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Abstract

Background: Due to the high rate of Helicobacter pylori infection in our country and its treatment failure,
and also because of the high prevalence of antibiotic resistance of this bacterium, evaluating causes of
Helicobacter pylori resistance to metronidazole and its effect on the therapeutic course is necessary.
Materials and methods: A biopsy sample was obtained from 275 suspected patients referred to Imam Reza
Hospital in Tabriz. After identification of Helicobacter pylori, bacterial suspension (4 McFarland Standard)
was poured onto plates and then antibiotic discs of metronidazole and E-test were placed on it.
Metronidazole-resistant strains were detected and mutations in the frxA gene were detected by PCR.

Results: Of 112 isolated strains, 85 resistant strains were identified. Resistance to metronidazole was more
prevalent in women (50%) than males (35%). Of 85 resistant strains, 70 strains (82.35%) had MIC>8 in the
E-test; while in the DDA, 88 strains were resistant. Of the 20 randomly selected metronidazole-resistant
strains, mutation was proved in the frxA gene in 4 strains, but mutagenesis was not proved in susceptible
strains.

Conclusion: Helicobacter pylori resistance to metronidazole is high in this area and the frequency of this
resistance is higher in women than in men. One of the mechanism of resistance of Helicobacter pylori to
metronidazole is the occurrence of a mutation in the frxA gene, but this mutation is not the only factor in
developing resistance to metronidazole and the evaluation of other molecular mechanisms of resistance to
metronidazole seems to be necessary.

Keywords: Helicobacter pylori, Antibiotic resistance, Metronidazole, frxA gene.

Cited as: Ardabili F, Malekoughli R, Zaman J. Investigation of frxA gene mutations in metronidazole resistant Helicobacter pylori
strains in Tabriz City. Medical Science Journal of Islamic Azad University, Tehran Medical Branch 2020; 30(3): 281-286.

Correspondence to: Farshid Ardabili

Tel: +98 9103781468

E-mail: farshidardabilil375@gmail.com
ORCID ID: 0000-0001-8058-0655

Received: 27 Apr 2019; Accepted: 18 Mar 2020


http://dx.doi.org/10.29252/iau.30.3.281
https://dor.isc.ac/dor/20.1001.1.10235922.1399.30.3.7.2
https://tmuj.iautmu.ac.ir/article-1-1811-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-01-30 ]

[ DOR: 20.1001.1.10235922.1399.30.3.7.2 ]

[ DOI: 10.29252/iau.30.3.281 ]

J3lekis yio 4 pslie (5 pkey yiSLaSald 1o FTXA o5 slo it oI35 oSS S5 ke alzma (YA

okl QI}T oliils (S pole aloxo Original
YAZ B YAY Glao A9 50l oV o )leds e 0,90 Article

Joilawig o s palio (5 sk piSlgSld gl s gm H TIXA (1) b v ()
P Ol pe 50

Tole) ol T eyl o Loy T lwd f onid 48

el 5,965l e ool S5 oSl 5355l axly lgz oo Sy ol !
Olrl el (1) 5| cadlage o)fol gl i) lbiw Lo ™

izl ey o oDl ol3T olEs e o 9y «c35)pmig Ko 08,5 wksy] owolids 5T
ol

Gl £t e 4] s o 3 o355 oyl STl i it e o Yl 4 g7 b B 5 e
el (538 oy Ly 40 5 Il 5 g jldig o o Cod (5l ySTaSile Caglio Yo sy o 5555L ol (Spe (T
9 et oty A g e gl O 00,5 dalyo f i LS, ol i Lo 40 45 SpSio Loy TVD jfiomy 32 009
5 il o S U (SloSd s 5 A i3y loidy (55, Ayl o F o, Lilias] oleo 55T yprilinsgn (55l 5 ToSlo
s by QIIIXA 5 0 Siez £85 PCR (39, by s ploless yiluigio 4 pglie (clodyspns s 03l 118 ] o5 Elest cla o
0 D0 (VTD) o 1 yiiw (VD) 555 10 o jlisig o s Caoglio a5 il laleis pglio dgus AD ol dyguw 11T j/:a8L

