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Abstract: Objective To investigate the antimicrobial resistance profile of the clinical isolates collected from selected hospitals
across China. Methods Twenty-nine general hospitals and five 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 interpreted according to CLSI 2017 breakpoints. Results A total of 190 610 clinical isolates were collected from January
to December 2017, of which gram negative organisms accounted for 70.8% (134 951/190 610) and gram positive cocci 29.2%
(55 649/190 610). The prevalence of methicillin-resistant strains was 35.3% in S. aureus (MRSA) and 80.3% in coagulase negative
Staphylococcus (MRCNS) on average. MR strains showed much higher resistance rates to most of the other antimicrobial agents
than MS strains. However, 91.6% of MRSA strains were still susceptible to trimethoprim-sulfamethoxazole, while 86.2% of MRCNS
strains were susceptible to rifampin. No staphylococcal strains were found resistant to vancomycin. E. faecalis strains showed much
lower resistance rates to most of the drugs tested (except chloramphenicol) than E. faecium. Vancomycin-resistant Enterococcus
(VRE) was identified in both E. faecalis and E. faecium. The identified VRE strains were mainly vand, vanB or vanM type based on
phenotype or genotype. The proportion of PSSP or PRSP strains in the non-meningitis S.pneumoniae strains isolated from children
decreased but the proportion of PISP strains increased when compared to the data of 2016. Enterobacteriaceae strains were still
highly susceptible to carbapenems. Overall, less than 10% of these strains (excluding Klebsiella spp.) were resistant to carbapenems.
The prevalence of imipenem-resistant K. pneumoniae increased from 3.0% in 2005 to 20.9% in 2017, and meropenem-resistant K.
pneumoniae increased from 2.9% in 2005 to 24.0% in 2017, more than 8-fold increase. About 66.7% and 69.3% of Acinetobacter
(A. baumannii accounts for 91.5%) strains were resistant to imipenem and meropenem, respectively. Compared with the data of
year 2016, P. aeruginosa strains showed decreasing resistance rate to carbapenems. Conclusions Bacterial resistance is still on the
rise. It is necessary to strengthen hospital infection control and stewardship of antimicrobial agents. The communication between
laboratorians and clinicians should be further improved in addition to surveillance of bacterial resistance.

Key words: bacterial resistance surveillance; antimicrobial susceptibility testing; vancomycin-resistant Enterococcus; —methicillin-

resistant Staphylococcus;  penicillin-resistant Streptococcus pneumoniae; — carbapenem-resistant gram-negative bacterium
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Table 1 Distribution of bacterial species

Organism No. of strains %

E. coli 36 735 19.27
Klebsiella spp 27977 14.68
Acinetobacter spp 19 246 10.10
S. aureus 17213 9.03
P, aeruginosa 16 562 8.69
Enterococcus spp 16 043 8.42
ey, D
Enterobacter spp 7491 3.93
B-hemolytic Streptococcus 7404 3.88
S. maltophilia 5471 2.87
H. influenzae 5070 2.66
S. pneumoniae 4 595 241
Proteus spp 3 646 1.91
Serratia spp 2330 1.22
S. viridans (from blood, CSF and other sterile

body fluid) 1990 1.04
Burkholderia spp 1921 1.01
Citrobacter spp 1 689 0.89
Moraxella catarrhalis 1543 0.81
Salmonella spp 1236 0.65
Morganella spp 943 0.49
Other Pseudomonas spp 870 0.46
Other Haemophilus spp 466 0.24
Helicobacter nemestrinae 362 0.19
Neisseria spp 208 0.11
Alcaligenes spp 112 0.06
Listeria monocytogenes 87 0.05
Providencia spp 54 0.03
Shigella spp 49 0.03
Others’ 928 0.49
Total 190 610 100

CSF, cerebrospinal fluid.
"Including Elizabethkingia meningosepticum, Chryseobacterium spp,
Aerococcus spp, Flavobacterium spp, Chryseomonas luteola, and

Vibrio spp, Bacillus spp, Pasteurella spp.
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Table 2 Prevalence of methicillin-resistant Staphylococcus in 2017 CHINET by hospital

