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Abstract: Objective To conduct the molecular epidemiological investigation of ST11 type carbapenems resistant
high virulence Klebsiella pneumoniae (ST11-CR-HVKP) in a hospital of Lianyungang City. Methods Twenty-six
strains of carbapenems resistant Klebsiella pneumoniae (CRKP) were collected in the Lianyungang Hospital
of Traditional Chinese Medicine from January 2017 to June 2019. The resistance phenotype and carbapenem
resistance gene were detected by adopting mCIM, eCIM and PCR respectively. The mucus phenotype of the
experimental strains was detected by the wire-drawing test. Three kinds of multiplex PCR were used. The first
system was used for conducting the ST typing of the experimental strains. The second system was used to de-
tect the strongest virulent capsular serotypes wzyK1l,wzyK2,wzyK1L47 and wzyKL.64. The third system was
used to detect the virulence related genes of rmpA,rmpA2,iroN and intA,and the virulence phenotype was
detected by the infection model of the great wax moth,and the homology was analyzed by adopting PFGE. Re-
sults Among 26 strains of CRKP,22 strains carried the resistance gene dominated by Klebsiella pneumoniae

carbapenemases, which were consistent with the results of the corresponding 22 strains of mCIM. The ST typ-
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ing was mainly the ST11,accounting for 73. 1% (19/26). The positive rates of wzyKL47 and wzyKL64 were
15.8% (3/19) and 84. 2% (16/19) , respectively. Eight strains carrying virulence related genes and virulence
phenotype ST11 were detected and they were mainly KI.64,the highest detection rate was in the rehabilitation
department. The strains were divided into the three groups by adopting PFGE, and there were two strains with
Eight strains of ST11-CR-HVKP detected in the Lianyungang

Hospital of Traditional Chinese Medicine. The sporadic spread of clone strains may exist,so it is necessary to

band similarity higher than 85%. Conclusion

strengthen the prevention and control of hospital infection in the rehabilitation department.
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pulsed field gel electrophoresis

Jili & TR AP B e — b AT X N P AR AR O T Y
FAFBOFE TE T T 2 R AR R IR AR B0 T
FRE ST ALK I 2 S BAA T 43y 2 B 5 2 E T 2 A
XK I 22 B il 6 7 TR A T (K P) A 2 1 i 2 7 7R 1A
P (HVKP) . Bifi % Bk 75 85 5 25 B0 08 25 4 1 R dak o
cKP K f 1 % 78 O i Bk 75 25 M B W R vw B 0 R
(CRKP), CRKP K ST 43 A 3= S A0 5 75 W 9 G H &
W AT ST AU, DL R 7 W B At 26 Hb X A7 1)
ST258 #1, HVKP W8 11 B & T cKP, iJ 5| ™ &
(A DX R AR PR B S , & 51 Ak B 1 T e e 7™ B il 4%
i JIEE 8 RITER BB 1 A3 i 6 %5 . HVKP 51 i A 95 s 18
JE DR 3k B8 4 0 S 65 22 i T 3L RO X 2 BN
fa e 0y 4R 2 AR, 3280 ST 2r B4 45 ST23,ST65
ST86 MIZEN B X R T &7 P8 AR oh i b K 43
U 25 2 U A WG HRGE T IR E R e b X R
B4 blawpc, PRk T 55 5 il = 2 0 il R 5 T 10 18
(CR-HVKP) LA ST11 B 5@ pe 6 46 ok £ . B S
25T 25 PR N B, CR-HVKP 43 55 bk 1 412 8 B sk
£ SF ST11 % CR-HVKP H ™ IR (1% #, 4
SOOI T = W T B BE CLLR R AR % BE ) ST11 A
CR-HVKP BYFAT 55 5 M 25 5L [ L 2 S 32 I ) 3 )
FAUNE B, IFHEAT 6] U5 A 53 A L hy Tt 24 77 B e R B
PR YL By 4 T AR 4R AR 22 R A
1 #ER5HE
1.1 — %Ok U iZBE 2017 4F 1 A & 2019 4F 6
AR 26 #2233 Vitek-2 Compact 4 H 3
A= ) S5 8 2R AT T AN S 2 1 CRKP B Ak S BR [R] — R
B P TRRR S T TR R S BT 28 R E
1.2 A5
1.2.1 {¥#8 Vitek-2 Compact & H AW EE
25403 B A% L veriti 96 fL PCR ¥ 44X (3£ [® ABI 24
F]).2720 & PCR ¥ B4 4% (32 H ABI A A (BEI A%
RSP (£ E BIO-RAD) .CHEF Mapper ik #1%
HL PR A (26 [ BIO-RAD) (¥ %% (£ [H BIO-RAD)
LKA (£ BIO-RAD) i (8 [E Bruker) /K&
PEIR | AR B O ML B IR A KB A LB AR A

