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Abstract: Objective To investigate the susceptibility and resistance of clinical isolates collected from hospitals in several
regions of China. Methods Fourteen general hospitals and two children’ s hospitals were involved in this program.
Antimicrobial susceptibility testing was carried out according to a unified protocol using Kirby-Bauer method or automated
Systems. Results were analyzed according to CLSI 2013 breakpoints. Results A total of 84 572 clinical isolates were collected
from January to December 2013, of which gram negative organisms and gram positive cocci accounted for 73. 0% and 27. 0%
respectively. Methicillin-resistant strains in S. aureus (MRSA) and coagulase negative Staphylococcus (MRCNS) accounted
for an average of 45.2% and 73. 5% respectively. The resistance rates of methicillin-resistant strains to B-lactams and other
antimicrobial agents were much higher than those of methicillin-susceptible strains. However, 92. 2% of MRSA strains were
still susceptible to trimethoprim-sulfamethoxazole while 87. 4% of MRCNS strains were susceptible to rifampin. No
staphylococcal strains were found resistant to vancomycin, teicoplanin or linezolid. In Enterococcus spp. , the resistance rates of
E. faecalis strains to most tested drugs (except chloramphenicol) were much lower than those of E. faecium. Some strains of
both species were resistant to vancomycin. Vancomycin-resistant strains of E. faecalis and E. faecium were mainly VanA
type based on their phenotype. Regarding non-meningitis S. pneumoniae strains, the prevalence of penicillin-susceptible S.
pneumoniae and penicillin-intermediate S. pneumoniae strains isolated from both adults and children were lower than those
isolated in 2012, but the prevalence of penicillin-resistant S. pneumoniae strains increased. The prevalence of ESBLs producing
strains was 54.0% in E. coli, 31.8% in Klebsiella spp. (K. pneumoniae and K. oxytoca) and 16.5% in Proteus mirabilis
isolates on average. ESBLs-producing Enterobacteriaceae strains were more resistant than non-ESBLs-producing strains in
terms of antibiotic resistance rates. The strains of Enterobacteriaceae were still highly susceptible to carbapenems. Overall less
than 7. 0% of these strains were resistant to carbapenems. About 62. 8% and 59. 4% of Acinetobacter spp. (A. baumannii
accounts for 89.2%) strains were resistant to imipenem and meropenem, respectively. Compared with the data of year 2012,
extensively-drug resistant strains in K. pneumoniae and A. baumannii decreased. Conclusions The antibiotic resistance of
clinical bacterial isolates is growing in 2013. The disseminated multi-drug or pan-drug resistant strains in a special region poses
a serious threat to clinical practice and implies the importance of strengthening infection control.

Key words: bacterial resistance surveillance; antimicrobial susceptibility testing; multi-drug resistant bacterium; pan-drug
resistant bacillus; vancomycin-resistant Enterococcus; methicillin-resistant Sta phylococcus; penicillin-resistant Streptococcus
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Table 1 Distribution of bacterial species in 2013 CHINET
Organism No. of strains %
E. coli 16 794 19. 86
Klebsiella spp 12 121 14.33
Acinetobacter spp 10 120 11.97
P. aeruginosa 8 257 9.76
S. aureus 8 127 9.61
Enterococcus spp 7 058 8.35
Coagulase-negative Staphylococcus (from 4 354 5.15

blood, CSF and other sterile body fluid)

Enterobacter spp 3 816 4.51
S. maltophilia 2 444 2.89
Proteus spp 1835 2.17
S. pneumoniae 1429 1.69
B-hemolytic Streptococcus 1289 1.52
Serratia spp 1 059 1.25
H. influenzae 968 1.14
Salmonella spp 877 1. 04
Citrobacter spp 789 0.93
Burkholderia spp 770 0.91
Other Pseudomonas spp 523 0. 62
S. wiridans (from blood, CSF and other 515 0.61
sterile body fluid)

Morganella spp 298 0.35
Moraxella spp 291 0.34
Other Haemophilus spp 177 0.21
Raoultella spp 114 0.13
Pantoea spp 75 0.09
Shigella spp 77 0.09
Alcaligenes spp 52 0. 06
Neisseria spp 30 0. 04
Ralstonia spp 28 0.03
Comamonas spp 25 0.03
Providencia spp 21 0.02
Aeromonas spp 21 0.02
Flavobacterium spp 15 0.02
Chryseobacterium spp 15 0.02
Bordetella spp 6 0.01
Others* 182 0.22
Total 84 572 100

*Including Corynebacterium spp. » Kocuria spp. s Micrococcus

spp. s Aerococcus spp. s Gemella spp. s Leuconostoc spp.
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Table 2 Prevalence of methicillin-resistant Sta phylococcus in 2013 CHINET by hospital