S. aureus Coagulase-negative Staphylococcus
Hospital
MR strains/total % MR strains/total %
Shanxi Provincial Children's Hospital 36/349 10.3 37/49 75.5
The First Affiliated Hospital of Harbin Medical University 153/943 16.2 633/855 74.0
The First Affiliated Hospital of Inner Mongolia Medical University 100/527 19.0 125/152 82.2
People's Hospital of Zigui County, Hubei Province 38/199 19.1 5/5 100
The First Hospital of China Medical University 57/261 21.8 234/276 84.8
Tianjin Medical University General Hospital 106/480 22.1 2537297 85.2
First Affiliated Hospital of Xinjiang Medical University 111/491 22.6 87/127 68.5
Shenzhen People's Hospital 74/313 23.6 227/315 72.1
Jinjiang Hospital, Fujian Province 46/185 249 18/18 100
Sino-Japanese Friendship Hospital of Jilin University 85/339 25.1 185/231 80.1
Peking Union Medical College Hospital 183/712 25.7 215/292 73.6
General Hospital of Ningxia Medical University 188/715 26.3 66/78 84.6
Sichuan Provincial People's Hospital 133/491 27.1 269/343 78.4
Xiangya Hospital of Central South University 149/545 273 406/513 79.1
Beijing Children's Hospital, Captical Medical University 245/884 27.7 541/652 83.0
First Affiliated Hospital of Kunming Medical University 97/346 28.0 145/174 83.3
West China Hospital, Sichuan University 269/953 28.2 300/369 81.3
Shandong Provincial Hospital 149/511 29.2 41/51 80.4
People's Hospital of Pudong New Area, Shanghai 89/254 35.0 35/71 49.3
Sir Run Run Shaw Hospital, Zhejiang University School of Medicine 122/334 36.5 117/156 75.0
Children's Hospital of Fudan University 183/496 36.9 242/293 82.6
Jiangxi Provincial Children's Hospital 71/172 413 26/39 66.7
Beijing Hospital 77/164 47.0 163/190 85.8
Shanghai Children's Hospital 160/340 47.1 230/274 83.9
Nanjing Drum Tower Hospital, The Affiliated Hospital of Nanjing University
Medical School 377/787 47.9 296/381 71.7
Ruijin Hospital, Shanghai JiaoTong University School of Medicine 269/551 48.8 46/53 86.8
Gansu Provincal Hospital 113/230 49.1 25/31 80.6
The First Affiliated Hospital of Anhui Medical University 224/439 51.0 260/315 82.5
Ningbo Longsai Hospital 30/58 51.7 16/23 69.6
The First Affiliated Hospital of Guangzhou Medical College 181/348 52.0 76/91 83.5
Henan Provincial People's Hospital 275/516 533 275/310 88.7
Huashan Hospital, Fudan University 230/426 54.0 115/146 78.8
Tongji Hospital, Tongji Medical college of HUST 624/1 042 59.9 178/212 84.0
Shaanxi Provincial People's Hospital 254/409 62.1 114/139 82.0
Total 6084/17 213 353 6717/8 371 80.2
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Table 3 Susceptibility of Staphylococcus strains to antimicrobial agents

(%)

MRSA (=6 084)

MSSA (n=11 120) MRCNS (#=6 717) MSCNS (n=1 586)

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 0 100
Linezolid 0 100 0 100 0 100 0 100
Rifampin 16.2 82.1 1.0 98.5 13.1 86.2 1.9 97.7
Levofloxacin 50.3 48.8 9.8 89.2 56.2 40.9 10.2 88.6
Gentamicin 37.3 60.9 11.9 85.3 27.5 65.7 35 93.6
Trimethoprim-sulfamethoxazole 8.2 91.6 17.9 81.9 58.2 40.9 21.7 77.7
Clindamycin 65.0 33.2 26.5 71.7 432 54.3 17.3 80.3
Erythromycin 82.9 14.9 53.3 45.5 85.1 13.4 64.6 329
Penicillin G 100 0 89.9 10.1 100 0 71.3 28.7
Oxacillin 100 0 0 100 100 0 0 100

4 FEREFIR I BR G RTHT25 W i 24 R R AUk
Table 4 Susceptibility of Enterococcus faecalis and

Enterococcus faecium to antimicrobial agents

(%)
E. faecalis (n=6 693) E. faecium (n=8 173)
Antimicrobial agent
S R S

Vancomycin 0.1 99.8 1.4 98.5
Teicoplanin 0 99.9 1.1 98.8
Linezolid 1.2 97.4 0.2 99.5
Nitrofurantoin 1.8 96.5 45.4 29.5
Ampicillin 3.9 96.1 90.2 9.8
Chloramphenicol 30.7 67.0 7.5 90.5
Levofloxacin 26.1 71.6 84.7 10.0
Ciprofloxacin 24.7 64.8 88.3 7.5
Gentamicin-High 35.8 62.7 49.0 49.8
Erythromycin 65.0 6.9 88.9 39
Fosfomycin 3.8 92.6° NA NA

"Results of urinary tract isolates only. NA, not available.
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Table 5 Prevalence of antibiotic-resistant strains in Streptococcus spp.

