Microbiol. Biotechnol. Lett. (2023), 51(4), 500-506
http://dx.doi.org/10.48022/mbl.2310.10005

PueL

A IR GRS BB 2P R0 Microbiology and Biotechnology Letters

Carbapenem LA Klebsiella pneumoniae ST3071}
Non-ST3072| £X} EA 4l st A| LA H|=

Zafei*

s aheta QA els

Received: October 11, 2023 / Revised: December 7, 2023 / Accepted: December 9, 2023

Comparison of Molecular Characterization and Antimicrobial Resistance in Carbapenem-Resistant Klebsiella pneumoniae
ST307 and Non-ST307
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Carbapenem-resistant Klebsiella pneumoniae (CRKP) is emerging as a worldwide public health threat.
Recently, Klebsiella pneumoniae carbapenemase-2 (KPC-2)-producing sequence type (ST) 307 was identified
main clone of CRKP, and dissemination of ST307 was reported in South Korea. This study examined the
molecular characteristic and antimicrobial resistance pattern of 50 CRKP isolated from a tertiary hospital
in Daejeon, from March 2020 to December 2021. Epidemiological relationship was analyzed by Multilocus
sequence typing (MLST) and antimicrobial susceptibility test was determined using disk-diffusion method.
PCR and DNA sequence analysis were performed to identify carbapenemase genes. CRKP infections were
significantly more frequent in males and the patients aged > 60 years. Among the 50 CRKP isolates, 46
isolates (92.0%) were multidrug-resistant (MDR), and 44 isolates (88.0%) were carbapenemase-producing K.
pneumoniae (CPKP). The major carbapenemase type was KPC-2 (36 isolates, 72.0%) and New Delhi metallo-
enzyme-1 (NDM-1) and NDM-5 were identified in 7 isolates (14.0%) and 1 isolate (2.0%), respectively. In
particular, 88.9% (32/36) of KPC-2-producing K. pneumoniae belonged to ST307, whereas 87.5% (7/8) of NDM-
1,-5-producing K. pneumoniae belonged to non-ST307. These results suggest that proper infection control
and effective surveillance network need to prevent not olny the spread of ST307, but also the development
of non-ST307.
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¥ o] W=, carbapenem-resistant Enterobacteriaceae
(CREE & AF L2 EF3I%TH4, 5]. CRKPoj|A| 7 &
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TolA &= 20081 ST2580] #5 SHUL 2 FECE
Bugoy, 20149 o] CC258T &7 ST307<] EHato]
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AAAZEE 22 wj¥H #F+= Vitek 2 automated ID
USA)E ol&3ty FTAsIL,
ertapenem, imipenem % meropenemo]| WA #FE
CRKPZ A3},

system (BioMerieux,

A A AA

A 744 A A= Clinical and Laboratory Standards
Institute (CLSI) Aol waH14], 12 F7Y F<A
(amikacin, gentamicin, ceftazidime, cefotaxime, cefepime,
ertapenem, imipenem, meropenem, ciprofloxacin, chloram-
phenicol, tigecycline, trimethoprim/sulfamethoxazole
(BioMerieux))o| oj3] tlA3 oz Flstgich.
Escherichia coli ATCC 259222} Pseudomonas aeruginosa
ATCC 278532 Al sto] 31 &H ¢ ol A=A Felstsd
ot oA HE[15]15 #3}9], aminoglycosides, T Y
cephalosporins, carbapenems 2 fluoroquinolones A &€ 9]
FAA 5 3 AE ol Y FHA WS A #FE o
A4 CRKP=Z 38}t

MLST &4
CRKPZ #¢lE #FLE brain heart infusion broth
(Difco, USA)| HE3}e] 37CoA 24X 7t B3t &, Genomic

