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Association between Mutation of rdxA Gene and Metronidazole Resistance
in Helicobacter pylori Isolates from Korea

Kyung Suk Kim?, Jung Oak Kang? Dong Soo Han?, Song-ja Chin*, and Tae Yeal Choi?

Bioengineering Institute, CoreStem Inc.!, Department of Laboratory Medicine?, and Internal Medicine®,
College of Medicine, Hanyang University, Seoul, and Department of Laboratory Medicine, Seosan Hospital, Korea*

Background : For the treatment of peptic ulcer diseases infected with Helicobacter pylori (H.
pylori), amoxicillin, clarithromycin, and metronidazole are most commonly used. Recently the
resistant rates against these antibiotics have been increased and this has become one of the major
causes of treatment failure. It was recently demonstrated that metronidazole resistance is
associated with mutation in rdxA gene that encodes an oxygen-insensitive NADPH nitroreductase.
The aim of this study was to investigate the mutations of the rdxA gene for the metronidazole-

resistant H. pylori isolates from Guri City, Korea.

Methods : H. pylori strains were isolated from gastric biopsy specimens from patients diagnosed
as having peptic ulcer or gastric carcinoma in Hanyang University Guri Hospital. Antimicrobial
susceptibility testing was performed by the modified broth microdilution method. Resistance was
defined as metronidazole minimum inhibitory concentration (MIC) being more than 16 ug/mL Three
metronidazole-sensitive and 10 metronidazole-resistant strains were selected to detect mutations in

the rdxA genes by direct sequencing of PCR products.

Results : Of the 266 clinical isolates of H. pylori that were isolated from 1996 through 2001, 90
isolates (33.8%) showed metronidazole resistance. The frequency of nucleotide substitutions of the
rdxA gene of 10 metronidazole-resistant strains (25-33/strain) was not so different from that of the
three metronidazole-sensitive strains (22-26/strain). Stop signals generated by nucleotide substitu-
tion, insertion, or deletion, were found in 5 metronidazole-resistant strains (50%), but not in 3 met-

ronidazole-susceptible strains.

Conclusion : The present study confirms that the presence of mutations on the rdxA gene causing
a premature stopping of the inferred RdxA protein is associated with metronidazole resistance. But
other genes or mechanisms might be implicated in the generation of metronidazole resistance and
further investigations are needed. (Korean J Clin Microbiol 2004;7(1)77-83)
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cin, amoxicillin, metronidazoleo] W, o] A 7}x] <kA] =
amoxicillin WA & =& 7] wj & metronidazole¥} cla-
rithromycinol] tf & A& & W 4 HAE 5 sttt
Houben S[1]- 19843 2.E] 19983712 2% H. pylori
B e #ek 8 & =T A Ak 4 & 2 3, me-
tronidazole WA 1<l 4% A S Ho] 37} 50% 74
193 a1, clarithromycin WA 79 7 -$- 56-58% 7+ A3} o
1 B3ttt 1 B2 A X5 E AFE7] Hel
QA AR A o] 2ol Sl oAl s A
©3hiz o] uhgtA a0, 4714 2 2 H. pylori &4] U}
HES 22 BAS 2 el 443 g ey o
)2 Aesh o} & Aot

Metronidazole-2 nitroheterocyclic £-3}+A)] [1-(2-hydroxy-
ethyl)-2-methyl-5- nitroimidazole] 2 H. pylori o] ]l Bac-
teroides species, Clostridium species, Trichomonas vagina-
lis, Giardia lamblia, Entamoeba histolytica 5ol 2] g} 7+
X 8ol AF25E kA o] T}H2]. Goodwins-< H. pylorie]
oxygen-insensitive NAD(P)H nitroreductase &4 747}
metronidazoleol] t]d Al o] A o] dvtu R ustgdt)
[3]. ©] 4 7 WE T59 metronidazoles A X 54

PN

Z &= rdxA (H. pylori genome database HP0954) -4 2} 2]
A olo] o) FA7F B4 3} 5] metronidazole©]
gt NS FEE Rolgte M S AAISA T 2
metronidazoleo] o g+ Wj/d 7] -2 o}2] W &35 A s
AR ko F71g 713 o] o Y thE VAR &
Aots Aoz B H 3 th?2,4-10].

o] Aol = Il A &2 vl FE H. pylori #F5
73 © & metronidazoleol| o] g+ WA 7] A & 813]7] 9
of 444 2 WA FFE DO rdxA A7)

