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Immunomodulatory Effects of Probiotics in the
Intestinal Tract
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DJDLQVW EDFWHULDO SDWKRJHQV
Abstract
$ ORRNGLITHUR®XWQ R ORNX BKLIHWEIHH Q
TKH QWHWVLEQRGLWW®O D U JHR/XWJAEH SHUIRURMKHREULURMQOEL GLIIHYVWQWIQ®BLYV
PLFURKEWL® X OV KVE\FHU BVR/MKKD U P IDXQDG GLIIHBRQWDR/HDLRWKWMY LZHDAW RD NW K H
EHQHIWFILBEROK XPDIQHD OMKKL QW HUD FWIS R MR WWIHP PXQROBRWB®S UREG LLRQNGL
EHWZISHQ E LDRQMELGW H U R.RAVMIHOA W IHDY'W IQQV W R L J K OZ. K RMWD O U HDFISTIX LD ® G K DWW K H
LQAPPXQRPRGXODBMHIRSDW W LEFEWO/IHWODQ W LRIQU H FPWRL B YHR H W @/HHIW@E P P X Q R GBRIRLIE ¢
7TKHITHRWWRE LRMW.FBPH QHQ G R QRMH D F K RI D SURELRWLF VWUDLQ
QHBUREMWUBUR | IROHWRNVOHYVHENHG
O\PSKRFHQNWH U RRAGW B G B HOWDRB RWP HQ $QH[FHOOHQW&XPPLQUWO JDYH
FRQWDIFWKKHMWUDNKRXBKBY\VWHPDWLFDHOURRIG[S O D Q DDV IRRAGKGIR U A K Q F VRV QH
HV W D E OLRHKYHDE X\DKWHH H IRUIBMUREL RQVLKN I XWQ &/ KIHP P X YHV W H& H D OS\WHU VRLQNDK
LPPXQHVWHRGHWND WP LWKMX FR VIDQ G GHWDGOINGULBWLKRMQVWHBDRFP XFRVD
WKXWKSK\VLRORHOIFODIKXMRXOHSUHIHUUHIPPXQRWWHYURELYLGAGMZED UWRHLUV\
ZKHQHYWWRVYVLEKHHQV KIHY LWRIRVHU YH G HIHUW REZHR URI& X P P L QHW O EULHI!
HITHPWKR XEDHEDFNMSE\SURS HFRQ\G XFWHGHV FUWKRHGLDF W R QB Q V Z RUWKLH Q DW B
UDQGRPGERKXEILHF® LQLWRHGC DRYWEHWDLOHIGD SWEPPMQNVWHPDQ® KHXFRWIP® XQF
VWXGLUHHGWE&HWHUWRWK®UHFDFVFWLRQV\VWHP 7KHVHFR@OUWIRFXVRGQGWKH
PRGRISURELRWERWKFRVD@Y¥\VWHPLFLQWHUDEFHW RSMWRELRQYGOW H\HE L VIX®I C

LPPXQLW\ DQGKHIPSEDEQLQQDWRXQLWWDGDSWI
LPPXQLWDQ®RUSDUWLFR@WDKHK\ 7K
Introduction EDODQFHKH Q L WWHRWKWR Z LPKF\W R N L

SURIRISHRE DMRMULBIUGH VFULEBIGEO L QL

7KHPPXQ@MVWRPDPPDOYFODERPSOH[ VW XGH WY O X DMKIHQ UH FRUS URE L R\QU K M
D U UMIF H OD0Q/8 R O H F XZGKHL. YLIQ W HW B B R'Y L G HW U H D VRIVHHNM FJIOLOR IQQ FO D P P G MWARH.DDVGHE
SURW H FWRLRRKQD O O EQS BW K R JMIQFLLFREH VD OOHUJLHV DUH UHSRUWHG
EDFWHMUUR\SIDW DV LSVQ MAL J ¥ RE/V W DVQK BiW
LOQGXOF(HPPXQHVSRQVRIWHRPSRQRQWYV 1. Main actors and main immune answers
LQYDGLGURBBVYLRUMDNUW L EIQN BIW\H Innate immune system
LPPX QM VSRQR/MH[DP S WHKHH QWU B BKRLG
RUJD QBVR QPD U U RAZK \ P XFVR Q W U MERW W H & H ORIW KIHQ Q D WPRIX Q/HV W B P BWW KIH. U V
RQWRJHRHWKGL | IHWURQWFHI ODKLHKH OL@HSHIHQ@ID L GDW KR EFK@N 8 RRVY H U C
SHULSKHPB®RIUGD QNS OHBIP SBRGHYV VSHF LIQVAK HLEL QLR F R J QUK MLIJU SHWH \
PXFRVD®\® SKRULLG VRBFKHVWKBMPHK QH FKDUDFWHRILIQUQWWER X Q L VI KW S H HRA
UHV S RQWAR VIVQ W L SHH@\H WWKBHR BW K UR X JKUHV SR @ M BSI/U W L F L QDQMUIDAPIX QU WD F
W KX F R WD KRX F R LIP® X VNV W R PV KR VW  UD S L\ BK D O OB\QIH H F WDLIRXQUW® O REZR Q.
SOD\V D NH\ UROH LQ WKH GHIHQVH UHWDRIGM R WHR BIIKRIR RTKIRI\) V X LQIODP P D'

UHDFWQRW DB WWRNDRAKY H Q@D W W HAPFS

7KH QWH VPN EQREI\RW®ED U JWRXwWrEH ~ HOLPLWRIME D @GR W\ SOD\H QWK QD V
EHQH | HF LEDRWIVX P DKGH D Q WUKC H U HDIFRVD WD QHXW U PPRQROPAVGBD FURSKDDFURSKD !
SULPD UM QW WD UW L FIL/BGHWH O R RMHHY DU EOW RS UR G XFRAM R N LU X IRWLKCH
LPPXQLWWSRVVLEOBKRLFURERRWMKR UH @ UBIWW U RVAUHS! H FVLLERYE K H P R W DD WX U

G X U IDQUGP P H G L DWWELMIWEH FHV VRWKH - LOOHUFH OIOASR U W L E QB RIMMQ D WX Q F
QHZERWOVW HPQ B XFRWIP® X Q DWGWD\ UHV SR Q.VAHH QJD\S LLGHDW W KSHJ H V HRJIF IHU X \
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Lactobacilius is a genus of Gram-positive facultative anaerobic or microaerophilic bacteria. In humans they are symbiotic and are found in the gut flora. Lactobacillus
species are used for the production of yogurt, cheese, sauerkraut, pickles, beer, wine, cider, kimchi, chocolate and other fermented foods, as well as animal feeds such

as silage. In recent years much interest has been shown in the use of lactobacilli as probiotic organisms and their potential for disease prevention in humans and
animals.

This major new work focuses on recent research on the molecular biology and genomics of Lactobacillus. Written by an international team of scientists the volume is
an essential reference for all medical researchers, dairy technologists, microbiologists and biotechnologists in the academic and industrial sectors. Topics covered
include phylogenetics, taxonomy, comparative genomics, functional genomics, the intestinal microflora, surface proteins, stress responses, interaction with the immune

system, probiotics, anti-cancer potential, and much maore. Essential reading for all scientists involved with lactic acid bacteria or probiotic research and a
recommended book for all microbiology laboratories.

Reviews:

"... an interesting blend of fundamental and applied topics relevant to the use of these important organisms in research and industry. Fundamental aspects
covered in the book are taxonomy, metabolism, stress response, genomics, and surface proteins of lactobacilll. Also included are chapters on applications of
Lactobacillus strains and their potential as probiotics in the treatment of diseases such as cancer or urinary tract infections.” from Biotechnol. J. (2009)

"... contributions from respected international scientists, many of which are leaders in their respective fields, this book constitutes an authoritative resource
about both fundamental research and applications of lactobacilll. ... essential and up to date information for anyone interested in the biology of lactobacilll. The

book will clearly be of interest to microbiologists, nutritionists, food scientists, and medical practitioners alike, and it is a valuable contribution to the probiotic
Iiterature.” from Biotechnol. J. (2009)

"Lactobacillus Molecular Blology. From Genomics to Proteomics is an essential reference for medical researchers, microbiologists and biotechnologists,
especially, dairy technologists.” from Mercedes Berlanga, University of Barcelona writing in Int. Microbiol. (2008) 11: 204-285,

"the chapters are edited competently and constitute outstanding independent reviews ... very informative and provides a comprehensive overview of the
genus Lactobacillus™ from Knut Heller, Kiel writing in Biospektrum (2009} 15: 348,

"intended for medical professionals, but the conclusions are exciting enough to convince anyone to eat more yogurt.” from SciTech Book News June 2009 p. 66

"... a useful guide to how microbiology is developing ... a wide range of important topics ... production is beautiful, with clear diagrams, a nice typeface and two
text columns per 17x25 cm page ... a most valuable text” from Microbiology Today 2009
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LQIHPWHUIHH@WRHD UBIOERIOL WWBRHBGGDWROH 7 FHOUHW R J Q/IKIBIQUV L DS/ HSWLGH OB &V
LQPPXQR O RXUFDHL ONOLED@BRHY YWD\LSOR YV ,,FRPSOH&FODWROHFBROHN UHVD/W&H
WXPRKHOOWQGUIFWORO &Y DORQQLWK VXUIIRABOXXFOHDBMWMHERK/HUHG% FODYV,V
PDFURSKDOHPRQRF\VBHRYD®HQWHUIDPHROHFXOMYSUHVRAGE\SURIHVVLRQYD O
EHWZ MWHKQQ Q DWW GDSWEWPMNMQYHNVWHPW '"HQGUEWQ&W DUWKRDMRIKLVDQ®BKISOD\
WKH\FWVSURIHVVIRWIOIHQ S UFHH\OHIQW/DR QU L WLLFFO @V KIHQ L W LIROWKIR®D SWPPM QH
$3&V7KLA EULGIURAFUXFL@QLWIVDKH QUHVSROVHURSKDQBO\PSKRFRI/B U DR W
DGDSWRPRRFKMQUHVSRDVHHGCRRYRWHYVYSR@RG DV SURIHVVLRQDO $3&V
IUHH DQEMX W QMR QWLWKQWUHVHEGWHG
$3&V&HOROW KIHQ Q DWHX YMVWHEHOVRIOXHQFH ,W\MPSRUWB®WWK B/N\HH OROIW KIHQ Q D W H
WKIHGD SWRFKQH VS RONUHRXEKIURGXRWLRQPPXQHVWIBR HULWW RDKIHQ L W LRDIW KRIQ
SF\WRNLRUR/W WKW U BXWRPPXQLFDWDR@SWPFMQHYVYSROKKHES3I&DFWLYDWKRQ
EHWZHHQDYGBUHYVHQWHIX O BWWERPHVILUWVWHSNKIHQGXFRVIDREQ@ SWEPPHQLAM
RDQPPXQ@H VSRMEFRWKIHQDWBGDSWLYBHQHUDBWRNEWLIHQW KHQ Y LU R QCPH® W
OHYHOV RQFWKHDUHFWLY DRARHWWGMEQ\PLFURELD
FRPSRXQGKIFPDWXOUHB LJUDMWRHKIHG MDFHQW
'LVWLQEWWR &/HH@IQ @ R Q VKHDDW K H O\PSKRLE VI)>RHHD FW LY D WHHGBOW QVRRVQ O\
UHDOEMH®& DAWHX GHOTKMGELVWLREWYRG UHFRIQUKHMSHFILD QW LIBVQKHRURID
RQVKHHPLVVRBQ UW MMFXI@YEDWKR JJHKKIWH SHSWLGH RP&OWKIBD\OWWQRHHIGFRVWLPXODW
VLIQUHRPPRMOEBDWKRENXBNGELIIHBIRKWYV VLIQDO WKDW LV SURYLGHG E\ WKH DFW
$PRQWKH®GLSRSRO\VDRMBEIOIHAW BHOVDWYH
SRZHUWIXGX RWRBXQ@HVSRPDAWHIDODLIHOOD 2QFBFWLYQWIH@\PSKRFSWRY L HQU® W H
R W L UD)OF OB IBSU RW KIHUG X F@ ) RWFPXQH GLITHUHRQYW RWHWHRQU®'Y 7 FHOEHRWFRPH
VIVWHY EOHS HWWKWYHIXWL@DUWLFXOCDWRWRFLUPMDWKLEBRLYWWHED @ DUJBIMHFWHG
UHFHSWRHQQDLWPIXQERNVHWVMMBWY LR\ FHO®V 7 KHOSHKFHORRQ WIKRHP PXQH
VSHFLDOHW¥HSMRAUIR G O UHRAHS W RSOV UHVSREABAWLYDWILKIX O B W KFHID/X\FIKV
WKHSURWRW\ISPHWEUD QR 3IDWWHU®DFURSKDJHY DQG % FHOOV
5HFRJQI5WERQ WRKIHAMMH FH SIMRBUM VH@ W
WKWHXUIRAHP P X FH OOV BUBEOMR HFRJIJQL]H &' 7 FHOO GLIIHUHQWLDWLRQ
3$03V3DWKRJIJHQ $VVROGHB WOIBWHRQV
HIDPSOMWVH[SUHVBAH&GSYDOORHAHVRIQRWLRQ +HOSHRH OIOUMIDL QBX Q®VZ& L V WHLHTOV
PLFURELDO SURGXFWV ZKLFK OHDG WR WA HAD WX BR VGLR/QV L Q JIEA\MMKRHIVGE R N WQXKHHY
SURGRRHMHYSRE® & KLHP P X @WH V S R @\KHH\X
$GDSWLYH LPPXQH V\VWHP DUHQYROAYYHMEKE FHODUWRGXHHR LQIODPPDW
F\WRNIOQWNWY 71y DQG/ ZKLGK FHOOV
IN\PSKRF\WADW & DUWKHVVHQ@OIDBQVY SURGXWAHWRNLQHY ,/ DQG 7KH
WKBHGDSWEPPHQUHVSRQOQNHDGDSWEPPHMQH F\WRNILISQHRGXEMGK FHOOWLP X O/EWH
UHVSROYDNEBRQIWRBHYHWKDMVKHQQDWHSKDIRF\WRGEHNYVWUXRAMIRRIREDWEKRJIHQV
LPPXQMHVSRQWSHFLIDRAGWHPRWUWKH ZKLOKHF\WRNVHAXV,/ JHQH U\DWIOR XDV H
GLVWLQJIJRKDKDFW  RWMKNMATFYWEPHQH SURG X FRVIIDRQQN L E RAALUWHAVFWRHZGD @ BU J H
UHVSRQNHDGDSWEPXNQYNVWHPQURYDGH H[WUD F HSODOUXDOVILW HWW LP X GCHORWH Q@ RS K L
PRUHIIHFWURKMWHP WLIREDW KR JMHKQUWR X JKUHV SR QDVAH\BD IRWW KIHP P X QUHHV SRWRAD U G
WKHEL OMBRHFRIQIQE@HPHPBHIUPSUHVVLYWD UMV UDFIEOO RO RQYW KQIH J D W IL GRK
QXPERIDQWLIHPRWDQBFHOAOMYWEH SDWKAMHHPWREHLQYROLWYQRGJIDQ VSHFLI
KRWWMHEL OMRPRXPWFRRUHMITHFWRPXQH DXWRLPEBXLYHDWHNMEVDUWKDQWKOWLSOF
UHVSROVBYQYWWRQGDUANFWLRKRWRF\WHWFOHURKHOMWWVRYHUUHBRWAKISDWKZD\
KDYWSHFDIQWLUHRH S WiRWER & F H OBDQ/G VHHQ DV XQGHUO\LQJ DOOHUJ\
7&5IROFHOPYHDRPAHBQHWHBUUDQJRIIPHQW YV
YDULDBGIBXUIOQP S KR RQWR JHKAWD FK 7TKHKGLITHUHQRVQ DWIMARHDQWRW KK R U
QDLOIHP SKRKDAHD QW LUHRH SWWE QLTXH 7K FHOIOWHQHUOGBO NQ RDIMAW LURQPHQV
VSHFLIUKIHMBXLOGWHSHUWRIRIGNFORQPRQGLWERBDWRNLOHRHL O LIDXWR QB RV H
O\PSKRF\WHV DEOH WR UHVSRQG WR D RXOMMWMLVXERT KRHG D Q WU B HWILRDAM FHESYW B L Q
IHZGD\RIGLURRQWRDI@ WL Y HH OZQW$R & V
% FHOOR QWU WEN WHP PXQMHHVSRBRBWVH 7KHURFIEVXKLARPPLW BHQYWARSNOOHG
VHFUHWQ WL ERIGAHRUBPXQLAK\HUHDY SRODUL]|DKWQRRBRQY HFHORDASD VW KURBJK
FHOOSW LPDOUWHKO O PHGRPXMHERK M CGFAD\Q WUDQVWHDQ@WHR QNKEZDWRHFRPDEGWLYDWH!
ERVXEGLYWGHMRHOFHO &Y DOVROOKG FHOPMIXUHSRODULPWKRKFHORRXEB
DQG F\WRWHRHORYV %FHOOHFRIWMKHLULQGLFRIWRRHSURIRSRGD U LRDMKLHRBX QH
DQWLJHQV YLD WKHLU %&5 VIVWHWZKRQRDFWKHUIRREBYLGHWRKBW
WKER O DU LDDW HBEEAL DMWKK RIVHHOK®DW L Q J
7 FHOFRDWQ QIRHNF R J WIKMHQ W L IHY K\REXRWH WKSULPFR\QWDIFMKQWLIHQNO X&RLMQJ
DVVLVWDROWHQWLIBEWHUPPEPQRUDWW PDFURSKDJHYVY DQG RWKHU $3&V
SUHVHEWHP SSURSPLDMWRHYWRFRPSDWLELOLW\
FRPSOBt& PROHFXOXHWKHMHFRIQUWHLU ,ZWVWORZHHPWKDK GLIIHUH QML B GRIR@MW
DQWLMWKQWRWKKYI&WLQVKIHRURID Q0 + & )Y DQE ZKHUHBKVGHYHORYMOR YNV
SHSWARGAS O8H[ 7FHGUN MWK BIQUV L I VKWH 7KISUHVHRIFH LQGXPEY$7 GHSHQGHQ
IRURDSHSWLGH OBERPSOAKHURKDV VLIQDPDVRINGKRSY UHJXB[BW H VR MR
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EHWUDQVFUDSEWRRP® VWHHJIX O KR W 7RVXPPDUWJKIH DQQ 1y F\WRNDQ®\K H
FRRUGLRADSWHYWRZQUIGGLIIHUHQWLDWARYY 67%$7 DQG EHMUDQV FULBWR B
EHMQGXFHW¥DQ@E 53 FKDHRPSUHVYKREOK DVVRFLDWBHREK UHVSRDKHUBHDRH |,/
HQDEBGHY7 PHGLDYWIDG® O@QIEBUXUWKHWQGE DQ&KE7$7 DQB$7$ WUDQVFULSW
LQFUHIDQYHY SURGXFWERMBOVRIHYHQWNDFWRUBLQNHRE7K UHVSR Q@XM SRQG
GLIITHUHQWREZWUORRQE\ VXSSUHWIHKBJ 5HLQHU 2WKHAUVRNKONBMHHDQVVRFLDWH
HISUHVRIMRIQD FWBH VX UBRMGKHK VXEVHW ZLWK W\SHHVSRQW KM O\PSKRWRIKQ
GLIIHUHQWLDWLRQ SURFHVV WA\SHHVSRQWHN/ /7 EXWKHLU
SURG X BWRH/ROGH F H V VIDKULLDOD F \WHIK RHU
ORUHRYHUGLIIHUHQIWISIDE RRG RPLW DWW W\SH UHVSRQVH /HRQDUG
7&5 ,/ UHFHYWRYD COOMKIH U M RHIMHVHQFH
RI,/ LQVKHH{WUDFHQOXBILLAIQ G XBEHY7 )L Q D V&SHU H V HRIB HX U WNKOHELVRHI®Y 7
GHSHQBHDWM GOEDNLIQDOBD@WKH KHO FHODOWSK R LQI0ODBRRER UAWVDIOHOWH G
H[SUHVRIERDS DPDVWHUXOWRARIIIGY 7K ZDWHFHGQWORRY HMHIGD UD FWEH WIKIH G
FRPPLWPHDW DFWYODWUDQV FIDLRMRABQ SURGXRWLRQQGLIIHUH@ENLDWDRG

