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Atgre] 2odte]] K-35 o] gl AlE-& 2] A F o] HNFES F4A A54A & g TR 9 Y
3] 9l 3HAbe) A7 el o] kel A 3970 &) M -& £-2] & A 3}, Staphylococcus epidermidis7} 1952 744 Wk e.
o I 9SO 2 S. aureus?7} 145, S. waneri7} 55, S. pasteuriz} 15 £°2 2 v}eldt}. Amikacin, ampicillin,
bacitracin, carbenicilline, cefazolin, cefoperazone, chloramphenicol, erythromycin, gentamicin, methicillin, nalidixic
acid, neomycin, oxacillin, penicillin, streptomycin, tetracyeline, vancomycinol] o gt WAl & ¥ 23 Ao = $ql
st ot A ol HAS JeEPl = AT ES 2F 49384 mkz e R A S0 U AHghe] mlle 3
A A& A A7) 8] ATl 55 A DA A 9 A A4 4] ol SDSE A 2] st gl ot A A E 7t
Uit olej gt Ay Abghe] 2ol ¥-FE o] Sl A FEol W FolM 2zt el € ¢ A4S
HeiFn], Rile] §-3E o] Qe AT 259 F94L FAAAF
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T 22 T B9 Aito] A vAEToR AAsal
o} tiF-2EY AFFEL oF At EuaAl & 4 Qlth o
% Staphylococcus$2- 371, 3, JF, I Tl EA8e 2
g Ao R R A H4EE AU Qo] FUE F
3 AU} HHZ A 713 EE dogle Aes g A
ATHS, 28). BT PAA, 4o AEA T HEAA AAE A
Ao zy 71 B DR ANARE A AHe 98
2 e ZFHR HE, S5doY dEF 58 Yo
=X 45 FF T (toxic shock syndrome)] 4¢le] 7= it}
(18). A S-YuEtllA s AT F 39E AABPIE 8t
o 2F9] 71 9 AR E FAHCZE A HH T QITh23).

1961 Jevonsell ]3] methicillinresistant  Staphylococcus
aureus (MRSAYF B1H o]% tjefA] WA staphylococci®] &
ol 7zlFrdez Bolua ithd, 6, 7, 31). E3 ¥l
dEg AR A - 7 HF0E vk WS 7R 9l
coagulase-negative staphylococci (CNSYEQ] ZFE% ¥ 115 o]
MRSA$} BlEo] 283 EAE 2= 9loks, 21, 24). B
oA sl Qe o] Mt 9% 7S 8 v} ¥rk
ohel, B3, 19), P1=(29), BE(30, 31), 2B)2(1), °JEot
(17), 231(9), ZF2(16), Bepd(32), L2EFoHQ), T (34)
T A AAH R A4S BA)7F H1 e Aol
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u mge ARgEE Tt ] A eRle]l Hte Hue
ITH27). Huijsmans-Evers (1978)°l] 2Ja QAo &3 .
awreus® B8 A3, 3030709 BEElHFE 5 70%0)40] Tk
o Exlete AeE Hud v Jovt JujolAE o)e} HHE
A7 AT

B dFoxe el 4

© A4 A7 mido
EAske Ald-g st 4%

FAA WY A=E Ao

gtozH 7|37+ Mol it #EE A7y VxAER &
5k R} Pk,
M= A ey

ZFe| 22| =
Eeahr] A% 2k 27900 dd St =

}‘_“1_.% E
st AR AR Bk wgAdA A% 7TE
AMg3te] AHSA, SRR FHA A FHEA FF

A Azt Sle BASEHE HHe ARt 173
1] A5, 29| ofHoto], 88 ARl EZHE AFHFREH
Bajo] muke g o ZRE] A H STt

23hS 2~25cm A7|Z A€} Brain Heart Infusion agar (BHI

agar; Difco, Spark, USA)Sl &80 30°C, 24A|3F vjfet &
Athul S B3l shtel Feks AEsqnt

D= 2E 228t Mo 3
AFES 0% 47 FHAA B0 3979 o8 A%
&}ed 16S 1rRNA €714 28 4% & API 20E kit (bioMeriux,

Marcy-I'Froile, Franceys AH&-8}] 5788t}
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PCR

Zoluls WAMTE] 16S IRNA F-Ax1 th3t 5 Lato)
M & Escherichia coli 165 tRNA2] 49-58 bp Aol 4-&35h=
16S-F Z}o|H(5-TNA NAC ATG CAA GIC GAI CG-3)%}
165-R ZE}o]H(5-GGY TAC CTT GIT ACG ACA TT-3)Z
AHE-3FHTH?20).