high virulence;

Klebsiella pneumoniae; pLVPK plasmid;

L K 4l KL CBEJRD .

1.2.2 X7 P HHEMEM) 25 480F 8 Ca HD .
MH 35 “F- A2 . DNA #7397, PCR ¥ 3 il 57 (Mix,
Taq i . ANTP Mix, Taq Buffer %), 51 %) ( b ¥ &
T KB B K B BEEE I (S [E OXOID) | J R
R S A % (TSB, %2 [ OXOID) | R i #: iy V) i
Xba | (BioLabs) . i K. % K 4t 3% 57 Gelred
(Biotium) %,

1.3 ik

1.3, 1 By B 25 AV 3 O ok R R
975 B KA 10 36 (m CIMD i A7 ik 7 85 95 T T 24 2% U 4G
D2 T 1.0 peL 422 b 2R U0 20 1) 2o 18 35 7% 199 400 5 95 7
BF 2.0 mL TSB RS, BERA 1KY
10.0 pg MEM R 48 1. T 35 CHFRAHIEHF 4 h.
FH 10,0 pL R ERH MEM 48 - N TSB % B .
BRET R LKAy AR R W AR B TR A K R A
ATCC25922 B MH “FA I, BIE 4,35 CHF#HM
WEHE 18~24 h Ji5 & BOI R B A . 45 4 1R R
HAAEHR 6~15 mm, K E AR 16~18 mm A4 5 &
AR TV B A BHAE s A B AR 16~18 mm,
5 =>19 mm 930 B B P9 AT B SR TR 95 B AN B 5 4
BB EAZ =19 mm FE, [FoF##ETF EDTA- B
I IR (eCIMD  E FRIR 4 2 &
2.0 mL TSB W% %& . it A 20. 0 pL 0. 5 mmol/L
EDTA %W, 4% F#AE R mCIM, P Fl 5 & i 3k
178 mCIM Al eCIM L8 1 1) MEM Il F [/ — 4~ &
WA KW e A ATCC25922 9 MH F e, 45
FIWT Y mCIM PHAE R, mCIM Fl eCIM H MEM
I H AR A 2 =5 mm, eCIM 45 % 5 P B 7
22<4 mm,eCIM %558 K FH .

1.3.2 R B 25 AR R Vitek-2
Compact 4 [ 3l f A= Wy %5 2 24 8053 B ASCE A7 18 bk 2
FE R OSSR A E PCR KU blagee « blapy
blayi blae « blaoxa s 55 % UL 1 B F 55 M B i 24 JE
PR X4 348 7= W A T 36 S AR WA TE H Y 4kl
1.3.3 ST /% R Z®E PCR &l Khe,Kphp.