Antimicrobial agent

Penicillin 0.2 0.6
Erythromycin 94.1 73.7
Clindamycin 92.8 66.0
Cefotaxime 0.2 53
Ceftriaxone 2.5 7.3
Vancomycin 0 0

Linezolid 0 0

Levofloxacin 0.4 53.6

(%)
Group A (n=3 589) Group B (n=3 010) Group C (n=362) Group F (n=57) Group G (n=72) S.viridans" (n=1 990)
3.0 0 0 7.9
71.2 78.9 66.7 65.4
63.7 82.5 70.8 58.3
2.3 0 0 11.5
2.2 1.9 1.6 8.6
0 0 0 0
0 0 0 0
3.4 0 11.8 14.0

"Isolates from blood, cerebrospinal fluid or other sterile body fluids.
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Table 6 The distribution of nonmeningitis S. pneumoniae isolates from children and adults in terms of penicillin susceptibility in three years

Isolates from children Isolates from adults
Strains 2015 2016 2017 2015 2016 2017
Number % Number % Number % Number % Number % Number %
PSSP 900 86.5 2263 89.6 2787 86.8 426 91.8 788 95.4 1288 94.7
PISP 66 6.3 186 7.4 355 11.0 26 5.6 28 3.4 46 3.4
PRSP 75 7.2 78 3.1 70 2.2 12 2.6 10 1.2 26 1.9
Total 1041 100 2527 100 3212 100 464 100 826 100 1360 100

PSSP: penicillin susceptible S. pneumoniae; PISP: penicillin intermediate S. pneumoniae; PRSP: penicillin resistant S. pneumonea.

R LEFRN S PR il 98 HE BR O BT R 25 1) AT 2455

Table 7 Prevalence of antibiotic-resistant strains in the nonmeningitis S. pneumoniae isolated from children and adults

(%)
Antimicrobial agent Isolates from children Isolates from adults
PSSP (n=2 787)  PISP (n=355) PRSP (n=70) PSSP (n=1288) PISP (n=46) PRSP (n=26)
Penicillin G 0 0 100 0 0 100
Vancomycin 0 0 0 0 0 0
Linezolid 0 0 0 0 0 0
Erythromycin 98.1 100 97.1 93.0 100 100
Clindamycin 96.3 99.4 98.5 89.8 94.3 95.7
Trimethoprim-sulfamethoxazole 73.4 85.4 91.2 62.4 97.3 82.6
Levofloxacin 0.3 0 2.4 3.1 4.7 16.0
Moxifloxacin 0.4 0 0 1.4 0 222
Chloramphenicol 6.9 43 2.8 11.7 32 0
PSSP: penicillin susceptible S. pneumoniae; PISP: penicillin intermediate S. pneumoniae; PRSP: penicillin resistance S. pneumonea.
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Table 8 Susceptibility of Enterobacteriaceae species to antimicrobial agents
(%)
E. coli Klebsiella spp  Proteus spp  Enterobacter  Serratia spp  Citrobacter ~ Morganella
Antimicrobial agent (n=36735)  (n=27977) (n=3 646)  spp (n=7491) (n=2330) spp (n=1689) spp(n=943)
R S R S R S R S R S R S R S
Tigecycline 0.2 99.5 2.1 934 NA NA 23 945 0.7 96.0 0.5 975 23 89.5
Polymyxin B* 4.6 954 3.6 964 NA NA 9.5 905 NA NA 131 869 NA NA
Imipenem 1.9 97.8 200 79.1 42" 86.9° 69 89.5 5.5 90.6 81 897 199 552
Meropenem 23 97.6 231 764 25 973 7.0 923 4.6 95.0 79 914 25 972
Ertapenem 20 978 144 854 1.1 98.0 82 904 53 943 79 92.0 22 97.6
Cefepime 222 68.0 279 68.1 72 846 121 845 7.6 892 127 84.0 3.0 929
Ceftazidime 27.1 68.0 343 63.0 7.0 91.6 31.7 657 52 929 300 664 149 814
Cefotaxime 593 40.1 456 532 338 643 39.0 553 19.1 763 392 576 239 728
Ceftriaxone 564 428 421 573 270 69.1 37.1 614 165 829 364 61.6 152 782
Cefoperazone-sulbactam 64 8l.1 253 66.1 1.7 959 1.2 78.1 8.1 858 10.8 779 3.7 932
Cefuroxime 60.5 37.0 46.1 512 438 555 478 394 89 25 417 532 798 78
Cefazolin 713 214 594 342 690 21.7 959 32 990 1.0 854 135 991 07
Cefoxitin 124 80.6 28.6 69.1 46 91.8 939 46 269 280 613 349 163 424
Piperacillin 719 207 509 412 258 622 341 59.6 141 828 399 502 198 719
Piperacillin-tazobactam 47 913 236 718 1.8 97.0 11.7 1765 40 923 121 78.1 3.6 937
Ampicillin 859 13.0 89.1 1.3 645 347 745 95 699 96 NA NA NA NA