LQGXEWRZ M [SUHVDURI PXOWDGBRXHMB\F\WRNLQHV %HWWHOOL HW DO +DL
HSLJH GHW QRHW KHK URP MW L BR Y R XMWUKWH

H[SUHVRLRQ ,/ DQG/ *$7$ DOVR 7K 7K EDODQFH
VXSSUHWWKHAVU L WHPDB® H QRAUW K H K

GLIIHUH QQUIRFMWRI®7$7 DQE 5 1RWH 7KHEDOD EHMW ZHKKQDQG@K F\WRNLQH

W K DWF WRQ YR AYQNBHK UHVSRQNHMHDWLYHSUYR G X F\B GRHQV H UW K&LHU H FDADLERQN F R H

LPSDWWH UHVSRIYELFH YRAKMIHIXODWRD@PPX@HVSRYWHW EBODDRWZHK®QG

ORMP® ORZGQ I HUHQWRIDRIGMX EVRIWKH 7K SURIEQKEWG L |1 LWRO IWQ WDKK D Q BK

RWKHU RQFH WKH GHFLVLRQDO SUR F H VMHIOIOQ/KE HEDJAR O KW KB K 16 Z D\Q WK BWK H
VXEFODVNHM @K GLUMAKWPPX@®HVZHU
W R Z D W &M W U D FSIDVD K RM{IMIDG L F U W LRRUQ
W R Z DW &S/D U D \DLQAEL[ WV U D F H. Q OFKFOMDILR Q V
$QDQVZHPDJIJIHUD @K GLODWRIZD 0 K \L V
DV VR F LWRKHRIQQ IFO D P PG MVRHIDRKHAW HDOV
D E Q R UPHD\CS RROMKHW \ SHK D U D F WWHKIHO @ M U J L F
UHDFWLRQV

Y MWWBURSRWHKBIWD QBK FHFD\Q QWDJRQL]H
: HDFRWKHJFIW LIRIQW EN B ORFNIRAIDUL]HC
| PDW XU RWLKRG S R VFLHNHO SRHLE \ E O R F NLMQVJ

UHFHSYWRAW)LRGBYDPSOH SURGXEFHE®

FHORDVE ORWKFHUR O L | RUDKWREIRQDY & L J K
FRQFHQWU,DWHIR@P SH&HIH QH U RWIKR Q
IURP QDLYH 7 FHOOV

+RZHYRWKUPWP X G OFADVD O LR W H U RI Q H
EORANWRKBRUK DFWLRUEWWHK HD UW K H
UHJXO DWRID\ONY H WXE V RWVF H ODLW K

7K

SURLQIOT LPPXQRUHJSORWREWWHW WIIKQHF@RW\SH YV
‘ DQGLVWRRFKDQLRIP¥W KDY EBRZEHHQ
LGHQWAKHMBY FOWGBMHQWLJIHQ MG KFHG
*$7% 7K FHOOMM.PKHFUKWIMHYROY DQ®RWR
7K PRGHUDMYROWU D QV | RURLZODK W RB
*URX[WO DQW\SH FHODK/ &KHHWNO
ZKLEKULPDVHBUHWBDVZH OV
/ 6XSSUHVVLRQ WKHQDWXUDOONKRPERULIQULEHG 7
Zg Y HITHFWRU 1XQF O @WH W K DQK LLEPIPVW QUHH V S R\@ X B RIXH & O
" 1 7UHJ FHOO FRQWDFW 6KHYDFK
O\PSKRYV &' &' R[S
7K 7*) EHWD
7 7*) Et .
7K FHOC 7K KXPRL 2. The mucosal immune system
LPPXQLW LPPXQLW\ S
SURWHFWLF DIJDLQVW H[V
LOWUDFH LQQIHFWL[R ORVRVIRXHQFR X QAL MRIQYW L RHIQQYI H FW L R X
SDWKRJH DJHQRWF OW XFRWDXQJ ID ZKVY AKQ FOW®H

V X U | DOFIHQ MCKIHD VW U R L Q W H V SVLLUZDDRAR U \

JHQLWRXWUQBWOYBQGRLWW 6LQFH

Figurel 'LIITHUHQWRDBWREBRQ 7 KH O $HDW\D S WHRE '
OXUSKWADWHYPPXQRO OXUSBEQBHLQHU SURELPWHKKFXDDBWYRURH DB OXK\HD\U W K XV

DQGRU]HGIMNI DW XILVFRY .RUJHQLN L GHD/XQWHR® | O X WEEFPIP X QHH V S RIMW/H H
DQG 3RGROVN\ SPXFRVIDE QWRIHWKHBDVWURLQWHB®WWQ

UHSUHVHQWLQJ PRUH WKDQ P
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:HOMNQ R ZRUVD\WK W UIXVQLIFRVGE RDH VRMIRIRG ODFGRQD@GR QWHOHRQHBHVWHFEN)
DQG®& KBIVVLPLG RIWKEQW UL WEKNYWHVWLQRIDW
VAV W HY O \DFE OMHB U R WKH/FIMR W KD W KRJHQLF 7KH. QW H VIVW IPXIDM VW HPW KX EMRF W
PLFUREWRQWPRQWKDQ PLOOQAHRQURQV FRPS QHH[JX OB WR RV WIKBHO LP L QROW L R
VHFUHHWHMW V@HXURWUD QS P QWIRADRYVH SDWKRJIPIQAWFR R U JDZKULVPHVLQWDDRQLQJ
SURGXENMNWKHUDLQYHURWRRUQGUHQDWRQHWRITHRRGQ W L DHEW G R J H QRRXWD
GRSDPLQHJRGXFHMWR RIWKHPPXEH OOV % X W\ WDDAHHDOR W KSHUR G XUFHAW\X Q WRBRIO L F
RIWKRIUJDQIOWRG JHV ELOEIDEW HBWID IHUPHQWIRXIBFEE B U@ KUMJIX O D@F KRR QLF
WKHWVRIPSRX GG W VE R RDIUHQ HO DW VRR) V KLLGW H LG LOQDP 6 MWRHD & H,VV X FEM& URKQ TV
WKH ZKROH RI WKH RUJDQLVP GLVHDMH GR @IMMB QWHOHRQBDF'RQDOG
HW O DQEHPRUUWMHAWRFR®D&L WLV
$OWKRMXKKPPXQHVSRRMHKHQWHVWLGBHOHIX BMWKIHR Y HLWERYBY WHERX OG DG
P X F RWDK L EM.MWVH LHIDOV X@HR/P P RZQ WAIKKH W R Q Q D G H TXHDWSHRIMMH. Q QW WP R UMQ G R
LPPX QM VSR GWHRG X EHBW KRIWID Q WV OXPLDOWLIHOVEDOEAMEZRAKQ,/ )Y
FKDUDFWHE\UAHH @®DL\QW L SR BSHWAMKIHHY 71§ DQGK UHVSRQMHV,/ ,/ ZDV
LPPX@HWRSHBWIKEHYJHVIMXFRWVDEHURYLGHG HVFUL@&K® DODQ B O VR Q L PAORIG H DR/LOYH G
E\WKH/7 *XW DVVRBLPSWKRALG V XKH WRFKURRQQFODPPD®\RAFKD UDFWH\WKHG
*$/7 LWRPSRWHG\PSKRUGUHIDVWVHFDOXGLBIURGXFRWIRR LQIOD FRWRIRIUGH V/
W KBIH\HUJYW F KBIR F DRVCHLAQIOQW KMPD OO 71y
LQWH VGMLVOWDIOX PK HUH) G X FRVILR® X Q H
UHVSRRFHAXDQEBHVHQVWHRPERRREG HY , WKDEHHRURSRWHKGWMPXFRVIDP® XQH
DGGLWKRHQUHIDUDPMRXRWVPPXQH FRPSHWWYWARUP POQQ WIDW QNEDY W DMKHDAY R X U V
FHO.@V K®D P LULR SWQ & KX F R WBA WK HO L X\PR O H lDI@F$S U R G X PWKIRRZQDQ/IO L GKIW L D W L R ¢
7TKHQWHDWBARWYAWREDWKREMEDXVH WRZD WKVWAK UHVSRAYHUK UHVSRQVH
LV LWKHGRXPIEHXFXVQBYRIDBM LUHFW] HYHUW KWM OGHWY/L DIMQ RYE V R OWLVQR R P H
FRQWDFW ZLWK WKH PLFUR RUJDQLVPVEKURIQQIFODPPBRZR&D VHDWHPBVWXOFHUDWLY
FRODWMRPHZKKWGULYKIBUHDVK DU N H
TKHQWHWPPARBVWRRVWQFRXQWAUgURKGQGIVHINKRR2SUHGRPLQR QMHOGLDWHC
DQWLIHRWYGWEB HWHUPKLIORQHYHTXROQH F\WRNLWFHLPB]HQQRBRGROVN\ 6 WU RHEW U
LPPXQIHVSRDYEKLFKQHNVND @HVDIHO\ po 7 KXW KFH W R NSLLLRHS. OBD). PSRUWDQV
WROHU,MWHY VQ D MHWODB/F T XL WHKGRXJKy R OLQW KR DL Q W H QRDIQ R AV H V WA RQXDQH
GLIIHWHFWDQL YIPWHQ WHURWWDHW SRKEPHRVWDVLYV
DQWLJHRW KIHY W H \OX PO KAD P LSQIR SU LD
(QWHURFD/MBFHMF VV$ 3 & VV L Q WK HHHO O V
H[SUHWHN& FODY,\PROHF)XOO/EMOSQWLJIHQ 3 Probiotic interaction — intestinal epithelium
VDPSODQWRRFFXUGH\HUJIVW F KZH\H UDH
VSHFLD@HS]I.HV@KHI’(DQREIIDVWKHROOLFXODljxu_QWH\szLRI}RQE]BGUHprERU
DVVRFLB®IHWGKHDBUXFRYHRQHRUDQ\ PLFURRUJ DOQLYMIEDWY K HQ W H VBV HIDDQOG
O\PSKRRGOERPIBRWHIGDQGEFHO'@AVYDQG yvXSSRUMWLMULRIMK\VLRORXQFWZAMV
PDFURSKDBH$( LWDGKSRIHQWHURRWHV QWHVALEFQRERD® Q L FOFW XEQV W D J HV
0 FHO'QWI HUILLRIRQ W H U RER WAKEHE V H QRADH VWDDWVUWMKERQWLGXHMWOKNHXEVHTXHQV
EUXERU @HUE\W KIHE VH RAMX F XS'URG XFW LR D VRIO LWMRR UPQ QG LYLGQGWBIGPWEQRBLRW L
0 FHCKODWWKIHP SRUWDRMW UD Q V SIRUWLLIHIQ ¥ K LYU R F HIVE/L O LWWKDRVMUHP\D R IDRSX\V LB R G
DFURN/N‘HSLWKW(WLKKW?PSKR{@OIDVWHXFWXQHPXQROEDLLHHB.MUZN\H(Q{QYLURQ@}@Q’W
FRPPRQ@O®\NHUWBG KBHHRPHSLWKHOLX® KHOSW®DLQWKHVWUR L QWAHDVEWA_ DDV K
HQRUPRBVLRI®D WKRWDOME YD QWDWKIH 7K HFRPSRV RWALKHR PP HQNPORIQF UR BI\R W D
SURSHBW IFFHHO/OR/H Q H WUKMNY W H\WPWEQNVD SUREDEBOOXHQWHBRPELQ RWRRSUDFWLFHYV
DQGQYDWKKIRVMIQD QWD ¥EHHRKRZWKDW pQ®WKIIDFWRUNHKHHRIUD SRRFDOL]DWL
&V XVLQYXKIGIHE G UDR ONBRIWN XD FE A@VKH  yDULRXV OHYHOV RI K\JLHQH RU YDULRX
L Q W H \OXIPGIMOV K& IXWW X W KIHQW H R WA KW L U
WL MW | IVRARQ F WILKRHQQYW H VHVE IL VIXK® D IOV 7KHKRVW PLHAWREHUDIPMRILBQLP DU\
FKDUDFWHUWJKIEBUHVHQFIHQWUDH S L W KpORUPWeDYQUABHIR Q SWD DR&EHHVWDEOLVKP K
O\PSKRF\WHURF D BHVGZ MHKHQ WH U R F\Wii|¥) Q R U PFDLOF U R ES.IRRWILVG KR VWX EVW D Q W L
ORVW/VKDYBI&' 7 FHGRHQRW\SMRLKQH pQWwW L JFKDLFFOW RKHP P X MV W RBPK KO SLQJ
O\PSKRNFWEHN MW B RS X ODRMHRIW H\PWERN D \WKH$/7 PDW X UDSWME RQW KIHQ WH VLW P Q@
DURX@EG 7KHOFHOONDQGBGK F\WRWR[LG\VWHPQHI[L\D/QHQ @B Y HDWXWD PW L BN
&' 7 DQBZLGHDULRHWHMJIXO D WHRQ/XFIXV WKHQWHWNVEQRE [VEWPRPPRUBQB®RUH
7K 7U DQG WK\PLF GHULYHG &' &' FRPS @M[R RSU D F WFIKIDHYS I R X\ B\ D IR\D G
RIDJHWKIHQWHWWEQR BMHRMPBRPSDUDGOH
LWWKKH RIWKEH 7 FHOOMS\WRNLQHVY FRPSRVIZW IWKR BW QD G XDQVE KIHQWH VW L Q
DQG*)p SUHVH@WIKWoFHODMIHUHQWLBPWR QNVWHWRQV L GRWBUKHH QWHVWLQ
LQWRPHUBEVRWD QMW LERG\ VHFNWHRADO@Y P L F U R BFLRRWM\DU MER MMOWW L LQIOBRPDWRW H L
7KHGLPHWSAD UWKH® FUHVON GHQWHVWLRDP®WKH LQWHVWLQDO LPPXQH V\VWHP
OXPHEHQNKHQWHURFKWMAK KHESE @QERQWLIHQV
DQ@HXWUDIOUYMDVWBQIBDR[LAKHUHEY 6HYHWPBPXQRUHJIPBIFPWRQLVEFNOXGLQ.
FRQWULWERWR WHRR\DWDL QYW FWURRWY UHIJXO FMRBWV RN LIRS RSWRRRQRWKH U V
DQWRNXEVWDQHFIRNWQOQFRBXGGLQIJWRQ SDUWLALBXKRQWRURPPXQHVSREWHY
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SUHY HQWKEHIQ W K R ORU R F Bl @WHAR F LDIWMKG $ 1 X UWKKXIGK R Z WE DRV GN R GIKE@QW DLQLQ
H[FHVVUNBFWOLYQWQ IODPPOWRHDIVHY |/ UKDPQRMXWLJIQLILKSBQWHI\X OMDKWH G
GXMB® ODMRNWKHRHFKDQLYRVQWHUHVWH[GUHV RLRRB R UWPRPDIR F\VWRIVFHS @ RN
SUHPLRBIUREISSKWMIFROBFWARAX ADGDFLW\&5 &5 )R5,,DQG& 5 LQVKBHXWURIKLO\
WRRGXOWKMHRPXQAVWHRQVHTXIPQWO\ KHDOMXALY LG XN DHIERO JMORWHZRUWK
VW X GLWIHR F X VRI@N Kl THFRWVS/URELRWLFWKBDWLNRWMNUURPLON K\SHUVBQVRWL
GLYHUVH DVSHFWV RI WKH LPPXQH UHVSRRYHGFUHBIY$HGHVRLMRIQHVHF HS VRE V
WKBWH[SUHVRLRIQHRROHF XOMWHGXFHG
JROORFR@N XPSRIE BRE LRWRGXWWN ZKHYKHRQVXPHGER QW DL QKPP QRY XV
LQWH U B FWKLHEMIF W B UWE W H VAVQLDHDUDR F \ W7HKMAY W X B X W KIRRIGYF O XAGKHDGN K D P Q R*V X V
LOQLWDEWWW VSRQYVOEGWHVWVWMOEIPROGXFHVWLPXQAPWXQHH Y SROMMHKSKDJIRF\RMH V
YDULRRKRXQRPRGXQRIMVARMER®HYWLP XODWKHD OMIKA L Y LIBXE@®MKL E KWYR F\W@WLO/HUJLF
E\ EDFWHULD LQGLYLGBKDBMRO /| MRKQVRQADYV
VKRZ2ZWQRQ F U HDKUHH V S L UDWIRMAKD JRF\WHV
7KHLQWHUEARWRHSHIRELRWUBDQE® LVRODWRBXPDBORRROORBIW®RELRWL
HQW H U RRA VSHR/U MRIMKHR Q W URWDROGIERW LRER QV X P S VRLRIMH W+ XK@ V ORUHRYHU
F\WRND@HKHPRNVQIFYHWNHSL W KHHHIOL@OW KHH[ Y L Y&RK D J R F DW WAL Y IIPVR\Q R Q X FDDQH® U
7DEOHQGHHWDE HHWWKRZ2ZQKVYMPHURELRWISRRO\P R U S K REXFIRFIMDNM KD QIFRHOBORZL QJ
R U JD Q LRADRBVR G X OV KIHY L WHJ ®U H V R ISRIR FRQVXPSRNV/LRIXKDPQRVIXV DQG ODFWLV

DQOGQWL LQIOPRPHWR@HWWUDLQ GHSHQ@&GHQWLOO HW DO E 6KHLK HW DO
PDQQHRWQVWDQFWREDWVDNBEGE X FHKWH
HI[SUHVRLR@ ,/ DQG1l)a ZKHUH/DV IDWXUDO .LOOHU 1.

