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AP-PCRE o] &3 HAWNA Staphylococcus aureus®)

Genotypic Analysis of Multi-drug Resistant Staphylococcus aureus by
Arbitrarily Primed Polymerase Chain Reaction

Shin, Kyoung Hyun., Hong, Seung Bok., Son, Seung Yeol

Department of Microbiology, Dankook University, Cheonan, Korea

Many strains of Staphylococcus aureus were isolated from pus samples from primary, secondary, and
tertiary medical institutions and were subjected to an antibiotic sensitivity test. Ciprofloxacin, clindamycin,
erythromycin, gentamicin, oxacillin penicillin, tetracycline, trimethoprim/sulfamethoxazole, vancomycin and
teicoplanin were used for the antibiotic sensitivity test. The strains showed hightest resistance to
penicillin(91%), but all of strains tested were susceptible to vancomycin and teicoplanin.

The isolated multi-drug(penicillin - tetracycline - ciprofloxacin - clindamycin - erythromycin- oxacillin-gen-
tamicin) resistant S. aureus were analyzed genotypically using an AP-PCR(Arbitrarily Primed polymerase
chain reaction) with an arbitrary 3 primers. Based on the result for genotype analysis, the genotypes identified
by S1 primer did not coincide with those of S2 or E2 primers. Genotypes identified by S2 primer did not
coincide with those of S1 or E2 primers. Also genotypes identified by the E2 primer did not coincide with
those of S1 or S2 primers. Therefore, an analysis of AP-PCR test with multiple primers will provide more
sensitive identification. A strain from a secondary medical institution and a strain from a tertiary medical
institution which showed the same genotype for S1, S2, and E2 primers are required for further epide-
miological study.

Key Words : AP-PCR, S. aureus, Genotype analysis
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A 3G Aldezs FAEE digh WA
fAoa gEA dok o5 AT Bl
o] ¥7]%= sl=d], £3] methicillin-resistant Staphylococ-
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4. AP-PCR

1) Primers
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gk primer= 20 pmol/lE 2.54L, $1914 EH ¥ template
9} Taq polymerase (Promega. USA)= 2 UE A3l
A E 33 SFFE Z volumeo] 505 =2 s

3) PCRY WHg-x7d ¢ H7|¥9%F
PCRS] 7]7]& Gene Amp® PCR system 9700(Applied
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Table 1. Antibiotic sensitivity of S. aureus strains from different origins.

Antimicrobial agents PM SM ™ Total®
No. of isolates (%)
CIP 19(63%) 22(73%) 17(57%) 58(64%)
cc 17(57%) 22(73%) 17(57%) 56(62%)
E 15(50%) 21(70%) 16(53%) 52(58%)
GM 12(40%) 16(53%) 16(53%) 44(49%)
OoX 17(57%) 19(63%) 13(43%) 49(54%)
P 1( 3%) 7(23%) 0( 0%) 8( 9%)
TE 18(60%) 16(53%) 13(43%) 47(52%)
SXT 25(83%) 28(94%) 23(77%) 76(85%)
VA 30(100%) 30(100%) 30(100%) 90(100%)
TEC 30(100%) 30(100%) 30(100%) 90(100%)
Total’ 184(61%) 211(70%) 175(58%) 570(63%)
PM : Primary medical institution, SM : Secondary medical institution, TM : Tertiary medical institution,

CIP : Ciprofloxacin, CC : Clindamycine, E : Erythromycin, GM : Gentamicin, OX : Oxacillin,

P : Penicillin,

TE : Tetracycline, SXT : Trimethoprim/sulfameth oxazole, VA : Vancomycin, TEC : Teicoplanin.
a : No.(%) of antibiotic sensitivity strains among 90 isolates from each antimicrobial agents.
b : No.(%) of antibiotic sensitivity strains among 300 isolates from each medical institution.
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Table 2. Multi-drug resistance of S. aureus strains from
different origins.

