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Antibiotic Resistance Pattems of Staphylococcus aureus Isolated from the
Specimen of University Students in Busan in 2004

Tae-Un Kim, Yun-Tae Kim, and Heon-Young Kwon

Department of Clinical Laboratory Science, Catholic University of Pusan, Busan 609-757, Korea

The purpose of this study is to investigate the carrier rate of S. aureus in the community, antibiotic
susceptibility patterns of the organism, detection of MRSA and mecA gene in MRSA. ldentification and
antibiotic resistance patterns of S. aureus and MRSA were done by MicroScan Panels. MRSA strain was
confirmed by disk diffusion method using oxacillin disk. The mecA gene in MRSA was detected by PCR.
Eighty-four strains (27.4%) of S. aureus were isolated from the nasal specimens of 307 university students
in Busan in 2004. Sixty-eight strains (81.9%) of 83 S. aureus were resistant to penicllin, 16 strains(19.3%)
to erythromycin, 15 strains (18.1%) to gentamicin, 12 strains (14.5%) to tetracycline, 6 strains (7.2%) to
chloramphenicol, 3 strains (3.6%) to ofloxacin, 2 strains (2.4%) to cefepime, clindamycin, imipenem,
meropenem, norfloxacin, respectively. One strain (1.2%) was resistant to ciprofloxacin, cefazolin, cefotaxime,
cefuroxime, and oxacillin. And all the strains (100%) of 84 S. aureus were susceptible to amoxicilin/K
clavulanate, ticarcillin/K clavulanate, trimethoprim/sulfamethoxazole, rifampin, syncroid, teicoplanin, and
vancomycin. One strain of 84 S. aureus isolates was methicillin-resistant Staphylococcus aureus (MRSA). The

mecA gene was detected from the MRSA strain.
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Bl = MRSA(methicillin resistant Staphylococcus aureus)
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2) PCR (polymerase chain reaction)
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Table 1. MIC interpretative standard(ug/mL) for Staphylococcus spp

Antimicrobial MicroScan(yg/me)* NCCLS(ug/me)*
Agent MIC Refer S¥ | R S I R
Amoxicillin
<4/>4 <=4/2 - >4/2 <=4/2 - >8/4
/K clavulanate(Aug) ! ! ! ! 8
Ampicillin(Am) <.25/2/4/8/>8 <=0.25 >=2 <=0.25 >0.5
Cefazolin(Cfz) <4/8/16/>16 <=8 16 >16 <=8 16 >=32
Cefepime(Cpe) <8/16/>16 <=8 16 >16 <=8 16 >=32
Cefotaxime(Cft) <8/32/>32 <=8 32 >32 <=8 16-32 >=64
Cefuroxime(Crm) <8/16/>16 <=8 16 >16 <=8 16 >=32
Cephalothin(Cf) <8/16/>16 <=8 16 >16 <=8 16 >=32
Chloramphenicol(C) <8/16/>16 <=8 16 >16 <=8 16 >=32
Ciprofloxacin(Cp) <1/2/>2 <=1 2 >2 <=1 2 >=4
Clindamycin(Cd) <0.5/2/>2 <=0.5 2 >2 <=0.5 1-2 >=4
Erythromycin(E) <.25/0.5/4/>4 <=0.5 4 >4 <=0.5 1-4 >=8
Fusidic acid(Fa) <2/16/>16 <=2 16 >16 - - -
Gentamicin(Gm) <4/8/>8 <=4 8 >8 <=4 8 >=16
Imipenem(Imp) <4/8/>8 <=4 8 >8 <=4 8 >=16
Meropenem(Mer) <4/8/>8 <=4 8 >8 <=4 8 >=16
Norfloxacin(Nxn) <4/8/>8 <=4 8 >8 <=4 8 >=16
Ofloxacin(Ofl) <2/4/>4 <=2 4 >4 <=2 4 >=8
Oxacillin(Ox) <.25/0.5/1/2  <=2(S. aureus) i >=2(S. aureus) <=2(S. aureus) i >=2(S. aureus)
/>2 <0.25(CNS) >0.25(CNS) <0.25(CNS) >0.25(CNS)
- <.03/.08/.12 _ _ _ _
Penicillin(P) 1 95/2/8/>8 <=0.12 - >=0.25 <=0.12 >=0.25
Rifampin(Rif) <1/2/>2 <=1 2 >2 - - -
Syncroid(Syn) <1/2/>2 <=1 2 >2 - - -
Teicoplanin(Tei) <4/8/16/>16 <=8 16 >16 <=8 16 >=32
Tetracycline(Te) <4/8/>8 <=4 8 >8 <=4 8 >=16
Ticarcillin
K clavulanate(Tim) <8/>8 <=8 >8 <8/2 >16/2
Trimethoprim/
< <= - > <= - >=
Sulfamethoxazole(T/S) 2/>2 2/38 2/38 2/32 4/76
Vancomycin(Va) <2;i/186/16 <=4 8-16 >16 <=4 8-16 >=32
* : The NCCLS interpretive breakpoint for this drug differs from the manufacturer's breakpoint
t . Based on interpretive breakpoints as indicated in NCCLS Document M100-S7(32)
¥ : Abbreviation : S, susceptibility ; I, Intermediate ; R, Resistance
Table 2. Isolation rate of S. aureus for sex and departments
A department B department C department Total
Departments  No.(%) of  No.(%) of No.(%) of  No.(%) of No.(%) of  No.(%) of No.(%) of No.(%) of
isolates sample isolates sample isolates sample isolates sample
4 31 14 53 27 64 45 148
Male
(12.9) (100) (26.4) (100) (42.2) (100) (30.4) (100)
15 84 13 43 11 32 39 159
Female
(17.9) (100) (30.2) (100) (34.4) (100) (24.5) (100)
19 115 27 96 38 96 84 307
Total
(16.5) (100) (28.1) (100) (39.6) (100) (27.4) (100)
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Table 3. Antibiotic resistance patterns of S. aureus strains isolated from 3 departments

