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Background : Methicillin-resistant Staphylococcus aureus (MRSA) is an important pathogen that
is frequently involved in outbreaks of nosocomial infections. We did moleculoepidemiological anal-
ysis of MRSA strains isolated at the Dongsan Medical Center from January 1998 to June 1998 by
means of a pulsed-field gel electrophoresis (PFGE) and antimicrobial resistance phenotyping.

Methods : One hundred six strains of MRSA, isolated from patients, were analyzed and classified
by DNA fingerprinting with PFGE by CHEF-DR Il (Bio-Rad Co., USA) after digestion with Smal. An
antimicrobial sensitivity test was performed and the patterns were compared to the PFGE patterns.

Results : Among the 106 isolates, 28 different PFGE patterns were identified. Nineteen patterns
were responsible for more than one strain (2 to 24 strains). Twenty-seven patterns showed over 65%
in the similarity coefficient and were classified into 8 groups (I-VIII). Group Il strains were mostly iso-
lated from wound and sputum, whereas group Ill from pleural fluid and urine. Most of group Il iso-
lates were from patients of the wards (40% of NS isolates, 71% of OS isolates and 60% of IM iso-
lates) and ICUs (50% of SICU and MICU isolates). The antibiogram separated the isolates into 11
types. Type 6 was predominant and subdivided into groups II, Il and VII of the PFGE patterns.

Conclusions : Molecular chromosomal DNA fingerprinting with PFGE revealed the clonal relation-
ships of some MRSA isolates at the Dongsan Medical Center. Thus, molecular epidemiological anal-
ysis with PFGE would be valuable for delineating epidemic isolates of MRSA, for identifying the
nosocomial reservoirs, and for tracing their intrahospital spread. (Korean J Clin Pathol 2001; 21: 122-8)

Key words : MRSA, DNA fingerprinting, PFGE, Molecular epidemiological analysis, Antimicrobial
sensitivity test
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1998 1958 6971 67147 Ao FAEd S8
15 v E3 W 9 QoA E2E YA F oxacillin disk
oAl MRSAZ 225 106352 oz stk Axdz
437, A" 275, 2 457, A 55, 2 65, Uleyes)
F, 2|3 o|(ears) HA 1544 oH %%@i—& =
F, 93 324 65, aotd FIAA 35, 4179
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A8 197, AL 67 S 15, 7T 7%, B

327 (N7 10, AP 7, W5 2 7lEh), FHE 65
(oluIRLEa 0 <k, AWE 47, A3 o) 27, 2ol
o7 3%, oJu|elEH oy 14—r a2 He7)3 o 2FAL
BEEFFEE S, aureus ATCC 259232 0]&31%

National Committee for Clinical Laboratory Standards
(NCCLS)el 2A% yxagibge] mat Adstar14].
Methicillin®] WAAZE 98} oxacilin TAIE o]&atomH,
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71 9)9] ciprofloxacin, clindamycin, erythromyecin, gentamicin,
trimethoprim/sulfamethoxazole, vancomycin, teicoplanin %
tetracycline 5 A t]2~F(bioDiscs, bioMeriux, France)Z
A AR E 8] S, aureus ATCC 25923 A9l
Algstoitt

3. PFGE

1) THj & plug HZA

galgkdol A Z48 MRSA @5 FZS brain-heart infu-
sion (BHI) broth 5 mLol F=3te] ujoksiic) sjokelS 4
oA AAEZT = 2 PIV buffer (10 mM Tris, 1 M NaCl,
pH 76)Z 4CollX 94 AAsL ¢ Fx7t 2-3x10°/mL7} &
T2 AYFE-FA AT InCert agarose (low melting temperature,
FMC, USA)E 2%7} %5 PIV bufferd] %o]3 F3o| o
Rz e 39 ¥ plug moldel 100 pLA 53]
S Do FollA] 3087 23

2) M=Za & FMAY DNAS 72

Lysozyme (1 mg/mL)3} 5 U/mL¢] lysostaphin (Sigma
Chemical Co,, St. Louis, MO, USA)©¢| ¥8H lysis buffer (10
mM Tris, 1 M NaCl, 100 mM EDTA, 05% Brij-58, 0.2%
sodium deoxycholate, 0.5% sodium lauroyl sarcosine, pH 7.6)
4 mL ol plugE 3L 37ColAM g wigsiitt. 100 uL/
mL 9] proteinase K (Promega, Medison, Wis, USA)7} Z3t
= ESP £9(500 mM EDTA, 10% sodium lauroy!l sarcosine,
pH 80) 4 mLZ W83 F 50T 24A17F At vl dati o
Al ESP f91o7 w3lsle] © wkA|FTE PlugE TE buffer
(10 mM Tris, 1 mM EDTA, pH 76)& 37Col|lA M8} 4
3 ol WA #ck