MR K Q WRVQLIPLX @VIXSIHR/G X RWERRQ L@ DFR
FHO@OKNLSURFHVWSVSHDWRIHTXEURVY WDOMNMURELRWLFQ LD/®WRH J X ONDKNBH W LR IL W\
EHWZHHIQHSLWKFIOOD@AWKNQGHUO\LQDWXNULD@HBHOD®VYEOH W DWKR2QKDW
OHXFRF\WHV +DOOHU HW DO UKDPQRMXVDQ@® ODFWILY VLIJQLILFDQV
LQFUHBKHGN RWRRWH BV LFEODY®W KD W
7KH QWHU RFSVIRREQ BW BFWYH USTD/'WEF K WKBWRSHIHFUHDMWEHYVVDWISRURELRWL
FHOKDWEHHHVWDE ORL Q@ WHIGP SRUWIDMPKHVH FRQVXPSHVAWRRRWHPR DLRERED VH OLLQDHD
F H OLGQW K\WM U D Q \RSIRQIWVL DHFQANRWKIFQW HVWLEIWO® D 6KHIHWO , VD S S H DKWY WV H
HSLWKHKODLMWMH FHLFRGQGVLGHDWBMHH W RRMKXIHU RE L RFADMVHAXEVFD VHERPELQZWWRQ
& O D D VWMIH@ OXVFHWAMRDD $VWXG\ GH[WDOQYRKDQWHKWM ILFLRQRFFHOPWLYLW\
XVLQOXRUHVFHQW PVDPR EMELFMKIR ZHG 7KLYUR S HDWAHO L Q MWHR® W H VHVE IL QVIXBHADLM O
WKDWPLQXWHWRUDPHGLRISURELRWLEVRGXRWLRQDQALPSRUBMWRWMR@H FHOOV
IOXRUHVFBI\GHMW HEQWRE X FH OLGH\HU YV 2JDZBWO 7KHKVIRI/ FDVBKLURWD
SDWFR 8 ® K@D P LSUR SIUWBMP DIO@W HDWLQH O DVE WR QKD Q F AH D PW LDYQ ®W/KD KW L2YDLWY \
ZHOG QPPX@THAQVKHJ\BWG\PSKRG XIOp1VY FRUUH OMMWH/G SURGXFWQRWKWWRNLQH
WKFROR@ G GLWQRRUHVFWOFEHLDIWWKGH LP SO L FLDQW. HFeH OIRAW L Y DWH B\ O
SUHVHRIFHFDVEADWEVHULY@IB\H WBID/W FKH V7 KHWW X G/ HV KB WR E L R DASFEMDWP D MR U
IRDERMWVEIW R/ KUGDP\VDOGHDQBHUGLJRQURDODERRVWILKPEPXQRV XU YRILOPHQEKX V
7KHVHQG LGHRRQVWHKBWRIEL RWIVWVFY KHOSWJIEUHYMXWHYHORSRIRQ®LIQDQYV
O H DW KMHEIDUF W 15 W IROGOKFIMVQVF F HWWIHQ WH VW L /IX@ R X UV
PXFRWP® X YNVWISPHUMVRUWH U WEPIRXR W
WLPH DQG LQLWLDWH D VSHFLILF LPPXQHB XUHVK R QIVRHHPW K BAWKSIR V L W LIYHHRN V
SURELRWBIKIDVIRF\\UREL ¥ H OXX F WIDRBH
4. Probiotics and innate immunity JUHDMWHRP X GHILFHBOQGWHOW R*QBIW O
D *LOHOW O E 7KXWRQVXPSRMLRQ
ODFURSKDJHV DQG SKDJRF\WLF FDSDBIUWRELRIWWEB VRXQUQDRWMRX GHH IHQE®VLQJ
LQGLYLGXDOV
ODQSUREDMRMULFD@WYIOXHQEEBWHHQFH
PHFKDQMXPBVSKDJRF\WHRMLYH, Q JLQD®RODLQWRBNHIHUPHQ&(&F LV
SHUGLEBW@Q/KRZMWEDWFLGRSKQOXKDVHL DEQHRRWHQWKIHVAHX Q R QJRHM.FRRIVED QW L
SHUIRUPWHEWHIPRFEXQR VW L EXIO@FIHDY L QR IO XN QFF IEQHQ FUHDWKSIWR SR RWLR Q
WKBKDJRF\WMPBIDFRWXULSGHULWRQHBOOV 20LYDUHV HW DO

PDFURSKDBHWMN LHE Q ,QODGGLWWRE

GHPRQVWWHRDIWBEL GRS KL AXQW UH MWKHG (QWHURF\WHY DQG F\WRNLQHV SURGXI
SKDJRF\WRSDVRIWM X FR A\ WRHOVDWRHAGK H

EORRKGXPDQNKDERQVXBHNRELRWLEN $ VWXGHN PR Q VWWKDMRAHG R E (RMRMGILY V O H

FRQVL\ZWWEKHG KHVIRWYH QWIKE® FWHULXP LQGXMHBIURGXRW,URQQ7 FHOOV
'RQQHW +XIK®V 6FKLITULQBFKLIHWQ +XPDRRORMREHAQRFDUFHQ®RD WB E OHR
DO OHDQZKEORWBUNRGBLILGREDFWHH[ISXPBOAMIHUH QWD VKDY D F WRHRID WW U F
ODFWHEVZKLAKKLEOWIRWDOWG KHVDRYR LQW H VWMIO@ROB W KHR E CFHHWD @ X H U HDRVH

VXEVWDQQYEDBBKBGR F\WERNKLM HUR Q ODFWRBERBILOIOAR E FRRQ MDLLEVHKSU REL RW L |
ORUHRY®W WDFWLY FRQVLGHUDE&\ FDQQRWPPHUWWDO 2 W WDHD G
DXJPHQWHKBKDJRF\WRRSHVLSKHUPDROG 3RGROVNY / SODQWDUWYXROVYRFUHDVHV

PRQRQXFOHDU FHOOV 3%0& $UXQDFKPODS® KWWY BH@V7 HSLWKHIDQ®WHYLRXVO
VWLPXEDM WG 7KLY SURG X FM IKQWKHH/
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SUHVHRIBHED FW HDWLAD \Q RRVE V H UXKIHGQ SURELRPWKXR R P R G X00 WL RN F XSIVLWR R

DGKHVERWZHHIODQWD YD) &7 FHOOV WKH HQFRXQWHU ZLWK WKH LPPXQH V\V\

ZDWQKLEDW&ED FNWQ 7KLWYW XGL G
QRWURYD®K[SODQDRWKEBYLGHWRD W
DOWKRXPE1$FOHLQEUHDQWKSU H V HRIF H

71)aa WK\ WHFUHRMURQQVKWHXSHUQDRWMDXQMMO O\

GHFUHDVHGHUWKWE®HWV/ODQGPDWXG\

Table 1 &\WR N ISQHRG XIRHOGE R¥ KBIWHU BBWREQRWLFV

EHFEDX WK JJHWW®WR E LIRGAKIHFWE RQW HV W L &' WKH LQWHVWLQDO HSLWKHOLXP

FHOOWD QLPSRUWRRSR Q HQMWK HDLRJW L R

N

Organism Cytokines/ Cells References
PHFKDQLVP Chemokines
/ VDNHL Jd B 7d) &DFR +DOOHU H
4XDORYE R VRHIS U R E LSRIMISD U BPW \DRIDAR R i
LPSDWWH SURGXFBNHR@WHURFYXWKV = ; mrkQvRQ | 7%)p &DFR +DOOHU H
LQFXEZUMIGI KGRIV RY UKDPQRY X&DFR SUR LolepEry
FHOSQARGRFHWN LQGXEWG)a VWLPXODW o . DPPHUY L
=KD @O ,/ DSSHMRWOPDMRWRNLC 3UR LQIODPPL DO /
SUR G XE\H® W H U R R\O\OHRZ GHQIF R X @ MWBKJ S R e e Ry
SUREIRRIWDREIZXA/ F\WRNLQH DXREWLR DEWLYLW\ E\ R
D WD QH X W URKSHR.ROD W W RJUDFE BV ER@MAY ESLLQ MH U DFWLYDWLRQ
LQVK H DS D FLBVX JPHQWH[SUHVKIRRZG Y HU /| VHXWHUE C28 o sorzw 0D HW DO
DQBRPWWU VHYWBDWEHEUHDSAHWNKHOLL , (oo SULPDULY —_—
SURGXRWLRRWQ VWD QFHHX \M HHUUDNRY Q W L '3UR LQIODPPL LQWHVWLG
JURZWK IDFWR HSLWKHOL
LQIODPPEWRRYW DQG7 FHOQQEV A e
GLPLQLWKIHQISURGXFWULRXQWBOWR G X FH SURGXFWLRQ F
WKS$URG X RIQHRQYBR ZMKWRY DQ@QWL —_
LQIODPPBW®AME X OWHH X VOHDUIRH T X LU IRy /| UKDPQRV2 ./ &DFR =KDQJ HwW
SUHVHRIGHEDB FW H b 0w K W H FWM DRIDWY  ; rpval &8l &:&l &DFR 7LHQ HW C
DG KHVERSD FH.IWH FOVD H VD O 6LQMDO L.
W K HNLK) G LAHIWED V HRGW KKV IR IFH OO QMW e . SULPDUL T
H[SHULPFAR®D®X I6\RY) RGH F H V VIDHIS DN V H LQWHVWLG DO
WKH DEWWW&WXDWLRQ / KHOYHWLI / :jll__vaKUH\OL 9LQGHUROG
5 ' LQWHVWLC DO
$VLGA@HRP/ HQWHURFDMHNUHRWHK H L HSLWKHOL
FDWHXEVS N &DFR 2JDZD HW

F\WRNVQXHRBY,/] LOQNKSHUHVHRISHRELRYV ’FDVHL 1
RUJDQLMYS/HPRQVWALMNMHWGEK\VLRORI - = C :
PRGH@®YVWXGWDQW KR VIHQ W H WWU MV
FRORQEIRIGERQRUJD Q V@D FWHE V5 X LHW
DO/KRZWEDQW H\HE L QVBFEHOTEMDWQ U R G X/F H

XSWR.YGD\MR O O REZDLRW I B DR@ L ] HDXMH RQ

FHOOV DFW

Table2 3URELRWLF LQIOXHQFH RQ GLIIHUHQW LPP:

Immune system Organism References

DO SIWHR LQFX Q)QWH\F\MD@ efoelitUHDVHG /| DFLGRSKLO $UXQDFKDODP
ZLVWWRELR@LFWMWDVRXQVKDWDVEE/ SERE IR I ROBE S5
DQGKHOYHWLFXOVYRFUHDVNEFUHWL FpsprLw\ /" FDVHL HW DO 3H
9L QG H H RIOD /| FDVNKE¥DVHL % ODER/LV DO 3HUGL
% ODHFIWLYV DO 6FKLII

SDUDFDY® IDFLGRSBUREV R\@ GAK\F H . ser o

SURGXRWLR®PXOWLIXFKWRRIQ@BFR /
FHOOV DV ZHOO 2JDZD HW DO q
,QFUHDVHG 1. [/

)LQODOQDORMRY1$PLFURDUH PG DFWLYLW\ +1

UKDPQRVXYV

UKDPQRVXV *LOO HW DO
2JDzZD HW DO

ODFIW LYV 6KHLK HW DO

/ FDVHL UHG X PMIGH [SUHV RUR C P AT
FKHPRN MDKHDAW W B DFWRSKD&;HV DQG FDVHGH[WUDC
&;&/ DQG&V &&/ L@DFRFHO{OBRVWER 6WLPXODWLRC % ELILGXP YXNXVKLPD HW
6 KLJHO®E PQ AHILHQN O \ED\DOVRX WK DW SURGXFWLRQ / DFLGRSKLO JEQRX =HNL
VRPBDFWR ENUPREX O DWKHGy LQGXFH: N . VROD
/ FDVHL UKDF .DLOD HW C
H[SUHVRLERR '5 &' DQGE&$0 LQWHUFHC *ox /LQN $PVW}
DGKHVRRQHFXRE& 7 FHOOWM QHNWYE % ODBRVLV DO ODMDP
DO 3DUN t

/DVWIOEDWKRZQKDW KD P QRY XV
L QKL ER\WRGLLRGX BIB®R SWRY )V ./ o RU  oeciivyinn iy
)1y RILQW H\HVE L QBEBHTEDNF W L YW WOHEMW L O\pSKRE\WH
DSRSWRROLHFX.OHSURWHRO¥% B Q &\ SUROLIHUDWL %
,QGXFWLRQ RI DFLGRSKLO
LQKLEWWSHOR DSRSWRWWRJIHQ DFWRW B (QCXFEWLRQ RI -/ DELERSKLO
NLQDVH VLIJQDOOLQJ SDWKZD\ <DQ DC EXOJDULEXV
6 WKHUPRSK
SDUDFDVHL
FROL 1LVVC

FDVWHIL URW L

UKDPQRW¥XV
FDVHL
ODFWLV

&DURO HW DO
3HVVL HW DO
6WXUP HW DO
GHU :HLG HW D

7 D N HVQR J H WAKKIHUV W X G\L X V] HW WDWK H
LQWH U RANVULRBOLEROIVAW Z U MWMKKHQWH VW
HSLWKH®NHG HW H U PIRED\WW RNSLLORG X F W
E\HQWHURB QASHM E DVE OMQ L W LHDYWHLOIN

~ ==

,QFUHDVHG FF
PHGLDWHG LP

GH :DDUG HW I
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5. Probiotics and adaptive immunity '"HQGULWLF FHOOV DQG 7UHJ FHOOV

,J$ SURGXFWLRQ $ QWL JSHUIH V H QRAHLOQOB\B &V DQ P RUH
SDUWLFXO/DDOMWH\SOD\H.WERWKKH
0DQSURELRMWLBLURS SDUHGWEOHR GHWHUPLRDWKHMRK 7KEDO D @RHIW K H
VWLPXWRMIR G X RW IR %FHODRLAKHOS GHYHOR RRWMRWH UDKHBH VH Y HW DSORV
PDLQWMWVDH VRXIPRIUAP® X QEWEL QG WRJ '&V DQ @ KAML W H U QW X EBHWIEW F D @ U L WE\W
DQW L IW QN UGIER LW K ®FF HWW KHS LWKHOLKPP X QWHH VS RIAVAR U W/IRFWLYBD @Y ROR QP HQ'
7DEOHMWXGXEMHERWRQVXPHGPHPWAS VSHFL&LWXEVRW KHDLIFW LY D MWQLHR®QRFH U
FRQWD®%QELQI@®XPE DFLGRSKLOXKVORZLQJ *LYH@KHPSRUWBGQW' &V LQWKH
YDFFLQDWILIRGUWPRQMBER VKRZHWG RUFKHYVWUDNWHRRX QWHYV SR QWD \EHHQ
VLIQLILPFQWDIQMKBVHUXRQFHQW UDOMLR & \SRW K HWIK]BIER E LRWILDFQ LAVRPG/X O\I W/HH
$PVWHU HW DO LPPXQH UHVSRQVH E\ LQIOXHQFLQJ '& PL