AR Sluei DDA g, 10 (g s C8L Livg MIC>S (o)) 45 g5y yio v pgldo dyguw AD I dyges VAT/ID) Ve olaes E-test g,
Susceptible (slodigw o g s CUIIXA (35 10 gelize iz F o i fgjlhiig o 4 pglio Solai dyges T jl it S5k glio 4y
9 e GLBT 1 e bl 0 Cuoglio s g ol Yo dibato 10 oy rio 40 (559l 5iLaSile Caglio o 16 yoS dxadt
il ris e d Coglio Jole b ol Sy el JrXA (5 10 g E5%5 il rte 4 S (55l yITTaSilo Cusglio slopn S
ey B U (55900 Jpilhig e 4 Ceoglio  SiSpe (Slapaciilo plo Dbl 5 Cenci

FxA 5 o faslds o « Seges T Ceoslio w55k ySTaSile 5elS TSl

P SerGlas o) jlg ang Jlo po slaysiS o Jlas
L S0 ol (1) 99 o Jiiie 4idly dasngi (sl )25
a3y odnn o il s 25 Lo o
SFUS 515 58 sl lom s MALT psad osme b s
Sz sLas om0 (o~ sl Lo adox
Sty ginwgen s (61)9)9 os0il Wiy pd ealdg slacs Lo
Ol el Bl o 55 5 Loyog S5l ey lo9aS” o
by SO Az g5 (leie 4 VARY Lo o s 25L
S8y = sl Sz Sl el (Lol Gy ]

X) 0 g0y il by

doddo

S ST (e (e p5 (555 S yoka SLSla
el 3l S 6l ol () el Jds sl Sis
Sapmad 5l (e 090> g Sl Gl )3 (oL S slemighe
- £983 oly 5l boas Cigae aiind Sl ol Jol> ol

bl 35T oSl 353K s (S ke sl 5535 i gt 0kl 5 oy
(email: : farshidardabilil 375@gmail.com) _L.s

ORCID ID: 0000-0001-8058-0655

ATV cdlls Sy o)

SANY/TY e 2y ,6


http://dx.doi.org/10.29252/iau.30.3.281
https://dor.isc.ac/dor/20.1001.1.10235922.1399.30.3.7.2
https://tmuj.iautmu.ac.ir/article-1-1811-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-01-30 ]

[ DOR: 20.1001.1.10235922.1399.30.3.7.2 ]

[ DOI: 10.29252/iau.30.3.281 ]

YAY | o) g Loyl oo 8

A4 ;b @ Yo,lal ®Yeo,g0

kg 9 0lge

S VO (69, WYY Jlow o (heloim gaogi aslllas ()]
e L 5 (©) Lo, el b jlocs sy 00iS e o
oM g oome 55 JLingis oS5 vy il S
el @lloe Sl aulas 5l o plonil JU36g 515 2ls
AS] g g0l YVO olawi g 8 5 O jg0 odme (o sSuwgui]
Sy ol e 3 aian 50 10 qedle gl ol 0
(510 agei 5 55 mogil plosl I L3 5 diogs 00,55 il
s Ll e g ol o

b 5L

5oy Al oSl ey 3l oi A gy (sLndges
el o0 oolal) ST il s amo 4y o3t
o celw Yl 1 eS jo g wosd e donijluw Josdl gt
4S5 g sladiges o Jlol cwlids g5 olKisloj]
ST gy S Ly o 5 o0l g Carto 51 o)l
Lo gy 00l olonl Silidg Slg Sn Loyl 13 40 g dous ool S
pladl 5l ae .ol asSSl 59, ¥ S 4y g SloguS gl o
cds a4y ail wb, gla S s slacly ysenlisSl 55
SIS0y (oSS 5 gl Slitalojl ool b 5 Sk (g
slma_Jsul Gloygl g slar ST YL SIS o s, 5
Nl (ololid (5 9k S LgSla

