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Helicobacter pylori D¥HIRZH &I BEARMRAMRER
THHSIN TS 7 1 A 7 BEEERPERERAREILL -
THEIN TS, LALT 4 A7 BREHIEREEMEELE
ROWEBOMBHIZL > TELWENE S hh v, F/2%K
FHARE D AR CO. BEZETLI L2,
B pH METF L, —HOEHTIZ MIC flirE< 25 (K&
L) CEXH B, FIC 14 ARO< 70T 4 FREOR
£TH2 erythromycin (EM) 8T 5 EBIkEV, 5
BR2 &N S DOREEBRL, 2DEMIC MIC JIEA
BLAEEERLRA L

I. MEBLIVHE

1. REREK

BlRE, +toRBREREEHEMAKRI ) ORL,
MREZRBR by R 28, BRI TIZ 10 % VA F
VANFF Y F, BMiE%Z#ML 7% Brucella broth
(Difco) H1T-80 'C R4 L7 H. pylori Bk #E#k
30 B X U° ATCC HIED H. pylori 3 HiE ABRE & L
o TRRMEEMARAKL LT NCCLS HED,

Staphylococcus aureus ATCC 29213 B X U° Escheri-
chia coli ATCC 25922 D 2 k& FHV: 72,

2. fHHIEE

Amoxicillin (AMPC; #iR¥dn), clarithromycin
(CAM; ¥4 +K v b), azithromycin (AZM; 7 7 4 ¥
—8I3K) ) ciprofloxacin (CPFX; /N T V¥ ), DAL,
T OB S h 7% 4 FH &2 Rz,

3. fHEAEH

FERPRAER L L LTY v Buffer T 3 M3 D pH
(6,7,8) \Z#% L7 Brucella agar (Difco) 25 % &
% b X CEBS I & 2R L7,

L EREH (semi-solid agar) (& Heart infusion
broth (Difco), Mueller Hinton broth (Difco),
Brucella broth (Difco) # & UF Thioglycollate medium
without indicator-135C (BBL) IZ&# 02 % &4 5
X 512 Bacto Agar (Difco) 2z, S 5HIZHKIME%
10% &% L) IMAHW,

4. MIC Mk

*RAMRKG BHEITEK 7  1-1
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ER PR R A AL REEREEE ITEL T
To70 TbH, 100~0.025 ug/ml DHLHEHEA PR
5l % & Ll B HACH 10°CFU/MmI (SRR L2 RlE 3
ru7svy— (KHAKK) <s5ul #EL, 35T,
CO:10 % T 72 BREEZIT o 720 FWRBIEHIZI D
%X Helicobacter pylori #ik s (HP ¥5ith)? %
S L7, 128~0.002 ug/ml MEEFRRIZECLH
Jl 55 1\ ARER M 2 4.0x 107, 1.0x 107 B L ¥ 2.5%10°
CFU/ml L2 k) cHEL, BIRME, £y
v UNEPEES) IR 2 ml MEL, 35 T HFRE
T 1~3 HREBE#EE, £H, HEEITo7%. HEIH
I (MFRES) CRBLZBHROALRLZ WY
REEZ MIC & L7, ¥R TORERIME, [
4 FEH|o MIC % 3 BEICHTHlZE L7, NCCLS &
DEHRBERIZOWTIZ 105, 105, 10‘CFU/ml ® 3 B &
THE Z M TOBRIEL FRKIZATY MIC fEZ KD 720

II. # S

1. BRERARED MIC fEICB XT84 pH ©
wE

MIC HEMIZHEH pH BT LLEZOLRD
CAM B X O* AMPC ORERW x4 5 MIC fE% Fig. 1
R L7, RABRW 30 #%k+¥ pH WAEOL-DFRML %
Buffer DB L > TRE L o728k 9 ¥, T4
bDLEREENED LN 21 RORETH 5,

CAM (28T pH 6.0 TIF & A L DOREREIINT S
MIC %% 0.10~0.05 ug/ml 2534 L7203 L, pH
7.0 BX U pH 8.0 IZFRE L 22854 T34 4~8 KV,
0.013 ug/ml 2534 L7zo F7:Z OBEMIERERZMBRT
BAE T pH 6.0 IZBWVT 12.5 ug/ml LLED 2 #kiZ, pH