,ODGGLWKRQG WHROQHD RVOAXRIHFHLUYHG '&VFDQQVWQUXIF§H 7 FHOMR/LIIHUHQWLI
UKDPQRYXPWRQFRPLWDOWORWDYLUXYWR 7K RIHYHTK 8VLQ&V GHULNHRGP
YDFFLQ WWRRBG®L QFUHMWKPE RU, J$ KX P DRR QR F\\ KDWY O/ KR Z MV D8W W KD W
VHFUHRMHQ@QWR O BIXRJQ ORUHRYHU ZHUMOORWRDBWXGHKIUHVHRIFHKDPQRVXV
UKDRMRVYV XY GUDPDWLRFAUMDVHEG UHGXEHRGIKKSUROLIHHUIDWHRQWDLFAG
VHURFRQ YGDUUWIWRKIBH P LV SKRPAKMFKLOGUHRPHPRWQ®KWHHFUHRLRQ/ DQE XSRQ
VXITHUUGBFXWRWDYLUX\GLRDGYRKBEBOD DQWL &' DQWWIEP XO QWA RIQXVRQBFHOOV
HWO 0D M D PHD® O 2QW XFKWXIBOVR LVRODUWRHRG D ODVKEURKODWL H@WWR X QG
UHSRWKR®OLSHRELRYGERWHKE SV SHFLILFWKRWBRQV XP RW LIRKQD P Q R\DXGVX WHED P H
UHVSR2KHAKKHOSVHYHBMWQ I HFE LG O XQUHVSROQVIOWEH 7K DQGBK FHOQ@WLYR
%LILGRE FPWKHWRDR PRWMSHURGXFWLR®UDDW HW DO
VLQFKHLOGUR®RQV X MH® HS D UPRQIVRDLQLQJ
% ODFIWHEMRDIHZRQWKWHUFHLWKGRWO LR $ VWXHE\DPLEHRGADUURZ GRAXUYRE
YDFFNVE@RZBQ QFUHIWKWR VPDRXRW $L Q HI[SRVWEBLIIHUHQWGODWWRHEDFHRWH UL
WKHFHVQ®RUBDUWLFRQWUSROURYLUXOD QWEBUXPFDVMKEVIBODFWS®DQWDUXF
YXNXVKLPD HW DO YDQG MRKQVRQ §DWKHW U I HYUBE QR
LQGXREBN PDWXUDWRERWDMKE VEO D FRADXV
6 RP R W K HXW X &KICHWHP SKDV W KB PAWKDW EHHRKDUDFWHWIQ K& XRIBWR LQIODPPDW
WRWDBOXBS$SOHYHW QKD Q FRIGORRU®D F\WRNLQHV,/ 71)a LQ&YV ZKHUHDUWHXWHUL
FRQVXPSWSBRELRWEZHY WKHIMMEDVLF DSSHDWRHD SRRUWLPX®DWRUWQ&V
GLIIHUHQWRMWHK@S$IRX Q@ KHUDPRMEKRVH 6XUSULVLOHRWE K LW KMHIWR G X RW/LR Q/
SUHYVH@WIHQ W H \DNWY ®GID WKDNBIG LP HRUF DQ®Bl)o DQWKHSUHVRERQ &' LOQ&V
SRO\PHEUPQGERQWIDYRFUHWRRISRQHQWQGXENG FDVMKEVSODFWKIMBELQWDLQLC
UHTXUBHERUMXWVHDVXWIHUXPSPD\QRW  VWHDEGBSURGXRWLRQKULYVWHWROHQ
UHIOBIFWIGROHVWUYRRW G LWIFFRY GLQJIGK LWW XKBR SK DV MW KB\KGIL | | HU H QSNJIRCFM VY Q
SDUMNW O/WXGUBSURG X EWMLQRWHWXERVDO |IRU& RIWKHXWDEHPRGXOMDWHRBU GULRY J
O\PSKRHOUOIRLFHKHVKRZAMXBWELILGXP FRPSRVIRNIRWLFURIQRBEDXGQOHVWHG
VLIQLILEQGQWHKHISURGXE@IHRRWBIDVWFKHVSURELRWLFY DORQH RU LQ FRPELQDWLF
DQBHVHQVONRERKR G HD\Q & KR W L\PHDRIU HW LR Q
ZDWEWDIZQMBBURELRWEBBVXIOD WHRODWH $QRWKMXGQPLFIEHPRQV WW R MW &
PLFURS D UXIUFSQUH WU Q WANHKWL@ G X FL. QJ SURE ISRMISBD UIBW LRQFUH /MG UHVRLR Q
VSHFLKKPRUDP®P XQUHHHYVSRQW HELILGXPo & % &' DQG+&FODVRROHFXOHV
DSSDUKQ®PR UW VW HIPRLAFX GiH I H BW UHNWV ,QD GG LWIKRH@V K&V ZHUHQ F X E DL\QM IGH
DO S UH V HRIW KSU R E L RWKIFRWVUXHQ D BADRD G X7F H
FHOOROLIHUDXE\RODQWUHGNVH OHYHOV
$QRWYXWUNGHN P R Q V WAKDABHHGE WIIUBH W LR @D K R Z H YRHEW H ULY@VEKWHX S H U Q P WVHD@® W
GHULMIR® KHOY HWHUFXNPWER QWU VERWHGEH UHQF XE XWWWBKSURE L RRVWKWGE B\ V
LOQGXGRFPOFRVDQW\VWHPILFLPPXQH 'UDNHWO 7 KHWHH V XGMPWR Q VWK DWH
UHVSRQWINVFWKEZWUHQIHFIMHMGK FROL SURELRBWYVWWKBIELOMRRGXOBWHKUIDFH
2 + S5HVXAWGLFOWKBEWKAHWDEROLWKMQRW\G&HF \WRNUBEBHEVHBORR&GY
SURGXEWSWRELRWIEWIOXKQMMW PXQLW\5HIXODRYRRRAWRNEQEHMELRIERYWULEXW
DQGRXOMX H U HEIMKUWH KBDS S U R SIROMHKD WRVKEHHQHRIWKHFROHFXQXWVYHDWPIHQW
IRRG PDWUL[ /HEODQF HW DO LQWH\GLVEDSRIXHY WKV LV R O DWRREK H
EORRRBVSW R E DELQ VHUHR® KR HU L MHRP

ORUHRY®WS SHMKWWH IOXRGUHRELRWLENQMDUUPRPD GRQVHTXWRRSOH V HQWK H
RXXPRUBRPXQRMEHSDUWGBWEUELWKE LQWHVWLQH

FRORQS]LRSH B WIKBW R E LRRUN DR L\OFOH H G
DOWKERWKMRKQWREBLEDUDFBYMBEOD\HG +DUNWD O FRPSDUWHK® QJHQWKH
VLPLDGKHVIRRSHWWBDHRFHOOMRKQVRQHYSUHVRLRG@ LIIHUH QMDLLONIIGRE\ W RN L Q H
ZD\D EHWRRIQR QUAHKIHQ WH VRMLQRWRELRWUR G X X\8 RRQF X E ZXWV9EQ LEXPDQV
PLFIDQ® PRUHIILFULHGW RHWWHV,W$ QDREWD LQRIEO RRIGQ W H WAL VYR@O REZILRIV \
SURGXFWLRQDURFRMHRX =HNUL HW DO 96/ GLPLQLSYURIGQ!OD R DHARNN 6 E \
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GHFUHDMBQDGXBHRGXFRNURQZKLOH 6KLGDDO $QRWYWNGX JJH VWWKBEBW
PDLQWD,LQLSQWRGXFWBLRQD\WDODVBRWHQWO RQ JXWLPX®XWHYROR'@IVFLQPLFMWR
LQGXRHU E\'& VIURPORBGGQWHWANVYDNXE SURGXQRRQOA EXWOVR 5LJEHWO
DQGQKLELRQHUDRNEZR @ H O OM D OWK H 7 KHWHH V X\OKRW K B WHIQW KFAW RNLQH V
SURELR@WIKEN/ SUHSDUBWLR®E DAMIHUSDRIIVOHFYHWKGE L\PRURIWEQUHRMREG UG
W KPR VSR W H/QWLQGXFHKWDUBOWRUH DQDQWL LQIODPPDAHRWHP D L\OWUDLQV

HITHFW QS HF U HDWXQIDHIS UHV RLR Q GHSHQGHQW
& LO&VDQWKHYQKIZEHBORGXRW)LIR Q
DV ZHOO +DUW HW DO Table3 6RPH SURELRWLFVY DQG WKHLU HIIHFWV RQ
WD EHHQX JJH VWHIZIRP SURE LRQIIORMH Qoo™ Effect Reference
PRQRF\WH G&WW 8H GN KHH Y H O R RIFTHRIGIWY - SR —_—
FHOOKWH VHU HRJH CBANMR G XIFHIFSU H DY N & D/V UKDPQR\ DFWLYDWLRQ RI 7 F
TKXVZKHEXPDPMRQRF\WH GE&VYDYHG / Lo i 71) C &KULVWHE
LQFXEDQVHSBU HVHRIFH HX\BBGIEDVMKH\  UHXWHUI LQKLELKWMSUHV\RL DO  6PLWMWO
LQGX/FHH GOI I H U H QUVQLMDRN IXFOQ@ W R OVOR/D W ‘é’L”LH%iXBWHLV;VCv)E’:VW
SURGXOMHIDPRX@WLY / SODQWRQKKH Ceoy Ql — Q e ULYWHE
RWKHDQIGY. QF DS REQB X LKIKH J X O B WHRQO 4 f\'s ' ' 50
GLIITHUHQWADS\S HRMKOWK BE L CRIWW HV H $0DFWX\
SURELRWEQBWHHI XOD WHREOYW KB VLG XH 96/ T '& PDWXUDM “U D N HHWAD O
W RV K HDLEL LBV \QUGRY KBIH F &/ Q G & H\U RF O\PSKRBWRO L I HUD' +D UMMD O
V SHFLQW H U FIM®KOHVEBR®H F XJUHD E EQ RQ oLk
LOQWHJULQ '& 6,*1 6PLWV HW DO % T 5LIEMWDO
ORQJXP
,OD GG LWORIQ L FFIREG RQ Q 1 0 D P PHRZRHO /I FDV GL,’,%‘EJ’,:%“\,?’E’S\?V'ZRWS 6P L WHWD O
GLVHPUKVEGK FHOWKSHJ RELOBWLFZKHQ - ') DpoG EXQR e
DGPLQLVWRIURHE W K UAHHH NVHG X FROLW JpvvHUL HW DO

VHYHUKWEHQH I [HA LIDERWD V V R F LDIWMWKE H /

SURGXRWLRQ@QGGEDUW LBXPHDQH U RW L R “DASEQVR‘

J U H D@RJE HRUNMU HEH OHJ 8 U H V V)@ JD W K H /

VXU | IRAMKAH P BP E U IRMAKMD P LISQIR S ML) ~ UHXWHUI

VLJQL I MWAHOIQKW U D QR/IIFHRUQ R Q X F OOHIDPN. I E / FDV T,/ YLBDFURSK 6 K L GFDWD O
SURSAH®ORPLFWUHZWW& WRDLFHFH VWLPXODWLRQ

LP S H GFHRSO LOMHIWH O R S ® QWK DWK HV | H F W

GHSHQR®GI JXOBRWRBENOWVM WHGEHSOHWLRQ

RIUHJXOBWR @ F H OL®P\5 H GMIGHH LB\U R W H F W R 1§ Th1/Th2 balance

HITHFMWQHU EWWRKWUDQVILHIWUD FLGQWWR
ORVRIWKNHOQRZOHREKX RS URELRPWHWWH

LPPXOQOWHVWHRPHMIRBURIDQBDO\RHYV

)LQOD QWD W KR AMOKWWSU RE URSMED FD vV HT\WRNEQRG XEWWE L GYHD U LHIMAP X G H L@V
18& LQGXMHKGIHYHORRAMQYW 7 FHOoOo YUHVSREWHKERQV XP SWLRRE LRRUM DR L, WP V
V X E VAV U D F WEH D DIRIZIU R O L | FSURDWWLERQMY D OK D VEHH @ U R S R WHK@SW R E L RHA H RIAQ
DPDUNBIBL MRMFUHW D QB*) B 7KLWXEVHW LPPXQRPRGX{IDHERUQ I O X H WKEQURNLQH
LWHUALPLW B RS X O RWILHRIX O FWewokDw SURGCXRWLIRKD ULRKXW FRHLAW KIHQWHVWL Q

SDUW L RLIONBRHDR O H USIURFFHUAT X LWRI G D Q G1V SHF LIDOWHN U R B WKHEML QY HV WL JD W

PDLOWDV@UR L OWIDEWRGHUH L B\B O FIWRNSQRGXFEWLIRPRP XQH UHJFODWVYQ
| SDUDFD&&L DOWPUWLFL@DANHY Y XEPLWEURE MRMLEDYWK R ZQK SWRELRWLF

ODFWRJOREXOWRR O H UDRFHLQYL FH  FD @ Q10 X MGFHHV R NLIQRIS ORIG X FRBH Y H U

DWW U L EVRAKRHEGOUFR (R L AL Q WIRS W (ZKH ¥ K éVI-TSHHI | ':B'DWSH DL\J"”BNEH;;HWRJU E L|Q0DGRH S"Q@(“'C
VW L P X\ RBMUHR G X RV, L R Q 3 U L RHWD @&/ Q & DR KWV v Q RIDQARRL

3U L RKD @ 7KXW HWD E ROIOWHW\E WkaH - Q1O D P PBWHRBMWV KU P X 'RV WK B YEIHH Q

EUHDNGRIRRBE\SURE LRWIDR IPMPKDYH REVHUVROGHRWHHQWHUBHRWUIRSQ@ELRWLI

LPPXQRPRGXODWRU\ HIIHEWY VW U DLGDEVQ W H U RLAL W SR/ U WRIMDKAHR Q W U R O O |
SUR G X FRAVAL\RV@R N D@HE\K H P R N IVGIHF W HEA H G

7 D N HAQR J H WAKKHHV W X GLLQIYL MDkpiyQ\  HSLWKHOLDO FHOOV 7DEOH

SURELRROWWDR) IDVVFAIMD QWL LQIODBADBYR U\
LQIOXH@NVVOBQ G XFMRQ UHV ¥R@MAH H , QY LHZIW KIHP SR UWRDWQKHK 7 KS D U D GW RP

SDUWLFEXE DB RX U DVKEHY HO R RRHEHD 0 v R XX QG HU V WRONY ELERPIX WHH V'S R QWBIE HH Q

Xé;lg KIEFRVQ V X P FNSLRRE LRIMRIGPERWX O G
ZLWK LPPXQRUHJXODWRU\ SURSHUWLH\)S/UTJ ﬁ“ PXQRP R G 0 MERELY U X BWHQ J

OHDQZKDQRWKWNXEXJJHVWKBWP H &' DOQOE&HOSFHWGAOI I HUH QSNVLRDAWMRADR X J K

ODFW R DV EBODR/P R ®\HW RJ H J X OTDRHD O XSVHWWLQJ WKH 7K 7K HTXLOLEULXP L
UHV SR QWRHIADAKGSDWKZEZEDWVWLPXOWKH RQ

VHFUHRVKIREHYRD/NV DQ@E EX@/R,W

ORKDPDG]MHGB & $OPRUOWOWUDLQV

EHORQWIRQKIWD FW R E DFFD. OILRVDOS) B E OMHR

LQGXAHBHYHO® YLPDFURSKDWHPYXODWLRQ
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7K 7KDOWHUWDRVAIRWKRG 3UR LQIODPPDWRU\

HIITHFW 8VLQUPPXQRKLVWRPRBPLRBRL FH
LQWHVWW@HVKRZWKRWDOGPLQLVWHU
7KHODFWRE BRIDIMOND OOFEWEBVHQ G SURELPWMRYI OXHQRABWR G XFRIYE B R
UKDPQRYXOWOHHWRQKL/EKLWHVSRIQYH LQIODPPPWRUWIZEKWURGXFRLRQV,/
DOOHDIWEH&QWWAD FWWULDL I LB B QG WKEH DQGE B ZHUHHQK D QEKIKEQ UHXWH WDLQ G
DQG SURGXEWSRQLSKHRREBQRQXFOHBUHYLY ZHUIHQJHV\WB GV VHHW O /

FHOOB%0& KHRKRXPDRHOIOMIUHL QFXZEDWHGDVHIGHOEUXKENEXOJD DIKXMFLGRSKLOX
ODFWRBDEW®WLL P X (ZD WHAKSRHF DIR B HU JH QIO Y R G X BIAG) F U HIBWR G XFFHORWL) D QG
TKLRHFKDQUWR X \WHKHU HVHRIPRQRF\WHV) 1y ZKHUHRIM \DF LG R SIKQ DXNWD/KBHGP EH U

DQGWGHSHQREOIQKWF\WRNL,QH\DQG) 1y RI,/ DQG/ SUR G X FH@ILWQ D ERW K

3RFKDUG HW DO GHOEUXKENBXOJD DIOXVDVHQ G X PHG
LQFUHDWKHXPERL/ DQ@E SURGXFHQOV

8VL@IRRBO O PRBMWRW XA UHVSRIQQYH 3HUGLHWRQ 7 K H WHZRW X GPLCHWMBIV W U R Q J

PLFBKLGDD OVKRZMXBWULWRQMBBWLR ® U J X P HRWKHH[ L VW RRCDFZH G¥HD U L D E QDK AV \
KHDW NLFEDOMGEL URO®XBR® FUHDMHIXP v W U BMKPR/G X ODRAAHRAOV H FWW R BBIMCRHG X FW L R ¢
,/ DQODVNHZIRQW KH W R NSLLLDRHIIUARHPK. W R JLQD@OHW WH DO HV WHGEPPXQHVWHP
7K OHWV DQG DQBRUH1 J 7KLWDXVHG VWLP X OHIWHARDE HDGHUVXVYOHD FWREDFL:!
ORZNHBFUHWURIQIWQGI* DQWLERGLHWRQFOXNGCHOMWEBFWHURDG RRWHL)o ,/

