5526 55 10 4 FELEATFZERE Vol. 26,No. 10
2020 45 H Chinese Journal of Experimental Traditional Medical Formulae May. ,2020

BE Tl AR W DU S 5 28 G0 X <5 B (0 ) ) BR R 1 24 P M
B O I A S

£FF, AR, £, 28, 8%, MEE, iMek’, LRI,
Bl e s AT e
(1. THREXFE, ¥& 130000; 2. WP F4B X TAEER, 4k wF 136000
3. PEATEAFR EF SR PF, X 100700)

[(WE] B HRUEY S € & 58 (MALDI-Biotyper System ) Ji - 3 % 5 47 £ 5 5 Y B ( Pseudomonas aeruginosa,
P.a) WG PR 5385 4 ¥ (0 75 B BK 1/ ( Staphylococcus aureus ,S. a) 25 PEEHL B FIATME . 3% @ RAMAYRELEE RGN A
T TR ok AT S TS I PR 85 4 € 70 87 oK T PO TS 24 P 100, D8 B2 Dk e R e A T 5 2R 5 TR 1 T R 1k o AT T T e
(MIC) B AT L 43 4T , B J 308 4ok 1) 235 68 S 41 2t {15 P T T 24 55 100 0 2 A 2 0 e 08 8 3R 0 I MM M Bl Pl . BB 3R Tl
WA S R G0 VT 43 S S 5 R WS SRR T 4 T Pk B €5 2 K DT 43 T K T 2,000, i 24 S5 4 TR R T HHY 4R 00 AR 4 B 65 R A R 1A
(methicillin-resistant S. a,MRSA) $F4METE 1. 700 ~2. 000, I R 53 B 4 1 T 3T 73 % 2 45 37 1. 700 ~ 2. 000, B /R Tif 25, 5 A%
TR MIC H 25 R — B, (R0, J0 0% 44 50 T ke 5 2 A% B 0 A7 119 28 48 17 43 48 8 (T 2. 000, 18 7 50/ , HE A B Oy SRR AT Ak
BB &R ARG S E RGP T 1 AT LT T A 9 0T 25 R TR B R 4% M B AT T 245 1 R 0 P S

[XEIR] LWERHIRE; W BPAME; o H SRS S ORAKRE; NEWmBEE; MAEIEEE RS

[RESHFEE] R284.2;R289;R22;R2-031 [ ZEE4RIRAB] A [XEHE] 1005-9903(2020)10-0128-08

[doi] 10.13422/j. enki. syfjx. 20201016

[ MM AR ] hitp://kns. enki. net/kems/detail /11. 3495, r. 20200207. 1710. 010. html

[ M4 HARAE] 2020-02-07 17:36

Establishment of a New Evaluation Method for Identification of Drug Resistance of

Staphylococcus aureus Based on Rapid Identification System of Microorganisms

JIANG Tong-tong' , TIAN Gui-jie’, LI Xian-yu’, WANG Yi’, LI Yue-yi', XING Ya-jun’,
SUN Ya-nan’, MA Shu-hua’, ZHOU Jin-he', YANG Wei-feng’*, HE Zhong-mei' "
(1. Jilin Agricultural University, Changchun 130000, China;
2. Siping Tiext Disirict Health and Health Bureau, Siping 136000, China;
3. Experimental Research Center, China Academy of Chinese Medical Sciences, Beijing 100700, China)

[ Abstract ] Objective; To explore the feasibility of the rapid identification system ( MALDI-Biotyper
System ) of microorganisms for rapid identification of Pseudomonas aeruginosa and clinical isolation of
Staphylococcus aureus. Method ; Identification quality control and clinical isolation were conducted for drug

resistance of S. aureus by microbial rapid identification system and broth dilution method. The scores of microbial
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rapid identification system were compared with the MIC value of broth dilution method. The drug resistance of
P. aeruginosa was simultaneously identified to determine the accuracy and applicability of the rapid identification
system of microorganisms. Result; The scores of the microbial rapid identification system showed that the score of
sensitive quality control strain S. aureus was higher than 2. 000, and the that of resistant strain of methicillin-
resistant S. aureus ( methicillin-resistant S. aureus, MRSA ) was between 1.700 and 2.000. The score of
clinically isolated S. aureus was between 1. 700 and 2. 000, which suggested the drug resistance and was consistent
with the MIC value of the broth dilution method. At the same time, the systemic identification value of the
P. aeruginosa, which is independent of the quality control sensitive strain, was greater than 2. 000, showing
sensitivity and it was a sensitive strain itself, which was consistent with the results. Conclusion; The microbial
rapid identification system scoring method can be used for the rapid identification of the drug resistance of S. aureus
and P. aeruginosa.
[ Key words ] Staphylococcus aureus; Pseudomonas aeruginosa; methicillin-resistant Staphylococcus