S 92 (FT il (ysd

slacens plodl gz wad i (9ks ySbeSla (sladgen
ools S LT Mg S Loy o 40 0o ool Sgm 51
Al oy sl ol 5l geilisSSl 59, ¥ 5l ams 5 Wad
3 s 9 s A8 S P Jolns (5,0 (gl
ST st Joe S Laoms (59 2 (029,50 Ogrmlpomges )
=l GlacSss 5l g ol ooy ST gaiaweS > 1D (g9l
4o oS L ol (59 BAtest bl 5 g aliee (Som
adly yad 1 aiwlisSTl 59, Y=0 5l am g ol ools |3 ailflas job
A3 &S Joilsg e MIC Glie g 0 poe

Lol 5l (sazes B Jlade (oisis s plonl
03,5 gozr |y CutS Laomo o ;0 48l W) (5)5ke S LgSla
909, biie o3 Ol sl (slacgris Koo S50 41 5

e plaSise (515l s cigie oy gl
Ol (S g0l prmalog 20 IS ¢ Jg3lads e (prdSold 5
5 OS89 s g Cyaly ¢ymmalag 2 oSl 98 503
[onoidly oo sl (51 LS 5 L olyom 9 039, 1 0)90 G
Joil= 95 1g3lm o= 193l el [opoigold [ oppaitaslw
() 0,5 ool

s S gol e Jg3laig o o0l SO slacSiise (Sl o
9,50 3md Jelge (i Caalog 2o M5 g dSl 5
00 Hlpe S b S 5 0 a8 s (loyo 40 oolaiwl 840
Hpylori cgie layd sl Sgom Seod L (5850 ooy
OISl 78 5l G 55 658k ax ST e oo ool
)l il Sl e ol b wgdige o 4l Sloys w23,
@l slaSsn (Sl Cuglio g 5l 4 liler by Joos
(F) st oy s Lol Yo

= et 3l g Jashails i logyls 51 (Ko Jg3las e
150 00l slol Sgte slas o loys (g8 b o Sigm
SSle (= slas S L ong 4 eyl (nl 4 Gulas (SlapaslS )
oo 33850 g5l g ie Zula Tg3e gy g
Seoglie j9,m Ly (95T b oo @ 8ly o (5 poke S bsSila
@l b 1y o gy cal s 5 sl 00 5 49, (29,500
S A S Brae ek (nSgel allg o &5 Lo
e 00 xska s LusSile sl o)1 cnl gene 95 s
(0) el 355 30 bgo g5

o gl lays slapss) ol S e 0 et
a Caglin 35 ;0 (0l GlppmnndlSe .l (SSg
St oy ol Ll Siege 457010 0529 Joilasis e
OipSTa wlws , e NADPH 5 o i (efflux)
S s (Sl (g (fTXA) SS90 j900mST 03Dl (rdXA)
9 ProA ) jLiS'es a1l o (fdXB o fdXA) o wSso
o XA )5 ot Jlsd 8 1S aed 3l 45 ol (proB
(F) Canl TdXA 3

Saok PSSl (sLa g Ceglio (e Lo aalllas (ol )
sloaos Ll ol Bl g Jgjlasy e a (lhbow 5l oads la

.Molo)l)é gu));uzuﬁ'XA

XA 5 glmM sle35 slo ol ) Jgur

Gene Primer Sise(Bp) Ref

glmM F:GGATAAGCTTTTAGGGGTGTTAGGGG 294 (25) 7
R:GCTTACTTTCTAACACTAACGCGC

FrxA (hp0642) F: 5 TCTAGGTTCGCTCA AATCAT-3’ 303 (25) ®)

R: 3" AATAACTTCTGTCT TCCAGC- 5’



http://dx.doi.org/10.29252/iau.30.3.281
https://dor.isc.ac/dor/20.1001.1.10235922.1399.30.3.7.2
https://tmuj.iautmu.ac.ir/article-1-1811-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-01-30 ]