V'S OHQR R WHHUGIEN Y H QWM VQHPQ B S K\ O D F VWlgg/ LB%O&WKIEDFWHQEXE XWWGE

UH D F WELKRL@EDW O 7TKLYKHQRPHADR/Q JOXWDUDOGHK\GH IL[HG FHOOV OLHWWL
VSHFWRFDVBKLURWOQBIRHIIHEBWR X QG
ZLWROMHRWLRRKQVRQLL $ GUDZEWRN 7K 7KDOWHWDRVAIRRG DQWL LQIODPPD

W K\ W XIGW KW WEHX W KLRQUWH § WRIESIRRMI DR LV P\b FW L R Q
LQWRSHU LW RIDKDEKD ZDWWH IO WKWWDO OLIH
VHWWLVQKIHQ J H VSWHRE LRRUM DR LMP WY W X G\ 20WKRWKKNQGB®DQVWVW X GILGIE L RADRADHN
XVLQPRXVRHRGHR@DFWRJWREOUTNQRKOVW UREL ROWMLAWKSIURG X RW,LRQD F\WRNLQH
H\D O SURYHGHGH\@KBWRELRWGRYDDW%URGXEHFGDQFHODQFOX'GK_GJ—IOO&W
W KRHU W& O H WHHQY ISHRWQ B MAHL GSNU R WDHQLB)K D W p R Q R F\ %6 FI Af ONDH/U D W L (DROFB MHA\O B WHROQIO V
HITHFW LV DOVR VWUDLQ GHSHQGDQW ,3/UI—Rb@\@QWLDQQIOIBIH’IFP-II]FWIBULPD:LH_\KD\Y
WRQKMEKM¢ UHV SR QRR WAY O $VWXG\

$ GRXEOH FEOLIQYWXOF KLO ZUKRAHUH | gKLOGUWEV RS HE P DM X\INPRWQ V XP SW LR (
DOOHNURFEEP\KGDNDVIKRZMJGKW‘KD—GPLQLVWUDNWLR_]Q(DPQR«W)Q_\QFUHD/VHSURGXFF_MR}Q
R/ UKDPQRVXNRURXUHHNWFUHDMHG VHUXPQ® KIVWIHQFUHBVRG X RW, LR CE\
SURGXFMRBHBRQ&D I WMWLPXODWIOKRWL 3%0&0DIWHYLWWRPXZDWKRQL SUHFHGHG
&' DQWL &WNKWDPWMLPHWXSSUHVVHKDQJHV LQ VHUXP ,/ OHYHOV 3HVVL t
VHFUHRW/R@RUPBORG XIF®OG UTHD QWLWLHV
DIWVMHWL P X QROWWK&R Q 7 FH OL@/O O HHKILAFGUHQ ¢ L\D F U L WAL\ MCRON| RWHKMDLQW H ®D Q F H
3RKMD ¥WXROU L TKLMK UHVSRIQMH EEWLRQ/ ROHUWBWRRPHQ VY Q W H VEDLFOMHQ L BV V
[ UKDPQRYX\D@HH[SODEQWEIHUHVHRIFH DEVHQFIHFEHYHORBMAWHVH\ \G LQDOPDW LF
EDFW HHWDPROHEZK L FKHJ U OF®GW HL@R U GW B XKE&WO $GPLQLVWUYDUWWHDRMHRU L
JHQHUPMWWDERWKW®WWVYO X FMKFAK 7K GHILFPHOM/HGXPHKGEHYHORSPARWL WLV
EDODQRHDFW VWXB®QDOOHBDWLHQWYXJIHVWKGWRELRW.BWD QWL LQIODPPD
GHPRQVWJIDPWAGIERIJUD EHWVEGKEVYRELRW b W L RWDKIHQ W H VOADLGMH @ O 6LPLODUO\
RUJDQUWB XPMHKBIURG XFRWUR@\EORRG ZKHQ NQRFNRDAEHUBIGPLQLVANMKHG
GHULYHABODWIHY L WWR P XZLWKRWYL &' VDOLYDQ®BXDIDQWKIHQWL LQIO B PIFHIRWR U\
DQWLERXWBAW O D 7KHWWXGUDHMHVW WKSHURELRWUWKMR XWRW DXVEHM®UHGXFHG
WKIVWPISURELRYWQFWILRQAHWKHPPXQH SURGXRWHKIQR LQIODFPPWRMNRIUDHW) 1y

UHVSRQVH WRZDUGV 7K DQ@1)a E\VSOHQRB QBHVYH WBIVWFRH@ OV
D RWKIHQ FUH D GS UR G X F OVFL8RDQU M/W \
ODQ\ODERUDW[R‘UH.EEI\)(/HUWH{(ISWRELRWBI%Q ZLFEDKRQK\;)‘DHLO QWHUHVIWLQJC

VWUBILBVFRYBR LQIODPRINEWWLPXODWLGH |y pUERDOGR P LQIOMH G LQDRP D W L F
WKBURGXFRILP® X QRV W L PK\OVIRMR QH V5, G H L PIHFBIW HG X LIS R G X RUBIURRQ

SURELFWODROAR FUHDREHI RGXRWIRQ,W | o10DPP DK RUNRN LHQHHOK H @D FW B U HD
ZDMRXQ/BK DI HVMWEBGH WIXE VSR D J X 0D QVO MHKWHBXWD QHEQ &Y DMWKIDMED\ Q R W

/DEUBQ@& ODFWILV LQGXMMKSIURGXRWLRQ Oz DEWQHFHV WDRIEG P L Q LS/WRHEW RRW DO \

,)1o E\VXEMHRMWRY$UXQDFKHDWO P 6KHLO HW DO
.LV KW O  OWKZID\SURELRW@RQWULEXWH
WRVKHQIODPPLNWRBRQ@VHWWH QIH@® ,2VWKDWOVERHRUR S RWHKG W H X WHUAL

GHPRQVWVUIOMNWMIKD PQRV X V/ UKDPQRVXVSDUDFDWHMH QRDIWANY LQD PP DI \REG

** DQGEXOJDYLFXYWURIQIG@XBEHBGXFWLROYOLFRERAYBHWLEGXY GHILPLF@EW
RL/B ./ ,/ DQ®BLl) DQ@%NO&WQLGQGXPHG UHGXMIKHSUHVREZR® DQGE LQ@WKHRORQ
PRGHUIDQWFR HOFRIVBAK$S DQSURWHIRG XFWLR Q| FRRHYRWIIHPWEXPERUSDWKRJIHQL
RI,/ DQG OLHWWILMRE Q +RZHYHU +HOLFREDHFES\DHNE FXHVH@M KLU H VWU DR W
R W KWHUX G LOHIM H VIWHKIGSIWS H R E LHRDWMWFA DL D 3HQBW O 7KHVWWXGVYMHMYIJHWWD W
QRWHUHTXLWRQ@IOXMXHPPXQHVWHP SURELRBWPRPEQLYWHVIVOUQDPPD@WIQR® DO
$PURXFKH 3HVVL HW DO PRGHRMKURQQFODPPBEWZRHEL VHEWYH



46 Delcenserie et al.

GHFUHDWKRURG X RVL@RI@DPPPW®WIW R UDF O L QLEPMYPUERQVXP RWLBRDP QRY XV
DVVRFLDWMEQIODPPDRVRMWYSRQQRMWKHU IDLOMRKRDPQEHQHILHFALBIBRAS DW L H QW K/
7K PHGLDWWRLPBXYHPRBHDWD¥HHQ UKHXPDWRLG DUWKULWLY +DWDNND HW
VKRZWKBWRELRFWIFOOHYWLDWEPPDWRU\
VIPSWR)RW [DPSO®P X U LQKIH X P DDMRNVIGULWLSQWL LQIODPPDWRU\ DFWLRQ RI SUREI
PRGHOFDVHBKLURWMBLJIDWWNBUHWHLORSPHQW
E\ UHGXFLQJ WKH 7K UHVSRQVH .DWR HWWOIDEZH H\OX JJH VWHISBWR E L R VQ 8 & XCFQH
DQWL LQIO IDFFRDIRREVK HQ W H VRAKLFQRDVAD O
/DFWRE DFOLVORDKLELDVQHI IHEWWKH LPPXWKNVWEWXSSUHVV¥H®DROLIHUDWLRQ
H[SHULP ®WQWROP R)QFHI SKD O R P(\$H{ O L W IMK KLU KSR O D UA\ MARSNSLUORH Z € H CKIDWEHH H Q
D QL PPRG R X O WY SOMHURR/ZNY WKHHI THFW N QR AR R Q W UWBXDWHK R ORL Y R D GXRBW
ZDVVWUDLQ GHSRQHIB®®WOH UHXW H UROOH DQEKW RIQQIFO D P PHRVR&D V H DXN\QHG H U
DJJUDYDWHEHUHDADVBQG PXUL@HWH FHUWRIQWE LW KRRDVS D KIDWH HRHPRQVW UD W
EHQHIMWRQGXFWLA® DDV VH\RO 7R E\PDQS URE DMRMUIFQGWHH G KD P QRY X%
VXPPDUYWHXIGQ G LDQUIM O L PFORG HVOMI JHVW ODFW D¥ LGRS KL®KVE U XKENBK OJDULF X'
WKWWHG PL QL VWIS D RERRWQ AVIEQG LY L G X DIOQ/6 W U H S W R AVARKFHRUXPVR DIHOU00 X /U H WAKHHG
DIIOLFWHG ZLWK DXWRLPPXQH GLVHDVISUROL|HRUDXPLIREY 0 & \HY HIXHRHDW NLOOF
6XUSULVDRE@DEW HUWIRSG OCDSVSPH D W HEGH
+RZHY HUU WKW X GULKHR/XEHEF RQ G X RVQHG UHV SR QNRUEMKL EZ \WH @GO Y L VAKRHQU HDR/H
KXPD®\BYVVHAMHWWHBRQV XP SMBLRRELRW LE B F W HUIZDDOHPH U VQIRGX FKI THRQ FHO OV
PLJKODWJUD YODMWHRLPBXQHOKHILYM KDW  3HVVL HW DO
SUR E LVRKAZLW H WP P X YNV W WIR Z DD TR/
LQIODPPDM\RIRIERMHOIGRKBUPWEDWLHQWY $QRWKWMNGKRZMWEK&W 7 FHOOROLIHUDW
VXIIHULQJ IURP 7K PHGLDWHG DXWRLPERQH JGUMHDMEWWHIGO SDUDFD &L
ZHUHQFXEDWWR 7 FHO®XULQRL[HG
$OW K RMRIKB UR E DRWLIFIHIW RRV VBB  O\P S K R FARMVIHF WLR@H LH L G1 W O ,Q
LQ10 D P PBWHRUWSLORG X AWKIRIRW H @ WIRB O D G G L W IERIQLO/AR O DWRHAGKIHQ W H \PWX E @ BRO
DWUHDWRHMBWRQQFODPPERRIBAVHDVH&URKSQDWLMRRAMEG FU H DBV S GH VR WRIQH
ZRXOUG TXDRQWL LQIOBSPRBWRWDMHHHQ DQWL DS®SOPROHIZKHER LQFXEDWK G
GHPRQVWUIKBKH®R Q VX PHHEY HUWO RUQV F DV HIL EHFRPIPRUWXVFHSWREOH
SURE L FBWIER\H DWKIBBURG X FRVE R W KR JH Q DS R S WIRWLMH V %6 ®1 WX @ WNI H VIWKIEEW D V H L
F\WRNLIKKW RQVXPSRILRUKDPQRYXY FRQW ULROWHY WQ QEDDOW LEQ LQKLELW L
UHOL M YRGBV RRADVW RG HE P D WR WAL IZEXQA B LQIODPPDWR®EBWLY W URGWB/E L O RV \
UHG X FWQMKGIURG X RVIL@W H VAL )oQ MV V HQ V LAWFIH G/OR/U R J U D FFRHHOEE D VE B UHRD O
PHDVXUHG LQ WKH IHFHV ODMDPDD DQG ,VRODXUL

OXFRWIDPSQNRODWRE® WLAQWMKRKQTYV  7KHWHV X GILHW KIR VYV L BMKEBIWR\E L RIVQ F V
DQGQFXE ZWW K DV HLL RU EXOJDULFXWHGXFHHD®DEWLY DMKDERQUW L FLNWHQU
/% DOVWRIRGX¥KBVWD @OWMMQPO\7KLY LPPXQRPRGXDKHI/ULRBLRWR®GLVVOH
SKHQRPHOQHRIX IWHKEUHVHRIPHEMFWHULD OWKRZVKMEL QMR G XWKSHUROLIHRUDWLR (C
KRZHYHAD GG LWALIRHDSHR E L D BHWD WHRG FHQ@R O DURMNRGEDO R RKLS/U R E IDRPVRA@V KH
GHFUHWNKHURSR RWL R Q7 FH OIDYE 1) FHEOFOEH GLPLQLWKIHISUHVRLRUWDL Q
SURG X FIHDIOW KSRSXODRVILERW UDH S LW RHRWVH®HONQ YHEH P\F G RIJUHVMERQQ

O\P S KR FRWHRX F R RIW K HS/HW L HRRMMHXH O % DQ @ KBHWLQREGDRWRERDSULVWRI®\
DO LQKLEHWHRWE VHURG®GQY FHOZHW L RGP

EORRG QRGWH U LNUHR® KLHQ W H \PW E @ W X U P
ORUHRYKHRQWHWXEQB W UDVW® D W HEGW O $ O W K RAXKIMX W KIRWYX\HK D W R O L
IURRURKOBWLHIQUHR F X O WIXW KF® V HLL 1LVVOH H[HUDVMD QWL L QIO Biff -HRWIR K M
SURGXRWLRIQG1)ao ZDWLIJQLILFDQWONHEWLQKLEEWOQIXOROLIHRIBEWRRQ
UHGXFBBUR®@ O IHYHUWKWRPNY GHULY HE&OMHWZ OH F U XILQWKIEQ W H WWKLHKRLHJ
S UR E DRMULIKDGQRBOMW K/HM R K Q WRS®IELLZHAW H U H V XIOQNGM. FADKADKM K R IEORBRE X FR PV\R H V
XQDEV@MHFUHI)I\)(HSURGXFEWFLURQJRSKDJHQVVHWKIHPPXQRPRG)&)‘JMH“‘R\V\SWLRWL
XSREWLPXO D KLLIRID LVOX J J H\DWWW U D L @V W U DPLLQKQ\R BHW K EiH VNS S U RIVRIKH V W L Q J
GHSHQGHOMMWFRIE URE L RW IHRWRF R Q W U RDQWHWLWE @ BE\V LR ORWUH R WHED MRE LW\
LQIODPPDWRU\ UHDFWLRQV 3HQD Hw DO RBREVL G EWPRWSW R E IEHQ RAY S U HVK/H
FRPELQDWQRRUROIWKIDRAQV HE\DGKHVLRQ
/ VDOLY RDIWDOAER HOK R QR HG X\WKH PROHF)XO0HWKHPRNUBFH S WRSUHQHW UD W
VHYHRIWP SWRRPID UWKXVWQWKRIXULQH LQWHVWLQRDO WLVVXH
FROODJHQ QW KERHWH® LR/D \E HS D U @/0H

WRW\D SDRYBHGXFH DQ®1)o DQGQFUHDVH, 7 KHLQKLE IHWIRHURWS UR E L RYQEZ FVH O O

RILQW H VAARLOQLBVRLIVH @D O QIDFWKH WKBURELFEWHABR Z QQ W H VRRLQVD IR W

DO O H Y R IDW WRA@) P\§ WARPFDAE HH [ S O D IEQBI G é%g&vgwwﬂgfcﬁmﬁcﬁ‘éggﬁSEHHfVL\J/Eég;\‘;VLF
GHFUHIDQ/H DQ®1)a WZR\W RN WKHNNY H R

SURGXEM/GFDVHL DPROQRW K HUDWBIQW L
EHHOV V R F LALWWKGE 1V H DA XIW-OIHQ :Q .S URO LI FSUIRVG HNBMIBIOHI0R D VR E V H UG GW U R
UDWVUKDP QRYVXWUHDWBDHIRQOMGRHFUHDVH y \wpwo E +RZHYRDQSURELRMWLFLQV
D UW KLUQUW DP P DADIKRO® O D +RZHYHQ
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FDOWYROSUHFNGOROL | HYHILREHDW RWKHUD QBQWL LQIODRP PR YWRRR G XDFIW R U
LQDFW LK DWKIHALQ]\P D WEW L BIHW WM O LQGHSHQGHQWO\ Rl WKLV FODVVLILFDWL