aureus; microdilution method; MALDI Biotyper System
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aureus ,S. o, L5 ATCC25923) ; it 24 5 5 T Ak it B
A7 M 4 B O 4 B E ( methicillin-resistant
Staphylococcus aureus, MRSA | it 5 ATCC43300) ; JC
5 T 95 FURE SR 43 (B BB & ( Pseudomonas aeruginosa
P. a,fit'5 ATCC27853) ; Htp S. a,MRSA,P. o 1§
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AERE (i 1 ~6) ALt BE 2y R R BT BE B
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% e % mk ( Sulfamethoxazole, SXT, 3t 5
100025-201505) , 3k ff 7§ T ( Cefoxitin, FOX, it 5
130572-201603 ) , 7 Wk P4 K ( Oxacillin, OX, it 5
130482-201402) , B 2 P bk ( Amoxicillin, AML, it 2
130409-201512) , 55 #k 5 % ( Clindamycin, DA, it 5
130422-201306) , K K % Z& ( Gentamycin, CN, it 5
130515-201603 ) , 24 7K 74 #& ( Ampicillink , AMP, it 5
130410-201207) , B % F & ( Ampicillin, AK, 3t =2
130335-200204) , % #i % % ( Tobramycin, TOB, it 5
130340-201203) , ¥ N ¥ & ( Ciprofloxacin, CIP, it 5
130451-201203) , P4 31 & ( Tetracyclines, TE, it 5
130306201419 ) , 4% B Z ( streptomycin, SM, it 5
130308-201514) , £ AR % & ( Kanamyci, KANA , it 5
130556-201502) , LA 1= 259 ¥4y 0y F o [ £ i 24 5 4G
EWFF B 75 % % (penicillin, P, Inalco, #it 5 R2/
231/213),2, 3, 5-5 4k = 2K 3L U &k (2, 3, 5-
triphenyl-2H-tetrazolium chloride, TTC, it 5 17779-
10X10ML-F, Sigma) , a5 3£ -4-72 £ B R ( a-cyano-
4-hydroxycinnamic acid, CHCA) , MH A 1% 5 77 &,
MH 38 b 35 £ (L5 1765821,2148329 , Oxoid ) , &f
& LE A 1M B i & Atk ( Oxoid) o
2 AFiE
2.1 WimpkikE: KD MRSA K& Il K 43 25 T Bk
A8 B IS 310 46 B ( minimal inhibitory , MIC)

2.1.1 ERIEL B ARAF R MRSA K45 1l R 73 25

EHRT MH H 75 9 kb 37 CIRE R F% 16 ~ 18 h,
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CLSI 2018 fit MO2-A10 SCAF-4% R 7 Boil 40 (4 3 6
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3.2 MALDI-Biotyper System 43T ¥E43l 2 Hi 5% 2
AL, i MALDI-Biotyper System Xif Jit 3¢ /g i #¢
S.a WIE S EL R T 2. 0005 X0 J5 % i 24 B 4k 3T 20 (6
AbF 1.700 ~2.000, B #*£ 3 715, 3 F MALDI-
Biotyper System Xf 6 # Il JK 43 5 & (9 7 43 {4 24 7
1. 700 ~2. 000, 5 5 45 1t 25 7 MRSA $E4> 80— 5,
7R SRy 45 B 00 R 5 K TR T 24 T

