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WE: BE HEON 2800 7 v R I B 0 2R 2 % i Bk i 85 04 il 9% 5 B H 1 (CRKP) FIBUR M. 9120 T/ T X
CRKP X & INFF £ MM 251500, NIER G A AR, FE  BBHEETLTENZ F R =FER 2011 4 1 H—2016 4
12 H 43 851 CRKP 3£ 269 1k, SRR WA MR KB 408§ #0% . Vitek-2 (2375 K E 505K 2 InFR 3% CRKP (1) BUsk:
R WMEADREL. BERRIE. Vitek-2 A E B N E MIC ) A MIC, 70515 (0.5/1)~ (0.25/0.5) AT (0.5/4)pg/mL. 1%
o [ A 5 25 5 B R (FDA) ARG 2588036 2% 514 (EUCAST) HIihrdE, e Az M B 45 CRKP X 8 nFh 25 o #Uk
)Y 97.4%/93.3%, TAFEH 2.2%/4.1%, THZHE N 0.4%/2.6%. EIRIIEHBURE R G, N 100%/98.9%, Vitek-2 11 24 2 5 =
N 8.6%/13.4%, A HUERIH ARG, N 11.9%/46.5%. STERBHREEE, BRIk mEAR—8E (EA) MK —
F(CA) = 90%, {HAFIEE KIEZ (VME), 43518 0.4%/1.9%; Vitek-2 % EA 1N 61.7%, CA N 87.4%/72.1%, H Ki#Z (ME)
N 6.3%/7.4%, J& VME; 4LH 8k CA A 85.9%/46.5%, /NMRZE (mE) A 1.9%/2.6%, ME N 0.7%/5.6%. 53 LT HX 4
KZH CRKP X & A R R E B O BUR M . X T CRKP. E- RIGTE. Vitek-2 [ IFANAC I Bk A IE & 500K I 5 i 24
FHURYE, WBRECARI, HE4RA 8 BRSEMERGHRE.
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Evaluation of different in vitro tigecycline susceptibility tests for carbapenem-
resistant Klebsiella pneumoniae

Yang Liu, Liu Jian-hua, Zhang Zhi-jie, Liu Yong and Qin Xiao-song
(Clinical Laboratory Department, Shengjing Hospital of China Medical University, Shengyang 110004)

Abstract  Objective To evaluate different in vitro tigecycline susceptibility test methods for carbapenem-
resistant Klebsiella pneumoniae (CRKP). To understand the resistance of CRKP to tigecycline in Liaoning province,
and provide evidence for rational clinical drug use. Methods A retrospective collection of 269 strains of CRKP
isolated from January 2011 to December 2016 in several large hospitals in Liaoning province. Sensitivity of tigecycline
to CRKP was detected by the broth microdilution method (BMD), the K-B disk diffusion method, the Vitek-2 method,
and the E-test method. Results The MIC, and MIC , of BMD, the E-test method, and the Vitek-2 method were

as follows: (0.5/1), (0.25/0.5) and (0.5/4)ng/mL. According to the US Food and Drug Administration (FDA) and the
European Committee on Antimicrobial Susceptibility Testing (EUCAST), the sensitivity of CRKP to tigecycline by
BMD was 97.4%/93.3%, and the intermediate rate was 2.2%/4.1%, and the resistance rate was 0.4%/2.6%. The E-test
method had the highest sensitivity rate of 100%/98.9%, the Vitek-2 had the highest resistance rate of 8.6%/13.4%,
and the disk diffusion method had the highest intermediate rate of 11.9%/46.5%. Compared with the BMD method,
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the essential agreement rates (EA) and the categorical agreement rates (CA) of the E-test method were = 90%, but
there was the very major error (VME) of 0.4%/1.9%, respectively. In the Vitek-2 results, EA was only 61.7%, CA was
87.4%/72.1%, the major error (ME) was 6.3%/7.4%, and no VME was produced. The results using the disk diffusion
method, CA was only 85.9%/46.5%, the minor error (mE) was 1.9%/2.6%, and the ME was 0.7%/5.6%. A total of 251
CRKP tigecycline MIC<2pg/mL was determined by the BMD method. Most of the MIC values measured by the E-test
method were the same as or different from the BMD method by %1 dilution. The MIC values measured by the Vitek-2
method were higher than those of the BMD method. 1, 2, and 3 dilutions accounted for 40.2%, 27.5% and 10.4%,
respectively. Conclusion  The vast majority of CRKP in Liaoning still maintains high sensitivity to tigecycline.
For CRKP, the E-test method, the Vitek-2 method, and the disk diffusion method are not suitable for the detection
of tigecycline sensitivity alone. Joint detection can be considered and the BMD method should be referred to when