Qg LA f9@ Aol 7k YEAE Fobin

THeH o b
1. H.pyloriQ] HjQF 2 22|

gFhstu Tl 2371 Wl A 199613 -E
20013744 A AALE W BASAA A S 9
A7 Z7 S 4%H]A] (phospate buffered saline, PBS &
el ol Aol etat v = HAME SA] 7HA
< T Har ¥ Fo|(micropestle) 2 -3 5lo] 5% WFH Y
S vl 2] 9} &t A (vancomycin 10 ug/mL, cefsulodin 5
ug/mL, trimethoprim 5 ug/mL, amphotericin B 5 ug/mL)7}
EE 7% TE AT v o] JFAFT. 37T, AHFE
9] n| 5714 %7 (CampyPak Plus, BBL. Cockeysville,
USA)ell A 3¢ WA 63wl kA7 5, H. pylori ¥ 5] 2t
% Gram 943t} SHA Q) wRYe] Y SHNTL

g}l 3}9) 11, urease, catalase, oxidase 73 AFS A 3 51 TF

et

7]%:){:/.:_ JI-K'IE_Eh

= , ©o

ST, USA, 2 Efd

[11]. 2919 #5FE Y= H E8 v A] (Brain heart infusion
broth, 15% glycerol)oll 2o} A] -70 ¢l X3t}
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o
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H. pyloriz2 ER1=H Ad) vjdS A st 3 S[12]
o] ok M ol Al #] ] 2k3] A1 (modified broth mic-
rodilution method)< ©]-&3}o] H. pylori®] metronidazole
Al et HAdA TS 51t = brain heart
infusion (BHI) o A v ] of] ¥FA0 A Q1 2.3 5-triphenyltetra-
zolium chlorideZ- 40 ug/mL 7}3}o] H. pylori Ao 2 <
Auj A o] Mol Male] §to B HAAA s E FA
At = == 3t BHI A 8fA] = 160 ul A 96-
well microplate2] Z} wello]] @& &, v <=3l A AlZ] met-
ronidazole (0.25-128 ug/mL)-S- 20 ulL# 7}3}%] 31, metroni-
dazole2 0.25 ug/mLEE 128 ug/mL7}A] vWlF2 525
s|A sttt &4 Al vl A7 H. pylori g2 fetal
bovine serum (FBS) 5%} 2,3,5-triphenyltetrazolium chlori-
de 40 ug/mL7} & BHI & #] vl #]ol] H--f-A]# McFarland
No. 2 (6x10° CFU/mL)9l| Bt thg 20 uL®] Zt wellel] 7}
ot n S 202 37 ¢ A 37 i FAI 7 &
FH A s=E A A Y. H. pylori2] metronidazole©]]
it g B 2 2 A& A T = 16 ug/mL o] F o 2 F 2]
StATH3, 14]. It Al T AALe] =32 & 915k
H. pylori ATCC 435042 A} 8319 T}

3. H.pyloriQ| rdxA {F&XI| HO| EA

1) Polymerase chain reaction (PCR) amplifi-
cation

19961 5-¥] 2001 d 744 ghekd] 2] LollA €
metronidazoleo] 7+/d o] AH Al TF9} U/do|AH 10
TFHAE2AA T 7} 16 ug/mL ©|H 473, 32 ug/mL
ol AW 37, 64 ug/mL o| Y 3T F)E =5 Al F
Al AT v FE - F 2ol A InstaGene Matrix (Bio-Rad
Lab. Hercules, CA)E Al-8-3}<] genomic DNAE FZ3}
t}. PCR& 1 wg2] H. pylori genomic DNA, 75 mM Tris-
HCI (pH 8.8), 20 mM (NH,),SO,, 0.01% Tween 20, 1.5 mM
MgCl,, 0.2 mM 5= 2] deoxynucleoside triphosphate mixtu-
re, | uM F =2 primers, 78] 32 2 U2] Taq DNA polyme-
rase (MBI, USA)E &3 3l /G5 H7lstd & 59
7} 50 uL7} = Al 3}l th. Primer:= GenBank accession
number HP09542] 9471 d & nlelo 2 rdxA §x A} A
A7k £ S Astel ALgehe k. Primer L] 7]
A9 e 5 -ATG CCA CTC CTT GAA CTT TA-3 ©] a1,
primer R-& 5 -TGG TAA TTG TTT CGT TAG GGA-3 =
PCR 2F&2] 37| & 762 bp ©|t}. PCR HF-2-2 DNA ther-
mal cycler 2400 (Perkin Elmer, USA)2- o] &3} 94 ]
2] 1057 XA A (predenaturation), 94°C ol A 30%3F ¥