ERHIRESFRE 2021 41 A% 42%% 28 Int ] Lab Med,January 2021, Vol. 42,No. 2 « 167 -

pilv.pill \ST23,ST65.ST86 454 W ST 43 %I, I % H
BE I L AZALKT PCR 473 7 9 647 5% 1% . Khe &
Its 9% 5 B AT TR AR S0 I T 8 R AL O 4 il 4% e 7R A
B B 4 b oL nT AR O —Fh PCR 45 5 ¥ T I
DNA HEH A9BSR i . AR SCRR L6 ] FI Wl 1, &
Khe £ [H kphp £ K | pill ZER X 3 46 B 093 K 444
9 ST11 HY, % Khe 3 [H | kphp & | pill 3[4 | Pilv
FEPX 4 45 B L &4 ST258 7Y,

1.3.4  FhMCRAVKI SR 7 22 5050 FH B2 Fh ok B2
fill b5 IR F IR R E R AR WA
TR 22, WRA, HKEE =5 mm, 25045 5 11 4 fH
P T 12 AT R 1 66 Y 3R 8 Ol v R VRV TR AR

1.3.5 R IE B B BRI R £ H PCR
6 ) S 565 TR AR e R 1 AT 0 UL VE T w2y K1, wzyK2, LU
M K i wzyKLA7 . wzyKL64 THNEEH, RS —
Z 8 PCR A 7 6 D 52 56 & Ak pLVPK % ) it i
FHEH) rmpA .rmpA2.iroN.intA X 4 5 SJH A, 47
ST 1 7 A AT B S AR IS TE H I B
1.3.6 T RMELE  HEAHFESIEBE M 8 BT
390152 56 B RR 4 ) A B AR KCBE DA 107,107 ,10° 107
CFU/mL A BT » 43 51 DU JR 00 e S 4 220 Kl 0 Jy
SR 10,0 pL B AT RE I R E, WS E
(4 AR 5 ) B TG L 72 by B 12 /N iE SR 1
R WIS A FE T, W) s P it 4% 5 5 17 s 94 T B
ATCC700603 HEAT X R SE G . 25 B AR (R A | & 2B .G
TSR R K IR SR TS, XN E A 3 KL B3
US040

1.3.7 [PPSR AR A 8 bk S5
R R I ik o 37 58 18 L 9k (PFGED 3 47 [ P84 20 7« 1l
£ 10 AR 5, B 200, 0 L 40 A W 28 P
(CSB) . fiMA 20. 0 pL # F B K(20 mg/mL),56 ‘CK
T AICE 3~5 min, BUB JE R BN B H &L 1%
AR A 200, 0 L I 18 BE TR 2 o H A i A B H
H A A TR L T SR L A — L N AR A S . A
—E B R K A 247 W (CLB) , & T 54 CK
BREIR, W E 2 h BEAT A M. 4l A 50 Ty
ddH, O 1 TE WG R He . F B Xba T 17
1] 8~12 hsFit#l 1% PFGE eI INAE TR b B E . 1
ik oh ik 18~19 h J& . U lse e €00 )5 R 2 e AR AN AR
BIHRAEE . ) Gel] 3R x5 45 5 18 R 647 [ U8 1 43
BT o HIWTARIE AN R B Ak 22 8] PEGE 717 BUAH AL =85 %
By ] — o B 5 7 R R ARUE =70 %0 B Sy [ — S

1.4 Gt T R AR AR (5 B S
S5 IR SPSS17. 0 48 31 #4452 56 45 SR 0k 47 48
TF s R AT SR T Gel] R4 HEAT 23 BT o R 0 J e
BIRIFET %R A Excel2016 #7481

2 % R

2.1 BREGEMEIN RS R K 24 BRECE
PR mCIM Ry BEE AT DL A 5 A ik 5 2 M il , H:
H 3k eCIM P,

2.2 PRI Kt 2 DA I 25 SR B AT SR T bR
PR R KT 2 L 2 S 2, B A T Bk T A M 2
VU 25 B 4 5. B PCR 45 R W R . blagee /i
73.1%(19/26) sblaxpy £ 7. 7%(2/26) s blay 5 3. 8%
(1/26) 5 1M blayiy «blaoxa s AR A 4 Bk BITESS
A A REAS B kT B e T i 2 A DR B A A R
PR B T R T T 2 35 TR, 22 MR MY ik T B M T T 24
L DAL (%) BE P TR R A 00 235 SR 5 AR X 0 T R mCIM &35 2R
—%,