Table 1 MICs (average) of antibiotics against each strain mg- L -1
LU bR CLST S 1iff 24 5 42 31 [l
MRSA 1 2 3 4 5 6
il e 24 SXT 1 024 128 2 048 2 048 2 048 2 048 2048 0.5~2
B Tk e 28 FOX 64 256 1024 1024 256 512 512 1~4
P 128 64 32 64 2 048 32 32 0.25~2
0X 128 1024 1024 2 048 1024 1024 1024 0.12~0.5
AML 128 32 1024 64 2048 512 32 0.12~0.5
AMP 128 32 1 024 32 2048 512 32 0.5~2
ST CN 512 512 1024 512 1024 256 512 0.12 ~1
KANA 1024 1024 2048 2048 1024 32 4 096 1~4
AK 512 4096 1024 256 512 256 256 1~4
SM 32 2 048 16 2 048 1024 256 512 1~4
TOB 2 048 2 048 2048 512 1024 256 1024 0.12 ~1
PR T i 2 DA 1 024 64 2048 2 048 0.25 2048 2 048 0.06 ~0.25
1 5 il 28 cIP 128 256 128 256 256 128 128 0.12~0.5
S TE 0.125 32 32 64 64 32 32 0.12 ~1

TE 1,2 S OR L3 ~ 6 B OR AR A

Hi 3% 2 &5 SR W1, BG4 T Bk S. o YR AR TR
MALDI 45 £ |83 5 i i Biotyper 1% s 4 A5 A 1y
S| DD B &, ULIR 2, MALDI-Biotyper System ¥/ {H
BJRTF 2,000, 45 5 iy i 4 B 7 2%, BIIZ Bk O SR
PR PR 5 BT 45 B ik MRSA (4 iE 7 MALDI 35 805135 5
Jir i Biotyper H {1 B4l 4 4 Ak Fy 51 DE P A2 I, L
3, MALDI-Biotyper System 1T 4y {H ¥ £ 1.700 ~
2..000, 454wl 34 4 W 75 2%, BIViZ B bR A I 24 T Rk

BT UL b B T bR A I 45 SR AT 0, MALDI-
Biotyper System 173 %5 %€ J5 vk & A SE (9 o 75 oL SE Ak
X6 BRI PR 23 B T R AT PO M E . R 30T
A& Bn] A1, H MALDI-Biotyper System 343 {8 ¥4 7
1.700 ~2. 000, 255 §if i 2 Wi 7 2%, A1 32 2L B 6 Bkl
PR 73 B T O 4 B €0 4 BR TR Y 25 0, S5 B AR S e
Jrik MIC 25 5%, 0 5 2 o Wt 25 1 K, 4R 1E
MALDTI 45 £ [513% 5 T & Biotyper K 4451k
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% 2 MALDI-Biotyper System Xi & # 5 #£ ¥ 4> 1& ( log)
Table 2 MALDI-Biotyper System scores on quality control strains

(log)
EiV-2/€1 S.a MRSA
1 2.097 1. 655
2 2.081 1.839
3 2.119 1.857
4 2.091 1.727
5 2.091 1. 660
6 2.079 1.895
7 2.079 1.852
8 2.084 1.873
9 2.083 1.790
10 2.153 1.868

#& 3 MALDI-Biotyper System i Iif ;K 43 55 B £ 4> 14 ( log)
Table 3 MALDI-Biotyper System scores on clinical isolates (log)

EN-R/ € 1 2 3 4 5 6
1 1.845 1.826 1.775 1.764 1.845 1.718
2 1.727 1.828 1.902 1.773 1.881  1.779
3 1.779  1.787 1.882 1.848 1.876  1.819
4 1.819 1.894 1.854 1.837 1.821 1.767
5 1.712  1.893 1.810 1.763 1.788 1.714
6 1.767 1.765 1.899 1.793 1.870  1.735
7 1.714 1.781 1. 893 1.812 1.789 1.761
8 1.709 1.770 1.768 1.826 1.804  1.789
9 1.735 1.746 1.770 1.744 1.802  1.793

10 1.761 1. 878 1. 895 1.786 1.793 1.759

SITCHCE AL WK 4 ~9, FETFLLEgR JUESE,
i i} MALDI-Biotyper System X Ilfi J& 43 & & iy 24 4k
0 R4 )R 5 2 R TGN DS TR 175 0, RE A B v LR

MALDI

Biotype

2 3 4 5 6 7 8 9 10 11 12

mlz

B2 JRIZEMS. a FEELUET L
Fig.2 Comparison of characteristic fingerprints of quality control

strain S. a

Sof LI 10 ~ 12 vh i A AL 7] LA 1Y, fof Tz
9 640.0,6 890.0,4 810.0,4 310.0,2 640.0 4 1Y
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Fig. 3 Comparison of quality fingerprints of quality control

strain MRSA
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uurr"T,% B -
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Fig.4 Comparison of characteristic fingerprints of clinical isolates 1

