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NOVEL METHOD OF OXYGEN POTENTIAL MEASUREMENT
WITH MULTICHANNEL ELECTRODES TO DETERMINE
RESPIRATION MINIMUM INHIBITORY CONCENTRATION
OF ANTIBIOTICS TO BACTERIAL CELLS

Chiaki OKUMURA, Sadayori HosHINA, Midori KoNo,
Emi TsucHITANI, and Katsuhiko MACHIDA
Department of Laboratory Medicine, The Jikei University School of Medicine

Speed is an important factor for antimicrobial susceptibility test. For this reason, we
have developed a new method for determining antimicrobial susceptibility by measuring
bacterial respiration that consume dissolved oxygen with oxygen electrodes.

We assessed our method with 7 standard bacterial strains (Escherichia coli, Klebsiella
pneumoniae, Proteus mirabilis, Pseudomonas aeruginosa, Staphylococcus auveus, Staphylococcus
epidermidis, and Enterococcus faecalis), antibiotics for Gram-negative bacilli (ampicillin,
piperacillin, aztreonam, cefoperazone, cefsulodin, latamoxef, gentamicin, minocycline, fos-
fomycin, and penicillin), and antibiotics for Gram-positive cocci (cefmetazole, cefotiam,
imipenem, minocycline, erythromycin, clindamycin, fosfomycin, ofloxacin, sulfamethoxazole/
trimethoprim, and vancomycin). Bacterial suspensions (10° to 107 colony-forming units
[CFU]/mL in Muller Hinton broth) from Brain Heart Infusion Agar plates were inoculated,
and oxygen potentials in this broth were measured with DOX-10 multichannel oxygen elec-
trodes to compare the respiration minimum inhibitory concentration (rMIC) with the conven-
tional growth minimal inhibitory concentration (gMIC). With an initial inoculation size of 10°
CFU/mL, 3 to 5 hours were required to determine the consumption of oxygen potential, and the
rMIC was the same as the gMIC with 1 tube difference in 719§ of cases. This result shows that
our new antimicrobial susceptibility test can be performed rapidly and in real time and
produces results that agree well with those of the microdilution method.

(Tokyo Jikeikai Medical Journal 2004 ; 119 : 455-62)

Key words : oxygen electrode, antimicrobial susceptibility, minimal inhibitory concentration,
rapid measurement, dissolved oxygen
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Schematic diagram of DOX-10

O, electrode

o
o]
potentiostat
assay solution 2mL =
antibioti 0.25~1 /
ibiotics 000 ¢ g/mL computer

Fig. 1. This figure is scheme of DOX-10. DOX-10
consists of potentiostat, computer, and thermo-
stat portion. We can set ten measurement
tubes into which electrode was put. Fixed
voltage is applied to electrode by potentiostat,
and current which flows electrode is measured
and analyzed by computer.

See materials and methods.
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Fig. 2. This photograph is an electrode for DOX-
10

Flag2@Exd 5.

2)  HIE R

(1) ExREmEE (Fig. 3)
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O, +4H*+4e 1 - 2H,0 OKIGBEE, 2D de”
WERE L THRHE SN, INZ2EEDP—EDE
&, BROMEOR Z 238 E IZRFIREICHAIT 5
7o, BRMEEHET 2 L CHRERELHIET
&5,

(2) TR % FLHE - 9 2 FEFIERAZ M E
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TRODEEHEM 7T HRE Fwvic.
ATCC25922, Klebsiella

Escherichia coli
pneumoniae

Fig. 3. This photograph is a DOX-10.

ATCC13883, Proteus mirabilis ATCC29905,
aeruginosa ATCC27853, Sta-
phylococcus  aureus FDA209P, Enterococcus
faecalis ATCC29212, Staphylococcus epider-
midis ATCC12228

3. (ERAHEME

UTofdmE =@ Lz,
drous (ABPC),
erythromycin (EM), minocycline hydrochlor-

Pseudomonas

ampicillin anhy-
gentamicin sulfate (GM),

ide (MINO) (FOEAiZE T2/ x4k), piper-
acilin sodium (PIPC), cefsulodin sodium

(CFS), clindamycin hydrochloride (CLDM),
vancomycin hydrochloride (VCM), fosfomycin
disodium (FOM), cefmetazole sodium (CMZ),
penicillin G potassium (PCG), cefoperazone
sodium (CPZ) (¥ 7 ~). % 72 aztreonam
(AZM) (=—¥1 k&), latamoxef sodium
(LMOX) (M7 By 25 8 S #k A & #1), ofloxacin
(OFLX) (35—813E#ka\&41), cefotiam hydroch-
loride (CTM) (& H ¥ & T 2 # X = 1),
imipenem (IPM) (EH #E AN <), sul
famethoxazole / trimethoprim (ST) (3 ¥ 3%
SR A 1)
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Fig. 4. This is an example of measurement at the
case of making Ampicillin act on FE.coli
ATCC25922. Since current value is propor-
tional to dissolved oxygen concentration, the
reduction rate of current value expresses a
bacterial respiration speed. As compared
with control, inclination of the current value of
each antibiotic concentration is judged with
susceptibility by the concentration, when it is
50% or less. In this figure, the respiration
MIC (rfMIC) is 4 ug/mL, and the duration
time is 110 minutes.