2.3 ST /4rA A S50 T bR A H i 9% ve E A e
B bR ic 3 B Khe, £ ST 40 8 2L ST11 # o . 5
73.1%(19/26), Hi¥k iy ST65 &L, 5 15.4% (4/26)
ST23.ST86.ST258 M RA i, WE 1,

296 267 345 135 458 615 1284 994 1051 1222 1288 1736 1408 1334 14421573 M

1741 1788 1805 1819 1833 1061 1737 1917 1967 1999 ST11 ST23 ST65 ST86 - M

WM bR s — S B IR BT R R R S
1 ST 4Bk E

2.4 FHWFAILER 1288 S KA 1334 SHE N
AR AT LB S 6, P22 SCB PR, BHME RN 7. 692,
HC b R R T 22 S B

2.5 JEME I A R DR R I 4 615.1967 =
BRIV o wey KL 895 7. 7%(2/26) , wzyK2
KA. 19 Bk ST11 BUE Bk h wzyKL47 BHPE
15.8%(3/19) » wzyKL64 BHPEZR Ky 84. 2% (16/19) .
4 FpEE ST E rmpA . rmpA2.iroN Fl iutA FH PR
Wk 30, 8% (8/26),30. 8% (8/26).7. 7% (2/26) .
38.5%(10/26) siutA PHME A & (B 2), 994 5
K 1967 SR BREEH iutA X —FhF S 3L K, H ST 4
RIS ST11.ST65 #, Z/DHEHF 1 Fhag s B 1Y
B RRAL 10 kL Hib 8 BROM ST11 Y, fh BE & Bl R 4%
BB AR & 87. 5% (7/8)  Hith AT 87.5% (7/8)



. 168 EFMaREYEE 221 4F1 A% 42%% 28 Int ] Lab Med,January 2021, Vol. 42,No. 2

A B 350 B Dy KIL64 .

2.6 FESISLIESE 3 R SLE R IR AE R R
WK 10" ,10° CFU/mL f, 72 h ZE T2 34 51 K
37.5%.62. 5%, TESFKF 2 10°,10" CFU/mL i,
24 h BETH 2 100. 020 5 10 3 YR 56 56 v il 4% 52 7 1A
PEARE TR R W41 72 h R0 TS, WA 3, KU IR
SRR R 25 7L 8 Bk HE T B 0 B A B S 08 TR R

HA R, T H W CR-HVKP,

8 Bk CR-HVKP &tk # )y ST11 &L, Jir f #5417
15 DR B R S8 5T blaee PR, H: € B 1f 785 8 A 3
K1.K2 [ H A5 7,2 BR$7 22 SC 80 B . B R B2
Gy A LA R A 3 R AS R PR W AR A 4% i 500,
JERYL BB AR O (64, 5 £ 19. O F L, B & b
50%. W1,

x1 BE M ST11 B CR-HVKP Bk KIS % it

BBk 25 BlE AR MR ARAA W2 ST 437 KL 4371 Loz 9156 R A H
267 AR 47 3 TR blagpe ST11 KL64 B rmpA . rmpA2.iutA
994 BER a4 'S IR blagpe ST11 KL47 3 14 iutA
1288 REFR 39 % R blagpc ST11 K164 PR rmpA . rmpA2.iroN.iutA
1736 HER 74 % PR blagpc ST11 KL64 BF 1 rmpA ., rmpA2.iutA
1737 B R 74 s W blaype ST11 KL64 B 1 rmpA . rmpA2 . iutA
1334 WRAMNEE 95 9 R blagpc ST11 KL64 FH rmpA . rmpA2.iutA
1819 B2 R 67 Ll B blagpe STI1 KL64 B rmpA . rmpA2 . iutA
1999 FEE R 76 i W blagpe ST11 KL64 55 rmpA.rmpA2.iroN.iutA
296 267 345 135 458 6151284 994 1051 12221288 1736 1408 1334 14421573 M
& 4 8 # CR-HVKP B #k i B i 1 5 47
M 17411788 18051819 18331061 1737 191719671999 + -
3 3 %