Muti-resistance Patten PM SM TM Total(%)

No. of isolates

P-SXT-TE-CIP-CC-E-OX-GM 3 2 5 10(11%)
P-TE-CIP-CC-E-OX-GM 7 7 20(22%)
P-TE-CIP-CC-E-OX 0 0 1 1( 1%)
P-TE-OX-E-GM 0 1 0 1(1%)
P-CC-E-GM 1 0 0
P-E-CC-OX 1 0 0
P-E-CC-OX 1 0 0
P-GM-OX-TE 0 1 0 4( 5%)
P-E-CC 1 0 0
P-TE-GM 1 0 2
P-E-GM 1 0 0
P-OX-TE 0 0 1
P-OX-E(1) 0 0 1 7(8%)
P-GM 4 0 0
P-TE 1 2 1
P-OX 0 1 2
P-CIP(I) 1 0 0 12(13%)
P 8 10 10 8(31%)
All sensitive 0 7 0 7( 8%)
Total 30 30 30 90(100%)

PM : Primary medical institution, SM : Secondary medical
institution, TM : Tertiary medical institution,

CIP : Ciprofloxacin, CC : Clindamycin, E : Erythromycin,
GM : Gentamicin, OX : Oxacillin, P : Penicillin,

TE : Tetracyclin, SXT : Trimethoprim/sulfamethoxazole,
VA : Vancomycin, TEC : Teicoplanin.

CIMILH& S. aureus 2| genotype 244
P-TE-CIP-CC-E-OX-GM2] A Ao gAAS HQl
S. aureusell ™3l AP-PCRS A A|stA ). AP-PCRe] &) 4]
< ofF FAFH R FAH 7]Fo| fith B AFAM=
AP-PCRol| $JoiA 1153k bande} F7] T 1 o]X4e]
band=-¢] zto]ot Fejoll thate] LG W= o] SAYsHA|
gor g 7} pandEo] EAIskE X9 Al whet o
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1) S1 primerg ©]&-3F genotype &4

P-T-TE-CIP-CC-E-OX-GM<2] Ao s thAAd
S H9l S aureuss S1(5’ - GGTTGCGTGAGAATTG-
CACG -3’) primerE ©]&3}led AP-PCRS HAItATH
(Fig. 1).
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2) S2 primerg ©]-&3 genotype &4
P-T-TE-CIP-CC-E-OX-GM¢] A Aol thal thA A
H2lS. aureussS S2(5° - GTGGATGCGA-3’) primer
o] &3t} AP-PCRS A8 tHFig. 2).
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3) E2 primerg ©]8-% genotype &4

P-T-TE-CIP-CC-E-OX-GM<] &AA|o] sl thAU A
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M1 M2 NO5 N11 N13 N14 N21 N27 N30 BO3 B09 Bl14

1000bp —

500bp —

(A) Genotype:

A B C D

E D C D A

M1 M2 B17 B18 B24 HO3 H18 H22 H26 H27 H28 H2

1000bp —
500bp —

(B) Genotype: F

A G AD B AG H G

Fig. 1. Gel picture of genotypic analysis using S1 primer.
Lane M1 is 1Kb ladder marker, lane M2 is 50bp ladder marker.
Lanes N0O5~B14(A) and lanes B17~H29(B) are S. aureus clinically isolated.

4. 81, S2, E2 primerE 0| &6t genotype &4

P-T-TE-CIP-CC-E-OX-GM2] & Aol sl thAA
S HQl S aureus £ S1, S2, E2 primerS ©]-&3}¢]
AP-PCRS 2A]&}e] genotypes #4131t} (Table 1).

S1 Primerol] 9J3] 5 N14, N30, B09, H16> #2
band®] %S Hel genotype DEHOZ Ax|F oL}, S2,
E2 primere] ¢J3+ genotypeS ¥X]3}A] ¢gkth HE S2,
E2 primeroll ]3] 22 bande] FFe HQ HF N27,
N302 6, IO 2, F H18, H22, H262 2, V3o g
A=) ot S1 primerol] 2]k genotyped U X|54A] gk
ot Igl3 73 B18, HO3 ASVEOoZ S1, S2, E2
primerel] €3+ genotypeo] ¥ X3}t
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M1 NO5 NI11 N13 N14 N21 N27 N30 BO03 B09 Bl4

1000bp —
500bp —

(A) Genotype : 1 2 3 4 5 6 6 7 2 3

M1 B17 B18 B24 HO3 H18 H22 H26 H27 H28 H2

1000bp —
500bp —

(B) Genotype : 1 5 3 5 2 2 2 7 2 3

Fig. 2. Gel picture of genotypic analysis using S2 primer.
Lane M1 is 1Kb ladder marker, lane M2 is 50bp ladder marker.
Lanes N05~B14(A) and lanes B17~H29(B) are S. aureus clinically isolated.