[ DOR: 20.1001.1.10235922.1399.30.3.7.2 ]

[ DOI: 10.29252/iau.30.3.281 ]

J93luwig yio 41 pglio (5 yakn Lol yo frXA (5 o s

eolsl3T ity iy pole aloo /YAF

L g ‘515] O Cwglie G )l gme bLS,I S

(P> /D) wid cdl i
SRRNUCHE JCNTRE FEN NN P NCHER e
Jooz 50 adllas (pl )0 ouds lax (6550 iSLsSle sla

el 00 03,91 ¥

Callhe mp b 3)lge TAA jo S g 5T 0)5) cos @l
bLi)l 05 omz 5 Jglassre 4 Coglin o izl
5 ohlom olams oo (e[ v o)) Cubls 929 (5l sima
cold sgzg sla g bl i s leeg S
bls,)l Coiz g G loeg,S g Lol (p<+/- -0 ))
auid odmlice (5l cme

o oz (55l SsSln o g

Jojlasdsyie & polie la aygu olaas Obles
CEF ) T 5y
(/SOIAA) b o
(LAY AD e
60
50
50
40 35
30
20
12
w - |
2
0 ! — ‘
[ Ieb} ‘;0 ) 2 u;z
e 35 5 8
L el

E- gy 4 Jgslasg e 40 5 9k xS LeSila Coaglie ) jloges
test

sl slp Jgiladgie (FauS e clale o 2eS
o390 45 5,5 _aseie E-test Lis, b sysba i LsSla

s WY o Jgilabgye  ly MIC oynss
Lol YOF pg/ml G +/+\#ug/ml

a9 (LAYIYO) Vo slass E-test jig, L MIC s )0
Qiogs MIC>256 (sl)ls ¢ Jg3lanig rin 4y pylae 4yqum AD
AA ‘)lﬂ Oheed S e bl jo Jg (Y JSK2)
i plxl Sldlas wlol 5 ol cdl polie a4y gu

Joslasg e sl 16mm< LS 4wl pae alls JoSCas
Al a8 )8 las o pglae MIC < Amg/L ¢ DDA s jo

Yo sles yo oy Sliole;] all g DNA 2l sl g
A (6l ol § il 4z o

DNA z/ 5wl

L g Boiling g, b ooy laz (glodygus JI DNA #l Seil Jos
SS9z ol el E85 505 (5l EuS ool
A BT s g ST ] S B 0 3550
4o glmM (05 (oLl (s yoks ySLisSila sladlgnl jaseis
G Cagr s o 0 (nl 59 28,5 plaxl G PCR ()
L XA 0 58 Ggealige (aseid johaie 4 Gupn o o3liu
<88 plxil PCR solaiz! gl yal s 5l oolal

frxA ¢ gImM slacy; sLs Lol caz oo soliiwl sl peoly
b edp )5 4 ) Jgar Bl Gios ol o

Ohgy 4o glmM g fixA lay; (oo, DNA gl el 5l an
a3l a4 S O g0 ol 4y .28 5 sl multiplex-PCR
J51 50 Lacsis Ko )] 4 sSIIDNA (539381 5 (S0 oo
Vb, 5 LPCR s, 9288 |1, 3150 ISGluge 5 olfiws
AF o adb Y 6,8 S YO s > 0 AF 0 4o
glmM I, a > 5 0A o4 5B Y+ «(denaturation) 4= ,»
Y coly o g (extension) a0 YY ;o 4l V¢ 4 (annealing)
A a0 A0 )0 IS S5 5 gImM 5 (gl 4z 0 VY o adds
FradbVe Glhoaz,090 0 Jw Ve addo Ve Sas
JLold 6l g a B Y gl a0 VY gadb Yo (glyax o
Al plodl XA (5 6l daddo S Doy a0 VY 2,V
O § 9 5,589 ZSIPCR Jguazme olfiss )5 plail I oy
5o oo JaSis glaasil ojlasl Sho 5 olSiws 3l eolawl b
A dle Sl L DNA L awslie