Comparative Analysis of CRKP ST307 & Non-ST307 501

DNA Prep Kit (Solgent, Republic of Korea)E A}-&3}%
DNAE #&3}%th. DNA 3&9%(5 u), 10x Tag buffer
(2.5 pl), 10 mM dNTP mix (0.5 ul), primer Z} 10 pmol,
0.7 U Tag DNA polymerase (Solgent) X Z&4+5 &5}
o & 1 25 .o wEAE WEAL. T
housekeeping gene (rpoB, gapA, mdh, pgi, phoE, infB,
tonB)o] gt PCR AL Gene Amp PCR System 9600
(Perkin-Elmer, USA)E AF&3lo] 94T oA R4y
predenaturationdt &, 95C 9| 4] 20% denaturation, 50C
60C Ex= 45C)°)A 30% annealing, 72ColA 30
extension WAL 353 vFEStL, 72Co|A 587} final
extensione A3t Z+Ze] PCR WHSAIEL 1%
agarose gelol|A] 3087t A7) 955t FEAAES ZASA
1, PCR purification kit (Solgent)2 &3t &, BigDye
Terminator cycle sequencing kit (PE Applied Biosystems,
USA)¢}F ABI PRISM 3730x] DNA analyzer (PE Applied
Biosystems)E ©]-&5t H7]A g 24t

MLST 242 https://bigsdb.pasteur.fr/klebsiella/of A
H W& #aste, 7719 housekeeping gene] gt E7]
AE B4 ZAIAE MLST databaseo] 3} allelic
number®} STE &olst4

Carbapenemase?] A&

Carbapenemase 3322 AE&S &2st7] Yo, o]d A
Tl A AR&-3F primer (Table 1) ©]-&3to] PCR< 35}
STH16]. $HAl MLST 243 Y3 HH O 2, DNA =&
N (5 ul), 10x Tag buffer (2.5 pl), 10 mM dNTP mix (0.5 ul),
primer Z} 10 pmol, 0.7 U Taq DNA polymerase (Solgent) &
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Table 1. Oligonucleotides primers used in current study.

Annealing Product
tempera-  size
ture (C)  (bp)

Gene Sequence (5'-3")

Carbapenemase gene primers

blayp  F: GGAATAGAGTGGCTTAAYTCTC 52 232
R: GGTTTAAYAAAACAACCACC

blayy  F: GATGGTGTTTGGTCGCATA 52 390
R: CGAATGCGCAGCACCAG

blaoxass F: GCGTGGTTAAGGATGAACAC 52 438
R: CATCAAGTTCAACCCAACCG

blaxom  F: GGTTTGGCGATCTGGTTTTC 52 621
R: CGGAATGGCTCATCACGATC

blae  F: CGTCTAGTTCTGCTGTCTTG 52 798

R: CTTGTCATCCTTGTTAGGCG
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PCR A2 94T o| A 1087t predenaturationdt £, 94°C
oA 30% denaturation, 52°C|A4] 40 annealing, 72°C¢|
A 50% extension T 353 WHE3IaL, 72Co A 5E7E
final extension< A|¥3F¥th. ZF PCR E‘l’%’ﬂ'%% 1%
agarose geloll A 30&7F A7 FE3te FEAES E9I5HS
11, PCR purification kit (Solgent)2 &3t &, BigDye
Terminator cycle sequencing kit (PE Applied Biosystems)®}
ABI PRISM 3730x] DNA analyzer (PE Applied Biosystems)E
o|gstel @7lHAS BASAY 97149 B Ane
NCBI| A A|&3t= BLAST Z2 13L& o] &3} E. coli
ATCC 259229} H| W EA 314},
g 3
CRKPQ] MLST 4]

% 507379 CRKPE H4t2 &2 MLSTE A% 44, &

8712l STE EIst¢ith(Table 2). 87§¢] ST & 7HF &3t ?r
L ST3070]Q1, & 5073 F 39F3(78.0%)0] A BHol
59lc}. I Lo 2 ST487} ST1470] ZHz} 3F3(6. 0%)01]
A gelE 1, ST25, ST714, ST1114, ST1944, ST5220L
717 195(2.0%)°1 A 1% $l=H, ©]+= non-ST3079] 3f
FE A

