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Background : Abuse and inappropriate use of an-
tibiotics have resulted in emergence of antibiotic-resis-
tant microorganisms, increased nosocomial infections
and urgency of developing new drugs effectively cop-
ing the resistant microorganisms. Recently infections
caused by methicillin-resistant Staphylococcus aureus
(MRSA) strains with reduced susceptibility to vanco-
mycin (MIC=8 ug/mlL) have been reported in both Ja-
pan and the United States. Micro-broth dilution method
and population analysis method revealed that those
strains in Japan were heterogeneously resistant to van-
comycin. The aim of this study was to determine the
susceptibility and minimum inhibitory concentrations
(MIC) of 99 MRSA strains to vancomycin by modi-
fied microplate-broth dilution method with triphenyl-
tetrazolium chloride.

Methods : Susceptibility and minimum inhibitory
concentration of stains of MRSA collected to vanco-
mycin were determined by micro-plate broth dilution
method with triphenyltetrazolium chloride solution, one
of the growth indicator of microorganisms.

Results : MICs of 99 strains of MRSA isolated
from otorrhea, pus, blood, respiratory tract, tissue flu-
id, and sputum to vancomycin were determined with
microplate-broth dilution method with triphenyltetrazoli-
um chloride. All the 99 strains showed MIC under 8
pg/mL, there was no strain with reduced susceptibility
to vancomycin. Microplate-broth dilution method with
triphenyltetrazolium chloride 'was simple, easy to inter-
pret the results.

Conclusion : All the strains of MRSA tested for
the susceptibility to vancomycin were susceptible to
vancomycin. The microplate-broth dilution method with
triphenyltetrazolium chloride was simple, easy to inter-
pret the results and economic, and it is suggested that
this method could be applied to the antimicrobial sus-
ceptibility tests of the other bacteria and fungi. (Kore-
an J Infect Dis 33:52~57, 2001)
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3 erythromycinol] HAJQ ST EAFo] VeI #HY
A7 A ER4gTFol aFHoeE g dAAY
methicillino] FA3FA] Ul Q1 1961vdol] methicillinel] W
Ag JehE 38T EANF(methicillin-resistant  Staphylo-
occus aureus : MRSA)o] Bu¥]lc)’. 1 o]& MRSAS &
e AL 2715, 1988Woll= vancomycinel] L
Eo WAL Hole AFFol vrhtn’ ', 1997l
MRSA®] 9t ZAdZe] 2 gA2 Afste] & vancomycin
of Astd ZA,AE vehlie FYEEGTFo] el §
Aol ARl EAZ F e 2 olF ol
Ul s Alg Bas g,

o|AAA] A 7<rA ZAAel disk diffusion susceptibil-
ity test, agar diffusion surface-streak method, agar overlay
diffusion method, macrobroth dilution test, microbroth dilu-
tion test 59 whfo] &g ALso] Hu}®®. National
Committee for Clinical Laboratory Standards (NCCLS)+= di-
lution antimicrobial susceptibility tests®} antimicrobial disk
susceptibility tests ol thel A2E 7I5E AAlEleH
MRSA9] vancomycinoll that 74l 7 A2} minimum inhi-
bitory concentration (MIC) HARERF ohva} ofE] AFEY
A A AR o] W o)8ztn U, o A
Aol wa} AA7IA Ho] ALl 9+ microbroth dilution
testd] TS A FFo] 4R gI A|Fe] Ho] £
o= Aol

X oA microplate®} triphenyltetrazoium chloride & A}
431 o]l MRSAS| vancomycinell & A4S 24

el A8 7 YA AFE TR A=l
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1. MRSA

sejojstz 7EHY ATl £ we MRSA 7
F 7639 AgeAUStE A A BEATEALY
QA WA FF SuolA B B 255F Al v
slo] A 23F, & 9FF WP ek 67 F 46
Z= 10043 HE] 1998 Aololl Foldd ¥ 54 olF
(ctorthea)7} 4% YASZHE Pld FFSoln, 307
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National Committee for Clinical Laboratory Standards
(NCCLS)ol|4] #=s}= Mueller Hinton brothE AR&-s}ict

3. Triphenyltetrazolium chloride

57343 Aol A Al=F 2-(4-iodophenyl)-3(4-nit-
rophenyl)-5-phenyl tetrazolium chloride (triphenyltetrazolium

chloride, tetrazolium red *:+ red tetrazolium® H&-)E

Agsigict
4. Vancomycin

2 grto| EAlkE)ol A AZE vancomycin (500 mg
via) & Agat3ict.