Ampicillin-sulbactam 463 326 464 46.8 30.5 587 552 349 598 236 427 516 588 187
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Table 8 ( continued )
(%)
E. coli Klebsiella spp ~ Proteus spp  Enterobacter — Serratia spp  Citrobacter ~ Morganella
Antimicrobial agent (n=36735)  (n=27977) (n=3646)  spp (n=7491) (n=2330) spp (n=1 689) spp(n=943)
R S R S R S R S R S R S R S
Amikacin 2.8 964 141 857 34 954 1.5 977 1.2 98.1 3.6 957 2.0 976
Gentamicin 415 579 292 702 26.0 642 11.2 87.0 9.5 89.8 183 80.6 22.7 73.3
Ciprofloxacin 57.0 40.7 31.1 654 398 51.7 11.6 842 106 857 19.5 747 222 682
Levofloxacin 544 429 266 71.0 252 657 9.1 878 72 895 162 787 104 824
Nitrofurantoin 2.7 90.2 NA NA NA NA NA NA NA NA NA NA NA NA
Trimethoprim-sulfamethoxazole 557 44.1 350 647 563 435 21.1 786 5.7 940 273 724 41.0 585
Fosfomycin 49° 942° NA NA NA NA NA NA NA NA NA NA NA NA
*R=non-wild-type, S=wild-type.
°Results by Kirby-Bauer method.
“Results of urinary tract isolates only.
NA, not available.
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Figure | Increasing prevalence of imipenem- and meropenem-resistant Klebsiella pneumoniae isolates during the period

from 2005 to 2017 (the annual number of isolates ranging from 2 136 to 26 268)
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Table 9  Susceptibility of Salmonella spp. to antimicrobial agents

(%)

Antimicrobial agent

S. typhimurium (n=362)

S. enteritidis (n=214)

S. typhi & S. paratyphi (n=95)

R S R S R S
Ampicillin 82.1 17.4 75.9 23.6 51.6 48.4
Ampicillin-sulbactam 24.4 56.5 36.3 33.0 30.0 53.3
Amoxicillin-clavulanic acid 24.4 483 21.3 48.3 11.5 59.6
Cefoperazone-sulbactam 1.7 93.4 1.0 98.0 0 89.7
Ceftriaxone 26.0 72.2 13.2 86.8 7.1 91.4
Ciprofloxacin 13.6 52.5 7.5 42.0 22.7 39.4
Trimethoprim-sulfamethoxazole 38.0 61.4 8.1 91.5 17.4 82.6
Chloramphenicol 45.5 53.7 1.5 98.5 459 54.1
Imipenem 0 100 0 98.8 33 96.7
Meropenem NA NA 0 100 2.1 97.9

NA, not available.
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Table 10  Susceptibility of Enterobacteriaceae strains to

antimicrobial agents

Antimicrobial agent No. of strains R /% S /%

Tigecycline 41 162 1.5 95.3
Amikacin 80 197 6.6 92.8
Ertapenem 50380 7.0 92.6
Imipenem 79 656 9.4 89.1
Meropenem 62 113 9.8 89.8
Piperacillin-tazobactam 79 334 11.7 83.4
Cefoperazone-sulbactam 51914 13.0 76.9
Cefepime 81352 21.6 71.8
Ceftazidime 71997 28.1 68.2
Gentamicin 78 771 31.8 67.0
Ciprofloxacin 78 246 39.7 56.9

