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Background: Multilocus sequence typing (MLST) is
useful in determining the long-term evolutionary proc-
ess and minimizes differences in experimental results
across individuals and laboratories. It is also useful
in determining evolutionary origins and backgrounds
of bacterial species. This study carries out MLST
analysis on VanA-type vancomycin-resistant Entero-
coccus faecium isolated from patient specimens in a
single university hospital over nine years in order to
observe changes in genetic evolution over time.

Methods: During the years from 2007 to 2015, 44
clinical isolates of vanA-containing E. faecium were
collected from Ajou University Hospital in Korea.
Species were identified by the Vitekll system (bio-
Merieux, USA), and antibiotic susceptibility testing
was performed by disk diffusion and E-test according
to Clinical and Laboratory Standards Institute (CLSI)
guidelines. To determine genetic relatedness, ma-
trix-assisted laser desorption ionization time-of-flight
mass spectrometry (MALDI-TOF M/S) was employed.
To characterize clonal diversity, MLST analysis was
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Results: All isolates were highly resistant to ampi-
cillin, ciprofloxacin, and vancomycin but showed vari-
able levels of resistance to teicoplanin. The 44 clin-
ical isolates were genetically unrelated according to
MALDI-TOF M/S analysis. MLST showed that the
clinical isolates harbored 6 sequence types (ST), with
ST17 (n=19) being the most common, followed by
ST78 (n=13), ST192 (n=6), ST64 (n=4), ST262 (n=1),
and ST414 (n=1).

Conclusion: The MLST analysis showed that the se-
quence types of most isolates belonged to clonal
complex 17 This is consistent with outbreaks in
hospitals. We had single observations for ST262 and
ST414, suggesting that they were random occur-
rences. MLST can be useful for speculating the ge-
netic evolution of VanA-containing E. faecium
isolates. (Ann Clin Microbiol 2017;20:67-73)
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MATERIALS AND METHODS
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3. Matrix-assisted laser desorption ionization time-of-flight mass
spectrometry
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Table 1. Characteristics of 44 vancomycin-resistant E. faecium isolates based on MLST, MALDI-TOF M/S analysis and antimicrobial
susceptibility test

Dendrogram based MALDI-TOF M/S analysis MIC (u¢g/mL) Resistance to antibiotics

ST Year

80 90 100%  STRAIN VA TP AM TE CIP LZD SYN
{ vanA38 >256 64 R S R S S 64 2014
vanA42 >256 64 R S R S S 64 2015
vanA08 >256 64 R S R S S 78 2008
—— vanA4l >256 32 R S R S S 192 2015
vanA05 >256 64 R S R S S 78 2007
E vanA06 >256 32 R S R S S 78 2008
vanAl7 >256 8 R S R S S 17 2014
vanAlS >256 64 R S R S S 78 2009
vanA21 >256 64 R S R S S 78 2011
vanA28 >256 64 R R R S S 17 2012
! vanA36 >256 64 R S R S S 17 2009
vanAl2 >256 32 R 1 R S S 78 2009
vanAl8 >256 4 R S R S S 17 2010
J—l: vanA37 >256 64 R S R S S 17 2014
vanA39 >256 8 R R R S S 17 2014
vanAl3 >256 64 R R R S S 17 2009
vanA30 >256 64 R S R S S 17 2012
vanA25 >256 64 R S R S S 17 2011
[ vanAl4 >256 64 R S R S S 17 2009
vanAQ3 >256 16 R S R S S 17 2007
vanAll >256 32 R S R S S 17 2009
vanA29 >256 64 R S R S S 192 2012
vanA35 >256 16 R S R S S 78 2013
[ vanA43 >256 64 R R R S S 17 2015
vanA01 >256 64 R S R S S 192 2007
B vanA20 >256 64 R S R S S 17 2010
vanA31 >256 32 R R R S S 17 2013
vanA34 >256 64 R S R S S 64 2013
vanA04 >256 8 R R R S S 17 2007
vanAl6 >256 64 R S R S S 78 2010
jr vanA33 >256 64 R S R S S 78 2013
vanAl9 >256 64 R R R S S 17 2010
vanA10 >256 8 R R R S S 78 2008
vanA22 >256 64 R S R S S 78 2011
vanA23 >256 64 R S R S S 414 2011
vanA26 >256 64 R R R S S 192 2012
vanA24 >256 64 R S R S S 192 2011
vanA40 >256 64 R S R S S 64 2014
vanA44 >256 64 R S R S S 78 2015
vanA(Q2 >256 64 R S R S S 17 2007
vanA09 >256 64 R S R S S 17 2008
vanA32 >256 64 R S R S S 17 2013
vanAQ7 >256 64 R S R S S 78 2008
vanA27 >256 64 R R R S S 262 2012

Abbreviations: VA, vancomycin; TP, teicoplanin; AM, ampicillin; TE, tetracyclin; CIP, ciprofloxacin; LZD, linezolid; SYN, quinupristin-
dalfopristin; ST, sequence type.
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4470 FFE o2 CLSI 7]l wheh A383k dhaf A 7+
T4 A4S vkavte] Al MICFEe] B 2256 pg/mLE A=
WA Vel Teicoplanin MICZES vanA03, 358 #F5
7} 16 pgmlE FE5 WA B vanA04, 10, 17, 396
571 8 ngmL, vanAl8¥l #5714 pgmlE 7M7) 74
< B9}t Ampicillin 10 ¢ g/mL$} ciprofloxacin 5« g/mLoll
= BE 757 WAS B linezolid 30 1« g/mLe} quinupris-
tin- dalfopristin 15 xg/mLoll= 2E #57F RS Bole
™ tetracyclin 30 g/mLollE 33709] #57} HrAde Bl
1070e] #57F WA, Do #57F T WAae Hich
(Table 1).