PCRE 93t 3 DNAT Han 5(2003)2] W& AM&-313ch
Al uided-g 100w FHgE $ 4°C, 22,500 X goll A 1087 €
AR s Al FHAA a2 F A A" oY)
o] 100ul 0.1% (w/v) Chelex-100 resin (Bio-Rad, Richmond,
CA, USA) 898 o] 1083 B & A48t 4EdS
% DNAE ARE3EH)

PCR 3M5-9-& 1ul9 DNA, 2U Taq polymerase (Takara,
Otsu, Japan), 5ul®] 10X buffer (100mM Tris-HCl, 25mM
MgCl,, 500mM KCl, pH 8.0), ZFzt 1 uMe] Z&}e]n, 200 uM
9] deoxyribonucleoside triphosphatesE 931 SFHF2 HF vk
Bde] HuE 50u= 23U, Perkin-Elmertl] GeneAmp
PCR system 24003 AFE-3ka] 94°Col) A} 587t A 3 &, 94
°coll A 3023t WA, 55°ColA 3027t AARRE-, 72°ColA] 20z
7F ANRE-S 303] WHESkT wpAe ARREE-E 72°Col| A 7R
7 AAEITE £ E DNA FHE 1.0% oPFEL 2 AN
A7195 0= st

=ERREEETRE

ZE%5 PCRAMES o/l A H7YFoz EAMEg
£33t TS Ulra clean kit (Mobio, Solana, USA)Z A A3}
31, ALF-Express automatic sequencer (Pharmacia Biotech, Lyon,
France)S AMS-3L H7IMEE BASAT G714 E ] HlaEA
& GenBank®] NCBI BLAST search X2 131-8 28519t}

N Zed ZAL

8} A0 A= BBLAFS] amikacin, ampicillin, bacitracin, carbenicillin,
cefazolin, cefoperazone chloramphenicol, erythromycin, gentamicn,
methicillin, nalidixic acid, neomycin, oxacillin, penicillin, strept-
omycin, tetracycline, vancomycin $AA| T|23E ALE-5I0H
Azsjate] Wyol whet ARt T WYAS 10 cfw/
ml2 A3 & BHI ARl T=dsta, 34 238 &
HEo} 30°C, St wllFe Fol &R 271l w7
T4 ARE Aok

Dol £aH MiEel 2] 3 sDset BUMI™Ae| X2
Erbol| Babg Alre] st MHL Kiyomi 5 (2000y2] H
HE HEAA ARS3IAT) Ae] Bg 22 5cem 272 Ze}
70% ethanolZ AFFAE] e & 1AIZE 9 FidollA ARAIA
o}, AdAHEE s 100 cfmlE XS S aqureus
ATCC259239} E. coli IM109 HioFaliell Yol Lo 1087F
AAAZ £ Fdel A s AxA AT 2 E 22 0,
1, 5, 10% (wtivol)2] SDS -84-8 2o} 50 rpm, 1083+ A28}
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I ETE FRFE 23] AAS F, BHI agar® &7 30°CoIA
24X 7FE<E Bekeld Tt REAIHAILG Korea)2] H%+ 1, 10,
30, 50, 70% (wv)E HF3[ern BE 27L o Uiy

£

FAMHAEHO0| A S A5 Dol 2

€ 29 SDS A2 2 RIAAHAE Heg 2de] EA)
e S #A3E7]) Y8 AI8EE JFC-1100 ion coaterS AR
3l 20nm FAZ =T F ISM-840 AF FAPHAIER 7
(JEOL, Japan)©.& 20 kvolx] #2313 ch.
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Mo 22l ¥ 54