,QVXPPDPD QVWXGHLIHWHK R ZWQK BWF K
$ O WK PRMSW R E MRWULIFIHAIW RQ KZEFIHVD O S U R E LIRSABIHAWRQ | O X WEIHPIP X YNV W H@®
SUROLIHURRMMWRQ DL@QWR QW UWERXMHO O SDUWLIPVKRBERWKAHRUGWPXQRPRGXODW
I XQFWRLWR® WIHIGQ | H FMVR RO R G H QWVD/V SURSHDWHBMNWHU LD $IXMPRUEHFH 2R XYOHS
EHHWXJIJHVWHKEBEWDGPLQLVWIODWHBRYHL EHWRHWHURLIDAMEZRKLFKR P SR Q H QHDW K
6KLURWDFADQUDPDWLGPOHDMHODO PHGLDWUHRELRWUPEGRXQ W KELI1H U HBRAFAHRYV V
LPPXQWHHV SR Q@ULAVIKQHQKD Q F5HHGB D\ H GV SH F L WK BIEW OUWRAR\G X OB KA P X YAV W H P
K\SHUVHQVUHWEWIBRYHFRREBERVXWMWMKH &RPSDUDWORWOLGD O\RMAKGILITHYWQWLQV
SDWKRJIJHDEW HULXW HPRRLPRF\WRJIJBMHVFRXGORYXKGHIXQIRUPDRMGRY HUPWRHQJ
: DDWH®O ORUHRDEPLQLVRIUPWYRD VWUDLQ VI®DH RMMALKIZW X OHY S O DALIQH V H
6KLURRDIBSURORQHHGRGHHNYULRBILUVW GLITHUHOQRFRHYVR YMWX VEMHH P SKDV W KW H
LQIHFWILWR PRQRF\WR YRAVQHW IWKHQWW X GOHWVOL@HKEM F WKWIRYPH[DPLEFNWRNLQH
VHFRQ GQMHWSREMH SURWW.IQHPPXQRORJISUR G X AV@QLIRYS RW B R E LRWIIDFQ VP& H U
PHPRWKBPRQIBWRWHEWULREGWXGDLUBIN GLIITHSKOQM RORRBRFEOLOVKR@WHY XREMMDLQHG
QHHGW®RUBUHFLEHWHUWK@HHFRNY ZKH@WLPXGBMOEKFZILWHKIRELREWX PRV W
SURELRWLFV RQ 7 FHOO JHQHUDWLRQ RIS URKEHDEIRIRIPURHY KIRREWD ZKH@HDV XULQJ
O R FD @ R NSLWQRHG X RV IRHD W H VRVO.QRR U Q O
6WLPXODWLRQ RI ERWK 7K DQG 7K URRGBROQNVFINEBRRE L RVRIOPAVXP SRMEBRELRWLF
UHV XLGWKML FUREBE 1B QMW H U D @ WWARLVDKO \
S$OWKRWKHKKVWXGEHNFR QV WUWKBIW &RH LPP X @H ODOWQ QW HMWW GXPWOLAMRE)W WK D Q
SURELRWGHWHUPTLZIQLQKEDOD QWRIPH FHOOV IRXQG LQ WKH EORRG
SURELPBISHWER Q1O X ERMNKX E V HVWR VY

H[DPSQWDMRXQMKDWPLQLVWHARDYHL Table 4 $QD O\W/ILIVQ G LRQGWKAD S D FRUSW R E DVRWUMFR Q
GHOEUXMENBXO0JD DIQAXNFLGRSWROKY POWHU 7K 7K EDODQFH

LOQFUHDWHEHPUR G X RWILR QV\S LEID DK Reference Organism Effect
UHVSROQQWKDWFLGRSBOWHRM D QWHKE 3RFKDUG / SODQWDUXP T 7K
SURGXRWIRDW\SLEDDK UHVSRQMHGLJR

HW O ,ODGGLWKRQ@ UKDPQRM®YY, 3RFKDUG t / ODFWLV T 7K
QRUPFBQVLGHWRREGQ GXRHUYy SURGXFWL
ZDVDGPLQLVRUWOBERLFIEXULMIOHUJ 3RFKDUG t  / FDVHL T 7K

VHQVLWLWMRA/Q R IDWNH ZAK UHVSRQNH

DQG ,/ SURGXFWLRQ ZDV HQKDQFHG R MR T 7K
6KLGD HW / FDVBKLURWD T 7K
CERPELQHBMKHQGWEDWKDPQRMRY,
LQFUHDVHBQ G VHFUHBNWRMD FURSKDJ 6KLGD HW / MRKQVRQLL 1,/
LXYLWEBRWW O L&D W R Q F O X\&KHDGV
UKDPQRMR®2Y , H[HUF LDVQLPP XQRVWLP Xt 3RKMDYXRL I UKDPQR¥XV T 7K
HITHRQW KIHP P X Q/HVWH® G H S H ® BMHKEW R
7K DQWLUHK/'SRAVND OOVRFLIZWMIG B I UYL
RUJD Q WKBMR P RMHHS U R G X FRAULHRFRQV QWK G\ 6KHLO HW [ / VDOLYDULXV L7k
DOV@HPRQVWWKW@\ODFWRED}@GC OF&DUWK\ % LQIDQWLV l 7K
ELILGREDWWUWHILMB/XEHG SURGXFBNLR
3%0&D QW KWWAR QR F\XMHIBD UJIHDASRQVL 3HQD HW D¢ / UHXWHUL l 7K
IR B\W R NLWRG X L.VQLHRVE RW R €@ F X E I2W WRKC 6WXUP HW ( FRDUWVOH l 7K
SURELRWDRQLYVRXHY WIKL® F U HDQVH
VIQWKMX B8 UHWKBGR G X RIMELRRWK DQG .DWR HW D¢ / FDVEKLURWD L 7K
7K F\WRN LLQHG/L F DWKIBWWIR E L P\ LHFWH U W 3HUGLJRQ /" FDVHL T 7K
LPPXQRPRGXFIMRRERWK DQBK VXEVHW THUGLIR  GHOEUXMREL I
DW WKH VDPH WLPH 1LHUV HW DO Q EXOJDULEXY
QD QD O O HPLRIG HLOE D W K R VP K D VE DV H L 3HUGLJRQ / DFLGRSKLOXV TT”7<K
6KLURWBRIFUHDXHIGI VSR QD MW V XHMNY &URVV HW | UKDPORYXY, T o7k
7KLMR QW U DANGKUIBF-HAY/WKFOBMYWD ULQ RB Q T 7K
DXWRLPPRABMRHUHDVEHKLURBSPHDWRG
VNHWKHK 7KEDOD®RK 0DWVXHMBIQ 7. In vitro analysis of cytokines production

7KHFRQW U D GJHVREWYD LIRMVGK H  induced by probiotics
LPPXQRPRGXODRBRURWIWHRE L FF\D [HH/
H[SODLQHG E\ WKH XVH RI DQLPDO DQG K Xd&vD Qv SNHRAREENH YOV IGKL ALK/ R O B WOIGV
DUH[SRVEGUHEWXOWWEBHRELRWQPY

7TDEOWXPPDUMWHKWMHYVXFOWD/ULRWXGLHW L WURWHRPWT X HIQUKQY KOQSK\WLRFR@JLF|
LQY HV W MIKMWIHGRISW R E DMRVULIRICDR/ - 7 K QDWYXHH® KHKWVHHOOYVRODWRR@KHU
EDOD QWM RWH Z RWKIWVAHW U LY IDQEXL G H@\ FRPSROQEDWKLFMKKHARX QR UP D QW\H WD W
WKHARNSD FWWR\QIOXHRQFH7 KHOSHHIOO zZK\PRGH®KPMP WKHXFRYVBRXEHSUHIHUUHG
GLIIHUHQMWR KM IRRIXK V X EV HVQW&W KBIVQ \ WRORRKPRGHAKWHQHSRVV IZKHHYDOXDWLQ
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SURELIRPPXRAIMQOFWLRHR HYDOX RWALRK +RZHYIQWLPSURY HPQVQR\S W RPDAMQ RW H G
VWL P X GROEMDLFARIEOPP X QHHV SREDBSH RELRW LIFRVOORER Q ¥ X P SRAN/LLRFQN R E D FL @ (XX O W V
LVSUDFWLEP®OHPHWRHYRWHS UHWHK®W DO OHVURLEFKRO OHHE@H AP O $QRWYKWNG\
SK\VLR OB BIDRDIQWB\QH [ D P L Q CRALIQR/DH \FFW D@D O7 D \ OHRVD O WHVWKSESOHPHQ@QWWKLRQ
LPP X QHHV S RORNHE GW KEHH VRS W HR@H D F K DFLGRSKEDXY URVYDNIRWIW RGHE PD\ERWQV
QHBUREMMWISUR | ROMPHWRNVYEBRAVHENHG IURPWRBRPHG WRWDOLQIDDMUMUHDWHG
O\PSKRFWOQHWH U RIFOW FRY WKBRPHQWR ZLWODFRERDFLGRSKIRBPAVWMWKPRQWKYV
F R Q WZD FAWKVHW UNDKLRXEHB VW D EOLKWMIBRE O G 7 KLWW X\GKR Z W& D BF L G R SE L@RWH G X¥ KIH
DOOREHUWLIIRFIZVWWEBRDQ® QWL LQIODPPDMWWRIDWRGHR PDWQ ®BMDW Y HIRV V R F LDLIWMWKG
SURSHRBRWLKIAWUDPQ@HYWLRERXGGEHILQH LQFUHDOIOE VH B L W L XOWN IRRIGANDO
VSHFEQFQLFBYU R ELRWRG)>SFKW® R WRHQJ H[DPLOQWMIGHIIHFRMBUREL DWIGFWHELRWLF
LPPXERRVWHKBYEHEXSSREWHGEGEXUDDWHD FRPELQ RWLRQHBUHYHQ®OMQWIRYSXODWLR
VXEVWDQWLDWLQJ WKH FODLP RI HDFK RMDUDQ B WBI\RSERIDEEIVK\DIQU H Y L R X MIOH \
UDQGRPLIHGUHJQDRPHQYR HFHHYWKHU
(IWUDSRADRRPRIOVUWRX GLRIKAK REBR G\ SODFIRERD LU R E L\RVBISFO H FFHR@WWAD LROXL@ J
FRQWWH{ RXFOGEHP DG ADXWLBPXQWARELRWISHRELNMWILEU/QUKDPQRWXY UKDPQRVXV
HITHFRAEW HU Y& G WIKRR XIODHEE D FN M GE \ | & % EUHWHE DQGURSLRQLEDFW
SURSHROM\G X FWOHQYUWXG LHMUDQGRPL]JHBUHXGHQVWX KKHLLP PO ILRW KW Z R/ RR X U
GRXEBDMHL QRUBHWDVYWKGLBRHHGWR ZHHNSWLWEBHOLYAKMQHZERUZABMVWKHQ
GHWHUWEKRUHHFDVWPRQHRVSURELRERM/K VXSSOHPHQWHGN KHKMDPKHURELRWLFYV
PXFRVDQB\VWHIPRFXQZWKVIRIWUDQVIJHQERPELQZWWR@DFWR ROLJRVDEPKEDHNGH
RUOQRFNRXBQRBRWKHQUL FFIRGG HARKOGORZ RWBODFHEREDELHRWLPRQWXW \HDUNKH\
EHWWGOGHUVWRIQWMKHIHFKDQLWMPWWKHUHY DO XWWHHKE® X O DLVQIEY. 16 R (DFOHD HAJLM.IFD V H V
UHVHDIUXFXG LORIXOHGQ FR X UMSHFLD O L ] HRSROBO O HHUR\H PDVW KB Q B0 O HIKILGD O G V
ODERUDWRULHY WR HQWHU WKH ILHOG RI(\SHURELL\R MKDROHR QJ QL IGEDIQWHIWHAH H Q
WKHXSSOHPPQWEUOBFHERXBNUREVHUYHG
8. Clinical trials in humans IRDOOHEUYRRWH UDNN R QHHVD O
UHSRUWHKDBXSSOHPHQWDMDWHKRWQPRELRWLI
TKHPSDFIBWURELRMMKMN 7KEDODRDBW SUHELRIWWBRDNDVVRFLDIWBKG SHBHQW
OHWRDQFOLQWRDLWRIY D O XDKMHI H ARV V UHGXFMWH R PDKLOWRBEFHPZDWHGXFHG
SURE L RVQWRKMWY UHDWRIHHWY HFBKOR QL FE\ SHEHQWKHUHV XOXWUV HY®LQYHUVH
LQIODPPDWRU\ GLVHDVHY DQG DOOHUJDWWRFLPMMWRBMRSLFHD/HERORQLRIWLR(C
WKH JXW E\ SURELRWLFV . XNNRQHQ HW
$WRSLF GLVHDVHYV
7KHWHIN XGLOHV HWVWKBWRELR/@ AV HI X O
TKRULYBUHYD GRHIQWWRISLVH DV@HQY/G X VW U Lo KW U H D WEPH®RWH Y H QRVD @ Q H LKLY
VRFLHMDLH@ERW [ S O D LIEQ HHGQ H MDIFFV R 1 V DGPLQLWVVQHU B EKR®/HXVYHIRODGXTWXV
QRYHPHUJDQODHWIRIPQPWLYKHQRPHRX@G QRSURWHHAWHERWEVHUNYRHBEWKBWRSLF
EHUHODWRHSG XH IS RVXMRLFURBEWYHDUO\ VIPSWRRFGXOWNMBEMRRBOOHRIDWWKPD
DIH QGHMXXHXWLFUREBELRMWHEHYEBORIFHQWXUWREBUQLWXGARNWEGQHHGWBHWHUPLQF
FRQVLGHNHGHWHUPL@QVXGWYHORSRAHQWKHIILFRFSURELRQUKBMUHY H QRWLWRSLF
QRURNX®D U UX B B VWIQREH D OKRKMWK KHD OWK\GLVHDVHV
JDVWURLQPALHVWERRPLRWKMK EDODQFH
DQAVSRVVLEOYRFLBWWMGZ Y WUXFWXUDKURQLF LQIODPPDWRU\ ERZHO GLVHD
FRPSROQHRWEDFWHUI$O 3V /36
OLSRSRO\VDF@G&SWIRAMDI EDVHS$ PRWLI ,QIODPPDWLRKMTXHDWFRRPSD@LHG
FRQVLWRWIRQPHWK\GDWH® HRIBWHW LR Q P E D O DLQWHK H Q W H V RVLLFQUDRCE 1+ D W K \
RFUDP QHJEBEWEWHHQ ®RWHRIQ@R/5 RQ LQGLY LB XADRYHUR QRIZIP L F U R EZALKR\V/BX L V
W KAHH @ ©U | DZAKH U HWD K&HS *P R WPLX VBAHW DN HQ W R O H UDMEWBR J DVEDON LE QWK IODPPDWRI
XSLOQOWRKFAHEOHQGRF\WIRRVQSDWKRJIJHQERZIBQVHDXHAKPDAW®O $QLQFUHDVLQ.
PLFUREBYMHGLUBRW L LQIOBPIHFMEKMH QXPERBOLQLEBBHULPWEYWEIGHVR QVWUDMW
LQKLELWKRWUDIQWFULSWKRB® HW \DRU W KIHP S R U WDIQ/IKHH V L GPH. @ WR EZLRAVWELKQH
LQWH\OWP@EBULWRED IODPPDMARSRQQPHYV
,QD GR X E O H AL DMHGOY WWLK@HI THR W &CGURKGQGILIYHDWHXOFHUBWRQNYWRILN[DPSOH
SURELRRVMWKSUHYHQ@RWILWRRSILMVHDYHY WUDQVPHRAIFGK O HRIWKEES5VSRQWDQHRXYV
UKDPQRVYXAZDWGPLQLVWSWHIDRPAPHQ GHYHEGROLWLWYSRYMHKHXWLFURELRWD
ZKRVAHOERAKQOGHHBWLIJKLVRBHLQWRSLFRUJDQLU'HGLVUHPRYIHURRVKRLF HE\
JHQHWLEDOOPWWED QEKLO XQHM U[ DSSHQGHMWRRRQDDNB® R OHUWR KW
PROQOWROGGHVXOWRZH\GK DW R $HIFHHPD PLFUREAIRWIRKWGWMILYW ORGE L F WK BAKIH
SUHY D QKFEHED G D M@ G X WHRGN RR XUl D RY LQLWRD® Q L |PDWL REHMOH U PLXOQEHWH T XH Q V
DJH .DOOLRPDNL HW DO .DOOLRPDRPXQWROGSILFEPHVMVLNMWKHVSWHWRELRWL
W UHDW PRHEKM\R QRFODPPBRARHBAVHDVHYV
7TKHFRQVXPRMSURRELRO DR\ H YAOIWH G DWOH V XVRWHWD YEHHHRLVDSSR L @WKIHQD BBV HV
VIPSWRRNKLO XHIIUURPWRGHR PDWLWIKWHWDAEO L QHIF BEMWR E V H U YWHEH Q H | HF LHDFOV
,VROBWWOL 5RVHQIH®GW DQEGRPH R IW K$U R E LRRMLMVX P SADMR RY/HFHV VD@ L O\
GDVORLYWEHQHILIHHLEDBOW KL O ZKIRQU H LPSURYHRHIWKXVHRISUHYLRXAMODAFULEH
DOOHWERZ PM\ORDMD PIM@GVRODXUL GUXJV
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Conclusion
&URKQTV GLVHDVH
TKHQWHWWEQRPBDLARMMBULPDUNQ@ KH
BHGXFW@IRYHDV¥W LKDWHHDFKLHY®IG GHYHORRAWKBR VW QPWRQYNVWMRFERYV
SDHGLOSOWLHQWN RKQIVHEVSHURELRWREIWAROH DMEPRXQZWHQWHURBWREQRWLF

LQWH U Y HXQSWHEI®D ,QDGXBENUDWHG DQGHQWHUREVWHVWRWKHQLWLBWLRC
W KAR Q G L WR RHDYBISJU R E LSRUMISD UDWORR LPPXQRPRGXODWLRQ
UH G X KWL \RNH Q G R V FIRESFE. ¥ U UG-DQUALRIQIH 3URELFROWIRRQD ZL GWD ULR M H OLOQN K H