3) MgtaA Xz

Plugd A3&a2 buffer (SURE™/Cut buffer A, Roche,
Basel, Switzerland) 300 ,uLoﬂ 30 U Smal (Roche)S 7138}
o] 25C, 24417 8] & ES buffer (500 mM EDTA, 10%
sodium lauroyl sarcosine, pH 8.0) 1 mLol| 23 50Col|A 2A]
2 590

4) PFGE A&

PFGEE $8] CHEF-DR III system (Bio-Rad Co. Her-
cules, CA, USA)E 0]&359tl 1% SeaKem agarose (FMC,
USA)Z running 2-& wHE0] mlg] 90&7F A719%F A7 o,
7t welloll plugE FYdL EA9) size markerZ lambda lad-
der (Promega)E ¥ 054] =% TBE buffer (225 mM
Tris-borate, 0.5 mM EDTA, pH 8.0)& ©]-&3}o] initial pulse
1ch, final pulse 40ch, 5V/cm, 120°angle®] Z7AC 2 14°Col|A]
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Table 1. No. of MRSA isolates by PFGE pattern

No. of MRSA isolates

Chromosomal Patterns by PFGE (Total No. of each group)
5) REH HEEM 2 dendrogram =AIE} AA Viis 1
Smal AZF A7 1GEAAN vepd JaA fAAR Y] P o il :
A
< size markerE 7|F0R 7 #5943 Hlaste] B/3I AD Vil 6
PFGEdA 9ozl £953¢ W43 fldte] BE £9& tiy AE vi 1
O de] BAFFAN R8o] et F9E PO 1, v ot | Sy
WA B A5 SR 098 Aste doj data matrix Al WY 1
g 2P o gAY FHEHS A% AZEMCE Al v L
A o . AK \Y; 6 (IV: 11)
Phylip package program <% Neighbor-Joining/UPGMA AL e 2
method (unweighted pair group method of arithmetic aver- AM s 1
age analysis, version 3572c) & ©]4-3}4 dendrogram< %=4]3} AN llle 1
- - . AO 1] 3
Stk 2 3509 AE 271908 oflel Dice 3L ol o e !
g3kt AQ vl 2 (VIIl: 2)
T C =70 ZESX =H35|o| & AR Ills 1
Similarity T oFUe SEFHA EEQ + X2
coefficient(%): = =7 }o| oIAHF S o] XM 2 X 100 AS e !
T oFte| AMH 7 glo| MA| AT Vil 2 (VII: 14)
AU \% 3
AV v 7(V:7)
AW 1A 5
24 1
2 ot AX llla 5 (Ill: 26)
AY Vi 2
1. PFGEO| 2/8t MRSA HAMX| [HAL 2EIREM 2 ” y s
ety HEHEM BB I 6
BC Il 24
Smal® 2 AZ)P MRSA 106 #5¢] GAAY $247 23 BD ! 7(1:37)
Table 2. PFGE patterns and ward/department distribution of MRSA isolates
. No. of isolates with PFGE pattern:
Ward/department No. of specimen
Il 11l (A/B) v v Vi Vil (A/B) Vil
Ward: Old1 2 1 1
old 3 5 1 1 2 (0R2)
South 1 (NS) 10 4 2 (02) 2 2 (2/0)
South 2 (OS) 7 5 1 (0/1) 1 (1/0)
South 3 (IM) 5 3 2 (02)
South 4 4 1 1 (1/0) 1 1 (10)
South 5 6 1 (1/0) 2 1 1 (1/0) 1
East 7 (ENT+) 6 3 (2/1) 1 1 1 (1/0)
West 7 4 3 (211) 1
ER 4 1 1 (0/1) 1 1 (1/0)
ICU:  PED 3 1 1 (1/0) 1
GS, CS 6 3 1 (1/0) 2 (200)
IM 4 2 1 (0/1) 1 (1/0)
NS 13 9 2 (0R2) 1 1
Nursery 6 2 1 1 1 1 (1/0)
OPD: IM-N 2 1 1
PED 3 1 (1/0) 1 1
ENT 14 7 4 (113) 2 1 (o)
URO 2 1 (0/1) 1

Abbreviations: OPD, outpatient department; IM, internal medicine; IM-N, department of nephrology; ENT+, ear nose and throat and opthalmology;
NS, neurosurgery; OS, orthopedic surgery; GS, general surgery; CS, chest surgery; URO, urology.
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Table 3. The numbers of MRSA isolates according to PFGE patterns and sites of isolation

No. of isolates with PFGE pattern:

Site of isolation No. of strains
1 Il (A/B) v \Y \Y VIl (A/B) Vil
Wound 43 14 8 (3/5) 3 4 8 5 (3/2)
Ears 15 6 6 (3/3) 2 1 (01)
Blood 4 2 2 (2/0)
CSF 2 2
Pleural fluid 3 2 (2/0) 1 (1/0)
Eyes 6 1 1 (0/1) 2 1 (1/0) 1
Sputum 27 14 5 (0/5) 4 1 3 (3/0)
Urine 6 3 (21) 1 1 (1/0) 1

SM77 78 79 81 82 84 92 93 95SM 38 39 40 42 44 45 46 47 49 50 51 56

SM 138 137 132 55 54 53 52 48 43 4137 SM 103 104 105 106109 110111112 116 117

SM22 23 2128 29 30 32 3334 353 12913172 3 6367 20 86171

Fig. 1. PFGE findings of MRSA isolates, which chromosomal DNA
was digested with Smal restriction endonuclease. An average of

14 bands (11-18) per each strain was showed. The samples in
each lanes are as follows: SM, size marker (ProMega-Markers
lambda ladder), numbers above the lanes designated serial
numbers of MRSA isolates in this study.

< o579 H 1470(11-1870) 2 30 kbellA 1000 kb7HA] &
E3l9l0m % 28714 HY(AA-BDY) R RHT 3 93
(Table 1, Fig. 1, 2). 287k9] 8 = 87}4] §L & FojA)

by

(=R

Fig. 2. Schematic representation of the 28 PFGE patterns of
MRSA strains. Lane SM is molecular size marker. AF is S. aureus
ATCC 25923.

FEENOY 19718 2F o] (2-245) o] FFolA] HEE]
otk o] F BCHo] 24532 7% B9ty ASEH 2 AVIo| 75
A 837 AD, AK 2 BBEE 717 6539tk E AW 2 AX
8L 717} 53 0l9ltk Neighbor-Joining/UPGMA method E
ol &3l 1060579 A4 AZEAAT FAlE 2As
3A 8Z(I-VID L& BF3 & 99y, M 2 VIZES oA
A, B ¥ VIIA, VIBZ AEZ ¢ Atk(Fig. 3). 1067
T ¥ AQEE AE 104777t 65%HE 1ol FAE B
Qom IIo] 3747 (34.9%) 2 7 Bk, IIFe] 265
(245%), I3 VIIo] 143(132%)ATtH Table 1). Il
Z= BB3, BC¥3 BDY o 747} 65, 245 B 7F
%%‘?‘& F8E M FFETE IEE HIAd &8l 75
] AWE 53 2 AXzﬂ e el=1
W B¥E HU A TGN EEE dFe
69% (9/1%) }H%OI&’P. 93} FEAAAA 28 657 [T
7k 50% (3%F), 333% (2F) Atk A3 HE
oA & EJ %% 0%1M, ¥} WE 71%7} Il
o} oJulRlF e} ¢hx WFdA e Mol 50% 5 AASAIL ©]

W} dgle] A 12l 50%E AAajel 7 HEEe
T Fh9) SAlZ) HRHUTH Table 2). FA FAE FEF
S APNN B 4355 147(33%) 7} 2ol 90m S703)
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Table 4. Comparision of antimicrobial resistance and PFGE patterns for MRSA isolates

Antibiogram No. of isolates with PFGE pattem:
Resistance pattem Group Il 11 (HI/lls) 1% \ Vi VIF (VIlVIls) Vil
OxaTcCip 1 1
OxaTcEmSxt 2 2 (20)
OxaTcEmCmSxt 3 1 1 2 2 (02)
OxaTcEmCmCip 4 1 3 (3/0) 1 1 1 (0/1)
OxaTcEmCm 5 2 (1) 2
OxaTcEmCip 6 27 8 (2/6) 4 2 1 5 (5/0)
OxaTcEm 7 8 8 (2/6) 1 3 2 4 (4/0)
OxaTcSxt 8 1
OxaTc 9 1 4 (13) 4 1 1
OxaTcEmCmSxtCip 10 1 (0/1)

Abbreviations: Cip, ciprofloxacin; Cm, clindamycin; Em, erythromycin; Oxa, oxacillin; Sxt, trimethoprim/sulfamethoxazole; Tc, tetracycline.

Distance

1‘.00 0.75 o.?o 0.‘25 O'PO

AF
AG— |
BB

BC Il
BD

i lla
AS

AP llls

Similarity
0.0 075 050 025 000

Fig. 3. Dendrogram between chromosomal digestion patterns of
MRSA strains by PFGE grouped into | to VIII groups. AA to BD
represent temporary headings for immediate classifications; AF is
for S. aureus ATCC 25923.
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