ol 5,50 IRLUMS.REC.1398.256 M5l oS b aslllas
a8 5

b sl

b (oyo F4) diged VY conds (5,9] aam (cmmg 4iged YVO
@ Cude oS g 5l 0yl s gl Jle YORVY s Sl
ol idgs 45 ,a OY g 0,0 ,a5 £e wlaws cpl 5l el Cass
S o sSongal ol 51 5 i 5o Jolao oo
il o plonl g adiges oyl iogs 00,55 il o
s aalllas o)y g3 Sleptalojl 5 (S 1]

S Sl e Ced pslie lhage U5 ol
2 Joslas e 4 Cuaglie a5 050 (FAB) AD «Jgjlouds e

30 g O Sloges) g (AYD) ylo e 51 yien (L0-) oL


http://dx.doi.org/10.29252/iau.30.3.281
https://dor.isc.ac/dor/20.1001.1.10235922.1399.30.3.7.2
https://tmuj.iautmu.ac.ir/article-1-1811-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-01-30 ]

[ DOR: 20.1001.1.10235922.1399.30.3.7.2 ]

[ DOI: 10.29252/iau.30.3.281 ]

9 S e J3lg e 4 Comad Suoglie 1 Fge Julge
A oolawl 0550 Yo 1A el apnlige ids e

TS
L @las o rokn sSLeSile slacisie loys oSt
lopsy; ded g SsSB4 Cwglis bplS
5o oolaiul 850wl b SSen (BT ol Sy
realog 2o )M Jgilads e dacdsie cnl leyo
Jo iz b 5 s Sl 5 el 5]
b obse ol e LS 5 )l SVl ddS

P & skt SlgSle (Siger (T Cuglie e
LQ)") oJ.a" WQMM@LQ MLQ.AASW‘ 0oy
ML’ oo oolaul GALW Lglibu.:s) u))‘yo

[, rdxA 4 frxA fdxA 5 4w i (il e 9 Kwon
b g OFF o Josladgrte 4 Cuglie slml o
frxA o5 od Jbd e a5 wols oylas sl .ass S Jvgge
7 9 MIC (ol 38l corgo rdXA 05 (ol Jlad o8 aliee
3 hugie Cwglie ol cel fdxB o5 ol Jld
() 098 o0 Jgsladg e 4 polie slad g

e a8 wole las il e g Jeong YooV Jlo o
G Cweglie il Cose XA o5 Had
Bgbes TAXA (86 5 Jol> sladgw )0 Jgjlads e
Sbaigw ;o Joilabgrie a4 Cowles n (o5 1L
(Vo) o lo rdxA Wl JJT Jol>

s ol 5l Bhes 5 (W by plie s
4 ngO.a L_‘;’"ﬁ‘)ﬁ DS o0 uLm) aS Sl ol L)“’)‘Jf
Solae LV -Ae o SLélse alise ble o ol
a2 oo HLESIST g SID jies slaculu jo ool yled Y Lae
& G Caglis s (53, 2 ellle &5
bog Ojseied Sewd slaghy) 4 barye Glnl 5o Joslasss e
9 Q‘)ﬁ) ) u,«)bli.o.b 9 Siavashi axJlas L Ll MIC
4 ol g Rafeey 5 lo,S o il ¢ Savari
2 dsladsre a4 Cond Cuglie (e s oSl
STYY A0 a5 o i (s ok S LgSln sladlyy
wlie wdlas opl 0 (VY-V0) wis, S )15 L VEI0Y
o b Jgjladsyie & Cuglie (e (V7)) (LS aslllas
(IA?)

