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[Abstract] Objective To investigate changes in the distribution and antimicrobial resistance of bacteria isolated
from cerebrospinal fluid (CSF) specimens in Hunan Province, and provide reference for correct clinical diagnosis and
rational antimicrobial use. Methods Data reported by member units of Hunan Province Antimicrobial Resistance
Surveillance System from 2012 to 2021 were collected according to China Antimicrobial Resistance Surveillance Sys-
tem (CARSS) technical scheme. Data of bacteria isolated from CSF specimens and antimicrobial susceptibility tes-
ting results were analyzed with WHONET 5. 6 and SPSS 20. 0 software. Results A total of 11 837 bacterial strains
were isolated from CSF specimens from member units of Hunan Province Antimicrobial Resistance Surveillance Sys-
tem from 2012 to 2021. The top 5 strains were coagulase-negative Sta phylococcus (n =6 397, 54.0%), Acineto-
bacter baumannii (n=764, 6.5%) , Staphylococcus aureus (n=606, 5.1%) . Enterococcus faecium (n=465, 3.9%),
and Escherichia coli (n =447, 3.8%). The detection rates of methicillin-resistant coagulase-negative Staphyloco-
ccus (MRCNS) and methicillin-resistant Sta phylococcus aureus (MRSA) were 58.9% — 66.3% and 34.4% —62.1%,
respectively. No Staphylococcus spp. were found to be resistant to vancomyecin, linezolid, and teicoplanin. The de-
tection rate of Enterococcus faecium was higher than that of Enterococcus faecalis, and the resistance rates of En-
terococcus faecium to penicillin, ampicillin, high concentration streptomycin and levofloxacin were all higher than
those of Enterococcus faecalis (all P=0.001). Resistance rate of Streptococcus pneumoniae to penicillin was 85. 0% , at a
high level. Resistance rate of Escherichia coli to ceftriaxone was >>60% , while resistance rates to enzyme inhibitors
and carbapenem antibiotics were low. Resistance rate of Klebsiella pneumoniae to ceftriaxone was >60%, to en-
zyme inhibitors piperacillin/tazobactam and cefoperazone/sulbactam was >>30% , to carbapenem imipenem and me-
ropenem was about 30%. Resistance rates of Acinetobacter baumannii to most tested antimicrobial agents were
>60% , to imipenem and meropenem were 59. 0% — 79. 4% , to polymyxin B was low. Conclusion Among the bac-
teria isolated from CSF specimens, coagulase-negative Staphylococcus accounts for the largest proportion, and the
overall resistance of pathogenic bacteria is relatively serious. Bacterial antimicrobial resistance surveillance is very
important for the effective treatment of central nerve system infection.
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Table 1 Distribution of bacterial species isolated from CSF specimens, Hunan Province Antimicrobial Resistance Surveillance

System, 2012 — 2021

2012—2013 4F 2014—2015 4F 2016—2017 4 2018—2019 4f 2020—2021 4E &t
A 5 5 ’ 5 5 5
wa N we TOSE me TREww TONE e TOSE ww REE
CNS 441 43.8 1042 50.6 1549 52,5 1778  57.2 1587  58.5 6397 540
i & N B KT 1 78 7.7 161 7.8 212 7.2 179 5.7 134 4.9 764 6.5
L WO R R T 91 9.0 135 6.6 147 5.0 123 3.9 110 4.0 606 5.1
BRI ER 27 2.7 83 4.0 117 4.0 127 4.1 111 4.1 465 3.9
K 1 7 52 5.1 99 4.8 121 4.1 105 3.4 70 2.6 447 3.8
Jili 4 5 B 1A 33 3.3 56 2.7 89 3.0 100 3.2 91 3.4 369 3.1
i ¢ 4 BR T 36 3.6 45 2.2 57 1.9 62 2.0 49 1.8 249 2.1
F IR 29 2.9 55 2.7 65 2.2 52 1.7 34 1.3 235 2.0
Hil 2315 2 I T 13 1.3 44 2.1 47 1.6 37 1.2 37 1.4 178 1.5
[ ¥4 5 FF 1 12 1.2 22 1.1 28 0.9 16 0.5 22 0.8 100 0.9
Ho Al 241 B 195 19. 4 317 15.4 516 17.6 531 17.1 468 17.2 2027 17.1
43t 1007 100 2 059 100 2 948 100 3110 100 2713 100 11 837 100