Table 3. Genotyping of multi-drug resistant S. aureus by AP-PCR using S1, S2, and E2 primers

Genotype by primers Genotype by primers
Hospital tested S1 S2 E2 Combined Hospital tested S1 S2 E2 Combined
NO5 A 1 I All B17 F 1 I\ F1IV
N11 B 2 I B2 1 B18 A 5 v A5V
N13 C 3 I C31 B24 G 3 I G301
N14 D 4 I D41 HO3 A 5 v A5V
N21 E 5 o E510 H18 D 2 I\ D21V
N27 E 6 il E6 H22 B 2 v B2V
N30 D 6 il D61 H26 A 2 A A2V
B03 C 7 * Ccr* H27 G 7 v G7IV
B09 D 2 a D21 H28 H 2 m H2II
B14 A 3 m A3 H29 G 3 v G3lV

S1 primer : (5’ - GGTTGCGTGAGAATTGCACG -3°), S2 primer : (5’ - GTGGATGCGA-3’),
S3 primer : (5’ - AAGTAAGTGACTGGGGTGAGCG -3’).
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M1 M2 NO5 N11 N13 N14 N21 N27 N30 B03 B09 B14

1000bp —
500bp —

(A) Genotype : 1T 1 I I

*

o oo o I

M1 M2 B17 B18 B24 H03 H18 H22 H26 H27 H28 H29

1000bp —
500bp —

v v I

(B) Genotype :

v N NV NV I N

Fig. 3. Gel picture of genotypic analysis using E2 primer.
Lane M1 is 1Kb ladder marker, lane M2 is 50bp ladder marker.
Lanes NO5~B14(A) and lanes B17~H29(B) are S. aureus clinically isolated.
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AP-PCR 2 1990 73k HApgo=w 59
DNAY7IAME 9 Ar7t gloele 429 primerS DNA
o] 7| g AFAIA genomes] Eo]Z<1 DNA band
skl FHAEE S EYgth Primere] Ae®
vr33 3 MgCI2 9] =5 =94 primer’} DNA
of A3 HoldEs &Rty 1 A7 st primer”k
genome®] o7 F-9loflx Hgto] Ho] FFo] AZtHETh
(van Belkum &, 1995).

Sl, S2, E2 primerE o]&3ste] 207 Fol| ot

=

T

genotype2 #2413 A3} S1 primere]l 2]k genotype> A
oA H7HA] 88 o= E/E 4 UL, S2 primere]] &Jgt

genotype2 104 7747 7802 BHE 4 glglon, E2
primeroll 2]3F genotype 1°lA V7t#] 5802 HFg
= AAY S1 primero] 2]3F genotype2 Zol%= S2, E2
primerol] 2]k genotype2> A X|FA] ¢kal, S2 primerol]

9J3t genotype #ol= S1, E2 primerell £JgF genotype

95

2 AA|SHA] gt &gk E2 primerol] 2]k genotype
Zolx S1, S2 primerol] )3 genotype ZHE & o
v oz 749 primerE ©]&3F AP-PCRY] ZHE 3
st HS s 89S 7HE 4 dokal A4En Sl
S2, E2 prlmer°ﬂ o]} -2 genotype 1 ASVE O 2 A
© 27} 22t 957|332 5 7]l A

I8 Aol2E FIAE L FARAN} Bastrha 4

n:QL

S
=
o
B
oy

zZr

J

i@%ﬁ—ol AP-PCR]| ]} genotype
93 & Bo] F7E
%4, 7 BB B 7|7
—’Eol‘% B17%, 885 zgo =3
9o M) S. aureus 9 EAHAH Bl 2AF 2
N
Azston, ) 2490 U el A9l

H X
A
a1z 3
PN

E

_EL rﬂ -z oEa rlr 1%



V. 4 =

o= 13 98 ]ﬁ 22} 5718 (E2AEL), 3
A 57 Y AU SRS e E FE do
71 I 7HAEZHE 283 9079 S. aureus
FAA FrEs ANG F, 22 AWAES Hole S
aureus 2075 IS Z AP-PCRS A4, 43 2
e o 2o