MALDI

| WFW'"I' A

Biotype

2 3 4 5 6 7 8 9 10 11 12

mlz
B S KRS ER2HFERSE

Fig.5 Comparison of characteristic fingerprints of clinical isolates 2
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Tm,r.f‘,‘., W

m/z

12

E6 IGAKSEE 3 FFIEESEST

Fig.6 Comparison of characteristic fingerprints of clinical isolates 3
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Fig.7 Comparison of characteristic fingerprints of clinical isolates 4
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B8 IEARSEES HFEHSUE L

Fig.8 Comparison of characteristic fingerprints of clinical isolates 5

MALDI

2 3 4 5 6 7 8 9 10 11 12

mlz

B9 GRS EE 6 FFAEESUEI L

Fig.9 Comparison of characteristic fingerprints of clinical isolates 6
AHOCBYFRAEWE o IGAh, FEBEIE 11,12, 556 o Wi B
2 MIC JU5E 25 51, 6 #% I PR 43 25 7 AH L BT 45 MRSA
£ Tm/z15 100.0,10 120. 0 254> 75 T4, 45 &
1 MIC 255 & B #% MRSA X PU 35 2 28 K 543 B-
PR I 28 22 B0 1 2 0 AR 2 MR X iU, HE MIC 3¢
R, BT AT LL3EI m/z 15 100. 0,10 120. 0 45Uk &
50 LA B TR BT AR R % UIAH OC B RRAE U

[F] Ry TS 245 114 6 Ak i AR 43 5 B A, AH X T Il R 53
B 2,3,5,6, 4 BB 1,4 B Fmsz 11 500.0,
10 500. 0 SEHFAEUE , 25 63 1 MIC {H 2528, 75 25 T ik
1,4 XpARn] ik e 25 bt A W MIC 32 T4 B e 2,3,
5,6 BAK, B DLHEN §5% 16 m/z 11 500,10 500 J2 T AR
Al BERE S iR R 0 FRAE 1%, o MALDI-Biotyper % {7
BOHE E R AR 5 0 DL 1] 12 RIS, X T B- P ok i 2 it
AF LGRS BT 4 1Y MIC AH X HoAth 5 A1 PR 43 2

B 10 i S. a BRI

Fig.10 Quality control S. a strain characteristic map

_

10 000

mlz

2000 6 000 14000 18000

B 11 [R#E MRSA B #REEIE
Fig.11 Quality control MRSA strain characteristic map

O

2000 6000 10000 14000 18000

mlz

B 12 6 BRIGKR S B EFEIE

Fig.12 Characteristic map of 6 clinical isolates

B MIC 5K, BV 24 1 5 o, 4F il igem/2 3 260. 0,
2 340. 0 52 5T B-PN Tk iz 28 HT A8 38 A O 10 3 AIE U
H MALDI-Biotyper 3 {4 ¥4I i ¢ 1 115 U UL I 12,
WK AR G HE 5 0 AR 2R 24 =2 ) A B FR AT
T8 5 S92 5 v BEATAH ST 5T o

S b, B E T G i 4 AR A S MR BN TR, H
MALDI-Biotyper System T¥43{H & T 2. 000, 45 4 [ iR
PN T5 ¥, W78 I O BURCR AR, R AE #E MALDI
TR G IS 5 P ik Biotyper B PR HRRAE Fr 51 DG i
T, LI 13 o BT I 23 1 B 1 U 5 45 A AT 2K TR AR
Oy R TR B W22 0], DL AL 14, B ] MALDI-
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Biotyper System 7 { 7 1 16 21 2 bk T 24 4R 050 3 77 L4
R T 0 R 397

MALDI

Biotype

2 3 4 5 6 7 8 9 10 11

mlz
B 13 4550 T ok ) 4% RR R R TR AIE 5 0 B 3 X BE B (T G A # )
Fig. 13 Comparison of sensitive fingerprints of Pseudomonas

aeruginosa strains( unrelated bacteria)

J

"
2000 6 000 10 000 14 000 18 000
mlz
B 14 44788 S0 B A L 8 (C AT
Fig. 14 Pseudomonas aeruginosa characteristic map ( unrelated
bacteria)
4 it