7.0 T 3.13 ug/ml B X T 0.78 ug/ml, pH 8.0 TlIMtk
Wt L 0.78 ug/ml & 16 5L LK WfEZ R L7,
AMPC 2BV TiE#iZ pH 6.0 TIZE A LDHRIIHL,
0.013 ug/ml &b o & bEWEEZRL, pH 7.0 Tit
pH 6.0 12~ 4 58\ 0.05 ug/ml, pH 8.0 Ti 2
BB 0.025 ug/ml W2 L7ze H. pylori \2HLTw
FThoEH D RERELO pH 12X - T MIC A EHT
5T ENRER SN,

9. KFVHBEMIIB T LIARBREKRORTE

ERERARETEE L 21 RO D bERKRS M
10 kB X U'SEHK 3 B, & 13 # D Heart infusion,
Mueller Hinton, Brucella 3 X U' Thioglycollate i
B lc BT A EEL Table 1 ISR L7z, 5% 1 AB
THLPICREBEORE VRO 5725 Hid Brucella
T 8 #, Heart infusion 3 & U Tioglycollate T 7 #,
Mueller Hinton T 5 #Td& ->72. L# L Brucella
X U Tioglycollate Tix 1 HH TRE LRV 2 B

Clarithromycin Amoxicillin
A> gg ° [ @10 clinical isolates
c : ¢ @5 clinical isolates
£ 6.25} o 1 clinical isolate
¥ 313 . o 1 standard strain
~ 1.56}
O 078} . o
2 0.39r
g 0.20f o
'4"5‘ 010 @ o
—= 005 @o o [ 13
T 0.025f eesc0 o L e oo %oo
g 0.013 @ Qe F O o
< 0.006} r
6 7 8 6 7 8
pH pH
Fig. 1. Agar dilution MICs of Helicobacter pylori strains

to clarithromycin and amoxicillin at various pHs.

Table 1. Growth differences of Helicobacter pylori strains in four semi-solid agars
Heart infusion Mueller Hinton Brucella Thioglycollate
CI reference c1 reference reference reference
o strain o strain strain strain
+ 7 0 7 6
1 day + 2 3 1 2 2 2
- 1 0 2 0 2
+ 9 3 9 9 3 9 3
2 days + 0 1 1 0
- 0 0 0 0 0 0 0 0
+ 9 3 9 3 9 3 9 3
3days =+ 0 0 1 0 1
0 0 0 0 0 0 0 0

Heart infusion: Heart infusion broth (Difco) + 0.2% Bacto Agar (Difco)

Mueller Hinton: Mueller Hinton broth (Difco) + 0.2% Bacto Agar (Difco)

Brucella: Brucella broth (Difco) + 0.2% Bacto Agar (Difco)

Thioglycollate: Thioglycollate medium without indicator —135C (BBL) + 0.13% Bacto Agar

(Difco)

C. I.: clinical isolate, 10 strains, Reference strain: ATCC 43504, ATCC 43579 and ATCC 43629

+: growth, *: poor growth, —: no growth
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L7 2 HETRTHIIRBFOED SN KTV R
OREBIZBVTD 12 8T, 5D 1 HRIIFHVRELZRL
72 3 HHEIOREIZB W THRBHORE I ELIE 4
(, BREED 1 KO hULEORFRED SN
otz Lo T, WTFhOEIZEITS 2 AEH#T
DREWICEEIZNT LN, UTORE%E Mueller
Hinton it B3 % AV CTiT - 726

3. BHHEED MICHIZB X IZTHMAEEOBS

Mueller Hinton } 3B 2 M@yt & LT, H.
pylori BRIR7-HEMR 5 ¥k ATCC BL#e#k 3 BB L O°
NCCLS HEEHHEHK 2 OB MHEMERICBIT5 4
#H D MIC ZHE L7 (Table 2)o H. pylori i3 4.0,
1.0, 0.25x10’CFU/ml, S. aureus BX W E. coli &
10°, 10°, 10‘CFU/ml D& HERBETHE L 72, wTh

DERNZBWTH H. pylori O —iBO BRI A
KB BIZ2o0 MIC flins LA T 288234 o7z h,
MIC D EMD 2 522 A Lidhh o7 72
CAM B XU AZM M LK E2/R L7 No. 2 B&
O No. 92 IZHLTH, RELRENHONIz, HE
WHHE RO 2 BREICHLTHHBERERT 100~
10'CFU/ml O#FFE R BT MIC fEDO£EHD 2 8B R
LI LiEhhrotze TNOLDEEREMNS H. pylori D
MiRiE 1.0x10'CFU/m] & L7z, E/-MEEHHR
¥, 2 WiHMilZ NCCLS D#4 K54 »IZHEv, 1.0x%
10°CFU/ml Z#MiE =R L L7z,