A department (n=19) B department (n=27) C department (n=37) Total (n=83)
Antimicrobial
Agent No.(%) of isolates No.(%) of isolates No.(%) of isolates No.(%) of isolates
S | R S | R S | R S | R
19 27 37 83
Aug* @29) - @25 - @446) - (100) )
ofz 19 ) ) 27 ) i 36 ) 1 82 i 1
(22.9) (32.5) (43.4) 1.2 (98.8) 1.2
Cpe 19 ) ) 27 ) i 35 ) 2 81 i 2
(22.9) (32.5) (42.2) (2.4) (97.6) (2.4)
Cft 19 ) ) 27 ) i 36 ) 1 82 i 1
(22.9) (32.5) (43.4) (1.2) (98.8) (1.2)
cm 19 i i 27 i ) 36 i 1 82 ) 1
(22.9) (32.5) (43.4) 1.2) (98.8) 1.2)
cf 18 1 i 27 i ) 37 i i 82 1 i
(21.7) 1.2) (32.5) (44.6) (98.8) (1.2)
c 16 i 3 26 i 1 35 i 2 77 ) 6
(19.3) (3.6) (31.3) 1.2) (42.2) (2.9) (92.8) (7.2)
cp 19 ) ) 27 ) i 36 ) 1 82 i 1
(22.9) (32.5) (43.4) 1.2 (98.8) 1.2
cd 18 ) 1 27 ) i 36 ) 1 81 i 2
(21.7) (1.2 (32.5) (43.4) (1.2 (97.6) (2.4)
E 13 2 4 21 ) 6 30 1 6 64 3 16
(15.7) (2.4) (4.8) (25.3) (7.2) (36.1) (12) (7.2 (77.1) (36) (19.3)
FA 19 i i 22 5 ) 30 7 i 71 12 i
(22.9) (26.5)  (6.0) (36.1) (84 (85.5) (14.5)
cm 16 i 3 22 i 5 30 i 7 68 ) 15
(19.3) (3.6) (26.5) (6.0) (36.1) (8.9) (81.9) (18.1)
Imp 19 ) ) 27 ) i 35 ) 2 81 i 2
(22.9) (32.5) (42.2) (2.9) (97.6) (2.9)
Mer 19 ) ) 27 ) i 35 ) 2 81 i 2
(22.9) (32.5) (42.2) (2.9) (97.6) (2.9)
N 18 ) 1 27 ) i 36 ) 1 81 i 2
(21.7) (1.2 (32.5) (43.4) (1.2) (97.6) (2.4)
off 19 ) ) 27 ) i 34 ) 3 80 i 3
(22.9) (32.5) (41.0) (3.6) (96.4) (3.6)
Ox 19 i i 27 i ) 36 i 1* 82 ) 1
(22.9) (32.5) (43.4) 1.2) (98.8) 1.2)
p 3 i 16 2 i 25 10 i 27 15 ) 68
(3.6) (19.3) (2.9) (30.1) (12.0) (32.5) (18.1) (81.9)
Rif 19 i i 27 i ) 37 i i 83 ) i
(22.9) (32.5) (44.6) (100)
S 19 ) ) 27 ) ) 37 ) ) 83 ) )
yn (22.9) (32.5) (44.6) (100)
Tei 19 ) ) 27 ) i 37 ) ) 83 i )
(22.9) (32.5) (44.6) (100)
Te 16 ) 3 25 ) 2 30 ) 7 71 i 12
(19.3) (3.6) (30.1) (2.4 (36.1) (8.4) (85.5) (14.5)
Tim 19 i i 27 i ) 37 i i 83 ) i
(22.9) (32.5) (44.6) (100)
TIs 19 i i 27 i ) 37 i i 83 ) i
(22.9) (32.5) (44.6) (100)
Va 19 i i 27 i ) 37 i i 83 ) i
(22.9) (32.5) (44.6) (100)