TE M O AR &Y — g B RS B+ S B X 8 B S T R AR 5
& 2 SNERBERKEKE

=== 3FBBLH --m--10* CFU/mL —+—10° CFU/mL 10 CFU/mL—%— 107 CFU/mL

00.0 ! 1000 100.0 1000
100 - - -
1000 1000 100.0 100.0 1000
5 625
S 23a
+?!+ -
‘1@'\ 375__x” &
250 , ="~
125 125 _ ==~ 125 .
————— e
—i‘ﬁe———ﬂ,ﬁ———oﬂm‘-———r————opﬁ———o
24 36 48 60 72

Bt (h)
B3  KEERRERBETIER

2.7 RS ER i Gel] 8% PFGE 45
BT 0T .8 #k CR-HVKP A 43y 3 #E, Hoh 1737
5OR1 1819 5 T Ak Al AU AR AL EE & T 85 %0, AT REAF TE IR
—IEPERRIELEAE G . LI 4,

CRKP = 2 i it 25 #L 62 7= 6k & 5 W ™,
mCIM & 3 [E i R 5256 % b AL B 25 T 2017 4EHERE
1) — B EL AT A v R RE R R S R 1 A DU Bk T R 0
TR F T ENY . eCIM 5 mCIM B4 4 AT 21X
G377 4 I T RN 22 B TR Bk T R 00 T Y W FT T R Al
mCIM ] DL 5l #F 47 52 56, {H eCIM A% 43 7] B il
mCIM BA AT 5050 . AW S5 ks It mCIM FH
PER B ARA 24 B, Hoh o 22 MR A7 Ik 7 50 et 24
FE L P blagee S 3, 5340 2 Bk AT R85 7 b 9 A
T M T 25 B A

1986 4F — M Al JE UK BE>5 mm Fl £ 0F 35
DX AR AT T I Jieb 1 1l 4 v 411 i G ROk, 3X
ol LA 0 266 Y RO il 2 5 TR A R BA O 2 HVKPHY,
STl LA SR 2R AT 5 R AR AT P T I b fili 4 e
AT L H ] T e i Y 35 T 0 R O K1,
K2, Prezse il it 58w HVKP WtniErik., H
HIXE T HVKP B 5E S, A Gk A1, il & 50 8 A
WEHERERA SRS N RUVFAERKNES, ML
HEOR T LA S T R P 22 S I I Pk A 5 | R i e N B



EfrhibEF2E 20214 1 HF 42 %% 2 Int ] Lab Med, January 2021, Vol. 42,No. 2 « 169 -

{RZEME IR s — I s & B T A B R A
TGRSy KW v T AR B KR B i B R B
pLVPK 8 J kL BT 48 44 (19 7 71 4 6 36 B rmpA . rm-
pA2.iutA.iucABCD Fil iroBCDN &5 2 w7 fy £/
RIS A T A W O gk A
B 7 H PRI TR R« 38 3 A I A JR e A A I S LA
BE S FRAY M 4 M G R BN B R ) R ALY
RICTEIARE XN HVKP, HVKP i35 11 53K £
BECK PUED g 28 (O P B IA R G B (0 1
RUFD 3 T B L AE TR B 2 N AR 1 B At 1) 3 O B A
FEE S

A BIFFE N A il 4R B T A TR Y T 2 M S R
PEAR & H & BB, SR 4FE R CR-HVKP B bk 78
5L T R P 0 0 2 A TR R g R e 2 b A
CR-HVKP J& i T4 # 1) CRKP 31 T pLVPK %
Sy R B HVKP R8T B 7 5 5 B 0 S A0 S5 Ay
Wi=A 6. H AT CR-HVKP 78 37 91 45 51 2 Fe [ &% 7R
719 ST 4r 7 & ST11 &Y,