CRKP 7+ Ao A, A3 £ 8l

20209 3¥HH 20219 1297HA] ARG 33 L
A et CRKP g &4 5032 o2 Y EX 5
A3t A7}, FA 309 (60.0%), 4 207 (40.0%) .2, FA
o] o Jrch 1.5W) ¥ HEE ES&E}(Table 3). T3t A9y
RIS I A3}, 70 olA F 507 F 13%5(26.0%)
o] ZelFo] 71 gL REE Bk £AF 22 60t
80th7} Z+z 11%(22.0%), 50t 7} 878 (16.0%), 40t} 90TH
7F 242+ 3%(6.0%), 10t m]¥ko] 198(2.0%)%] REZE 2 H

M

Table 2. MLST analysis of 50 carbapenem-resistant Klebsiella pneumoniae.

- Allelic profile No. of isolates
rpoB gapA mdh pgi phoE infB tonB (%)
307 1 4 2 52 1 1 7 39 (78.0)
48 1 2 2 2 7 5 10 3(6.0)
147 4 3 6 1 7 4 38 3(6.0)
25 4 2 1 1 10 1 13 1(2.0)
714 4 2 2 2 6 3 160 1(2.0)
1114 4 4 2 1 10 3 17 1(2.0)
1944 115 2 1 6 9 1 182 1(2.0)
5220 18 17 22 20 30 19 162 1(2.0)
Abbreviations: MLST, multilocus sequence typing; ST, sequence type.
Table 3. Distribution of gender and age between ST307 and non-ST307 CRKP isolates.
No. of isolates (%)
Age
T Total ST307 Non-ST307
Total M F Total M F Total M F
1~9 1(2.0) 1(3.3) 0 (0.0) 0 (0.0) 0(0.0) 0 (0.0) 1(9.1) 1(14.3) 0 (0.0)
10~19 0 (0.0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0(0.0)
20~29 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 (0.0 0 (0.0 0(0.0) 0(0.0)
30~39 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0 (0.0 0(0.0) 0(0.0)
40~49 3(6.0) 1(3.3) 2 (10.0) 2(5.1) 1(4.3) 1(6.3) 1(9.1) 0 (0.0) 1 (25.0)
50~59 8 (16.0) 5(16.7) 3(15.0) 7(17.9) 4(17.4) 3(18.8) 1(9.1) 1(14.3) 0(0.0)
60~69 11 (22.0) 7 (23.3) 4 (20.0) 9(23.1) 6 (26.1) 3(18.8) 2(18.2) 1(14.3) 1(25.0)
70~79 13 (26.0) 10 (33.3) 3(15.0) 11 (28.2) 9 (39.1) 2 (12.5) 2(18.2) 1(14.3) 1(25.0)
80~89 11 (22.0) 6 (20.0) 5(25.0) 8 (20.5) 3(13.0) 5(31.3) 3(27.3) 3 (42.9) 0(0.0)
90~99 3(6.0) 0 (0.0 3(15.0) 2(5.1) 0(0.0) 2(12.5) 1(9.1) 0 (0.0 1(25.0)
Total 50 (100.0) 30 (100.0) 20 (100.0) 39 (100.0) 23 (100.0) 16 (100.0) 11 (100.0) 7(100.0) 4(100.0)

Abbreviations: ST, sequence type; M, male; F, female.
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Table 4. Distribution of specimen between ST307 and non-
ST307 CRKP isolates.

No. of isolates (%)

Specimen

Total ST307 Non-ST307
Stool 1(82.0) 35 (89.7) 6 (54.5)
Sputum 4 (8.0 0(0.0) 4(36.4)
Urine 4 (8.0) 3(7.7) 1(9.1)
Bile 1(2.0) 1(2.6) 0(0.0)
Total 0 (100.0) 39 (100.0) 11 (100.0)

Abbreviations: ST, sequence type.

Table 5. Distribution of carbapenemase between ST307 and
non-ST307 CRKP isolates.