<o B 00 ) BR R — PR UL A 2 B T A
TE T B IR 1T S b W0 T R I, T 5 | B IR B
Z P BUGE N JRE SN o 9% [ B i
ARty o (0 2 BR T T R A SRR o B A A
KT KM w . BEE PR R 2 8,
MRSA ¥ri B2 3 i, MRSA AN H i 25 3% w5, 1 H 42
ZHTE 25, 9 AL Y P, P A% T T BRI A A K 1T
SUEATY i 35 7 Aol i ) L, R S TR SR ) T R
Qe A PR Z K o 2 B T i — o
DB ZRAF BN T Ja T AR A A 22 IR PEAT L B E
S At 24 e 22 B 2 1 A R IS e YRR B 2 B
R 2 — o BT LA, bR AT 52 M 45 5 20 TR i 24 4 K T
VRSN D B A W o TP B S BT 55 22—, BRI AT 3
Bl o3 A s 25 P4 A 9 0 o e, [ Ak B R 4 3R T
259 P R At BOCE

Xt T 2 7 A2 W A HOR A PCR AR 7 41 1
TS 24 1 G 0 5 T 0% D A R R R X T 2y 2
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mecA [AG I (E R B AL RE AR B PR T AL
mecA JEH HANRE 76 4 0 0 A0 B R A 25, Kk
mecA Fi i 8 0 50 22 /0 23 52 e ) 40 B e R Y
925 5, FLATARASA5 Bk A1 o Y A (UL A 3 43 3
R s ek 1 4 T i R SE 3 99 ik . BlE IRAETE 2
it 245 30 5 S AL Y ¢ 2B, D7 T D7 R B 0 A 2 )
—E MR BR . BE A PCR HE AR T 22 4 B 43 55 48 B 4
A R R TR B, BT DA S 0 A0 R B U D AR T
SIS T TS e N BE ME AR A T 245 R A AN
T KT 2 TR ) 24 M R it 24 1 18 7 kA b v
50

TE A W 9¢ v B {di 9 MALDI-Biotyper System
D7k AR D T LUAE JL A B g ARE & e
P BN G523 S A TR Y T 24 PR B ST AR T — OB Y
PO I Ak, T £ 2,3 h 2R EZ 1,
HH MALDI-Biotyper System 53 #f1 J7 ¥ % & 40 14 i}
MR B R ST SRR, R, R B
5% 2B , MALDI-Biotyper System 1% ] DLy 5 5t 45
FRR A TGS 24 105 1 8 5 WA R 4 B T T 25 4 i
A3 ok R 3 1 06 1 4R T AH DG 25 i Ak &, M
LT A% 48 45 5 T 1A PCR A8 J7 ik, ] DL Bl | B
HERA B ARG XTI AE R 2518 0, 7840 Bon T Ho&
WS 18 e 5 A R s T A B R L T EL, X TR
[F) Pl S 240 P, 20 52 3 v i 3R 4 0, ) 2 35K AT R ]
fE M , £ | MALDI-Biotyper System 3 J& 7] DLk
AT DX 3 B 550 IF 0 o LT 2508 o R T A B
MR, AN R 35 A B 2R T R T VD 1) DGR A 28 AT L S
BLIX Ay A e T, F AT X H s PR R B
TR QA o B B BT ) TR 24 P A DG AF 9% S S AT
oINS Ak S E AT IS R .

¥ F MALDI-Biotyper System (%) 25 3 P | 25 8 &
P SRR e P A AR AR 22 [ PN A1 55 56 25 40 7 T 245 Pk
RV ST R SR s N < I G AW OB Y VAT E 2 1
I PR 52 B % bt 43 B )z Y. E MALDI-
Biotyper System Ht, /R AT LA EE [ & i 75 £l 12,
1M HL AT LAAI H Biotyper #4F 4 7% H BT AEY 45 H
PEAL T AR B PE AR R E S e . F T RRAE
R SR H B GE TR R S A R S R
A P Re e T H E A8 B A SO
S PR A AL T A B 43 26 2o A B R A TN 45 5
Wy VR R FL T 24 R

2 | fr iR, 2 F MALDI-Biotyper System % AR X}
S M PR A TR T 24 PR PR R B R R Y AT
AT PE R aE P, AT DA 2 S 50 2 |l PR 3 = A A7 ol X6
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