# (MRCNS) g #; Hh % 58. 9% ~66. 3%, ifit 4
PO bR 4 ¥ €0 3 75 3R B (MRSA) 1 6 28y 34, 4% ~
62. 1% s A KX 7 7l B 28 ) 4 M Je A 2 L T
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fiif 245 2 25 F CNS(P<C0. 05) o {H X 2 M P§ Ak L 22 2091
T BR RNA Jy E Ji FR E e ) i 2 R AR T CNS (3 P<<
0.05), 2012—2021 4 CNS F1 4 # {0 7 45 BR 1 %F
DT B 25 W 1 T 245 15 0 L3R 2.3
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Table 2 Antimicrobial susceptibility testing results of coagulase-negative Staphylococcus isolated from CSF specimens, Hunan

Province Antimicrobial Resistance Surveillance System,

2012 = 2021

2012—2013 4 2014—2015 4 2016—2017 4 2018—2019 4 2020—2021 4

ML) W RS W R S KW R S M R S W RS g -
BB (%0 (%) BRE () (%) HE () () BB ) (%) BB (%) ()

HaR 406 87.2 12.8 1005 83.8 16.2 1503 87.3 12.7 1688 87.8 12.2 1510 89.0 11.0  0.007  0.423
s Pk 409 63.3 36.7 1007 59.4 40.6 1523 61.5 38.5 1697 62.2 37.8 1537 64.8 35.2 0.010 0.315
NS 403 21.6 68.7 1025 21.2 68.5 1542 20.7 71.5 1762 18.0 75.5 1578 16.5 76.2 —0.036  0.002
T ER 415 0 100 1009 O 100 1535 0 100 1756 0 100 1568 0 100 / /
BENT 88 0 100 222 0 100 281 0 100 501 0 100 605 0 100
I 2% e i 353 0 100 900 0 100 1498 0 100 1724 0 100 1554 0 100 / /
AFE 417 67.6 24.9 997 69.9 23.7 1465 69.5 28.2 1646 70.4 27.8 1495 65.6 32.6 —0.007 0.506
T ER 409 32.8 63.6 989 34.6 60.3 1461 27.3 69.9 1621 24.2 73.4 1472 22.0 74.9 —0.064 0.001
k=8 TRUp 339 34.5 54.9 845 41.2 53.8 1352 39.9 57.5 1521 36.5 61.2 1460 39.9 57.7  0.001  0.926
I8 T it i Y PO e 358 40.5 58.9 927 40.1 59.8 1487 36.7 63.3 1721 29.5 70.5 1499 25.8 74.2 —0.071 0.001
) 4 S 392 13.3 82.7 1007 10.4 86.7 1541 10.9 88.3 1757 9.4 89.7 1546 9.0 90.8 —0.028 0.019
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Table 3 Antimicrobial susceptibility testing results of Staphylococcus aureus and coagulase-negative Sta phylococcus isolated

from CSF specimens, Hunan Province Antimicrobial Resistance Surveillance System, 2012 — 2021

B B 0075 28 BR A CNS
L 254 e P
A6 ) Ak RCY%) SC%) A D0 Ak i R(Y%) S(%)

HEER 587 92.8 7.2 6101 87.3 12.7 0.976 0.323
W G bR 588 45.6 54. 4 6162 62.3 37.7 16. 795 0. 001
RREHR 602 20. 1 75.7 6 299 18.9 73.3 0.342 0.559
THER 596 0 100 6 272 0 100 / /
BHPLT 210 0 100 1 696 0 100 / /
Il 2% s 575 0 100 6018 0 100 / /
AFR 549 64.1 31.0 6 009 68.7 28.2 0.939 0.332
TR R 570 32.5 63.5 5 492 26.7 70. 1 4,774 0. 029
LA R 504 27.2 69.0 5507 38.8 57.9 12.873 0. 001
577 1k i Y 568 18.7 81.3 5 981 32.6 67. 4 26. 817 0.001
F 601 11.0 85.9 6 232 10.0 88.8 0. 476 0. 490

T B3R 20122021 44 4 BR 8 K05 IF 047/ 3RR R EAT R 5 A0 98 5 (SRS T 25 A BE AT 0 #r

2.2.2 FEREE RBEREAE RS TEBERE,
RIGERFE N FHER AR BRERSSER AR
D R 25 m FEEHIRE (35 P =0.001), 1fii 4
B EWER KRBT R T ER EHRT A

i AR P BT 25 R B B R 25 5 . PR D BR ARG
4 BRI 7 AR 2 0 T bR . 2% M BR R A X
HER EEA TSk, WK 4.