H66.7%F169.3% ;5 Xof Sk AR R - &7 [ 35 F1OK 7 24
RITH 25553 00 43.5%H144.4%, WEZHHE
BV NI 2= A 25 32 551K (0.1%416.0% ) , Xf
HABIL 245 1 i 25 R ZHE40% L b W EAE R
B TR X R AR E -l FR L | ORI IR R AR AR
SV BT 25 R A%, 0 BURCRIT90% Bk LA I .
PEAAA TR R CLSHEF M E D 1 . 3k
FARE . RIEIRZ . H AU E - it e DT s T 51
RGP AW 25 580K, A1 R USRI 1E
82.9%~92.2%; {HX} 22 S B> AL I UBCR AR
67.6%. W11,

2.4 HAhE 2 AT

2.4.1 FUBCEMATE 5 070RKFEIE AT
JLE P ESHR3 1610k, AT EPk1 8981k, /&g
LA B O 0 PO AR I 255835304 5% 5 DL |, BRH

R ARIENE 2 IV T 259 T 25 3 AR

Table 11  Susceptibility of non-fermentative gram-negative bacilli to antimicrobial agents
(%)
P. aeruginosa Acinetobacter spp S.maltophilia B.cepacia
Antimicrobial agent (n=16 562) (7=19 246) (n=5471) (n=13804)
R S R S R S R S
Amikacin 6.1 91.9 48.6 49.8 NA NA NA NA
Gentamicin 10.7 85.7 63.2 345 NA NA NA NA
Piperacillin 19.1 80.9 70.5 22.8 NA NA NA NA
Piperacillin-tazobactam 13.4 86.6 64.5 31.8 NA NA NA NA
Cefoperazone-sulbactam 14.8 71.1 43.5 37.3 18.0 57.4 13.0 66.7
Ampicillin-sulbactam NA NA 62.1 323 NA NA NA NA
Ceftazidime 21.4 71.1 72.0 24.9 38.1 52.7 8.0 87.6
Cefepime 18.7 62.1 67.7 24.5 NA NA NA NA
Aztreonam 314 51.1 NA NA NA NA NA NA
Imipenem 23.6 72.7 66.7 32.1 NA NA NA NA
Meropenem 20.9 74.9 69.3 29.7 NA NA 10.3 82.2
Ciprofloxacin 14.8 79.8 68.3 30.9 NA NA NA NA
Levofloxacin 15.8 77.6 50.8 33.9 9.3 87.3 17.4 67.6
Trimethoprim-sulfamethoxazole NA NA 52.6 45.6 5.5 93.9 6.5 92.2
Minocycline NA NA 44.4 38.1 1.8 95.2 3.8 83.9
Polymyxin B 0.9 99.1 0.1 99.9 NA NA NA NA
Tigecycline NA NA 6.0 74.8 NA NA NA NA
Chloramphenicol NA NA NA NA 19.8 50.2 11.6 82.9
NA, not available.
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Table 12 Susceptibility of H. influenzae to antimicrobial agents
(%)
Total (n=5 070) Isolates from children (=3 161)  Isolates from adults (n=1 898)
Antimicrobial agent

R S R S R S
Ampicillin 52.2 42.9 56.4 38.6 449 50.5
Amoxicillin-clavulanic acid 14.8 85.2 13.9 86.1 17.6 82.4
Ampicillin-sulbactam 22.6 77.4 222 77.8 23.0 77.0
Cefuroxime 26.4 68.9 28.6 65.9 21.5 75.3
Ceftriaxone 2.8 97.2 1.7 98.3 5.4 94.6
Chloramphenicol 6.3 90.4 5.2 923 8.1 87.4
Azithromycin 22.2° 77.7 26.1° 73.9 14.2° 85.9
Levofloxacin 1.3* 98.1 0.3" 99.6 2.8 95.6
Trimethoprim-sulfamethoxazole 63.6 333 66.6 30.2 59.3 37.7
Meropenem 1.6" 98.4 1.3 98.6 1.9° 98.0
*percentage of non-susceptible isolates.
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