S. aureus Coagulase-negative Staphylococcus
Hospital
MR strains/total % MR strains/total %
Shanghai Huashan Hospital 304/503 60. 4 77/141 54.6
Shanghai Ruijin Hospital 230/410 56. 1 42/108 38.9
Peking Union Medical College Hospital 244/700 34.9 123/179 68.7
Wuhan Tongji Hospital 1.047/1 492 70. 2 345/418 82.5
First Affiliated Hospital of Guangzhou Medical University 82/196 41.8 42/60 70.0
Beijing Hospital 167/232 72.0 28/78 35.9
Children’s Hospital of Fudan University 123/517 23.8 443/613 72.3
Shanghai Children’s Hospital 163/434 37.6 189/382 49.5
People’s Hospital of Gansu Province 134/326 41.1 88/108 81.5
First Affiliated Hospital of Xingjiang Medical University 186,569 32.7 260/309 84. 1
First Affiliated Hospital of Anhui Medical University 176/359 49.0 195/262 74. 4
First Affiliated Hospital of Kunming Medical University 100/280 35.7 285/401 71.1
Sir Run Run Shaw Hospital of Zhejiang University Medical College 170/406 41.9 281/331 84.9
The First Hopital of China Medical University 167/438 38.1 340/396 85.9
Tianjing Medical University General Hospital 200/640 31.3 211/276 76. 4
West China Hospital of Sichuan University 179/625 28.6 251/292 86.0
Total 3672/8 127 45.2 3200/4 354 73.5
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Table 3 Susceptibility of Staphylococcus spp. to antimicrobial agents in 2013 CHINET (%)
MRSA (=3 672) MSSA(n =4 620) MRCNS(n =3 200) MSCNS(n =1 762)
Antimicrobial agent
R S R S R S R S

Vancomycin 0 100 0 100 0 100 0 100
Linezolid 0 100 0 100 0 100 0 100
Teicoplanin 0 100 0 100 0 100 0 100
Cefazolin 89.3 6.0 2.0 93.2 44.0 41.9 3.6 90. 8
Cefuroxime 87.2 9.1 0.6 99.0 38.5 55.8 3.0 95.8
Ampicillin-sulbactam 69. 4 14.1 0.8 95.9 27.2 64.8 1.6 97.8
Rifampin 53.9 45.6 5.1 94.5 11.7 87.4 4.2 95.3
Sulfamethoxazole-trimethoprim 7.1 92.2 14.2 84.6 58.6 39.8 36.2 61.9
Levofloxacin 77.6 21.2 11.8 87.4 52.2 42.5 20. 8 75.4
Ciprofloxacin 75.9 22.1 15.5 81.1 56.6 35.0 28.3 66. 6
Gentamicin 69.5 29.0 16.1 81.3 33.1 59.6 12.5 83.5
Clindamycin 55.9 42.3 27.1 67.8 44.0 51.8 24.7 70.9
Erythromycin 76.1 21. 4 52.1 45.1 88.9 10.3 71.9 26.0
Penicillin G 100 0 88.6 11. 4 100 0 84.7 15.3

Oxacillin 100

0

100

100

100

MRSA, methicillin-resistant S. awureus; MSSA, methicillin-susceptible S.

Staphylococcus; MSCNS, methicillin-susceptible coagulase negative Staphylococcus.
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Table 4 Susceptibility of Enterococcus
spp. to antimicrobial agents in 2013 CHINET (%)

Antimicrobial E. faecalis (n=3283) E. faecium (n=3 062)
agent R S R S

Vancomycin 0.2 99. 8 3.0 96. 9
Linezolid 0.6 98.2 0. 99. 0
Teicoplanin 0.1 99.9 1.3 98.2
Nitrofurantoin 3.7 93.6 43.6 34,5
Fosfomycin 3.9 94.7*

Ampicillin 6.9 93.1 90. 8 9.2
Chloramphenicol 26.5 65.5 8.6 72.9
Ciprofloxacin 27.4 53.8 89. 4 6.1
Levofloxacin 25.7 71.4 84.9 10.2
Gentamicin-High 28.8 67. 4 46.0 53.0
Rifampin 57.7 20.8 84.3 11.2
Erythromycin 69.5 10.7 89.5 3.3

* Results only from urinary tract isolates.
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Table 5 Resistance rates of Streptococcus spp. to antimicrobial agents in 2013 CHINET (%)

Antimicrobial agent A(n=193) B(n=2823) Cn=104) G(n=72) S. wiridans* (n=515)
Penicillin 2.9 1.2 20.7 0 7.3
Erythromycin 87.2 62.5 73. 4 58.8 61.5
Clindamycin 80.9 55.0 65.8 57.6 58.8
Cefuroxime 0 0.8 6.2 2.3 8.5
Cefotaxime 5.0 9.5 12.5 7.9 15.2
Ceftriaxone 2.4 6.2 2.3 9.8 14.3
Vancomycin 0 0 0 0 0
Linezolid 0 0 0 0 0
Levofloxacin 0.6 41.4 7.6 7.0 16. 4

* Isolated from blood, CSF or other sterile body fluids.