No. of isolates (%)

Carbapenemase
Total ST307 Non-ST307
KPC-2 36 (72.0) 32(82.1) 4 (36.4)
NDM-1 7 (14.0) 1(2.6) 6 (54.5)
NDM-5 1(2.0) 0 (0.0) 1(9.1)
Negative 6 (12.0) 6(15.4) 0(0.0)
Total 0(100.0)  39(100.0) 11 (100.0)

Abbreviations: ST, sequence type.
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Hol v o AL 40,

A

s
AHH

ox. CIS.:

orlo

l

CRKP #5=9] ZA'E &3 34

A4 AA 9] FFol wet CRKP 50255 Eejgt 23, 41

$(82.0%)7F HARZ=LHA ZFHolA 71 wo] £
Hoon, ooz Ay AoA 47t 47 F(8.0%), B
FoNA 175(2.0%)7F 1= Yl th(Table 4). HHEF =
AA Z3HE ST3077} non-ST3070 A ZHZE 89.7%(35/39),
54.5%(6/11)2 7H4 B2 vl &2 FAHAUTG. A9 F¢,
non-ST3079 A 36.4%(4/11)E F HAR =2 v|&a 9l
o, ST30791A4 = A3 Q"lﬂ?ﬂ WAL, 2FA

7.7%(3/39)7} B Ho] £H oz o AXZ delEct.

CRKP #32] carbapenemase £33 39|

olgt A3, & 50359 CRKP
% 44715(88.0%)7} carbapenemase-producing K. pneumoniae
(CPKP)Z &2l & glth(Table 5). ©] & 3643(72.0%)°] A

Carbapenemase A4S &

Table 6. Antimicrobial susceptibility pattern between ST307 and non-ST307 CRKP isolates.

No. of isolates (%)

Antimicrobial Total (N=50) ST307 (N=39) Non-ST307 (N=11)
agents
s | R S | R s | R

Amikacin 50(1000) 0(0.0)  0(00)  39(1000) 0(0.0)  0(00)  11(1000) 0(00)  0(0.0)
Gentamicin 17(340) 100 32(640) 10(256) 1(26) 28(718)  7(636) 0(0.0)  4(364)
Ceftazidime 0000  0(00) 50(100.0) 0 (0. 0(00) 39(1000) 0(00)  0(00)  11(100.0)
Cefotaxime 0000  0(00) 50(100.0) 0 (0. 0(00) 39(1000) 0(00  0(00)  11(100.0)
Cefepime 0000 10 49(980)  0(0. 0(00) 39(1000) 0(00  1(9.1)  10(90.9)
Ertapenem 0(00)  0(00) 50(100.0) 0 (0. 0(00) 39(1000) 0(00)  0(00)  11(100.0)
Imipenem 0000  0(00) 50(100.0) 0 (0. 0(00) 39(1000) 0(00)  0(0.0)  11(100.0)
Meropenem 0(00)  0(00) 50(100.0) 0/(0. 0(00) 39(1000) 0(00  0(00)  11(100.0)
Ciprofloxacin 480  0(00) 46(920) 0. 0(00) 39(1000) 4(364) 0(00)  7(636)
Chloramphenicol ~ 10(200) 18(360) 22 (440)  6(154) 18(462) 15(385  4(364) 0(00) 7 (636)
Tigecycline 36(720)  7(140) 7(140) 27(692) 6(154) 6(154)  9(818) 191  1(9.1)
Trimethoprim/ 6(120) 0(00) 44(880) 0(00) 0(00) 39(1000) 6(545 0(00) 5 (455)

sulfamethoxazole

Abbreviations: ST, sequence type; S, susceptible; |, intermediate resistant; R, resistant.
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KPC-27} BQ1E T, &34 02 793 (14.0%)° A NDM-
10] 1=l 9o H, 195(2.0%)% A NDM-57} Z21 = it
ESE 69-5(12.0%)= carbapenemaseS AYA IR Y= A
o2 grolg gt ST3079)4 KPC-29F NDM-10] 215l
i, o] & KPC-27} 82.1%(32/39)2] &2 v &= Feld vt
™ non-ST3079] 4 KPC-2, NDM-1, NDM-57} 8ol a,
NDM-10] 54.5%(6/11)& 713 =& &= 3Fel=gich.