A58 i £ & PCR [\ A 978 T wzyKl1,
wzyK2.wzyKL47 Fl wzyKL64, Hii % v 5 1H B 1% 5t
() JE R I Vs AL 2= /DA 78 B, 5 HVKP MG WA K1,
K2.K5.K16,K20 K54 K57 %, H b % W R0 2 iy
0 S B I3 A8 2 K1 A K2W'Y KL & 3 T 46 ve iy
17 T 4 B IR 2 B8 1) 38 5 80 A7 1 1 — I 1 A 44
D59 KLAT Al KL64 J& ST11 BUEMRAY 2 A5 ik Y
FEREA AL, W2 TR E B AT/ B ST11 Al H I
) KL 43 8, ik e 5ok B3 i 16 B 1) 43 b7, 2 B
KL47 F1 KL64 J& T WA~ 4 32, B 4854 19 Bk 335 A (7] .
KL47 rmpA JL 423 E M F 210 Kb JFk I+, pLVPK
ARl B O JBORE =2 18] A AR R A R
KL64,rmpA &AL FR/NHF LY 210 Kb ATk L,
#5A7 KL64 1Y pLVPK Jiki i 8 1 & T #5415 KL47 1
pLVPK Jit ki, A 52 4 W /Y 8 Bk ST11 # CR-
HVKP 9y KL 28I LL KL64 24 F(87. 5%) , X 5 SCHik
CAJHIE /Y 5 R4 BE 1 kLAY ST11 Y il % 58 & A1
A4 5 O Jd 0 B o B AL 1 K LA 7 AN A [R) 36 B % B
ST11 # CR-HVKP JfJE 51 58 B A% 1 , [F] B v 9] 1
BT 43 1 Y S 56 T R 09 BE ) b SR (4 T4 3E 1Y T AR
B SR, HAETHWFE RV, ST11 A CR-HVKP
KL 45 £ [ j& KL477

AR 3 f £ 8 PCR HF ST11 # CR-
HVKP () 5 #6055 1 18 & 4 T %0l CRKP 1
HVKP # Wi ST #4045 ST11.,ST258.ST23.ST86
I ST65 BIGE, %5 2 (A R %5 ST23,ST65,ST86
TR S RN E B K1, K2 DL &5 ST11 466 KL47
KL64 45, 55 3 KR T8 ) BUk pLVPK A

FBY rmpA . rmpA2.iroN.intA 4 Fid IR A,

Wit %% e ST11 & CR-HVKP #4745 T A7
W T R IIZ B CR-HVKP Btk 87. 5%k IH T
AR, —HHEREREE KEZ KB &R HLIX &
KEEBE , T 1 WA B BE 52 3R 7, T 4 e ] £ B 2 T 24
B Sy G B DRV 2R 5 o — T, R TR R A% L R RE AR AE
B PR B XU . A% s X CR-HVKP £ i F 3
PR B PN TR % 7 42 L 8 /0 CR-HVKP 15 8 & 22 a) iy 1%
ORI GH 2y, RPN B Z 2 A
Y59 pLVPK 8 J1 FURL I A7 76 , 1] REA7 7E— 28 pLVPK
JOOAE 485 77 1 JHE At 1) 5 g 3R DR R Oy R I DDA B )
ML & i HVKP ey,

2% F R B ) ST11 % CR-HVKP 8 #%., LA
KL64 2 3, BEE BHR 2 5 5, AT RE A7 78 oe B AR 19 1
TEAGHE T I3 B 52 B BE A IRk % 1 B 42

2% 3k

[1] STRUVE C,ROE C C,STEGGER M, et al. Mapping the
evolution of hypervirulent Klebsiella pneumoniae [ ] J.
mBio,2015,6(4) :e00630.

[2] PACZOSA M K, MECSAS J. Klebsiella pneumoniae: go-
ing on the offense with a strong defense[ ]J]. Microbiol
Mol Biol Rev,2016,80(3):629-661.