R4 20122021 4510 v 48 20 5 TS 24 20 0 100 T 0B A o M ek R X L 25 0 1 25 S 4 SR

Table 4 Antimicrobial susceptibility testing results of Enterococcus spp. isolated from CSF specimens, Hunan Province Anti-

microbial Resistance Surveillance System, 2012 — 2021

FR W 2R v FEIh BRI
BLH 24 7 P
LRIEY R(%) SC%) A6 00 Aok i R(%) S(%)
HEE 438 88. 1 11.9 209 8.1 91.9 113. 896 0. 001
ER SN 427 88.3 11.7 212 6.1 93.9 126. 253 0. 001
EHk R K& 250 36.8 63.2 134 23.9 75. 4 3.520 0. 061
R EEER 187 49,2 50. 8 79 17.7 82.3 10. 994 0. 001
ThER 459 0.9 98.7 222 0 99. 1 1.929 0. 165
B P T 114 0.9 99. 1 59 0 100 0.516 0.473
I 2% e i 432 0.5 98. 8 214 1.4 95.8 1.612 0.204
k=8 Rup 402 75.6 15.2 192 20. 8 75.0 50. 119 0. 001
F 45 7 77 77.9 10. 4 44 65.9 22.7 0.323 0.570
TE: 13RO 20122021 4£ i BR G B G IF 4387 5 SR 25 R BT 4047

2.2.3  JREEERE T MNCE WO A i R kK
O3 B RAR L KA A 43 B BRECER /N T 30,10 4R %%
I A IR 28 A il 2R % Bk o X 7 B K T 24 R
H 85,0 %0 o &b TF R K OF X TSk A iy A L 55 B KGR
FRITR 25 2843531l 16. 8 %0, 15. 6% % i B & A2 AR

U0 BRI AIR K T 10 25 T 25 4 53 5 0. 906 .4, 64
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Table 5 Antimicrobial susceptibility testing results of
Streptococcus  pneumoniae isolated from CSF
specimens, Hunan Province Antimicrobial Re-
sistance Surveillance System, 2012 — 2021

VL 254 LERE7S 4 R(%) S(%)
HRR 214 85. 0 15.0
By 52 Y bR/ B L 4 R 47 6.4 78.7
Sk Tk 50 68.0 30.0
Sk At i A 208 16. 8 60. 1
3K e 79 26.6 40.5
e 199 15.6 60. 3
T HER 235 0.9 99. 1
ZEERRY B 217 4.6 93.5

V< b4 20122021 4RI 46 B IR T RCHE 4 F 41T

=60 Y0, Xif 1 b R 2 1) A2 SRR T B VIR I VD LT 2
¥1=>50 00, B oK B AR R BRI 25 28 (1. 200) , &)
B T AV 161 790 IR R PG bR/t s EL 3P T 245 3Rk 7.9 %%
i AR (R PO =W Nt PN 1 T S (U R /N T
23> 60 U6 , i £ i ) 700 WR 76 bR/ fth s B 31 Sk
TELR P / 4 B4 3H A4 TR 245 53 43 03] Oy 36. 994036, 306 %t
WeF B BYUER . MR R 2% 5w, Hoimd 24
RAE 3000 2547 o X EL R R 14 i 24 155 50 I 9% e
A7 TR 6T IR 37 G AP/t el L 2 Sk A At i | Sk R B L Sk
LA i S (o T N 78 N S N ]
KRB ZATE R T 25 25 T R %R A4 W (% P
<20.05) o AT FR N U0 L 52 D il i PR e L R R A
VR A T 245 238 34 vy Il 98 5 B (A 8 (1 P<<0..05) . X
R LR VA = ISR UYLy NN S U = 2 S
Py a i R KRR AR R I 2R 257
TGit2FE L (¥ P>0.05), ko,

R 6 20122021 A5 1) 1 45 20 1 T 245 260 00 190 I 9 A o 5 DR M 4 A R 1A 8 o 7 11 R 0T R DL A7 IR 245 ) 14 2 A R 2

Table 6 Antimicrobial susceptibility testing results of Escherichia coli and Klebsiella pneumoniae isolated from CSF speci-

mens, Hunan Province Antimicrobial Resistance Surveillance System, 2012 — 2021

N7 Jifi 5% e & AR 1A
HLH Y e P
A6 ) Ak K R(%) SC%) A6 D00 Aok i R(%) S(%)