See Materials and Methods.
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Fig.5. These graphs show the rate of coincidence to gMIC of rMIC for each inoculation size.
Three-folds circle shows a result sequentially from an inner side Gram negatives, Gram positives, and

total of 7 strains.

829%, L2 NI 919 DA 5 1z, S. epidermidis
TEH+1EENIC91%, +2 BN 100% & &
Ik —FH L7, EHicL2ENZIRS R
Mmooz,

WIHIEER 107 CFU/mL TRAtG L 72554, WE
X 1~28KH CThote. T1EEZHN I
48%, =2 BEFEMNIT 57% WA - Tz, W T, S.
epidermidis TlZ 1 EZNI 73%, £2 EFZNIZ
82% Lk L —BL7-. FHNC X 2E W IT R
SNEhoTz,

3. &TERE

WIHAE B E 10° CFU/mL TR L 72854, +1
BN T1%, +2 BEN 86% i—E L 7z, 105,
10" CFU/mL TRt L 725 &, =1 & # N T 62,
389%, =2 N T 75, 46% »—F L 7> (Fig.5).

V. % 2=

HANRZUMRETIE, HOBRERELZELZ S L
gMIC DfENZED % Z Lo TWw 5, [FERIC
MREMETY, HEEEZ2LT5L5 DY
AUERMIE S 2 2 28I E S, #EEE 2
D 32 CWERFNRS 82 Ev) 2 en®
ZBizlzd, EHOEERE 22 12856 OHE
KR & rMIC DBEfR = 7z,

Table 2 I3 % OFER T, KREMEE TO, HET
BERRFR DI/ IME K fE, B & OFEskik & D—3
xR, 10°-10" CFU/mL O#IFH T, EiERE
WEL x5 EHERRTIZE S %2 % 28, gMIC &
rMIC O—EWBEL kb 2 b rolz.

Eiz, SEIETL: THESY, BEIEERE T
L, zhzho, AERMS X O—8E2EERN
WZEHIE L 72455 % Table 3 12§, FRO54HI1T,
BIEHE DN TNV —T 05, 7T LEMER 4 1,
7' NGUER 2 FE, S. epidermidis 1TETH 5., £
72, BP DL, OB +2 EENTO—EZK 80%
PIE, O1F509% BLE, X1Z 509 iz 7.

75 AEMERETIX, 10° CFU/mL TRIA L 7255
&z, gMIC & rMIC 12 & < —3& L, BT 108, 107
CFU/mL QIETL K —8 L7, 77 ABGHET

Table 2. Co-relation of the inoculation size of
duration time and agreement ratio

duration
inoculation size (hours) Agreement ratio
(CFU/mL) (%)
min | max
108 3.0 5.0 72
108 2.0 4.5 62
107 1.0 2.8 38
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Table 3. Comparison of the every bacterial strain
of breath speed and a susceptibility coin-
cidence pattern

agreement to
reveal
bacterial strain (respir_ation inoculation size
velocity) (CFU/mL)

10° | 10% | 107

GNB (fast) © O X

S. aureus E. faecalis  (middle) O © X
S. epidermidis (slow) O O ©

GNB : Gram negative bacilli

13 10°CFU/mL TR L 72 8 & 1, gMIC &
rMIC 12 X < —& L, AT 10° 10" CFU/mL DJE
Tk —8 L. BTy, S epidermidis 1%, 10°
CFU/mL T 90% —% L, 10" CFU/mL T % 10°
CFU/mL Y[HUK 5wk {—&L %,

R CE R R CORBRIHERE X, 77 L6
HiZ7 7 ABEE L DML, 77 2GR O
WTH S, epidermidis 1Z/NE >,

SEORER EFIET % &, BRREEHEI/NE
75> T, tMIC 28 gMIC & X < —&7 3%
BENELZoTWS,

HEIEHREE DHNE T, BHEREESS WIEEIC
gMIC & rMIC O—E»#EL 2 FKF & LTUT
D2ENREZ NS, 1 DIF—EOEKITIX, Bz
MWD 5356 T b MRS T 5 DI R 235
»Y, ZO%E, BRENEW L, Oy 7z H
EFTIRNCHHIT OBEN L D, EVERH
TERWEWS ZET, b5 121k, ELIHHE
MeLT, EFOIER2HET 2WERERT 2
& LR b - Tw 354, EEDOR
BN+ L R R OBEN LD,
BOEMIETERVWEWVS ZETHS,

f7z, WHEREOEVWET, BEEEND TV
YEnz gMIC & rMIC 0 —E»3#E <L 7 2 []RIA I,
BRERESVZWEEI Y e -V Ty TRk
RHEOWIBR SN hollzdThb EEZ
55,

