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MS5-P27�1VSJOF�OVDMFPTJEF�QIPTQIPSZMBTF
GSPN�CBDUFSJVN`Helicobacter pylori`TUSBJO
�������DMPOJOH�FYQSFTTJPO�QVSJGJDBUJPO

DIBSBDUFSJTBUJPO�BOE�DSZTUBMMJTBUJPO
,BSPMJOB�(VDVOTLJ��*WBOB�-F��J��"�MFS��.BSJKB�-VJ��

��� -BCPSBUPSZ� GPS� $IFNJDBM� BOE� #JPMPHJDBM� $SZTUBMMPHSBQIZ
%JWJTJPO�PG�1IZTJDBM�$IFNJTUSZ

FNBJM��LBSPMJOB�HVDVOTLJ!HNBJM�DPN
1VSJOF� OVDMFPTJEF� QIPTQIPSZMBTF� 	1/1
� JT� UIF� LFZ

FO[ZNF� JO� UIF� QVSJOF� TBMWBHF� QBUIXBZ�� *U� DBUBMZTFT� UIF
SFWFSTJCMF�QIPTQIPSPMZUJD�DMFBWBHF�PG�UIF�HMZDPTJEJD�CPOE
PG� SJCP�� BOE� EFPYZSJCPOVDMFPTJEFT� JO� UIF� QSFTFODF� PG
JOPSHBOJD� PSUIPQIPTQIBUF� BT� B� TFDPOE� TVCTUSBUF� UP
HFOFSBUF� UIF� QVSJOF� CBTF� BOE
SJCPTF	EFPYZSJCPTF
���QIPTQIBUF�

Helicobacter pylori�JT�B�(SBN�OFHBUJWF�NJDSPBFSPQIJMJD
CBDUFSJVN� IVNBO� QBUIPHFO� JOWPMWFE� JO� EFWFMPQNFOU� PG
NBOZ�EJTFBTFT�BT�HBTUSJD�VMDFST�BOE�TUPNBDI�DBODFS�BOE
UIFSFGPSF� LOPXO� GPS� JUT� BCJMJUZ� UP� DPMPOJ[F� IVNBO
TUPNBDI��4UVEZ�PG�UIF�H. pylori�EVF�UP�UIF�FWFS�HSPXJOH
JOGFDUJPO� SBUF� BOE� JODSFBTF� PG� H. pylori� BOUJCJPUJD
SFTJTUBODF� JT� DFOUSFE�PO�VOEFSTUBOEJOH�QBUIPHFOFTJT� BOE
GJOEJOH�B�XBZ�UP�BUUBDL�BOE�FSBEJDBUF�H. pylori�

H. pylori� 1/1� SFQSFTFOUT� QPUFOUJBM� ESVH� UBSHFU� BT� UIJT
CBDUFSJVN�DBOOPU�TZOUIFTJ[F�QVSJOF�SJOHT�UISPVHI�de novo
QBUIXBZ� BOE� IBT� UP� SFMZ� PO� QVSJOF� QSPEVDUJPO� UISPVHI
QVSJOF� TBMWBHF� QBUIXBZ�� *U� CFMPOHT� UP� UIF� DMBTT� PG
CBDUFSJBM� IJHI�NPMFDVMBS�NBTT� IPNPIFYBNFST� XJUI
TQFDJGJDJUZ�GPS�CPUI���PYP��BOE�PS���BNJOPQVSJOFT�
1VSJOF� OVDMFPTJEF� QIPTQIPSZMBTF� HFOF� deoD� XBT

JTPMBUFE� GSPN� HFOPNJD� %/"� PG� Helicobacter pylori
	TUSBJO������
�BOE�BNQMJGJFE�VTJOH�1IVTJPO�)JHI�'JEFMJUZ
1$3�LJU�XJUI�UIF�TFU�PG�TQFDJGJD�%/"�QSJNFST�GPS�CPUI���
BOE� ��� FOET� PG� UIF� HFOF�� 3FTVMUJOH� QMBTNJE
Q&5��C�)1�����deoD� XJUI� BNQJDJMMJO� SFTJTUBODF� BOE
XJUIPVU� QVSJGJDBUJPO� UBH� XBT� USBOTGPSNFE� JOUP� E. coli
TUSBJO� #-���$PEPO1MVT	%&�
3*-�� *OEVDUJPO� DPOEJUJPOT
GPS� 1/1� FYQSFTTJPO� JO� E. coli� XFSF� PQUJNJTFE� BOE
FWBMVBUFE� CZ� 4%4�1"(&� FMFDUSPQIPSFTJT� PG� CBDUFSJBM
DVMUSBUF�GJMUSBUF�
1VSJGJDBUJPO� PG� PWFSFYQSFTTFE� 1/1� GSPN� UIF� CBDUFSJBM