6 ANFNILZE P B H il 48 4 BR 1) o0 A1

Table 6 The distribution of S. pneumoniae isolates in children and adults

Isolates from children

Isolates from adults

Strains 2012 2013 2012 2013
Number % Number Number % Number %
PSSP 720 77. 1 608 384 93.9 457 90. 7
PISP 119 12.7 105 22 5.4 27 5.4
PRSP 95 10. 2 193 3 0.7 20 4.0
Total 934 100 906 100 409 100 504 100

PSSP, penicillin-susceptible S. pneumoniae; PISP, penicillin-intermediate S. pneumoniae; PRSP, penicillin-resistant S. pneumoniae.
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Table 7 Resistance rates of nonmeningitis S. pnewmoniae strain isolated from children or adults in 2013 CHINET (%)

Isolates from children (787) Isolates from adults (333)

Antimicrobial agent
PSSP (n=608) PISP (n=105) PRSP (n=193) PSSP (n=457) PISP (n=27) PRSP(n=20)

Penicillin 0 0 100 0 0 100
Vancomycin 0 0 0 0 0 0
Erythromycin 96. 4 99.0 98. 4 90. 2 100 100
Clindamycin 95.1 100 97. 4 85.8 100 100
Moxifloxacin 0.2 0 0 1.5 0 0
Levofloxacin 0.3 1.0 0 2.5 0 15.0
Linezolid 0 0 0 0 0 0

PSSP, penicillin-susceptible S. pneumoniae; PISP, penicillin-intermediate S. pneumoniae; PRSP, penicillin-resistant S. pnewmoniae.
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Table 8  Susceptibility of Enterobacteriaceae to antimicrobial agents in 2013 CHINET (%)

E. coli Klebsiella Proteus spp Enterobacter Citrobacter Morganella Serratia spp

Antimicrobial agent (n=16794) spp n=12121) (=1835) spp (n=3816) spp (n=789) spp (n=298) (n=1059)

R S R S R S R S R S R S R S
Amikacin 4.0 94.1 10.1 89.1 3.2 96. 1 3.6 94.3 3.3 96. 0 1.7 97.2 3.9 95.2
Gentamicin 47.3 51.3 28.2 70.9 25.0 66.9 13.1 84.3 23.0 76.3 26.5 70.0 21.4 77.7
Piperacillin 73.5 18.6 50.2 39.5 21.6 67.6 37.4 55.8 43.1 47.4 19.6 72.7 31.9 64.7
Piperacillin-tazobactam 3.9 90.8 13.8 79.2 0.7 98.2 9.7 78.7 83 80.7 50 92.2 53 91.0
Cefazolin 72.8 9.9 59.1 17.3 65.0 8.3 95.9 1.4 85.9 6.3 98.0 1.5 97.1 0.5
Cefuroxime 64. 4 34,0 48.9 48.4 45.0 54.1 53.1 37.3 46.5 48.7 84.0 9.0 89.7 5.7
Cefotaxime 62.9 35.8 48.4 49.3 29.4 68.7 45.8 47.0 44.4 50.2 23.2 72,0 36.8 57.9
Ceftazidime 28.4 66.2 30.6 65.9 5.4 93.3 31.6 64.4 33.2 63.5 13.5 82,3 8.0 86.7
Cefepime 21.7 71.1 20.5 75.9 5.1 92.2 9.1 87.9 11.0 86.7 2.8 955 8.7 88.1
Cefoperazone-sulbactam 6.0 75.9 15.8 73.0 1.4 96. 2 9.2 79.0 10.7 75. 4 .8 89.3 7.8 82.8
Cefoxitin 16.3 75.5 15.5 82.2 3.4 93.6 94.1 4.7 71.8 24.8 8.3 45.8 26.6 34.0
Imipenem 1.0 98.6 10.0 88.3 1.5% 91.3" 4.3 89.3 5.6 88.5 7.9 57.6% 6.4 84.2
Meropenem 3.0 96.5 13.5 85.6 2.7 96.9 6.4 927 7.4 92.1 1.7 98.3 6.3 93.1
Ertapenem 1.6 96. 13.8 84.8 1.1 95.3 8.5 86.7 6.3 91.0 1.6 97.9 8.0 91.5

Ciprofloxacin 58.3 39. 22,4 72,1 37.1 53.9 11.1 84.0 19.0 73.8 17.9  69.