A A FEE

% 50 #39] CRKPE 4oz A A4 AAE 4
Algt A3 ceftazidime, cefotaxime, ertapenem, imipenem,
meropenem®] 5095(100%) 25 YAS HHoH, 214
O 2 cefepime 98.0%(49w5), ciprofloxacin 92.0%(4645)
9 =2 YL EHtHTable 6). T3t trimethoprim/
sulfamethoxazole 88.0%(44+1 ), gentamicin 64.0%(32<F
), chloramphenicol 44.0%(22¢3)% WAL 2,
tigecycline2 14.0%(745) 9 H| L& %2 YAS HFon,
amikacing 504F(100.0%) =& ZF4AS H Yt ST307
7} non-ST307¢} A 44 235 vl w2 H, ST307
o] ciprofloxacin®} trimethoprim/sulfamethoxazole®l 394
$(100.0%) 2% WAS H<l ¥, non-ST307 7z
63.6%(74 ), 45.5%(Gw )2 WS EAth SuEA=
gentamicin®] 7%, ST3072 71.8%(2845)2] YAS BF
O}, non-ST307 63.6%(7T4F)8 Zr4AS Btk 3t
tigecycline®| 4] non-ST307(81.8%, 9F3)> ST307 (69.2%,
2THF)ET} 12.6% < TS E4th

[

i

T AAERA7IFWHO)=
lactamase (ESBL) ¥ carbapenem WA K. pneumoniaes
293 3= 24 YEoZ B3 HTH17]. S CRKPY
A e B 229 2387 3o A AAHCE
A W 2ARJAAY] BHFat it % TR By
3 Qth18]. =Y ®g CRKPY] HJuhiryy 574 229 3
Aro] Z7FEAIE Hola glof, AZe L35 ¥ Y
+ Ao dHA G 33} HHho YY7E 5089 CRKP
2 5 FAol 30 (60%) o2, g Ht 158 w2
£ Hgon, 38 (76%) %] &7} 604 o]z el
o} 9kA 2015 o) ¥R 3 Chang 59 A2} 20173
of 3 Zheng o AFoA FAo] A ET 77} oF
1.54], 2.2v =2 BE 5 H G, 654 o9 A7t &2l
wol $Abg 2348 2o, 19]. ol CRKP Zheio] W
N3 By S0 gad wal B AL Ao B
=

extended spectrum -
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oA 89S 93| CRKP 50355 A 2 MLST
£ AAJgE A3} ST3070] 78.0% (39/50)2 714 &35k S5 o
2 grolggieh 1 9 non-ST307L 22.0% (11/50)2 &2l E]
=g, &2F o2 ST48, ST147, ST25, ST714, ST1114,
ST1944, ST52200] EZ 3= I th. ST3073} non-ST307¢ A
9 Ay BEE 6| ashy, ST3072 700 Aol Al, non-
ST307 80t HAoAM 7Hd &2 ZEE HATh

E3H CRKP 5075 % CPKPx 88.0% (44/50)2 E31H]
=4, KPC-27} 72.0% (36/50), NDM-10] 14.0% (7/50),
NDM-57} 2.0% (1/50)8 ZFol=|lct 2010 Zijo] A
KPC-27} A3 HuH o]F, @& AFofA KPC-2&= w9
A 29 K. pneumoniaeol| A 71 23 P02 HIE
3 9ITh9, 10, 20]. F L KPC-2 A K. pneumoniae® 5
Q Z202 ST3070 EaE a1 g9lon, oA ST307<
Aebd ot w2 ghito] gIE }lTH10, 21].