DVMUVSF� GJMUSBUF� XBT� QFSGPSNFE� CZ� BOJPO� FYDIBOHF
DISPNBUPHSBQIZ� PO�2�4FQIBSPTF� ''� DPMVNO��/FYU� TUFQ
XIJDI� HBWF� TJOHMF� QSPUFJO� CBOE� PO� 4%4�1"(&� XBT
BGGJOJUZ� DISPNBUPHSBQIZ� QFSGPSNFE� PO
4FQIBSPTF�'PSNZDJO"�DPMVNO�
#JPDIFNJDBM� DIBSBDUFSJTBUJPO� JOWPMWFT� LJOFUJD� TUVEJFT

BT� XFMM� BT� UFNQFSBUVSF� BOE� Q)� FGGFDUT� PO� TUBCJMJUZ� BOE
BDUJWJUZ�PG�1/1��$SZTUBMMJTBUJPO�FYQFSJNFOUT�XJUI�QVSJGJFE
QVSJOF�OVDMFPTJEF�QIPTQIPSZMBTF�GSPN�H. pylori�BSF�VOEFS
XBZ�
,FZXPSET��)FMJDPCBDUFS� QZMPSJ� QVSJOF� OVDMFPTJEF� QIPTQIPSZMBTF
CJPDIFNJDBM�DIBSBDUFSJTBUJPO�FO[ZNF�LJOFUJDT�DSZTUBMMJTBUJPO

MS5-P28�"�TFRVFODF�TQFDJGJD�%/"
HMZDPTZMBTF�NFEJBUFT

SFTUSJDUJPO�NPEJGJDBUJPO�JO�Pyrococcus
abyssi

.BTBSV�5BOPLVSB��,FO�JDIJ�.JZB[POP��:PTIJLB[V�'VSVUB��
.JLJ�8BUBOBCF�.BUTVJ��5BLVZB�.JZBLBXB��5PNPLP�*UP��*DIJ[P

,PCBZBTIJ���

���%FQBSUNFOU� PG�"QQMJFE�#JPMPHJDBM�$IFNJTUSZ�(SBEVBUF�4DIPPM
PG�"HSJDVMUVSBM�BOE�-JGF�4DJFODFT�5IF�6OJWFSTJUZ�PG�5PLZP
���%FQBSUNFOU� PG�.FEJDBM�(FOPNF� 4DJFODFT�(SBEVBUF� 4DIPPM� PG
'SPOUJFS�4DJFODF�5IF�6OJWFSTJUZ�PG�5PLZP
���*OTUJUVUF�PG�.FEJDBM�4DJFODF�5IF�6OJWFSTJUZ�PG�5PLZP
��� (SBEVBUF� 1SPHSBN� JO� #JPQIZTJDT� BOE� #JPDIFNJTUSZ� (SBEVBUF
4DIPPM�PG�4DJFODF�5IF�6OJWFSTJUZ�PG�5PLZP