>
~

8

4 76.6
Sulfamethoxazole-trimethoprim 57.6 41.8 30.1 68.5 53.6 45.5 21.4 77.8 24.9 74,5 41.7 56.8 9.8 89.5

4%

Fosfomycin 6.5 92,

* Results only by Kirby-Bauer method. * * Results only from urinary tract isolates.
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Table 9

U1 B B N AR 0 B AN B o B B 24 0 1 T 2 SRR R (D)
Susceptibility of Salmonella spp. and Shigella spp. to antimicrobial agents in 2013 CHINET (%)

S. typhi and S. paratyphi

S. enteritidis

S. typhimurium  Shigella flexneri Shigella sonnei

Antimicrobial agent A, B, C (n=106) (n=214) (n=260) (n=38) (n=34)
R S R S R S R S R S

Ampicillin 8.2 86.7 70.0 28.6 71.9 27.3 93.8 6.2 80. 8 11.5
Ampicillin-sulbactam 6.0 94. 0 20.6 46.9 23.8 50. 4 59.3 7.4 17.9 71.4
Amoxicillin-clavulanic acid 4.5 86. 4 2.7 83.3 5.4 68. 8

Cefoperazone-sulbactam 0 95.7 0 94.3 0 93.0

Ceftriaxone 1.0 99. 0 31.9 66.7 13.5 85.7 55.6 37.0 30.8 65.4
Ciprofloxacin 2.9 91. 4 1.4 98. 6 3.1 75.3 45.9 35.1 3.0 93.9
Sulfamethoxazole-trimethoprim 2.1 96. 8 9.7 87. 4 38. 4 60. 4 70.6 29. 4 81.8 18.2
Chloramphenicol 2.5 96. 2 13.2 83.7 43.3 53.5 71.4 19.0 0 94.7

(CONKREEREF AN 8 257 MR 4k
B DA X e B e RN 3B B B Y T 25 2R 4 o
27. 1%/ 25,1 Y0 s X Z R R B MB KR B B9 i 25
BN 0.7 YR 11, 0% %k W5 g4 ok 300 55 05 L BR
PR VD B R Sk A fi 1 i 24 %8 <2200 0%, 10 120 B
AN FF TR & 89, 2 06 Ay fifd 2 AN Sl AT B 5 3% PR VT IE i
B R 26 B s w245 2503 1R 62, 8 V0 59. 4005
Xof Sk F WE B -4F 0 30 K 3 R 2% R0 A2 SR 0D AL A T 24
BAARIN 36. 4% 41, 8% M43, 4% W L FHE B
(A B SEAE 99. 0 %0 LA b HeAthy 300 3 245 49 1 T 25 2%
ZAE 50, 0% LA b o W37 25 75 £ B DR X HR A0 -
Bl fde B K B R R L AR SRR T R R M A
89. 0% LA b 1A 58 /R P X CLST #4523 Bt 14
250 B SURCR B3 80, 0% sk A b WEE 11, 22 583

=10
Table 10

PRAS 2 TR 2 P T o0 X PR 8 24 40 118 e it 25
R 2012 4F K45 R KB

(Z)XDR 2= APEFF IR F 22 BT 1 xF
A EBIN K A PTIE 25 W (B 2R R IR R ) 1y
fiif 245 i) XDR Ak 32 247 48 T 1l 2 o 75 0 17 4 2% 1B
BT A AN SRR . R i 5% T R AT R R
S AGFFE Y XDR BRI 2012 4E 4 g b, I
%12,

W) HoA HE22 FHPEAF B 968 Ak It I8 W8 I AT 7
e, JLEE 4 B RR 569 # A B RE 399 Bk T BN
Tk Jie it ke 11 Ay HE 0y 33, 9 %%, b JL B AR R R
R B 72 B R0 ) R 34, 7 Y0 RN 32, 6% . BRIEE B E .
AR AR YD B Hh L Rk b B 25 4
TS 25 S 4 B R PR . L3R 13,

i AT GRS 200 R R AN A T S 22 9 1 0T B B 24 0 1 T 24 5 R R (00D

Susceptibility of Enterobacteriaceae and non-fermentative

gram-negative bacilli to antimicrobial agents (%)