4. HERBNE

HERHEOBRF THY H. pylori BXU S.
aureus, E. coli % RERtkE LT, AR TED-HE

Table 2.  Effect of various inocula on semi-solid agar dilution MICs of four antimicrobial drugs for
Helicobacter pylori
Inoculum MIC (ug/ml)
Strain size
(CFU/m]) amoxicillin  clarithromycin  azithromycin ciprofloxacin
.0x107 0.004 4 8 0.06
Helicobacter pylori 4.0>10
C.12 1.0x 107 0.004 2 8 0.06
o 2.5%10° 0.004 2 8 0.06
4.0x10" 0.004 0.015 0.12 0.25
C.LL7 1.0x10° 0.004 0.015 0.06 0.12
2.5x10° 0.004 0.015 0.06 0.12
4.0x10" 0.015 0.008 0.06 0.25
C.1.9 1.0x107 0.015 0.008 0.06 0.25
2.5%10° 0.008 0.008 0.06 0.25
4.0%x107 0.008 0.015 0.06 0.25
C.1.20 1.0x10° 0.004 0.015 0.06 0.25
2.5%x10° 0.004 0.015 0.06 0.25
4.0x107 0.008 4 32 0.12
C.1.92 1.0x107 0.008 16 0.12
2.5x10° 0.004 16 0.12
4.0x107 0.008 0.015 0.06 0.25
ATCC 43504 1.0x 107 0.008 0.008 0.06 0.25
2.5x10° 0.008 0.008 0.06 0.25
4.0x107 0.015 0.015 0.12 0.12
ATCC 43579 1.0x107 0.008 0.015 0.12 0.12
2.5 x10° 0.008 0.015 0.12 0.12
4.0x107 0.008 0.03 0.12 0.12
ATCC 43629 1.0x 107 0.008 0.015 0.12 0.12
2.5x10° 0.008 0.015 0.12 0.12
1.0x10° 0.5 0.5 1 0.5
Staphylococcus aureus LOx10° 05 05 1 05
ATCC 29213 1.0x10* 0.5 0.5 0.5 0.25
Lo ) 1.0x 10° 8 64 8 0.03
Escherichia coli LOX10° 64 3 003
ATCC 25922 L0x 10" 4 64 s 0.03

*C. L Clinical isolate
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R, HMERE T3 HRMAT 4 EH oo MIC ZHEL,
A0 HAEBRAE LT L7z (Table 3)o

H. pylori 8 kB X" S. aureus, E. coli & 1 BIZ
ML, ez 4 FHRVTFRICBWTD 3 HHEELZ
MIC b oh, WIEAMT MIC DD 2 5528
AAHI Lotz Lizdio TAEL H. pylori 12
w95 MIC HIEZICBWTREL-FHREVEONSLZ
EHHER ST,

5. NCCLS HjEE B L DK

NCCLS, MICHIEREE HIEHEs LAETH LN
S. aureus BLXUWE. coli 239 % 4 #EH|D MIC fi%
Fig. 2 I3/ L7z %8B, AMPC OE#L# (T amoxi-
cillin/clavulanic acid TRH L7zc AMPC, CAM k&
U AZM @ 3 EHID S. aureus BE W E. coli {37
% 3 Bl MIC fld, §XT NCCLS WEEHEHEANT

Ho720 8. aureus X35 CPFX @ MIC fii 0.25
~0.5ug/ml LEBEENTH 7MW E. coli IZXLT
12 3 Eo MIC id3<T 0.03 ug/ml CTHBELRE} |
18 2fF) BuRtiko7,
1. = &=

MBI EERZHERBEFEIEZ S ORFARBSE
T5, FUBRBERSLKEEREOKLVEADIES,
RBILELRES, RMT2WEICE - TEREHE
PRELSEAT S, SRS L7 H. pylori 38575
HHET, REOBVHETH S,

—MOBEKREZTHHINTVDE 71 27 Bt
RBRET7 4 A7 BTN KA ORKE R~ OB
JH2ROREHEIEER (M) »oRZMHMEEKRD S,
L% L H. pylori DX ) ZREVPECHEOEE, &
REOEEZ2ET A L2OEFOILBIEITL, K