Aol ARRgE Bk 5 299 o ofo] BEHY, 1571€)
AN Aol AF HEHA ke whdd] Ao RN E
4o] 225 cm F 1-5709] FHFE AT 7A7R1e] 2oy} g
zte] mHbo] EH3E AT S5 TU Hole] mEks v
39S o g Zho)rt vehA] gisitt. 13 SoERE
E9l 2o BaR A 58 AN Afolw Hd 4570 22
cm 2] gt et

Rkl A 397)9) #55 AEste] 16S DNAS] f7IME 2
A A}, 4359 2go® EEHAe W@ nAlA), olg B
2 EeAlaEe] s Aedsisty 43S st 18 &
A% A}, 5 a3 JAdATelsieon B #55 Heols)
= coagulase WM AT}, 1EN AAEL TS Hel ¥
Uiz AdEe 3402 e Catalase §H- A8 23} 2
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Table 1. Physiological characteristics of strains isolated from human
scalp hair

Grou
Characters P I = v
Gram stain + + + +
Acid production of C-source

L-Arabinose - - - -
L-Celiobiose - - - -
D-Fructose +

D-Galactose + - - -
D-Lactose +

D-Mannose - - - +
D-Manitol - - + -
Salicin - - - -
Sucrose + +
D-trehalose - +
D-turanose - +
Xylitol - - - -
Xylose - - - -
Catalase + + + +
Coagulase - + - -
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Table 2. Identification results of 39 strains by physiological tests and
16S rDNA sequence analysis

Group Species No. of isolates
I Staphylococcus epidermidis 19
II Staphylococcus aureus 14
104 Staphylococcus warneri 5
v Staphylococcus pasteuri 1
Total 39

SI1%H A3 Table 13 20| 4717 1§22 BFHATH

RbellM FEE AldEe] tiE 16S DNAS] H7IMES &
A%t Aol AejAlsety EAEC] vl 2 731381 Table 2
9} 2ol FAFRATE. BE BlTF7} Staphylococcussol 454,
o S epidermidis= 1957, S. aureuss 147, S. warenic 55
a3 S pasteuriZ} 1572 FFHATH

Table 3. Antibiotic resistance of 39 strains isolated from human scalp hair

N =y

397ie] ol wigt A A HAF 2, ampicillin
of WA Hehlie Ade &30l 359%% 7 BUL,
methicillin (30.8%), oxacillin (30.8%), neomycin (17.9%), penicillin
(15.4%), erythromycin (15.4%), gentamicin (7.7%) 2.2 WA
57 Ve 2™ amikacin, bacitracin, carbenicillin, cefazolin,
cefoperazone, nalidixic acid, streptomycin, tetracycline, vancomycin
o TS e UK Table 3). 1959 S. epidermidis 5
135, 8. aureus= 145 5 857} 374 olde] A WS
UERlo] 68.4%, 57.1%2] FAA U1 EENIEE KAt =3
A el dF2| 359% (S. aureus 55, S. epidermidis 95)7} 3
7N o)Al kAol A el thTable 4). S. wareni®t S.
pasteuri®] 75— BE A A4S YERNAT.

Species  S- epidermidis (n=19) S. aureus (n=14)

S. waneri (n=5) S. pasteuri (n=1) Total (n=39)

Antibiotics

RrR? I S¢ R I S R 1 S R I S R I S

Amikacin 0 0 19 0 0 14 0 0 5 0 0 1 0 0 39
0.0¥ (0.0) (100.0) (0.0) (0.0) (1€0.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0)

Ampicilli 9 2 8 5 2 7 0 0 5 0 0 1 14 4 21
preiiin 474y (105) (42.1) (357 (143) (50.0) (0.0y (0.0) (100.0) (0.0) (0.0) (100.0) (359) (10.3) (53.8)