Enterobacteriaceae

Non-fermentative gram-negative

Antimicrobial agent (n =37 896) bacilli (n=22 583)
R S R S

Imipenem 5.1 92.6 46.3 50.5
Meropenem 6.7 92.7 43.5 51.9
Ertapenem 6.5 91.5

Cefoperazone-sulbactam 9.2 77.1 26. 1 54.1
Amikacin 5.9 92.7 28.8 68. 6
Piperacillin-tazobactam 7.7 86.0 38.4 58.7
Cefepime 18.3 76.7 40.7 53.6
Ceftazidime 27.6 68.0 47.2 45.2
Gentamicin 34.7 63.9 42.3 54.0
Ciprofloxacin 37.0 58.6 40.3 55.8
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) F 11 2013 A E CHINET A & M 5 22 B AT 1806 B0 1 24 49 14 ik 2 256 A0 g 28 (04
Table 11  Susceptibility of non-fermentative gram-negative bacilli to antimicrobial agents in 2013 CHINET (%)
P. aeruginosa Acinetobacter spp S. maltophilia Burkholderia spp
Antimicrobial agent (n=18257) (n=10 120) (n=2 444) (n=770)

R S R S R S R S
Amikacin 11.0 86.3 46.0 51.3
Gentamicin 17.5 76.8 63.3 34.8
Piperacillin 23.7 76.3 67.0 23.8
Piperacillin-tazobactam 16.7 83.3 63.2 32.7 5.1 90.9
Cefoperazone 29.8 57.6
Cefoperazone-sulbactam 16. 6 67.2 36. 4 38.9 27.3 43.9
Ticarcillin-clavulanic acid 35.5 64.5 70.2 25.5
Ceftazidime 24. 4 68. 6 69. 2 21.7 5.9 89.7
Cefepime 16. 4 74.5 64.5 32.8
Aztreonam 26.2 52.1 82.2 3.1
Imipenem 27.1 67.9 62.8 36. 1
Meropenem 25.1 70. 6 59. 4 32.9 10. 6 82.9
Ciprofloxacin 16. 8 77.3 66. 1 33.0
Sulfamethoxazole-trimethoprim 88.2 10.0 51.7 45.6 6.2 92.5 10. 8 87.7
Minocycline 87.9 6.5 41.8 34,7 2.2 92.9 6.9 77.8
Levofloxacin 16.5 76.9 43.4 35.1 7.8 89.0
Polymyxin B (n=409) 0.7 99.3 0.7 99.3

12 2013 4E [ CHINET J7 32 T 24 45 22 B PR AT 3 09 K6 i 5

Table 12 Detection rates of extensive-drug resistant gram-negative bacilli in 2013 CHINET

P. aeruginosa A. baumannii K. pneumoniae
Year
XDR/Total % XDR/Total % XDR/Total %

2008 85/4 130 2.1 340/3 120 10.9 10/3 078 0.3

2009 85/4 912 1.7 709/4 163 17.0 81/4 556 1.8

2010 86/5 080 1.7 1 058/4 949 21.4 189/5 032 3.8

2011 109/6 012 1.8 1262/5 958 21.2 150/6 390 2.3

2012 109/7 271 1.5 1 380/7 827 17.6 373/8 772 4.2

2013 163/8 257 2.0 1321/9 024 14.6 250/11 053 2.3

13 2013 AR [E CHINET 3 Jg W i FF B X 5 14 265 0 (0 i 25 5% iUk (00D
Table 13 Susceptibility of H. influenzae to antimicrobial agents in 2013 CHINET (%)
Total (n=968) Isolates from children (n=569) Isolates from adults (n=399)
Antimicrobial agent

Meropenem 1.4 97.7 0.8 98.8 3.3 94.5
Ceftriaxone 8.9 91.1 10.1 89.9 5.6 94. 4
Cefuroxime 15.4 79.7 17.4 77.5 11.2 84.3
Cefotaxime 12.0 87.9 14.2 85.8 7.7 91.9
Ampicillin-sulbactam 24.6 75. 4 27.8 72.2 17.6 82. 4
Ampicillin 39.3 49.5 40.9 46. 6 36. 4 54.6
Amoxicillin-clavulanic acid 17.1 82.9 18.7 81.3 15.1 84.9
Azithromycin 7.2 92.8 7.2 92.8 7.1 92.9
Chloramphenicol 10. 3 75.1 7.5 74.1 14.5 76.7
Ciprofloxacin 6.3 93.6 5.2 94. 8 8.1 91.6
Sulfamethoxazole-trimethoprim 61.3 36.8 65.2 33.3 52.9 44.6

Prevalence of beta-lactamase producer: 33.9% overall; specifically, 34.7% in the strains from children and 32. 6% in the strains from adults.
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