AT 325 82.5 15. 4 - - - /
R/ EF 258 43.8 31. 4 222 58.6 34.2 3.392 0. 066
WR 37 74 K/ s s 28 4 406 7.9 70.0 355 36.9 49.0 61.218 0.001
Sk 7 g AR 294 68.0 12.2 265 70. 6 14.0 0.077 0. 782
S ko 203 54.2 36. 0 188 65. 4 30.9 1.294 0.255
Sk 70 At e 387 32.3 60. 7 311 50. 2 45.7 9. 647 0. 002
S 1l 361 60.9 38.5 306 63.7 36.3 0. 127 0.722
k7 BE g 38 28.9 63.2 # #+ = / /
S i s 426 31.5 53. 1 359 48.2 45. 4 9. 961 0. 002
Sk 10 Wik i /£ L 30 192 8.9 85. 4 179 36.3 57.0 26. 004 0. 001
SLALPE T 230 15.2 80. 0 190 42.6 55.8 21.986 0. 001
A g 334 42.8 51.8 298 52.3 43.3 2. 049 0. 152
W e 15 75 361 8.9 88.9 288 28.5 68.8 29. 474 0. 001
EL R 209 14.8 84. 2 191 31.9 66.5 10. 306 0. 001
] >k 2 429 1.2 98.6 360 20. 8 77.8 67.283 0. 001
RKEZ 383 36. 6 58.2 316 37.7 61.1 0. 042 0. 838
ZAimER 265 14.3 56.2 229 26.6 59.0 7. 686 0. 006
LR B 396 55.3 21.2 340 42.9 38.5 3.799 0. 051
HNT R 328 63. 4 27.1 265 35.5 54.3 15. 321 0.001
52 75 it e FEY TS s 411 56. 2 43.8 354 39.5 60.5 7. 412 0. 006

T B 20122021 4R IR A T Il 58 5 o 10 B R & 9 0 0 5 — KON RARTT 25 5 7R 200 BAR BN T 305 /38008 R IEAT R 5 i 4 5
AU i 25 3 BEAT 43 Hr
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=60 %0 5 XF K i I 2 BRI T 25 28 <730 %05 X 2 7
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X A Cochrane- Armitage 2% 1 it 34 56, 1 %) =k 1 DR
il / &F T 3H R 25 S8 1 28 A7 Ge 12 L (P<<0. 05) . F
EAFH BB S (r = 0. 136) , 36 oAt 25 ) 1 i 24 %

RT 2012—2021 4

Antimicrobial Resistance Surveillance System,

A TG X () P>0.05), W7,

2.3 EEHBAHEEHENL 2012—2021 4 MRC-
NS K H R AE 58. 9% ~66. 3% [8] I 8l . K WL 0 & #
#LBR 2015 4RSI T MRSA;W?%%%?%*@@%
AN FFHE (CRAB) K H R =>60 %6 , A Fae ;s Hop &
SLE 25 B T R AR R AR BCER D R A
20122021 4 figi 5 W bR A J3 125 1) B2 2 i 24 7 A
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Table 7 Antimicrobial susceptibility testing results of Acinetobacter baumannii isolated from CSF specimens,

Hunan Province

2012 - 2021

2012—2013 4f 2014—2015 4F

2016—2017 4F

20182019 4F 20202021 4F

BWEAY gw RS KW R S W R S KW R S KW R S " P
BB (%) (Y% BB (%) (Y% kBRE (W) (%) BB (Y% (X)) kRE (W) (%)
SEVE AR /A B 43 62.8 32.6 110 68.2 26.4 99 72.7 26.3 92 69.6 25.0 72 61.1 33.3 —0.006 0.879
DRPLPGAK /M L4 64 64.1 28.1 151 63.6 25.8 157 61.1 34.4 128 70.3 26.6 116 65.5 29.3 0.011 0.723
Sk 7 At e 61 77.0 16.4 117 67.5 26.5 161 67.1 29.2 138 76.1 23.2 119 68.9 30.2 —0.001 0,982
Sk 1t 0t fig 58 72.4 22.4 159 73.6 26.4 211 65.4 34.1 178 71.3 23.6 132 62.9 31.1 —-0.018 0.517
K TR VR /& B 3 # # # 65 15.4 56.9 73 30.1 53.4 116 44.8 31.0 111 45.9 41.4 0.136 0.002
V. i 1 56 71.4 25.0 149 71.1 26.8 174 63.8 34.5 147 76.9 22.4 110 67.3 31.8 0.001 0.976
B # # # 53 73.6 15.1 100 59.0 40.0 102 79.4 20.6 97 67.0 31.9 0.007 0.866
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Figure 2 Changing trend of detection rates of major antimicrobial-resistant bacteria isolated from CSF specimens, Hunan Pro-
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