5. T4 AA

96702] welle] 9l microtiter plate2] Zt wellel] 50 419
brothE Y& b2 32 pg/50 uLE 3]4=l vancomycin/broth
& A F wellBoll 50 LA H7lsE F 28 A3 43
%% 0.5 McFarland [34]2 %F 7} ¢F £59< 50 4L
4 7} wellol] Y3 & F3bsle] moist chamberol] Yol 37T
incubatorel] 18A}7}F sfekslgivh. L % Floffe] ¥bHol uja}
35] B¢ FHFE 2 mgmLe] A # A3 triphenylte-
trazolium chloride §-8-& 7} wellol] 40 L4 7}3le] 2 &
3+t ¢k 37T incubatorel] 3087} Hbx|EF & £ A48 )
ERiAl 42 welle 79 Aol AAA Aoz FHo
minimum inhibitory concentration (MIC)S- A&t}

4 o

Floffe] ¥ tl& triphenyltetrazolium®} microplate broth
dilution®l o2 Z 9939] MRSAS] vancomycinel] thgh 7+
T4 AL MIC A 733} Fol triphenyltetrazolium AH-&-
o2 MRSA7} AAH well#} AAlo] oJAlsl wellE i Fo
2 4dx gAsHA FHE 5 AcHFigure 1). F 9959
MRSA2| vancomycinel] thdt MICE =AM ZA3} 95(9%)
= <1 pgmLolg o, 63563.6%)= 1 pg/mLe]ls, 21
ZQ12%)= 2 pgmLolom, 6%(6%)= 4 gmLOE 8
pgimL o4l F& gigich. Sampled 2 27l 4602 shi
samples7} WS o] FollAl EelEl MRSAE Foll 457}
<1 pgmlolQli, 312= 1 pgml, 72E 2 pgml, 43
= 4 pgmlojgich Foll4 " 171F F 258+ <1 ug
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Concnetration of vancomycin
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Serial No. of MRSA

16 32 64 cont
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Figure 1. MIC of MRSAs to vancomycin wtih microplate-broth dilution method with tri-

phenyltetrazolium chloride.

Table 1. Minimum Inhibitory Concentration of MRSA
against Vancomycin

MRSA MIC (pg/mL) and Number of MRSA
Source Number <1 1 2 4 8
Otorrhea 46 4 31 7 4 0 0
Pus 17 2 12 3 0 0 0
Resp. tr. 5 0 3 2 0 0 0
Tissue fl. 1 0 0 0 1 0 0
Sputum 5 0 2 2 1 (VI
Blood 2 1 0 1 0 0 0
Unknown 23 2 15 6 0 0 0
Total(%) 99 9(9.1) 63(63.6) 21(21.2) 6(6.1) 0 O
mL, 125 1 pgmL, YA 35 2 pgmlo|gcl. &F

Z\EollA Bal® 5F Foll 355 1 pgml, 25 2 pg/mL
olgict. z2|Nell4] Rl 159 MICE 4 pg/mLo|gl o,
Aoy Hald 5% 2F= 1 pgml, o2 2FE 2 uy
mL, YA 15E 4 pgmlolQi, Pl i 25¢
Zt7h <1 pgmlit 2 pg/mLelich. MRSAQ R&l A&
o ¢ g 23F F 2FE <1 ggmlo|YR, 155+ 1
pgimL, VU2 659 MICE 2 pg/mLo]ick(Table 1).
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Sulfonamide$} penicillin®] E£¢Jo3 7ZiAgte] X ol