ST307-2 2008 Y @# =0 A A &g MLST database
(https://bigsdb.pasteur.fr/klebsiella/klebsiella.html)o] A
= Y= eH, o]F 20139 vj=} uh7| Aol A TEFF
A AF7F A= ATH17, 22]. 2 ST3072 oot &
SH[o}, B, FotZ 7l =9 FEHLRE HuEHGo
o, thoFst ESBL (CTX-M-15) ¥ carbapenemases (KPC,
NDM, OXA-48-like & VIM)®] gt ¥ A77F A Al A=A
oz Z7ksha Q7.

S 2 Ao A KPC-27} ST307) A 88.9%(32/36) 2
golg ¥bH, NDM-1,-5% non-ST3079 A 87.5% (7/8)2 %
Mgt 235 B o, 5709 ST (ST147, ST714, ST1114,
ST1944, ST5220)°] 4 &A= Act. o]t f-AFsHA, 20224
F=ol A LEZ Fu 59 AtollA KPC= ST11914 £A|
5t EIE o, NDM2 stte] £ Z20] ofd, 2074
o] STo A thekdt AME B HrH23]. 20199 Wu Fo] &
F AFoA =, CC258¢] 23 A AAZ = SiE ¢
= KPC-2 A K. pneumoniae® 2z, NDM A K
pneumoniae= At AlFo] glo] W ST 3o £x3}
T 9on uzA B3 ZEo= ST11, ST14, ST15 ST23
4 ST1470] o7 F7tof| A Bigs ghlstgich24].

NDM-1-2 20094 QA=A K. pneumoniaeol| A & &
95901, ol% A AAHOE 74 del WA §Po=, F
=, ZaHlok, olgdol, BN EiE §lrh25)].
NDM-5= T 7]9] ofu|=Ab X3 (Val88Leu H Met154Leu)
o] NDM-13} th21, carbapenems} expanded-spectrum
cephalosporinso] 3t WA 7171 Rzt E3 2
E. coliol A BIE L, K. pneumoniae R 718k ZjAlte]
A EEA BaEcH26].

tEo], obA7HA WA= EuEA Fgoy, H

2 9 F¢ 2 FFY carbapenemaseE A= K



pneumoniced] W3 B i17}t =715t1 qlck £3], KPC-29
NDM-1 &% AA K pneumoniae’t F=(50.5%), 1=
(25.2%) X 2 AJo}(5.8%)0 A SAISHA EAE o, =2
ST 822 Fo|A ST11 (95.2%, 40/42), ©]= oA
ST258 (100%, 8/8), & AloFo| A ST39 (66.7%, 6/9)7} 7+
3 Aoz FIFHATH25].

CRKP Zrg ol tigt oA Az} 2127} Agh4Ql 7he
o], & dtol4 CRKP 5095 % 92.0% (46/50)7} THAI A
o 2 3elEth 2022 o] A Eo A 2R3 Elmanakhly
59 AT M= CRKP 41957} 5 A YA o2 Eelg
o] & A AT} FARRE ZBE E HtH27). Ciprofloxacin
(100.0% vs 63.6%), trimethoprim/sulfamethoxazole (100.0%
vs 45.5%)3} gentamicin (71.8% vs 36.4%)°] T3t WAL
non-ST307Ht} ST30791 4 o &2 AWE Yt E3
tigecyclineo] et WAL 14.0%2 A=), GA o
B3} SOl B 3% ATIAE CRKPY] B3t tigecycline
o WAL ZZF 9.0%, 145%2 EolE Qth2s, 29].
Tigecycline> CRKP Zd 9] A25 913 AH-E 4= Sl= 3
59 FFA F S, tigecyclined] WA 27 Aztet 2
AE oF7|& = Qlemz, oo figt AT a7 &
T

19964 b= A KPC A4 K. pneumoniae’t AL 53
H o]&, L AT FE¢] CC2580] A Aoz w27 g
APE =, ol FHE €7t ofTh30]. 20099 =9
A Hgog BelE ST258 201449 o|F FA% FAANS
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