results are inconsistent.
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VR B BEAT BT AT A, 2 — ol A i T 2 e
MERBPUER. 2005 46, FKET NS 20 EH
J& (Food and Drug Administration, FDA) #L#E & I3 &
BT R MR G . B2 1) B AN R 2 23 DL K
FEDXIRAF AN R PEIG 28 20 2012 AEAEFR EEHE BT .
B H AT, I B R A ) 3 I PR A S 56 2 b o B2
(Clinical and Laboratory Standards Institute, CLSI) il 72
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R FRIWEEL T EANZ R K =R ER &
(] CRKP 269 ¥k, 73 AR FI s Wiz MR 2. KB 4%
R EE . Vitek-2 AC#RE K B g v R I s

Tigecycline; Carbapenem-resistant Klebsiella pneumoniae; Microbial sensitivity tests

WM 2528, A g5 R 2= 5%, XAFE
WA 25 BOR IS 1) 77 VE S AT VR, BRI RO
= 25 Ak i I B e 25 B0 sk d AT VR AL, B AE
WIAE 7RI T Hh X CRKP X B IR 2 (i 24515
B P R A I PR B 38 2 ER AR
1 MR5REE
L1 HHRIE

LT TELZ R R =HERH 2011 F1 H—
2016 12 A{ERE & JEEE CRKP 3 269 #k, H
Hh ] R R R 2 B B R B 41 Bk LT N IR B
144 PR RIEEFBLR MBS — Bt 38 Mk KiET
HLEERE 20 R EIERRE M8 28— BBt 10 B
N R SE 202 BEFE 9 R ILFHTT A0 ERE 5
PRy AR AFOER 1R LT EZE R ER
1 ko EZIRE R, 46.5%(125/269) KI5 T B 5E
PR, 11.2%(31/269) KIETFEIR N EL 9.7%(26/269)
KT 22 Bl 52%(14/269) K V5 T # 4 4 FL
4.8%(13/269) KIFETHENEL. 2 EHRIRARTA
Fh: K 66.9%(180/269), ML 11.9%(32/269), IR
7.1%(19/269), HAth 14.1%(38/269). 1 i 45 1 ¥k N
K45 ATCC25922.
1.2 & HRAA

Vitek-2 4 H 3l 4l 18 %5 € 5 2 85 B A K
== M 40 B 2 ) B0 ME R AST-N335( 2 [ Bio-
Merieux 2> ] ), & B ¥F % b5 #E & (Toronto Research
Chemicals), &I RZEA LB MR E 5%
4RO 2 (RN T RBAED R AR AR ), M-H
W7 (FLE Oxoid A ), MH B flg 15 77 3 (VEBH 2=
FEAMH A RA A ). AT Bk, E- ik
TR i R B T M-H B IS B 96 LIRS 5 B T
37°CIEIR AN, BRI 16~18h Ja iR HL 25 45 R,
J SR S 6 5 S 5 5 B Ak ATCC25922 1 P8l B2 0
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¥ 5 20~27mm, MIC 1H & [ B 5 0.0~0.25ng/mL
PAIIE AESE B,
1.3 EERHEATE

KB 58 2 I8 FDA i #F & B b5 #E Sz B 24 8
K ¥ & 7 2 (Buropean Committee on Antimicrobial
Susceptibility Testing, EUCAST) b 5 5 45 it 47 H1
(£ D,
L4 AT