Helicobacter pylorie] metronidazole WA 7| ™

(annealing), 72°C

4] (denaturation), 52°C |~ 30%7t A3t
353] WH&E-3 & wlA]

ol A 30%3F 748 (extension) S

uto 2 72°¢o| A 55837 v+2 A7t} PCR ¥Hg 2122
2% agarose gelol| A 100V A gtol] 30% FoF A7|9 &5 &

F #1141 elol Al DNA %8 & 3313153, PCR 4HE ]
A7) E 2Ql3tr] 9 3le] 100 bp ladder size marker (MBI,
USA)E 7 A 9} g loadingd} S T}

2) Sequencing

Agarose gel DNA extraction kit (Roche Germany)<- A}
&35t PCR 4H= 2 =5 A1 5, PCR Wh-g-of] AR89
@ primersE 7}A] 12, ABI PRISM 377XL=} ABI 3100
DNA analyzer system (Perkin-Elmer) 2 sequencing kit
(Perkin-Elmer) 2 A}-8-3}o] A7) LS B39

3) &MY KI2EN
1] = NIH (www.ncbi.nih.gov)¢} & = European Bioin-
formatics Institute (www.ebi.ac.uk)ol| A A FdtE T2

WS ol gl 971MGE S RS

2

1996\ d 5-€] 20013 71#] g+koistw F2lH =
2] 72 3 H. pylori 266 7+ 5 = metronidazoleol] W4 &
Bl #5790 72 33.8%2] W &5 Yl &
2 o] 0] 2% metronidazole W4 10 T35 9] rdxA S =}
U W o] = HP0954 (published sequence of H. pylori 26695
complete genome, GenBank accession number AE000604)
FAAe] 471 d 3 v wd A r-5 (MIC 64 ug/mL)

Fo A= 27709 A7 83} 379 A7) il B
Hglon, oln) Ak 188 & 9 X] o stop codono] HZ 5]
At} r-7 MIC 64 ug/mL)TFol| A += 337§ 2] F 7% g o
2 107 9] o}m] At x] gho], r-41 (MIC 64 ug/mL)oj| A =
2770 @71 A2 2 87l A1, el a 1709 f7]
H7FE, 15971 9] ofn] =ik 2] 23} 227 9] ofn] gt 224,
17} €] opm] =2t H747F A2 9l om, opn] 14t 189TH A
2 %] o] stop codon®] AT}, r-m3 (MIC 32 ug/mL)oi| A &=
29701 A71x &3 17he] 7] A7t =, 9271 9] ofm] =4k
2|8t} 570 €] ofu| =gt o] gllon, ofu| =4t 201
WA ¢] %]l stop codon®©] AT}, r-m5 (MIC 32 ug/mL)ol|
A& 3070 2] §71A 8o 2 107] 2] ofu] At X gho]
w3 em, o =4k 201 A 912] o stop codono] ATt
r-m6 (MIC 32 ug/mL)l| A= 2970 2] 471 %] 8o = 97 9]
o] =2t A g, 17] 9] opn] =t &4 o] QL9 AL, r-m7
(MIC 16 ug/mL) o| = 337]1¢] |71 x| 3t & 57H.4 ojn]
Ak A gho] il e, ofu =it 67T Al 9] ] o] stop
codon®] 121t} r-m9 (MIC 16 ug/mL)o| A & 2671 2] 4 7]
%3+ 9 57] 2] ofn Ak X]3ho], 1-18 (MIC 16 ug/mL)°]]
A 28709 971 X % 9] e o] =4t x| gho], 12

79

3L r-14 (MIC 16 ug/mL)o| A = 2570 ] 7] X8 2 97)
9 ofn] At x| gho] #HakE 9l th(Fig. 1, 2).