1. ZF Aol gk 2444 23S 243314 penicillin

o] 9%E ZHridol 7P wekom,
planine =5 Z4dol itk

2. FAAY tHAWAS &4
CC-E-OX-GMol| tHAAd<s Bl

vancomycin¥} teico-

13lH  P-SXT-TE-CIP-

TFE 11%°]Ro.H,

P-TE-CIP-CC-E-OX-GMe|| tl&] GAINAES K]l dF=
22%°]3 2.1, penicillin Ao WAL B HF=
31%, EE FAA] AFAAE Bl 55 8%°|UH

3. 70 A WAAS Hole 207 HFo gt
AP-PCR9] A3}, S1 primer] genotype2 Aol A H7HA] 8

o7 BFE 4 a1, S2 primer] genotype2 1944
A 7802 EHES £ e, E2 primer?

H = 3}

genotype IllA V71x] 58 o= BF3 & Ak
4. S1 primerel] 23+ genotype= ol S2, E2 primer
o 9]t genotype> 2t 4 UL, S2 primerol] &Jgt
genotype> #Zol: S1, E2 primero]l 2]+ genotyped &
2 4 ATk TS E2 primero] €&k genotype2 2o}
% S1, S2 primerell 2]3F genotypeS EeEtd 4 Qo=
o2l 71| primerg ©]-&3g+ AP-PCRY ZAE Fd3tH
OS5 s 2388 E 71 4 dva A7 E Qo
5. A 7FA19] primerel] 93] 25 -2 genotypeo = H
PO 2aF 57| g T 33} 9
719 g #F7F TUSEE FEBE R FHEAPL
Fastrta A=A
6. o3 702] primerS o]&3}4 genotypeS H]nldf| A

=
T

o
Fﬂ

genotype®] A= ZAYA {IATF, 22> ®HAAAT
genotypeo] ZTHA AUZA, AZ th=2thd SAITHE A

Q1 FRek FEY 4 Ak A7,
128

1. Antonio OJ, Camarena J, Nogueira JM, Navarro JC,
Risen J, Sanchez R. Application of an optimized and

96

10.

11.

highly discriminatory method based on arbitrarily
primed PCR for epidemiologic analysis of methicillin
aureus  nosocomial
infectiona. J Clin Microbiol 36(4):1128-1134, 1998
Avrestrup FM, Wegener HC, Rsdahl VT. Evaluation of
phenotypic and genotypic methods for epidemiolo-

- resistant  Staphylococcus

gical typing of Staphylococcus aureus islates from
bovine mastitis in Denmark. Vet Microbiol 45(2-3):
139-150, 1995

Boyce JM, White RI. Impact of methicillin - resistant
Staphylococcus aureus on the incidence of nosocomial
staphycoccal infections. J linfect Dis 148:763, 1993
HF.
resistant to [-lactam antibiotics in vivo produce
penicillin-binding protein  2a.
Chemother 31:1919-1924, 1987
Chambers HF, Hackbarth CJ. Effect of Nacl and
2a
heterogenous expression of methicillin resistance in

Chambers Coagulase-negative  staphylococci

Antimicrob  Agents

nafcillin  in  penicillin-binding  protein and
Staphylococcus aureus. Antimicrob Agents Chemother
31:1982-1988, 1987

Courvalin  P. Genotypic approach to the study of
bacterial resistance to antibiotics. Antimicrob Agents
Chemoter. 35:1019-1023, 1991

Kloos WE, Schleifer KH. Simplified scheme for
routine identification of human staphylococcus
species. J Clin  Microbiol 1:82-88, 1975

National Committee for Clinical Laboratory Standards
Standard of
susceptibility tests for bacteria that grow aerobically.
NCCLS. U.A.S. 1984

LA. Genomic the

resolution of the fundamental and appied problems of

methods dilution  antimicrobial

Shaginian polymorphism in

microbiology and epidemiology. Microbiol Epidemiol

Immunbiol 4(3):21-24, 1996

Belkum V, Kluytmans AJ, Verbrugh H. Multicenter

evaluation of arbitrarily primed PCR for typing of

Staphylococcus aureus strains. J  Clin Microbiol 33:

1537-1547, 1995

old, WA, FAF, FAY, 1A, u

T 3U 30 oA EEE o
ST #Fe] frstE A

24w,



462, 1997 13. AaA, o189, 2 FATE a"dEAT T @
12. vk @9 Sl Al Bed B Ad 2 oA WA 23 MEES8AE A& 1998
1:33, 1969

97