Table 3. Daily reproducibility of MICs of four antimicrobial drugs for Helicobacter pylori in
semi-solid agar
MIC (pug/ml)
Strain Day
amoxicillin  clarithromycin  azithromycin ciprofloxacin
. . 1 day 0.004 2 8 0.06
Helicobacter pylori
.12 2 days 0.004 4 16 0.06
o 3 days 0.004 2 8 0.06
1 day 0.004 0.015 0.12 0.25
C. L7 2 days 0.004 0.015 0.12 0.25
3 days 0.004 0.015 0.06 0.12
1 day 0.008 0.015 0.06 0.25
C.IL9 2 days 0.008 0.015 0.06 0.25
3 days 0.015 0.008 0.06 0.25
1 day 0.008 0.015 0.06 0.25
C.1.20 2 days 0.004 0.015 0.06 0.25
3 days 0.004 0.015 0.06 0.25
1 day 0.004 4 16 0.12
C.1.92 2 days 0.008 4 32 0.12
3 days 0.008 4 16 0.12
1 day 0.008 0.015 0.06 0.25
ATCC 43504 2 days 0.008 0.008 0.06 0.25
3 days 0.008 0.008 0.06 0.25
1 day 0.008 0.015 0.12 0.12
ATCC 43579 2 days 0.015 0.015 0.06 0.12
3 days 0.008 0.015 0.12 0.12
1 day 0.008 0.03 0.12 0.12
ATCC 43629 2 days 0.004 0.015 0.12 0.12
3 days 0.008 0.015 0.12 0.12
1 day 0.5 0.25 1 0.5
Staphylococcus aureus
2 days 0.5 0.5 0.5 0.25
ATCC 29213
3 days 0.5 0.5 1 0.5
Lo . 1 day 64 8 0.03
Escherichia coli
2 days >64 8 0.03
ATCC 25922
3 days 64 8 0.03

*C. L. : Clinincal isolate
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0.004

Amoxicillin

|
-
Clarithromycin
— 7,4:,, - S
|
Azithromycin |

Ciprofloxacin

0.015

MIC ( pug/mD)

0.06 0.25

NCCLS range of r 1S, aureus ATCC 29213, E:] E. coli ATCC 25922

NCCLS: National Committee for Clinical Laboratory Standards

Fig. 2. NCCLS acceptable quality control range of MIC of four refer-
ence drugs for two reference strains.
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—%, BRERAHREICLZ MIC HIEIC & - TEH
BEBERDZHE, FEIMTFRERETHL N
b, 10~20 % O CO: FEEEZITHIDOPBEETH 5, L
ML, COBEREMARRE, BBRED CO: ICXH &
h, E#hokE CO: I2Xh, HCO: £y,
pH 2BEMICEL . 2 DHEER I ESE pH 12X
> T MIC EXZEET 2 L vbhe, AROBREIZHW
bhAREED CAM ® AMPC %3 pH OEEZZ\T
AliFHesNTWwWS, CAM % ® macrolide 3 ZE M
FRTHEDPET L7 VA Y HR TR T 29, #IZ
penicillin R%® f -lactam 3 IIFFEM T THEH
WL, TVAVETETIAEHMESINTWE, 50
DD H D CAM O H. pylori \Zx3 2 HLH11E pH
6.0 DBMT T, D pH 7.0 DR RICHEVEH
Milholze THOZLIFARBD MIC PEIIB XLITT
CO: EDHBLRLTWD, EBEIZ Loo 5 H.
pylori ® MIC HlEIZB1F 5 CO BEEDOMEEZIHEHL T
W5y, FZ OBESMICHET 2 HEIZBRERAR
BERELTHAFRECLARICHEETIZIONDLEER
bhd, BEIC CO. EXETHHEMIINT S MIC
WEIXCD X)) 2k pH OEBEZMILFERELT
Buffer &3 234255, LI L H. pylori D%
COBMKIE, ®ML7 Buffer 12X > TREMERZT
LT LNDHB, EBE, SEHOHEITE VTS ERKD M
FO# 1/3 2% Buffer DRMIC & > TRECHEZ 2T
TVwa, HBRIZERE oW SEHBVEY) VB
Buffer SAAD WL DD Buffer # VR 21T o 72
%, FBIC Buffer DHBEML 2T 2. ShbDl
PoEER A H. pylori RELESLMIEBL, CO:
BEEfTbhVEERYE, $4bb Mueller Hinton i
BEBEZHVCIBRINNEEEZER LRI L, 20
R ARGBEEROMBLIILALRL, 3ED
1AREMICHIT S MIC HOESDED XbDHTHR