) 272 2 A}-2-3)F metronidazoleol] 7HAIQl Al A5
S o3t rdxA F2 A Mol = 33 Z 3k} r-m8 (MIC
8 ug/ml) FFoI A= 2670¢] 7138 2 97 <] obr] e
Ak x| 8ko] 91931, r-12 (MIC 4 ug/mL)ol| = 227] 2] 47]

28 2 67l 2] ofn] Ak X3, 18] 22 r-28 (MIC 4 ug/mL)
ol = 2670 9] A7 X8k &4k 505 91| 84 bp F7] 9
@71 FA7FE 117K opnl =it X gt 287] €] ofm] =4k
A7 GGt o 5 gAY FEE FolAE
2 A 717 3= nonsense W o] = WA =] 2] ¢FqkT).

H. pylori 13 #FE oA 2z} 75 & rdxA 542} W <
20-307) 7] ilfﬂ—oﬂ 2] &+ missense W o|7} 7} Ho] dF
AN, A FRETR WA FHRETE] 971
glo] Ul == §A}sFS th. Metronidazole WA 10 #3535

F(50%)N A A 4ke] X8, A4 F Hrbe] Hol2
Q13 stop codono] ¥z ¢ ).

stop codon

R

H. pylori Z+d o] $14j o] A1 A ko] HA o F8 Ul
Az AR AR FAE AD AT ASH o2
A 3% 1 o). H. pylori 7+ i]E_ A] clarithromycin-& 7}
7 Ee] AR EE Aol Y B s ® ALE Al AT
AN A i
A1 o] gJ o] metronidazole©] Y} amoxicillin 5 TFE &+ A
el M QWS A Boo 2 A B ATEE 0% o3

O 8 A F UTHISL
H. pylori =2] gt Ao tigt WA &2 57kt A <
of whe} ohekgh J’E}% Rolz l=dl, dA7A o Fi&
9] H. pylori #F5 & amoxicillinel] 7442 Holxm 9}

£ WA, clarithromycinol] & A& 1-13%2] #F S0l A,
metronidazoledl] tal 4] & 20-70%2] WAl Eo] HuE 1
SITH13, 16-19]. =7} H. pylori®] metronidazoleol tf gk
WHAES AREY, Sdolyvda=E 253 4
=59 A5 17%-30% 7} W &S Hola, 8
ateo] 7 ¢ metronidazole©]] th gk H. pylori T 5¢] IHH
L 50% 7}&F ¥ 2 Q1t}[12, 20]. =3+ H. pylori 7
Sh el A9 el DR fadEel B
so), o), obze)bel 4] el H. pylori #55
fra e #FEF AR, ofAloto A fEldE o
E3= ko] 7F sAh21-23]. whebA] -2l vhetel A e
TTE o2 A A 71de 542 4 O]_L,

ZFASE A WA AARE o] s A3k %)
oFA| o] A&k Aeo] o] Fojx] FIAQ A8 Bl 7

g A ] Wz ]Oﬂ EES E S IS Aol

Al W o] 4] metronidazoleo] 3+t 282 3}7] 9 &l Al
+ metronidazole W nitro group?] 3+l o] A2 =
Qo] Aok s ol 2l % 262 EAA L A

.ﬂ

o N o S rlo Mﬂi
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HFO954/1-719

r—12_4_5s1-719
r—28_4_5-1-719
r—mB_B_5-1-719
r—m?_16_Rs1-719
r—ma_16_Rs1-719
r—14_16_Rs1-719
r—18_16_Rs1-7189
r—m3_32_Rs1-7189
r—m5_32_Rs1-7189
r—mE_32_Rs1-7189
r—5_B4_Rs1-719
r—7_B4_Rs1-719
r—41_64_Rs1-7183

HPO954-1-719

r=12_4_5s1-713
r=28_4_5/1-718
r-mB_8_=/1-713
r—m7¢_16_Rs1-713
r—m9_16_Rs1-719
r=14_16_Rs1-719
r=18_16_Rs1-719
r—m3_32_Rs1-719
r—mS_32_Rs1-713
r—mG_532_Rs1-719
r—5_B4_Rs1-713
r—7_B4_Rs1-713
r—341_64_Rs1-719

HPOZ54/1-713
r=12_4_S/1-713
r—26_4_S/1-719
r—mB_8_S/1-713
r—m7 _16_R/1-719
r—m3_1E_R/1-719
r—14_16_R/1-719
r—18_16_R/1-713
r—m3_32_R/1-719
r—mS_32_R/1-719
rm_32_R/1-713
r—5_64_Rs/1-713
r—7_64_R/1-719
r—41_B4_Rs 17 19 CACACAGCEATEELAATGAAGASATGATLAAS AGCGOITCAGCGETGAT GREGAT ATGCCCRRT A AGACCCAGCGAGEIGELACCACACALCTA ———————

