacin 13.5 82.3 40,2 57.7
Levofloxacin 20.6 72.5 45,5 44.0 10.5 85.5
Ciprofloxacin 17.9 75.2 60.8 37.7
Fosfomycin 28.5 53.6 64. 6 15.3
Trimethoprim-sulfamethoxazole 56.8 41.7 10.0 89.0 1.7 86. 8
Polymixin B¢ 1.0 99,0 1.4 98. 6
Colistin® 2.6 97. 4

2310 strains of P. aeruginosa tested against polymyxin B.

2499 strains of Acinetobacter spp. tested against polymyxin B and 307 strains

#* 14

REHEYHRARMEREROD

Table 14 Resistance and sensitivity rates in 19 613

19 613 $RA K BEME 55 22 B P FF o0

strains of non-fermentative gram-negative

bacilli to antimicrobial agents (%)

against colistin.

F£15 MR BHLTUERH S LM BT R R AR
(it 2R B/ B BR O

Table 15 Carbapenem resistant strains in several

Enterobacteriaceae species (Number of resistant

strains /total number of strains tested)

Antimicrobial agent R S Year E. coli K. pneumoniae Enterobacter spp. Proteus spp.
Cefoperazone-sulbactam 26.5 52.8 2005 79/3 758 103/2 136 82/749 20/321
Amikacin 28.9 67.9 2006 109/6 072 122/2 834 98/1 077 32/577
Piperacillin-tazobactam 38.5 52.5 2007 87/6 527 107/3 037 77/1 231 36/548
Ciprofloxacin 40.0 55.0 2008 136/6 678 196/3 435 114/1 464 48/672
Cefepime 40. 4 53.3 2009 198/7 992 298/4 556 131/1 684 57/907
Ceftazidime 41.9 52.9 2010 237/9 225 561/5 032 176/1 960 37/907
Meropenem 44,2 52.8 2011 227/11 860 683/6 390 211/2 519 138/1 271
Imipenem 45,1 52.0 2012 228/14 154 945/8 772 269/3 031 274/1 565

F 16 FUBKTE LA 8 XL B 25 0 6 T 25 5 PR K (%)

Table 16 Resistance and susceptibility rates of M. catarrhalis and H. influenzae strains to

antimicrobial agents (%)

Antimicrobial agent

M.

catarrhalis (113)

H. influenzae from children(613)

H. influenzae from adults(347)

R S R S R S

Ampicillin 40. 8 48.1 25.7 68. 4
Amoxicillin-clavulanic acid 0 100 9.4 90. 6 6.0 94,0
Ampicillin-sulbactam 19.5 80.5 9.7 90.3
Cefuroxime 0 100 13.2 80.1 4.9 92.5
Ceftriaxone 0 100 13.1 86.9 8.0 92.0
Azithromycin 0 55.8 4.2 95.8 6.9 93,1
Chloramphenicol 17.1 65. 6 12.8 79.2
Levofloxacin 98.2 0 98. 8 §} 95,7
Trimethoprim-sulfamethoxazole 1.8 95.6 72.3 26.5 51. 4 46.2
Cefaclor 0 100

Beta-lactamase was produced in 28, 5% of the strains isolated from children.

Beta-lactamase was produced in 22.5% of the strains isolated from adult.
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