WZ AR IN, FRERBESATVEEXRF
BAERETHEE TICLBELRERIFHA 72 REMU LT
HHDIIHL, AL 48 RETHLLRHENTETD
272,

fuls, ARBEIIHT 2 EEEFR O MIC 3% OWEE
WKLo THEINTVED, ZDIIEALIRERER
FRED CO: BEERICLDFETH S, T4bb, &
NHDOEERIE CO: 12X o THdh pH AR BMEMICBE
WhEGTHESh-bDLEEENSE, THED
B, BEEHL L CARELF Ul €5t T NCCLS
» MIC HEREERHERE AV THEL TV 2 #HiE
34 7% £, Bacteroides fragilis # B\ /2R IEEIZ X
PHEEBEZERBL TV I3 —BEESA TV,
LA LAERTHNIL TR, RAEfEcREEREL
THITEPLETH D, SHFICAEDOEHEEIIDON
THFAL2WEIX, H. pylori &R U4 T NCCLS ®
MIC HEEHHRBME S. aureus ATCC 29212 BLX UV E.
coli ATCC 25922 & MIC MEAT T, H. pylori ®
BEICAVWSRTWS AMPC 5 X U8 CAM OWE It
35 MIC fEXV$hd NCCLS BEHEEANTH -2
L THhb, —# CPFX D E. coli \Zx$ % MIC A% L
Bx  1H 21 BATW2A, S. aureus IIEFHKE
R E - Tz, SO LIRAMEREBICE VT
E. coli x93 % CPFX @ MIC iR EL b2 L
EERLTWS, LML S. aureus (I3 2 {HAHHE
WNTHhBZ L, E. coli \2LTD 3 MOBEMATTN
T 0.03ug/ml LRELTVWAILENS, TALEESE
Mg L Bbhb,

H. pylori OBEZHRE L THRAE RS S 5H
&, HEEEN H. pylori DEFIBRZHIBEROER
WCKELSHET D, HICHRE H. pylori ® macrolide
FHMBEEICH T A2HELOME IZRHATH S, Lo
TARBEOHRENREEICH T 2 WHEFRO RO HHE
74— KNy 7 TR EERLHMETH S,
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Evaluation of measurement of MICs of antimicrobial agents for Helicobacter
pylori in semi-solid agar

Toshio Fujioka”, Masaru Nasu’, Haruyo Toda?, Miyuki Hasegawa?,
Hiroe Muraoka”, Intetsu Kobayashi?, Katsu Saionji®,
and Jun Igari¥

" Second Department of Internal Medicine, Oita Medical University, 1-1 Idaigaoka, Hazama-cho,
Oita-gun, Oita 879-55, Japan

¥ Chemotherapy Division, Mitsubishi-Kagaku Bio-Clinical Laboratories

* Department of Clinical Pathology, School of Medicine, Juntendo University

We determined the MICs of amoxicillin, clarithromycin, azithromycin and ciprofloxacin for 21
Helicobacter pylori strains by using Mueller Hinton semi-solid agar without CO: incubation.
Generally, the susceptibility of H. pylori to these antimicrobial agents was measured by the agar
dilution method with incubation in 10-15% CO: at 37C. However, the MICs of macrolides in
medium at pH 6.0 in CO: were 8-16 times higher than those at pH 7.0. H. pylori strains of
1.0x10" CFU were inoculated into 1-ml of quantities semi-solid agar (prepared with Mueller
Hinton broth to which 2 g of agar per liter was added) in tubes. The tubes were aerobically
incubated at 35C. The tubes were examined for growth of H. pylori at a depth of 3 mm from
the surface of the medium. Variation in the inoculum size did not affect the MICs of the four
drugs. MICs of the antimicrobial agents except for ciprofloxacin used for quality control strains of
the National Committee for Clinical Laboratory Standerds were within acceptable ranges. The
MICs of the four drugs (except the twofold dilution of ciprofloxacin) which were measured for 3
days were within the acceptable range. The use of semi-solid agar for the measurement of MICs
will assist clinicians in providing appropriate therapy for infections with H. pylori.