NSO s, BEBMETIE, HEELE
FkE, BEEEO Y Mo VR ICEERS
25, WS ZEBbhol,

DXL, ERIZLDOEAZIDVWTELL, 77

LEMETIE B T 7 % LK TO rMIC 2 gMIC
WHARTEL Z2EAB RN, ZORREIE, B
7 7 8 ARIOER#EE TMlasESKEETHY,
ZOHGEEFIEINERLTH, WIiZ7 14 7 X
VI ARIED, RO TR D ES T
b o 185G EARRICR 21T 720, BN DH
BIGE T H PRGN T A5 O KR 5 2
LikreEzZONS, E,8 70— YEE
FRizOWTE, g 779 ~—VRENFIEL &
BHNCE I OBEN 2 2D, BLuERHETE
BTntwy I enEZ o5,

%72, MINO T, 77 ABMHE O rMIC 53
gMIC IZ LR TIEL R A HAN A STz, TDIR
K, MINO 2&&7 b 794 7V » REFN
T SRR I, MR O FEfpE D2 iz & 0, 3
HAEBEAENIZROAERZWE 2T EDTH
D, &EE O MINO T, HENICTS2ED
MINO AH D A F N % % TS D, HEH]
DOFRIENTHND O THB LEZ NS,

ZDE DK OhOPIEYE TREL L Ok
BERR SN, EERNTOTEERE LT,
O LR OHE L D EB 5 H & D K ORhER
ERBLTWaALEWVND Z Eix, SBERL WL
S BEDD 5,

ZZFTHRRELIC—CRENS RSN
2, BIERRECH BRRE TORIEREIL, EBLL
FTubIFA—HED & »-7:10° CFU/mL T
BAtG L7288, 1 EENIC T19%, 2 &M 86%
T—HL, %L 2mERTH S
EEZ2 5. Fh, ZTOLEORERRMIIEEET
T S 1 Hbdro 720 h8, 3~5 BRI EHE T
X, BRI T E b TRERFETH B Z
LhRbhote.

e B IBEFERC & o THE 2 I B S &5 MIC
ZHET 0L, EHS T L -EMRET
B O O Z AL & MIC 2HET 2 D
TH 250, WRARHE2HET 2 ki, ATP
%, BMXEENDH 2, ATPETREEEZEL T
ATP BA2HIET 27200 7 VF 4 ATOHEIZ
THBETH D, Fio, HOGERER, EHT2ERER
o250 NHAMECRILERERD S, ZDH,
BAE, V)T VY A LATORENRTRET, B
PRET I RTCOBEIH L CHEATE 57200
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AL H 5,

I TR T O FEARSZ M RE IR 0 5 5
2, WEDOHETEBEEBLK X G- 7
72, BROBHEGNCRBICHES 2, L5
SbDTIF L, WERREZ S LB #EY %
B2 S 720, REDSZFOMEZEBEIZTVwENE
IMERDLEWIHETH- . SEDOFRER, #E
Kk L FIBRICALE 2 THRRLU HAEME 265
EMTE D720, {ERE»SDESHZ 2RSS
TH2EeMTE 3,

MEEmET, MEE 22 REEDOH 25 L
T, MEHE - EREEE CTh 2720, FHICED
DELRENEL D Z L CHERZ TS, LvwH 2
EWNDHL, LELEAFERIFRETY) 7V A A
HE 2ITOREN L Ko e CHET 2, &
WO HETH B0, TRTOEIIH LTI
HIERE %2 B 2 ED 2, EEE, SEOER
THERR RBEEEE OW % W22, WIEnOE
WXL CHEBREFIETHEN TE 2, £, [
CHEMET, RMOBEEICH L THEREE WS R
Fra$o,

HA R 2 G2 e BT L, ElhE Hy g
FEEFFEL LT W & SERFICB T 2 BYYED
HEMWAFICHIML TETW3, BYUEGEDOH
HIC, ZRRVERBET 2R OPiEMELHFE S 1
TETW3, PidEWE 13N D S BGYE O Ry %
BZT2 b0 ez, Lrl, JiEY
B D% FIXERE DK & 5 R 72 T O &
o, MEEOHIR LT 5 ARBREER 2l
BWTY, BWEAZEADDOH 5. MRSA R%H|
Mt PEARIER B O B X BE N FTE 2 5 S 2 L,
BTN Y A< A4 ¥ 2t AR O RS
ZHMEINTWVLED, IN6D I Eh s, BYH
W L C4 % Tk 0 Bl 18 1E 72 385K % 32N
TELYARAT LB T S EICEY, HidwaE
D% I X ZTHHEE O B 2 S ERE L~V T

1EH

Mz2ZEeEMRDOENT WD, BRFEEMmAFEH
ZHREEE R, D TY T A L TOREHH]
RETHY, PAMLDLY, MEBREGRTEDL SO
BEIHZNEST, HEEL IS BT 2HL
FHIRZHEHEETH Y, EAROMEOHRICH
BNRFRERERD I EDTREINS,

ABEFEIR, Fro 3w ¥ — - EIEEANE G P
(NEDO) DHRFEAFHHRFE L L TiTb iz, KEm D%
135 46 [ I A Lk Tl L e,
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