PATCE Rz M B o b i, EEE KB 4R 7 47
Bk, Vitek-2 A 2875 K B IR VA ) — Bk, A
— 3 # (essential agreement, EA): #% V1 77 ¥ i 15
MIC 18 5 4 br#fE MIC {f AH [R] 80# A 22 +1 AR FE
B bR B 4 B 79 28— B0 % (categorical agreement,
CA): WVl A EZRRIR 45 R (U, . TZ)
5 &b — MW E 2 . /iR 2 (minor error,
mE): VAL ITVERE TR UGB 2. KR
(major error, ME): 5 ¥Ai 77 v K BURE J) 58 i 245
H K iR % (very major error, VME): # V¥4 77 1245 i
245 40 8 N UK. AR CLST ZoR, ml#:%2 iR ZVu [l
N: EA filCA = 90%, VME < 1.5%, ME < 3%,
mE < 10%°,
2 HFR
2.1 4 PR HER 5 J7 i M E CRKP x4 An 3K & B 4K
S il

269 tk CRKP £ 1 & A7) 6 B vk AR B I &1
MIC,, 1 MIC,, 43 %l 4 0.5 1 1pg/mL, E iK% V% 1
MIC,, T MIC,, %l & A 7 6 B V2 39 41K 1 A e T

1 BINFRFN I 28 o T A T 2 AR v

Tab. 1 Interpretation criteria of tigecycline for Klebsiella pneumoniae
P 5 [ B 4% /mm MIC/(pg/mL)
I R S I R
FDA =16 13~15 <12 <2 4 =8
EUCAST =18 15~17 <15 <1 2 >2
e “SYORBUR: ‘T R “R”7 ORI

(0.25 #1 0.5pg/mL), T Vitek-2 ¥ 1] MIC,,, B &2 W %
MRkt 2 N FERR . I FDA K EUCAST #52
PrifE, ERIVEBURE R R, 200N 100%(269/269)
98.9%(266/269); Vitek-2 V% fif % % & &, 7 N
8.6%(23/269)+ 13.4%(36/269)% Z&F ¥ BUE M PN Fhm,
I3 BN 11.9%(32/269) 46.5%(125/269). 4 Fit 24 £ iR 5
JiENE CRKP X 8 Ik 2 M EUS e o1 WLk 2.
22 3MFTEEWMERNAIHRBEELENE R LK

DL & N 9 W6 BV R 2 % 77, E IR 1)
EA A 90.0%(242/269), % % B #& MIC {8 5 7l &= W
DFRRAR 1~2 DR . 1% FDA FlEdrifE, Eif
9 9 1K) CA & &1, N 97.4%(262/269), Vitek-2 32
B HOE I CA BAIK, 43 il 9 87.4%(235/269)
85.9%(231/269), {H¥JA H B VME. Vitek-2 i£ ] EA
%, 9 61.7%(166/269) H. ME 5t &, H 6.3%(17/269).
& BUCAST H| & #7 #E, E Ak 56 7% CA 1)) & =i
A 92.9%(250/269), T 4% ¥ ELiE CA & Ak, XA
46.5%(125/269). E 5512 VME B, A 1.9%(5/269),
E 5%, Vitek-2 ¥5. 48§ HUIE B9 ME 43 il A
0%(0/269)« 7.4%(20/269)« 5.6%(15/269), W3 3.

T A2 B B V20 78 5 I3 2 MIC << 2pg/mL
ff) CRKP, BPEBURHI BRI 251 #k, E Gk
7 K 2 H0 MIC 18 5 10 Az B B V2 A [R) B0A 22 +1
MR, MIC EAR TR WA M B 2 AR
I 5 5.6%(14/251); Vitek-2 ¥ 13 K £ 3 MIC {8 &=
THMEBRNGREE, K& T ERNGREEE 1~3
A B B FE R 20 ) 1 40.2%(101/251) 27.5%(69/251)
H110.4%(26/251). Tl & PR 37 # B 0% 5 B N PR &R
MIC = 2pg/mL ff] CRKP, BRI 24 i B AR 3L 18 #E,
E 156 V5 W 45 P A 45 5 3% T Tl ) W BRI,
oA & TR R W BV 1~a AN B8 5 1) 40 il
33.3%(6/18)~ 50%(9/18)+ 11.1%(2/18) F1 5.6%(1/18);
Vitek-2 725l K 2 % MIC 18 = T 1l & A 2 B g %,

2 4 PRI AN E CRKP X & I 2 B A0 [Y%o( 5 )]
Tab.2 Comparison of interpretative results and MIC, and MIC, of CRKP to tigecycline by susceptibility testing methods [%(No.)]