WARAAE S &9lsl7] 13t real-time PCR ZI}ol|A] 44
M A 5 vand WASAAS 7T QT 2 2ol
vanBY vanC FAAE 54019tk

2. MLDI-TOF M/S

MALDI-TOF M/SE o83} 445F32] 5417 i 7z}
FAH ok S Hol #F 7 Aol 9lE Ao g Yehtt

[9-11].
3. MLST 24

MLST E44 2% 6709 STE Rt} o] 52 Z5F clonal
complex 17 (CC17)oll &3}3ie}. 6702] STollA ST178 195,
ST78% 135, ST192% 657} &3k et 7bg &3t
ST1788 9d7F 2] BFsta Qgda ST78% 7} ST1928
A 9Wdzke] 7] 7kl ALEA] BEFS & g e STe4d 2>
Z|ol] go] Eelxe e HErk(Table 2, Fig. 1).

Table 2. Distribution of sequence types of 44 strains

DISCUSSION

E. faecium T T 445 BFol|A] whzate]Alel] o3k
MIC7} 256 pg/mL oo g 1 =WA #5910 v teico-
planin MICE vanA04, 10, 17, 39 #57} 8 pg/mlL 8|2
vanA18¥ 57} 4 pgmLE ZH2F ZHpEAQl VanB pheno-
type-vand genotype®| Atk vanA03, 358 FF= 16 p1g/mlLE
ZTEE WAS K3 1 9] YA FF5S B teicoplanin
ol WAJQl VanA phenotype-vand genotype©]%t}l. Ampicillin
10 pg/mL8} ciprofloxacin 5 xgmLollE BE ¥57F UAdS
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Fig. 1. Minimum spanning tree from 44 strains after MLST analysis.
Thick solid lines indicate the single locus variation. Thin solid lines
indicate the double locus variation.

ST (allelic profile)

No. of isolates

(atpA-ddl-gdh-gyd-pstS-purK-adk)

2007 2008 2009 2010 2011 2012 2013 2014 2015  Total (n=44)
17 (1-1-1-1-1-1-1) 3 1 3 3 1 2 2 3 1 19
78 (15-1-1-1-1-1-1) 1 4 2 1 2 0 2 0 1 13
192 (15-1-1-1-7-1-1) 1 0 0 1 1 2 0 0 1 6
64 (7-1-1-1-1-1-1) 0 0 0 0 0 0 1 2 1 4
262 (7-1-1-5-7-1-1) 0 0 0 0 0 1 0 0 0 1
414 (15-5-1-1-20-1-1) 0 0 0 0 1 0 0 0 0 1

Abbreviation: ST, sequence type.
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Hi&: Multilocus sequence typing (MLST) 242 §-721e] 2714 oI wiF-& wkdalar Agdxlel AgA 7ke] o4} glo]
T FEE 934 719 9 A3 eiAZES 8T 7 e Wolnk ofoll B A= Il o g ellA] od
7k H2]% VanA¥ wksnlo| A WA Enterococcus faeciume T/g o2 MLST £415 Alesto] 7|7kl ulkE 412} Wol&
Fopr 312} 319
2 2007956 201599744 olFtSta Aol R vand FAAE AW E. faecium 44575 tE 2 3ich 4
E FF+= VitekIl system (bioMerieux, USA)S o]-&3lo] T4} 3L, CLSI 7)ol ule} v 273 37} Etest HIHH O 2
A A HAE A A6k Matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF
M/S) FAH T MLST 415 o]&3lo] o5 52 44 AA T A7tel] whE R3tel] st 242 AAsSeh
A1} B E = ampicillin, ciprofloxacin®} HE3nfo] Xlel] thal] 2 WAI-S R 3, teicoplaninel] A= WA, 55
gl A 5 okl Aok S H9ith MALDI-TOF M/SE o] 83 447729 §-314 J R4 AdolA= 44
kS Hol I 7 AL §le Aoz el MLST 44 67119 sequence type (ST)& H3Ath ST17339]
1952 7P okt ST78% 1357, ST1923 65, ST64% 457, ST2623 T} ST414% 0| 2+ 159
AollA = FFE clonal complex 1701 £sl3itt. o] tiE W R2dollA &3] B2 = Aol
B Aol Zzb 1594 FelE ST2923 7 ST4143 2 A hAqlE & = glel MLST 2412 VanA% VREQ]
FRAA] A3} FFE FAY = i w9 el Welel AZ= )k [Ann Clin Microbiol 2017:20:67-73]
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