* Bold letter=MRSA strain

T Aug, amoxicillin/K clavulanate; Cfz, cefazolin; Cpe, cefepime; Cft, cefotaxime; Crm, cefuroxime; Cf, cephalothin, C,
chloramphenicol, Cp, ciprofloxacin; Cd, clindamycin; E, erythromycin; Fa, fusidic acid; Gm, gentamicin; Imp, imipenem; Mer,
meropenem; Nxn, norfloxacin; Ofl, ofloxacin; Ox, oxacillin; P, penicillin; Rif, rifampin; Syn, syncroid; Tei, teicoplanin; Te, tetracycline;
T/si, ticarcillin/K clavulanate; SXT, trimethoprim-sulfamethozaxole; Va, vancomycin
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Table 4. Comparison of antibiotic resistance rate of S. aureus strains isolated from university students during 1997-1998, 2002 and

2004
2004 (n=83) 2002(n=96) 1997-1998(n=69)
Antimicrobial Agent No.(%) of isolates No.(%) of isolates No.(%) of isolates
S | R S | R S | R
- 83 91 5
Amoxicillin (100) - - (94.8) - (5.2) 69 (100) - -

. 82 1 1

Cefazolin (98.8) - (1.2) - - - 68 (98.6) - (1.4)
. 81 2
Cefepime (97.6) - 2.4) - - - - -

. 82 1 91 5 1
Cefotaxime (98.8) - (1.2) (94.8) - (5.2) 68 (98.6) - (1.4)
Cefuroxime (98828) - (112) - - - - -

. 82 1 91 5 1
Cephalothin (98.8) (1.2) - (94.8) - (5.2) 68 (98.6) - (1.4)

. 77 6
Chloramphenicol 92.8) - (7.2) - - - - -
. . 82 1 96
Ciprofloxacin (98.8) - (1.2) (100) - - 69 (100) - -
. . 81 2 93 2 2
Clindamycin (97.6) - 2.4) (96.9) 1 3.1) 67 (97.1) - 2.9)
. 64 3 16 54 40 15
Erythromycin (77.1) @6)  (193) (56.2) 2 @38 4 (183 - 217)
Fusidic acid (83315) (1125) - - - - - -

. 68 15 84 9 58 11

Gentamicin (81.9) - (18.1) (87.5) 3 (12.5) (84.1) - (15.9)
. 81 2 91 5 1
Imipenem (97.6) - 2.4) (94.8) - (5.2) 68 (98.6) - (1.4)

Meropenem 81 - 2 - - - - -
P (97.6) (2.4)
. : 81 2 3
Nitrofurantoin (97.6) - 2.4) - - - 66 (95.7) - 4.3)
. 80 3
Ofloxacin (96.4) - (3.6) - - - - - -
- 82 1 91 5 1
Oxacillin (98.8) - (1.2) (94.8) - (5.2) 68 (98.6) - (1.4)
S 15 68 4 92 66
Penicillin (181) - (81.9) (4.2) - (96) 3 (4.3) - (95.6)
I 83 1
Rifampin (100) - - - - - 68 (98.6) - (1.4)
Syncroid (18030) - - - - - - - -
Teicoplanine (1%30) - - - - - - - -

: 71 12 91 5 14
Tetracycline (85.5) - (14.5) (94.8) - (5.2) 55 (79.7) - (20.3)
Ticarcillin 83 ) ) ) ) ) ) ) )
/K clavulanate (100)

Trimethoprimd (5030) - - (1%60) - - 69 (100) - -
Vancomycin (18030) - - (19060) - - 69 (100) - -
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400 bp
300 bp

Fig. 2. 2% agarose gel electrophoresis of DNA fragments
amplified from the mecA gene by PCR with primers. Lane M,
the marker(100 bp DNA ladder); lane 1, strain No 4395; lane 2,
negative control; lane 3, positive control(clinical isolate). The
band of the size ladder are 339 bp.
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T(19.3%), gentamicin®] 15775+(18.1%), tetracycline©]
12715+(14.5%), chloramphenicol®] 6575(7.2%), ofloxacin
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Peniclline] WAELS

19980l ZAH 2} A,
E2 96.9%3} 20023
9] penicillin A& 95.8% Xt} 2
}\]-_ Eoﬂq_

Penicillin A€ <] amoxicilindl] B-lactamase JAAE 2
gkA17] amoxicilin/K clavulanateQ! 73-$- 22 penicillin 7|
g o] ampicillin o} W&ol €5 @A Yehr] SAax
ST AESe aRHoR AR 2 A 2o

81.9%c|A=dl o]+ 1997\ d¥}
1999)3k thEA <] peniclline] U
ZAHAE 3 2002)3 %5
©3)%] Yold Solat @

(Qung 5, 1990; Uh 5, 1991). 53k amoxicilin/K
clavulanate, ticarcillin/K clavulanate®}, folate pathway

inhibitor A A1  trimethoprim/sulfamethoxazole} ansa-
mycin A€ 9] rifampin®} syncroid, glycopeptide # Q2]
teicoplanin vancomycin< 8373(100%) =57} <=4

S YehA olE AR EEATT IS EA
2 AZEH A Jung 5, 1990; Uh 5, 1991).

ErythromycinQ! 749+ 19.3%= 199733} 19981 =
ALY 17.7%% H|$=8FTh Gentamicing] 295 18.1%=
A (199733 1998  FAE 15.4%)9} H| =33t

A= 145%=F 199733} 19981 FA}
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