A4 5ol @ Yol ® Yo oy90

E-test (b9, b Jgjlassis e 0 Cunglie ) S

Srokn PSLgSule glaaigw H0 glmM o) (2L,
oo lu>

2 ook SLsSile 4 b je DNA 3925wl sl
sleslazwl b glmM 5 obo, 5l oads zl 5wl sladiged
V) as eolaiwl V' Jgaz jo oo o,lil colams! paly
PCR (g, LIrxA o] 59 (gawlige (b2,

Sl uilln olos ololis cu 3035 plo b el
30 Ogwlige 0929 ol colaiul frxA (hp0642) 5
ol g 0 glagulln LA oF glauilSe
% dslie ATCC26695

wgw Vg (Bolas gl pised) pglie wgw Yoo
Olege 4 MICS8 L ATCC26695 o laskiw! wlus>
4 polie wgw Voo jlad pbul PCR (25, by 8
4o (Indel Mutation) ;yeewlbige agw T 0 Jgjlauss e
Ggw ¥ ohemwlige Glls g ¥ o5l ol ol frxA 3
shls Ko wgw 50 5 WoeMIC2256 pg/ml sl,lo
Cdgw ;09 wioe MIC=YY pg/ml ¢ MIC=#¥ug/ml
i Cob ygmwlige Susceptible

pg/ml b cilige slodrgum &5 35 edS Gloioe
L oaS sutes fIXA 5 0 Goamwlige lyls MIC>256
ol adl ol cillas (1) il g Kown sla aisly
5l Sl cde Ll i BB wieils gglse
£ 95 LAt Sux Joilads e 4 polie slaaygu
5 S50 Sype POR L oy XA 05 )3 (9emlipe
adllas cpl a5 cl ol s Gl 0,90 G (B0l
osr Samd 0 Lo sly el g cens Sojglgeasy]


http://dx.doi.org/10.29252/iau.30.3.281
https://dor.isc.ac/dor/20.1001.1.10235922.1399.30.3.7.2
https://tmuj.iautmu.ac.ir/article-1-1811-en.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-01-30 ]

[ DOR: 20.1001.1.10235922.1399.30.3.7.2 ]

[ DOI: 10.29252/iau.30.3.281 ]

J93lauig yio 41 pglie (6 yokm S LgSils yo frXA (5 b

ool ity Kby pole aloo /YAS

LS XA 05 0 Ogemligs £989 Guizmon Zonl fIXA (5 50
Coed J93ledg e 2 S (655k 1S LsSele Cuaglite Jole
OB Jgilads e & Caglie puanilie 10 5 (6508 Jalse
el (6 g Gadod Aol Con (pl ax STl

A e XA G s Jld 8 5l (GBS cnl o
2l byl Ll ol plodl ends 5 con ol (55, g
P eSan 9l e Ole wle Cueglite sl paslSe
fdXA adxA ale> 5l b5 ple )0 Lig> w0 9 RecA
5 yeiS Gble plo o gow sl iesh o ... ¢ fdXB
g o Sleiiny JiBgh 350 ddhaie

Cote o cmsn Bged Gm )0 ook STLsSele slady g
2 Canglie i amd o ylitd Hlal cpl a5 el o ys AD
o Sl Gl 5l Sald (b Gm GRegn 99e Ohlew
5o yoiS 10 Siges o5 ol 4 Cuoglie YL g Yl
9,08 cpl ol Bas cde a4 Slwl slo,gis 51K Sy
sl g cal (B 50 STieless slacisae loys sl
$970 Sl oy sla mus, yo b Sgm (T plo b ]
il 5l (G ars o lis Lo dslllas e .ol
O £989 Jgilanigrie 4 Cus (5 ek S Lol Cuglie

REFERENCES
1. Gerrits MM, Berning M, Van Vliet AH, Kuipers EJ, Kusters JG. Effects of 16S rRNA gene mutations on tetracycline
resistance in Helicobacter pylori. Antimicrob Agents Chemother 2003;47:2984-6.

2.Peterson WL, Fendrick AM, Cave DR, Peura DA, Garabedian-Ruffalo SM, Laine L. Helicobacter pylori—related
disease: guidelines for testing and treatment. Arch Intern Med 2000;160:1285-91.