Bacitracin 0 0 19 0 0 14 0 0 5 0 0 1 0 0 39
©0) (00) (100.0) (0.0) (0.0) (160.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0)

Carbenicilline 0 0 19 0 0 14 0 0 5 0 0 1 0 0 39
0.0 (0.0 (100.0) ©.0 (©.0) @1C0.0) 0.0y (0.0) (100.0) (0.0) (0.0) (100.0)y (0.0) (0.0) (100.0)

Cefazolin 0 0 19 0 0 14 0 0 5 0 0 1 0 0 39
. 0.0) (0.0 100.0) 00 (©.0) (1€0.0) (0.0) 0.0y (100.0) (0.0) (0.0) (100.0) (©.0) (0.0) (100.0)

Cefoperazone 0 0 19 0 0 14 0 0 5 0 0 1 0 0 39
0.0 (0.0 100.0) (0.0 (©0.0) (1C0.0y (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0)

Chloramphenicol 1 0 18 0 0 14 0 0 5 0 0 1 1 0 38
0.5) (0.0) ©47 (0.0 (©.0) (1C0.0) 0.0) 0.O) (100.0) (0.0) (0.0) (00 2.7) (0.0) (97.3)

Ervthromyein 6 2 11 0 0 14 0 0 5 0 0 1 6 2 31
Y Y (31.6) (10.5) (579 (0.0) (0.0) (1€0.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (154) (0.5 (79.5)

Gentamicin 2 3 14 1 0 13 0 0 5 0 0 1 3 3 33
(105) (158) (737 (7. (0.0 (929 (0.0 (0.0) (1000) 0.0y 0.0) 100.0) 7.7 (7 (846)

Methicillin 7 2 10 5 1 8 0 0 5 0 0 1 12 3 24
(368) (10.5 (526) (357) (1.1) (572) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (30.8) (7.7) (61.5)

Nalidixic acid 0 0 19 0 0 14 0 0 5 0 0 1 0 0 39
0.0) (0.0) (100.0) (©.0) (©.0) (1€0.0) 0.0y 0.0y (100.0) (0.0) (0.0) (100.0y (0.0) (0.0) (100.0)

Neomycin 5 3 11 2 3 9 0 0 5 0 0 1 7 6 26
(26.3) (15.8) (57.9) (14.3) (214) (64.3) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (17.9) (154) (66.7)

Oxacillin 8 1 10 4 0 10 0 0 5 0 0 1 12 1 26
(42.1) (0.5 (52.6) (28.6) 0.0) (714 (0.0) 0.0) (100.0) (0.0) (0.0) (100.0) (30.7) (2.5 (667

Penicillin 6 0 13 0 0 14 0 0 5 0 0 1 6 0 33
(GL6) (0.0) (684) (00) (00) (160.0) (0.0) (0.0) (1000) (00) (0.0) (1000) (154) (0.0) (84.6)

Streptomycin 0 0 19 0 0 14 0 0 5 0 0 1 0 0 39
0.0) (0.0 (100.0) 0.0) (©.0) (1€0.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (V.0 (0.0 100.0)

Tetracycline 0 0 19 0 0 14 0 0 5 0 0 1 0 0 39
©0.0) (00) (1000) (0.0) (0.0) (160.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0)

Vancomycin 0 0 19 0 0 14 0 0 5 0 0 1 0 0 39
0.0) (0.0 100.0) (©.0 (©0.0) (1000 (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (©0.0) (100.0)

2resistant, "intermediate, “susceptible, dey,
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Table 4. Multi-drug resistant isolates