ANEE Aol A7 AR 5ot dAAQ) Aoz Az
S1or} 19406 Thel] penicillinol] WA S UERE EEAT
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& HE3ln 9l AAo|t} 198610l vancomycinol] ILE
WAS Jehlle AFFol S4gT, 19976l MRSA
o &3k ZdFe] X goll A§=o] & vancomycino)] A5}
AFAE Jele SAEIEgTTo] PRl st AlA
£ A Sl o g9 ZdAste] X8| o 19
AE =293 de Aol 5&*‘—1"]5} ANZg AL A
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Vancomycing o{&] i.-r,] 28 ofA] Foll /gﬂ-zq-.g-——
ERlle g 497 2 GAAE AASA ol ASA of
Toll Agol] gHAlZE it el kAl dEiAzE dAY
Methicillin W4 £E47F £E olg] 714 shalel] WA
< 7 A @FF A% 4 sEA] A% ZdFel A
o2 Agslo] T AR e ALY aXHAE gl
Ao} 2 o] A HAE WS Hole A+
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Vancomycinol] thdh 74 %k ozt BE A
ek AFe ZEAS ATk e g8 7T A8H
o] gl ol B¢ Hol AL3 e F& =T uiA
Sloll YAe] FAATL B0l Ut diskE THFT vt
of Aol oA AAe 2k single disk method, disk
diffusion method £ agar diffusion method2} 2% W
Hojcl 1 o]|& agar overlay diffusion method, macrobroth
dilution method 3 microbroth dilution method o] 7N
o} Agslo] A oFAE disk diffusion methodE A-§ot
X AEE Y3 MICE AAs7] 918 tube dilution meth-
odE Agshe AREE Y.

NCCLSE 3HaAle] 74 AAl 33 o8 714 A
£ Eol FEAUT o] AAEL el Adsm Y.
2]Zoll MRSAS] vancomycinel] thdt Aol & A7+ A
9] BX NCCLS7} #|¥3t MIC-broth dilution method& A}
Sai7h} ok WHAA AN, of WHE s
AAAQ Ao] gout BuY BEel 424 A Pa
Z 3= Aol FAloldh v B AvdXE F 7ol
MIC-broth microdilution method& A&t o2& HE
TE Aol trphenyltetrazolium chloridezhe Al2kE A7Hte
24 Aolgle F FL& T g S-S Sk
FHE ¢ e o2 T W FoE o] e A
2+ gholl 7F58 Aoleh. Eloff ' MICE FA3sl7] st
Al E AZkA Alkg Adsled a2 F sk & 4
ol] ALL-%l 2,3 5-triphenyltetrazolium chloride [TTC, tetrazo-
lium red]o]® A& 3-(4,5-dimethlthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide [MTT, thiazolyl blue}$} p-iodonitrote-
trazolium violet [INT]Z TTCx A4, MTT A4, INT&
Agoz wo] S XolHo| gl TTCY A HaFE
L 2 mgmLo|X|7k MTT$} INTE 02 mg/mLE 1/108]
2 GollAE A HhSo] VeR} o] & Al d3le
U Aok 78 4 glo] TTC d7kX%E Agsligich o]
e F3t AR Ffdll BAglel oF HEH + gle=
2 e A8Y F & Aoz 47 Phller 52 92
Kyokuto Phamaceutical Industrial Co.ol4] A|Z% ASTY Col-
orimetric Microdilution traysS Abgstod ZFE2] AFA|
Sol w244 HAE sl Bxsgient colorime
tric indicatorZ ojwl AJekg AMgslgleA BHIIeHA eksket
M 713yl L disk dilution method$} FAEA u}

S-S Agsto] 23559 MRSAE ZARE A3} vancomy-
cinoll thet Zg4do] Aetd T gickn Euagisl
B o247 AZE 992] MRSAEE 25 vancomycinel] 7+
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25} Triphenyltetrazolium chlorideE A}83}4= Microlate-
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g 8 @ 1994 RE 1998374 2{uidta TR YA
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Micro-broth dilution ¥ © 2 vancomycinol] il 24l of
¥ 9 MICE 233

A o : ZA% 93 25 vancomycinol] ZHrAle] gigle.
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