HFO954-1-=719

r—12_4_5s1-719
r—z28_4_3=51-713
r—m8_8_5-1-719
r—m7_16_Rs1-719
r—-ma_16_Rs1-713
r=14_16_Rs1-719
r—18_16_Rs1-719
r—-m3_32_Rs1-719
r—mS_32_Rs1-719
r—mE_32_Rs1-719
r—5_G64_RS1-713
r=7_B4_RS1-719
r—41_E4_Rs1-719

HPO954-1-719

r=12_4_5s1-713
r—28_4_571-719
r—m8_8_5s1-713
r—m7_16_Rs1-713
r—mi_16_R-1-719
r=14_16_Rs1-713
r—18_16_R-1-7189
r—m3_32_Rs1-713
r—m5_32_RS1-7189
r—mE_32_RS1-713
r—5_B4_Rs1-719
r—=7_B4_Rs1-713
r—41_EB4_Rs1-7183

510 520 530 540 550 560 570 580

HPO954-,1-713
r—12_4_S/1-719
r—2B_4_S/1-718 BTEEECEAAATTTTAGAAGAGCETATCAATAAGBCOTAAAATOECATET TTEATCECAT TEGE T AAGAGGCT TTEATCCT TTAA,
r—m8_8_S/1-719
r—m7_16_R/1-71
r—m3_16_Fs/1-7
r=14_16_R/1-7
r=18_16_R/1-7
r—m3_32_Rs1-7
r—m5_32_R/1-71
r-mE_32_R/1-719
r—5_B4_R/1-719

r—7_64_R/1-719

r—41_B4_Rs1-719

=)
19
19
19
19
=]

HPOS54-1-719

r=12_4_5s1-719
r—28_4_Ss1-713
r—m8_8_=/1-719
r—m7_16_R/1-719
r-m3d_T6_R/1-713
r=14_16_R-/1-719
r—18_16_R/1-719
r-m3_32_Rs/1-713
r-m5_32_Rs/1-713
r—mG_32_R/1-719
r—5_B4_Rs1-719
r—7_B4_Rs1-713
r=41_B4_R/1-719

Fig. 1. Multiple alignment of the rdxA gene nucleotide sequences for 13 of H. pylori strains. The MICs of MTZ (ug/mL) are
illustrated following the first underline of the strain name. R, resistant; S, sensitive.



Helicobacter pylorie| metronidazole W& 7|X

10 20 30

HPO954/1-236

r=12_4_%/1-236
r—28_4_5/1-236
r-mB_8_5/1-236

a0 100 110
HPOI5 4/ 1-236
r=12_4_5/1-296
r—28_4_5/1-236
r-mA_8_5/1-236
r=m7_1B_R/1-23E
r-m3_16_R/1-236
r—14_16_R/1-23B
r—18_1E_R/1-23E
r-m3_32_R/1-236 Ry

HFO54/1-236

r=12_4_5/1-236
r—28_4_5/1-236
r—mB_B_5/1-236
r—mi _16_R/1-236
r-md_16_R/1-236
r=14_16_R1-236
r=18_16_R/1-236
r-m3_32_R/1-236
r-m5_32_RA1-236
r-mb_32_R/1-236
r—5_B4_R/1-236
r—7_64_R/1-236
r—41_B4_R/1-238

BFOPLKWAKFKSYS | SLESHYSHIYR

——DPYFCSNAWRE [OPC

81

40 a0 GO 7o g0

120 130 140 150 16C

FCGANLBGRELNG I GL

200 210 220 230

ROFRRAS0ANBMUDRIGE

BREKSYSISLM

DRIGH

Fig. 2. Multiple alignment of the rdxA gene amino acid sequences for of 13 H. pylori strains. The MICs of MTZ (ug/mL) are
illustrated following the first underline of the strain name. The x means the stop signal.

stk A A o of el 27 E vk H. pylorie] A4 v & Al

" &7 Z271E o] 83FA g 1A Wl A] metronidazole
o] 28 71L& #71d Al 759 FAFSHTHA, 24].
Metronidazole nitroreductase & 37 5] &= ©hil 2 S of| &= fe-
rredoxin (FdxA), flavodoxin (FIdA), ferredoxin-like proteins
(FdxB, OorDABC, and PorCDAB), NAD(P)H flavin oxido-
reductase (FrxA), ~12] 1L oxygen-insensitive NAD(P)H nit-
roreductase(RdxA) o] 21 t}H25]. Metronidazole W4 7]
Aell A A AAHIL D= R 7HA] 7HEEel