FNBJM��BNUBOPL!NBJM�FDD�V�UPLZP�BD�KQ
3FTUSJDUJPO�NPEJGJDBUJPO� TZTUFNT� DPOTJTU� PG� HFOFT� UIBU�

FODPEF� B� SFTUSJDUJPO� FO[ZNF� BOE� B� DPHOBUF�NPEJGJDBUJPO�
NFUIZMUSBOTGFSBTF�� *U� XBT� CFMJFWFE� UIBU� SFTUSJDUJPO�
FO[ZNFT�BSF�TFRVFODF�TQFDJGJD�FOEPOVDMFBTFT�UIBU�DMFBWF�
EPVCMF�TUSBOEFE�%/"T�BU�TQFDJGJD�TJUFT�CZ�DBUBMZ[JOH�UIF�
IZESPMZTJT� PG� QIPTQIPEJFTUFS� CPOET�� 3�1BC*� JT� B� UZQF� **�
SFTUSJDUJPO� FO[ZNF� GSPN� B� IZQFSUIFSNPQIJMJD� BSDIBFB�
Pyrococcus abyssi�UIBU�SFDPHOJ[FT��m�(5"$��m�TFRVFODF�
BOE� DMFBWFT� EPVCMF�TUSBOEFE�%/"T�XJUIPVU� UIF� BEEJUJPO�
PG� B� EJWBMFOU� DBUJPO� BMUIPVHI� NPTU� SFTUSJDUJPO� FO[ZNFT�
SFRVJSF� EJWBMFOU� DBUJPOT� GPS� UIFJS� BDUJWJUZ�� 5IF� TUSVDUVSBM�
BOE�NVUBUJPOBM� BOBMZTFT�PG�3�1BC*� JO�PVS� QSFWJPVT�XPSL�
TIPXFE� UIBU�3�1BC*� GPSNT�B�IPNPEJNFS�BOE�IBT�B�OPWFM�
%/"�CJOEJOH�GPME�DBMMFE�B�bIBMG�QJQFc�XIJDI�DPOTJTUT�PG�
B� IJHIMZ� DVSWFE� BOUJ�QBSBMMFM� C�TIFFU�� #FDBVTF� UIF�
TUSVDUVSF�PG�3�1BC*� TIBSFT�OP�TUSVDUVSBM� TJNJMBSJUZ� UP�BOZ�
PUIFS�QSPUFJO�XJUI�B�LOPXO�GVODUJPO� UIF� TUSVDUVSBM�CBTJT�
GPS� UIF� TFRVFODF�SFDPHOJUJPO� BOE� %/"�DMFBWBHF�
NFDIBOJTNT� PG� 3�1BC*� SFNBJOFE� VODMFBS�� *O� UIJT� TUVEZ�
XF�SFQPSU�UIF�DSZTUBM�TUSVDUVSF�PG�3�1BC*�JO�DPNQMFY�XJUI�
B� EPVCMF�TUSBOEFE� %/"� DPOUBJOJOH� UIF� 3�1BC*�
SFDPHOJUJPO� TJUF�� 5IF� TUSVDUVSF� PG� UIF� 3�1BC*�%/"�
DPNQMFY� TIPXT� UIBU� 3�1BC*� VOXJOET� B� EPVCMF�TUSBOEFE�
%/"� BU� UIF� �m�(5"$��m� TJUF� BOE� GMJQT� UIF� HVBOJOF� BOE�
BEFOJOF� CBTFT� PVU� PG� UIF� %/"� IFMJY� UP� SFDPHOJ[F� UIF�
TFRVFODF� 	'JHVSF
�� 5IF� FMFDUSPO�EFOTJUZ� NBQ� PG� UIF�
3�1BC*�%/"�DPNQMFY�TIPXT�UIBU�3�1BC*�SFMFBTFT�BEFOJOF�
CBTFT�GSPN�UIF�3�1BC*�SFDPHOJUJPO�TJUF��5IJT�TVHHFTUT�UIBU�
3�1BC*�DBUBMZ[FE�UIF�DMFBWBHF�PG�UIF�N�HMZDPTJEJD�CPOE�PG�
BEFOJOF� OVDMFPUJEF� JO� UIF� TBNF� XBZ� BT� %/"�
HMZDPTZMBTFT�� #JPDIFNJDBM� BTTBZT� VTJOH� )1-$� BOE�
."-%*�50'� .4� TQFDUSPNFUSZ� BMTP� TVQQPSU� UIF�
PCTFSWBUJPO� UIBU� 3�1BC*� DBUBMZ[FT� UIF� IZESPMZTJT� PG� UIF�
N�HMZDPTJEJD� CPOE� PG� BEFOJOF� OVDMFPUJEF�� 5IFTF� SFTVMUT�
TIPX� UIBU� 3�1BC*� JT� OPU� BO� FOEPOVDMFBTF� CVU� B�
TFRVFODF�TQFDJGJD� BEFOJOF� %/"� HMZDPTZMBTF�� 3�1BC*� JT�
UIF�GJSTU�FYBNQMF�PG�B�SFTUSJDUJPO�FO[ZNF�UIBU�TIPXT�%/"�
HMZDPTZMBTF�BDUJWJUZ��.VUBUJPOBM�BOBMZTFT�SFWFBM�UIF�BDUJWF�
TJUF� PG� UIF� BEFOJOF�%/"�HMZDPTZMBTF� BDUJWJUZ� PG�3�1BC*��
5IF� UXP� PQQPTJOH� BQVSJOJD�BQZSJNJEJOJD� 	"1
� TJUFT�
HFOFSBUFE� CZ� 3�1BC*� BSF� DMFBWFE� CZ� IFBU� QSPNPUFE� C�
FMJNJOBUJPO� BOE�PS� CZ� FOEPHFOPVT� "1� FOEPOVDMFBTFT� PG
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IPTU� DFMMT� UP� JOUSPEVDF� B� EPVCMF�TUSBOE� CSFBL�� `
3FGFSFODFT��,�.JZB[POP�:�'VSVUB�.�8BUBOBCF�.BUTVJ
5� .JZBLBXB� 5� *UP� *� ,PCBZBTIJ� .� 5BOPLVSB�� /BU
$PNNVO��������������

�$SZTUBM�TUSVDUVSF�PG�UIF�3�1BC*�%/"�DPNQMFY�

�SFTUSJDUJPO�FO[ZNF�%/"�HMZDPTZMBTF

MS5-P29�4USVDUVSF�GVODUJPO�SFMBUJPOTIJQ�PG
[JOD�EFQFOEFOU

�mOVDMFPUJEBTFT�FOEPOVDMFBTFT
+BO�%PIOBMFL��5PNe��,PWBÄ���.eSJB�5SVOEPWe��+BO�4USeOTL��
,BSMB�'FKGBSPWe���1FUS�,PMFOLP���+BSNJMB�%V�LPWe��5FSF[B

4LeMPWe��+JOE�JDI�)B�FL�

��� *OTUJUVUF� PG� #JPUFDIOPMPHZ� "4� $3� 7iEFÅTLe� ����� �����
1SBHVF�$[FDI�3FQVCMJD
��� *OTUJUVUF� PG� .BDSPNPMFDVMBS� $IFNJTUSZ� "4� $3� )FZSPWTLwIP
OeN����������1SBHVF�$[FDI�3FQVCMJD

FNBJM��EPIOBMFL���!HNBJM�DPN
0VS� FBSMJFS� TUSVDUVSF�GVODUJPO� TUVEJFT� PG� UPNBUP

CJGVODUJPOBM� OVDMFBTF� �� 	5#/�
� TIPXFE� TFWFSBM� LFZ
DIBSBDUFSJTUJDT�PG�UIJT�OVDMFBTF�DBQBCMF�PG�DMFBWJOH�TJOHMF
TUSBOE�BOE�EPVCMF�TUSBOE�%/"�3/"�BOE�TUSVDUVSFE�3/"
BOE�BMTP�DBQBCMF�PG��mOVDMFPUJEBTF�BDUJWJUZ�	,PWBM�et al.
����
��5#/��CFMPOHT�UP�B�XJEFS�HSPVQ�PG�[JOD�EFQFOEFOU
OVDMFBTFT�GSPN�QMBOUT�CBDUFSJB�BOE�FVLBSZPUJD�QBUIPHFOT�
5IFJS� OBUVSBM� SPMF� JT� JO� TDBWFOHJOH� PG� OVUSJFOUT� TQFDJGJD
BQPQUPUJD� QSPDFTTFT� BOE� TFOFTDFODF� JO� QMBOUT� PS� JO
QBUIPHFO� v� IPTU� JOUFSBDUJPOT�� 0VS� Y�SBZ� TUSVDUVSF� PG� UIF
5#/��FO[ZNF�QSPWJEFE�B�EFUBJMFE�WJFX�PG�UIF�BDUJWF�TJUF
BOE� SBUIFS� VOVTVBM� BOE� SFQFBUFE� PDDMVTJPO� PG� UIF� BDUJWF
TJUF� JO� DSZTUBM� TUSVDUVSFT� CZ� B� TVSGBDF� MPPQ� PG� B
OFJHICPVSJOH� FO[ZNF� NPMFDVMF� 	,PWBM� et al.� ����
�
0UIFS� TUSVDUVSBM� TUVEJFT�XFSF�QFSGPSNFE�CZ�PUIFS�HSPVQT
GPS�Penicillium citrinum %/BTF�1��	3PNJFS�et al.�����

BOE�GPS�BO�Arabidopsis thaliana FOEPOVDMFBTF�	:V�et al.
����
�� 5IF� LOPXO� TUSVDUVSFT� BOE� GVODUJPOBM� EBUB� GPS� BMM
UIFTF�OVDMFBTFT�QSPWF�QSFTFODF�PG�NPSF�PS� MFTT� JEFOUJDBM
BDUJWF� DFOUSF� 	USJOVDMFBS� [JOD� DMVTUFS
� CVU� TIPX� EJGGFSFOU
TVCTUSBUF� TQFDJGJDJUZ� BOE� NPEVMBUJPO� PG� UIF� BDUJWF� TJUF
BSPVOE� UIF� DBUBMZUJD� DFOUSF� UPHFUIFS� XJUI� WBSJFE� Q)
PQUJNB� BOE� TVCTUSBUF� QSFGFSFODF�TQFDJGJDJUZ�� "UUFNQUT
XFSF�NBEF� UP�EFTDSJCF� JO�EFUBJM� UIF�DBUBMZUJD�NFDIBOJTN
PG� UIJT� FO[ZNF� CVU� PVS� SFDFOU� EBUB� TIPX� UIBU� PVS
VOEFSTUBOEJOH�PG�TVCTUSBUF�CJOEJOH�DMFBWBHF�BOE�QSPEVDU
SFMFBTF�JT�MJNJUFE�BOE�GVSUIFS�FYQFSJNFOUT�BOE�BOBMZTJT�BSF
OFDFTTBSZ��)FSF�XF�VOEFSUBLF�UIF�UBTL�PG�NBQQJOH�LOPXO
TUSVDUVSBM�EBUB�POUP�PUIFS�LOPXO�TFRVFODFT�PG�OVDMFBTFT
PG� UIF� TBNF� UZQF�� 5IF� NBJO� RVFTUJPOT� JODMVEF� UIF
WBSJBCJMJUZ� PG� UIF� SPMF� PG� HMZDPTZMBUJPO� GPSNBUJPO� PG
TUBCJMJ[JOH� EJTVMGJEF� CSJEHFT� QSFTFODF� BOE� OBUVSF� PG� UIF
GJSTU�BOE�TFDPOE�CBTF�CJOEJOH�TJUF�FO[ZNF�NBUVSBUJPO�BOE
FTQFDJBMMZ�TVCTUSBUF�TQFDJGJDJUZ�BOE�JOIJCJUJPO��0VS�QSPKFDU
JT� GPDVTFE� PO� TUSVDUVSBM� DIBSBDUFSJ[BUJPO� PG� Legionella
pneumophila��mOVDMFPUJEBTF�BOE�JUT�JOIJCJUJPO�BOE�SFMBUFE
FO[ZNFT� GSPN� USZQBOPTPNBUJET�� 3FDFOUMZ� XF� IBWF
TVDDFTTGVMMZ� DMPOFE� BOE� FYQSFTTFE� UIJT� FO[ZNF� XIJDI
VOEFS� OPSNBM� DPOEJUJPOT� JT� UPYJD� GPS� UIF� QSPEVDJOH
CBDUFSJVN�
5IF� QSPKFDU� JT� TVQQPSUFE� CZ� #*0$&7

$;��������������������� &3%'� BOE� .4.5� QSPKFDUT
&&������������BOE�-(������
���,PWBM�5��-JQPWPWB�1��1PE[JNFL�5��et al.� 	����


"DUB�$SZTU��%�����������
��� 3PNJFS� $�� %PNJOHVF[� 3�� -BIN� et al.� 	����


1SPUFJOT������������
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� �mOVDMFPUJEBTF� FOEPOVDMFBTF� [JOD� DMVTUFS� TVCTUSBUF

TQFDJGJDJUZ�IVNBO�QBUIPHFOT�-FHJPOFMMB