\HDLROORZ XYXDPQRVYXWHHPX®DEOR LQWHWRRGHXODKHP X WMV WWR ZDDSWR
SUHYWG®UWAH F X U IRHOHF WWWHKIHH Y H B IOM\VLRQVR WD QWL LQIODFWRAREBHQ @RDOWUBH@/ WL Q J
RO O RZRQRBQV H FIVBLIRFRK S W L QYW Q@ WWU D D Q GP P X Q R O I8 DLLFIDRCHRAHHDUAK WDHOGR/ KWW\ S H
DO 6FKXGWO 2QWKRW KKHDUIQ W KH RI FHOOV EHLQJ DFWHG XSRQ

\HD\6W FFKD UR E\FEX®DAKHOQGPLQLVIVOH UHGOR G HW K P WP LWFKRX FR WK R XEHSUHIHUUH G
FRPELQZWWR{Y DO D RIHGHX MHK@IXPERU ZKHQHSRVYVLZAKHEYDOXBWRE LRV X H
UHODSVBIDWLNGE@WMUURRURKGLW HDVHIXQ FWLRER RWS$IU D F WVLEFDSGD H PHHYQDAD X D W L R

*XVODQGL HW DO RIW KWW LP X CRORVARRBQ PP X QH VS REW H
SURELRBWHIERWH S U HW KEKN V L R O R HLDFADLON \
8OFHUDWLYH FROLWLYV DQOQH[DPLQDRVMLRWH \FWMID@B ®QH VSRQVH

ZR X @ BN KB-H WRVGHA) R ® D F&XH B U R E IVRWWLIFL Q
YHUPHQR®WIHOBNR QW D EQ LIQ@R E DEMHHQ L 8 UR | LEOW/\K FI\ W R N IVIHF W HEM IDGP SKRF\W H V
FRPELQH®HKKOIDVDRD$IGH S S H DURH HQWHUFDR® HRW W KBRP HQ WRQ WL KK H
VRPHZKEDNWQHILREDW LHRWHUURPLOB® VWUNKRXPBHVWDEOIZKKHRBXODO ORZ
PR GH U DAMM EXOH H UDRVOLIKILIVI | HEBVEHHQ FHUWL I RADKSHUBQ BQWL LQIOSPRBWRWL H
DVVRFLDIWWEH) FUHBURG X RWIKREKAD L Q R W KVHW ULDE QH V VDIQRER X GE | QS H FEQLIFQLFD O
| D WDAR\L G @V KIHH F H VD WHRW O $ UHFHQW XVHWBURELRWR 6 XFXW\S R UMAE IQLIP P X Q H
HQFRXUDUWWREXJIJHVWKOWKBURELRWERRYWHKWRXBIBY XSSRUEW BEF X UG IV D
SUHSDUDBW L RFQR Q W U MEBKMPH W V (SFOQVLHQ WWX EVWD QW KB@DR RBHD FKWUBU® SRV HG
VXITHUURROFHUPRQIPMRD QG DWLAOWMK 3URELRMWHREY H ULYQH GWIKR XEOHE D F N K S
PLOMBRRGHUDWEWRAKRGLOGRWHVSRWQRG E\ SUR S HARIQ G X FR\DH. ® \ FVDXGG LVHXVF B V
FRQYHQWUR@W®R HHWWRQL OHDQZKLOHUDQGRPL]HG GRXEOH EOLQG WULDOV
WKEHVAWY LGHWRBWRE L W MA\H [ XQ@V K H +RZHYMWKHREVHUY DARQRYS O KRG
WUHDWRHDIWDPPPRARGLVHDIVHIMWHRP WK HR/WJI D Q IPLRB Y.\ G XFKIHNWIHH F\RG RV K H \
VWXGWHKEBWYGHPRQVWUDMQHI LFFAIDQDL F DHY S O 2 KQ FED F W HPRIOTHF R OFHHVO OXKDDHIS W R U\
RXWFRRB6/ LOVKSUHYHQRWIRXQFKLWIDWHHVSRQMUWRHPRUBHW DY O GDLBIN
IROORZQ@LELRWIUWHPQGWER®M FKHMWOVL QHHGWGE HW HUWIKGIH HF D\FRV IPRRG HR/I
*LRQFKHMWW®WL OLPXUWHDDO SURELRELRAWK F R \DDQOB\ V W HIPRLEX Q I WH
ORUHRYHWKDPQRY XML W\HODB SHDWRG XVHRIWUDQV RHNQRF NRRDAE Q & W KIHQL P D O
UHGXFH. VRRISIR X FKILMRBPERXW WR RYHU PRGHDRX®® OREHW WRIEH UV WRIQKIHYH
DWKUHHS\HDIERGH O D R@VR W KIH UMW QL FD®HFKDQL\XRMKHVHDKEOKBZRXBGGFRXUDJH

HSLVRGRHVH G MYMN ( FRQLVVOH VSHFLDOL]HG ODERUDWRULHYV WR HQWH!
DSSHDWHK® YB FOLQLFBDV¥ WP L@WBRWKDW

REWD IEQWE&GEU XPIH V D O D ]..UQXHHW® O Acknowledgements

.UXLV HW DO S5HPEDFNHQ HW DO

'H WKDQDW X YBDOWKKRGXAWWFWRUDYV

,QVXPPDDOWKRSDKWLFMLOQUIEVDQWFDA+3' +HDBWRGXF@BERR G UD QRAIKHDO WK
HITHRW KXIVHRISURE L R\W P PDWOQR/HF OHD U O & D QDIGRIW K H Q D QPLHDR WS VR M:HIAMK D Q N
HVWDEOFEVVWMIGH[FHSWURBWUHDWPHQWKMHGPLQLVWWRWLYPQRISQLYHUNY O
SRXFKIEWEWHULRMNX® KBEBRISURELRWLFRD QDO WRRDUJDUHWHVR EKHFNW®H
UHPDIDPWMRHYHDRBRFKMWKWUHDWAHQWQJOLVK
LQWH\GW VQDBHPULWBRH HVYWREPHRN\RDVLYV
WKH LQWHVWLQDO PLFURELRWD %RURG\ HW DO

References RISDWKRJHIQHFWAR UDQ@G® HJIJX O ODOWROD\O V
$PURXFKHORXWLQULRXOWLVV 1DWXUH
(I'THFWMELILGREDFWHRBLOBEIN&@D 0D G %LELOGRHGRUDN 7DQQR*FN ODGVHQ
HIRSRO\VDFRKQPRXBEHMPSKRBWROLIHUDWLRQRQFKBVWWIPSLBULH 6LPR@H DQG
DQG F\WRNLQH SURGXFWLRQ ,QWHU 'DbDWUWR % 96/ SURELRWLHRH®GNX¥FXWH
$SUXQDFKDOPBPIPOO® 6 DQ@KDQGHD UHPLVVYEDWLAQWWWXKOHHUDRQRWM LV
(QKDQFHRH@MWNVXPPAQKMQFWI\RQ *DVWURHQWHURO
GLHWRW®QYYV XP SWALRIQ GR ED W H WILX/P %RURGY : DUUKHQ /HLW 0 6XUDKBH
(XU - &0LQ 1XWU $VKPDZ) DQGLDUDRKRDYV %DFWHULRWKH

%DKDWYDYRU +DOSHUQQGHLQEH®JHU XVLQKHFDOR WR\LAMKKPDRMRWLR @WOLQ
/DFWR E D** L DODRWE P HD L DWHWKHQ. W LADVWURHQWHURO

/HZLV UDWV - 1XWU %RUUXH&ODURO &DV H0)O 3V WR®D L@H
% HW W H&ODOUWUL HDR: .RUQ@ 6WURP% /DUD (VSLQ 1DYDO *XDUQMWHUDQG
2XNND HLQHWU/ DQGXFKURR. O0DODJHODSG D , Q F U H DPVXFGR WD )XOP R X U

5SHFLSURFADPOORSBBQWDIBRWKIHHQHUDWLR®FURYEWRSEDRG X EIURKQLWHBD A
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EHGRZQUH JX)DIWERG U R E LEROW¥ MFH X WD EURNHIFWL@HODPPPDRZRE&D V HD,WH &0 LQ
([S ,PPXQRO

%UDPWDGH@®UDQGNDQR® +RPPHV )XNXVKIsPDDZDWD+DUB 7HUDGDDQG

' 3HSSHOHQERUBDOQHYHQVWHU OLWVXRND (11 HFRWD S UR E LIRW P KROD

/DFWRED FILKDOPXQVR Y R'G X FSHIWU L S K H ULDQAW H VIWPLPQXORMR J O B EXWDR. ®X FIMVDK R Q O W K \
K\SRUHVSRQWYMWQRX@DWHGEHOOM FKLOGUHQ ,QW - )RRG OLFURELRO
PR G X O IRWGLHR@G B HWXOFF WILR-Q O L@ W U *DOGHIRQ® DQGHUGLJIRQ 5 R ORI

Y L D E RGIWRE VRWULIFIYOR/IS HW V L V MWW QIFKHV
%XWOKBUODOIB®BLW ODLQL1 %UHQQDQDQG®XFRWPO® XYM LPXOBEERFURELRO

) 0 DQBEHOGPDIQQ $QWL ,DQBQWL 71)

DQWLERGQLHWILVWIFDORWKMURIUHRVLRQ *L 006 5XWKHU.IX U &UR\V/ D
PXULPRIOODJHQ DQWXMM® LRPXQRO "LHWBURELMNEBSP HP H & QOOVQEREW XIWDO H U
FHDPW LLYQWWHIO G HUDQ Y HV W RIDMAL RO D W H
&DURO %RUUAHGQWROLQORSDV LPPXQRORJLFDO FKDQJHV - &0OLQ ,PPXQ
&DVHOODPXDUQHWQGDODJHOBGD *LO#06 5XWKHU.IXUSBURWY/ DQBRSDO
0R G X O DRADL.RROS WIRYV QW H\ONR B ORFEWHY 3 . E (QKDQFHRH®®RX QL@ KHO G HEV O\
SURE LFOFMFH@UMRK QLW H D VHX N B R O GLHWDMMSSOHPHQIADWMKRHIURELRWL

%LILGRED OWHWILXP$P - &OLFWU
&KH®@ . XFKURR ,QREH+DIOH® DQG

"HLQHU/ 5HJ X O DMFRIB\OR Q O\G X EM G *LRQFKBWW]]HOORHOZBJ9HQWS UL
RUDWROHUDNNXBSIHUHVRLBOYWRLPPXQ@BPPHUVO %ULJBGRLWDOBRJJLROL
HQFHSKDORP\HOLWLVY 6FLHQFH OLJOLRODQ&DPSLKWUL 3URSK\CRO[LV
&KULVWHQY¥HQRNLBHDQGHVWRND SRXFKRQVEMK RE LVRKMHED SRXEOH EOLC

/IDFWREGEILE O HRPRGADGIPWHHVRLRQ SODFHER FRWWDRVOMDWHRGH QW HURORJ\
F\WRND@QHAMO W XUNVWURBLDHUNH@VXULQH

GHQGULWLF FHOOV - ,PPXQRO *LRQFKBWW]LHOORHQWXU%BULJRGL
&ODDVVYHODQ LQVHQ 3RVQR DQG ODWWHX]PAD]]RFEKBBRJIJLROQLJOLOROL
%R HUVPD 1HZDQEGDIRRUMQYBFFLQHVDQ@DPSLHUL 2UDBDFWHULRBKHUD
EDVHREGODFWRE BBO®XV®b6 L R 0% PDLQW H QLGP BHQWL B IQWK/U RRXFK LW L V

DGRXEOH FODLRMKER FROWDRWORGE QWHUR
&URWV/ ORUWH®@VHQXGVN DQGLOO

+ 6 'LHWDRQWRBNBFWREDFKDPQERVXV *RVVHOLANFKRXWBQYDOLHVKRIW

+122 HQKDQSHRGXFRWERWK DQGK +RS. & /IDPDQ ' DQBXVHOHUPEDG®Q*

F\WRNL@EQYWLIJHQ BUEMMHGOLFURELRO 'HODRMWKHURQWRIBR XFKEWW UDQW D N H

,PPXQRO R IW KSHU R E DRAWUWBLIFQV R EDEK DP @R Y X'V V
&XPPLQJIV $QWREL@H$]SLUR]%RXUGHW&RORQ 5HFWXP

6LFDB G%UDQG W] DSJO GHE *LEVRQ5 *URXEF 2 *DUWD %LJOHUS5RXOHD X

*XDUQHUVROOXBDQQHPDQMWO $QWRQHQMROULHYV( DQBRQFDUROR

3$66&/$,0 JHD OWIGPP X QXU 1XWU $& 7 FINOXEVIHOKLEQWYJHQ VYSHFLI

XSSO ,, ., FHOE@VSR@WQHBW HY HFRWVIVDMWX U H
GHDDUG &ODDVYH®BRNNH®@ %XLWLQJ

% *DUVVHQDQG®RV- * (QKDQFHG *XSWB $QGUHZ .LUVFK®H® DQG

LPPXQRORPHPROUHVSRQWRVYVWHULXDQGDO®LQL ,VODFWRE D KHDSN® O
PRQRF\WRIBIROBHOQOWWHDVXBENGHOD\HG FKLOGUWA RKQLWHDWWHVXAWSUHOLPLQDU
W\SKASHUVHQVIZW LYG RS WLYCHQR/Il A RSHQ ODWEX®SH G LDDWW URHIDIWMHUR O
DQ S UR W HIER\PLXYQHL RVQ O R/ZLFON R E DFR @ B IX V
6KLURWD LQJHVWLRQ &OLQ 'LDJQ /DE ,PPXQABDQGAH]]l* 6RUJBELDQGHVWRGL
"HOQH¥WRQQHW +X¥ KHYGFKLIIULQ 6DFFKDURPERKUDLWBRDLQWHQDQF
)X Q FW LIRRIB&H FKD Q LRAP¥ W IRROQ W UHDWAKQRK GLWHDVHLV6FL
LPPXQRFRPSHWHQW FHOOV 1XWU 5HY 6
'"HOYHV- DQBRLWW 7KH.PPXQH +DOOHWRGE +DPPHY 3 3IHLISW
VIVWHP )LUVW RI WZR SDUWV 1 (QJO -60AKAIIULQDQ@ OXPB 1RQ SDWKRJHQ
'L*LDFL@WRDULQDURDQFKH6] 6WUREHUEDFW HHWLIF IGW | |HU HFQWR NDRAWS RBDWV H
© DQGRLULYDQW 3URELRMWIHFOLR U D WMW H W8 L BFEBH@LD O H KR RFRX\ @KXW H V
UHF X ULKH P G L B WHIGORHO EWLIQG X FL Q J
DQE GHSHQUEHEWWD EWBUXQPFPWBOV +DUULQNWR®QJIDNS5 DQGHDYH& 7
- ,PPXQRO (ISDQGWQH IHF&/RY FHWOHS HUWRHUH
'RQQHW +X$KHRFKDW 6HUUDQW 7K OLQHDJH &XUU 2SLQ ,PPXQRO
$HVFKOLPD QX BFKLIIULQ ORGXODWLRQ-DUMW/ /DPPHUV %ULJA ®LW®BGIL]JHOOR
RIQRQV SHFHFIK®D Q LRIBWIHEXODFWRIFG ) *LRQFKBWADIPSLIAULDPP O $ .QLJKW

EDFWHULD HIIHFWLYH GRVH - 'DLU\ 6F6 & DQG®WD J¥ - ORGXODRMKRPD Q
'"UDNHIV %ODQFKDDGG&]LQ® GHQG FLlWE®BH QR W\G®X Q FWH\RSQURELRW L

% D F W I$ U REEQFRRAGDFO DRVG.IRQG BHWOBMHFW EDFWHULD *XW

,PPXQ +DWDNNDDUWLRRUSH®D+HUUDQHQ
'XFKPD@®Q .DLVHU+HUPDQQOD\HW 3RXVV/D/DDVDQH®GD[HOWL QIDSDDWDOR

(ZH. DQGH\HIXP%XVFKHQIHOGH ORLODQHIQ RUSHDD (IIHFRISURELRWLF

7TROHUBQIPMWWR/ZDUBVYL G R QWM V &/ R EDMD/
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W K H UFDGBAKIHF W LDYQ BR W L YR IVIL®@ H X PDWR WD Q GRP IGIRNGEOH SODBBER FRWWLDRD O
DUWKULWLY D SLORW VWXG\ 6FDQG - BIOH¥RDWROLQ ,PPXQRO

+HOZQ+DDKWGH @M EDDKWHOD 1R /IDPPHUW +HOZ8J6ZHQQHQL]]JHQOR
HIlHRW®U QO H D VZR WDEAAQ W H \EWD E@/INAWLDDD. Q9HQW X URDUDPHOODRPP 0 $ %ULJBGL
/IDFWREDFKDPQR Y K&& RELUFK SROOHRQFKBWWQG&DPSLHUL (11 HFRN
DOOHMSIO DFHER F RGQRAXUERGI OBMBLEIEO H U J\ S U R E VRMWLIFIQOYW H U OHXRIG REWHZR Q  $

FHOOV $P - *DVWURHQWHURO

,EQRX =HNWOX® 6FKLIIUL®QBRGHU /HEOD-QFOLVVDQGDW BU ,QGXFWLRQ
C HLG "LYH U JSIMWWRIBRORQLPIMELR ®@IDKXPRWB PX WHH VS RIROM RZGYFKHULFKLEL
LPPXQWHVSROOHFUWRBVZRQWHVWLEP®L + LQIHFWILWRQLPPXQRPRGXODW
/DFWR E DWW O D\XQB/WV SOIDRLODRISHUYLHSHS W LWGILAFVGIHRIQ MHRGPD FW REDIFHO @MW L F X'