[3] BIALEK-DAVENET S, CRISCUOLO A, AILLOUD F,
et al. Genomic definition of hypervirulent and multidrug-
resistant Klebsiella pneumoniae clonal groups[]]. Emerg
Infect Dis,2014,20(11):1812-1820.

[4] GU D X,DONG N,ZHENG Z W,et al. A fatal outbreak
of ST11 carbapenem-resistant hypervirulent Klebsiella
pneumoniae in a Chinese hospital:a molecular epidemio-
logical study[J]. Lancet Infect Dis,2018,18(1) :37-46.

[5] ZHAN L,WANG S S,.GUO Y J.,et al. Outbreak by hy-
permucoviscous klebsiella pneumoniae ST11 isolates with
carbapenem resistance in a tertiary hospital in ChinalJ].
Front Cell Infect Microbiol,2017,7(1) :182.

[6] YUF,LV ] N,NIU S,et al. Multiplex PCR analysis for
rapid detection of klebsiella pneumoniae Carbapenem-Re-
sistant [ sequence type 258 (ST258) and ST11] and hy-
pervirulent (ST23,ST65,ST86,and ST375) strains[ J]. ]
Clin Microbiol,2018,56(9) :e00718-e00731.

[7] TENOVER F C,ARBEIT R D,GOERING R V,et al. In-
terpreting chromosomal DNA restriction patterns pro-
duced by pulsed-field gel electrophoresis: criteria for bac-
terial strain typing [J]. J Clin Microbiol, 1995, 33 (9):
2233-2239.

[8] ZHANG R.LIU L Z,ZHOU H W, et al. Nationwide sur-
veillance of clinical carbapenem-resistant enterobacteri-
aceae (CRE) strains in Chinal[J]. Ebio Med,2017,19(1)
98-106.



« 170 -

PR B [E

FRE202F 1A% 424%% 28 Int] Lab Med,January 2021, Vol. 42,No. 2

[9] PIERCE V M, SIMNER P J, LONSWAY D R, et al.
Modified carbapenem inactivation method for phenotypic
detection of carbapenemase production among enterobac-
teriaceae[ J . ] Clin Microbiol,2017,55(8):2321-2333.

[10] Clinical and Laboratory Standards Institute. The perform-
ance stands for antimicrobial susceptibility testing: M100-
S28[S]. Wayne,PA:CLSI,2017.

[11] YAO B,XIAO X Y,WANG F,et al. Clinical and molecu-
lar characteristics of multi-clone carbapenem-resistant
hypervirulent (hypermucoviscous) Klebsiella pneumoniae
isolates in a tertiary hospital in Beijing, China[ J]. Int ]
Infect Dis,2015,37(1):107-112.

[12] CUBERO M,GRAU I, TUBAU F.et al. Hypervirulent
Klebsiella pneumoniae clones causing bacteraemia in
adults in a teaching hospital in Barcelona, Spain (2007 —
2013)[J]. Clin Microbiol Infect,2016,22(2):154-160.

[13] LUO Y,WANG Y, YE L,et al. Molecular epidemiology
and virulence factors of pyogenic liver abscess causing
Klebsiella pneumoniae in Chinal J]. Clin Microbiol Infect,
2014,20(11) :818-824.

[14] CATALAN-NAJERA C J,GARZA-RAMOS U, BARRI-
OS-CAMACHO H. Hypervirulence and hypermucovis-
cosity: two different but complementary Klebsiella spp.
phenotypes[J]. Virulence,2017,8(7) :1111-1123.

[15] YANG X,CHAN E W C,ZHANG R, et al. A conjugative
plasmid that augments virulence in Klebsiella pneumoniae
[J]. Nature Microbiol,2019,4(12) :2039-2043.

[16] CHOBY J E, HOWARD-ANDERSON J, WEISS D S.

Hypervirulent Klebsiella pneumonia: clinical and molecu-

lar perspectives[ J]. J Intern Med,2020,287(3) :283-300.