+ catalase

32 superoxide dismutase?] W 02 A& W oxygen
radicals A 7 o] F-7}ke] e1g WA o] & 5(2,4,5], vt &
&2 1 DNA 74 3] 5o o3t WA &5 7HsA416,7], 1
2] 32 2] A Q1 reductase 7] 52| A 8] & WA &
E 7t 5] At} 2 H. pylori®] metronidazoleol] T
g WA 71 #8 7HE 919 e 7HE 2 Goodwin's
[3]°] Ha3l %
ductaseE 79 3} rdx A (HP0954, complete genome se-
quence of strain 26695) 71 2} 2] nonsense ¥ o] 2 213} A

© =, oxygen-insensitive NADPH nitrore-
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A} 7}@ oA BokA st J %] o] nitroreductase
o e sk WAlo] feHhe o £of

o] oi?—’] A 7o)l A metronidazole 7F5A] Al Tl A
£ stop codong -f-23} = nonsense 0|
1, metronidazole WA 10 #FE = oA
o] A\, 24 % Aske] Wol = 91k rdx A AR
stop 41 7} #2 = o], metronidazoleo]] )3+ A 7] ol
rdx A f A Wl 7} AR & % 5 ARleh. el v

A| metronidazole WA} 5 FFo| A& Al A 739
up7H A = vhFe 1A 8 4
o7} #EEHA oY, RAF I A X]% T 2}\% EA A
tq o] A= 1:11—7:] zsl—
B ek A OP"/P-

3+ Debets-Ossenkopp5[27]2 metronidazole Al el
H. pylori NCTC11637 i ol A rdx A A2 Y mini-
IS605 21 =} (novel transposable element)2] AFQ] © 2 rdx
A FARe] Be BEo] Al o] nitroreductase & 49
ggo] i 7118 Bt oWl AFelA] o
ZT O 2 AFE-3F 287 £ rdxA f-A 2}l 26719 A7)
2] 8ko] 913 Eo] sl A = 505 A nucleotideol| 84 bp<]
7] H717F 9 2 metronidazoleo]] Al o)|Qlo
2, 97| H 7R = stop codon Ao 7 WA ko]
o 23S & = AT} T3 HZ rdx A F-4 R Ho)
o] 9] 2] t}E metronidazole nitroreductase 2 F7% & = ©
Mg I3 F3Ae] Ho]E o] metronidazole W43
fridoel Bofddvte A7 Haso] ERE I U9, 10,
211 whebA BTk e S Bl FRES O R met
ronidazole WA 7] Aol &3l tjFe A7 sttt
Atgdt.

gtk etw FelH dol A £l F metronidazole WA
H. pylori 732 50%0°l A rdx A A =} W stop A1 5 7} AJ
Atk 97] Wol o} Belo] glom], Eak rdxA f7A ¥
o] 9ol & FHAE=<] ¥ o] 7} metronidazole WA 2
I Ado] s AR AR H T

o] 4

g

o2

)

2 o

Hi & : Helicobacter pylori (H. pylori)’} A&% &
s A9Fe) A mol FEA g Aol AP
Rom, 7P £3] AHEE I e dAle clarlthromy-
cin, amoxicillin, metronidazole So|t}. & o] & 3 A
of thgt W dFEo] Skt lom, ol g A
A2 A5 Asfe] a3 dlo] =z it o] AT
e oA E] sjdd H. pylori #FE5& 4oz
metronidazoleol] o] 3k WA <43t A 71 A & 8913] 7] ¢
3}o] oxygen- insensitive NAD(P)H nitroreductase S = 3}
= rdxA f2 4 ol 2 B sk

HE W 9, A3t A dY 5 o
TR Qe PR A4S AN @ ARl &

et

1A= 7I—K-IE_E|’

(=] y © o

ST, USA, 2 Efd

vl <k 22 H. pylori #3523 o3 o2 A Au)=] v] g
3] A1 & o] &3}o] metronidazoleol] o 3+ AW A A
X

AAS A A3 . H. pylori®] metronidazole WA S 2
Aok A4 ABEE 16 gl o 302 ST H,
pylori2] metronidazoleol] 7+ <1 3 #F2F WAI<l 10
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