Kor. J. Microbiol

Species AM* AP® BA° CAY CE° CF CH® ER" GE ME NA* NE OX™ PE" ST° TE° VAY No

s R' - - - - - - - R - R R - - - - 4

S. aureus i R ) ) ) ) ) . ) R . R - ) ) ) } 3
- R - - - - - - - R - - R - - - - 3

- R - - - - R - - R - - - - - - - 3

- R - - - - - R - R - R R - - - - 5

- R - - - - - R - - - R R R - - - 5

- R - - - - - - - R - - R R - - - 4

- R - - - - - - - R - - R R - - - 4

S. epidermidis - R - - - - - - - R - - R R - - - 4
- R - - - - - - - R - - R R - - - 4

- R - - - - - R - R - R - - - - - 4

- - - - - - R - - - R R R - - - 4

- - - - - - R - - - R R - - - - 3

famikacin, ba.mpicilljn, “bacitracin, “carbenicillin, °cefazolin, fcefoperazone, £chloramphenicol, herythromycin,
'neomycin, ™oxacillin, "penicillin, °streptomycin, Ptetracycline, Svancomycin
"No. of resistant antibiotics, *antibiotic susceptible, ‘antibiotic resistance

SDS2t DM EA| Q| X2| 52

K23 AdES Biol) ZgAIZl AT S, aureus ATCC25923
+ ol 2akE wbAFg. 1, Cb), E colis F-2Ho] dojuix]
FSIThFig. 1, Ca). S. aureus’} F-3E EHE SDS TE AlF
A TuiEE DEAAPAE Meslds oAXA] = ASR
Ve THFig. 1, A%} B).
M0/ de 24E

Abge] Bt Alg-g BAAA FARAAER A o2 B
A}, 5o Alg-& mite] FElSE 7Pt ¢ Fakw]e] gl
lem, SpSHE EEAlAgA o] M| Folx Zike] F-&E o] e
Al = 712 H3l} fItHEFg. 2).

o &

Staphylococcus aureus$} 22 1 Fel AT BT

ke 5] AsiA 4 sAlEe] AR 4348

(A) (B) ©)
(a) s e
(1) comimasomtitrsgor st AR 715
() ot Sl
(d) v -
(e) ™*~iin PPN
Fig. 1. Confirmation of the bacterial adherence of Staphylococcus

aureus ATCC25923 to the hair by plate culture. Hairs treated with
SDS (A) and shampoo (B) were put on BHI agar and incubated at 37
‘C. SDS concentration were 0.1 (a), 1 (b), 5 (¢), 10 (d), and 20% (e).
The concentration of shampoo were 1 (a), 10 (b), 30 (c), 50 (d), and
70% (v/v) (e), respectively. Control hair without chemical treatment is
also shown (C, a, Eschericia coli; b, Staphylococcus aureus ATCC
25923).

—

gentarnicn, Imethicillin, *nalidixic acid,

Fastedol gir}. Hake
ing adhesive matrix molecules (MSCRAMM)3} 2-2- FEH A
o o8 29"t o] THTWAE adhesin®] 2} 3P Tl FEE<]
739 Aol M 43434520 peptidoglycand] A= o] =
Aoz delx oyl 25). Aol A8 adhesing
fibronectin ‘A3 E A (FnBPA), collagen A 3eHE & (Cna),
fibrinogen AT A(CIfAYF 2] Al TH77T €214 ATH33).

microbial surface componets recogniz-

(B)

Fig. 2. Scanning electron micrographs of Staphylococcus aureus
ATCC25923 to examine the effects of detergent (A) and shampoo (B).
Micrographs A, B, C, and D represent the results of treatment with
20% SDS (A), 70% shampoo (B), without chemical treatment(C), and
uninfected human scalp hair (D), respectively.
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£ ATE AR B RAE] SlE MY £& 18}
i1 o]59 A A ARE Frlsl ke 537 79
7¥s8E AL A3l o] FoiF Lt A1 $ix =%
A Aol HlwA] A vl 7] Alde] HEE J'L°1 z
2 2 F gk 24| o]} of-o)e] koAl Alito
A ‘\%}3):‘:} AR A ARLE B8l Staphylococcus7t FE EEE
o] FEIESY FEALol H&= o] e AL RIstHT}). 18

®

J1d },ﬂ
(2

O

:l:‘;
o2
o)

52 v 24 o3} oRlols] F9E B FHEE0) o}
2ol & Hof 3loj(22) Aol FAS ol A= 7=
o EEURSAE o]8F HldA B Aol AEd R B