[17] LIU P, LI P,JIANG X,et al. Complete genome sequence
of Klebsiella pneumoniae subsp. pneumoniae HS11286, a
multidrug-resistant strain isolated from human sputum
[17.] Bacteriol,2012,194(7) ; 1841-1842.

[18] HENNEQUIN C,ROBIN F. Correlation between antimi-
crobial resistance and virulence in Klebsiella pneumoniae
[J]. Eur J Clin Microbiol Infect Dis, 2016, 35(3): 333-
341.

[19] LEE C R,LEE J H,PARK K S,et al. Antimicrobial re-
sistance of hypervirulent Klebsiella pneumoniae: epidemi-
ology,hypervirulence-associated determinants,and resist-

ance mechanisms[ J]. Front Cell Infect Microbiol,2017,7

(1):483.
[20] ARENA F,DE ANGELIS L. H,D'ANDREA M M, et al.
Infections caused by carbapenem-resistant Klebsiella

pneumoniae with hypermucoviscous phenotype:a case re-
port and literature review [ J]. Virulence, 2017, 8 (8):
1900-1908.

[21] SHON A S.BAJWA R P S,RUSSO A T. Hypervirulent
(hypermucoviscous ) Klebsiella pneumoniae;: a new and
dangerous breed[]]. Virulence,2013,4(2) :107-118.

[22] LIU Z,GU Y, LI X, et al. Identification and characteriza-
tion of NDM-1-producing hypervirulent Chypermucovis-
cous) Klebsiella pneumoniae in Chinal J]. Ann Lab Med,
2019,39(2):167-175.

(Wi Fe B #1:2020-07-19 &9 H 111 .2020-10-26)

CEFE5R 164 70O
fibrosis and leukoplakia using methyl green-pyronin Y,
Feulgen staining and exfoliative brush cytology[J]. Bio-
tech Histochem,2015,90(1):8-13.

[10] LI B,WU Y,GAO X M. Pyronin Y as a fluorescent stain
for paraffin sections[ ] ]. Histochem J, 2002, 34 (6/7):
299-303.

[11] MEYERHOLZ D K,RODGERS J,CASTILOW E M.et al.
Alcian blue and pyronine Y histochemical stains permit
assessment of multiple parameters in pulmonary disease
models[J]. Vet Pathol,2009,46(2) :325-328.

[12] MOHTASHAM N, MAHDAVI-SHAHRI N, SALEHINE-
JAD ], et al. Detection of nucleoproteins in squamous cell car-
cinoma,and dysplastic and normal mucosa in the oral cavity
by methyl green-pyronin staining[J]. J Oral Sci, 2010, 52
(2):239-243.

[13] RAMAN R K,KAMBOJ M,NARWAL A. The diagnos-

tic role of methyl green-pyronin Y staining in oral leuko-

plakia and oral squamous cell carcinoma: an exfoliative
cytology-based cytomorphometric analysis[ J]. Acta Cy-
tol,2019,63(5) :401-410.

[14] SUMEDHA S.KOTRASHETTI V S,SOMANNAVAR
P.et al. A histochemical comparison of methyl green-py-
ronin,and hematoxylin and eosin for detecting apoptotic
cells in oral squamous cell carcinoma,oral leukoplakia,o-
ral submucous fibrosis and normal oral mucosal J]. Bio-
tech Histochem,2015,90(4) :264-269.

[15] NAYAK A,RAIKAR A,KOTRASHETTI Vet al. His-
tochemical detection and comparison of apoptotic cells in
the gingival epithelium using hematoxylin and eosin and
methyl green-pyronin:a pilot study[J]. ] Indian Soc Peri-
odontol,2016,20(3) :294-298.

[167] X[, 22k, % B o, 46, Je TR i AR g i A1 S e £
LT ) 2 25,2018, 41(4) :474-476.

(W fi B #1:2020-06-12 &[] B #1:2020-10-20)