. FDA/% EUCAST/% MIC/(pg/mL)

T %
S I R I R MIC,, MIC,,

CRKP(n=269)
MERZHRBEE  97.4262/269)  2.2(6/269)  0.4(1/269) 93.3(251/269)  4.1(11/269) 2.6(7/269) 0.5 1
E 5872 100(269/269)  0(0/269) 0(0/269) 98.9(266/269) 1.1(3/269) 0(0/269) 0.25 0.5
Vitek-2 2 86.6(233/269) 4.8(13/269)  8.6(23/269) 69.5(187/269)  17.1(46/269)  13.4(36/269) 0.5 4
E21) T G 85.5(230/269) 11.9(32/269)  2.6(7/269) 43.5(117/269)  46.5(125/269) 10(27/269)

“ s R, WA BRI R R MIC |
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Tab. 3 Incidence of errors for selected testing methods [%(No.)]
o FDA EUCAST

sl RS EA

CA mE ME VME CA mE ME VME
CRKP(1n=269)
E 15672 90.0(242/269) 97.4(262/269)  2.2(6/269) 0(0/269) 0.4(1/269) 92.9(250/269)  4.1(11/269)  0(0/269) 1.9(5/269)
Vitek-2 3% * 61.7(166/269) 87.4(235/269)  1.9(5/269)  6.3(17/269) 0(0/269) 72.1(194/269)  3.7(10/269)  7.4(20/269)  0(0/269)
4% A 85.9(231/269)  1.9(5/269)  0.7(2/269) 0(0/269) 46.5(125/269)  2.6(7/269)  5.6(15/269)  0.4(1/269)

e 7 o ARBIFFU T IR 2 PR B 2 U E R AST-NG35 B INER A FBRA< 0.5pg/mL,  MASEZ 0.5pg/mL St <27 o TH
F4 ERIRVE. Vitek-2 B 5HE WHFRE MIC 1E HUE [%( £ )]
Tab. 4 Comparison of MIC values between E-test method, Vitek-2 method and broth microdilution method [%(No.)]
. H5HERGREENE MIC [HAHZ MR / A
2T %
-4 -3 2 0 +1 +2 +3

R % A B2 MIC < 2pg/mL CRKP (n=251)
E X562 0(0/251) 0(0/251) 5.6(14/251)  41.4(104/251)  42.6(107/251)  10(25/251) 0.4(1/251) 0(0/251)
Vitek-2 7% * 0(0/251) 0(0/251) 0(0/251) 0.4(1/251) 21.5(54/251)  40.2(101/251)  27.5(69/251)  10.4(26/251)
E B FE MIC = 2pg/mL CRKP (n=18)
E 502 5.6(1/18) 11.1(2/18) 50(9/18) 33.3(6/18) 0(0/18) 0(0/18) 0(0/18) 0(0/18)
Vitek-2 % * 0(0/18) 0(0/18) 0(0/18) 5.6(1/18) 16.7(3/18) 33.3(6/18) 44.4(8/18) 0(0/18)

e o ARWRFCH BT 2 B VRN B 25 Y U R AST-NG35 B A Il PR < 0.5ug/mL,  EACEE 1 0.5pg/mL Geit, A IR

= spg/mL, MALEHREL Sug/mL it
o TR R B BT 1~2 AN R BE 1 4y
33.3%(6/18) Fl 44.4%(8/18), W3 4.
3 Wi

H AT, H CRKP 5| &1 BRI i6 97 - RAr AL,
I8 8 BT I PR AR 4 25 52 56 2 4Rt 1) 24 O 8
GEI . B INPR R 2 3t S T X S AT
PEAL L0 CRKP IHT BTG 1+ 7y B2, Rk, #ifk
i A 5 ) 249 B0 6 7 Y (P e 1 A T L 21

AT, WMENGRBEESERER, Bk
Z A CRKP £ £ 8w (K P 5 P, MIC,) fl MIC,
2y BN 0.5 Al 1pug/mL; E Ak 58 5 10 B0 R ) A
N 100%/98.9%(FDA/EUCAST ¥ & #» #E), H &
i 24 T ik 7= A2, LV BTk B PRV W R MIIC
AR 1~2 AN B BE FE; Vitek-2 V5 IO T 25 Rl i, N
8.6%/13.4%(FDA/EUCAST H| 2 5t ), 2 B bR A
W MIC 25 R B THER MR, RS
KM FCARE A T US40 O B A R 24
REBE, BN 11.9%/46.5% F 2.6%/10%(FDA/
EUCAST H|EtnifE )o