3.Chan FK, To K, Wu JC, Yung M, Leung W, Kwok T, et al. Eradication of Helicobacter pylori and risk of peptic
ulcers in patients starting long-term treatment with non-steroidal anti-inflammatory drugs: a randomized trial. Lancet
2002;359:9-13.

4.Das JC, Paul N. Epidemiology and pathophysiology of Helicobacter pylori infection in children. Indian JPediatr
2007;74:287-90.

5.Tomatari FH, Mobarez AM, Amini M, Hosseini D, Abadi ATB. Helicobacter pylori resistance to metronidazole and
clarithromycin in dyspeptic patients in Iran. Iran Red Crescent Med J 2010;12:409.

6.Goodwin A, Kersulyte D, Sisson G, Veldhuyzen van Zanten SJ, Berg DE, Hoffman PS. Metronidazole resistance in
Helicobacter pylori is due to null mutations in a gene (rdxA) that encodes an oxygen-insensitive NADPH
nitroreductase. Mol Microbiol 1998;28:383-93.

7.Dadashzadeh K, Milani M, Rahmati M, Akbarzadeh A. Real-time PCR detection of 16S rRNA novel mutations
associated with Helicobacter pylori tetracycline resistance in Iran. Asian Pac J Cancer Prev 2014;15:8883-6.

8.Binh TT, Suzuki R, Trang TTH, Kwon DH, Yamaoka Y. Search for novel candidate mutations for metronidazole
resistance in Helicobacter pylori using next-generation sequencing. Antimicrob Agents Chemother 2015;59:2343-8.

9.Kwon DH, Pefia JA, Osato MS, Fox JG, Graham DY, Versalovic J. Frameshift mutations in rdxA and metronidazole
resistance in North American Helicobacter pylori isolates. Antimicrob Agents Chemother 2000;46:793-6.

10.Jeong J-Y, Mukhopadhyay AK, Akada JK, Dailidiene D, Hoffman PS, Berg DE. Roles of FrxA and RdxA
Nitroreductases of Helicobacter pylori in Susceptibility and Resistance to Metronidazole. J Bacteriol 2001;183:5155-
62.

11.Fallahi G-H, Maleknejad S. Helicobacter pylori culture and antimicrobial resistance in Iran. Indian J Pediatr
2007;74:127.

12.Kim JJ, Reddy R, Lee M, Kim JG, El-Zaatari FA, Osato MS, et al. Analysis of metronidazole, clarithromycin and
tetracycline resistance of Helicobacter pylori isolates from Korea. Antimicrob Agents Chemother 2001;47:459-61.

13.Rafeey M, Ghotaslou R, Nikvash S, Hafez AA. Primary resistance in Helicobacter pylori isolated in children from
Iran. J Infect Chemother 2007;13:291-5.

14.Siavashi F, Safari F, Doratotaj D, Khatami Gr, Falahi Gh, Mirnaseri S. Antimicrobial resistance of Helicobacter
pylori isolates from Iranian adults and children. Arch Iran Med. 2006;9:308-14.

15.Abdollahi H, Savari M, Zahedi MJ, Darvish Moghadam S, Hayatbakhsh Abasi M. A study of rdxA gene in
metronidazole resistant and sensitive Helicobacter pylori isolates in Kerman, Iran. Jundishapur J Microbiol. 2011; 4(2):
99-104.

16.Milani M, Ghotaslou R, Somi MH, Rafeey M, Akhi MT, Nahaei MR, et al. The status of antimicrobial resistance of
Helicobacter pylori in Eastern Azerbaijan, Iran: comparative study according to demographics. J Infect Chemother.
2012;18:848-52.


http://dx.doi.org/10.29252/iau.30.3.281
https://dor.isc.ac/dor/20.1001.1.10235922.1399.30.3.7.2
https://tmuj.iautmu.ac.ir/article-1-1811-en.html
http://www.tcpdf.org