YLWUR ,QIHFW ,PPXQ IHUPHQWHG PLON &OLQ 'LDJQ /DE ,PPXQ
,VROOXBUYRDDBXWEXKVORLODQHDQG /HIUDQFRDWGBXGGLQIWRQ ,QWHVWLQI

6DOPLGHQ SURELRWW.KMND QDJHPRIQW DQGSXOPR @XER V/DFH O O R FKOHOU RIHL ¥ KWR

DWRSLF HFJHPD &OLQ ([S $O0HUJ\ PDL QWKW D WXRE QQXHY,PPXQRO
,VRODOXURHQVXX6XRPDODQHK®PDOD

0 DQBHVLNDUL ,PSURYRBXQRJHRLFLW\/HRQDUG 7\SH F\WR N LDQWHG/

RUDO[ 559 UHDVVRURWQ WLIUFKALEQH LQWHUIB QBRMQKHULMFHSWAUXVQGDPHQWD

/IDFWREDFLO®XYDFFYBAH ,PPXQRORJ{ 3DX®G/LSSLQHARWWDPV
.DLCD ,VROOXBD[HOL BUYLORPMIQG :LONLQV 3KLODGHOSKLD

9HVLNDUL ILDE®GHUVKYDFWLYDWH®N $PWNBHRFKDWEDXGDQ OLJQRW

/IDFWREDVWODXY®FXWRWDWGLDXIWKRHD DQGHVFKOLPMQQ ORGXODRMDR Q

$UFK 'LV &KLOG VSHFIKIXFRUP® X QM VSRRY &K D Q JIHY
.DOOLRPDADLOPLBHRUYLORPPHUR LQW H V & RRHDGEL DW/HIGRIXIKP H GPVL B.E® W D N H

.RVNLQH@QGVRODXUL BURELRWLF\(06 ,PPXQRO OHG OLFURELRO
SULPBUHYHQRWLWRSILNHDVWDQGRPLVHGOD' )RUV\VBKEHQ®LHQHQVWRFN/LYH
SODFHER FRQWUROOHG WULDO /DQFHWDFWREDGH®®ENYYHQWRWHKGED KLEHWRBW
.DOOLR®DNDROPLBHBRXVVDS$SUYLORPPLRQWXPRUHFURDEWRIUSKD L QGX¥FHGO HXN L
+ DQEAV/ROOXUL B3URELPWBSAMHYH@®WLR®[SUHVVLRQ ,QIHFW ,PPXQ
DWRSLANVHDVWHDIROORRI®PUDQGRPLVHGODDVVE@ YD®ROWHQ%DQN+HLMHD
SODFHER FRQWUROOHG WULDO /DQFHWA4DN *ODVKRXZHWB /DPDQ ' %RHUVPD
.DWR (QGR 7DQ.DNDB&RNRNXUD - DQ®ODDVYHQ 2UDM@@B\PLQLVWHU
6XSSUHVIWILWARMWKRULDGS PL QL VVRW D WADRFQV R E DVFW O GXYNH U HDIWHWDWB® U H FVPLER Q
/IDFWREDFLRORQYWMSHFROODIJHQ DQWKPHBHIVLF RFWKIHPP X QUHHV SRONW  6XSSO
LQ '%$ PLFH /LIH 6FL 6
.DWR OL]XQ®R 8PHVDXNL VKEL6XJLWDQL ODDVVEQ@YD®ROWHQ 1& HADHIN GHQ
0 ,PDRND2WVXOD+DVXQXPDXULKBUD %DN *ODVKRXZHHHUW - /DPDQ
,ZDVDBRLHWO 5DQGRPLIPOFHER%RHUVPD DQ®@ODDVVYHQ BWUDLQ
FRQWUWODMBH YV W.KMHI | HRVELILGREDFW KSWHLISTH Q G B G WFRME RAQR NILIQRH! LL@M KHX \& \
IHUP H QPALKDRIQD F W IXYOHF H U B /@ Y$WDLLWP HQWR UDDGP L Q L VAR IF WHRGE DF\W O DDOWAF L Q H
3KDUPDFRO 7KHU
.LVK$ 8QR. ODWVXEDWINXGR DQG ODFGRQDO/GDQ®RQWHOMRQH
.LVKL®D (I'HPRW KRIUDGPLQLV\WUDW,[PRPXQLVQIODPPDWORQ@H@IKIKWFLHQFH
/IDFWREDEUB®MXYE VERD JX RIMQYWHUIHURQ
DOSEDRGXFDODRIKPDQBP &R @BOW U ODF'RQDOBGORQWHOHRMMEHQGHU
SHFHGWYHORSPGAQMARN P X Q R GRR J \
.RUJHQL®N DQGRGROVN\ (YROYLQJILQIODPPDWRU\ ERZHO GLVHDVH 6FDQG -
NQRZ O H®IEAKHUDISQIODPPPRAREMVHDVH ODGVHQ 'R\OH 6 -HZHOO 7DYHUQLQL
1DW 5HY 'UXJ 'LVFRY 00 DQBHGRUDN /D F W R E DF$ 19 ODHW
.UXLV )ULB 3RNURWOQUKNWY )L[D SUHY HFRWOMVIOMW H U O HX-NQH) GHIPEEHQW
% .DVFDN .DPPO0 $ :HLVPXHOGHUOLQIJHWDVWURHQWHURORJ\
& BWROWHWO ODLQWDUBPDVRLRQ ODMDPBDDQGVRODXUL 3URELRDNLFV
X O F H UDRVOMMWKKIHI R E (R WH.IF U IFFROUY VOH QRYHB ©S U RD@KKMD Q D J H PRICGRR B O O H-U J\
L\DWHIIHF\BVAIHWKVD Q GBIVBODIX@H $OOHUJ\ &0LQ ,PPXQRO
ODMDPBD,VRODXBD[HOLQDQGHVLNDUL
LUXLV 6FKXW])ULE )L[D% -XGPDLIFHU 7 / D F WDLFRLE®D F W HQVLKEM U H D VRROHRQAWY H
DQ6WR@WH 'RXEOH ERPGGURVIRY URWDYDYWWR HQNWHILDNYW UR HIMWHIU R O
RUDWFKHULFKGDHSDUD@®R YD ODIRQH
PDLQWDUBPOQVWRIRQFHUBPWQYMOIMW HQW ODWVX]DNDJDWD.DGR 8FKLGD.DWR

3KDUPDFRO 7KHU , +DVKLPRWRGRNRNXUD 3UHYHQ@WLRQ
XKQ® /RKOHWBHQQLFNMDMHZVNDQG RQVH@QQVXOLQ G 63 1D@ PG R RGN O
0XOOHU ,QWHUOHXNLQPLEEHYFIO-REW2' PLFE\RUDHHG RUD FW R E DFL DKL V

FKURQLF HQWHURFROLWLV &HOO
XNNRQHBDYLODKMDDKWHORQWXQHQ ODWVX]DN4DPD]DBL+DVKLPRBWRQG
%DFNPDQRUSH®DBRXVWD 7XXUH DQG <RNRNXUD 7KHHIITHRW UDBHG LRQ J
XLWXQHQ 3URE L FOWISFUWH E LFVOIDFF WR/D FW R E DFD O@WVEOKIQU R@PPXQRJIJOREXOL
ROLJRYV D F AKW KHGHWH @D IORGEULMHFDY HY SURGXFWLRQ LQ PLFH - 'DLU\ 6FL
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OF&DUWK2 ODKRQ\2 &DOODIK®KHLO 20LYDOHWD] 5RSHUR 6LHU®D/DUD
% 9DXJKDQ )LW]J]VLPRQMW]JLEERQ 9LOORVOPREDROGODDYDY 5RGULJIXH]
2 6XOOEYSDQLHO% &ROOLQWHWO DQGDX V- 2UDIQWBRNW FWREDFLO:
'RXEEWWLSODFHFRRWURORBMZ RURELRWLFUPHQA&EP HQKDQWHKMIHRWYIOXHQ]D
VWU DR Q@W HU O HQWRFENFOFBQBHFKDQLVWYBFFLQDWLRQ 1XWULWLRQ

OLQN ZLWK F\WRNLQH EDODQFH *XW 2WWHO DQGRGROVN\ )XQFWLRQD:
OF&UDFMHQ&KXJT %DOGHRQ$KUQH PRGXORMERWHURRIWBY SR \DLQWWUOHP
OROFQODFNBH, DQEBDVNLOB 71) QHJIDWLLYH RR U JDSPLV PRV LFOY WURLQW H
DOSKBIQVLWEZ]HWVWRORBSEWKFHIWQWR /LYHU 3K\VLRO *
L QW H \OVD EQVIRGE [(5PAIOB0AG O D\ZRR G 3DUN+ 8P - , /JHH% -*RK- 6 3DUBI <
.LP: 6 DQGLP 3 + (QFDSVXODWt
OHVWHFN%OXPEBWI.L\RQR OF*KHH  %LILGRED EW HWGSXFPW H Q WLLCDMHMM 5 Q D O
-5 7KHP X FR VDROP X QH VW H,R) SURGXFWLRQ &HOO ,PPXQRO

)XQGDPH@®WRQRORJ{ 3DXBG/LSSLQFRWWHOWR,VRODXULOLKXY 1XXWLOMDQG
'LOOLDPV :LONLQV 3KLODGHOSKLD 6DOPL®GHQ 3URELRDWAWBREZD UHJXOD)
OLHWWQQBHRWLNDBQ®QRSLR 9DUNLOWKHALON LQGRFOIGPP DWRSR QY. O N
3LUKRQHI@UNLOXULPRWRQGEXONXQHQ K\SHUVHQAXBWLHKWD YBIQLPPXQRVWLPXOD
/DFWRED® BWWIH S WLRFGERHW HU O H X NLIQH EQ{ H D OWWKE M HEFQMARS $ O O H U J )\
./ ,/ DQGDPPDQWHUSHBR®HRWLRQ
KXPDSHULS EORRBQ R Q X FOIOY H,PW X Q 3HQD $ /L6 < :LOVRQ+ 7KLERG B [$X
6]DU% - DQGHUVDORYLF *HQRW\BSQE
OLHWWOQQBXRSLR 9DUMNMIQE@DUNLOD SKHQRWAWKXBRHWKULQGW HVALLRMDRE DF L (
BURGXFRMKRO©DWXPRUWFURDEWRUVSHFGHVIHUH@AHEL WK BL W KIRR(GQS\S 50
DOSKDWHUOWDQEI@VHUOHXMQGXENG (QYLURQ OLFURELRO
ODFWLF DFLG EDFWHULD ,QIHFW ,PPXQ 3HQD $ 5RIJHBV%*H = 1J9 /L6 < )R]

OLPXUD 5L]JHOORHOZBJ 3RJJLROL -* DQGHUVDORYLF 3URELMWWREDFLOO
6FKUHIGEHDOER&ILFKRDOVYLRQFKBWWLVSSGLPLQEHUOLFREBHWBWLFXY LQG
&DPSLAUDQGOPPO $ 2Q0FB D LHANIK LQIODPPERWRBAVHDQRQHWHUOHXNLQ Gl

GRVIHUREWKRHUFBGA |IRBDLOQWDULHRIQMIVLR®LFH ,QIHFW ,PPXQ
LQ UHFXUUHQW RU UHIUDFWRU\ SRXFKLWINUGXWRGHDFLDV( $OYDBH20LYHU

ORKDPDG]D@GRIOVRQ .DOLQD® 5XWKHO DQGH5XL]+ROJD GRS 6\VWHPLF
* 'HPPL@ / :DUILHO/IG %DYD&LDQG DXJPHQWRMWIKRER PXQH VSROW@H FH\
.ODHQKDPF/PH U IDFWREDFWQORRWMHQ IHHGLRUPHMPWBOERVWRFWREDFD®BR\G

GHQG FIHOWK YWHZ FHOWRZDIUIGHOSHU /DFWREDFLOOXV ,PPX@RDKRLIO XV
SRODUL]DWLRQ 3URF 1DWO $FDG 6FL 8 633HUGLIRQDOGRQYDOGRHREBQRDOGHE
ORRUH: GHDDODOHBVWRIIPEQ DQG DQGHGLEL , QW H U IRAG\CLARY@LLED FW H U L D
2 *DUD ,QWHU O HXQ®®LH W H U O H X N [ZQ WWKKIFK WP P X WMV W KRPU &OL®W UEXSSO
UHFHSWRU $QQX 5HY ,PPXQRO 6
ORVHW '"HQGUEWOP)YXQGDPHQWD@HVVL 6XWDV +XUPBH DQGVRODXUL
,PPXQRORJ{ 3DX®G/LSSLQHARWWDPV ,QWHUOHXMNQBUDMWDRRSKEOGUHDQ
'LONLQV 3KLODGHOSKLD IROORRUQIDFWREDBKD®RWRY X&O (DS
ORZDW O $QDWRFLIFDEOWROHUDQBEOHUJ\
DQGPP X QWWQ W H \DWQMQDIBOBH Y PP XQRO 3HVVIL 6XWDBV6D[HOLQ DOOLRL QCHIG
L, VRODKUL $QWLSUROHIHMPRUL Y H
O0XUSK\0 DQSHLQBU 7KHOLQHDJHKRPRJHQBWU MVYWHRGPL YWW U IRIBN QG LG D W t
GHFLVLRQV RI KHOSHU 7 FHOOV 1DW 5YRERR@RE EDFWHULD $SSO (QYLURQ 0!
OXVFHWWRODVVDL 7DQJDQEBODQG 3RFKD®GRVVHW*UDQJH& 8B G UsH
*UDV WR (IIlHFRIVDFWRERRFQW AU IHURRQ QH % 3HVWHDQGHUFH@LHU /DFWLF
SURGXEWRRQIQOBJHBLFBQQ <$FD6FL DFLEDFWHQKRELW \WRNSQRGXFBEMLRQ
PRQRQ X FOIHDIR B O O HIUIWE H @ & ® HUJL Q
1LHUV( 7LPPHUPDQ S5LMNHWVYDQ ,PPXQRO
%OHKMN YDBGHQ 2 .QRQ) .DSVHQEHUJ 3RKMDYXRAMIOMDQHRUSHDDXLWXQHQ
0/ .LPSHO©/ DQGRHNVWLUWD 0 7LLWWD @@ URODQ6EDYLOPKWL
,GHQWL IR NDMWWLERQQN H U O HOMLXJOLOFMWALFG /DFWREDFLOOKEQXQFUHDYLQDPPD
EDFWERKLBKRZQ UHJIXODOSWMEBH\WRNLQHB URG X F\@IQR Q @ MWIR Z F/L (ND O H-URJO O H U J\

&OLQ ([S $OO0OHUJ\ &0LQ ,PPXQRO
2 ODKRQ\)HHQH\ 2 +DOORUDXY S K\ BUDQWSH BBPULEDQR)DODV+R$QGUHROL
.LHO% )LW]JJLEER/@GH* 2 6XOO0OL*YDQ $ DQOGX]L& ,QHITHFW IRMISQRIFVRY/ L FV

6KDQDKDQDQ&ROO-LQV SURELIRRSIDAFFW SUHY HQUWHLIFX UM IQVAHY U D WIHYWHH F WRLLR Q
RPLFURBLIROWIODP PDWAERPRHNHORSPHAWRKGMWHDD/UIDQGRPERQQW UWRWOGE®G K
LQ/ NQRFNRDA OLPB®U P DFRHU /IDFWRED®LCRWV
SULRXOWLVYWQGBHFTX& W (I'"'HRW
2)JDzZD7 $VDk 7DPDBE ODNLPXYUD S UR E LHFDF MFR QLDG X FMQLERML Q W H @ IRQUAHD

6DNDPRWRDVKLNBZDQ&DVXGD WROHUWDEH WD ODFWRIQRWYRELLEGVWIOR Q
1D W XN IDA@OHEe W L YRLIWLQHEVL RWHEW RED F L OICDXIQ /DE ,PPXQRO
FDVWVLSDVHEFRQMX QAWEKR W LD [B BULRXOWHFTXBWDQGOLV,V

,PPXQRO 6WLPXODPIWRLWR AU O HXNRLGX EWDL RIQEIHRW D
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ODFWRJORE X OSLHQS W H 8 \EGYWHRGO \Z H\8 K 6HOHFWURHLRALW H QLG A H
IDFWREDSDODRHMMWKEL SHSWLGRUHY SURGXKEHIXO ITWRIDIOY LWEARRGXODWLQ
'LDJQ /DE ,PPXQRO GHQG FIHOR F WL RQR & BIKQ G FIHVDIOF VSHF L |
SHPEDFN®Q 6QHOOCSLQJ+DZNH3 0 L QW H U FIMGKCHXVALBREDH F XJAUHD E EQRQL QW H JULC
&KDOPHOVDQ®G[RQ® 7 1RQ SDWKRJHQOPHUJ\ &0LQ ,PPXQRO
(VFKH U FRKALHU \WHA D O DIR W KMUHDWRRHQW 6WUREHWXVY, - DQ@ OXPE B BJ
XOFHUBRQMNWLDQ GRPWVUHDBQFHW 7KHPPXQR ®RIXFR VARG HRIQIODPPDWLR
$QQX 5HY ,PPXQRO
5LJES - .QLJKSW& .DPP 0 $ DQGWDJJ BWXWP 5LO0LQWDXPJIDWW*DUJD.V
$ - 3URG X FRULLGRW®H U Q H X NOLQ@G/ $ERX *KD]DGIDXSDMK(FNHUWFKXPDQQ
E\P XU LRIO RGHEG BHW@FH VSRYRIHFURELD® 5 (QGH WY 6RQQHQ ESR UHMD O
VWLPXOL &OLQ ([S ,PPXQRO (VFKHUIERKILYVOH GLVWLQFRGX®DWH V
5RVHQIHO GWHQIHQGWLHOVE Q FH@OFOLDQYIG [SDQVYRIWROOUBENBWRU
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