E X567k, Vitek-2 3%, KA T BIESMERD
B BV G M 45 SR L e Rk B, E 38 EA 5 CA
BI%7 & CLSI #p #fE, BIKT 90%, & ME, {HAFAE
VME, AlHES& T B RIGHE AT MIC /5% 5 8
KT MERGWREE, JLHE 245w 1 CRKP,

HBL VME (] GEMETE K. Vitek-2 504 [ A B A= s
0= w2 ORI i, EARE R AE R EOR, H
EA 5 CA 8K, EA LN 61.7%, & #FAKT CLSI
BEFFHE, & VME, {H ME 85, N 6.3%/7.4%(FDA/
EUCAST H| & #5 #E ). 28 LI B 90 4% 18 & B 1),
Vitek-2 1IE A R B IR KRR KGR AE, (2
Xf MIC > 2pg/mL ) & #k,  Vitek-2 720 75 (1) 8 #6
FMRURE S BERTHERGWREZE. 40578 8
B CA A%, N 85.9%/46.5%(FDA/EUCAST #| &
FrifE ), 1% FDA #xift, 4053 H0% M mE. ME ¥I7E
ZEEEN, HI VME. {H485 5 8k 5% 2 2 FiiA
Rim, WHRERE., BEMESE. SRS R
LY Brae . RIS . 40H IRAF 5555, AL,
WHEATY 75 DR B PRASE AR 0 LABGHIE o

R A7 MR VL Il 43 MIC {6 = 2pg/mL 1)
CRKP 3t 18 ¥k, Ho ERBEE IR EEM G, WG
MIC 1B T T & R B B 1~4 /SRR 120 ) o
33.3%(6/18)~ 50%(9/18)~ 11.1%(2/18) 1 5.6%(1/18),
T Ak 52 PA) ¥ 6 B 925 43 MIIC L < 2pg/mL ) 251 #k
CRKP H1, £ K34 Bk E W56 7% 1 43 1 MIC {5
MF BRBEAR 1 ANFRRERE . W] WL, X T 24 P v 11
CRKP, E R501% 5 5 Rz M B I — B A,
VME %1, %R 24 (48 5 2 S Bl 2 AR i
R R REE AR MIC {6 = 2pg/mL [ 18 ¥k CRKP
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W, Vitek-2 ¥ I € MIC {& # = 8ug/mL 1] CRKP &
k14 Bk, R RCE R B R VA AR MIC (N 1ng/
mL ] 25 ¥k CRKP 1, Vitek-2 M€ 5 14 £ MIC
{8 = 4pg/mL. AW, X 8O S ) CRKP,
Vitek-2 V2 BTl 25 55 5 i i R R R I — SO RRIR,
ME #, Xt FHERUE ) CRKP, Vitek-2 7%k S5
W R — SR . B2, 5 R RE AT
RIL AT W M BEE 1S CRKP UK &R, E
RIVEE T R A B I — BB 10 SfE
% W B2 045 CRKP i 25 R 3R i i, Vitek-2 71
SR E5ME R SR 1, Jk, A
WS N AR I I B B ML X (P T 2, B
IR T g R R R — A .

gi bRATIR, TR R R R B R A I
B INIR AR AN 2 U (0 S bR v TV, (EERE R
FBEX A R R E R B A, RE A
(1955 A 28 4k b 25 BGREE0 (1)  R AL IR @), AR B
FEAS I IRAT s 4R T EOEIE 45 R AR BB A,
HAE G A T ISR AR EilliEBRs
T PR M RV I — B R s (DN T B I3 R
Zy i) CRKP, H il MIC A & & Wk, w i, EHr
AR I B S0 2% 38 Rl — P IIE s Vitek-2 ¥
ME #5, FllE MIC {H 8 2% & T E W im gk,
BRI,  CRKP X £ 0036 2 i 24 PR A I 1) L i 2
ORI v A KRR, nTE RSN, T
SERABUIEDL, BN SEMER BB,

AT T L TH N2 R ARB = H &R )
CRKP, Ziffilitss LRI, 4aKZ % CRKP X &
WE AR PR m U, AT, B R T
IRVGYT CRKP YA & — N B F B
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