SAl FrkEol e FFEE
F2o] FREA, HeAe] 5
A7+t

Ao BateRE 2eFE AdEe BT Swphylococcussso]
223} S. aureus, S. epidermidis, S. wareni, S. pasleuri‘}aq-. o] &
S. aureus= 7|3 AATF 2 A o] o7 Al Al ThgeH
S dovke AL olv] ¥#A Uvh T3 S. epidermidis
9l §. warenic coaguase-negative staphylococci® Aol 24
o2 AYE dorAe FAT FAAd W3S 7RE BS
A WA QAL ZolE B3l FFHA 5ol 47e &4
£ T 5 s gog gElA dU(is, 26).

39709 EejdFdl g A s E1st A, )
ol’de] Al WS vehll= A% 53.8% (21/39)9] RIE
2 2o, olF 714 olde] A WL X 3
-%7} 66.7% (142D W3- 7 UrE}”r:} 2003\l dEAA

Y 874 MRCNS 9 RS FR13l7] 9] HolA

’\:T?ﬂ‘t L3 ASA 40 EH%—E AR A3, AEE A
F 1379] &olA 145-2] MRCNS7} £tk Z18]a o] &
TFE EF penicillin®} ampicillinel] WAS Jehl<= thekA,
WA Ageldtts ®izh sldan. € d7ddz 127
methicillin WA staphylococci?’} AEE RN H, )5 11787} ©Fek
A WS 7L Uitk A WA B FES B AdYEAt
o] mutofla] Eeldt AldEelojr WA HAF & e A
A EE HAEY A43E Agelskat.

2ol ik B ZAYA E coli IM109= 2] "‘E]

A 2 HtHo S aurens ATCC25923-2 Rt o)l
aureus?t 7230 v-% 73Skl E. coli IM109= F-3H40 2
o] e A W& Aoq AAHAT) S arveuse @Jﬁ‘éﬂ
Hell o3 mikel] F25]o] glol AHE/3AIQ) SDSS} AlF oA
FEHL AE ZEAFAE o] 83 713 AlFg Faire A
A7} HA &9t} ©]= Kiyomi 5(2000)°] sodium polyoxy-
ethylene lauryl ether sulfate, sodium N-acyl methyl taurate®} %
2 ARLAAANZT Staphylococcusl] T3 A7 G2 HolA &
e B AX|ste}. A 2ol RaEY] e Aol
HY FoA nx; 7Eg Ao 4 9l o] ¥ 4 ol
AABkaL vk webA 72 sl e rae) s
EHEC] A7k WA AM 2R A Fo /s i o)
£ Ale] Zdel tigt giui g Aol Aoz Ay

dg Aol olggo s AT
ol Aol B2 Fi oz
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ABSTRACT : Identification of Bacterial Strains Adhered to Human Scalp Hair and Antimicrobial

Susceptibility

Moon Sook Lee, Hyo Shim Han, and Jae Sung Jung® (Department of Biology, Sunchon
National University, Sunchon 540-742, Korea)

This study was carried out to identify bacterial strains adhered to human scalp hair and to investigate the anti-
biotic susceptibility of them. A total of 39 isolates were obtained from patients in intensive care units and
healthy persons. The most common species isolated was Staphylococcus epidermidis (19 isolates), followed by
S. aureus (14 isolates), S. waneri (5 isolates), and S. pasteuri (1 isolate). The susceptibility of isolates to ami-
kacin, ampicillin, bacitracin, carbenicillin, cefazolin, cefoperazone, chloramphenicol, erythromycin, gentamicin,
methicillin, nalidixic acid, neomycin, oxacillin, penicillin, streptomycin, tetracycline and vancomycin was
determined by the disk diffusion method. All of the antibiotic resistant isolates were obtained from patient scalp
hair. To examine the effect of conventional shampoo and detergent SDS on removing of bacteria from hair, we
treated hair with culture solution of S. aureus. The bacteria attached to hair were not removed even by repeated
washing with detergents. These results suggested that hair could be a source of bacterial contamination in hos-

pital.



